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ABSTRACT

Background

Concerns regarding the safety and availability of transfused donor blood have prompted research into a range of techniques to minimise
allogeneic transfusion requirements. Cell salvage (CS) describes the recovery of blood from the surgical field, either during or after surgery,
for reinfusion back to the patient.

Objectives

To examine the effectiveness of CS in minimising perioperative allogeneic red blood cell transfusion and on other clinical outcomes in
adults undergoing elective or non-urgent surgery.

Search methods

We searched CENTRAL, MEDLINE, Embase, three other databases and two clinical trials registers for randomised controlled trials (RCTs)
and systematic reviews from 2009 (date of previous search) to 19 January 2023, without restrictions on language or publication status.

Selection criteria

We included RCTs assessing the use of CS compared to no CS in adults (participants aged 18 or over, or using the study's definition of adult)
undergoing elective (non-urgent) surgery only.

Data collection and analysis

We used standard methodological procedures expected by Cochrane.
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Main results

We included 106 RCTs, incorporating data from 14,528 participants, reported in studies conducted in 24 countries. Results were published
between 1978 and 2021. We analysed all data according to a single comparison: CS versus no CS. We separated analyses by type of surgery.

The certainty of the evidence varied from very low certainty to high certainty. Reasons for downgrading the certainty included imprecision
(small sample sizes below the optimal information size required to detect a difference, and wide confidence intervals), inconsistency (high
statistical heterogeneity), and risk of bias (high risk from domains including sequence generation, blinding, and baseline imbalances).

Aggregate analysis (all surgeries combined: primary outcome only)

Very low-certainty evidence means we are uncertain if there is a reduction in the risk of allogeneic transfusion with CS (risk ratio (RR) 0.65,
95% confidence interval (CI) 0.59 to 0.72; 82 RCTs, 12,520 participants).

Cancer: 2 RCTs (79 participants)

Very low-certainty evidence means we are uncertain whether there is a difference for mortality, blood loss, infection, or deep vein
thrombosis (DVT). There were no analysable data reported for the remaining outcomes.

Cardiovascular (vascular): 6 RCTs (384 participants)

Very low- to low-certainty evidence means we are uncertain whether there is a difference for most outcomes. No data were reported for
major adverse cardiovascular events (MACE).

Cardiovascular (no bypass): 6 RCTs (372 participants)

Moderate-certainty evidence suggests there is probably a reduction in risk of allogeneic transfusion with CS (RR 0.82, 95% CI 0.69 to 0.97;
3 RCTs, 169 participants).

Very low- to low-certainty evidence means we are uncertain whether there is a difference for volume transfused, blood loss, mortality, re-
operation for bleeding, infection, wound complication, myocardial infarction (Ml), stroke, and hospital length of stay (LOS). There were no
analysable data reported for thrombosis, DVT, pulmonary embolism (PE), and MACE.

Cardiovascular (with bypass): 29 RCTs (2936 participants)

Low-certainty evidence suggests there may be a reduction in the risk of allogeneic transfusion with CS, and suggests there may be no
difference in risk of infection and hospital LOS.

Very low- to moderate-certainty evidence means we are uncertain whether there is a reduction in volume transfused because of CS, or if
there is any difference for mortality, blood loss, re-operation for bleeding, wound complication, thrombosis, DVT, PE, MACE, and MI, and
probably no difference in risk of stroke.

Obstetrics: 1 RCT (1356 participants)

High-certainty evidence shows there is no difference between groups for mean volume of allogeneic blood transfused (mean difference
(MD) -0.02 units, 95% CI -0.08 to 0.04; 1 RCT, 1349 participants).

Low-certainty evidence suggests there may be no difference for risk of allogeneic transfusion. There were no analysable data reported for
the remaining outcomes.

Orthopaedic (hip only): 17 RCTs (2055 participants)

Very low-certainty evidence means we are uncertain if CS reduces the risk of allogeneic transfusion, and the volume transfused, or if there is
any difference between groups for mortality, blood loss, re-operation for bleeding, infection, wound complication, prosthetic jointinfection
(PJ1), thrombosis, DVT, PE, stroke, and hospital LOS. There were no analysable data reported for MACE and MI.

Orthopaedic (knee only): 26 RCTs (2568 participants)

Very low- to low-certainty evidence means we are uncertain if CS reduces the risk of allogeneic transfusion, and the volume transfused,
and whether there is a difference for blood loss, re-operation for bleeding, infection, wound complication, PJI, DVT, PE, MI, MACE, stroke,
and hospital LOS. There were no analysable data reported for mortality and thrombosis.

Orthopaedic (spine only): 6 RCTs (404 participants)

Moderate-certainty evidence suggests there is probably a reduction in the need for allogeneic transfusion with CS (RR 0.44, 95% CI 0.31
t0 0.63; 3 RCTs, 194 participants).
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Very low- to moderate-certainty evidence suggests there may be no difference for volume transfused, blood loss, infection, wound
complication, and PE. There were no analysable data reported for mortality, re-operation for bleeding, PJI, thrombosis, DVT, MACE, MI,
stroke, and hospital LOS.

Orthopaedic (mixed): 14 RCTs (4374 participants)

Very low- to low-certainty evidence means we are uncertain if there is a reduction in the need for allogeneic transfusion with CS, or if there
is any difference between groups for volume transfused, mortality, blood loss, infection, wound complication, PJI, thrombosis, DVT, MI,
and hospital LOS. There were no analysable data reported for re-operation for bleeding, MACE, and stroke.

Authors' conclusions

In some types of elective surgery, cell salvage may reduce the need for and volume of allogeneic transfusion, alongside evidence of no
difference in adverse events, when compared to no cell salvage. Further research is required to establish why other surgeries show no
benefit from CS, through further analysis of the current evidence. More large RCTs in under-reported specialities are needed to expand the
evidence base for exploring the impact of CS.

PLAIN LANGUAGE SUMMARY

Can collecting blood that is lost during surgery, and returning it to the patient, reduce the need to use donated blood for that
patient?

Key messages

This review assessed any study that looked at elective, non-urgent (not trauma) surgery that compared using cell salvage to no cell salvage.
Because of the variation in types of surgery, this review is very broad. We have split the evidence according to surgery type, to help doctors
and patients locate evidence relevant to them.

There is not a lot of evidence for cancer surgery, heart surgery without a bypass machine, and vascular surgery (on major blood vessels).

Most of the evidence suggested there may be a reduction in the need for donated blood when cell salvage is used. There is uncertain
evidence that it causes no additional complications over usual care (there was no difference between the cell salvage and no cell salvage
groups), suggesting it may be beneficial overall. But more research is needed that focuses on what else is affecting the evidence, before
we can make any strong conclusions.

What is 'cell salvage' and why is it used?

Some people who have surgery require blood transfusions to compensate for the blood lost during the procedure. 'Blood transfusion' is
a routine medical procedure where someone receives blood through a thin tube inserted into a vein, usually in the arm. Often the blood
used for the transfusion has been donated by a volunteer. Blood transfusions can save lives, but can also increase the risk of complications
from surgery and should be avoided where possible. Hospitals have looked for ways to reduce the need for donor blood by (1) reducing
how much blood is lost in the first place, and (2) returning the blood lost back to the patient using 'cell salvage".

'Cell salvage' or 'autotransfusion' involves the collection of a patient's own blood from surgical sites which can be transfused back into the
same person during or after surgery, as required. This is blood that would otherwise have been discarded.

What did we want to find out?

We wanted to find out if (1) using cell salvage reduces the need for a transfusion of donated blood, and (2) if people still needed a
transfusion, did it reduce the amount of donated blood that they needed. We also wanted to check if people who have cell salvage have
more complications than those who don't.

What did we do?

We searched for studies that compared using cell salvage versus no cell salvage (usual care) in adults having elective operations: that is, the
operations were planned in advance, not needed urgently because of a trauma. We compared and summarised the results of the studies
and rated our confidence in the evidence, based on factors such as study methods and sizes.

What did we find?

We found 106 studies involving 14,528 participants from 24 countries, published between 1978 and 2021. Studies focused on different
types of surgery.

Main results

Cancer: 2 studies (79 participants)
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Inconclusive evidence means we are unsure of the impact of cell salvage.

Vascular (major blood vessels) surgery:6 studies (384 participants)
Inconclusive evidence means we are unsure of the impact of cell salvage.
Cardiovascular (heart surgery without bypass):6 studies (372 participants)

There is probably a reduction in the risk of needing a transfusion of donated blood because of cell salvage. For other outcomes, we are
uncertain of the impact of cell salvage.

Cardiovascular (heart surgery with bypass):29 studies (2936 participants)

There may be areductionin the risk of needing a transfusion of donated blood because of cell salvage. For other outcomes, we are uncertain
of the impact of cell salvage.

Obstetrics (Caesarean section):1 study (1356 participants)

Inconclusive evidence suggests there may be no difference in the risk of needing a transfusion of donated blood, alongside strong evidence
that suggests there is no difference in the average amount of donated blood that is needed by the patient, because of cell salvage.

Hip replacement surgery only:17 studies (2055 participants)
Inconclusive evidence means we are unsure of the impact of cell salvage.
Knee replacement surgery only:26 studies (2568 participants)
Inconclusive evidence means we are unsure of the impact of cell salvage.
Spinal surgery only:6 studies (404 participants)

There is probably a reduction in the risk of needing a transfusion of donated blood because of cell salvage. For other outcomes, we are
uncertain of the impact of cell salvage.

Mix of hip, knee, and spinal surgeries:14 RCTs (4374 participants)
Inconclusive evidence means we are unsure of the impact of cell salvage.
What are the limitations of the evidence?

We have little confidence in the evidence for some outcomes and are not confident about the evidence for others. This is because it is
possible that the people in the studies were aware of which treatment they were getting, and some of the studies were small.

How up-to-date is the evidence?

The evidence is up-to-date to January 2023, and it expands and updates the evidence reported in the previous review (2010).
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SUMMARY OF FINDINGS

Summary of findings 1. Cell salvage compared to no cell salvage in cancer surgery

Cell salvage compared to no cell salvage in cancer surgery

Patient or population: cancer surgery

Setting: hospital
Intervention: cell salvage

Comparison: no cell salvage

Outcomes Anticipated absolute effects” Relative effect  N¢ of partici- Certainty of Comments
(95% Cl) (95% Cl) pants the evidence
(studies) (GRADE)
Risk with no Risk with cell
cell salvage salvage
Transfusions (during hos- - - - - - No data were available for this outcome
pital stay) - not reported
Volume (PPT) (during - - - - - No data were available for this outcome
hospital stay) - not re-
ported
Mortality (up to 90 days) 98 per 1000 55 per 1000 RR 0.56 79 SO00 Very low-certainty evidence means we are un-
(11to 273) (0.11 to 2.80) (2 RCTs) Very lowa,b certain whether cell salvage has an impact on
mortality risk
DVT (up to 90 days) 167 per 1000 83 per 1000 RR0.50 24 @SO00 Very low-certainty evidence means we are un-
(8 to 802) (0.05to 4.81) (LRCT) Very lowb.c certain whether cell salvage has an impact on
DVT risk
Infection (up to 90 days) 448 per 1000 345 per 1000 RRO0.77 55 S&O00 Very low-certainty evidence means we are un-
(179 to 672) (0.40to0 1.50) (1 RCT) Very lowa,d certain whether cell salvage has an impact on

infection risk

MI (up to 90 days) - not
reported

No data were available for this outcome

CVA (stroke) (up to 90
days) - not reported

No data were available for this outcome
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; CVA: cerebrovascular accident; DVT: deep vein thrombosis; MD: mean difference; MI: myocardial infarction; MID: minimally important difference;
OIS: optimal information size; POR: Peto odds ratio; PPT: per person transfused; RD: risk difference; ROB: risk of bias; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded once for ROB due to judgement of unclear or low risk in all domains (mostly unclear)
bDowngraded three times for imprecision: very wide confidence intervals (crosses both boundaries for MID: 0.8 to 1.25), and OIS is far below that needed for rare events
¢Downgraded twice for ROB due to judgement of unclear and high ROB in all domains
dDowngraded twice for imprecision: wide confidence intervals (crosses both boundaries for MID: 0.8 to 1.25)

Summary of findings 2. Cell salvage compared to no cell salvage in cardiovascular (vascular) surgeries

Cell salvage compared to no cell salvage in cardiovascular (vascular) surgeries

Patient or population: cardiovascular (vascular) surgeries

Setting: hospital

Intervention: cell salvage

Comparison: no cell salvage

Outcomes Anticipated absolute effects” Relative effect  N° of partici- Certainty of Comments

(95% Cl) (95% ClI) pants the evidence

(studies) (GRADE)

Risk with no Risk with cell

cell salvage salvage
Transfusions 704 per 1000 429 per 1000 RR0.61 266 @000 Very low-certainty evidence means we are uncertain
(during hospi- (225 to 809) (0.32t0 1.15) (4 RCTs) Very lowa.b,c whether cell salvage has an impact on allogeneic trans-
tal stay) fusion risk
Volume of The mean vol- MD 0.05 higher - 74 @300 There may be no difference between cell salvage use
transfusion ume of trans- (0.64 lower to (2RCTs) Lowd.e and no cell salvage use for the volume of transfusion re-

(units) (PPT)

fusion (units)

0.74 higher)

quired PPT
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(during hospi- (PPT) ranged
tal stay) from 1.5t0 3.19

units
Mortality (up 31 per 1000 36 per 1000 POR1.19 384 @000 Very low-certainty evidence means we are uncertain
to 90 days) (12 to 104) (0.39 to 3.65)f (6 RCTs) Very lowa,g whether cell salvage has an impact on mortality risk
DVT (up to 90 0 per 1000 0 per 1000 RD 0.00 100 @000 Very low-certainty evidence means we are uncertain
days) (0to 0) (-0.04 to 0.04) (LRCT) Very lowah whether cell salvage has an impact on DVT risk
Infection (upto 66 per 1000 15 per 1000 RR0.23 117 BO00 Very low-certainty evidence means we are uncertain
90 days) (2 to 130) (0.03t0 1.98) (2RCTs) Very lowa,i whether cell salvage has an impact on infection risk
Ml (up to 90 39 per 1000 30 per 1000 POR 0.76 203 B&000 Very low-certainty evidence means we are uncertain
days) (7 to 122) (0.17 to 3.41)f (3RCTs) Very lowaii whether cell salvage has an impact on Ml risk
CVA (stroke) 20 per 1000 3 per 1000 POR0.14 100 > 0e0) Very low-certainty evidence means we are uncertain
(up to 90 days) (0to 122) (0.00 to 6.82)f (LRCT) Very lowa.g whether cell salvage has an impact on CVA risk

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; CVA: cerebrovascular accident; DVT: deep vein thrombosis; MD: mean difference; MI: myocardial infarction; MID: minimally important difference;

OIS: optimal information size; POR: Peto odds ratio; PPT: per person transfused; RD: risk difference; ROB: risk of bias; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded once for ROB due to judgement of unclear and low risk in the majority of domains (mostly unclear)

bDowngraded twice for inconsistency: 12 = 82%, high heterogeneity
¢Downgraded once for imprecision: confidence interval crosses one boundary for minimally important difference (MID: 0.8 to 1.25)
dDowngraded twice for ROB due to judgement of majority at unclear risk, but with 3 high risk domains in one study which contributed 33% of the weight

eMID calculated as +/- 0.5*SD in control group = +/- 0.5*1.61
fPeto OR used due to low event rate in both groups (< 5%)

8Downgraded three times for imprecision: very wide confidence intervals (crosses both boundaries for MID: 0.8 to 1.25) and far below OIS for this outcome
hDowngraded twice for imprecision: sample size far below OIS required for this outcome (rare events)
iDowngraded twice for imprecision: confidence interval crosses both boundaries for MID (0.8 to 1.25)
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Summary of findings 3. Cell salvage compared to no cell salvage in cardiovascular (no bypass) surgeries

Cell salvage compared to no cell salvage in cardiovascular (no bypass) surgeries

Patient or population: cardiovascular (no bypass) surgeries

Setting: hospital

Intervention: cell salvage

Comparison: no cell salvage

Outcomes Anticipated absolute effects® Relative effect N2 of partici- Certainty of Comments

(95% Cl) (95% ClI) pants the evidence

(studies) (GRADE)

Risk with no Risk with cell

cell salvage salvage
Transfusions (dur- 624 per 1000 511 per 1000 RR 0.82 169 SPBO There is probably an impact from cell salvage in re-
ing hospital stay) (430 to 605) (0.69 t0 0.97) (3RCTs) Moderated ducing the risk of requiring allogeneic transfusion
Volume of transfu- The mean vol- MD 0.13 higher - 56 @300 There may be no difference between cell salvage use
sion (units) (PPT) ume of trans- (0.8 lower to (2 RCTs) Lowb.c and no cell salvage use for the volume of transfusion
(during hospital fusion (units) 1.07 higher) required PPT
stay) (PPT) ranged

from 1.57 to 2.4

units
Mortality (up to 90 19 per 1000 3 per 1000 PORO0.13 209 SO00 Very low-certainty evidence means we are uncertain
days) (0to 39) (0.01to 2.07)d (4 RCTs) Very lowe whether cell salvage has an impact on mortality risk
DVT (up to 90 - - - - - No data were available for this outcome
days) - not report-
ed
Infection (upto 90 18 per 1000 36 per 1000 POR 2.06 110 @S000 Very low-certainty evidence means we are uncertain
days) (4 to 273) (0.21t020.61)d (2 RCTs) Very lowa.e whether cell salvage has an impact on infection risk
Ml (up to 90 days) 17 per 1000 32 per 1000 POR 1.98 120 SO00 Very low-certainty evidence means we are uncertain

(310 247) (0.20t019.32)d (2 RCTs) Very lowef whether cell salvage has an impact on Ml risk

CVA (stroke) (upto 13 per 1000 12 per 1000 POR 0.98 160 SO00 Very low-certainty evidence means we are uncertain
90 days) (1to 166) (0.06to 15.72)d (3 RCTs) Very low®:g whether cell salvage has an impact on CVA risk
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: confidence interval; CVA: cerebrovascular accident; DVT: deep vein thrombosis; MD: mean difference; MI: myocardial infarction; MID: minimally important difference;
OIS: optimal information size; POR: Peto odds ratio; PPT: per person transfused; RD: risk difference; ROB: risk of bias; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded once for ROB due to judgement of low and unclear risk in the majority of domains (mostly unclear)

bDowngraded twice for ROB due to low and unclear risk in all domains, but with the study contributing most having some baseline imbalance (recent MI), which may impact
volume transfused

CMID calculated as +/-0.5*SD in control group = +/-0.5*3.79
dPeto OR used due to low event rate in both groups (< 5%)

eDowngraded three times for imprecision due to very wide confidence intervals and sample size far below OIS for this outcome (rare event)
fDowngraded once for inconsistency: 12 = 64%, moderate heterogeneity
gDowngraded once for inconsistency: 12 = 51%, moderate heterogeneity

Summary of findings 4. Cell salvage compared to no cell salvage in cardiovascular (with bypass) surgeries

Cell salvage compared to no cell salvage in cardiovascular (with bypass) surgeries

Patient or population: cardiovascular (with bypass) surgeries

Setting: hospital

Intervention: cell salvage

Comparison: no cell salvage

Outcomes Anticipated absolute effects* Relative effect N of partici- Certainty of Comments

(95% CI) (95% ClI) pants the evidence

(studies) (GRADE)

Risk with no Risk with cell

cell salvage salvage
Transfusions 630 per 1000 510 per 1000 RR0.81 2676 &00 There may be an impact from cell salvage in reducing
(during hospital (460 to 560) (0.73t0 0.89) (25 RCTs) Lowa,b the risk of requiring allogeneic transfusion
stay)
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Volume of trans-  The mean vol- MD 0.8 lower - 1264 S000 Very low-certainty evidence means we are uncertain
fusion (units) ume of trans- (1.21 lower to (16 RCTs) Very lowasc.d whether cell salvage has an impact on the volume of
(PPT) (during fusion (units) 0.4 lower) transfusion required PPT
hospital stay) (PPT) ranged

from 0.75 to

7.15 units
Mortality (up to 22 per 1000 19 per 1000 RR0.86 2491 @000 Very low-certainty evidence means we are uncertain
90 days) (11 to 33) (0.50to0 1.48) (21 RCTs) Very lowae whether cell salvage has an impact on mortality risk
DVT (up to 90 0 per 1000 0 per 1000 RD 0.00 30 [ceee) Very low-certainty evidence means we are uncertain
days) (0to 0) (-0.12t0 0.12) (LRCT) Very lowa,f whether cell salvage has an impact on DVT risk
Infection (up to 94 per 1000 110 per 1000 RR1.16 1231 &POO There may be no difference between cell salvage use
90 days) (78 to 152) (0.83to0 1.61) (8 RCTs) Lowsh and no cell salvage use for infection risk
Ml (up to 90 34 per 1000 29 per 1000 POR0.86 1376 000 Very low-certainty evidence means we are uncertain
days) (16 to 52) (0.47 to 1.58)i (9 RCTs) Very lowe:g whether cell salvage has an impact on Ml risk
CVA (stroke) (up 30 per 1000 16 per 1000 RR0.54 1018 SBHBO There is probably no impact of cell salvage on CVA risk
to 90 days) (7to 37) (0.23to 1.24) (5 RRCTs) Moderateh

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; CVA: cerebrovascular accident; DVT: deep vein thrombosis; MD: mean difference; MI: myocardial infarction; MID: minimally important difference;
OIS: optimal information size; POR: Peto odds ratio; PPT: per person transfused; RD: risk difference; ROB: risk of bias; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded once for ROB due to assessment of unclear and low risk in most domains (mostly unclear)
bDowngraded once for inconsistency: 12 = 64%, moderate heterogeneity
cDowngraded twice for inconsistency: 12 =91%, high heterogeneity

dMID calculated as +/-0.5*SD in control group = +/-0.5*1.704

eDowngraded twice for imprecision: Cl crosses both boundaries for MID (0.8 to 1.25)
fDowngraded twice for imprecision due to small sample size, below OIS for this outcome
gDowngraded once for ROB as most studies were at overall low or unclear risk, with some high ROB for randomisation and blinding, though these were in studies contributing

less weight
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hDowngraded once for imprecision: Cl crosses one boundary for MID (0.8 to 1.25)
iPeto OR used due to low event rate in both groups (< 5%)

Summary of findings 5. Cell salvage compared to no cell salvage in obstetrics

Cell salvage compared to no cell salvage in obstetric surgeries

Patient or population: obstetric surgeries

Setting: hospital
Intervention: cell salvage

Comparison: no cell salvage

Outcomes Anticipated absolute effects” Relative effect  N¢ of partici- Certainty of Comments

(95% Cl) (95% Cl) pants the evidence

(studies) (GRADE)

Risk with no Risk with cell

cell salvage salvage
Transfusions (during hospi- 22 per 1000 18 per 1000 POR0.82 1349 &POO There may be no impact from cell salvage
tal stay) (8to 38) (0.38t0 1.76)a (LRCT) Lowb in reducing the risk of requiring allogeneic

transfusion

Volume of transfusion The mean vol- MD 0.41 lower - 27 &POO There may be no difference between cell
(units) (PPT) (during hospi- ume of trans- (2.26 lower to (LRCT) Lowc¢ salvage use and no cell salvage use for the
tal stay) fusion (units) 1.44 higher) volume of transfusion required PPT

(PPT) was 3.33
units

Mortality (up to 90 days) -
not reported

No data were available for this outcome

DVT (up to 90 days) - not re-
ported

No data were available for this outcome

Infection (up to 90 days) -
not reported

No data were available for this outcome

MI (up to 90 days) - not re-
ported

No data were available for this outcome
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CVA (stroke) (up to 90 days) - - - - - - No data were available for this outcome

not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: confidence interval; CVA: cerebrovascular accident; DVT: deep vein thrombosis; MD: mean difference; MI: myocardial infarction; MID: minimally important difference;
OIS: optimal information size; POR: Peto odds ratio; PPT: per person transfused; RD: risk difference; ROB: risk of bias; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

dPOR used due to low event rate in both groups (< 5%)
bDowngraded twice for imprecision: very wide confidence intervals (crosses both boundaries for MID: 0.8 to 1.25)
cDowngraded twice for imprecision: crosses both boundaries for MID (calculated as +/- 0.5* SD in control group = +/- 0.5*2.53)

Summary of findings 6. Cell salvage compared to no cell salvage in orthopaedic (hip) surgeries

Cell salvage compared to no cell salvage in orthopaedic (hip) surgeries

Patient or population: orthopaedic (hip)
Setting: hospital
Intervention: cell salvage

Comparison: no cell salvage

Outcomes Anticipated absolute effects” Relative effect  N¢ of partici- Certainty of Comments
(95% ClI) (95% Cl) pants the evidence
(studies) (GRADE)
Risk with no Risk with cell
cell salvage salvage
Transfusions (dur- 262 per 1000 136 per 1000 RR 0.52 1641 SO00 Very low-certainty evidence means we are uncertain

ing hospital stay) (100 to 189) (0.38t00.72) (14 RCTs) Very lowa,b whether cell salvage has an impact on allogeneic
transfusion risk
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Volume of transfu- ~ The mean vol- MD 1.74 lower - 63 @000 Very low-certainty evidence means we are uncertain
sion (units) (PPT) ume of trans- (2.92 lower to (4 RCTs) Very low¢c,d whether cell salvage has an impact on the volume of
(during hospital fusion (units) 0.55 lower) transfusion required PPT
stay) (PPT) ranged

from 2t0 2.73

units
Mortality (up to 90 8 per 1000 4 per 1000 POR 0.46 651 @000 Very low-certainty evidence means we are uncertain
days) (1to27) (0.06 to 3.33)e (4 RCTs) Very lowf,g whether cell salvage has an impact on mortality risk
DVT (up to 90 days) 17 per 1000 18 per 1000 POR1.05 343 @000 Very low-certainty evidence means we are uncertain

(410 90) (0.20 to 5.60)€ (3RCTs) Very lows:h whether cell salvage has an impact on DVT risk

Infection (up to 90 16 per 1000 12 per 1000 PORO0.72 549 @000 Very low-certainty evidence means we are uncertain
days) (3to 47) (0.17 to 2.98)e (4 RCTs) Very low8: whether cell salvage has an impact on infection risk
Ml (up to90days)- - - - - - No data were available for this outcome
not reported
CVA (stroke) (up to 0 per 1000 0 per 1000 RR 3.00 30 @000 Very low-certainty evidence means we are uncertain
90 days) (0to0) (0.13t0 68.26) (LRCT) Very lowg:J whether cell salvage has an impact on CVA risk

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; CVA: cerebrovascular accident; DVT: deep vein thrombosis; MD: mean difference; MI: myocardial infarction; MID: minimally important difference;
OIS: optimal information size; POR: Peto odds ratio; PPT: per person transfused; RD: risk difference; ROB: risk of bias; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

adDowngraded twice for ROB due to unclear risk in most domains, with an even split of low and high risk for blinding across higher-weight studies, but also unclear and high for

randomisation

bDowngraded once for inconsistency: 12 = 58%, moderate heterogeneity
cDowngraded twice for ROB due to unclear risk in most domains, with high-weight studies at high risk for blinding and unclear for randomisation

dDowngraded three times for imprecision due to Cl crossing both boundaries for MID (MID calculated as +/-0.5*SD in control group = +/-0.5*0.425) and sample size far below OIS

required for this outcome
ePeto OR used due to low event rate in both groups (< 5%)
fDowngraded once for ROB due to unclear risk in most domains, with most studies at low risk for blinding
g8Downgraded three times for imprecision: very wide confidence intervals
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hDowngraded once for ROB due to unclear or low risk in most domains, with high risk in blinding and randomisation in the lowest weighted study only
iDowngraded twice for ROB as most domains were unclear risk, with high risk for blinding
iDowngraded once for ROB due to unclear risk in most domains and high risk due to baseline imbalance that would potentially impact this outcome

Summary of findings 7. Cell salvage compared to no cell salvage in orthopaedic (knee) surgeries

Cell salvage compared to no cell salvage in orthopaedic (knee) surgeries

Patient or population: orthopaedic (knee)

Setting: hospital

Intervention: cell salvage

Comparison: no cell salvage

Outcomes Anticipated absolute effects” Relative effect  N¢ of partici- Certainty of Comments

(95% Cl) (95% ClI) pants the evidence

(studies) (GRADE)

Risk with no Risk with cell

cell salvage salvage
Transfusions (dur- 450 per 1000 221 per 1000 RR 0.49 2214 G000 Very low-certainty evidence means we are uncertain
ing hospital stay) (167 to 297) (0.37t0 0.66) (21 RCTs) Very lowa,b whether cell salvage has an impact on allogeneic

transfusion risk

Volume of transfu- The mean vol- MD 0.54 lower - 221 @000 Very low-certainty evidence means we are uncertain
sion (units) (PPT) ume of trans- (0.9 lower to (3RCTs) Very low¢.d.e whether cell salvage has an impact on the volume of
(during hospital fusion (units) 0.19 lower) transfusion required PPT
stay) (PPT) ranged

from 1.78 to

2.21 units
Mortality (upto 90 - - - - - No data were available for this outcome
days) - not report-
ed
DVT (up to 90 30 per 1000 38 per 1000 POR1.29 793 @000 Very low-certainty evidence means we are uncertain
days) (17 to 84) (0.56 to 2.95)f (9 RCTs) Very lowgh whether cell salvage has an impact on DVT risk
Infection (upto 90 28 per 1000 21 per 1000 PORO0.74 730 G000 Very low-certainty evidence means we are uncertain
days) (8to 52) (0.28 to 1.94)f (5 RCTs) Very low¢i whether cell salvage has an impact on infection risk
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Ml (up to 90 days) 0 per 1000 0 per 1000 POR 7.02 115 ©O00 Very low-certainty evidence means we are uncertain
(0to 0) (0.14 to 354.40)f (L RCT) Very lowh whether cell salvage has an impact on Ml risk

CVA (stroke) (upto 0 per 1000 0 per 1000 RD 0.00 60 &POO There may be no difference between cell salvage use

90 days) (0to 0) (-0.06 to 0.06) (1LRCT) Lows and no cell salvage use for CVA risk

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: confidence interval; CVA: cerebrovascular accident; DVT: deep vein thrombosis; MD: mean difference; MI: myocardial infarction; MID: minimally important difference;
OIS: optimal information size; POR: Peto odds ratio; PPT: per person transfused; RD: risk difference; ROB: risk of bias; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded twice for ROB as majority were at unclear risk and at least half the studies were at high risk for blinding
bDowngraded twice for inconsistency: 12 = 81%, high heterogeneity

cDowngraded twice as most domains were at unclear or high risk of bias (including blinding and randomisation)
dDowngraded once for inconsistency: I2 = 66%, moderate heterogeneity

eMID calculated as +/-0.5*SD in control group = +/-0.5*0.69

fPeto OR used due to low event rate in both groups (< 5%)

8Downgraded once for ROB as most domains were unclear risk, with none at high risk

hDowngraded three times for imprecision: very wide confidence intervals

iDowngraded twice for imprecision as Cl crosses both MID boundaries (0.8 to 1.25)

iDowngraded once for imprecision as sample size is below OIS for this outcome

Summary of findings 8. Cell salvage compared to no cell salvage in orthopaedic (spinal) surgeries

Cell salvage compared to no cell salvage in orthopaedic (spinal) surgeries

Patient or population: orthopaedic (spinal)
Setting: hospital
Intervention: cell salvage

Comparison: no cell salvage
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Outcomes Anticipated absolute effects” Relative effect  N° of partici- Certainty of Comments

(95% CI) (95% ClI) pants the evidence

(studies) (GRADE)

Risk with no Risk with cell

cell salvage salvage
Transfusions (during hos- 558 per 1000 245 per 1000 RR 0.44 194 PERO Cell salvage probably reduces the risk of re-
pital stay) (173 to 351) (0.31t0 0.63) (3RCTs) Moderated quiring allogeneic transfusion
Volume of transfusion The mean vol- MD 0.59 higher - 45 @000 Very low-certainty evidence means we are
(units) (PPT) (during hospi- ume of trans- (0.09 lower to (1 RCT) Very lowbsc uncertain whether cell salvage has an im-
tal stay) fusion (units) 1.27 higher) pact on the volume of transfusion required

(PPT) was 1.78 PPT

units
Mortality (up to 90 days) - - - - - - No data were available for this outcome
not reported
DVT (up to 90 days) - not - - - - - No data were available for this outcome
reported
Infection (up to 90 days) 0 per 1000 0 per 1000 RD 0.00 63 @300 There may be no difference between cell

(0to 0) (-0.06 t0 0.06) (1LRCT) Lowb.d salvage use and no cell salvage use for in-

fection risk

MI (up to 90 days) - not re- -
ported

No data were available for this outcome

CVA (stroke) (up to 90 -
days) - not reported

No data were available for this outcome

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; CVA: cerebrovascular accident; DVT: deep vein thrombosis; MD: mean difference; MI: myocardial infarction; MID: minimally important difference;
OIS: optimal information size; POR: Peto odds ratio; PPT: per person transfused; RD: risk difference; ROB: risk of bias; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
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adDowngraded once for ROB due to a mixture of unclear and low risk across most domains, and high risk in more than half for blinding
bDowngraded once for ROB, with a mixture of low and unclear risk across all domains except blinding, which were high risk
¢Downgraded twice for imprecision due to Cl crossing both MID boundaries (MID calculated as +/-0.5*SD in control group = +/-0.5%1.05)

dDowngraded once for imprecision as sample size is below OIS for this outcome

Summary of findings 9. Cell salvage compared to no cell salvage in orthopaedic (mixed) surgeries

Cell salvage compared to no cell salvage in orthopaedic (mixed) surgeries

Patient or population: orthopaedic (mixed)

Setting: hospital

Intervention: cell salvage

Comparison: no cell salvage

Outcomes Anticipated absolute effects” Relative effect N2 of partici- Certainty of Comments

(95% Cl) (95% ClI) pants the evidence

(studies) (GRADE)

Risk with no Risk with cell

cell salvage salvage
Transfusions (dur- 163 per 1000 104 per 1000 RR 0.64 4011 @000 Very low-certainty evidence means we are uncertain
ing hospital stay) (73 to 146) (0.45t0 0.90) (11 RCTs) Very lowa,b whether cell salvage has an impact on allogeneic

transfusion risk

Volume of transfu- The mean vol- MD 0.24 lower - 395 @000 Very low-certainty evidence means we are uncertain
sion (units) (PPT) ume of trans- (0.73 lower to (5RCTs) Very lowc,d.e whether cell salvage has an impact on the volume of
(during hospital fusion (units) 0.24 higher) transfusion required PPT
stay) (PPT) ranged

from 1.3 to 2.65

units
Mortality (upto 90 0 per 1000 0 per 1000 RD 0.00 69 [eee) Very low-certainty evidence means we are uncertain
days) (0to 0) (-0.07 t0 0.07) (LRCT) Very lowf whether cell salvage has an impact on mortality risk
DVT (up to 90 3 per 1000 1 per 1000 OR0.41 3295 &DOO There may be no difference between cell salvage use
days) (0to 6) (0.09t0 1.92)8 (4 RCTs) Lowh and no cell salvage use for DVT risk
Infection (upto 90 0 per 1000 0 per 1000 RD 0.00 239 @000 Very low-certainty evidence means we are uncertain
days) (0to 0) (-0.02 to 0.02) (LRCT) Very lowai whether cell salvage has an impact on infection risk
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Ml (up to 90 days) 4 per 1000 3 per 1000 OR0.62 3017 SO0 Very low-certainty evidence means we are uncertain
(1to 10) (0.17t02.22)8 (2 RCTs) Very low whether cell salvage has an impact on Ml risk

CVA (stroke) (upto - - - - - No data were available for this outcome

90 days) - not re-

ported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% ClI).

Cl: confidence interval; CVA: cerebrovascular accident; DVT: deep vein thrombosis; MD: mean difference; MI: myocardial infarction; MID: minimally important difference;
OIS: optimal information size; POR: Peto odds ratio; PPT: per person transfused; RD: risk difference; ROB: risk of bias; RR: risk ratio; SD: standard deviation

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded twice for ROB due to unclear risk in most domains and high risk in blinding domain

bDowngraded once for inconsistency: 12 = 72%, moderate to high heterogeneity

cDowngraded once for ROB due to unclear and low risk in most domains, but with high risk for randomisation in one study and high risk for blinding in one study
dDowngraded twice for inconsistency: 12 = 75%, moderate to high heterogeneity

eDowngraded once for imprecision as Cl crosses one MID boundary (MID calculated as +/-0.5*SD in control group = +/-0.5%0.96)

fDowngraded three times for imprecision as sample size is far below OIS for this outcome

8Peto OR used due to low event rate in both groups (< 5%)

hDowngraded twice for imprecision as Cl crosses both MID boundaries (0.8 to 1.25)

iDowngraded once for imprecision as sample size is below OIS for this outcome

iDowngraded three times for imprecision: very wide confidence intervals
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BACKGROUND

Allogeneic, or donor, blood is a valuable yet scarce resource
(Shah 2022). Identifying methods to encourage more people
to donate blood is a priority for patients and healthcare
professionals; however, concerns regarding availability of donor
blood persist (Murphy 2020; Shah 2022). Perioperative bleeding and
allogeneic blood transfusions increase the risk of complications
and healthcare cost (Fowler 2015; Kim 2017).

Over 80% of patients are anaemic following surgery and
approximately one-third of all blood transfused in the United
Kingdom is transfused to surgical patients (Lloyd 2020; Shander
2004; Tinegate 2016). Over 75% of surgical procedures are
performed as planned, non-urgent interventions and the number
of surgical interventions performed each year continues to grow
worldwide (Dobbs 2021; Weiser 2015).

Description of the condition

While potentially lifesaving in the perioperative period, the risk
associated with allogeneic blood transfusion can be significant
(Bellamy 2021). Exposure to blood transfusion is also associated
with adverse postoperative outcomes, including increased risk of
surgical site infection, cardiovascular morbidity, and mortality (Kim
2017; Musallam 2011; Rasouli 2016; Saleh 2014). Interventions to
reduce allogeneic blood exposure in patients undergoing planned
surgery may help to conserve blood stock, reduce costs, and
mitigate risk to patients.

Patient blood management (PBM) strategies have been
implemented to reduce exposure to allogeneic blood transfusions
and are increasingly being used in routine patient care (Goel 2019;
Hibbs 2015; Mueller 2018; Murphy 2021; Shah 2020; Williamson
2013). These strategies typically fall into one of three categories: (1)
the administration of agents to diminish blood loss (e.g. tranexamic
acid); (2) agents that promote red blood cell production (e.g. iron
therapy); and (3) techniques for reinfusing a patient's own blood
(e.g. pre-operative autologous donation, acute normovolaemic
haemodilution, cell salvage).

Cell salvage has previously been shown to be effective in reducing
exposure to donated blood in patients undergoing non-urgent
surgical procedures; however, precise indications for the use of
cell salvage within different surgical procedures remains undefined
(Carless 2010; Klein 2018; NICE 2015; Palmer 2020a).

Description of the intervention

Cell salvage, alternatively known as 'autotransfusion’, describes
the recovery of blood from the surgical field, either during or
after surgery, for reinfusion back to the patient. This blood would
otherwise be discarded. During the intraoperative period, blood
is typically retrieved from the operative field using a sucker-
aspirator. Postoperatively, blood is typically collected via wound
drains. Salvaged blood is collected and anticoagulated. The blood
is filtered to remove non-cellular matter and, depending on the
device, centrifugally washed and re-suspended before reinfusion.
Blood salvaged intraoperatively is usually washed, whereas blood
salvaged postoperatively is usually unwashed.

How the intervention might work

As suggested in the previous review (Carless 2010), collecting and
re-transfusing a patient’s own blood may reduce the need for
allogeneic blood transfusion perioperatively, with no increase in
adverse events. Minimising blood loss and the need for allogeneic
blood transfusion may improve patient outcomes, reduce demand
on blood stocks, and reduce cost. Allogeneic blood can give rise
to transfusion reactions and an immunogenic response, which
increases the risk of complications.

Why it is important to do this review

Indications for cell salvage and its use in elective surgical
procedures have been expanded (Esper 2011; Rajasekaran 2021;
Waters 2003). This review aims to update and build on the
previous examined evidence for the effectiveness of cell salvage,
used both during and after surgery, across different planned
surgical interventions, and in the context of other patient
blood management interventions, implementation of which has
increased over the past decade (Murphy 2021).

Thisisan update review; the previous version was published in 2010
(Carless 2010).

OBJECTIVES

To examine the effectiveness of cell salvage (the reinfusion of
blood that would otherwise have been discarded) in minimising
perioperative allogeneic red blood cell transfusion and on other
clinical outcomes in adults undergoing elective or non-urgent
surgery.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs) only. If the process
of randomisation was unclear, we contacted the trial authors
to obtain further information. If we were unable to contact the
authors, we included the trial in the review, but assessed it
as having an unclear risk of bias (ROB) for this domain (see
ROB for each study in Characteristics of included studies). We
included quasi-RCTs, defined as studies that described themselves
as randomised but did not use a truly random method of allocation.
We assessed these studies as having a high risk of bias for random
sequence generation and allocation concealment.

To be eligible, trials must have compared: active treatment (cell
salvage) versus placebo or standard care (no cell salvage); cell
salvage plus another active treatment versus that active treatment
alone; or any similar scenario wherein we could assess the
impact of cell salvage alone. We used both abstracts and full-text
publications if they reported adequate information about study
design, participant characteristics, and interventions.

We did not include cross-over trials as this is not an appropriate
study design for this intervention. We did not identify any cluster-
RCTs, but we planned to include cluster-randomised trials if they
had at least two intervention sites and two control sites. In future
updates, we will exclude cluster-randomised trials that have only
one intervention or control site because the intervention (or
comparison) may be confounded by study site, making it difficult to
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attribute any observed differences to the intervention rather than
to other site-specific variables.

We carefully considered excluding unregistered (or retrospectively
registered) trials due to the evidence highlighting issues
surrounding false data (Carlisle 2021; Roberts 2015). Prospective
registration reduces the chance of publication biases, has been
recommended since the 1980s, and mandated for randomised
controlled trials by the International Committee of Medical Journal
Editors since 2005 (ICJME). Trials that have not been registered
(or were registered retrospectively) since 2005 are less likely to be
reliable (Roberts 2015). However, we did not exclude these trials as
cell salvage is not considered to be a medicinal product under the
guidance of the 2001 EU Clinical Trials Directive (EU Clinical Trial
Directive 2001; EU Regulations 2014), and as a result, the number of
trials prospectively registered are few. Instead, we have performed
sensitivity analyses to investigate the impact of registration status
on the results.

Types of participants

The study participants were adults (over 18 years) undergoing
elective or non-urgent surgery. Where the minimum participant age
was unclear, we accepted the study definition of an adult.

We included any elective surgery, but have analysed and reported
the data separately by surgical specialities.

We excluded any participants undergoing emergency surgery
(trauma), as this population group is covered in a separate review
(Li 2015).

Where populations were mixed (e.g. both elective and trauma
surgeries in a study), we included the study but only extracted
data for the population of interest. Where the subset of data was
not readily available, we contacted the trialists for these data. We
deemed the study as 'awaiting classification' if we could not obtain
the eligible subset.

Types of interventions

The intervention considered was cell salvage, where blood that
would otherwise have been discarded, was reinfused into the
participant during or after surgery. We included studies with a
combination of active comparisons if cell salvage was the only
difference between the two groups.

Types of outcome measures

We planned to assess the following outcome measures.

Primary outcomes

« Risk of transfusion of allogeneic blood (during hospital stay)

« Volume of allogeneic blood transfused per person who received
a transfusion (during hospital stay)

Volume is a continuous outcome that is often not normally
distributed, hence we expected data to be presented either as
mean and standard deviation (if normally distributed) or as median
and interquartile range (IQR) (if not normally distributed). We
considered the data as reported by the study, and have presented
in Table 1 any data that could not be included in meta-analysis (i.e.
median, IQR).

Secondary outcomes

« Risk of all-cause mortality (up to 90 days)
« Volume of blood loss (during hospital stay)
« Risk of re-operation for bleeding (during hospital stay)
« Risk of postoperative complications (up to 90 days; or one year
for prosthetic joint infection (PJI)):
o Infection (including localised and systemic infection, and
wound complications)

o Thrombosis (cerebrovascular accident (CVA)/stroke, venous
thromboembolism (VTE) including deep vein thrombosis
(DVT) and pulmonary embolism (PE))

o Myocardial infarction (MI)
o Major adverse cardiac events (MACE) *
« Length of hospital stay (LOS)

We did not include TIA (transient ischaemic event) in the category
of stroke.

We extracted any continuous outcomes that were reported in a
form that could not be included in the meta-analysis (e.g. median,
IQR), and presented these as reported by the study in a separate
table (Table 1).

* MACE is a composite outcome commonly used in cardiovascular
research. MACE has no concrete definition: three-point, four-point
and five-point scales of MACE have previously been reported
within cardiovascular research. These scales may include total
death, MI, stroke, hospitalisation because of heart failure and
revascularisation, including percutaneous coronary intervention
and coronary artery bypass graft (Bosco 2021; Hicks 2018; Poudel
2019). We accepted any definition of MACE used by a study and
reported the definition used by each.

Search methods for identification of studies

One review author (CD) performed the search in conjunction with
Cochrane Injuries.

We searched for all relevant published and unpublished trials
without restrictions on language or publication status, from the
date of the previous search (June 2009) to 19 January 2023.

Electronic searches

The previous (2010) review drew on the literature searches
that were constructed as part of the International Study of
Perioperative Transfusion (ISPOT) (Huet 1999). These searches
were last conducted in June 2009, and based on the MEDLINE
strategy shown in Appendix 1. Terms were then modified as
appropriate to the specifications of each database.

In this 2023 update review, we developed and expanded the
original search strategies, and added new data sources. Full
strategies for each database are presented in Appendix 2.

The following databases were searched on 19 January 2023 for
systematic reviews and randomised controlled trials published
from 2009 onward:

« Cochrane Central Register of Controlled Trials (CENTRAL; 2023,
Issue 1) in the Cochrane Library;

« MEDLINE (Ovid, 2009 onward);
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« Embase (Ovid, 2009 onward);

« Epistemonikos Systematic Review Database (Epistemonikos
Foundation, 2009 onward);

o PubMed (NLM, for e-publications ahead of print only);
« Transfusion Evidence Library (Evidentia, 2009 onward);
« International HTA Database (INAHTA, 2009 onward);

« Web of Science Conference Proceedings Index (CPCI-S)
(Clarivate, 2009 onward).

The searches above were not restricted by language or publication
status.

We searched the following resources for ongoing trials:

o CENTRAL (2023, Issue 1) in the Cochrane Library;
« ClinicalTrials.gov;

« World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP).

Searches of trials registers were not restricted by language.

Searching other resources

We handsearched reference lists of included trials and relevant
systematic reviews and health technology assessments (HTAs) in
order to identify further relevant trials.

Data collection and analysis

We performed the systematic review using methods described in
Chapter 5 of the Cochrane Handbook for Systematic Reviews of
Interventions (Li 2020). Analyses were run using Review Manager 5
(Review Manager 2020).

Selection of studies

At least two of the review authors (TDL, LJG, TB, KB, WM, SJF)
independently screened for eligibility the titles and abstracts
of citations identified by the electronic searches. If the title
and abstract of the citation were found to be irrelevant, we
excluded the record at this stage. The same review authors
then independently screened the full-text articles of the citations
thought to be eligible against the criteria set out in the protocol
for this review. We resolved disagreements through discussion or
through consultation with another review author (MFM/AJRP).

We kept records of the study selection process and used the
information to generate a PRISMA flowchart (Moher 2009). We
recorded the reasons why potentially relevant studies failed to
meet the eligibility criteria.

Translations of data published in languages other than English were
provided by colleagues or individuals responding to calls we made
via Cochrane resources, such as Task Exchange (now Cochrane
Engage (https://engage.cochrane.org/)).

Data extraction and management

For studies assessed as eligible for inclusion (see above), pairs
of review authors (of TDL, LJG, KB, WM, SJF) independently
extracted relevant data according to Cochrane guidelines (Li 2020).
We resolved disagreements by consensus or through arbitration
by another author (LJG/SJB/MFM/AJRP). During the process of

selecting studies or extracting/assessing data, no review author
was blinded to the identity of trial investigators or institutions.

We extracted data from included studies on a structured, piloted
form, as follows.

« General information: name of review author carrying out data
extraction, date of data extraction, study identifier, surname and
contact address of first study author, and language in which trial
was reported.

« Information on trial conduct: features of RCT design (e.g.
location of where the trial was run, setting, sample size,
study dates, power calculation, treatment arms, randomisation,
inclusion and exclusion criteria, comparability of groups,
timings of assessment and maximum follow-up, and whether
the trial had been prospectively registered).

« Characteristics of participants: age, sex, weight or body mass
index (BMI), breakdown of total numbers for those randomised
and analysed, type of surgery, dropouts (percentage in each
arm) with reasons and protocol violations, type of operation
(primary, revision, hip/knee/cardiac, etc.)

« Characteristics of interventions: number of treatment arms,
description of experimental arm(s), description of control
arm(s), timing of intervention, and other differences between
intervention arms.

« Outcomes: allogeneic blood transfusion, volume of red cell
transfused, postoperative complications, all-cause mortality,
length of stay (LOS), blood loss, re-operation for bleeding, and
timing of outcome measurement.

« Study conduct (risk of bias assessment): sequence generation,
allocation concealment, blinding (participants, personnel,
outcome assessors), incomplete outcome data, selective
outcome reporting, other sources of bias.

We extracted data for allogeneic blood transfusion if these data
were expressed as whole blood or packed red cells. We converted
transfusion data expressed in millilitres to units by dividing by 300.

Where a transfusion threshold was reported, we converted these
into a standard scale of haemoglobin (Hb) in g/L. If data were
presented for Hct (haematocrit) as a percentage, we converted
these by dividing by three (WHO 1968), and when Hb was presented
in mmol, we converted these data by dividing by 18 (standard
conversion).

We have categorised (subgrouped) by whether the transfusion
threshold was "restrictive" (Hb < 80 g/L) or "liberal" (Hb > 80 g/L)
(Carson 2021; NICE 2015).

We used all relevant sources of data for each study, including full-
text publications (with or without supplements), trial registration
documents, published protocols, and preliminary results released
in the form of abstracts. We used one data extraction form for each
unique study. Where sources did not provide sufficient information,
we contacted authors for additional details.

In addition, two review authors (of KB, WM, TDL, LJG, SJB)
compared data extraction against the previously published review
(Carless 2010). We contracted trial authors to request provision of
missing data where possible.
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One review author (LJG) entered data into Review Manager 5
(Review Manager 2020), and performed GRADE assessments with a
second author (TDL).

Assessment of risk of bias in included studies

Two review authors (of TDL, LJG, SJF, KB, WM) independently
assessed the risk of bias (ROB) for relevant domains relating to
study conduct within each trial and assigned classifications of low,
high, or unclear risk (Higgins 2011; Higgins 2017). We assessed
the impact of blinding (performance bias and detection bias) on
each outcome separately, categorising them as objective, low-risk
subjective, or high-risk subjective, depending on the presence of
cleardiagnostic criteria described in the methods, trial registration,
or protocol of each study.

Two review authors (TDL, LJG) additionally re-assessed the ROB for
all domains for trials included in the 2010 review, as these had only
been assessed for selection bias (randomisation and allocation
concealment) and blinding as a single category for all outcomes. We
resolved disagreements through discussion.

We assessed risk of bias in the following domains:

« selection bias (random sequence generation and allocation
concealment);

« performance bias (blinding of participants, personnel and
outcome assessors);

« detection bias (blinding of outcome assessment);

« attrition bias (incomplete outcome data);

« reporting bias (selective reporting);

« other forms of bias (including: block randomisation in an

unblinded trial, conflicts of interest, source of funding, and any
other potential sources of bias that we noticed).

Measures of treatment effect
Dichotomous outcomes

When extracting data for dichotomous outcomes (proportion of
participants needing an allogenic blood transfusion, mortality,
re-operation due to bleeding, adverse events), we recorded the
number of participants and events in both the intervention and
control arms.

Continuous outcomes

We extracted arm-level data for continuous outcomes (e.g. mean
number of allogenic blood transfusions per participant). We
recorded means, standard deviations (SD) (or medians with
interquartile ranges (IQR) or range), and the total number of
participants in both the intervention and control arms. Where only
study-level data were available, we noted the reported effect size
and standard errors.

Unit of analysis issues

For trials with multiple treatment or comparator groups, we
included subgroups that were considered relevant to the analysis.
Where subgroups were used, or where a study had more than
one relevant intervention arm but one control group, we split the
control group to avoid double-counting the controls.

If appropriate, we combined eligible groups to create a single pair-
wise comparison. Where this was not possible, we selected the

most appropriate pair of trial arms (intervention and comparator)
and excluded the others (Higgins 2022).

We analysed the data using the participant as the unit of analysis.
No trials randomised participants more than once.

In future updates, in the event that we identify and include one
or more cluster-RCTs, we will follow the guidance in Chapter
23 of the Cochrane Handbook (Higgins 2022), using the generic
inverse-variance approach in Review Manager and an appropriate
intraclass correlation coefficient to allow for the clusters. We will
also carefully consider the potential risk of bias associated with the
method of randomisation described.

Dealing with missing data

We recorded the number of participants lost to follow-up for each
trial. Where possible, we used data reported on an intention-to-
treat (ITT) basis, but if insufficient data were available, we used
the reported per-protocol data. We handled missing data using the
approach discussed in Chapter 10 of the Cochrane Handbook for
Systematic Reviews of Interventions (Deeks 2022).

Assessment of heterogeneity

We assessed statistical heterogeneity of treatment effects between
trials using a Chi? test with a significance level at P < 0.1. We used
the 12 statistic to measure the percentage of total variability due
to between-study heterogeneity, and classified heterogeneity as
moderate if I* was greater than 50%, or considerable if 1> was greater
than 75%. Where heterogeneity was considerable, we also checked
the direction and magnitude of the effect.

We assessed potential causes of heterogeneity by sensitivity and
subgroup analyses (Deeks 2022).

We used the random-effects model as we anticipated that we
would identify at least moderate clinical and methodological
heterogeneity within the trials selected for inclusion.

Assessment of reporting biases

Where a single analysis included at least 10 studies, we performed
a formal assessment of publication bias using a funnel plot for
each comparison and outcome (Sterne 2011), and utilised this
information in the assessment of the certainty of the evidence
(GRADE).

We have presented the funnel plot (subgrouped by type of
surgery) for the aggregate analysis for the primary outcome (risk of
transfusion) only.

Data synthesis

We performed direct treatment comparisons using methods
described in Chapter 10 of the Cochrane Handbook for
Systematic Reviews of Interventions (Deeks 2022). Where data were
homogeneous enough to do so, we performed meta-analyses in
Review Manager 5 (Review Manager 2020). Forest plots illustrating
these results are shown with 95% confidence intervals (Cls) for all
analyses.
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Dichotomous outcomes

We have presented analyses using risk ratio (RR), risk difference
(RD) where there were zero cases in both arms, or Peto odds ratio
(POR) for rare events (< 5% in each arm), always with 95% Cls.

Continuous outcomes

When reported as mean and standard deviation (SD), using the
same scale, we analysed using mean difference (MD) with a 95% ClI.
Some of the included studies reported our continuous outcomes in
a non-analysable format (reported as median and IQR/range), and
we presented these separately, as reported by the study, in Table 1.

For the outcome "Volume transfused", some studies reported
data as mean and SD per person randomised (PPR) (including
zero units where someone did not require transfusion), and other
studies reported data per person transfused (PPT) (excluding those
for whom transfusion was not required). To combine these data
appropriately, we re-scaled all data as both PPT and PPR, and have
presented these data in Appendix 3.

Subgroup analysis and investigation of heterogeneity

We examined statistical heterogeneity using both the 12 and Chi2
statistics, as described in Assessment of heterogeneity.

We performed prespecified subgroup analyses to determine
whether effect sizes varied according to factors such as:

« timing of cell salvage (intra- or postoperative, or both); we
considered the timing to be the time that the blood was
collected, not necessarily when/if it was reinfused (i.e. collection
intraoperatively for postoperative reinfusion would be classed
as "intraoperative" timing);

« transfusion threshold used within the trial (when reported).

We have performed all analyses and reported them separately
by the type of surgery identified (cancer, cardiac, obstetrics,
orthopaedics, vascular, etc.), subgrouping within those surgical
specialities for timing and transfusion threshold, in order to
accurately answer whether cell salvage is safe and effective in
specific surgeries/populations, and to ascertain where there are
gaps in the literature.

However, to reflect what previous versions of this review reported,
we performed an aggregate analysis (combining all surgical groups
identified) for the primary outcome (risk of allogeneic transfusion),
which we then used for our sensitivity analyses (see Sensitivity
analysis).

We did not subgroup by the type of salvaged blood re-
transfused (washed/unwashed) as assessed in the previous
versions of this review. Washing and re-suspension of red blood
cells is performed for the majority of current cell salvage
practice. Unwashed techniques are frequently used when blood
is salvaged from surgical drains. The expectation was therefore
that most intraoperatively salvaged blood would be washed, and
postoperatively salvaged would be unwashed, so negating the
need to perform both timing and washing subgroup analyses.

We did not perform subgroup analysis by trial methodology
(described in the original protocol and previous versions of
this review), and have instead performed sensitivity analyses to
investigate the impact of only using those assessed as having a low

risk of bias overall (low risk of bias for random sequence generation
and blinding (performance bias and detection bias) for the primary
outcome: risk of transfusion).

Sensitivity analysis

We only performed sensitivity analyses on the primary outcome
(number of people receiving an allogeneic transfusion), where all
types of surgeries were combined into a single analysis. We then
split the data according to type of surgery for all other analyses.

We determined a priori that we would investigate the impact of
trials published from 2010 onward that were not prospectively
registered, using a modified strategy that did not exclude such trials
(as recommended in Roberts 2015), but which sought to assess
evidence of differential impact.

We also conducted sensitivity analysis by including only studies
assessed as having a low risk of bias for both random sequence
generation and blinding (performance bias and detection bias for
transfusions).

Summary of findings and assessment of the certainty of the
evidence

We used the GRADE approach to generate summary of findings
tables, as suggested in the Cochrane Handbook for Systematic
Reviews of Interventions (Schiinemann 2022). Using GRADEpro
software (GRADEpro GDT), we employed the GRADE approach to
rate the certainty of the evidence as 'high', 'moderate’, 'low', or 'very
low', according to the five GRADE considerations:

« risk of bias (serious or very serious);

« inconsistency (serious or very serious);

« indirectness (serious or very serious);

« imprecision (serious, very serious, or extremely serious);
+ publication bias (suspected or undetected).

Cochrane summary of findings (SOF) tables are restricted to seven
outcomes. We have therefore only presented data in the SOF tables
for the following outcomes:

« primary - risk of transfusion of allogeneic (donated) blood;

« primary - volume (units) of allogeneic blood transfused, per
person transfused (PPT);

« risk of death (all-cause mortality);

« risk of deep vein thrombosis (DVT);

« risk of infection;

« risk of myocardial infarction (Ml);

« risk of stroke/cerebrovascular accident (CVA).

Need for allogeneic blood transfusion and volume of allogeneic
red blood cells (RBCs) transfused (number of units)

The number of participants who receive red cell transfusions is
more important than the number of red cells per participant, as
the complete avoidance of RBC transfusion is more important for
the avoidance of additional risks, such as transfusion reactions and
other postoperative adverse events, in people undergoing surgery
than reducing the units transfused. However, the volume of blood
transfused is vital information for planning surgeries according
to available blood stocks, and accurately reflects whether the
intervention reduces need for donor (allogeneic) blood.
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Volume per person transfused (PPT) is more clinically useful
than volume per person randomised (PPR) for understanding
the volume of blood an individual may require if they need an
allogeneic transfusion.

Thromboembolic events

Venous thromboembolism (pulmonary embolism (PE) or deep vein
thrombosis (DVT)) is an important outcome for this patient group.
DVTs occur more commonly than a PE, and therefore any potential
harm will be detected with a smaller number of participants.

Infections and wound complications

Infection and wound complications are often variably reported:
whereas we required the number of people who experienced
an event, it is often reported differently (as number of events,
listing multiple issues; see Table 2 for a full breakdown of events).
However, infection is an important outcome because surgical site
infection has been associated with allogeneic blood transfusions
as a result of immunomodulation. Infection is a cause of patient
morbidity and mortality, and represents a considerable healthcare
cost.

Myocardial infarction (MI) and stroke (CVA)

Perioperative anaemia has been associated with myocardial
infarction and CVA due to reduced oxygenation to tissues. Both
are a cause of patient morbidity and mortality, and are therefore
important to report in the SOF.

We did not include the remaining outcomes in the SOF tables, but
have performed full analyses and report these in the Effects of
interventions:

Blood loss

Whilst blood loss is an important outcome for individuals,
the intervention is not designed to reduce blood loss, and is
therefore more descriptive of the individual than assessment
of the intervention. The need to transfuse, and the volume of
the transfusion, are therefore more indicative of cell salvage
effectiveness, especially when a clear transfusion protocol is in
place. However, we do acknowledge that the ongoing presence of

a drain and re-transfusion tube may cause greater bleeding overall
(Parker 2007).

Re-operation for bleeding

Re-operation for bleeding is a rare complication, and not expected
to be closely related to anaemia or the use of cell salvage. However,
it has been included in this review, and previous versions of this
review, due to suggestions that the use of cell salvage may be
associated with increased postoperative bleeding, blood product
usage, and derangement of coagulation parameters, possibly
secondary to depletion of plasma coagulation proteins during
centrifugation, washing, and subsequent reinfusion. These risks
have predominantly been highlighted in the setting of cardiac
surgery, when cell salvage is used alongside cardiopulmonary
bypass (CPB) (Ashworth 2010; Rubens 2007; Son 2020).

Length of hospital stay

Short hospital stays are associated with fewer hospital-acquired
complications, and can be representative of better outcomes
related to the surgery. It is an important outcome for resource
management and overall cost. However, hospital length of stay
(LOS) may not be a true representation of being discharge-ready,
as it can be affected by other external factors unrelated to the
intervention.

Major adverse cardiovascular events (MACE)

This composite is a useful outcome for cardiovascular outcomes,
but we deemed the individual outcomes that contribute to this
composite to be more useful for assessing adverse events, and so
we used Ml and CVA/stroke in the SOF tables instead.

RESULTS

Description of studies

See also Characteristics of included studies; Characteristics of
excluded studies; Characteristics of studies awaiting classification;
Characteristics of ongoing studies

Results of the search

See PRISMA flow diagram (Figure 1) for this update review.
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Figure 1. Study flow diagram. The Niranjan 2006 study reported for both on-cardiopulmonary bypass and off-
cardiopulmonary bypass, and so is counted in both "with bypass" and '""no bypass" groups.

48T5 records
(3848
references +
All'studies Tisted as included .
i From 75 included studies: 967 trial
(75) or excluded (20) in . . K
. L studies now excluded (see Z tecords identified through registrations)
previous publication . . e
— Characteristics of excluded handsearching (Jan 2023) identified
(Carless 2010) assessed for .
X . studies) through
inclusion
database
searching (Jan
2023)

2378 records (2142
references + 836 trial
registrations) after
duplicates removed

2980 records 2802 records

screened —) excluded

From 68 included studies:

7 studies now awaiting

classification
From 20 excluded studies: From 20 excluded studies: 178 Tull-text references) excluded
articles after full text
7 now included only 7 remained excluded (3 assessed for assessment (as listed
2 now awaiting classification reasons changed) eligibility in Characteristics of
excluded studies
4 now marked as secondary )

references for included
studies

[T46 studies included in
qualitative synthesis,
of which:

106 studies (139
references) included in
full

33 studies (35
references) awaiting
classification

7 studies (7 references)
ongoing

included in quantitative

synthesis (meta-analysis):
Cancer: 2

Cardiovascular: 6 (vascular), 6

Cell salvage for minimising perioperative allogeneic blood transfusion in adults undergoing elective surgery (Review) 25
Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Figure 1. (Continued)
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Obstetrics: 1

Orthopaedic: 17 (hip), 26
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Cardiovascular: 6 (vascular), 6

After de-duplication, the update search (January 2023) identified
2980 new references for assessment. We excluded 2802 references
asirrelevant based on title and abstract, and therefore assessed 178
references as full-text publications.

We also checked the included (75) and excluded (20) studies
identified in the previous version of this review.

Previously excluded studies

Of studies excluded for being a "duplicate article", we reclassified
four as secondary references for already included studies
(Dalrymple-Hay 1999; Schaff 1978; Schmidt 1996; Spark 1997). One
that had been marked as a duplicate was in fact an independent
trial with an ineligible comparison, and so remained excluded but
with a new reason (Schmidt 1997).

Of studies excluded for having "insufficient data", we reclassified
seven as eligible for inclusion (Adan 1988; Breakwell 2000; Jacobi
1997; Kristensen 1992; Mac 1993; McShane 1987; Thompson 1990).
Two studies remained excluded, with the reasons for exclusion
changed to 'no control group' (Deramoudt 1991), and 'ineligible
intervention' (Mayer 1985). We reclassified two studies as 'awaiting
classification': one due to a mixed population (emergency and
elective) with no subgrouping reported (conference abstract only:
Skoura 1997), and one due to a lack of information regarding
cardiopulmonary bypass blood processing (Bell 1992).

We checked the remaining excluded studies from the previous
version, and these remained excluded (four studies: Bartels 1996;
Elawad 1992; Trubel 1995; Vertrees 1996).

Previously included studies

Of the previously included studies, we reclassified four as excluded
for the following reasons: ineligible intervention (Naumenko 2003);
non-RCT (no mention of randomisation: Sirvinskas 2007; Slagis
1991); and a complex intervention where the impact of cell
salvage alone could not be assessed (Zacharopoulos 2007). We
also reclassified five studies as 'awaiting classification': two had a
mixed population (elective and emergency) with no subgrouping
(Bouboulis 1994; Fragnito 1995); and three lacked detail regarding
the intervention and comparison methods (Dietrich 1989; Ritter
1994; Simpson 1994).

Due to an update in cardiopulmonary bypass guidelines in 2011
(Ferraris 2011), we reassessed previous trials to identify those
that were 'complex' in nature (i.e. they compared cell salvage and
processed cardiopulmonary bypass blood versus no cell salvage
and unprocessed cardiopulmonary bypass blood). The updated
guidelines, and the evidence on which they were based, highlighted

the benefits of processing residual cardiopulmonary bypass blood
by reducing inflammation and concentrating red blood cells,
leading to a reduction in the need for blood transfusion and other
adverse events (Ferraris 2011; Moran 1978). Therefore, we have
excluded studies where there was a difference in the treatment
of cardiopulmonary bypass blood between groups (complex
interventions), as the effect of the cell salvage intervention alone
cannot be determined (Laub 1993; McGill 2002; Tempe 1996; Tempe
2001). Where we were unable to determine if the cardiopulmonary
bypass blood was treated differently, we have assessed the study
as awaiting classification until more information becomes available
(Murphy 2004; Wiefferink 2007).

Consequently, we have included only 60 of the 75 studies included
in the previous version of this review, and we have now included
seven of the 20 studies excluded in the previous version.

Included studies

Please see an overview of included studies (Table 3; Table 4; Table
5; Table 6; Table 7; Table 8; Table 9; Table 10; Table 11) and
Characteristics of included studies for further detail of the included
studies.

Study selection

We included a total of 67 RCTs from the previous review (Carless
2010), and 39 RCTs from the updated search (2023) that fulfilled the
predefined inclusion criteria, giving a total of 106 RCTs involving
14,528 participants.

Setting

Included trials were published from the late 1970s (Schaff 1978;
Thurer 1979) to 2021 (Touzopoulos 2021): 44 (42%) were published
before 2000, and 34 (32%) since 2010.

Most of the included studies were conducted in the UK (25 RCTs,
24%) and USA (17 RCTs, 16%). Studies were conducted in 24
different countries:

« Australia (2 RCTs);

« Asia (China (8 RCTs), Hong Kong (1), India (1), Turkey (2));

« Europe (Austria (1), Croatia (1), Denmark (4), France (3), Germany
(4), Greece (4), Ireland (1), Italy (1), Norway (2), Poland (2),
Romania (2), Serbia (1), Spain (1), Sweden (7), Switzerland (1),
the Netherlands (14), UK (25));

« North America (Canada (1), USA (17)).
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Participants

All data are for adults (over 18 years) undergoing an elective (non-
urgent) surgery. We categorised trials into:

« cancer surgery (genitourinary medicine: 2 RCTs, 79 participants,
Table 3);

« cardiovascular surgery (vascular: 6 RCTs, 384 participants, Table
4; no bypass: 6 RCTs, 372 participants, Table 5; with bypass: 29
RCTs, 2936 participants, Table 6);

« obstetrics (Caesarean section: 1 RCT, 1356 participants, Table 7);

« orthopaedic surgery (hip: 17 RCTs, 2055 participants, Table 8;
knee: 26 RCTs, 2568 participants, Table 9; spinal: 6 RCTs, 404
participants, Table 10; mixed: 14 RCTs, 4374 participants, Table
11).

One study reported two populations (no bypass and with bypass:
Niranjan 2006).

Intervention

Devices used for cell salvage were varied and wide-ranging (see
Table 3; Table 4; Table 5; Table 6; Table 7; Table 8; Table 9; Table 10;
Table 11; and Appendix 4).

All included studies compared the use of cell salvage
(autotransfusion) to no cell salvage (no autotransfusion), where
the effect of cell salvage alone could be assessed. Participants
randomised to receive no cell salvage received standard care given
to both groups. This included allogeneic blood transfusions as
required, and may also have included pharmacological methods to
reduce overall blood loss. Where this information was available, it
has been presented in Characteristics of included studies.

Timing of collection

Studies assessed cell salvage of blood collected intraoperatively (30
RCTs), postoperatively (63 RCTs), or during both periods (15 RCTSs),
and three studies reported for more than one collection period
(timing subgroups: Blatsoukas 2010; Parrot 1991; Rollo 1995). We
were unable to determine the timing in one trial (NCT00839241),
though they also reported no usable data.

Studies that reported collecting blood intraoperatively only were
published between 1987 and 2019. Of these, 18 (60%) were
published since 2000, including 12 (40%) since 2010. Studies that
reported collecting blood postoperatively only were published
between 1978 and 2021. Of these, 35 (56%) were published since
2000, including 16 (25%) since 2010.

Studies that collected throughout the perioperative period (both
intraoperatively and postoperatively) were published between
1991 and 2014. Six studies (40%) were pre-2000, and six (40%) were
published since 2010.

Washing before retransfusion

Salvaged blood was described (or could be determined from the
manufacturer's description of the reported cell salvage machine)
as washed (36 RCTs), unwashed (62 RCTs), or both (3 RCTs) before
re-transfusion. Washing was not reported or inferred in eight RCTs
(Djurasovic 2018; Mah 1995; Menges 1992; Pavelescu 2014; Sait
1999; Schmidt 1996; Shirvani 1991; Westerberg 2004).

As with timing, the same three RCTs reported more than
one process (Blatsoukas 2010; Parrot 1991; Rollo 1995), as
intraoperative blood was washed, and postoperative blood was
unwashed, resultingin those that collected blood over both periods
using both washed and unwashed blood throughout the study
period.

Intraoperatively-collected blood was washed in 23/30 studies
(77%) and unwashed in 5/30 studies (17%); postoperatively-
collected blood was washed in only 6/63 studies (10%) and
unwashed in 53/63 studies (84%).

Transfusion threshold

Studies reported using a restrictive transfusion threshold (Hb < 80
g/L) in 32 studies, a liberal threshold (Hb > 80 g/L) in 47 studies,
and no threshold or protocol was reported in the remaining studies.
Studies utilising a restrictive threshold were published between
1993 and 2019, though only two studies were from pre-2000 (Kelley-
Patteson 1993; Ward 1993), and 19 (59%) were published since
2010.

In contrast, a liberal threshold was reported in publications
between 1978 and 2021, but only 17 (36%) studies that reported
using a liberal threshold were published since 2000, including just
six (13%) since 2010.

Outcomes and follow-up

Our primary outcomes were reported in most studies: risk of
transfusion in 85 RCTs (analysable data in 82 studies), and volume
of transfusion in 85 RCTs (but only in an analysable form in 44
studies).

Blood loss was reported by 77 RCTs (only analysable in 49 studies
due to reporting as median and IQR or range, or without reporting
the spread of the data in any way). Similarly, hospital length of
stay (LOS) was reported in 39 RCTs, but was only analysable in 20
studies.

The remaining outcomes were reported in less than half of studies:
all-cause mortality (37 studies), wound complication (22 studies),
re-operation (21 studies), DVT (20 studies), Ml (17 studies), PE (14
studies), CVA/stroke (10 studies), venous thromboembolism (VTE)/
thrombosis (six studies), MACE (two studies).

Data for infection could only be analysed from 24 studies (reported
number of people who experienced an infection). For the remaining
studies that reported infections, these were reported as infectious
event (where an individual could have multiple infections), and
have been presented separately (Table 2).

When reported, transfusion outcomes (number of people and
volume transfused) were reported as perioperative or "during
hospital stay", but mostly limited to nine days, though one
study reported up to three months (So-Osman 2014). Mortality
was reported variably from the perioperative and the immediate
postoperative period (Adan 1988; Marberg 2010; McShane 1987;
Schonberger 1993), up to 60 days (Thomassen 2011), three months
(Horstmann 2014a), and one year (Vermeijden 2015).

Volume of transfusion (PPR and PPT)

Studies reported the volume of transfusion variably: some studies
reported mean and standard deviation calculated per person
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randomised (PPR: including zeroes, i.e. where a transfusion was
not required; 30 studies: Altinel 2007; Atay 2010; Axford 1994;
Blatsoukas 2010; Clagett 1999; Dalrymple-Hay 1999; Davies 1987;
Djurasovic 2018; Ekback 1995; Gabel 2013a; Goel 2007; Heddle
1992; Kirkos 2006; Koopman-van Gemert 1993a; Koopman-van
Gemert 1993b; Lepore 1989; Nemani 2019; Niranjan 2006; Page
1989; Savvidou 2009; Schaff 1978; Schonberger 1993; Shen 2016;
Shirvani 1991; So-Osman 2014; Tripkovic 2008; Vermeijden 2015;
Xie 2015; Zhao 1996; Zhao 2017), and per person transfused (PPT:
excluding zeroes, i.e. where a transfusion was not required; 14
studies: Adalberth 1998; Elawad 1991; Eng 1990; Horstmann 2012;
Horstmann 2013; Kelley-Patteson 1993; Khan 2017 (SALVO); Martin
2000; Murphy 2005; Parrot 1991; So-Osman 2006; Unsworth 1996;
Zhang 2008; Zhao 2003). Where we had sufficient data, we were
able to convert PPR to PPT (and vice versa) to combine more
data together (see Appendix 3 for further information on these
conversions. Conversion data can be found here). We have analysed
all PPR data separately from all PPT data.

Trial registration

Of the 36 studies published from 2010 onwards, only 15 were
registered on a clinical trials database: nine were retrospectively
registered (date of registration was after the study start date:
Cheung 2010; NCT00839241; NCT01251042; So-Osman 2014;
Springer 2016; Teetzman 2014; Thomassen 2014; Touzopoulos
2021; Vermeijden 2015), and six were prospectively registered
(registered before the study start date: Djurasovic 2018; Galaal 2019
(TIC TOC); Khan 2017 (SALVO); Shen 2016; Thomassen 2011; Xie
2015).

We did not actively search for trial registrations for studies
published before 2010, but have made a note in the Characteristics
of included studies if one was identified.

Excluded studies

See Characteristics of excluded studies for detailed reasons for
exclusion.

We excluded a total of 92 studies for the following reasons.

o Non-RCT (only established from full-text assessment) (24
studies): Bisleri 2016; Cheng 2014; ChiCTR1800018689; ChiCTR-
0OCC-15006016; ChiCTR-ORN-17013372; Choi 2019; Duramaz
2018; JPRN UMIN 000019726; JPRN UMIN 000025157; JPRN
UMIN 000043920; Khan 2022; McNair 2020; Morisaki 2013;
NCT02654028; NCT05164406; NCT04588350; NTR2712; Nunes
2019; Quispe-Fernandez 2020; Santiago-Lopez 2021; Sirvinskas
2007; Slagis 1991; Ubee 2010; Zhou 2014

« Ineligible study design (one study): Conn 2018

« Ineligible comparison (11 studies): Bosboom 2022; Djaiani
2012 (NCT00296985); DRKS00025454; Elawad 1992; Gibe
2013b; Gorki 2017 (HEPCON Il); Hogan 2014; Hogan 2015;
ISRCTN59539154 (MASS I11); NCT05545930; Ulrich 2014

« Ineligible population (non-elective, two studies): Dickenson
2022 (WHITE-9); Starlinger 2016

« Ineligible intervention (21 studies): ChiCTR1800016656; Ela
2009; Gunaydin 2013; Han 2021; Harlaar 2012; Hasan 2017; JPRN
UMIN 000022227; Mayer 1985; McNair 2013; Naumenko 2003;
NCT00176657; Whitlock 2013; NCT02338947;, NCT03995160;
NCT04304287; NCT05401175; NTR1589; Schmidt 1997; Soliman
2022; Sridhar 2019; Zhou 2020

« Ineligible comparator (one study): ISRCTN87590585

« No control group (16 studies): Albano 2010; Barbara 2010;
Bartels 1996; Boyle 2019; Chen 2020; Deramoudt 1991; Garg
2015; Gu 2009; Gunaydin 2018; Jenni 2011; NCT01435304; Trubel
1995; Vertrees 1996; Vonk 2012; Wang 2012; Weltert 2013

o Complex intervention (12 studies): Campbell 2012b;
ISRCTN85756518; Karlsson 2019; Laub 1993; McGill 2002;
Tachias 2022; Tempe 1996; Tempe 2001; Wong 2002; Wu 2019;
Xing 2014; Zacharopoulos 2007

+ Systematic review, with references checked for inclusion (four
systematic reviews): Khanuja 2023; Murtha-Lemekhova 2022;
Wang 2022; Zacharowski 2022

Studies awaiting classification

Weidentified 33 studies that are awaiting classification due to a lack
of information regarding the methods (study design), population,
and intervention and comparator detail. We have contacted
study authors for more information, though many studies were
completed more than two years ago.

These studies include: 15 in cardiac surgery (coronary artery
bypass graft (CABG): Aghdaii 2012; Bouboulis 1994; Cavolli
2011; Damgaard 2010; Matkovic 2010; Murphy 2004; myocardial
re-vascularisation: Dietrich 1989; Fragnito 1995; Srndic 2014;
Wiefferink 2007; valve replacement: Narula 2015; mixed/any
cardiac: Bell 1992; NCT00950547; NCT02058134; Washington 2009);
four in obstetric surgery (Caesarean section: Lei 2022; Liu 2020;
Rainaldi 1998; Yu 2022); and 14 in orthopaedic surgery (hip, knee,
or both: Giizel 2016; ISRCTN24531848; ISRCTN55488814; Martin
2009; Morgenschweis 2011; NCT01468129; Ritter 1994; Sintes 2009;
Stamenic 2009; spinal: ChiCTR-IOR-17010508; Liang 2015; Shen
2013; any joint: Simpson 1994; other: Skoura 1997).

See Table 12 for an overview of studies awaiting classification, and
Characteristics of studies awaiting classification for more detail.

Ongoing studies

We identified seven ongoing studies: three in cancer
surgeries (spinal metastasis: ChiCTR1800018118; kidney cancer:
NCT04922307 (RESTRICT); liver cancer: NCT05612477), three
in cardiac surgeries (CABG: DRKS00021914; NCT04574128; any
procedure: NCT02595385 (CONSERVE)); and one in obstetrics
(Caesarean section: NCT03429790).

See Table 13 foran overview of ongoing studies, and Characteristics
of ongoing studies for more detail.

Risk of bias in included studies

The previous review (2010) only assessed included studies based
on selection bias (random sequence generation, and allocation
concealment), and a single domain for blinding. We have re-
assessed all of these studies for risk of bias using Cochrane ROB1,
as described in Assessment of risk of bias in included studies.

Please refer to the risk of bias figures (Figure 2; Figure 3) for visual
representation of risk across all studies and for individual studies.
For more detail, see the risk of bias section in the Characteristics of
included studies, and the assessment by each individual outcome
in Table 14.
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Figure 3. Methodological quality graph: review authors' judgements about each methodological quality item

presented as percentages across all included studies.

Random sequence generation (selection bias) [N
Allocation concealment (selection bias) [N

Blinding of participants and personnel (performance bias): Objective outcome: mortality [
Blinding of participants and personnel (performance bias): Subjective: transfusion protocol
Blinding of participants and personnel (performance bias): Subjective: all other outcomes [N N
Blinding of outcome assessment (detection bias): Objective outcomes: mortality and transfusions [
Blinding of outcome assessment (detection bias): Subjective outcomes [N N

Incomplete outcome data (attrition bias): Alloutcomes DS BB

Selective reporting (reporting bias) [N

100%

Other bias [N

0% 25% 50% 75%

|j Low risk of bias

[] Unclear risk of bias

[ High risk of bias |

Sensitivity analysis of study conduct (risk of bias)

Individual risk of bias domains are described below (Allocation
(selection bias); Blinding (performance bias and detection bias);
Incomplete outcome data (attrition bias); Selective reporting
(reporting bias); Other potential sources of bias). None of the
included studies were assessed as having a high risk of bias in the
majority of domains. However, we also determined a priori that
we would perform sensitivity analyses based on the evidence from
studies with a low risk of bias for both random sequence generation
and blinding (performance bias and detection bias) for the primary
outcome (risk of transfusion).

Only the following 20 RCTs were assessed as having a low risk of
bias in these domains (see Figure 2), and were therefore included
in the sensitivity analysis.

« Cardiovascular (vascular): Clagett 1999

« Cardiovascular (no bypass): Murphy 2005; Niranjan 2006

« Cardiovascular (with bypass): Dalrymple-Hay 1999; Klein 2008;
Martin 2000; Niranjan 2006; Unsworth 1996; Vermeijden 2015

« Obstetrics: Khan 2017 (SALVO)

« Orthopaedic (hip): Zhao 2016

« Orthopaedic (knee): Abuzakuk 2007; Altinel 2007; Cip 2013;
Schnurr 2018; Shenolikar 1997

« Orthopaedic (spinal); Nemani 2019; Riou 1994

« Orthopaedic (mixed): Gannon 1991; So-Osman 2006; So-Osman
2014

Allocation
Random sequence generation (selection bias)

We assessed 10 RCTs as high risk of bias due to: openly alternating
between the intervention and control groups (Kelley-Patteson
1993; Kirkos 2006; Koopman-van Gemert 1993a; Koopman-van
Gemert 1993b), or using the individual's hospital or other
identification number (Ayers 1995; Blatsoukas 2010; Schaff 1978;
Ward 1993), or month of birth (Rollo 1995). In one study, the initial
randomisation method was unclear, but then randomisation was
broken, with the operating surgeon reassigning some participants
to the intervention group (Mac 1993).

We deemed 34 RCTs as low risk of bias due to adequately
describing the method of randomisation, including computer/web-

based randomisation, coin toss, and shuffling cards: Abuzakuk
2007; Altinel 2007; Cheng 2005; Cheung 2010; Cip 2013; Clagett
1999; Dalrymple-Hay 1999; Djurasovic 2018; Dutton 2012; Feiner
2015; Galaal 2019 (TIC TOC); Gannon 1991; Khan 2017 (SALVO);
Klein 2008; Mah 1995; Martin 2000; Murphy 2005; Nemani 2019;
Newman 1997; Niranjan 2006; Pleym 2005; Riou 1994; Schnurr2018;
Scrascia 2012; Shenolikar 1997; Smith 2007; So-Osman 2006; So-
Osman 2014; Springer 2016; Thomassen 2011; Thomassen 2014;
Unsworth 1996; Vermeijden 2015; Zhao 2016.

We assessed the remaining 62 RCTs as unclear risk of bias due
to lack of detailed information about the randomisation methods,
often due to historical reporting guidelines.

Allocation concealment (selection bias)

Nine studies that were at high risk of bias for inadequate
sequence generation were thus also at high risk of bias for
inadequate allocation concealment (Ayers 1995; Blatsoukas 2010;
Kelley-Patteson 1993; Kirkos 2006; Koopman-van Gemert 1993a;
Koopman-van Gemert 1993b; Rollo 1995; Schaff 1978; Ward 1993).
Additionally, one study was described as having an unblinded
randomisation process, suggesting no allocation concealment
(Touzopoulos 2021).

We deemed 23 RCTs as low risk of bias due to adequately described
allocation concealment, including using opaque sealed envelopes,
or a central allocation system (those that were also low risk for
method of sequence generation: Abuzakuk 2007; Cheng 2005;
Cheung 2010; Cip 2013; Djurasovic 2018; Dutton 2012; Feiner 2015;
Galaal 2019 (TIC TOC); Khan 2017 (SALVO); Klein 2008; Murphy
2005; Nemani 2019; Niranjan 2006; So-Osman 2014; Springer
2016; Thomassen 2011; Thomassen 2014; Vermeijden 2015; and
those with unclear risk for sequence generation: Damgaard 2006;
Horstmann 2012; Horstmann 2013; Horstmann 2014a; Horstmann
2014b).

We assessed the remaining 74 RCTs as unclear risk of bias due
to lack of detailed information about the method or presence
of allocation concealment, often due to historical reporting
guidelines.

Blinding

For assessment of performance bias from blinding, we separately
assessed the risk for mortality (objective outcome), transfusion
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protocol (for the primary outcome, subjective) and "other
subjective" outcomes. For detection bias from blinding, we
assessed the risk for mortality and transfusion (objective) and all
other subjective outcomes.

We considered the only objective outcome to be all-cause mortality
for performance bias, but both mortality and transfusion were
deemed objective for detection bias, as the participant either did
or did not receive a transfusion and so lack of blinding would not
impact the recording of whether a transfusion was received. In
comparison, lack of blinding may impact the decision to give a
transfusion (performance bias).

For subjective outcomes, we assessed each outcome separately
depending on the information available in the study methods,
registration, or protocol ("subjective: low risk of bias" where clear
protocols or diagnostic criteria were in place; and "subjective: high
risk of bias" where no protocols/ diagnostic criteria were used or
described). See Table 14 for our ROB assessment per outcome for
blinding.

Blinding of participants and personnel (performance bias)
Objective outcome (all-cause mortality)

Due to the objective nature of the outcome, we considered
all RCTs reporting this as an outcome to be low risk for both
performance and detection bias: 38 studies reported mortality:
Adan 1988; Axford 1994; Cheung 2010; Clagett 1999; Dalrymple-
Hay 1999; Damgaard 2006; Davies 1987; Dutton 2012; Eng 1990;
Galaal 2019 (TIC TOC); Goel 2007; Horstmann 2014a; Jacobi 1997;
Kelley-Patteson 1993; Khan 2017 (SALVO); Lepore 1989; Marberg
2010; Martin 2000; McShane 1987; Mercer 2004; Murphy 2005;
NCT01251042; Nemani 2019; Niranjan 2006; Parrot 1991; Reyes
2011; Schaff 1978; Schénberger 1993; Scrascia 2012; Shen 2016;
Teetzman 2014; Thomassen 2011; Thompson 1990; Thurer 1979;
Unsworth 1996; Vermeijden 2015; Ward 1993; Xie 2015.

The remaining studies did not report mortality (or did not report
it clearly enough to determine death per group), though we have
also recorded these as low risk, in case data become available in
the future.

Subjective outcome (transfusion protocol)

We assessed risk of bias for outcomes related to the use of a strict
transfusion protocol (stating an absolute threshold for transfusion)
for the two primary outcomes (number of people requiring/
receiving a transfusion, and the volume of blood transfused). Where
no transfusion threshold was reported, the transfusion protocol
was also based on "clinical signs", or people were transfused at the
"clinician's discretion", we deemed this to be at high risk of bias
when the personnel were aware of allocation (unblinded study),
or where there was poor randomisation/allocation concealment.
Studies were deemed at high risk of performance bias regarding
the decision to transfuse, reported as either number of people
or volume (40 RCTs: Adan 1988; Ayers 1995; Cheung 2010; Cheng
2005; Djurasovic 2018; Dutton 2012; Elawad 1991; Feiner 2015;
Galaal 2019 (TIC TOC); Healy 1994; Heddle 1992; Kelley-Patteson
1993; Kristensen 1992; Laszczyca 2015; Lepore 1989; Mac 1993; Mah
1995; Marberg 2010; Mauerhan 1993; McShane 1987; Menges 1992;
Moonen 2007; NCT01251042; Newman 1997; Pleym 2005; Reyes
2011; Rollo 1995; Rosencher 1994; Scrascia 2012; Smith 2007; Spark
1997; Springer 2016; Teetzman 2014; Thomassen 2011; Thomassen

2014; Thurer 1979; Westerberg 2004; Zhang 2008; Zhao 1996; Zhao
2003).

One study reported no transfusion protocol (high risk of bias), and
then excluded anyone who received an allogeneic transfusion, but
did not report on numbers who had been excluded as a result (Luo
2016).

Four studies lacked information to make a clear assessment,
and so were assessed as unclear risk of bias (no data available:
NCT00839241; conference abstract only: Pavelescu 2014; Sait 1999;
mentions targets instead of thresholds, but this may be due to a
translation limitation: Munteanu 2009).

The remaining 61 studies provided sufficient detail to be sure of
a strict transfusion protocol, using clear thresholds, or where all
personnel (those deciding whether to transfuse) were blinded to
allocation.

Subjective outcomes (all other outcomes)

Where study personnel and participants were unblinded, we
assessed whether clear definitions or guidelines had been prepared
(and reported) for clinical decision-making within each study (e.g.
decision to re-admit/re-operate, early or delayed treatment that
may affect other outcomes).

We assessed 45 RCTs as high risk of bias as they were unblinded and
had no criteria for decision-making, with large risk of subjectivity
and between-participant variability (Abuzakuk 2007; Adalberth
1998; Adan 1988; Atay 2010; Ayers 1995; Blatsoukas 2010; Cheung
2010; Clagett 1999; Davies 1987; Djurasovic 2018; Dutton 2012;
Ekback 1995; Elawad 1991; Eng 1990; Feiner 2015; Galaal 2019
(TIC TOC); Healy 1994; Heddle 1992; Jacobi 1997; Kelley-Patteson
1993; Kirkos 2006; Klein 2008; Kleinert 2012; Kristensen 1992;
Lorentz 1991; Mah 1995; Marberg 2010; Mercer 2004; Murphy 2005;
NCT01251042; Newman 1997; Page 1989; Parrot 1991; Pleym 2005;
Rollo 1995; Sarkanoviii 2013; Schaff 1978; Scrascia 2012; Shen 2016;
So-Osman 2006; So-Osman 2014; Spark 1997; Teetzman 2014; Zhao
2003; Zhao 2017).

We assessed 21 RCTs as low risk due to blinding of clinical personnel
or implementation of clear criteria in the decision-making process
(Breakwell 2000; Cheng 2005; Cip 2013; Damgaard 2006; Dramis
2006; Gabel 2013a; Horstmann 2012; Horstmann 2013; Horstmann
2014b; Koopman-van Gemert 1993a; Koopman-van Gemert 1993b;
Mac 1993; Majkowski 1991; Martin 2000; Mauerhan 1993; Riou 1994;
Schmidt 1996; Schonberger 1993; Smith 2007; Unsworth 1996;
Ward 1993).

We deemed the remaining studies as unclear risk due to lack of
clarity over whether clinicians and participants were blinded, and
whether there were guidelines in place for each study.

Blinding of outcome assessment (detection bias)

Objective outcome (all-cause mortality and transfusion protocol)

Due to the objective nature of mortality, we considered all RCTs
reporting this as an outcome to be low risk for both performance
and detection bias (detailed under 'performance bias', above).

We did not assess detection bias based on the use of a transfusion
protocol as a subjective outcome, as once the decision to transfuse
has been made (performance bias), the detection of whether
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someone has been transfused (and the volume) is clear, and similar
in nature to the assessment of mortality (they either did or did not
receive a transfusion).

Subjective outcomes (all other outcomes)

Where outcome assessors were unblinded, we assessed whether
clear diagnostic criteria or definitions were prepared (and reported)
for each outcome (e.g. definitions of infection, thromboembolic
events, discharge criteria for length of stay).

We assessed 43 RCTs as high risk of bias as assessors were
unblinded and did not report any diagnostic criteria or guidelines to
remove or minimise biases for the subjective outcomes (Abuzakuk
2007; Adalberth 1998; Ayers 1995; Blatsoukas 2010; Cheung 2010;
Clagett 1999; Dutton 2012; Ekback 1995; Elawad 1991; Eng 1990;
Healy 1994; Heddle 1992; Kelley-Patteson 1993; Kirkos 2006; Klein
2008; Kleinert 2012; Kristensen 1992; Laszczyca 2015; Lepore
1989; Lorentz 1991; Mac 1993; Mah 1995; Mercer 2004; Murphy
2005; NCT01251042; Newman 1997; Page 1989; Parrot 1991; Pleym
2005; Rollo 1995; Sarkanoviii 2013; Savvidou 2009; Schaff 1978;
Scrascia 2012; Shen 2016; Smith 2007; So-Osman 2006; Spark 1997;
Thompson 1990; Unsworth 1996; Vermeijden 2015; Zhao 2003;
Zhao 2017).

We assessed 17 RCTs as low risk due to adequate blinding to group
allocation or implementation of clear diagnostic criteria (Adan
1988; Cheng 2005; Damgaard 2006; Dramis 2006; Gabel 2013a;
Horstmann 2012; Horstmann 2013; Horstmann 2014a; Koopman-
van Gemert 1993a; Koopman-van Gemert 1993b; Majkowski 1991;
Riou 1994; Schonberger 1993; Teetzman 2014; Thomassen 2011;
Thomassen 2014; Touzopoulos 2021).

We deemed the remaining studies as unclear risk due to lack of
clarity over whether outcome assessors were blinded, and whether
there were guidelines in place for each study.

Incomplete outcome data

We assessed attrition though the description of participant flow
through the study, examining reasons for exclusions, dropouts,
and follow-up, and whether analyses were per-protocol (PP) or
intention-to-treat (ITT).

We assessed 11 RCTs as high risk of bias due to: large loss to follow-
up (greater than 20%: Axford 1994; Riou 1994); cross-over or re-
allocation of participants after randomisation from one group to
another (Dramis 2006; Feiner 2015; Laszczyca 2015); unbalanced
dropout across groups (Healy 1994; Westerberg 2004); and invalid
exclusions (Luo 2016; Pleym 2005; Schmidt 1996).

We assessed 46 RCTs as low risk of attrition bias (Amin 2008; Cheng
2005; Cip 2013; Clagett 1999; Damgaard 2006; Djurasovic 2018;
Dutton 2012; Elawad 1991; Goel 2007; Heddle 1992; Horstmann
2013; Horstmann 2014a; Horstmann 2014b; Kelley-Patteson 1993;
Khan 2017 (SALVO); Klein 2008; Kleinert 2012; Koopman-van
Gemert 1993a; Koopman-van Gemert 1993b; Marberg 2010; Martin
2000; Mercer 2004; Moonen 2007; Murphy 2005; NCT00839241;
NCT01251042; Nemani 2019; Newman 1997; Niranjan 2006; Schaff
1978; Schonberger 1993; Scrascia 2012; Shen 2016; Shenolikar
1997; So-Osman 2006; So-Osman 2014; Spark 1997; Springer 2016;
Thomassen 2014; Thurer 1979; Touzopoulos 2021; Unsworth 1996;
Vermeijden 2015; Ward 1993; Zhao 2003; Zhao 2016).

We deemed the remaining studies as unclear risk due toinadequate
reporting, likely due to historical standards.

Selective reporting

Where a protocol or trial registration was available, we compared
thisto the reporting of outcomesin the full publication (or wherever
the result data were published, including conference abstracts and
in the trial registration itself). Where all outcomes were reported
as defined in the protocol/trial registration, we deemed the study
as low risk of reporting bias (11 RCTs: Djurasovic 2018; Khan 2017
(SALVO); NCT00839241; NCT01251042; Shen 2016; So-Osman 2014;
Springer 2016; Thomassen 2011; Thomassen 2014; Vermeijden
2015; Xie 2015).

We assessed three studies as high risk of bias, as outcomes
or methods differed significantly between trial registration/
protocol and full report. One study changed its trial after study
commencement (Feiner 2015); one had significant differences
between the published methods and results within the full
publication (with no protocol available: Schnurr 2018); and one
study predefined only one outcome in the trial registration, but
reported multiple outcomes in the full publication (Touzopoulos
2021).

We deemed all remaining studies as unclear risk as no protocols or
trial registrations were available, often due to historical reporting
standards for RCTs.

Other potential sources of bias

Other biases that we considered included: baseline imbalances;
block randomisation in an unblinded trial; and sources of funding
(pharmaceutical and non-pharmaceutical) and conflict of interest
reporting. We also noted where data were being drawn from a non-
peer reviewed publication, and any other potential risks.

We assessed 11 RCTs as high risk of other biases due to:
significant protocol deviations (Dutton 2012); baseline imbalance
(Ekback 1995; Kirkos 2006; Mac 1993; Martin 2000; McShane 1987;
Scrascia 2012; So-Osman 2006; Ward 1993); and involvement in the
design, conduct, and analyses by the funding source (commercial
pharmaceutical company: Thomassen 2011; Thomassen 2014).

We assessed 23 RCTs as low risk of bias as they presented data
highlighting no baseline imbalance, and/or reported conflicts and
funding sources that would have no impact on the study bias
(Axford 1994; Cheng 2005; Cip 2013; Damgaard 2006; Gabel 2013a;
Horstmann 2012; Horstmann 2014b; Khan 2017 (SALVO); Marberg
2010; Nemani2019; Newman 1997; Niranjan 2006; Riou 1994; Schaff
1978; Schnurr 2018; Smith 2007; So-Osman 2014; Spark 1997;
Thomas 2001; Touzopoulos 2021; Unsworth 1996; Vermeijden 2015;
Xie 2015).

We assessed the remaining studies as unclear, usually due to lack of
reporting/statements regarding conflicts and funding sources. This
is likely due to historical reporting standards.

Effects of interventions

See: Summary of findings 1 Cell salvage compared to no cell
salvage in cancer surgery; Summary of findings 2 Cell salvage
compared to no cell salvage in cardiovascular (vascular) surgeries;
Summary of findings 3 Cell salvage compared to no cell salvage
in cardiovascular (no bypass) surgeries; Summary of findings 4
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Cell salvage compared to no cell salvage in cardiovascular (with
bypass) surgeries; Summary of findings 5 Cell salvage compared
to no cell salvage in obstetrics; Summary of findings 6 Cell
salvage compared to no cell salvage in orthopaedic (hip) surgeries;
Summary of findings 7 Cell salvage compared to no cell salvage in
orthopaedic (knee) surgeries; Summary of findings 8 Cell salvage
compared to no cell salvage in orthopaedic (spinal) surgeries;
Summary of findings 9 Cell salvage compared to no cell salvage in
orthopaedic (mixed) surgeries

There was only one comparison of interest from these studies:
cell salvage versus no cell salvage. We excluded any studies where
we were unable to isolate the impact of cell salvage alone (i.e. in
complex interventions where not all elements were controlled for).

Sensitivity analyses

Before undertaking analyses for all outcomes, we performed the
sensitivity analyses on our primary outcome measure (risk of

transfusion of allogeneic blood in the study observation period)
to assess the impact of prospective trial registration and study
conduct (risk of bias, ROB) (as described in Sensitivity analysis).

Initial analyses included all studies reporting the primary outcome
measure (number of people who received a transfusion of
allogeneic blood in the study observation period), subgrouped
by the type of surgery. We performed sensitivity analyses based
on trial registration status and ROB on these data (Analysis 1.1;
Analysis 1.2; Analysis 1.3). They are summarised below.

Outcome: risk of a transfusion of allogeneic blood

Data in bold in the table below show no difference between
intervention and control groups (no clear effect of the
intervention).

Type of surgery

All data
RR (95% Cl)

(Analysis 1.1)

Sensitivity analysis:
registration status

(Analysis 1.2)

Sensitivity analysis:
low ROB in domains of interest

(Analysis 1.3)

All surgeries

0.65 (0.59, 0.72)

0.62 (0.55, 0.70)

0.74(0.61, 0.89)

(aggregate analy- 82 RCTs 58 RCTs 17 RCTs
sis)
N=12,520 N =6353 N =6398
Cancer No data for this outcome No data for this outcome No data for this outcome

Cardiovascular
(vascular)

0.61(0.32, 1.15)
4RCTs

N =266

0.61(0.32, 1.15)
4RCTs

N =266

0.92 (0.70, 1.19)
1RCT

N =100

Cardiovascular (no
bypass)

0.82(0.69, 0.97)
3RCTs

N =169

0.82(0.69, 0.97)
3RCTs

N =169

0.59 (0.19, 1.81)
1RCT

N=61

Cardiovascular

0.81(0.73, 0.89)

0.79 (0.70, 0.89)

0.82 (0.70, 0.97)

(with bypass)
25RCTs 20 RCTs 5RCTs
N =2676 N=1756 N =1344
Obstetrics 0.82 (0.38,1.76) 0.82(0.38,1.76) 0.82(0.38,1.76)
1RCT 1RCT 1RCT
N=1349 N =1349 N=1349

Orthopaedic (hip)

0.52 (0.38, 0.72)

0.47 (0.27, 0.80)

0.36 (0.26, 0.51)

14 RCTs 7RCTs 1RCT
N =1641 N =585 N =200
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Orthopaedic 0.49 (0.37, 0.66) 0.40 (0.26, 0.60) 0.66 (0.29, 1.50)
(knee)

21 RCTs 13 RCTs 4 RCTs

N=2214 N=1210 N =544
Orthopaedic 0.44 (0.31, 0.63) 0.54 (0.34, 0.85) 0.50 (0.05, 5.17)
(spinal)

3 RCTs 2 RCTs 1RCT

N =194 N =145 N=50
Orthopaedic 0.64 (0.45, 0.90) 0.53(0.39,0.72) 0.74 (0.35, 1.59)
(mixed)

11 RCTs 8 RCTs 3 RCTs

N=4011 N=873 N=2750

Registration status appears to make little to no difference on
the summary statistic (favours cell salvage in all surgeries except
obstetrics and cardiovascular (vascular)). The sensitivity analysis
including only those with low ROB in the most important
domains for this review (random sequence generation and blinding
(performance bias and detection bias) for the primary outcome
used in the sensitivity analysis: risk of transfusion), removed the
clear effect of the intervention in cardiovascular (no bypass),
orthopaedic (knee), orthopaedic (spinal), and orthopaedic (mixed
populations).

We are therefore confident to continue our analyses including all
trials that were not registered, or were registered retrospectively,
that were published since 2010.

We have also continued to include all studies regardless of ROB
status, as no studies had high risk of bias in the majority of
domains, and were largely classified as unclear risk in the relevant
domains, usually due to historical reporting standards. However,
we have considered these findings in our interpretation, including
downgrading the certainty of the evidence.

Aggregate analysis (primary outcome only)

Eight-two studies with a total of 12,520 participants reported the
number of people who required a transfusion (risk of allogeneic
transfusion).

The aggregate analysis showed a clear effect of the intervention,
reducing the need for allogeneic transfusion as a result of cell
salvage, overall (RR 0.65, 95% CI 0.59 to 0.72; very low-certainty
evidence; Analysis 1.1), and in all subgroups except 'timing of
collection: both', which only just touched the line of no effect
(intraoperative collection: RR 0.70, 95% Cl 0.60 to 0.82; low-
certainty evidence; postoperative collection: RR 0.58, 95% CI 0.50
to 0.68; very low-certainty evidence; both: RR 0.84, 95% CI 0.71 to
1.00; low-certainty evidence; restrictive threshold: RR 0.72, 95% Cl
0.61 to 0.85; low-certainty evidence; liberal threshold: RR 0.59, 95%
C1 0.50 to 0.69; very low-certainty evidence; no threshold: RR 0.64,
95% Cl 0.49 to 0.83; very low-certainty evidence).

See Table 15 for the results of the analyses (subgrouped by timing:
Analysis 1.4; and subgrouped by transfusion threshold: Analysis
1.5)

We were able to assess publication bias using a funnel plot (Figure
4, subgrouped by type of surgery). There is some evidence of
missing smaller trials that may be in favour of no cell salvage
(control), though these would be unlikely to impact the overall
summary statistic.

Cell salvage for minimising perioperative allogeneic blood transfusion in adults undergoing elective surgery (Review) 37
Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



: Coch rane Trusted evidence.
= . b Informed decisions.
q Libra ry Better health. Cochrane Database of Systematic Reviews
Figure 4.
0+ SE(log[RR]) |
! 1
S
F(), 1
+ ! (.
AT
+ +
0-5 T O + + : -ED
T4 G
Lo+
; O
I
; O
I
1+ + ! -
g o :
I
I
I
l
I
1.5+ !
I
I
|
|
I
, : RR
0.001 0.1 1 10 1000
— Subgroups
O CV (vascular) A Obstetrics Orthopaedic (spinal)
<> CV (no bypass) Orthopaedic (hip) Orthopaedic (mixed)
[] CV (with bypass) + Orthopaedic (knee)

Cancer

Two RCTs with a total of 79 participants assessed cell salvage use
in people undergoing cancer surgeries: both were genitourinary
cancers. See Table 16 for the results of all analyses.

Overall

Very low-certainty evidence means we are uncertain whether there
is a difference between groups for mortality, blood loss, infection,
or DVT.

There were no analysable data reported for risk of allogeneic
transfusion, volume transfused, re-operation for bleeding, wound
complication, VTE/thrombosis, PE, MACE, MI, CVA/stroke, and
hospital LOS.

Subgroups

Subgroup: timing (intraoperative only)
All data were for intraoperative collection.

Subgroup: transfusion threshold (no threshold reported)

All data were for no transfusion threshold.
Analyses and overview of the evidence

See Table 16 for the results of all analyses (subgrouped by timing:
Analysis 2.1; Analysis 2.2; Analysis 2.3; Analysis 2.4; subgrouped
by transfusion threshold: Analysis 3.1; Analysis 3.2; Analysis 3.3;
Analysis 3.4) and Summary of findings 1.

Cardiovascular (vascular)

Six RCTs with a total of 384 participants assessed cell salvage use in
vascular surgeries: abdominal aortic aneurysm and aorto-femoral
bypass. See Table 17 for the results of all analyses.

Overall

Low-certainty evidence suggests there may be no difference
between groups for volume transfused, blood loss, and hospital
LOS.

Very low-certainty evidence means we are uncertain whether
there is a difference between groups for risk of allogeneic
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transfusion, mortality, re-operation for bleeding, infection, wound
complication, VTE/thrombosis, DVT, PE, MI, and CVA/stroke.

There were no analysable data reported for MACE.

Subgroups

Subgroup: timing (intraoperative only)
All data were for intraoperative collection.
Subgroup: transfusion threshold (liberal and restrictive)

Subgrouping had no impact on direction of the effect (no
difference between groups), or certainty of the evidence for: risk of
transfusion, volume transfused (PPR and PPT), all-cause mortality,
blood loss, re-operation, infection, wound complication, VTE/
thrombosis, DVT, PE, MI, CVA/stroke, and hospital LOS.

Analyses and overview of the evidence

See Table 17 for the results of all analyses (subgrouped by
timing: Analysis 4.1; Analysis 4.2; Analysis 4.3; Analysis 4.4; Analysis
4.5; Analysis 4.6; Analysis 4.7; Analysis 4.8; Analysis 4.9; Analysis
4.10; Analysis 4.11; Analysis 4.12; Analysis 4.13; Analysis 4.14;
subgrouped by transfusion threshold: Analysis 5.1; Analysis 5.2;
Analysis 5.3; Analysis 5.4; Analysis 5.5; Analysis 5.6; Analysis 5.7,
Analysis 5.8; Analysis 5.9; Analysis 5.10; Analysis 5.11; Analysis 5.12;
Analysis 5.13; Analysis 5.14) and Summary of findings 2.

Cardiovascular (no bypass)

Six RCTs with a total of 372 participants assessed cell salvage use
in cardiac surgery without bypass, or did not mention the use of
bypassinthe publication. See Table 18 for the results of all analyses.

Overall

Moderate-certainty evidence suggests there is probably a reduction
in risk of allogeneic transfusion as a result of cell salvage.

Low-certainty evidence suggests there may be no difference
between groups for volume transfused (PPT) and blood loss.

Very low-certainty evidence means we are uncertain whether there
is a reduction in volume transfused (PPR) as a result of cell salvage,
or if there is any difference between groups for mortality, re-
operation for bleeding, infection, wound complication, MI, CVA/
stroke, and hospital LOS.

There were no analysable data reported for VTE/thrombosis, DVT,
PE, and MACE.

Subgroups

Subgroup: timing (intraoperative and postoperative)

Subgrouping had noimpact on direction of the effect (no difference
between groups), or certainty of the evidence for: volume
transfused (PPT), all-cause mortality, blood loss, re-operation,
infection, wound complication, Ml, CVA/stroke, and hospital LOS.

For risk of transfusion, subgrouping now showed no difference
between groups (previously favoured cell salvage) in all subgroups,
alongside a reduction in certainty of the evidence (from moderate
to low certainty) due to greater imprecision (wider confidence
intervals).

For volume transfused (PPR), there was no change in the
direction of the effect (favours cell salvage) and certainty of the
evidence (very low) in the postoperative subgroup. In contrast,
the intraoperative subgroup now showed no difference between
groups (previously favoured cell salvage), with very low-certainty
evidence (unchanged).

Subgroup: transfusion threshold (no transfusion threshold,
liberal, and restrictive threshold)

Subgrouping had no impact on direction of the effect (no difference
between groups), or certainty of the evidence for: volume
transfused (PPT), all-cause mortality, blood loss, re-operation,
infection, wound complication, MI, CVA/stroke, and hospital LOS.

For risk of transfusion, there was no change in the direction of the
effect (favours cell salvage) and certainty of the evidence (moderate
certainty) in the liberal threshold subgroup. In contrast, the
restrictive threshold subgroup now showed no difference between
groups (previously favoured cell salvage) with reduced certainty
(from moderate to low certainty) due to greater imprecision (wider
confidence intervals).

For volume transfused (PPR), there was no change in the direction
of the effect (favours cell salvage) and certainty of the evidence
(very low) in the no threshold subgroup. In contrast, the liberal
and restrictive threshold subgroups showed no difference between
groups (previously favoured cell salvage), with very low-certainty
evidence (unchanged).

Analyses and overview of the evidence

See Table 18 for the results of all analyses (subgrouped by timing:
Analysis 6.1; Analysis 6.2; Analysis 6.3; Analysis 6.4; Analysis 6.5;
Analysis 6.6; Analysis 6.7; Analysis 6.8; Analysis 6.9; Analysis 6.10;
Analysis 6.11; subgrouped by transfusion threshold: Analysis 7.1;
Analysis 7.2; Analysis 7.3; Analysis 7.4; Analysis 7.5; Analysis 7.6;
Analysis 7.7; Analysis 7.8; Analysis 7.9; Analysis 7.10; Analysis 7.11)
and Summary of findings 3.

Cardiovascular (with bypass)

Twenty-nine RCTs with a total of 2936 participants assessed cell
salvage use in cardiac surgery with bypass: coronary artery bypass
graft (CABG) and valve replacement. Data were available for all
outcomes. See Table 19 for the results of all analyses.

Overall

Moderate-certainty evidence suggests there is probably no
difference between groups for risk of CVA/stroke.

Low-certainty evidence suggests there may be a reduction in the
risk of allogeneic transfusion as a result of cell salvage, and suggests
there may be no difference in risk of infection and hospital LOS.

Very low-certainty evidence means we are uncertain whether there
is a reduction in volume transfused as a result of cell salvage, or if
there is any difference between groups for mortality, blood loss, re-
operation for bleeding, wound complication, VTE/thrombosis, DVT,
PE, MACE, and MI.

Subgroups

Subgroup: timing (intraoperative, postoperative, both)
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Subgrouping had noimpact on direction of the effect (no difference
between groups), or certainty of the evidence for: all-cause
mortality, blood loss, re-operation, infection, wound complication,
VTE/thrombosis, DVT, PE, MACE, MI, and CVA/stroke.

For risk of transfusion, most studies were of postoperative timing,
and therefore the direction and size of the effect (favours cell
salvage) and certainty of the evidence (low certainty) remained
unchanged. For the intraoperative subgroup, direction of the
effect did not change (favours cell salvage) with lower certainty
of the evidence (from low to very low certainty) due to greater
heterogeneity (source of increased heterogeneity unidentified). In
contrast, the "both" timing subgroup now showed no difference
between groups (previously favoured cell salvage), with reduced
certainty of the evidence (from low to very low certainty) due to
greater emphasis from one study with high ROB (randomisation
and allocation concealment).

For volume transfused (PPR), there was no impact on the direction
of the effect (favours cell salvage) in all subgroups, and certainty of
the evidence improved in the intraoperative subgroup only (from
very low to low certainty) due to reduced heterogeneity.

For volume transfused (PPT), there was no impact from
subgrouping on the direction of the effect (favours cell salvage) and
certainty of the evidence (very low certainty) in the postoperative
and "both" timing subgroups. In contrast, the intraoperative
subgroup now showed no difference between groups (previously
favoured cell salvage), with no change in certainty of the evidence
(very low certainty).

For hospital LOS, most studies used intraoperative collection, and
the direction and certainty of the evidence remained unchanged
in this subgroup (no difference between groups, low-certainty
evidence). In contrast, in the postoperative subgroup, the direction
of the effect changed (from no difference to favouring cell salvage),
with certainty of the evidence unchanged (low certainty).

Subgroup: transfusion threshold (no transfusion threshold,
liberal threshold, restrictive threshold)

Subgrouping had noimpact on direction of the effect (no difference
between groups), or certainty of the evidence for: all-cause
mortality, blood loss, re-operation, infection, wound complication,
VTE/thrombosis, DVT, PE, MACE, MI, and CVA/stroke.

For risk of transfusion, the direction and size of the effect (favours
cell salvage) and certainty of the evidence (low certainty) remained
unchanged for no threshold and liberal threshold subgroups.
The direction of the effect remained unchanged in the restrictive
threshold subgroup (favours cell salvage), but certainty reduced
(from low to very low certainty) due to greater emphasis from
studies with higher ROB (baseline imbalance that would impact this
outcome).

For volume transfused (PPR), there was no impact on the direction
of the effect (favours cell salvage) and certainty of the evidence
(very low) in all subgroups.

For volume transfused (PPT), there was no impact from
subgrouping on the direction of the effect (favours cell salvage) and
certainty of the evidence (very low certainty) in the liberal threshold
subgroup. In contrast, the no transfusion threshold and restrictive
threshold subgroups now showed no difference between groups

(previously favoured cell salvage), with no change in certainty of the
evidence (very low certainty).

For hospital LOS, direction and certainty of the evidence
remained unchanged in the no threshold and restrictive threshold
subgroups (no difference between groups, low-certainty evidence).
In contrast, the liberal threshold subgroup now showed a change
in the direction of the effect (favouring cell salvage, previously no
difference), with low-certainty evidence (unchanged).

Analyses and overview of the evidence

See Table 19 for the results of all analyses (subgrouped by timing:
Analysis 8.1; Analysis 8.2; Analysis 8.3; Analysis 8.4; Analysis 8.5;
Analysis 8.6; Analysis 8.7; Analysis 8.8; Analysis 8.9; Analysis 8.10;
Analysis 8.11; Analysis 8.12; Analysis 8.13; Analysis 8.14; Analysis
8.15; subgrouped by transfusion threshold Analysis 9.1; Analysis
9.2; Analysis 9.3; Analysis 9.4; Analysis 9.5; Analysis 9.6; Analysis 9.7;
Analysis 9.8; Analysis 9.9; Analysis 9.10; Analysis 9.11; Analysis 9.12;
Analysis 9.13; Analysis 9.14; Analysis 9.15) and Summary of findings
4.

Obstetrics

One RCT with 1356 participants assessed cell salvage in women
undergoing elective Caesarean section. See Table 20 for the results
of all analyses.

Overall

High-certainty evidence shows there is no difference between
groups for volume transfused (PPR), reflected in low-certainty
evidence that suggests there may be no difference in volume
transfused (PPT).

Low-certainty evidence suggests there may be no difference
between groups for risk of allogeneic transfusion.

There were no analysable data reported for mortality, blood loss,
re-operation for bleeding, infection, wound complication, VTE/
thrombosis, DVT, PE, MACE, MI, CVA/stroke, and hospital LOS.

Subgroups

Subgroup: timing (intraoperative)

All data were for intraoperative collection.

Subgroup: transfusion threshold (no transfusion threshold)
All data were for no transfusion threshold.

Analyses and overview of the evidence

See Table 20 for the results of all analyses (subgrouped by
timing: Analysis 10.1; Analysis 10.2; Analysis 10.3; subgrouped by
transfusion threshold: Analysis 11.1; Analysis 11.2; Analysis 11.3)
and Summary of findings 5.

Orthopaedic (hip)

Seventeen RCTs with a total of 2055 participants assessed cell
salvage usein hip surgery (16 in arthroplasty, and one assessed any
hip surgery). See Table 21 for the results of all analyses.
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Overall

Very low-certainty evidence means we are uncertain if cell
salvage reduces the risk of allogeneic transfusion, and the volume
transfused, or if there is any difference between groups for
mortality, blood loss, re-operation for bleeding, infection, wound
complication, prosthetic joint infection (PJI), VTE/thrombosis, DVT,
PE, CVA/stroke, and hospital LOS.

There were no analysable data reported for MACE and M.

Subgroups

Subgroup: timing (intraoperative, postoperative, both)

Subgrouping had noimpact on direction of the effect (no difference
between groups), or certainty of the evidence for: all-cause
mortality, blood loss, re-operation, infection, wound complication,
PJI, VTE/thrombosis, DVT, PE, CVA/stroke, and hospital LOS.

For risk of transfusion, most studies were in the postoperative
subgroup, and there was no change in the direction and size of the
effect (favours cell salvage) or the certainty of the evidence (very
low certainty) in this subgroup. There was no change in direction of
the effectin the intraoperative subgroup (favours cell salvage), with
improved certainty of the evidence (from very low to low certainty)
due to reduced heterogeneity. The "both" timing subgroup now
showed no difference between groups (previously favouring cell
salvage), again with improved certainty (from very low- to low-
certainty evidence) due to reduced heterogeneity.

For volume transfused (PPR and PPT), for the intraoperative
subgroup, the direction of the effect did not change (favours
cell salvage), with certainty of the evidence improving (from very
low to low certainty) due to reduced heterogeneity (PPT), and
no change in certainty (very low certainty) for the PPR outcome.
Postoperative and "both" timing subgroups now showed no
difference between groups (previously favoured cell salvage), with
no changein certainty of the evidence (remained very low certainty)
for postoperative subgroup (PPR and PPT) and improved certainty
(from very low to moderate certainty) for the "both" subgroup
for PPR due to reduced heterogeneity and imprecision (narrower
confidence intervals).

Subgroup: transfusion threshold (no transfusion threshold,
liberal threshold, restrictive threshold)

Subgrouping had no impact on direction of the effect (no difference
between groups), or certainty of the evidence for: all-cause
mortality, blood loss, re-operation, infection, wound complication,
PJI, VTE/thrombosis, DVT, PE, CVA/stroke, and hospital LOS.

For risk of transfusion, there was no change in the direction and
size of the effect (favours cell salvage) or the certainty of the
evidence (very low certainty) in the liberal threshold subgroup.
There was no change in the direction of the effect (favours cell
salvage) in the restrictive threshold subgroup, but with improved
certainty of the evidence (from very low to moderate certainty)
due to reduced heterogeneity and greater imprecision (narrower
confidence intervals). The no threshold subgroup now showed no
difference between groups (previously favoured cell salvage), again
with very low-certainty evidence (unchanged).

For volume transfused (PPR and PPT), direction of the effect did
not change (favours cell salvage) in the liberal threshold subgroup

(both PPR and PPT), with an improved certainty of the evidence
(from very low to low (PPT) and to moderate (PPR)) due to reduced
heterogeneity. In contrast, the restrictive threshold subgroup now
showed no difference between groups (previously favoured cell
salvage), with a change in the certainty of the evidence: in one (PPR
from very low to moderate certainty) due to reduced heterogeneity,
and no change in certainty in the other (PPT remained very low
certainty).

Analyses and overview of the evidence

See Table 21 for the results of all analyses (subgrouped by
timing: Analysis 12.1; Analysis 12.2; Analysis 12.3; Analysis 12.4;
Analysis 12.5; Analysis 12.6; Analysis 12.7; Analysis 12.8; Analysis
12.9; Analysis 12.10; Analysis 12.11; Analysis 12.12; Analysis 12.13;
Analysis 12.14; subgrouped by transfusion threshold: Analysis 13.1;
Analysis 13.2; Analysis 13.3; Analysis 13.4; Analysis 13.5; Analysis
13.6; Analysis 13.7; Analysis 13.8; Analysis 13.9; Analysis 13.10;
Analysis 13.11; Analysis 13.12; Analysis 13.13; Analysis 13.14) and
Summary of findings 6.

Orthopaedic (knee)

Twenty-six RCTs with a total of 2568 participants assessed cell
salvage use in knee arthoplasty (replacement). See Table 22 for the
results of all analyses.

Overall

Low-certainty evidence suggests there may be a reduction in the
volume transfused (PPR) as a result of cell salvage, reflected in
very low-certainty evidence that means we are uncertain if there
is a reduction in volume transfused (PPT) and risk of allogeneic
transfusion.

Low-certainty evidence suggests there may be no difference
between groups for blood loss, MACE, and CVA/stroke.

Very low-certainty evidence means we are uncertain if there is a
difference between groups for re-operation for bleeding, infection,
wound complication, PJI, DVT, PE, MI, and hospital LOS.

There were no analysable data reported for mortality and VTE/
thrombosis.

Subgroups
Subgroup: timing (postoperative, both)

Subgrouping had no impact on direction of the effect (no difference
between groups), or certainty of the evidence for: blood loss, re-
operation, infection, wound complication, PJI, DVT, PE, MACE, MI,
CVA/stroke, and hospital LOS.

For risk of transfusion, there was no change in the size and direction
of the effect (favours cell salvage) or certainty of the evidence (very
low-certainty evidence). For the "both" timing group, there was a
change in the direction of the effect, from favouring cell salvage to
no difference between groups, with slightly improved certainty of
the evidence (change from very low- to low-certainty evidence) due
to a reduction in heterogeneity.

For volume transfused (PPR), there was no change in the
postoperative and "both" timing subgroups in the direction of the
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effect (favours cell salvage) and certainty of the evidence (low
certainty).

For volume transfused (PPT), there was no change in the "both"
timing subgroup in the direction of the effect (favours cell salvage),
but with an improvement in the certainty of the evidence (from
very low to low certainty) due to reduced heterogeneity. For the
postoperative subgroup, there was a change in the direction of the
effect, from favouring cell salvage to no difference between groups,
with very low-certainty evidence (unchanged).

Subgroup: transfusion threshold (no transfusion threshold,
liberal threshold, restrictive threshold)

Subgrouping had no impact on direction of the effect (no difference
between groups), or certainty of the evidence for: re-operation,
infection, wound complication, PJI, DVT, PE, MACE, MI, and CVA/
stroke.

For risk of transfusion, most studies used a liberal threshold, and
there was no change in the size and direction of the effect (favours
cellsalvage) and certainty of the evidence (very low certainty) in this
subgroup. The no transfusion threshold and restrictive threshold
subgroups now showed no difference between groups (previously
in favour of cell salvage), with no change in the certainty of the
evidence for no transfusion threshold (very low certainty), and
improved certainty in the restrictive threshold group (changed from
very low- to low-certainty evidence) due to reduced heterogeneity.

All studies reporting volume transfused (PPR and PPT) used a
liberal transfusion threshold, and so subgrouping was not possible
for these outcomes.

For blood loss, the liberal and no threshold subgroups remained
unchanged in the direction of the effect (no difference between
groups). However, one subgroup improved in certainty of the
evidence (liberal threshold, from low to moderate certainty) due
to reduced heterogeneity, and the other subgroup (no threshold)
reduced the certainty (from low- to very low-certainty evidence)
due to greater emphasis on a single study with larger imprecision
(wider confidence intervals). The restrictive threshold changed the
direction of the effect (from no difference to favouring cell salvage)
with improved certainty of the evidence (from low to moderate
certainty) due to reduced heterogeneity.

For hospital LOS, the liberal subgroup remained unchanged in
direction of the effect (no difference between groups), but the no
threshold subgroup changed direction of the effect to favouring cell
salvage. Both subgroups improved the certainty of the evidence
(from very low to low certainty) due to reduced heterogeneity.

Analyses and overview of the evidence

See Table 22 for the results of all analyses (subgrouped by
timing: Analysis 14.1; Analysis 14.2; Analysis 14.3; Analysis 14.4;
Analysis 14.5; Analysis 14.6; Analysis 14.7; Analysis 14.8; Analysis
14.9; Analysis 14.10; Analysis 14.11; Analysis 14.12; Analysis 14.13;
Analysis 14.14; subgrouped by transfusion threshold: Analysis 15.1;
Analysis 15.2; Analysis 15.3; Analysis 15.4; Analysis 15.5; Analysis
15.6; Analysis 15.7; Analysis 15.8; Analysis 15.9; Analysis 15.10;
Analysis 15.11; Analysis 15.12; Analysis 15.13; Analysis 15.14) and
Summary of findings 7.

Orthopaedic (spinal)

Six RCTs with a total of 404 participants assessed cell salvage use
in spinal surgery: fusion, correction of deformity, or any spinal
surgery. See Table 23 for the results of all analyses.

Overall

Moderate-certainty evidence suggests there is probably a reduction
in the need for allogeneic transfusion as a result of cell salvage.

Moderate-certainty evidence suggests there is probably no
difference between groups for blood loss.

Low-certainty evidence suggests there may be no difference
between groups for infection.

Very low-certainty evidence means we are uncertain if there is
any difference between groups for volume transfused, wound
complication, and PE.

There were no analysable data reported for mortality, re-operation
for bleeding, PJI, VTE/thrombosis, DVT, MACE, MI, CVA/stroke, and
hospital LOS.

Subgroups

Subgroup: timing (intraoperative, postoperative)

Subgrouping had no impact on direction of the effect (no
difference between groups), or certainty of the evidence for:
volume transfused (PPR and PPT), blood loss, infection, wound
complication, and PE.

For risk of transfusion, there was no change in the intraoperative
subgroup in the size and direction of the effect (favours cell
salvage) and certainty of the evidence (moderate certainty).
The postoperative subgroup now showed no difference between
groups but with very low certainty of the evidence (previously in
favour of cell salvage, with moderate certainty).

Subgroup: transfusion threshold (no transfusion threshold,
liberal threshold, restrictive threshold)

Subgrouping had no impact on direction of the effect (no
difference between groups), or certainty of the evidence for:
volume transfused (PPR and PPT), blood loss, infection, wound
complication, and PE.

For risk of transfusion, there was no change in the restrictive
subgroup in the size and direction of the effect (favours cell
salvage) and certainty of the evidence (moderate certainty). The
no transfusion subgroup remained in favour of cell salvage, but
there was a reduction in certainty (to low certainty) due to
greater emphasis on a study with high risk of bias (blinding and
randomisation). The liberal threshold subgroup now showed no
difference between groups but with very low certainty of the
evidence (previously in favour of cell salvage, with moderate
certainty).

Analyses and overview of the evidence

See Table 23 for the results of all analyses (subgrouped by timing:
Analysis 16.1; Analysis 16.2; Analysis 16.3; Analysis 16.4; Analysis
16.5; Analysis 16.6; Analysis 16.7; subgrouped by transfusion
threshold: Analysis 17.1; Analysis 17.2; Analysis 17.3; Analysis 17.4;
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Analysis 17.5; Analysis 17.6; Analysis 17.7) and Summary of findings
8.

Orthopaedic (mixed)

Fourteen RCTs with a total of 4374 participants assessed cell salvage
use in a mixture of orthopaedic surgeries (mixture of hip, knee,
spine, or any orthopaedic surgery). See Table 24 for the results of
all analyses.

Overall

Low-certainty evidence suggests there may be no difference
between groups for blood loss, VTE/thrombosis, and DVT.

Very low-certainty evidence means we are uncertain if there is a
reduction in the need for allogeneic transfusion as a result of cell
salvage, or if there is any difference between groups for volume
transfused, mortality, infection, wound complication, PJI, MI, and
hospital LOS.

There were no analysable data reported for re-operation for
bleeding, MACE, and CVA/stroke.

Subgroups

Subgroup: timing (intraoperative, postoperative, both)

Subgrouping had no impact on direction of the effect (no difference
between groups), or certainty of the evidence for: all-cause
mortality, blood loss, infection, wound complication, PJI, VTE/
thrombosis, DVT, PE, MI, and hospital LOS.

For risk of transfusion, most studies were postoperative collection,
and the direction and size of the effect, and certainty of the
evidence, remained in favour of cell salvage for this timing of
collection only.

In comparison, for volume of transfusion (PPT and PPR), the
intraoperative subgroup changed direction (previously no effect) in
favour of cell salvage, but remained very low certainty. The other
two groups remained unchanged (no evidence of an effect, very low
certainty).

Subgroup: transfusion threshold (no transfusion threshold,
liberal threshold, restrictive threshold)

Subgrouping had noimpact on direction of the effect (no difference
between groups), or certainty of the evidence for: all-cause
mortality, blood loss, infection, wound complication, PJI, VTE/
thrombosis, DVT, PE, MI, and hospital LOS.

For risk of transfusion, the direction of the effect remained
unchanged, but the certainty of the evidence improved for two
subgroups (no transfusion threshold, and liberal threshold) to low-
certainty evidence in favour of cell salvage, due to a reduction in
heterogeneity.

For volume of transfusion (PPR), two subgroups (no transfusion
threshold and liberal threshold) changed direction (previously no
evidence of an effect) in favour of cell salvage, with an improvement
in the certainty in the liberal subgroup (to low-certainty evidence),
again due to a reduction in heterogeneity.

Analyses and overview of the evidence

See Table 24 for the results of all analyses (subgrouped by
timing: Analysis 18.1; Analysis 18.2; Analysis 18.3; Analysis 18.4;
Analysis 18.5; Analysis 18.6; Analysis 18.7; Analysis 18.8; Analysis
18.9; Analysis 18.10; Analysis 18.11; Analysis 18.12; Analysis 18.13;
subgrouped by transfusion threshold: Analysis 19.1; Analysis 19.2;
Analysis 19.3; Analysis 19.4; Analysis 19.5; Analysis 19.6; Analysis
19.7; Analysis 19.8; Analysis 19.9; Analysis 19.10; Analysis 19.11;
Analysis 19.12; Analysis 19.13) and Summary of findings 9.

DISCUSSION

While potentially lifesaving in the perioperative period, allogeneic
blood transfusion increases the risk of complications. Cell salvage
describes the collection of blood from the surgical field, which is
then transfused back into the same person during or after surgery.
This blood would otherwise have been discarded.

In this review, we have examined the evidence for the use of cell
salvage to reduce the need for allogeneic blood transfusion in
adults undergoing elective (planned) surgery.

We identified 106 randomised controlled trials (RCTs) with a total
of 14,528 participants that met our inclusion criteria. Trials were
published between 1978 and 2021, across 24 different countries.
Only 82 of these studies provided analysable data for our primary
outcome.

All data were analysed according to a single comparison: cell
salvage versus no cell salvage. We separated data by type of surgery.

Summary of main results

Cell salvage reduced the need for allogeneic blood transfusions
when we combined all data (all surgeries) into a single analysis
(aggregate analysis), though the evidence was of very low certainty.
Sensitivity analyses to investigate the impact of higher-quality
(low risk of bias) studies, lessened the size of the effect, though
confidence intervals were much wider and sample sizes were much
smaller, causing downgrading for imprecision instead of for risk
of bias, resulting in lower certainty of the evidence according to
GRADE principles. Therefore, we included all data for the remaining
analyses.

Cancer

Two RCTs with a total of 79 participants assessed cell salvage use
in people undergoing cancer surgeries. Very low-certainty evidence
means we are uncertain whether there is a difference between
groups for mortality, blood loss, infection, or deep vein thrombosis
(DVT).

There were no analysable data reported for risk of
allogeneic transfusion, volume transfused, re-operation for
bleeding, wound complication, venous thromboembolism (VTE)/
thrombosis, pulmonary embolism (PE), major adverse cardiac
events (MACE), myocardial infarction (M), cerebrovascular
accident (CVA)/stroke, and hospital length of stay (LOS).

Cardiovascular (vascular)

Six RCTs with a total of 384 participants assessed cell salvage use in
vascular surgeries.
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Low-certainty evidence suggests there may be no difference
between groups for volume transfused, blood loss, and hospital
LOS.

Very low-certainty evidence means we are uncertain whether
there is a difference between groups for risk of allogeneic
transfusion, mortality, re-operation for bleeding, infection, wound
complication, VTE/thrombosis, DVT, PE, MI, and CVA/stroke.

There were no analysable data reported for MACE.

Cardiovascular (no bypass)

Six RCTs with a total of 372 participants assessed cell salvage use
in cardiac surgery without bypass, or did not mention the use of
bypass in the publication.

Moderate-certainty evidence suggests there is probably a reduction
in risk of allogeneic transfusion as a result of cell salvage.

Low-certainty evidence suggests there may be no difference
between groups for volume transfused (per person transfused
(PPT)) and blood loss.

Very low-certainty evidence means we are uncertain whether there
is a reduction in volume transfused (per person randomised (PPR))
as a result of cell salvage, or if there is any difference between
groups for mortality, re-operation for bleeding, infection, wound
complication, MI, CVA/stroke, and hospital LOS.

There were no analysable data reported for VTE/thrombosis, DVT,
PE, and MACE.

Cardiovascular (with bypass)

Twenty-nine RCTs with a total of 2936 participants assessed cell
salvage use in cardiac surgery with bypass: coronary artery bypass
graft (CABG) and valve replacement. Data were available for all
outcomes.

Moderate-certainty evidence suggests there is probably no
difference between groups for risk of CVA/stroke.

Low-certainty evidence suggests there may be a reduction in the
risk of allogeneic transfusion as a result of cell salvage, and suggests
there may be no difference in risk of infection and hospital LOS.

Very low-certainty evidence means we are uncertain whether there
is a reduction in volume transfused as a result of cell salvage, or if
there is any difference between groups for mortality, blood loss, re-
operation for bleeding, wound complication, VTE/thrombosis, DVT,
PE, MACE, and MI.

Obstetrics

One RCT with a total of 1356 participants assessed cell salvage use
in women undergoing elective Caesarean section.

High-certainty evidence shows there is no difference between
groups for volume transfused (PPR), reflected in low-certainty
evidence that suggests there may be no difference in volume
transfused (PPT).

Low-certainty evidence suggests there may be no difference
between groups for risk of allogeneic transfusion.

There were no analysable data reported for mortality, blood loss,
re-operation for bleeding, infection, wound complication, VTE/
thrombosis, DVT, PE, MACE, MI, CVA/stroke, and hospital LOS.

Orthopaedic (hip)

Seventeen RCTs with a total of 2055 participants assessed cell
salvage use in hip surgery.

Very low-certainty evidence means we are uncertain if cell
salvage reduces the risk of allogeneic transfusion, and the volume
transfused, or if there is any difference between groups for
mortality, blood loss, re-operation for bleeding, infection, wound
complication, prosthetic joint infection (PJI), VTE/thrombosis, DVT,
PE, CVA/stroke, and hospital LOS.

There were no analysable data reported for MACE and MI.

Orthopaedic (knee)

Twenty-six RCTs with a total of 2568 participants assessed cell
salvage use in knee arthroplasty (replacement).

Low-certainty evidence suggests there may be a reduction in the
volume transfused (PPR) as a result of cell salvage, reflected in
very low-certainty evidence that means we are uncertain if there
is a reduction in volume transfused (PPT) and risk of allogeneic
transfusion.

Low-certainty evidence suggests there may be no difference
between groups for blood loss, MACE, and CVA/stroke.

Very low-certainty evidence means we are uncertain if there is a
difference between groups for re-operation for bleeding, infection,
wound complication, PJI, DVT, PE, MI, and hospital LOS.

There were no analysable data reported for mortality and VTE/
thrombosis.

Orthopaedic (spinal)

Six RCTs with a total of 404 participants assessed cell salvage use in
spinal surgery.

Moderate-certainty evidence suggests there is probably a reduction
in the need for allogeneic transfusion as a result of cell salvage, and
probably no difference between groups for blood loss.

Low-certainty evidence suggests there may be no difference
between groups for infection.

Very low-certainty evidence means we are uncertain if there is
any difference between groups for volume transfused, wound
complication, and PE.

There were no analysable data reported for mortality, re-operation
for bleeding, PJI, VTE/thrombosis, DVT, MACE, MI, CVA/stroke, and
hospital LOS.

Orthopaedic (mixed)

Fourteen RCTs with a total of 4374 participants assessed cell salvage
use in a mixture of orthopaedic surgeries.

Low-certainty evidence suggests there may be no difference
between groups for blood loss, VTE/thrombosis, and DVT.
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Very low-certainty evidence means we are uncertain if there is a
reduction in the need for allogeneic transfusion as a result of cell
salvage, or if there is any difference between groups for volume
transfused, mortality, infection, wound complication, PJI, MI, and
hospital LOS.

There were no analysable data reported for re-operation for
bleeding, MACE, and CVA/stroke.

Overall completeness and applicability of evidence

Since the previous version of this review was published in 2010,
we have identified and included a further 39 RCTs in this update.
Since 2010, the number of trials assessing the effectiveness of cell
salvage in reducing allogeneic blood requirements has continued
to increase. We have included a total of 63 trials assessing cell
salvage use in orthopaedic procedures and 35 trials assessing
its use in cardiac surgery. Cell salvage use as part of surgical
management in other specialities has expanded. In this update, we
have examined its use in cancer surgery (two trials) and obstetrics
(one trial). The findings of this update review are therefore
more broadly applicable across numerous surgical contexts. Broad
applicability also results in increased heterogeneity. The number
of studies identified and included in this review has therefore
facilitated presentation of results according to clinical context.

Cancer surgery

Two RCTs assessed cell salvage use in people undergoing surgery
for cancer. In both trials, people were undergoing surgery for cancer
of the genitourinary system. Neither study contributed data to the
primary outcome measure but, with very low-certainty evidence,
demonstrated no association between cell salvage and blood loss,
postoperative risk of death, infection, or DVT. Historically, the use
of cell salvage during cancer surgery was not advocated due to
fear of tumour dissemination with reinfusion. Studies have shown
that the use of leucocyte depletion filters may be able to reduce
the presence of cancer cells for specific procedures and cancer cell
types (Catling 2008; Rajasekaran 2021). Both of the included studies
have been newly added to this update. No trials of cell salvage
use in cancer surgery were included in the previous version of this
review. We have identified three ongoing studies of cell salvage
usein cancer surgery (renal, hepatocellular, and spinal metastases)
that will contribute additional information on the benefit and
safety of cell salvage in this population in future and increase
the generalisability of the data (ChiCTR1800018118; NCT04922307
(RESTRICT); NCT05612477).

Cardiovascular (vascular) surgery

All included trials were performed in the context of elective
abdominal aortic aneurysm, aortoiliac or aorto-femoral surgery.
The findings for this group are therefore specific to this population.
In total, we included six trials of participants undergoing vascular
surgery. No new trials have been completed since the previous
version of the review was published, despite recommendations
for further high-quality evidence due to the risk of bias in existing
studies (Takagi 2007). Cell salvage was not effective at reducing
allogeneic transfusion in this population (very low-certainty
evidence); however, surgical and anaesthetic management has
progressed significantly since the publication of these studies,
and so we are unable to determine whether this finding is
representative of current clinical practice.

Cardiovascular (with or without bypass) surgery

Trials of cell salvage use in participants undergoing cardiac surgery
were performed either with cardiopulmonary bypass or without
cardiopulmonary bypass. Six trials of cardiac surgery without
bypass are included, in comparison to 29 trials of cardiac surgery
with bypass, representative of the more commonly used technique
of on-bypass cardiac surgery in clinical practice (Mack 2004).

In people undergoing cardiac surgery with bypass, intraoperative
cell salvage was typically performed prior to and following
completion of cardiopulmonary bypass. In contrast, cell salvage
was used throughout the procedure when cardiac surgery
was performed without bypass. Postoperative cell salvage was
performed by collecting blood lost to chest drains postoperatively
for reinfusion. We excluded studies which assessed the impact
of processing compared to no processing of blood collected in
the cardiotomy reservoir or remaining in the cardiopulmonary
bypass machine at the end of the procedure, as this represents
a complex intervention aimed at reducing the inflammatory
response to reinfusion and achieving haemoconcentration (Ferraris
2011; Moran 1978), separate from the salvage of blood from the
operative field that would otherwise have been lost. Overall, we
believe the included studies are representative of current clinical
practice within this population.

Obstetrics

One RCT of cell salvage use in Caesarean section was included.
This demonstrated, with low-certainty evidence, that cell salvage
use during these procedures is not associated with reduced
risk of exposure to allogeneic transfusion, or reduced volume
of transfusion (PPT and PPR) (low-, low-, and high-certainty
evidence, respectively). This trial included people undergoing both
emergency and elective Caesarean sections and so only a subgroup
of participants from the study was eligible for inclusion. The trial
itself is classified as low risk of bias in most categories. As only
one trial was eligible for inclusion to date, albeit deemed low risk
of bias with a large sample size, further research is indicated to
determine the effectiveness of cell salvage in different obstetric
patient groups. We have identified one ongoing study which
may contribute further information in the future (NCT03429790).
Further research is required in elective Caesarean section to
determine the effectiveness of cell salvage during these planned
procedures, as blood lossis anticipated to be lower when compared
to emergency intervention.

Orthopaedic surgery

The majority of studies included in this review were of people
undergoing orthopaedic surgery, with hip and knee surgery most
common. We included three studies assessing cell salvage use
in people undergoing spinal surgery and a further 11 studies
of a mixed orthopaedic population. For the most part, it was
unclear whether trial participants undergoing hip or knee surgery
were undergoing primary or revision arthroplasty procedures. In
UK hospitals, 94% of hip and knee replacements are primary
procedures and just 6% are revision procedures (Reed 2022).
Primary procedures are associated with lower blood loss (Goel
2018; Lloyd 2020). Previous studies have demonstrated greater
utility of cell salvage in revision procedures (Palmer 2020a). Cell
salvage may be less effective in primary procedures due to lower
blood loss where reduced collection volumes are available for
reinfusion.
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Given the uncertainty about whether the majority of hip and
knee procedures were primary or revision arthroplasty, we have
not performed any further analysis of these populations. We
recommend future reviews specifically address the utility of cell
salvage in primary and revision arthroplasty surgeries to better
guide resource allocation.

The three trials of cell salvage in people undergoing spinal
surgery that report exposure to allogeneic transfusion suggest,
with moderate-certainty evidence, that intraoperative cell salvage
use probably reduces the risk of allogeneic transfusion in this
population. Trials were conducted in people undergoing lumbar
fusion procedures, adult correction of deformity, or major spinal
surgery. Our review did not include any trials of spinal surgical
procedures of the cervical spine. Despite the heterogenous nature
of spinal procedures, including different surgical approaches, there
is moderate-certainty evidence that cell salvage reduces allogeneic
blood transfusion in this population.

Transfusion thresholds

Where studies reported a transfusion threshold, we classified this
as representative of either a restrictive or liberal policy based on
the values described within the study and in comparison with
current national guidance and accepted definitions within clinical
practice (Carson 2021; NICE 2015). We opted for a threshold of
a haemoglobin concentration of 80 g/L to represent a liberal
transfusion policy. This was a pragmatic choice based on existing
guidance and perceived clinical acceptability. Where studies
reported a haemoglobin threshold for transfusion, it was unclear
how strictly this was adhered to. Many studies gave a threshold
based on haemoglobin or haematocrit level, alongside "any clinical
signs or symptoms of anaemia". It is therefore likely that many
clinicians transfused before reaching the threshold, or perhaps
delayed transfusion for longer. One study noted that an analysis
of those who received a transfusion found that transfusion was
unnecessary in 37% of those who were transfused (Thomassen
2014).

Cell salvage may be more beneficial in the context of liberal
transfusion policies, in which allogeneic transfusion is more readily
prescribed and a greater reduction in allogeneic transfusion may
be achieved. In patients undergoing total hip replacement with a
restrictive transfusion threshold employed, cell salvage reduced
the risk of exposure to allogeneic transfusion (moderate-certainty
evidence) but, in comparison to liberal transfusion policies, was
not effective at reducing the volume of allogeneic blood transfused
when analysed PPR or PPT (moderate- and very low-certainty
evidence, respectively).

Very low-certainty evidence of this effect in people undergoing
cardiac surgery with bypass (PPT) was also demonstrated. Results
therefore suggest that, in the context of a restrictive transfusion
policy, use of cell salvage may reduce the risk of exposure
to allogeneic transfusion but, should allogeneic transfusion be
required, it may have little benefit in reducing the volume of
allogeneic blood transfused. While restrictive transfusion policies
have been demonstrated as both effective and safe across a
number of surgical groups, both their adherence and impact with
regard to the effect of cell salvage remain unclear (Carson 2021).
Further research is warranted to examine this question specifically.

Use of tranexamic acid and other patient blood management
(PBM) techniques

Pre-, intra-, and postoperative interventions can be implemented
as part of a broader PBM strategy, which aims to optimise
erythropoiesis, minimise blood loss, and optimise the physiological
reserve of anaemia (Palmer 2020b). Tranexamic acid use
perioperatively is recommended for reducing blood loss in people
undergoing surgery with moderate anticipated blood loss (> 500
mL) and routinely in people undergoing hip and knee replacement
(NICE 2015; NICE 2020). Its use is now commonplace in clinical
practice (Lloyd 2020; Mueller 2018; Murphy 2021). Increased uptake
and implementation of PBM interventions will reduce exposure to
allogeneic blood transfusion. We did not assess the use of such
measures as part of this review, and so we are unable to determine
whether the effect of cell salvage in reducing allogeneic transfusion
has or should be modified by increasing implementation of other
PBM interventions. Further research is required to delineate this,
as well as determine the optimal combination of perioperative
interventions for reducing allogeneic blood transfusion within
different surgical populations.

Volume of blood transfused

Our evidence may be limited by the lack of analysable data
regarding the volume of blood (mean red blood cell (RBC) units)
transfused due to the reporting, interpretation, and analysis of
skewed data (presented as median and range or interquartile
range (IQR)): some studies reported the total number of RBC units
transfused, to the whole group, or the number of participants
who required more than a specific number of RBC units (e.g. the
number of people requiring more than one, two, three, or four
units of blood), though this was reported inconsistently across
trials. We were unable to convert these data for this review, as
we had specified a continuous outcome using the mean and
standard deviation (SD), and instead presented them in a table of
non-analysable data. Consequently, less than half of the included
studies contributed analysable data for volume transfused. Due to
the variability in the need for RBC units - as the expectation is
that most people require very few units and one or two people
may require upwards of 20 units in cases of extreme blood loss
- a significant portion of the data is skewed, and so is presented
as median and IQR, or median and range. Consequently, in future
updates of this review, we will consider introducing an additional
dichotomous variable to assess the number of participants who
required more than a specific number of units to be transfused, to
highlight where there is greater need for further intervention.

We also encountered issues in interpreting the mean and SD
reported, as it could not be confirmed whether these data were
for all participants randomised, or for only those who had been
transfused. Where we could ascertain this information, we could
analyse the data by calculating the required data from information
provided.

Adverse events

We were only able to analyse infection data where they were
clearly reported as the number of people experiencing an infection.
Mostly, infection data were reported as number of events, where
an individual could have multiple events. We have presented data
reported this way separately. Our analysis suggests no increased
risk of infection associated with cell salvage use (very low- and low-
certainty evidence). However, as we were not able to analyse all
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infection data reported across the included studies, the true effect
may be different to that demonstrated.

We included major adverse cardiovascular events (MACE) as
an outcome measure. This is a commonly-reported composite
outcome measure within cardiovascular research, which typically
includes death, non-fatal stroke, and non-fatal myocardial
infarction events, though has been expanded to include
hospitalisation because of heart failure and revascularisation,
including percutaneous coronary intervention and coronary artery
bypass graft (Bosco 2021; Hicks 2018; Poudel 2019). We have
accepted any definition reported by the study. Within most of our
included studies, these components were reported individually;
only two studies reported MACE, and there were zero cases in both
(Gabel 2013a; Sarkanoviii 2013). We were unable to include studies
that reported MI, stroke, and mortality within the MACE outcome
as this would risk double counting of events. MACE, as a composite
outcome, has been considered a useful measure of the safety and
effectiveness of interventions for cardiovascular disease. However,
due toits variability, the separate reporting of the component parts
of MACE may more accurately reflect the safety and effectiveness
of an intervention than the composite measure (Kip 2008). Use of
MACE as an outcome measure in future trials of cell salvage is likely
to have limited benefit. Whilst less concise, reporting of MI, stroke,
and mortality separately provides more data and greater clinical
relevance.

Certainty of the evidence

Certainty of the evidence varied from very low certainty to high
certainty. Reasons for downgrading included imprecision (small
sample sizes below the optimal information size (OIS) required to
detect a difference, and wide confidence intervals), inconsistency
(high statistical heterogeneity), and risk of bias (high risk from
lack of blinding, poorly reported randomisation, and baseline
imbalances). We were able to assess publication bias in a limited
number of outcomes for some comparisons where there were at
least 10 studies contributing. There was some suggestion that a few
smaller studies that favour the control group may be missing, but
not enough to impact the overall summary statistic (see Figure 4),
and so we did not downgrade for publication bias where it could be
assessed.

Despite the high statistical heterogeneity, we continued to pool
the results (with downgrading of the certainty as a result), though
we suggest future updates (where this review is separated into
types of surgery) will be able to investigate reasons for this high
heterogeneity further. We were unable to investigate the reason for
the heterogeneity due to the breadth of this review. We recommend
that any future reviews (that focus on a single population/type
of surgery) perform further subgroup analyses to assess potential
influencers of between-study heterogeneity, such as the impact of
the use of other blood-sparing protocols as standard care (used in
both arms), such as tranexamic acid; and the impact of whether
a surgery was a primary or revision surgery (in orthopaedics, in
particular).

Potential biases in the review process

We have attempted to minimise bias in the review process.
We conducted a comprehensive search, searching multiple data
sources (including multiple databases and clinical trial registries)
to ensure that we captured all relevant studies. We imposed no

language restrictions on study reports. We carefully assessed the
relevance of each publication, and we performed all screening and
data extractions in duplicate. We prespecified all outcomes and
subgroups prior to analysis. We carefully considered the guideline
of the Cochrane Injuries Group (Broughton 2021; Cochrane
Policy 2020), but did not exclude unregistered or retrospectively
registered trials as cell salvage is not considered to be a medicinal
product under the 2001 EU Clinical Trials Directive (EU Clinical Trial
Directive 2001; EU Regulations 2014). We therefore have confidence
that we have included all relevant trials, and our sensitivity
analysis assessing the impact of including these trials showing
no noticeable difference supports this (Effects of interventions;
Analysis 1.2).

For consistency across all included and excluded studies from
the previous versions and this update, we re-assessed previously
included and excluded studies, and applied our definitions of
outcomes to all studies. This included checking all extracted data
for all outcomes, extracting additionalinformation, and performing
more in-depth risk of bias assessments.

We pooled data that appear to have high statistical heterogeneity
without investigating the causes beyond the subgroups and
sensitivity analyses we have mentioned above (see: Certainty of the
evidence). However, we do not think this has biased the results as
the certainty of the evidence for all outcomes has been downgraded
accordingly.

Agreements and disagreements with other studies or
reviews

Aggregate analysis

This review is an update of a previous systematic review published
in 2010 (Carless 2010). The aggregate analysis in that review
demonstrated that use of cell salvage was associated with 38%
relative reduction in the risk of allogeneic blood transfusion with
no adverse impact on patient outcomes; however, the certainty
of this evidence was not assessed. This updated review, following
the addition of 39 RCTs, has demonstrated a similar effect of
cell salvage in reducing the risk of allogeneic transfusion (very
low-certainty evidence) in the aggregate analysis of the primary
outcome, but with an increase in the precision of the estimate
(narrower confidence interval around the summary statistic), and
we can therefore expect to have greater confidence in the data
than previously. Despite this, we do not believe an assessment
of whether cell salvage should be performed should depend on
the aggregate data, and so we have also disaggregated the effect
estimates by surgical type.

Only seven of the 20 studies that we assessed as low risk of
bias (ROB) in the relevant domains for our sensitivity analysis
were published since 2010. Sensitivity analysis of prospectively
registered studies had little to no effect on the summary statistic.
On the other hand, sensitivity analysis including only those studies
with low ROB in the majority of domains removed the clear effect of
the intervention in cardiovascular (no bypass), orthopaedic (hip),
orthopaedic (knee), and orthopaedic (mixed populations). Due to
poor historical reporting standards, it is difficult to interpret the
true impact of the results of this sensitivity analysis. Inadequate
reporting may account for some assessments of unclear risk of bias
in studies that were actually well-conducted and employed sound
methodology.
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The principal difference between this update and the previous
version of this review is our analysis of data according to surgical
groups. Due to the high number of included studies and in order to
address the high heterogeneity associated with this population, we
have performed all analyses within these defined surgical groups.

Cancer

Previous concerns regarding the risk of cancer dissemination in
people undergoing cancer surgery had contraindicated the use
of cell salvage in this population. Leucocyte depletion filters are
effective at reducing the number of malignant cells within salvaged
blood and are recommended for routine use in cell salvage when
performed in the context of malignancy (Klein 2018). A recent
systematic review of non-randomised studies has suggested that
leucocyte depletion filters are effective at removing 99.6% to
99.9% of malignant cells from salvaged blood (Frietsch 2020).
Ex vivo data also suggest that remaining tumour cells are likely
not viable (Kumar 2016). The risk of cancer recurrence when cell
salvage is used, with or without leucocyte depletion filters, was
reduced compared to people that were not transfused, received
allogeneic transfusion, or underwent preoperative autologous
donation (Frietsch 2020). These findings are consistent with
findings in our review, which has demonstrated no increased risk of
mortality with cell salvage use in cancer surgery (very low-certainty
evidence). Very few randomised trials have been published to
date. We have identified a further three ongoing trials which we
hope will expand the evidence base for cell salvage use in this
population in future. When available, further systematic reviews
and meta-analysis should be performed to assess findings across
available RCTs. At present, results suggest that cell salvage use
within some cancer surgery is safe and not associated with tumour
dissemination (Frietsch 2020), or increased risk of death (very low-
certainty evidence). However, we are unable to comment on its
effectiveness in reducing allogeneic blood exposure due to lack of
analysable data.

Cardiovascular (vascular)

Two previous reviews have assessed the use of intraoperative
cell salvage within vascular surgery (Meybohm 2016; Takagi 2007).
Takagi 2007 assessed its use in abdominal aortic aneurysm surgery
and included four RCTs (Clagett 1999; Mercer 2004; Spark 1997;
Wong 2002), one of which was not eligible for inclusion in our
review due to use of a complexintervention (Wong2002). Meybohm
2016 assessed the use of washed cell salvage within vascular
surgery and purported to include six RCTs (Clagett 1999; Farrer
1997; Kelley-Patteson 1993; Mercer 2004; Spark 1997; Thompson
1990). However, we established that Farrer 1997 is a duplicate
report of Spark 1997, a study included in our review. Both reviews
demonstrated a beneficial effect of cell salvage use during vascular
surgery in reducing exposure to allogeneic blood transfusion,
which is not consistent with our findings (very low-certainty
evidence). Both reviews only included studies if they reported
on transfusion outcomes, amongst other criteria. By contrast, we
did not consider outcome reporting in our study selection. We
identified no more recent studies in the updated search performed
for this review. The existing included trials are mostly of high
or unclear risk of bias regarding randomisation and allocation
concealment. Further large, well-conducted randomised controlled
trials are needed to assess the benefit of cell salvage use in vascular
surgery.

Cardiovascular (with or without bypass)

We assessed the benefit of cell salvage use in people undergoing
cardiac surgery both on and off cardiopulmonary bypass. Cell
salvage was effective at reducing the risk of exposure to allogeneic
transfusion in cardiac surgery performed on- and off-bypass (low-
and moderate-certainty evidence, respectively). These findings
are consistent with that reported in previous systematic reviews
(Meybohm 2016; Wang 2009). Wang 2009 also assessed the
effectiveness of different uses of cell salvage during on-bypass
cardiac surgery. Wang and colleagues demonstrated no benefit
if used to process cardiotomy suction blood while on bypass,
whereas there was a 55% reduction in risk of allogeneic red cell
transfusion when used to salvage blood lost and/or residual blood
pre- and post-bypass. We did not examine for a differential effect
of cell salvage used at different times in on-bypass cardiac surgery
and so are unable to contribute to this finding. We have identified
three ongoing RCTs which may provide additional information in
future (DRKS00021914; NCT02595385 (CONSERVE); NCT04574128).
Further systematic reviews of cell salvage use in people undergoing
cardiac surgery should aim to determine how and when cell
salvage may be used during these procedures for maximum benefit
(including at what point in the bypass process blood is salvaged,
and also when it is reinfused).

Obstetrics

We identified one randomised controlled trial assessing the
use of cell salvage in Caesarean section (Khan 2017 (SALVO)).
This study included women undergoing Caesarean section for
both emergency and elective indications and provided subgroup
transfusion data for some outcomes. We identified no other trials
of cell salvage in obstetrics, and no other systematic reviews
have been published. We found that intraoperative cell salvage
did not reduce the relative risk of allogeneic transfusion, nor
the volume of allogeneic transfusion. Adverse events were not
reported for each subgroup and so these data were not analysable.
There are concerns regarding the safety of cell salvage use in
obstetrics due to the risk of amniotic fluid embolism (Fong 2007).
Leucocyte depletion filters may be used to reduce this risk but have
mixed effectiveness and do not protect against alloimmunisation
(Campbell 2012; Klein 2018). Currently, there is no substantial
evidence to support the use of intraoperative cell salvage in women
undergoing elective Caesarean section, and there is an absence of
evidence regarding harms.

Orthopaedic

A systematic review of cell salvage use in orthopaedic surgery was
published in 2015 (Van Bodegom-Vos 2015). This demonstrated
cell salvage use was associated with a 34% reduction in relative
risk of allogeneic blood transfusion in people undergoing hip
arthroplasty and a 49% reduction in relative risk of allogeneic
transfusion in people undergoing knee arthoplasty. Our review
has demonstrated that cell salvage use is associated with a
48% reduction in risk of allogeneic blood transfusion in people
undergoing hip arthroplasty, and a 51% reduction in relative risk
of allogeneic transfusion in people undergoing knee arthroplasty.
The Van Bodegom-Vos 2015 review used all the orthopaedic studies
included in the previous version of our review (Carless 2010), as
well as those identified as meeting inclusion criteria from their
updated search to 2012. The beneficial effect of cell salvage was
lost when studies identified from the updated search were analysed
in isolation. We did not perform separate analysis of studies
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newly included in our review; however, our sensitivity analysis of
prospectively registered studies showed no difference in effect to
the summary statistic.

The Van Bodegom-Vos 2015 review authors performed subgroup
analyses to explore the difference in effect identified in the 2015
review.

They subgrouped, as we did, by whether a liberal or restrictive
transfusion threshold was used. A threshold of Hb 80 g/L was used
to define whether a threshold was liberal or restrictive to reflect the
increasing use of the restrictive transfusion thresholds (Hb <80 g/L)
observed in clinical practice. Using a liberal transfusion threshold
(defined as Hb > 80 g/L) demonstrated a beneficial effect of cell
salvage in risk of exposure to allogeneic blood transfusion and
volume of allogeneic blood transfused (Van Bodegom-Vos 2015). In
contrast, studies using a restrictive transfusion threshold (defined
as Hb < 80 g/L) demonstrated no beneficial effect of cell salvage
in risk of exposure or volume of allogeneic blood transfused (Van
Bodegom-Vos 2015). All studies included in these analyses were
also included in our analyses.

We witnessed a similar effect in our orthopaedic (hip) group of
a beneficial effect of cell salvage in reducing volume of blood
transfused when a liberal transfusion policy was in place (PPR,
moderate-certainty evidence); however, this effect was lost when
a restrictive transfusion policy was used (PPR, moderate-certainty
evidence). In contrast, there was no difference in the direction of the
effect for the risk of exposure to allogeneic transfusion comparing
results of studies using liberal and restrictive transfusion policies,
though the effect appears to be greater with a restrictive
threshold (restrictive: moderate certainty, and liberal: very low-
certainty evidence). Further systematic reviews of specific surgical
populations that analyse the concomitant use of other PBM
interventions are required to assess this.

Our findings regarding postoperative cell salvage in people
undergoing hip or knee surgery were consistent with previously
published systematic reviews (Haien 2013; Van Bodegom-Vos
2015). Each review demonstrates reduced risk of exposure to
allogeneic blood transfusion with cell salvage use, but the
effect on volume of blood transfused is inconsistent. There was
no association between use of postoperative cell salvage and
perioperative adverse events in any of the reviews. It is unclear
whether the benefit of postoperative cell salvage demonstrated
justifies the increased cost of postoperative autotransfusion
devices.

Our review has also not assessed for any difference in the
effect of cell salvage in primary and revision procedures, nor
has it been assessed in other systematic reviews of cell salvage
use in orthopaedic surgery. Revision surgery is associated with
increased blood loss and increased risk of transfusion (Goel 2018).
Cell salvage therefore may be more effective in this population,
particularly in the context of revision for infection, fracture, and
when both components are revised (Palmer 2020a). Economic
analysis is required to determine whether the increased cost
of postoperative autotransfusion devices justifies the associated
benefit, and the difference in benefit of cell salvage use in
primary and revision procedures in order to guide optimal resource
allocation.

AUTHORS' CONCLUSIONS

Implications for practice

Evidence within this review suggests the use of cell salvage is not
associated with an increased risk of adverse events, over and above
those experienced with standard care in most surgical groups
(there is an absence of evidence regarding harms for obstetrics).
However, we rated the evidence as very low to low certainty for all
adverse event outcomes.

There is some evidence to suggest that cell salvage is effective
at reducing the risk of exposure to allogeneic transfusion and
the volume of allogeneic blood transfused in people undergoing
planned surgical procedures; however, the certainty of this
evidence varied according to surgery type. Our findings reflect
current guidance for the use of cell salvage in elective surgery,
though this is likely due to the use of the same evidence base (Klein
2018; NICE 2015).

Implications for research

We have identified a number of areas where additional research
(either new primary research or secondary analysis) will expand the
knowledge base, and inform decision-making in the future.

Population (type of surgery)

Future updates of this review should focus on specific surgical
groups, in separate reviews, to allow for greater depth of analysis.
There is a significant volume of published literature on cell salvage
use within cardiovascular (with bypass) and orthopaedic surgery.
Further primary research is indicated in cardiovascular (vascular),
cancer, and obstetric surgery in order to delineate the true risks
and benefits associated with cell salvage in these patients, as
existing evidence is limited in volume, at high risk of bias, or
both. Systematic reviews assessing both randomised and non-
randomised studies may be useful to further investigate the safety
of cell salvage in cancer surgery, which may encourage further
randomised controlled trials (RCTs) to be performed in future. We
have identified a limited number of currently ongoing RCTs within
cancer and obstetric surgery (NCT03429790ChiCTR1800018118;
NCT04922307 (RESTRICT); NCT05612477).

Further primary research in orthopaedic surgery should address
specific procedures and indications, such as prosthetic joint
infection or malignancy. Future reviews in each surgical speciality
may be able to determine whether there is a difference in the effect
of cell salvage use when used for primary or revision surgeries, and
high and low blood-loss settings and procedures. Revision surgery
is associated with increased blood loss and allogeneic transfusion
rates. As a result, we would anticipate there to be a greater effect
of cell salvage in this population. We have not been able to perform
this analysis within this current review and recommend that (1)
future systematic reviews aim to address this, and (2) future trials
consider stratifying recruitment according to risk of haemorrhage.
Similarly, future reviews of cell salvage use in cardiac surgery with
bypass should aim to provide greater detail in how and when cell
salvage should be used during these procedures for maximum
effectiveness.

It remains unclear whether the cost of cell salvage (used
intraoperatively, postoperatively, or both) is justified by its
beneficial effect. Economic analysis assessing the cost-benefit of
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cell salvage use within individual surgical groups is required to help
determine optimal resource allocation.

Intervention and comparators

As we found high statistical heterogeneity across a number
of outcomes and populations, we suggest that future updates
investigate the possible cause of this (additional subgrouping):
assessing the impact of using other blood-sparing protocols as
standard care (such as tranexamic acid or other pharmacological
interventions to reduce blood loss, used in both groups), impact
of baseline anaemia, impact of transfusion thresholds, the type
of surgery being performed, and the haematocrit of the salvaged
blood transfused. This was not possible in this review due to the
breadth of the evidence, encompassing any elective surgery. There
will be greater scope for additional data extraction and analyses in
future reviews focused on specific surgical groups.

In cardiovascular surgery studies that included the use of bypass,
we were often unable to ascertain whether bypass blood was
treated the same in both groups. Thus, we marked these studies
as awaiting classification. If bypass blood was treated differently
between study groups in the same study, the study had to be
excluded (e.g. one group received processed bypass blood, and
another unprocessed). Should this be a feature of future RCTs, we
recommend that researchers explain the rationale for the different
treatment of groups, as this difference may confound the effect
reported.

Transfusion protocols and thresholds were reported for most
of the included studies. The compliance with these protocols
remains unclear and few studies reported post hoc analysis of
whether transfusions were necessary and, moreover, in line with
the trial protocol. One study noted that, of those who received
a transfusion, 37% were unnecessary (Thomassen 2014). Greater
understanding of whether transfusions are being administered
according to current guidelines and the trial protocols is required
to fully determine the effect of cell salvage use alongside
different transfusion thresholds. The combination of cell salvage,
haemoglobin thresholds for transfusion, and other patient blood
management (PBM) blood-sparing interventions, such as the use of
tranexamic acid, need to be explored in future studies and reviews.

Outcome reporting

In the results, we have described the evidence for all of our
listed outcomes. We presented the seven outcomes deemed most
important for this review in the summary of findings tables
(risk of transfusion of allogeneic blood, volume of allogeneic
blood transfused, all-cause mortality, deep vein thrombosis (DVT),
infection, myocardial infarction (Ml), and cerebrovascular accident
(CVA)/stroke). Of these outcomes, there was limited information
for: all-cause mortality (37 studies), DVT (20 studies), MI (17 studies),
and CVA/stroke (10 studies). None of the included studies were
powered for these outcomes.

Data for infections were reported in such a way that much of the
data could not be formally analysed: reporting number of infectious
events (where an individual could experience multiple events),
as opposed to number of people who experienced an infectious
event. Whilst we appreciate the importance of knowing how many
separate events there were, we encourage researchers to also
report the number of people who had an infection, in order to have
a fuller data set for analysis.

Likewise, whilst we had planned to perform an overall analysis of
thromboembolic events, we have presented the various diagnoses
separately (pulmonary embolism (PE), myocardial infarction (MI),
cerebrovascular accident (CVA)/stroke, deep vein thrombosis
(DVT)), as they were not consistently reported: some studies only
reported one or the other, but did not state they had zero cases
of other thromboembolic events, and we could not make this
assumption. Moving forward, we encourage researchers to report
any and all thromboembolic events, both individually (as PE, MI,
stroke, DVT, etc.), and as the number of people experiencing any
thromboembolic event (in case some people had multiple events).

As mentioned in Overall completeness and applicability of
evidence, we encountered a number of issues surrounding the
reporting, interpretation, and analysis of the average (mean)
volume of red blood cell (RBC) units due to lack of clarity on
what was being reported (where we had to make assumptions
based on the data whether studies were reporting number of
people randomised, or the number of people transfused, or where
a mean was reported but not how many people were transfused,
so we were unable to calculate the required data). We therefore
encourage researchers to be clear with regard to their analysis
(mean and standard deviation - or median and interquartile range,
depending on skewness - of RBC units per participant randomised,
or per participant transfused), and also present categories of
the number of RBC units transfused (e.g. number of participants
requiring one, two, three, four, or five or more units) to aid future
analyses.

Trial registration

Whilst prospectively registering a trial of non-medicinal products is
not compulsory, we encourage researchers to do so, or publish their
protocol prior to study commencement, as this allows complete
transparency in the design, and an audit trail for any changes that
may have been made (with a rationale for those changes) during the
various study phases (active recruitment, through data analysis, to
publication, dissemination, or both).
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* Indicates the major publication for the study

CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Abuzakuk 2007

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre trial
Setting: specialist orthopaedic hospital, Stanmore, London, UK
Recruitment: recruitment and study dates are not specified
Maximum follow-up: duration of hospital stay

Participants 104 consecutive participants undergoing primary cemented total knee arthroplasty were randomised
to one of two groups:

Autotransfusion drain (Cell salvage/intervention group): n =52

Standard drain (Control/no cell salvage group): n =52

Demographic characteristics were matched between the two arms of the study.

NB: of the 104 randomised participants, 43 were male and 61 were female. The mean age of ran-
domised participants was 68.5 years.

Interventions Autotransfusion drain: the cell salvage group (Bellovac autotransfusion system) had one deep drain
inserted at the end of the operation. The drain was opened in the recovery room 20 minutes after the
tourniquet was released. If blood collected in the reinfusion drain was > 150 mL, it was transfused back
into the participant unwashed and a new bag was then attached to the drain. The process was repeat-
ed if the amount of blood collected again exceeded 150 mL.

Standard drain: control group (Redivac standard suction drain) had their collected blood discarded.

Outcomes Outcomes reported:number of participants transfused allogeneic blood, amount of allogeneic blood
transfused, blood loss, hospital length of stay, Hb and Hct levels, wound problems, knee range of mo-
tion

Notes Transfusion protocol: allogeneic blood transfusion was given if the haemoglobin level was < 9.0 g/dL
when measured on days 2 and 5 postoperatively.

Prospective registration status: the study was published prior to 2010.
Ethical approval: study approval by institutional review board or ethics committee is not reported
Language of publication: English
Trial funding: not reported
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Abuzakuk 2007 (continued)

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk The software program MINIM was used to randomise participants to interven-
tion (selection bias) tion or control.

Allocation concealment Low risk Randomisation performed using computer programme

(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol: allogeneic blood transfusion was given if the haemo-
and personnel (perfor- globin level was <9.0 g/dL when measured on days 2 and 5 postoperatively.
mance bias)

Subjective: transfusion

protocol

Blinding of participants High risk All outcomes lack clear guidelines
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk All outcomes lack clear guidelines
sessment (detection bias)
Subjective outcomes

Incomplete outcome data  Unclear risk Unclear whether all participants randomised are accounted for in the analysis:
(attrition bias) appears to be ITT based on N in table 2, but unclear
All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk No mention of funding or conflicts. Used minimisation so unlikely to be base-
line imbalance (demographics reported show balance)

Adalberth 1998

Study characteristics
Methods Deisgn: RCT, parallel three-arm, single-centre study
Setting: university teaching hospital, Uppsala, Sweden
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Adalberth 1998 (continued)

Recrutiment: recruitment and study dates are not reported

Maximum follow-up: duration of hospital stay

Participants

90 participants undergoing primary total knee arthroplasty were randomised to one of three groups:
No drain group: N = 30. M:F 11:13. Mean (95% Cl) age 70 (67 to 74)

Solcotrans drain group (Cell salvage/intervention group): N = 30. M:F 4:20. Mean (95% Cl) age 71 (69 to
74)

Standard (Redon) drain group (Control/no cell salvage group): N = 30. M:F 9:16. Mean (95% Cl) age 72
(69 to 75)

Of the 90 participants included in the study, 73 remained for analysis. Patients with DVT, drainage fail-
ure, lost study values, or those given NSAIDs were excluded.

For the purpose of our analysis, we included data from the Solcotrans drain group as the intervention
group and the Standard (Redon) drain group as the control group.

Interventions

No drain group: no drain was used.

Solcotrans drain group: Solcotrans autotransfusion system collected blood for 6 hours or until the
unit was full. Acid citrate dextrose-anticoagulant (ACD-A) was not added to the collection unit. Continu-
ous suction was applied at 20 cm H,0. Drains were maintained for 24 hours postoperatively.

Standard (Redon) drain group: a standard disposable closed suction drainage system (Redon) was
used with two standard drains maintained for 24 hours postoperatively.

Outcomes Outcomes reported: number of participants transfused allogeneic blood, blood loss, hospital length
of stay, Hb and Hct levels

Notes Transfusion protocol: allogeneic blood transfusion was given if the haemoglobin level was <9.0 g/dL.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by the Ethics Committee at Uppsala University Hospital.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomisation process not described

tion (selection bias)

Allocation concealment Unclear risk Sealed envelopes were used to conceal treatment allocation, but doesn't men-

(selection bias) tion opaqueness of envelopes

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality
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Adalberth 1998 (continued)

Blinding of participants
and personnel (perfor-
mance bias)
Subjective: transfusion
protocol

Low risk Transfusion protocol: allogeneic blood transfusion was given if the haemo-
globin level was <9.0 g/dL.

Blinding of participants
and personnel (perfor-
mance bias)

Subjective: all other out-
comes

High risk All outcomes lack clear guidelines

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of outcome as- High risk All outcomes lack clear guidelines

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Unclear risk 20% attrition rate, even across the three groups; those excluded were due to

(attrition bias)
All outcomes

adverse events (unclear if AEs due to intervention or if DVT etc. noted at base-
line and were incorrectly included)

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Unclear risk No mention of funding or conflicts
Adan 1988
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: non-academic training hospital, Nieuwegein, the Netherlands
Recruitment: recruitment and study dates not reported

Maximum follow-up: duration of hospital stay

Participants

50 participants undergoing routine coronary artery revascularisation were randomised to one of the
following two groups:

ATS group (Cell salvage/intervention group): N =25
C group (Control/no cell salvage group): N =25

The study reports that participants in both groups were comparable for ages and sex.

Interventions

ATS group (Cell salvage/intervention group): cell salvage was performed using the Sorenson system.
Blood from the mediastinal space and lost via the chest tubes was collected into the uppermost bag

of the two bags, attached in series. Blood from the upper bag passes through two 170 um filters into
the lower bag. The capacity of the lower bag is 800 mL. When it is filled, or within four hours of use, the
lower bag is detached, and its contents are reinfused to the patient using a 40 um Pall-filter. When the
amount of blood lost within the period of four hours was <200 mL, autotransfusion was not performed.
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Adan 1988 (Continued)

C group (Control/no cell salvage group): in the control group, only stored blood was used

Outcomes Outcomes reported: amount of stored blood required, haemoglobin, haematocrit, blood loss, bacteri-
al contamination

Notes Transfusion protocol: indications for the infusion of blood in the direct postoperative period were de-
termined by systemic arterial blood pressure, pulmonary artery pressure, cardiac output, blood loss,
and haemoglobin level. Blood loss exceeding 500 mL in 12 hours and Hb <5 mmol/L within the first 24
hours postoperatively necessitated the infusion of blood.

Prospective registration status: the study was published prior to 2010.

Ethical approval: the protocol was approved by the local medical-ethical committee.
Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Insufficient information provided - ‘patients randomised according to chart
tion (selection bias) number’. No detail on how randomisation sequence generated

Allocation concealment Unclear risk Insufficient information - no comment on allocation concealment

(selection bias)

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk No transfusion protocol - subjective transfusion protocol in place
and personnel (perfor-

mance bias)

Subjective: transfusion

protocol

Blinding of participants High risk Unlikely to be blinded
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Low risk Only subjective outcome reported is transfusions (low risk for detection)
sessment (detection bias)
Subjective outcomes

Incomplete outcome data  Unclear risk Although authors do not provide explicit statement on dropouts/exclusions,
(attrition bias) one of the results tables shows n =25, suggesting that there were no dropouts/
All outcomes exclusions.
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Adan 1988 (Continued)

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk Authors do not provide baseline characteristics so cannot verify their claim
that there were no important differences between groups at baseline. Also, no
funding or conflict of interest declaration

Altinel 2007

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre study
Setting: university teaching hospital, Afyon, Turkey
Recruitment: recruitment and study dates not reported
Maximum follow-up: duration of hospital stay

Participants 32 participants undergoing total knee arthroplasty were randomised to one of two groups:

Study group (Cell salvage/intervention group): N = 16. M:F 0:16. Mean (SD) age 66.9 (9.1). Mean (SD) BMI
32.6 (4.3) kg/m2.

Control group (Control/no cell salvage group): N = 16. M:F 2:14. Mean (SD) age 66.2 (7.1). Mean (SD) BMI
34.3(8.3) kg/m2.

There was no baseline imbalance between groups with regard to demographic data.

Interventions Study group (Cell salvage/intervention group): cell salvage group (ConstaVac CBCIl autotransfusion
system) had wound drain connected at the end of the operation. The drain fluid was collected during
the first 6 hours. Collected blood was transfused at the end of the 6th hour. Reinfusion was performed
using a standard 40 um blood filter between the collection bag and the intravenous site. After the 6
hours, any blood collected from the reinfusion drain was discarded.

Control group: control group received standard care without autotransfusion.

Outcomes Outcomes reported: number of participants transfused allogeneic blood, blood loss, hospital length
of stay, adverse events

Notes Transfusion protocol: allogeneic blood transfusion was given if the haemoglobin level was <9.0 g/dL.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by the Ethics Committee of the Faculty of Medicine, Afyon
Kocatepe, Turkey.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement
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Altinel 2007 (continued)

Random sequence genera-  Low risk Lots drawn
tion (selection bias)
Allocation concealment Unclear risk Method used to conceal treatment allocation was not described
(selection bias)
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol in place: if the blood haemoglobin level was below 9 g/dL
and personnel (perfor- and there were evident clinical signs of anaemia, patients were given addition-
mance bias) al homologous blood.
Subjective: transfusion
protocol
Blinding of participants Unclear risk Blinding status of participants and personnel is not described
and personnel (perfor-
mance bias)
Subjective: all other out-
comes
Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- Unclear risk One outcome (chest x-ray evaluation) noted as blinded assessment; suggests
sessment (detection bias) the remaining outcomes were not blinded, but not clear
Subjective outcomes
Incomplete outcome data  Unclear risk Unclear patient flow - baseline characteristics suggest 16 per group, but
(attrition bias) whether this is number randomised, or if all were analysed, is not clear
All outcomes
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Unclear risk No mention of funding or conflicts
Amin 2008
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: District General Hospital, Colchester, Essex, UK

Recruitment: May 2005 to December 2005

Maximum follow-up: duration of hospital stay

Participants

178 participants undergoing total knee replacement were randomised to one of two groups:
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Amin 2008 (Continued)

Autologous retransfusion drain group (Cell salvage/intervention group): N = 92. M:F 43:49. Mean
(range) age 70.3 (55.2 to 88.5)

Standard vacuum drain group (Control/no cell salvage group): N = 86, M:F 39:47. Mean (range) age
70.4 (57.9 to 87.1)

No formal test of baseline imbalance was performed to compare the groups and the authors do not
comment on whether they were similar.

Interventions

Autologous retransfusion drain group: cell salvage group (Bellovac ABT autotransfusion sytem) had
the blood collection suction bellows connected to an autologous transfusion bag with a 200 mm filter
and a one-way valve. The transfusion bag was connected to a transfusion set with a 40 um filter. The
drain was opened 20 minutes after tourniquet release. The shed blood was returned to the participant
after collecting up to 500 mL and no later than 6 hours after surgery. A maximum of 1200 mL was re-
transfused.

Standard vacuum drain group: control group (standard vacuum drain) had blood collected in the vac-
uum drains discarded.

Outcomes Outcomes reported: number of participants transfused allogeneic blood, hospital length of stay, ad-
verse events
Notes Transfusion protocol: allogeneic blood was transfused if the haemoglobin level fell below 80 g/L, or if
the participant developed clinical signs of anaemia, such as tachycardia and postural hypotension, in
the presence of a haemoglobin level of 80 g/L to 100 g/L.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by the local ethics committee.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.
tion (selection bias)
Allocation concealment Unclear risk Sealed envelopes were used to conceal treatment allocation, but doesn't men-
(selection bias) tion if they were opaque.
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol in place: allogenic blood was transfused if the haemo-
and personnel (perfor- globin level fell below 8 g/dL, or if the participant developed clinical signs of
mance bias) anaemia, such as tachycardia and postural hypotension, in the presence of a
Subjective: transfusion haemoglobin level of 8 g/dL to 10 g/dL.
protocol
Blinding of participants Unclear risk No mention of blinding of participants or personnel
and personnel (perfor-
mance bias)
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Amin 2008 (Continued)
Subjective: all other out-
comes

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

if reported in future publications)

Blinding of outcome as-
sessment (detection bias)
Subjective outcomes

Unclear risk No mention of blinding in manuscript

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Unclear patient flow; however, results state they analysed ITT

Selective reporting (re-
porting bias)

Unclear risk No trial registration or published protocol is available to compare

Other bias

Unclear risk No mention of funding or conflicts

Atay 2010

Study characteristics

Methods

Design: RCT, parallel two-arm study
Setting: Istanbul, Turkey; Bolu, Turkey
Recruitment: December 2008 to April 2009

Maximum follow-up: 7 days postoperatively

Participants

74 participants (77 surgeries) undergoing primary, unilateral hip or knee arthroplasty were randomised
to one of the following groups:

Study group (Cell salvage/intervention group): N = 37.
Knee group: Mean (SD) age 65.25 (12.57). M:F 2:18.

Hip group: Mean (SD) age 59.76 (15.43). M:F 6:11.
Control group: N = 40.

Knee group: Mean (SD) age 68.19 (6.62). M:F 7:14.

Hip group: Mean (SD) age 58.95 (13.6). M:F 6:13.

There were no differences in age, gender, or preoperative haemoglobin concentration between groups.

Interventions

Study group (Cell salvage/intervention group): autotransfusion set (Transolog, Heim Medizintechnik,
Germany) was used to salvage blood immediately postoperatively for four hours. At the end of the 4th
hour postoperatively, any salvaged blood was filtered and autotransfused. The drain remained in situ
for 48 hours postoperatively.

Control group: Received a standard haemovac drain, which remained in situ for 48 hours postopera-
tively.
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Atay 2010 (Continued)

Outcomes Outcomes reported: haemoglobin concentrations immediately after the operation, haematocrit con-
centrations immediately after the operation, amount of autotransfusion, number of participants re-
ceiving allogeneic blood transfusion, amount of allogeneic blood transfused (units), transfusion reac-
tions and adverse events

Notes Transfusion protocol: autotransfusion was performed at the end of the 4th hour postoperatively in
the study group. Allogeneic transfusion was administered to any participant with Hb <8 g/dL or Hct <
25% and clinical signs of anaemia, such as tachycardia, dyspnoea or hypotension.

Prospective registration status: study published prior to 2010

Ethical approval: it is unclear whether the trial received approval from a Research Ethics Committee
or Institutional Review Board prior to the start of recruitment. The authors were contacted to request
this information but no response has been received.

Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Participants were randomised using a block randomisation method; however,

tion (selection bias) no further details are available.

Allocation concealment Unclear risk The method used to conceal treatment allocation is unclear

(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocolin place

and personnel (perfor-

mance bias)

Subjective: transfusion

protocol

Blinding of participants High risk Blinding of study participants and personnel was not performed - different

and personnel (perfor- drains were used between the study and control groups.

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk The blinding status of outcome assessors is not described

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Unclear risk Insufficient information on patient flow

(attrition bias)
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Atay 2010 (Continued)
All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk Conflicts and funding not reported

Axford 1994

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre study
Setting: Veterans Medical Centre, Boston, MA, USA
Recruitment: June 1988 to August 1989
Maximum follow-up: 30 days postoperatively

Participants 32 participants undergoing cardiac surgery requiring cardiopulmonary bypass were randomised to one
of two groups:

Shed blood group (Group 1) (Cell salvage/intervention group): N = 16. Mean (SD) age 60 (8.0).
Banked blood group (Group 2) (Control/no cell salvage group): N = 16. Mean (SD) age 61 (8.0).
There were no differences between groups at baseline.

Interventions Shed blood group (Group 1): cell salvage group (Pleur-evac Autotransfusion System - A-5005-ATS) had
their mediastinal shed blood collected in a polyvinyl chloride blood bag containing an inline 200 pm
nylon mesh filter by means of a closed system with -20 cm H,0 suction applied. This collection sys-
tem contained no anticoagulant and none was added. Mediastinal shed blood was transfused without
washing by detaching the autotransfusion replacement bag and reinfusing the blood through a stan-
dard 40 um screen blood filter (Pall SQ40S) via a peripheral intravenous line.

Banked blood group (Group 2): control group received either autologous packed cells if available or al-
logeneic packed red blood cells (standard citrate-phosphate-dextrose ADSOL-preserved cross-matched
packed RBCs units stored at 4 °C for up to 42 days).

Outcomes Outcomes reported: amount of allogeneic blood transfused, amount of autologous blood transfused,
number of participants transfused autologous and/or allogeneic blood, complications, bleeding times,
post-transfusion febrile reactions

Notes Transfusion protocol: the decision to transfuse a participant postoperatively was made by the clin-
ician who was responsible for the participant's postoperative care, and who was not involved in the
study. The clinical criteria used to determine the need for transfusion consisted of the following: sys-
tolic BP <80 mmHg; mean arterial pressure < 50 mmHg; central venous pressure (CVP) <5 mmHg; pul-
monary capillary wedge pressure (PCWP) <5 mmHg; cardiac index (Cl) <2.0L/min/m2; evidence of in-
adequate end-organ perfusion (i.e.: urine output < 20 mL/h), or anaemia (Hct < 25%). Any participant
who bled > 400 mL in the first 4 hours postoperatively and who met any of these criteria underwent
transfusion.

Prospective registration status: the study was published prior to 2010.
Ethical approval: the experimental protocol for the study was performed by the local institutional hu-
man research committee.
Language of publication: English
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Axford 1994 (continued)
Trial funding: US Naval Medical Research and Development Command; Richard Warren Surgical Re-
search and Education Fund

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.

tion (selection bias)

Allocation concealment Unclear risk Method used to concealment treatment allocation was unclear.
(selection bias)

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: systolic blood pressure, <80 mmHg; mean ar-
and personnel (perfor- terial pressure, < 50 mmHg; central venous pressure, <5 mmHg; pulmonary
mance bias) capillary wedge pressure, <5 mmHg, cardiac index, < 2.0 L/min/mZ2; evidence
Subjective: transfusion of inadequate end-organ perfusion (i.e., urine output, < 20 mL/h); or anaemia
protocol (hematocrit, <25 ~01%). Any patient who bled > 400 mL in the first 4 hours af-

ter operation and who met any of these criteria

Blinding of participants Unclear risk The blinding status of participants and personnel is not described
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk The blinding status of outcome assessors was not described

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  High risk Significant number of participants lost to follow-up: of the initial 103 par-
(attrition bias) ticipants, 71 were excluded (for reasons such as re-operation, not bleeding
All outcomes enough, etc). Only 32 included in the analysis (16 per group)

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Low risk Funding reported (non pharma). No apparent baseline imbalance.
Ayers 1995

Study characteristics

Methods Design: RCT, parallel two-arm, multicentre study
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Ayers 1995 (Continued)

Setting: regional hospital and university teaching hospital, Syracuse, NY, USA
Recruitment: October 1991 to January 1993

Maximum follow-up: duration of hospital stay

Participants

232 participants undergoing total hip arthroplasty were randomly assigned to one of two groups:

Postoperative Blood Salvage group (Cell Salvage/intervention group): N =103. N primary procedure =
67 (65%). N revision procedure = 36 (35%).

Closed suction (Haemovac) drain group (Control/no cell salvage group): N =129. N primary procedure
=89 (69%). N revision procedure =40 (31%).

No demographic data were reported, but the study reports that the two groups were similar in all re-
spects.

Interventions

Postoperative Blood Salvage group (Cell Salvage/intervention group): cell salvage group (Autovac
Post-operative Orthopaedic Autotransfusion Canister) had blood loss collected for 4 hours postoper-
atively. The autotransfusion canister was injected with 40 mL of acid-citrate-dextrose anticoagulant
(ACD-A) before activation. The autotransfusion canister was connected to wall suction with use of an
Autovac Autotranfusion Regulator that limited maximum collection pressure to 100 mmHg. If at least
300 mL of blood was collected within 4 hours, the unwashed blood was reinfused through a microag-
gregate filter; if <300 mL of blood was collected, the blood was discarded. Any blood that had not been
reinfused within 6 hours after the beginning of collection was discarded.

Closed suction (Haemovac) drain group (Control/no cell salvage group): control group had a closed
suction drainage system used (Hemovac system).

All participants were advised to donate blood pre-operatively. The 156 participants (67%) who were
scheduled to have a primary procedure were advised to donate 2 units of autologous blood, and the 76
participants (33%) who were scheduled to have a revision procedure were advised to donate 4 units of
autologous blood.

Outcomes Outcomes reported: number of participants transfused allogeneic and/or autologous blood, blood
loss, Hb levels

Notes Transfusion protocol: use of a transfusion protocol is not reported.
All revision participants were exposed to cell salvage intraoperatively. 85% of Group 1 participants pre-
deposited blood pre-operatively (PAD). 77% of Group 2 participants pre-deposited blood pre-opera-
tively (PAD).
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is unclear whether the study was approved by an institutional review board or
ethics committee.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

High risk Randomly assigned on the basis of their hospital number - possibly qua-
si-RCT - but unclear how the hospital number was used (may be properly ran-
domised). All those who had revision procedure had cell salvage
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Ayers 1995 (Continued)

Allocation concealment
(selection bias)

High risk Inadequate allocation concealment. No info on most, but all who had a revi-
sion (not primary) procedure had cell salvage

Blinding of participants
and personnel (perfor-
mance bias)

Objective outcome: mor-
tality

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of participants
and personnel (perfor-
mance bias)
Subjective: transfusion
protocol

High risk Protocol in reference to how patients are monitored not indication for transfu-
sion

Blinding of participants
and personnel (perfor-
mance bias)

Subjective: all other out-
comes

High risk Alarge number definitely knew their allocation to cell salvage

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of outcome as- High risk Alarge number definitely knew their allocation to cell salvage

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Unclear risk The number of participants analysed is not reported: unclear patient flow,

(attrition bias)
All outcomes

and unclear how many were used for each analysis as there appears to be sub-
grouping by those who had pre-donated autologous blood

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Unclear risk No mention of funding or conflicts
Blatsoukas 2010
Study characteristics
Methods Design: quasi-RCT, parallel three-arm, single-centre study

Setting: university teaching hospital, Alexandroupolis, Greece
Recruitment: recruitment and study dates not reported

Maximum follow-up: 3 months postoperatively

Participants

248 participants undergoing primary, unilateral total knee replacement for osteoarthritis were ran-
domised to one of the following three groups:

Group 0 (Control/no cell salvage): N = 85. Median (SD) age 68.5 (7.38). M:F 12:73. Mean (SD) BMI 31.68
(3.06) kg/m?2.
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Blatsoukas 2010 (continued)

Group 1 (Cell salvage/intervention group): N =92. Median (SD) age 69.41 (6.54). M:F 17:75. Mean (SD)
BMI 32.04 (3.76) kg/m2.

Group 2 (Cell salvage/intervention): N = 71. Median (SD) age 69.11 (7.21). M:F 14:57. Mean (SD) BMI
32.05 (4.83) kg/m2.

Interventions

Group 0 (Control/no cell salvage group): received allogeneic blood transfusion only

Group 1 (Cell salvage/intervention group): received intraoperative cell salvage using Dideco Compact
Advanced, Dideco, 41037 Mirandola, Italy. Autotransfusion of salvaged blood from this device was per-
formed intraoperatively. Postoperative cell salvage was performed using a suction drain (ConstaVac
CBC Il, Stryker, Kalamazoo, Ml) and autotransfusion was performed within 6 hours of collection. The
drain was removed at 48 hours postoperatively.

Group 2 (Cell salvage/intervention group): postoperative cell salvage only was used via a suction drain
(ConstaVac CBC Il, Stryker, Kalamazoo, MI) and autotransfusion was performed within 6 hours of col-
lection. The drain was removed at 48 hours postoperatively.

Outcomes Outcomes reported: adverse events, need for allogeneic blood transfusion, volume of autologous
blood reinfusion from intraoperative and postoperative cell salvage devices, blood loss, postoperative
haemoglobin levels recorded on days 1, 2, 3 and 7 postoperatively

Notes Transfusion protocol: allogeneic blood transfusion was given to any participant experiencing signs
and symptoms of severe anaemia due to blood loss on the day of the operation. During the following 2
days, allogeneic transfusion was performed according to the following haemoglobin concentrations:
Hb 9-10 g/dL: 1 unit
Hb 8-9 g/dL: 2 units
Hb 7-8 g/dL: 3 units
Prospective registration status: the trial was not prospectively registered in a trials registry.
Ethical approval: ethics committee approval was received from the hospital ethics committee of Uni-
versity General Hospital of Alexandroupolis, Dragana, Alexandroupolis, Greece
Language of publication: English
Study groups and subgrouping: the cell salvage/intervention group data are combined from Groups 1
(intraoperative auto-transfusion (IAT) and postoperative auto-transfusion (PAT)) and 2 (PAT only).
Data from Group 1 (IAT and PAT) contributed to the subgroup analysis of intra- and postoperative cell
salvage.
Data from Group 2 (PAT only) contributed to the subgroup analysis of postoperative cell salvage.
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quasi-randomisation methodology used, whereby participants were ran-
domised according to the week upon which their operation fell.

Allocation concealment
(selection bias)

High risk Based on the method used to randomise participants, allocation concealment
will not have been possible.
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Blatsoukas 2010 (continued)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place but day 1 is based on "symptoms or signs of se-

and personnel (perfor- vere anaemia"

mance bias)

Subjective: transfusion

protocol

Blinding of participants High risk The presence of a drain in Groups 1 and 2 versus no drain in Group 0 would

and personnel (perfor- alert study participants to their treatment allocation. It is not clear whether

mance bias) participants and clinicians were blinded to the use of intraoperative cell sal-

Subjective: all other out- vage.

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk No clear defining criteria for some infection and wound complication out-

sessment (detection bias) comes

Subjective outcomes
Strict adverse event criteria not given so high risk of subjectivity and bias from
unblinding

Incomplete outcome data  Unclear risk No breakdown of exclusion or dropouts provided, only exclusion criteria is

(attrition bias) stated: 15 participants initially randomised were subsequently excluded after

All outcomes re-checking of the exclusion criteria. As a result, only 48 participants were in
the no drain group, < the 50-participant target to account for the a priori sam-
ple size and loss-to-follow-up.

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare. Inconsis-

porting bias) tent reporting of results compared to outcomes stated in methodology.

Other bias Unclear risk Unclear what the effect of using two different cell saver devices could bei.e.
for intraoperative autotransfusion in the IAT+PAT group vs the PAT device used
in the PAT only group. l.e. could there be a difference in processing of blood /
blood collection between these different devices etc? Authors have not ad-
dressed this clearly. Could not find a clear statement on conflicts of interest.
Unsure how authors calculated ‘blood saved’ from values in Table 1

Breakwell 2000
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Sheffield, Yorkshire, UK

Recruitment: recruitment and study dates not reported

Maximum follow-up: 4 days postoperatively
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Breakwell 2000 (continued)

Participants

33 participants undergoing simultaneous bilateral total knee arthroplasty were randomly allocated to
one of two groups:

Study group (Cell salvage/intervention group): N = 14. Mean age 66.8. M:F 8:6.
Control group (No cell salvage group): N =19. Mean age 73.7. M:F 8:11.

There was no difference between groups in preoperative haemoglobin concentrations.

Interventions

Study group (Cell salvage/intervention group): all participants had four suction drains positioned at
the end of surgery, two deep and two superficial. In the study group, the two deep drains were connect-
ed to a Stryker CBCII ConstaVac blood retrieval device in which the blood was filtered before being re-
infused. Only the blood collected in the initial eight postoperative hours was re-infused.

Control group (No cell salvage group): all participants had four suction drains positioned at the end of
surgery, two deep and two superficial. In the control group, the drains were allowed to empty into suc-
tion bottle containers and their contents then discarded.

Outcomes Outcomes reported: volume of blood collected, volume of blood reinfused, allogeneic blood require-
ments, adverse events and complications, length of hospital stay

Notes Transfusion protocol: participants with haemoglobin values below the preset trigger value of 9 g/dL
were rescued with allogenic transfusion.
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomisation method not clear

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment method unclear

(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: participants with haemoglobin values below the

and personnel (perfor- preset trigger value of 9 g/dL were rescued with allogeneic transfusion.

mance bias)

Subjective: transfusion

protocol

Blinding of participants Low risk Authors state standard care for all participants in sufficient detail.

and personnel (perfor-

mance bias)
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Breakwell 2000 (continued)
Subjective: all other out-
comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- Unclear risk Blood loss measurement unclear
sessment (detection bias)
Subjective outcomes
Incomplete outcome data  Unclear risk Authors do not provide breakdown of dropouts and do not make a statement
(attrition bias) to confirm that there were no dropouts.
All outcomes
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Unclear risk No conflict of interest declaration or funding statement is made. No baseline
imbalance
Cheng 2005
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: District General Hospital, Hong Kong
Recruitment: June 2002 to May 2004

Maximum follow-up: 3 days postoperatively

Participants

60 participants undergoing unilateral total knee arthroplasty (TKA) were randomly allocated to one of
two groups:

Group 1 (Cell salvage/intervention group): N = 26. M:F 6:20. Mean (range) age 72 (57 to 84)
Group 2 (Control/no cell salvage group): N = 34. M:F 12:22. Mean (range) age 69.4 (55 to 78)

There were no differences between groups at baseline.

Interventions

Group 1: cell salvage group (DONOR system) had their blood reinfused from drains using a 40 um blood
filter between the collection bag and the intravenous site within 6 hours of surgery. All participants

had their drains removed on postoperative day 2 or 3. The DONOR system is an integrated, closed sys-
tem designed for the collection and reinfusion of drained wound blood. It consists of an 800 mL chlo-
rine-free, pre-evacuated collection vessel, a vacuum regulator, and a 40 um integrated filter for sal-
vaged blood.

Group 2: control group received no postoperative autotransfusion.

Outcomes Outcomes reported: amount of allogeneic blood transfused, number of participants transfused allo-
geneic blood, febrile complications, adverse events, blood loss
Notes Transfusion protocol: allogeneic blood transfusion was given if the haemoglobin level was <9.0 g/
dL, or on the authority of the lead physician if the participant experienced severe anaemic symptoms.
Transfusions were given according to the following criteria:
Cell salvage for minimising perioperative allogeneic blood transfusion in adults undergoing elective surgery (Review) 88

Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Cheng 2005 (Continued)

Hb 81-90 g/L =1 unit

Hb 71-80 g/L =2 units

Hb 61-70 g/L = 3 units

Hb 50-60 g/L = 4 units

Prospective registration status: the study was published prior to 2010.

Ethical approval: the study was approved by the ethics board of the Hong Kong Hospital's Authority
Kowloon West Cluster.

Language of publication: English
Trial funding: Tung Wah Group of Hospitals Research Fund

Conflicts of interest: none reported

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Allocated into a reinfusion group and a control group. Randomisation was by
sealed opaque envelopes, which were well mixed by independent personnel
and consecutively assigned a case number from 1 to 60.

Allocation concealment
(selection bias)

Low risk Randomisation was by sealed opaque envelopes, which were well mixed by in-
dependent personnel and consecutively assigned a case number from 1 to 60

Blinding of participants
and personnel (perfor-
mance bias)

Objective outcome: mor-
tality

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of participants
and personnel (perfor-
mance bias)

High risk Transfusion protocol based on Hb level, or on the authority of the lead physi-
cian if the participant experienced severe anaemic symptoms. Group alloca-
tion revealed at end of procedure. Transfusion decisions made in unblinded

Subjective: transfusion fashion.
protocol
Blinding of participants Low risk Near the end of each operation, the corresponding envelope was opened,

and personnel (perfor-
mance bias)

Subjective: all other out-
comes

and the surgeon was informed at the time of drain insertion to achieve a sin-
gle-blind effect.

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of outcome as-
sessment (detection bias)
Subjective outcomes

Low risk Described as single blind only (outcome assessors unblinded), though all out-
comes deemed low risk of bias

Incomplete outcome data
(attrition bias)
All outcomes

Low risk States 60 participants were enroled, and both pre-op and post-op data suggest
60 participants (26 and 34) analysed. No other info regarding patient flow. One
participant mentioned in reinfusion group (blood discarded), does not appear
to have been excluded
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Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Low risk Funding reported (non pharma). No apparent baseline imbalance
Cheung 2010

Study characteristics

Methods Design: RCT, parallel three-arm, single-centre study

Setting: Specialist Orthopaedic Hospital, Oswestry, Shropshire, UK
Recruitment: July 2005 to August 2006

Maximum follow-up: 12 months postoperatively

Participants

168 participants undergoing primary total hip replacement for osteoarthritis were randomised to one
of the following three groups:

Group 1 (Cell salvage/intervention group): N = 53. Median (IQR) age 65 (61 to 73). M:F 22:39. Median
(IQR) BMI 29 (26 to 33).

Group 2 (Control/no cell salvage group): N = 52. Median (IQR) age 70.5 (63 to 76). M:F 24:30. Median
(IQR) BMI 26.3 (24.3 t0 29.5).

Group 3 (Control/no cell salvage group): N = 48. Median (IQR) age 69 (62.3 to 76). M:F 23:30. Median
(IQR) BMI 27 (25 to 29).

Interventions

Group 1 (Cell salvage/intervention group): autologous blood transfusion group (ABT) received a
Bellovac ABT drain (Astra Tech Ltd., Gloucestershire, UK) (size 12). If deemed necessary, autologous
transfusion was performed within 6 hours of collection. The drain was removed at 24 hours post-
surgery.

Group 2 (Control/no cell salvage group): the standard drain group received a standard suction drain
(size 12). The drain used was a High Vaccuum Medinorm drain (Van Straten, Quiershield, Germany). The
drain was removed at 24 hours postsurgery.

Group 3 (Control/no cell salvage group): the no drain group did not have a drain inserted

Outcomes

Primary outcome: transfusion rate (proportion of participants), volume of blood administered

Secondary outcomes: blood loss (intraoperative), postoperative haemoglobin concentration, wound
infection rate, time for wound to become dry, length of hospital stay, investigation and treatment for
thromboembolic events

Notes

Transfusion protocol: the decision about whether to transfuse was made by the ward doctors or
anaesthetist. No criteria were set to trigger a transfusion, although all doctors at the trust had attended
a transfusion awareness lecture, outlining broad guidelines.

Prospective registration status: the study was retrospectively registered on a trials registry, 18
months after study commencement.

Ethical approval: the study received ethics approval from the local research ethics committee for
Robert Jones and Agnes Hunt Orthopaedic and District Hospital, Oswestry, Shropshire, UK

Language of publication: English

Study groups: for the purpose of our review, Group 2 and Group 3 were used as the "control/no cell
salvage" group in the comparison against Group 1, the "cell salvage/intervention" group.
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Trial funding: no benefits of funds were received in support of the study

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Patients undergoing primary total hip replacement were randomised to one

tion (selection bias) of three groups using stratified randomisation software (StratOs, Cooked Bits,
Oswestry, UK) to balance the groups according to potentially confounding fac-
tors. The software used the Pocock and Simon implementation of the minimi-
sation method. Prognostication was based on four prognostic factors: body
mass index (BMI), age, gender and the use of aspirin and non-steroidal anti-in-
flammatory drugs (NSAIDs).

Allocation concealment Low risk Itis unlikely that sequence allocation could be anticipated given the randomi-

(selection bias) sation methodology used

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk No transfusion protocol in place: the decision about whether to transfuse

and personnel (perfor- was made by the ward doctors or anaesthetist. No criteria were set to trig-

mance bias) ger a transfusion, although all doctors at the trust had attended a transfusion

Subjective: transfusion awareness lecture, outlining broad guidelines.

protocol

Blinding of participants High risk No blinding, no strict guidelines for subjective outcomes

and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk No blinding, no strict guidelines for subjective outcomes

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Low risk 15 of 163 participants initially randomised were subsequently excluded after

(attrition bias) re-checking of the exclusion criteria. Groups remained broadly even in size, no

All outcomes other loss to follow-up

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk Conflicts not reported. Baseline imbalance in BMI between groups. Funding

was reported.
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Cip 2013

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study
Setting: university teaching hospital, Innsbruck, Austria
Recruitment: December 2007 to January 2009

Maximum follow-up: 5 days postoperatively

Participants

151 participants being treated with primary elective total knee replacement for osteoarthritis were ran-
domised to one of the following groups:

Group A (Cell salvage/intervention group): N = 76. Mean (SD) age 70 (8). M:F 29:49. Mean (SD) BMI 31 (6)
kg/m2.

Group B (Control/no cell salvage group): N = 75. Mean (SD) age 69 (8). M:F 29:49. Mean (SD) BMI 32 (6)
kg/m2,

Interventions

Group A (Cell salvage/intervention group): the cell salvage group received the Orthopaedic Periopera-
tive Autotransfusion System (OrthoPAT, Haemonetics Corp, Braintree, MA, USA) for both intraoperative
and postoperative cell salvage and autotransfusion. The drain remained in situ until 48 hours postoper-
atively.

Group B (Control/no cell salvage group): the control group received a standard drain without suction.
The drain remained in situ until 48 hours postoperatively.

Outcomes

Outcomes reported: number of participants receiving allogeneic blood transfusion, postoperative
haemoglobin concentrations, postoperative blood loss, wound infection, allergic reaction, deep vein
thrombosis, minor bleeding, major bleeding, neural deficiencies, arterial embolism, number of red
blood cell units used

Notes

Transfusion protocol: transfusion was indicated in any participant with signs of anaemia, defined as
vertigo, nausea, vomiting, hypotension (systolic blood pressure <100 mmHg), tachycardia (heart rate >
100 beats per minute) or haemoglobin concentration <8 g/dL.

Prospective registration status: the study was not prospectively registered on a trials registry.

Ethical approval: the study was approved by the Institutional Review Board for the Department of Or-
thopaedic Surgery, Academic Teaching Hospital, Medical University of Innsbruck, Feldkirch, Austria.

Language of publication: English
Trial funding: not reported

Conflicts of interest: each author certifies that he or she, or a member of his or her immediate fam-
ily, has no funding or commercial associations (e.g. consultancies, stock ownership, equity interest,
patent/licencing arrangements, etc.) that might pose a conflict of interest in connection with the sub-
mitted article.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomised using sealed envelopes, each given an assigned
code. Even number codes were allocated to Group A and odd-numbered codes
were allocated to Group B. Envelopes were opened in the operating room
shortly before the start of surgery.
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Allocation concealment Low risk Allocation was performed by a single, blinded, independent individual using

(selection bias) anonymous codes

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: signs of anaemia (vertigo, nausea, vomiting,

and personnel (perfor- hypotension (systolic blood pressure < 100 mmHg, tachycardia > 100 beats/

mance bias) minute) or a haemoglobin level < 8 g/dL).

Subjective: transfusion

protocol

Blinding of participants Low risk Participants were not blinded to treatment postoperatively. Personnel were

and personnel (perfor- not blinded to treatment allocation.

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

if reported in future publications)

Blinding of outcome as- Unclear risk Intraoperative staff unblinded - may affect outcomes such as blood loss. Not

sessment (detection bias) clear if postop staff responsible for recording also unblinded, but presum-

Subjective outcomes ably they were - may affect recording of adverse events which are not well de-
scribed or defined

Incomplete outcome data  Low risk Low dropout rate (< 10%) and balanced between groups. Although reason for

(attrition bias) missing data not provided, there were only 140/151 participants with results,

All outcomes but roughly equal loss in both arms - 6 lost from intervention arm and 5 lost
from control arm, so this proportion may not introduce significant bias. Rea-
sons given for exclusion of randomised participants: (1) lack of data (six par-
ticipants), (2) technical problems with the retransfusion system (four partici-
pants), and (3) acute intraoperative renal failure (one participants).

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare. Specific pri-

porting bias) mary / secondary outcomes are not clear from text. No clear data presented
for whether there was a decreased postoperative infection rate with the use of
an autologous transfusion system. Data clearly presented for ABT requirement
and Hb levels after salvaged blood administration. Authors also provide a P
value for blood loss but these data are not presented anywhere in the paper.

Other bias Low risk Each author certifies that he or she, or a member of his or herimmediate fam-
ily, has no funding or commercial associations (e.g. consultancies, stock own-
ership, equity interest, patent/licencing arrangements, etc.) that might pose a
conflict of interest in connection with the submitted article.

Clagett 1999
Study characteristics
Methods Design: RCT, parallel two-arm, multi-centre study. Each participating hospital was part of a single uni-
versity teaching hospital.
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Setting: three sites of a single university teaching hospital, Dallas, TX, USA
Recruitment: September 1996 to December 1997

Maximum follow-up: duration of hospital stay

Participants 100 participants undergoing aortic surgery were randomly allocated to one of two groups:

Intraoperative autotransfusion group (Cell salvage/intervention group): N =50. M:F 41:9. Mean (SD)
age 63 (11.0). Mean (SD) weight 77 (15) kg.

Control group (Control/no cell salvage group): N =50. M:F 43:7. Mean (SD) age 65 (9.0). Mean (SD)
weight 79 (15) kg.

There was a between-group difference in renal insufficiency, measured by serum creatinine level, pre-
operatively.

Interventions Intraoperative autotransfusion group (Cell salvage/intervention group): intraoperative autotrans-
fusion group had their blood processed by either a Cell Saver 3 Plus or Cell Saver 5 device. Both sys-
tems consist of polyvinyl aspiration tubing with a separate channel for introducing small amounts of
heparinised saline solution to anticoagulate aspirated blood, a plastic cardiotomy reservoir with mi-
croaggregate filter, a continuous flow, disposable washing bowl driven by a centrifuge, and a transfu-
sion setup that consists of a plastic transfer pack passed to the anaesthesiologist for administration.
The maximum allowable amount of IAT-PRBCs [intraoperative autotransfusion packed red blood cells]
administered to a single patient was 1500 mL.

Control group (Control/no cell salvage group): control group did not receive autotransfusion.

Outcomes Primary outcomes: total amount of allogeneic blood transfusion per participant during the period of
hospitalisation, and the proportion of participants in whom allogeneic blood was not transfused

Secondary outcomes: blood loss, hospital length of stay, intensive care unit (ICU) length of stay, mor-
bidity and mortality

Notes Transfusion protocol: intraoperative transfusion for haemodynamic instability and/or Hb <10 g/dL
(Hct <30%), and postoperative transfusion for Hb <8 g/dL (Hct < 25%), or Hb between 8 and 10 g/dL
(Hct, 25% to 30%) for those with compromised cardiopulmonary status.

Prospective registration status: the study was published prior to 2010.

Ethical approval: the protocol was approved by the University of Texas Southwestern Medical Center
Institutional Review Board and the Human Studies Committee of the Dallas Department of Veterans Af-
fairs (VA) Medical Center.

Language of publication: English
Trial funding: not reported

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomised by means of a drawing of sealed envelopes that contained pre-
tion (selection bias) scriptions for either intraoperative autotransfusion (IAT) or control therapy.
Allocation concealment Unclear risk Randomised by means of a drawing of sealed envelopes that contained pre-
(selection bias) scriptions for either IAT or control therapy; not known whether envelopes
opaque
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Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: intraoperative transfusion for haemodynam-

and personnel (perfor- ic instability and/or Hb <10 g/dL (Hct <30%), and postoperative transfusion

mance bias) for Hb <8 g/dL (Hct <25%), or Hb between 8 and 10 g/dL (Hct, 25% to 30%) for

Subjective: transfusion those with compromised cardiopulmonary status.

protocol

Blinding of participants High risk Unblinded study: high risk for some outcomes (blood loss and wound compli-

and personnel (perfor- cation). Authors note that it "is possible that there were sources of bias that

mance bias) may have influenced outcomes. If so, it is likely to have favored the use of IAT.

Subjective: all other out- Surgeons and anesthesiologists were accustomed to using IAT during aortic

comes surgery at our institution, and some were initially reluctant to randomize pa-
tients. An early concern was that anesthesiologists would be more likely to ad-
minister allogeneic blood to control patients simply because the IAT device
was absent."

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- High risk Unblinded study: high risk for some outcomes (blood loss and wound compli-

sessment (detection bias) cation). Authors note that it "is possible that there were sources of bias that

Subjective outcomes may have influenced outcomes. If so, it is likely to have favored the use of IAT.
Surgeons and anesthesiologists were accustomed to using IAT during aortic
surgery at our institution, and some were initially reluctant to randomize pa-
tients. An early concern was that anesthesiologists would be more likely to ad-
minister allogeneic blood to control patients simply because the IAT device
was absent."

Incomplete outcome data  Low risk All participants randomised are accounted for in the reported outcomes: 100

(attrition bias) enroled, 100 analysed. Unclear if this was total randomised, but suspect so

All outcomes due to the reporting of exclusions.

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk Some baseline imbalance (renal insufficiency), unclear how that may impact

outcomes. Funding and conflicts not reported

Dalrymple-Hay 1999

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Southampton, Hampshire, UK

Recruitment: recruitment and study dates not reported

Maximum follow-up: duration of hospital stay
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Dalrymple-Hay 1999 (Continued)

Participants 112 participants undergoing cardiac surgery were randomised to one of two groups:
Group A (Cell salvage/intervention group): N = 56. M:F 36:20. Mean (SD) age 67.4 (9.0)

Group C (Control/no cell salvage group): N =56. M:F 41:15. Mean (SD) age 65.3 (10.5)

Interventions Group A (Cell salvage/intervention group): cell salvage group were transfused with washed postopera-
tive drained blood processed by a Fresenius Continuous Autotransfusion System (C.AT.S).

Group C (Control/no cell salvage group): control group received usual care management without auto-
transfusion.

Outcomes Outcomes reported: amount of allogeneic blood transfused, number of participants transfused allo-
geneic blood, mortality, re-operation for bleeding, blood loss, coagulopathy, Hb levels

Notes Transfusion protocol: participants were transfused allogeneic RBCs intraoperatively if the haemoglo-
bin level was < 7.0g/dL. Postoperatively participants were transfused allogeneic RBCs if the haemoglo-
bin level was <10.0 g/dL.

Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by an ethics committee.
Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Participants were randomised using a binary random number table

tion (selection bias)

Allocation concealment Unclear risk Method used to conceal treatment allocation was not described.
(selection bias)

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place; < 0.2 during cardiopulmonary bypass, banked
and personnel (perfor- blood was transfused in both groups if the Hb fell to < 7 g/dL

mance bias)

Subjective: transfusion

protocol

Blinding of participants Unclear risk No info on blinding. Re-operation and length of stay not clearly defined
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)
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Dalrymple-Hay 1999 (Continued)
Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- Unclear risk No info on blinding. Re-operation and length of stay not clearly defined
sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Unclear risk The number analysed is not reported: 112 randomised; unclear analysis N - ap-

(attrition bias)

pears to be calculated based on the number who received blood (for volume

All outcomes transfused). But very unclear

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk No baseline imbalance noted. Funding and conflicts not reported

Damgaard 2006

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study
Setting: university teaching hospital, Copenhagen, Denmark
Recruitment: September 2003 to October 2004 (study dates)

Maximum follow-up: 31 days postoperatively

Participants

60 participants undergoing 'off-pump' coronary artery bypass surgery were randomly allocated to one
of two groups:

Cell saver group (cell salvage/intervention group): N =30. M:F 11:19. Mean (IQR) age 77 (74 to 79)
Control group (control/no cell salvage): N = 30. M:F 14:16. Mean (IQR) age 76 (70 to 79)

There was no difference in baseline characteristics.

Interventions

Cell saver group (cell salvage/intervention group): cell salvage group (Medtronic Autolog system) re-
ceived intraoperative autotransfusion. Immediately after surgery, the suctioned blood was processed
by the cell saver device and autotransfused before the participant was transferred to the intensive care
unit (ICU).

Control group (control/no cell salvage group): control group had their intraoperative suctioned blood
discarded.

NB: the cell saver reservoir with a 40 um filter was used in the ICU for mediastinal drained blood collec-
tion and for postoperative autotransfusion in both groups. A maximum of 12 hours of postoperative un-
washed autotransfusion from the drains was routine practice.

Outcomes Outcomes reported: amount of allogeneic blood transfused, number of patients transfused allogeneic
blood, blood loss, Hb levels, adverse events, costs

Notes Transfusion protocol: both groups received allogeneic blood transfusion when indicated and when
drain blood volumes in the reservoir were inadequate for autotransfusion. Indication for RBC transfu-
sion was the usual guidelines of the department: haemoglobin below 6.0 mmol/L and/or haematocrit
below 30%.
Prospective registration status: the study was published prior to 2010.
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Damgaard 2006 (Continued)

Ethical approval: the study was approved by an ethics committee.

Language of publication: English

Trial funding: H:S Copenhagen Hospital Corporation

Conflicts of interest: none reported

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described: randomly

tion (selection bias) allocated 1:1

Allocation concealment Low risk 60 sealed and opaque envelopes numbered in sequence randomly allocating

(selection bias) 1:1, 30 participants to the study (cell saver) group and 30 to the control group

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: both groups received allogeneic blood transfu-

and personnel (perfor- sion when indicated and when drain blood volumes in the reservoir were in-

mance bias) adequate for autotransfusion. Indication for RBC transfusion was the usual

Subjective: transfusion guidelines of the department: haemoglobin below 6.0 mmol/L and/or haemat-

protocol ocrit below 30%.

Blinding of participants Low risk The surgical and anaesthetic team were blinded during the operation, but not

and personnel (perfor- after. However, the ICU and ward personnel were not informed about which

mance bias) procedure had been performed. Wouldn't affect clinical decision-making dur-

Subjective: all other out- ing the operation

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Low risk The surgical and anaesthetic team were blinded during the operation, but not

sessment (detection bias) after. However, the ICU and ward personnel were not informed about which

Subjective outcomes procedure had been performed. Wouldn't affect clinical decision-making dur-
ing the operation

Incomplete outcome data  Low risk All participants randomised are accounted for in the reported intention-to-

(attrition bias) treat analysis. According to intention-to-treat principles, they were kept in the

All outcomes study analysis.

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Low risk No baseline imbalance noted. Funding and conflicts reported
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Davies 1987

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study
Setting: private hospital, Melbourne, Victoria, Australia
Recruitment: recruitment and study dates not reported

Maximum follow-up: 35 days postoperatively

Participants

50 participants undergoing aortic surgery were randomly allocated to one of two groups:

Group A (Cell salvage/intervention group): N = 25. M:F 21:4. Mean (SD) age 68 (8.0). Mean (SD) weight 69
(11) kg.

Group H (Control/no cell salvage): N = 25. M:F 22:3. Mean (SD) age 70(8.0). Mean (SD) weight 69 (12) kg.

There were no differences reported between groups at baseline.

Interventions

Group A (Cell salvage/intervention group): cell salvage group (Sorenson autotransfusion system) had
their blood loss from the surgical site suctioned into the Sorenson receptacle device and then retrans-
fused at the time of surgery. Additional blood loss which could not be collected was replaced accord-
ing to haematocrit levels, 3.5% polygeline being given if the haematocrit was above 30% and allogene-
ic blood if the haematocrit was below 30%. The collected blood was anticoagulated with an acid cit-
rate dextrose solution and administered via a burette at a rate of 70 mL for every 430 mL of autologous
blood collected. The scavenged blood was collected in a 1900 mL sterile disposable Sorenson recep-
tal ATS trauma liner contained within the rigid reusable receptal canister. When approximately 1 litre of
autologous blood had been scavenged, the liner was removed and this blood then administered to the
participants after being filtered through a Pall 40 um filter.

Group H (Control/no cell salvage): intraoperative blood loss was replaced with either 3.5% polygeline
or allogeneic blood according to the measured Hct. If the Hct was above 30%, polygeline was used; if
the Hct was below 30%, allogeneic blood was administered.

Outcomes Outcomes reported: amount of blood re-transfused from the cell saver, amount of allogeneic blood
transfused, number of participants transfused allogeneic blood, mortality, re-operation for bleeding,
haemodialysis, blood loss, coagulopathy, Hb levels, organisms cultured from autologous versus allo-
geneic blood

Notes Transfusion protocol: participants received allogeneic RBC transfusion if the haematocrit level fell be-
low 30%.

Prospective registration status: the study was published prior to 2010.

Ethical approval: the study was approved by the research ethics committee of St. Vincent's Hospital.
Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.

tion (selection bias)

Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.

(selection bias)
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Davies 1987 (Continued)

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol:

and personnel (perfor-

mance bias) Participants received allogeneic RBC transfusion if the haematocrit level fell
Subjective: transfusion below 30%.

protocol

Blinding of participants High risk No info on blinding - may impact clinical decision-making related to blood loss
and personnel (perfor- and decision to re-operate

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk The blinding status of outcome assessors was not described. No info on blind-
sessment (detection bias) ing - may impact clinical decision-making related to blood loss and decision to
Subjective outcomes re-operate, and when to transfuse

Incomplete outcome data  Unclear risk The total number of participants contributing to the outcome measures is not
(attrition bias) reported; no info on patient flow

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk No baseline imbalance noted. Funding and conflicts not reported

Djurasovic 2018

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study
Setting: specialist spinal surgery hospital, Louisville, KY, USA
Recruitment: October 2011 to October 2013 (study dates)

Maximum follow-up: 7 days postoperatively

Participants

115 participants over 18 years of age undergoing 2- or 3-level lumbar decompression and fusion be-
tween L1-S1 through a posterior-only approach were randomised to either cell saver or no cell saver
groups:

Cell Saver group: N =58 following randomisation; however, 10 were subsequently lost to follow-up
and so 48 were available for analysis. Mean (SD) age was 62.9 (10.6). M:F 20:28. Mean (SD) BMI 32.1 (6.7).

No cell saver group: N = 57 following randomisation; however, 10 were lost to follow-up and so 47
were available for analysis. Mean (SD) age was 61.8 (11.4). M:F 17:30. Mean (SD) BMI 32.4 (8.3).
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The reasons for loss to follow-up following randomisation are due to participant withdrawal from the
study (n =2 per arm), a change in surgical approach from posterior-only (n =3 per arm) and single level
decompression and fusion only (n =5 per arm).

There were no differences between groups at baseline.

Interventions

Cell Saver group: Cell Saver group received cell salvage intraoperatively and had salvaged blood
processed and returned to them intraoperatively.

No cell saver group: the no Cell Saver group received standard care without the use of a cell saver or
autotransfusion.

Cochrane Database of Systematic Reviews

Outcomes Outcomes reported: postoperative haemoglobin concentration, postoperative haematocrit concen-
tration, need for allogeneic transfusion, cost difference between the groups
Notes Transfusion protocol: transfusion was at the discretion of the treating clinician but was generally trig-
gered at Hb <8 g/dL associated with hypotension, tachycardia, or existing cardiac disease.
Prospective registration status: the study was prospectively registered on a trial registry
(NCT01453309).
Ethical approval: the study was approved by the institutional review board for Norton Leatherman
Spine Centre, Louisville, Kentucky, USA.
Language of publication: English
Trial funding: authors report multiple funding sources (OREF, Norton Healthcare, Scoliosis Research
Society (SRS), Pfizer, Integra, and IntelliRod, Nuvasive, Medtronic)
Conflicts of interest: authors consult for Nuvasive and Medtronic
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Participants were randomised to one of two groups using stratified block ran-
tion (selection bias) domisation in blocks of 6 to account for the varying number of lumbar levels
being operated on. Randomisation was performed using sealed envelopes.
Allocation concealment Low risk There is low risk that allocation sequence was revealed or could be anticipat-
(selection bias) ed using the randomisation method described: sealed envelopes used to con-
ceal allocation - whoever was responsible for allocating (authors do not state
whether it was done centrally or not) could not foresee what the next alloca-
tion would be using this method. Envelopes not described as opaque, but not
an issue in this case
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants High risk Transfusion 'protocol' outlined; however, significant possibility of be-
and personnel (perfor- tween-subject variability: "Need for allogeneic blood transfusion was left to
mance bias) the discretion of the treating surgeon, but was generally triggered by a Hb of
Subjective: transfusion <8.0 g/L." Potential for variability of transfusion threshold in this study, which
protocol will affect measurement of this outcome.
Blinding of participants High risk Remaining outcomes at high risk of bias, surgeons not blinded to treatment
and personnel (perfor-
mance bias)
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Djurasovic 2018 (Continued)
Subjective: all other out-
comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk Authors state that postoperative allogeneic transfusion requirement was left

sessment (detection bias) to discretion of treating surgeon but generally triggered if <8.0 g/dL. It is not

Subjective outcomes clear whether the surgeon was responsible for administering ABT several days
post-procedure, or if patient care would have been handed over to a different
team.

Incomplete outcome data  Low risk Authors provide a breakdown (CONSORT chart) of exclusions and number

(attrition bias) analysed so all participants initially randomised are accounted for. Following

All outcomes randomisation, 10 participants were lost from each arm of the trial due to par-
ticipant withdrawal or surgical factors that subsequently met the exclusion cri-
teria. Overall, the number of participants in each arm remained sufficient ac-
cording to the a priori sample size calculation.

Selective reporting (re- Low risk A prospectively registered trial protocol is available with the planned primary

porting bias) and secondary outcomes listed. All primary and secondary outcomes are re-
ported.

Other bias Unclear risk Authors work with Medtronic - one holds patent with Medtronic who sell Cell
Saver device. Authors do not clearly state the brand / manufacturer of the Cell
Saver used in this study. Possible conflict of interest.

Dramis 2006
Study characteristics
Methods Design: RCT, parallel two-arm design

Setting: speciality orthopaedic hospital, Birmingham, West Midlands, UK
Recruitment: consecutive 30-day period, dates not specified

Maximum follow-up: 4 days postoperatively

Participants

49 participants undergoing primary unilateral total knee arthroplasty were randomly allocated to one
of two groups:

Group A (Cell salvage/intervention group): N = 32. M:F 11:21. Mean (range) age 69 (49 to 83)
Group B (Control/no cell salvage group): N =17. M:F 4:13. Mean (range) age 72 (62 to 91)

There was no difference in preoperative haemoglobin concentrations between groups.

Interventions

Group A (Cell salvage/intervention): cell salvage group (CellTrans system) had their drained blood fil-
tered through a 40 um filter before being reinfused. Before closure of the wound, two drainage tubes
were inserted. The tubes were connected through a Y-connector to the CellTrans assembly which con-
tains two transfusion bags. The clamps remained closed for 20 minutes after the wound had been
closed off. The drainage was started in the recovery room and collected for 6 hours or until 600 mL of
blood had accumulated at which point reinfusion took place. Collection up to a maximum of 12 hours -
thereafter the blood collected in the drains was discarded.
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Dramis 2006 (Continued)

Group B (Control/no cell salvage group): control group received a standard vacuum drain (Redivac high
vacuum drainage system). Drains were removed routinely at 48 hours. Contents were discarded.

Outcomes Outcomes reported: number of participants transfused allogeneic blood, amount of allogeneic blood
transfused, Hb levels, cost
Notes Transfusion protocol: the trigger for transfusing allogeneic blood was a postoperative haemoglobin
level of <9.0 g/dL or clinical symptoms of anaemia.
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is not clear whether the study was approved by an ethics committee or instruction-
al review board.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.
tion (selection bias)
Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.
(selection bias)
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol in place: "The trigger for transfusing allogeneic blood
and personnel (perfor- was a postoperative Hb of <9.0 g/dL or clinical symptoms of anaemia."
mance bias)
Subjective: transfusion
protocol
Blinding of participants Low risk No info on blinding - may impact clinical decision-making but not for our out-
and personnel (perfor- comes (low risk related to transfusion protocol)
mance bias)
Subjective: all other out-
comes
Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- Low risk No info on blinding - may impact clinical decision-making but not for our out-
sessment (detection bias) comes (low risk related to transfusion protocol)
Subjective outcomes
Incomplete outcome data  High risk Cross-over of participants within trial without ITT analysis: 7 participants ini-
(attrition bias) tially allocated to group B received autotransfusion drain and were included in
All outcomes group B
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Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk Funding and conflicts of interest not reported

Dutton 2012

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre feasibility study
Setting: university teaching hospital, Coventry, Warwickshire, UK
Recruitment: January 2009 to July 2009
Maximum follow-up: 48 hours postoperatively

Participants 48 participants scheduled for elective total knee replacement were randomised to one of two treat-
ment arms:

Retransfusion drain group (Cell salvage/intervention group)N = 23. Mean (range) age 68.7 (56 to 84).
M:F 10:13.

No drain group (Control/no cell salvage group): N = 25. Mean (range) age 70.5 (56 to 95). M:F 10:15.
The study does not report whether there were any differences between groups at baseline.

Interventions Retransfusion drain group (Cell salvage/intervention group): participants in the retransfusion drain
group received a Bellovac Autologous Blood Transfusion ((ABT) Astra Tech, Molndal, Sweden) drain at
the time of wound closure. The drain collects blood from the operative site postoperatively. Salvaged
blood is transferred to a transfusion bag via a 200 mm filter prior to retransfusion. Drains were opened
20 minutes after tourniquet release and allowed to drain for 6 hours. Salvaged blood was retransfused
if >80 mL was collected. Drains were removed after 6 hours.

No drain group (Control/no cell salvage group): participants in the control group did not receive a
drain.

Outcomes Outcomes reported: postoperative haemoglobin concentration at 48 hours, complications and ad-
verse events, number of participants requiring allogeneic transfusion, number of allogeneic units
transfused

Notes Transfusion protocol: a transfusion threshold was not used. The decision to transfuse allogenic blood
was left to the independent clinical teams as per their normal practice.
Prospective registration status: the study was not prospectively registered on a trials registry. The
study was performed as a pilot study, for which registration is not required.
Ethical approval: the study was approved by the local research ethics committee for University Hospi-
tals Coventry and Warwickshire.
Language of publication: English
Trial funding: not reported
Conflicts of interest: no competing interests declared

Risk of bias

Bias Authors' judgement  Support for judgement
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Dutton 2012 (Continued)

Random sequence genera-  Low risk Participants were randomised to the Retransfusion Drain or No Drain groups
tion (selection bias) by means of a computer-generated random sequence generated prior to com-
mencement of the study
Allocation concealment Low risk Sequentially-numbered, sealed, opaque envelopes used during the randomi-
(selection bias) sation process and allocation to study arm was only revealed at the point in
the operation at which a drain would be inserted.
Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding.
and personnel (perfor-
mance bias)
Objective outcome: mor-
tality
Blinding of participants High risk No transfusion protocol in place: decision to transfuse allogenic blood was left
and personnel (perfor- to the independent clinical teams as per their normal practice.
mance bias)
Subjective: transfusion
protocol
Blinding of participants High risk Each surgeon followed their normal clinical practice and were unblinded to
and personnel (perfor- group allocation
mance bias)
Subjective: all other out-
comes
Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- High risk Each surgeon followed their normal clinical practice and were unblinded to
sessment (detection bias) group allocation; no other statement regarding outcome assessors
Subjective outcomes
Incomplete outcome data  Low risk All participants recruited to the study and randomised were accounted for at
(attrition bias) follow-up and within the outcomes reported, no apparent loss to follow-up,
All outcomes but no breakdown presented
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias High risk Significant protocol deviations with regard to re-transfusion of blood. Raises
suspicion of trial conduct. Declared no competing interests
Ekback 1995
Study characteristics
Methods Design: RCT, parallel three-arm, single-centre study
Setting: university teaching hospital, Orebro, Sweden
Recruitment: recruitment and study dates not reported
Maximum follow-up: 7 days postoperatively
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Ekback 1995 (continued)

Participants

45 participants undergoing total hip arthroplasty were randomly allocated to one of three groups:
Group 1 (Control/no cell salvage group): n =15

Group 2 (Cell salvage/intervention group): n =15

Group 3 (Autologous pre-donation plus cell salvage group): n=15

Demographic data were not reported; however, the authors state that there were no differences be-
tween groups with regard to demographic data. Participants in Groups 2 and 3 had significantly higher
blood volume than those in Group 1.

Interventions

Group 1 (Control group/no cell salvage): blood loss was replaced with heterologous erythrocyte con-
centrate (SAGM-ERC) and 3% dextran 60 in a ratio of 1:1. If necessary, additional SAGM-ERC was trans-
fused to correct erythrocyte volume fraction (EVF) > 27%.

Group 2 (Cell salvage/intervention group): blood loss was replaced with 3% dextran and by autotrans-
fusion of washed and haemoconcentrated blood salvaged by intraoperative suction and from wound
drains up to 4 hours postoperatively. Haemonetic Cell Saver 4, Althin model AT 1000, or Shiley/Dide-
co STAT were used. Blood was retrieved from the operation site by suction through a double lumen
catheter and was then anticoagulated with heparin (30,000 IU heparin in 1000 mL of physiological
saline). The blood was collected into a reservoir where a macrofilter removed debris. Thereafter, the
blood was pumped into a spinning centrifuge bowl (125 mL of blood) and washed with 1500 mL of
physiological saline. The erythrocytes were concentrated to an EVF of about 50% to 60% and pumped
into an infusion bag. The effluent containing platelets, free haemoglobin, and anticoagulants was dis-
posed. As in Group 1, additional SAGM-ERC was transfused to correct erythrocyte volume fraction (EVF)
>27%.

Group 3 (Autologous pre-donation plus cell saver group): blood loss was replaced with 3% dextran and
by autotransfusion of washed and haemoconcentrated blood salvaged by intraoperative suction and
from wound drains up to 4 hours postoperatively, as per the technique described for Group 2. Pre-do-
nated autologous SAGM-ERC was used instead of heterologous blood to maintain erythrocyte volume
fraction (EVF) > 27%. In 2 to 3 sessions within 6 weeks prior to the operation, 2 to 3 units of SAGM-ERC
had been withdrawn. If necessary, heterologous SAGM-ERC was used if transfusion of all pre-donated
autologous blood failed to maintain EVF > 27%.

Outcomes Outcomes reported: amount of allogeneic blood transfused, amount of autologous blood transfused,
number of participants transfused allogeneic blood, complications, adverse events

Notes Transfusion protocol: participants were transfused allogeneic blood to maintain the erythrocyte vol-
ume fraction (EVF) > 27%.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by the local hospital ethics committee.
Language of publication: English
Study groups: for the purposes of our review, Group 2 was used as the cell salvage/intervention group,
while Group 1 was used as the control/no cell salvage group.
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described

tion (selection bias)
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Ekback 1995 (continued)

Allocation concealment
(selection bias)

Unclear risk

Method used to conceal treatment allocation was unclear

Blinding of participants
and personnel (perfor-
mance bias)

Objective outcome: mor-
tality

Low risk

No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of participants
and personnel (perfor-
mance bias)
Subjective: transfusion
protocol

Low risk

Transfusion protocol: "additional heterologous SAGM-ERC was transfused to
maintain EVF > 27%"

Blinding of participants
and personnel (perfor-
mance bias)

Subjective: all other out-
comes

High risk

No info on blinding - may impact clinical decision-making related to blood loss

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk

No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of outcome as-
sessment (detection bias)
Subjective outcomes

High risk

No info on blinding - may impact clinical decision-making related to blood loss

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

No info on participant flow; 15 per group (45 total) at baseline, but unclear
whether all were analysed

Selective reporting (re-
porting bias)

Unclear risk

No trial registration or published protocol is available to compare

Other bias

High risk

Funding and conflicts not reported. Some baseline imbalance: "Due to the
small group sizes in our study, well balanced groups could not be achieved; a
lower preoperative calculated blood volume in group I (Table 1); a higher pre-
operative APTT (within normal values) in group 2 ( Table 2); a lower preoper-
ative R 1 (within normal values) in group 2 (Fig. (3 patients had Rl < 15%/min)
were found."

Elawad 1991

Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study
Setting: university teaching hospital, Malmo, Sweden
Recruitment: recruitment and study dates not reported
Maximum follow-up: 24 hours postoperatively
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Elawad 1991 (Continued)

Participants

40 participants undergoing primary total hip arthroplasty were randomly allocated to one of two
groups:

Autologous group (Cell salvage/intervention group): N =20. M:F 9:11. Mean (range) age 68 (59 to 89)
Homologous group (Control/no cell salvage group): N = 20. M:F 8:12. Mean (range) age 74 (48 to 89)

The authors do not state whether there were any between-group differences at baseline.

Interventions

Autologous group (Cell salvage/intervention group): cell salvage group received autologous blood
processed intraoperatively by a cell saver device (Electromedic Autotrans AT1000 autotransfusion sys-
tem). Blood was retrieved from the operative field with a double lumen suction catheter. The blood was
immediately anticoagulated with sodium citrate. Larger debris was removed by a 240 pum filter in the
cardiotomy reservoir. The filtered blood was pumped into a bowl centrifuge and washed with 1500 mL
of saline. The supernatant was discarded. The erythrocyte concentrate was pumped into a reinfusion
bag and then reinfused into the patient.

Homologous group (Control/no cell salvage group): control group received allogeneic blood and no
autotransfusion.

Outcomes Outcomes reported: amount of allogeneic units transfused, number of participants receiving allo-
geneic blood, complications, blood loss

Notes Transfusion protocol: the indications for blood transfusion were the same in both groups. Intraopera-
tively, blood was given according to the anaesthetist’s decision. Postoperatively, a transfusion was giv-
en if the haemoglobin was < 85 g/L or if there were symptoms of anaemia.
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described
tion (selection bias)
Allocation concealment Unclear risk Does not state whether sealed envelopes are also opaque
(selection bias)
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants High risk Transfusion protocol in place but intraoperative transfusion according to clin-
and personnel (perfor- ician decision: intra-op high ROB as decided by the clinician. Transfusion pro-
mance bias) tocol post-op only: "The indications for blood transfusion were the same in
Subjective: transfusion both groups. Intraoperatively, blood was given according to the anesthetist’s
protocol decision. Postoperatively, a transfusion was given if the hemoglobin was < 85
g/L or if there were symptoms of anemia (Grindon et al. 1985)"
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Elawad 1991 (Continued)

Blinding of participants High risk Variable techniques for blood loss measurement; no description for other out-
and personnel (perfor- comes
mance bias)
Subjective: all other out-
comes
Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- High risk The blinding status of participants and personnel was not described but trans-
sessment (detection bias) fusion decisions according to clinician preference intraoperatively
Subjective outcomes
Incomplete outcome data  Low risk One participant was excluded due to logistical failures
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Unclear risk Baseline imbalance marginal (age range included younger patients in control
group but mean was similar). Funding and conflicts not reported
Eng 1990
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Leeds, Yorkshire, UK
Recruitment: recruitment and study dates not reported

Maximum follow-up: duration of hospital stay

Participants

40 participants (33 males and 7 females) undergoing elective coronary artery bypass surgery were ran-
domised to one of two groups:

Study group (Cell salvage/intervention group): N =20
Control group: N =20
Mean (range) age for both groups = 55.75 (33 to 69) years.

The authors report no differences in demographic data or pre-operative variables between the groups
at baseline.

Interventions

Study group (Cell salvage/intervention group): received postoperative autologous blood transfusion
(AT) using the Shiley hardshell venous reservoir. At the end of the operation in theatre, the chest drains
were connected to the Shiley hardshell venous reservoir using the Shiley drainage set. After the system
was primed and specimens obtained for haematological, biochemical, and bacteriological analyses,
transfusion of the shed blood was commenced, the rate depending on the amount of drainage, reinfus-
ing the previous hour's blood loss over the subsequent hour. At the end of 6 hours, the AT was discon-
tinued, and further specimens were obtained.
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Control group: participants were managed in the same manner without the use of autologous blood
transfusion.

Cochrane Database of Systematic Reviews

Outcomes Outcomes reported: amount of blood re-transfused from the cell saver, amount of allogeneic blood
transfused, number of participants transfused allogeneic blood, hospital length of stay, mortality,
blood loss, adverse events

Notes Transfusion protocol: allogeneic blood transfusion was used only when the haematocrit fell below
25%, haemoglobin below 9.0 g/dL or the blood loss exceeded 500 mL in the first 4 hours.

Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by the Hospital Ethics Committee.
Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described

tion (selection bias)

Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear

(selection bias)

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: blood was used only when the haematocrit fell

and personnel (perfor- below 25%, haemoglobin below 9 g/dL or the blood loss exceeded 500 mL in

mance bias) the first 4 hours

Subjective: transfusion

protocol

Blinding of participants High risk No mention of blinding of participants or personnel; may impact clinical deci-

and personnel (perfor- sion-making for blood loss and re-operation

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk No mention of blinding of participants or personnel; may impact clinical deci-

sessment (detection bias) sion-making for blood loss and re-operation

Subjective outcomes

Incomplete outcome data  Unclear risk No info on participant flow: 40 participants randomised, unclear how many

(attrition bias) were analysed. Likely that all 40 were, based on baseline characteristics men-

All outcomes tioned in the text (33M, 7F), but this is not clear
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Eng 1990 (Continued)

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk No baseline imbalance noted, though there is no breakdown of baseline char-
acteristics per group, so relying on their statement that groups were similar.
Funding and conflicts not reported

Feiner 2015

Study characteristics

Methods Design: RCT, parallel three-arm, single-centre study
Setting: university teaching hospital, San Francisco, CA, USA
Recruitment: May 2006 to April 2010
Maximum follow-up: none reported

Participants 91 participants aged between 16 and 75 years scheduled to undergo elective major spinal surgery
with surgical blood loss sufficient to require erythrocyte transfusion were randomised to one of three
groups:

Group 1 (Cell salvage/intervention group): N = 36. Mean (SD) age 57 (11). M:F 11:25. Mean (SD) BMI 30.2
(7).

Group 2 (Control/no cell salvage group): N = 18. Mean (SD) age 62 (8). M:F 2:16. Mean (SD) BMI 28.2 (5.6).
Group 3 (Control/no cell salvage group): unwashed stored allogeneic transfusion. N =23. Mean (SD) age
56 (12). M:F 9:14. Mean (SD) BMI 29.5 (7.1).

Some participants required transfusion prior to either the salvaged blood or allogeneic stored blood
being ready for transfusion. These participants either received fresh frozen plasma, whole blood,
washed or unwashed autologous erythrocytes.

10 of the 91 participants enroled pre-donated blood. This was used in case transfusion was required
prior to cell saved or allogeneic blood being available.

There were between-group differences in age and current tobacco use at baseline.

Interventions Group 1 (Cell salvage/intervention group): cell salvage group had cell salvage performed intraopera-
tively using Fresnius-Kabi Continuous AutoTransfusion System, Germany. Blood was collected from the
surgical field, processed and washed prior to autotransfusion.

Group 2 (Control/no cell salvage group): washed stored allogeneic transfusion

Group 3 (Control/no cell salvage group): unwashed stored allogeneic transfusion

Allocation to the above groups dictated the nature of the first transfusion that would be administered
to a participant.

Outcomes Outcomes reported: change in PaO2/FiO2 (partial pressure of oxygen in the arterial blood/fraction of
inspired oxygen (P/F)) ratio from before to after transfusion between groups, changes in the ratio of the
dead space (vd) ventilation to tidal volume (Vd/Vt) and Pa0O2 from before to after transfusion, rate of
acute lung injury

Notes Transfusion protocol: a transfusion protocol is not reported. Transfusion of stored erythrocytes was
permitted at the discretion of the anaesthesiologist.

Prospective registration status: the study was not prospectively registered with a trial registry.
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Ethical approval: the study was approved by the institutional review board of the University of Califor-
nia, San Francisco, CA, USA.

Language of publication: English

Study groups: for the purpose of our review, we considered Group 1 as the cell salvage/intervention
group. Groups 2 and 3 were considered the control/no cell salvage group.

Trial funding: multiple funding sources reported (Masimo, Inc. (Irvine, California), Bluepoint Medical
(Selmsdorf, Germany), Nonin Medical (Plymouth, Minnesota), CAS Medical Systems (Branford, Con-
necticut), Covidien (Minneapolis, Minnesota), Mespere LifeSciences (Waterloo, Ontario, Canada), Pacif-
ic Medico (Tokyo, Japan), Xhale Inc. (Gainesville, Florida), and Anamedical (Tel Aviv, Israel))

Conflicts of interest: potential conflict of interest reported - one author (RBW) consults for several or-
ganisations with an interest in red cell transfusion (U.S. Food and Drug Administration (Silver Spring,
Maryland)); National Heart, Lung, and Blood Institute/National Institutes of Health (Bethesda, Mary-
land); U.S. Department of Defense (Frederick, Maryland); and TerumoBCT (Lakewood, Colorado). He
has also consulted for Sangart (San Diego, California), OPK Biotech (Cambridge, Massachusetts), Hb02
Therapeutics (Souderton, Pennsylvania), and Octapharma USA (Hoboken, New Jersey).

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer-generated, sealed, opaque envelopes produced by the blinded
tion (selection bias) study statistician

Allocation concealment Low risk Computer-generated, sealed, opaque envelopes produced by the blinded
(selection bias) study statistician

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk No transfusion protocol in place: transfusion of stored erythrocytes was per-
and personnel (perfor- mitted at the discretion of the anaesthesiologist

mance bias)

Subjective: transfusion

protocol

Blinding of participants High risk No other clinical decisions were dictated by the research protocol

and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk Impact of trial protocols and status of outcome assessors unknown for out-
sessment (detection bias) comes relevant to this review as these aren't reported. This needs to be updat-
Subjective outcomes ed should these be reported subsequently

Incomplete outcome data  High risk Per-protocol analysis performed: a substantial number of participants re-

(attrition bias)
All outcomes

ceived an intervention different to the one assigned at randomisation. Follow-
ing randomisation, study groups were amended to account for a proportion
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Feiner 2015 (continued)

of participants who required transfusion prior to either the cell saved or allo-
geneic blood being ready for transfusion (N = 14). As a result, analysis was un-
able to account for the 91 participants randomised to the initial three groups
and the statistical analysis plan was changed from an ITT model to a per-pro-

tocol model.
Selective reporting (re- High risk A priori decisions stated in text are not supported by a published protocol. The
porting bias) initial trial was designed to test acute normovolaemic haemodilution. How-

ever, study authors report that due to a change in clinical practice, this was
changed following study commencement to test intraoperative cell salvage
versus allogeneic transfusion.

Other bias Unclear risk Funding reported (non-pharma), conflicts declared (related biotech compa-
nies and non-commercial organisations). Some baseline imbalance (age) ac-
cording to as-treated population, unclear of the impact of this. No information
on baseline imbalance according to initial randomisation

Galaal 2019 (TIC TOC)

Study characteristics

Methods Design: RCT, parallel two-arm, multicentre feasibility study
Setting: four UK NHS hospitals (3 university teaching hospitals, 1 district general hospital)
Recruitment: July 2016 to June 2018 (study dates)

Maximum follow-up: not reported

Participants Adult women requiring primary or interval surgery for suspected ovarian cancer (Figo Ill/IV or primary

peritoneal cancer) were randomised to one of the following two groups:

Intraoperative cell salvage (Cell salvage/intervention group)

Donor blood transfusion (Control/no cell salvage group)

The authors do not report a between-group comparison at baseline and no demographic data are pro-
vided.

Interventions Intraoperative cell salvage (Cell salvage/intervention group): intraoperative cell salvage was used to
salvage intraoperative blood, which was subsequently processed prior to autotransfusion. As cell saver
machines varied between participating sites, no specific device is named.

Donor blood transfusion (Control/no cell salvage group): participants in the donor blood group were
considered for transfusion according to clinical judgement and local hospital policy

Outcomes Outcomes reported: mortality, cancer recurrence, inadvertent visceral injury (bladder, bowel, ureters,
blood vessels, nerve), return to theatre within 48 hours, surgical site infection (see online supplemen-
tary appendix 4) within 30 days, thromboembolic complications (DVT, PE) within 30 days, number and
nature of adverse events, amount of donor blood given (total and < 24 hours postsurgery), length of
hospital stay, resource use, generic quality of life (QOL) measure: EQ-5D-5L, cancer-specific QOL mea-
sure: EORTC QLQ-C30 (Version 3.0) (confirmed cancer only), ovarian cancer QOL measure: EORTC QLQ-
0V28 (confirmed cancer only)

Notes Full results for this study are not available. We extracted data from a conference abstract; we extracted
methods from the published protocol and trial registration
Transfusion protocol: all sites followed a common intraoperative cell salvage protocol and donor
transfusion was considered during surgery in accordance with clinical judgement, guided by local hos-
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Galaal 2019 (TIC TOC) (continued)
pital policy. No further details with regards to the study's transfusion protocol or local hospital policy

are available.

Prospective registration status: the study was prospectively registered with a trials registry

(ISRCTN19517317).

Ethical approval: ethical approval was granted by the South West Exeter Research Ethics Committee

(ref: 16/SW/0256).

Language of publication: English

Trial funding: National Institute for Health Research (NIHR) Research for Patient Benefit (RfPB) pro-
gramme grant (PB-PG-1014-35005).

Conflicts of interest: none declared

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Patients will be randomised to either group using a web-based ran-

tion (selection bias) domisation system. Randomisation will be performed using random permuted
blocks of varying size in a 1:1 allocation ratio, stratified by study site. Randomi-
sation will be performed as close as possible to the time of surgery."

Allocation concealment Low risk Quote: "Randomisation will be achieved by means of a web-based system cre-

(selection bias) ated by the UK Clinical Research Collaboration-registered Peninsula Clinical
Trials Unit (CTU) in conjunction with the trial statistician, using random per-
muted blocks of varying size."

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk Transfusion according to local protocol but guided by clinical judgement

and personnel (perfor-

mance bias)

Subjective: transfusion

protocol

Blinding of participants High risk Surgeons, other theatre staff, and the person recording details of intraopera-

and personnel (perfor- tive blood transfusion or re-infusion could not be blinded in this study.

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk Quote: "The research nurse responsible for recording postoperative outcomes

sessment (detection bias) will

Subjective outcomes aim to remain blinded to treatment allocation." Unclear if this remained the
case

Incomplete outcome data  Unclear risk Protocol published and initial results presented as a conference abstract only

(attrition bias) with no information regarding patient flow.
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Galaal 2019 (TIC TOC) (continued)
All outcomes

Selective reporting (re- Unclear risk Protocol published, initial results presented as a conference abstract only
porting bias) (limited results reported)
Other bias Unclear risk Conference abstract only - does not comment on baseline characteristics or

funding. Authors state no conflicts of interest to disclose

Gannon 1991

Study characteristics

Methods Design: RCT, parallel two-arm, multicentre study
Setting: two university teaching hospitals, Columbus, OH, USA
Recruitment: January 1989 to April 1989

Maximum follow-up: 48 hours postoperatively

Participants 239 consecutive participants undergoing total knee replacement procedures were randomly assigned
to one of two groups:

Study group (Cell salvage/intervention group): N = 124. M:F 59:65. Mean age 65
Control group: N = 115. M:F 46:69. Mean age 69

The study does not comment on whether any between-group differences were presented at baseline.

Interventions Study group (Cell salvage/intervention group): the cell salvage group (Solcotrans autotransfusion sys-
tem) had their wounds drained into postoperative blood salvage canisters. There was a 6-hour total
time limit for collection and reinfusion of blood. Because 40 mL of citrate ACD-A was entered in each
Solcotrans canister prior to use, a minimum of 320 mL of blood and citrate volume was necessary be-
fore reinfusion to prevent citrate toxicity. If wound drainage was slow and an adequate volume had not
been collected before the 6-hour time limit, the canister and blood were discarded, and a standard col-
lection canister was attached to the drainage tube for the duration. If wound drainage was rapid, the
canister was allowed to fill completely (500 mL volume). The blood was then infused at an appropriate
rate as long as the 6-hour pre-canister limit was not exceeded. Another Solcotrans canister could then
be attached, beginning a new 6-hour time interval. Intraoperative blood salvage was not used.

Control group: the control group had their wounds drained into standard 400 mL suction canisters.
Autotransfusion was not performed.

Outcomes Outcomes reported: amount of blood re-transfused from the cell saver, number of participants trans-
fused allogeneic blood, adverse events

Notes Transfusion protocol: all participants whose postoperative haemoglobin value was <9.0 g/dL were
transfused allogeneic blood. The decision to transfuse patients with haemoglobin values > 9.0 g/dL
was made by the internist on the basis of each patient's medical condition.

Prospective registration status: the study was published prior to 2010.

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: English

Trial funding: not reported
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Gannon 1991 (Continued)

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement

Support for judgement

Random sequence genera-  Low risk
tion (selection bias)

A computer-generated random number list was used pre-operatively to assign
participants to either intervention or control.

Allocation concealment Unclear risk
(selection bias)

Method used to conceal treatment allocation was unclear

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol: all patients whose postoperative haemoglobin value
and personnel (perfor- was <9.0 g/dL were transfused allogeneic blood. The decision to transfuse pa-
mance bias) tients with haemoglobin values > 9.0 g/dL was made by the internist on the ba-
Subjective: transfusion sis of each patient's medical condition

protocol

Blinding of participants Unclear risk The blinding status of participants and personnel was not described.

and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

if reported in future publications)

Blinding of outcome as- Unclear risk
sessment (detection bias)
Subjective outcomes

The blinding status of participants and personnel was not described.

Incomplete outcome data  Unclear risk
(attrition bias)
All outcomes

No information on participant flow. The total number of participants con-
tributing to the outcome measures is not reported

Selective reporting (re- Unclear risk
porting bias)

No trial registration or published protocol is available to compare

Other bias Unclear risk No baseline characteristics provided per group. Funding and conflicts not re-
ported
Goel 2007
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: specialist cardiothoracic surgery hospital, Amritsar, Punjab, India
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Goel 2007 (continued)

Recruitment: March 2004 to June 2004

Maximum follow-up: 5 days postoperatively

Participants

50 participants undergoing 'off-pump’ first-time CABG were randomised to one of two groups:
Group C (Cell saver/intervention group): N =24. M:F 21:3. Mean (SD) age 58.2 (8.7)

Group N (Control/no cell saver group): N =25. M:F 21:4. Mean (SD) age 61.9 (10.0)

There were no between-group differences at baseline.

NB: one participant in the autotransfusion group (intervention group) was excluded from the final
analysis due to conversion to cardiopulmonary bypass (‘on-pump’).

Interventions

Group C (Cell saver/intervention group): the cell salvage group (Dideco autotransfusion system) had all
intraoperative shed blood collected from the time of incision until skin closure. Blood was aspirated us-
ing a single lumen, high-pressure suction cannula flushed with heparinised saline and collected in the
reservoir of the cell saver device. The collected blood was then subjected to washing and centrifuga-
tion. The processed red blood cells were collected in sterile blood bags and were made available to the
anaesthetic staff for autotransfusion.

Group N (Control/no cell saver group): the control group had their intraoperative shed blood discard-

ed.

Outcomes Outcomes reported: amount of allogeneic blood transfused, volume of blood re-transfused from the
cell saver, blood loss, adverse events

Notes Transfusion protocol: the indication for allogeneic blood transfusion in the intraoperative period
was a haemoglobin level <9.0 g/dL or a haematocrit level <27%. In the autotransfusion group, all the
processed red blood cells collected during surgery were re-transfused as required. Banked allogeneic
blood was used only if the haemoglobin level remained < 9.0 g/dL despite autotransfusion.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by the hospital ethics committee.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.

tion (selection bias)

Allocation concealment Unclear risk Sealed envelopes were used to conceal treatment allocation. It is not known

(selection bias) whether they were opaque.

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: "The threshold for blood transfusion in both the

and personnel (perfor- groups was haemoglobin <9 g d either during the procedure or at any time in

mance bias) the postoperative period"
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Goel 2007 (continued)
Subjective: transfusion

protocol

Blinding of participants Unclear risk The blinding status of participants and personnel was not well described.
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- Unclear risk The blinding status of participants and personnel was not well described.
sessment (detection bias)
Subjective outcomes

Incomplete outcome data  Low risk One participant was excluded for clinical reasons: "Of the 50 participants, 49
(attrition bias) completed the study."
All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk No baseline imbalance noted. Funding and conflicts not reported
Gabel 2013a

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Gothenburg, Sweden
Recruitment: recruitment and study dates not reported

Maximum follow-up: 24 hours postoperatively

Participants 34 participants undergoing elective CABG for stable angina were randomised to one of two groups:

Retransfusion group (Cell salvage/intervention group): N = 15. Mean (SD) age 66 years (8). M:F 11:4.
Mean (SD) BMI 27 (4).

No retransfusion group (Control/no cell salvage group): N = 15. Mean (SD) age 66 years (8). M:F 12:3.
Mean (SD) BMI 27 (4).

There was between-group difference in time spent on the Extracorporeal Circuit (ECC).

Interventions Retransfusion group (Cell salvage/intervention group): all cardiotomy suction blood was collected in
a separate closed uncoated cardiotomy reservoir. Participants in intervention group had re-transfusion
of cardiotomy suction blood (no processing) prior to weaning from cardiopulmonary bypass (CPB).

No re-transfusion group (Control/no cell salvage group): all cardiotomy suction blood was collected in
a separate closed uncoated cardiotomy reservoir.

Participants in the control group were randomised to no re-transfusion of cardiotomy suction blood
prior to weaning from CPB.
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Gabel 2013a (continued)

Outcomes Outcomes reported: postoperative bleeding, amount of transfused red cells, amount of transfused
plasma, amount of transfused platelets, MACE as defined by myocardial infarction or any other evi-
dence of thrombotic event

Notes Transfusion protocol: red blood cell transfusions were given when blood haemoglobin levels de-
creased to <80 g/L or if the patient had symptomatic anaemia.

Prospective Registration Status: the study was not prospectively registered with a trial registry.
Ethical approval: the study received ethical approval from the Research Ethics Committee of the Med-
ical Faculty, University of Gothenburg, Gothenburg, Sweden.

Language of publication: English

Trial funding: Vastra Gotaland region (ALF/LUA grant 146281 to AJ), Gothenburg Medical Society (4201
to JG) and The Swedish Heart and Lung Foundation (20090488 to AJ)

Conflicts of interest: none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomisation methodology not described

tion (selection bias)

Allocation concealment Unclear risk Not known whether envelopes are opaque and sealed

(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: RBC transfusions were given when blood

and personnel (perfor- haemoglobin level decreased to <80 g/L, or if the patient had symptomatic

mance bias) anaemia.

Subjective: transfusion

protocol

Blinding of participants Low risk All trial personnel other than the research coordinator and perfusionist were

and personnel (perfor- blinded to treatment allocation.

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Low risk All trial personnel other than the research coordinator and perfusionist were

sessment (detection bias) blinded to treatment allocation.

Subjective outcomes

Incomplete outcome data  Unclear risk N used for analysis is unclear; 4 participants were excluded following randomi-

(attrition bias) sation (1 due to pericardial adhesions, 1 due to overseen treatment with clopi-

All outcomes dogrel, 1 due to < 100 mL cardiotomy suction blood, and 1 due to technical er-
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Gabel 2013a (continued)

ror intraoperatively). A priori sample size calculation deemed that 30 partici-
pants were needed for the study, which was still achieved.

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Low risk Funding reported and no conflicts reported. Baseline imbalance in ECC time
present but unlikely to impact outcomes
Healy 1994
Study characteristics
Methods Design: RCT, parallel three-arm, multicentre study

Setting: four US medical centres
Recruitment: recruitment and study dates not reported

Maximum follow-up: duration of hospital stay

Participants

128 participants undergoing total hip arthroplasty, total knee arthroplasty, or spine fusion were ran-
domly allocated to one of three groups:

Group 1 (Orth-Evac) (Cell salvage/intervention group): N = 44, M:F 18:26. Mean (range) age 67.9 (41 to
82)

Group 2 (Solcotrans) (Cell salvage/intervention group): N = 40; M:F 20:20. Mean (range) age 66.3 (54 to
82)

Group 3 (Banked blood) (Control/no cell salvage group): N =44; M/F 23:21. Mean age 62.5.

The three groups were similar with regard to age, height, weight, and gender.

Interventions

Group 1 (Orth-Evac) (Cell salvage/intervention group): the cell salvage (Orth-Evac) group received au-
tologous shed blood reinfusion collected from wound drainage by an Orth-evac device (Deknatal, Fall
River, Massachusettes, USA).

Group 2 (Solcotrans) (Cell salvage/intervention group): the cell salvage (Solcotrans) group received
autologous shed blood reinfusion collected from wound drainage by a Solcotrans device (Smith &
Nephew, Memphis, Tennessee, USA).

Group 3 (Banked blood) (Control/no cell salvage group): the control group received either autologous
pre-donated blood or allogeneic banked blood. In control participants, a standard wound drainage sys-
tem (Hemovac) was used, and these participants received liquid-preserved autologous pre-donated
blood or allogeneic blood filtered with a standard 170 pm screen filter.

NB: participants randomised to the cell salvage groups (Group 1 and Group 2) were randomly assigned
to one of two infusion filters (Pall 40 um screen filter or Pall RC100 polyester filter) for the transfusion
phase of the study. With the Solcotrans drainage system, 40 mL acid citrate dextrose (ACD) was used.
No anticoagulant was added with the Ortho-evac drainage system.

Outcomes Outcomes reported: amount of blood collected by the cell saver, amount of blood re-transfused from
the cell saver, number of participants transfused allogeneic blood, amount of allogeneic blood trans-
fused, adverse events

Notes Transfusion protocol: use of a transfusion protocol is not reported.

Prospective registration status: the study was published prior to 2010.
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Healy 1994 (Continued)

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: English

Study groups: for the purpose of our review, Group 1 (Orth-Evac) and Group 2 (Solcotrans) were used
as the cell salvage/intervention group. Group 3 (banked blood) was used as the control/no cell salvage

group.
Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.

tion (selection bias)

Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.

(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor-
mance bias)

Objective outcome: mor-
tality

if reported in future publications)

Blinding of participants High risk No clear transfusion protocol in place: homologous packed red cells were
and personnel (perfor- transfused intraoperatively or postoperatively when the haematocrit fell be-
mance bias) low 30%.

Subjective: transfusion

protocol

Blinding of participants High risk The blinding status of participants and personnel was not described

and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

if reported in future publications)

Blinding of outcome as-
sessment (detection bias)
Subjective outcomes

High risk The blinding status of outcome assessors was not described and there was no
transfusion protocol in place

Incomplete outcome data
(attrition bias)

High risk 8/84 who had drainage of <250 mL and one participant whose shed blood was
stored at room temperature for longer than 6 hours were not reinfused and

All outcomes were excluded from the study. Unbalanced across groups
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Unclear risk No baseline imbalance noted. Funding and conflicts not reported
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Heddle 1992

Study characteristics

Methods

Design: RCT, parallel two-arm, multicentre study
Setting: two hospitals (1 university teaching hospital, 1 regional hospital) in Ontario, Canada
Recruitment: recruitment and study dates are not reported

Maximum follow-up: duration of hospital stay

Participants

81 participants undergoing elective knee arthroplasty were randomly assigned to one of two groups:
Solcotrans group (Cell salvage/intervention group): N = 39. M:F 14:25. Mean (SD) age 69.3 (6.9)
Control group: N = 40. M:F 14:26. Mean (SD) age 71.0 (9.0)

There was no between-group differences reported at baseline.

Interventions

Solcotrans group (Cell salvage/intervention group): the cell salvage group underwent drainage and
autotransfusion using a Solcotrans system. The autologous blood collected into the drainage and
transfusion device was transfused if specific transfusion guidelines were met. Participants were trans-
fused the initial unit of Solcotrans blood if 350 mL or more had been collected within 3 hours of the
patient's entry to the recovery room. The 3-hour collection time provided for collection and transfu-
sion of the blood within the maximum interval of 6 hours. After successful collection and transfusion

of the first autologous blood unit, a second autologous blood collection device was attached. For this
and subsequent collections, autologous blood was transfused if 150 mL or more was collected within 3
hours. When the rate of drainage was <250 mL of blood within a 3-hour period, a subsequent drainage
and transfusion device was not attached. The first Solcotrans device attached to the drain contained 40
mL of ACD-A.

Control group: the control group had their drained blood collected by a Davol suction unit and dis-
carded. The Davol unit was the current standard practice in the two study centres. Participants as-
signed to the Davol suction group received 1 unit of allogeneic red cells if > 500 mL of blood drained
from the surgical site within a 2-hour period. Subsequently, whenever drainage exceeded 500 mL with-
in a 2-hour period, 1 unit of allogeneic blood was transfused.

Outcomes

Outcomes reported: amount of allogeneic blood transfused, number of participants transfused allo-
geneic blood, adverse events, blood loss, coagulation variables, venogram tests

Notes

Transfusion protocol: on postoperative Day 2 through to Day 5, the criteria for allogeneic red cell
transfusions were identical for both groups. Participants were given one unit of red cell concentrate if
their haemoglobin was within the range of 8.0 to 8.9 g/dL, two units when the value was from 7.0 to 7.9
g/dL, three units when the value was from 6.0 to 6.9 g/dL, and four units if the value was from 5.0 to 5.9

g/dL.
Prospective registration status: the study was published prior to 2010.

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: English
Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias

Authors' judgement  Support for judgement
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Heddle 1992 (continued)

Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.

tion (selection bias)

Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.

(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk Transfusion protocol at high risk for inter-participant variability: "As the study

and personnel (perfor- could not be double-blind, strict transfusion criteria were developed for all

mance bias) study patients. The criteria by which allogeneic red cell transfusions were ad-

Subjective: transfusion ministered were established by the orthopedic surgeons participating in the

protocol study and reflected clinical practice in Canada.... Transfusion guidelines for
Day 1 of the study had to be different for the two treatment groups because of
the two interventions being studied."

Blinding of participants High risk The study was unblinded

and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk The study was unblinded

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Low risk 81 randomised, 79 analysed. 2 exclusions explained

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk No baseline imbalance noted. Funding and conflicts not reported

Horstmann 2012

Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study
Setting: non-academic regional hospital, Zwolle, the Netherlands
Recruitment: February 2007 to April 2008
Maximum follow-up: 3 months postoperatively
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Horstmann 2012 (Continued)

Participants

100 participants scheduled for primary total hip replacement were enroled and randomised to one of
the following groups:

Autotransfusion group (Cell salvage/intervention group): N =50. Mean (SD) age 68.6 (9.1). M:F 13:37.
Mean (SD) BMI 28.1 (4.5).

Control group: N =50. Mean (SD) age 69 (9.2). M:F 14:36. Mean (SD) BMI 27.6 (3.8).

The groups were similar with regard to demographic data and baseline variables, other than mean op-
eration time, which was longer in the no drainage group.

Interventions

Autotransfusion group (Cell salvage/intervention group): postoperative autotransfusion using the
Bellovac ABT system (Astra Tech, M6lndal, Sweden). The drain was inserted at the end of the proce-
dure and low suction (60 to 90 mmHg) was started. Re-transfusion was performed within 6 hours after
surgery and was not allowed to exceed 1500 mL. Drains were removed after 24 hours.

Control group: control group for whom no drain was inserted.

Outcomes

Outcomes reported: blood loss during surgery, homologous blood transfusion, incidence of
haematomas, amount of drained and re-transfused wound blood, wound healing disturbances, post-
operative pain, length of hospital stay, adverse events, Harris Hip Score, physical and mental SF-36
scores, total blood loss

Notes

Transfusion protocol: homologous transfusion was given based on Dutch guidelines, with a trigger of
6.4 g/dL in American Society of Anesthesiologists (ASA) 1 patients, 8 g/dL in ASA 2/3 patients, and 9.6 g/
dL in ASA 4 patients and in patients that failed to increase cardiac output to compensate for dilution

Prospective registration status: the study was not prospectively registered with a trial registry.

Ethical approval: the study received approval from the Institutional Medical Ethics Committee, Isala
Clinics, Zwolle, the Netherlands.

Language of publication: English
Trial funding: not reported

Conflicts of interest: none reported

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomisation methodology not provided
tion (selection bias)
Allocation concealment Low risk Participants were randomised to intervention or control using numbered, con-
(selection bias) cealed envelopes containing pre-randomised cards
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol in place: additional homologous blood transfusions were
and personnel (perfor- given based on the Dutch homologous blood transfusion guidelines. The trig-
mance bias) ger for homologous transfusions was an Hb level of 6.4 g/dL in American Soci-
Subjective: transfusion ety of Anesthesiologists (ASA) 1 patients, 8.0 g/dL in ASA 2/3 patients, and 9.6
protocol g/dL in ASA 4 patients and in patients that failed to increase their cardiac out-
put to compensate for dilution
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Horstmann 2012 (Continued)

Blinding of participants Low risk Clear method for measuring blood loss described. Outpatient caregivers blind-
and personnel (perfor- ed to group allocation.

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Low risk Doctors reviewing participants at follow-up in the outpatient clinic were blind-
sessment (detection bias) ed to their treatment allocation; however, it is unclear whether outcome as-
Subjective outcomes sessment of outcomes reported during the admission was blinded

Incomplete outcome data  Unclear risk No information provided for patient flow, or N analysed

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Low risk Conflicts declared, no baseline imbalance

Horstmann 2013

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study
Setting: non-academic regional hospital, Zwolle, the Netherlands
Recruitment: August 2009 to April 2011 (study dates)

Maximum follow-up: 3 months postoperatively

Participants

204 participants undergoing primary total hip replacement were randomised to one of two groups:

Autologous blood transfusion (ABT) group (Cell salvage/intervention group): N = 102. Mean (SD) age
67.3(9.3). M:F 28:74. Mean (SD) BMI 28.3 (4.1).

No drainage group (Control/no cell salvage): N = 102. Mean (SD) age 67.6 (9.4). M:F 29:73. Mean (SD)
BMI 27.9 (4.7).

There were no between-group differences at baseline.

Interventions

Autologous blood transfusion (ABT) group (Cell salvage/intervention group): ABT group (Cell Salvage
group) used the Sangvia, autologous blood salvage machine (low vacuum, 100 to 150 mmHg; Astrate-
ch, Mdlndal, Sweden) to collect blood intraoperatively and from the drainage bottle postoperatively.
Blood was sequentially filtered by the device prior to re-transfusion. Blood salvaged intraoperatively
was re-transfused within 6 hours postoperatively. Transfusion of intraoperative collected blood did not
exceed 1500 mL, and of postoperative blood, did not exceed 1000 mL. The drain was removed 24 hours
after surgery.

No drainage group (Control/no cell salvage): the control group did not receive a drain and intraopera-
tive blood was not salvaged.
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Horstmann 2013 (Continued)

Outcomes Outcomes reported: homologous blood transfusion requirement, adverse events, total blood loss,
volume of intraoperatively collected and re-transfused blood, volume of re-transfused blood collected
in the drain

Notes Transfusion protocol: allogeneic transfusions given according to Dutch guidelines. The trigger was 6.4
g/dL for American Society of Anesthesiologists (ASA) 1 patients, 8 g/dL for ASA2/3 patients, and 9.6 g/
dL for ASA 4 patients and in patients who failed to increase cardiac output to compensate for dilution.
Prospective Registration Status: the study was not prospectively registered with a trials registry.
Ethical approval: the study was approved by the Institutional Medical Ethics Committee, Isala Clinics,
Zwolle, the Netherlands.

Language of publication: English

Trial funding: not reported

Conflicts of interest: "Benefits from a commercial party related directly or indirectly to the subject of
this article were received but directed solely to a research fund, foundation, educational institution, or
other non-profit organisation with which one or more of the authors are associated."

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No randomisation methodology provided

tion (selection bias)

Allocation concealment Low risk Numbered sealed opaque envelopes containing pre-randomised cards placed

(selection bias) in operating theatre. But unclear who was responsible for allocation.

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: additional homologous blood transfusions

and personnel (perfor- (HBTs) were given according to the Dutch HBT guidelines. The trigger for HBT

mance bias) was an Hb 6.4 g/dL for American Society of Anesthesiologists (ASA) grade 1 pa-

Subjective: transfusion tients, 8.0 g/dL for ASA 2/3 patients, and 9.6 g/dL for ASA 4 patients (and in pa-

protocol tients who failed to increase their cardiac output to compensate for dilution).

Blinding of participants Low risk Surgeons were blinded to group allocation until the end of surgery, at which

and personnel (perfor- point allocation was revealed. Blinding of participants is not described.

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Low risk Postoperative care team blinded to group allocation

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Low risk No loss to follow-up; all participants are accounted for in outcome data

(attrition bias)
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Horstmann 2013 (Continued)
All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk Conflicts of interest: "Although none of the authors has received or will receive
benefits for personal or professional use from a commercial party related di-
rectly or indirectly to the subject of this article, benefits have been or will be
received but will be directed solely to a research fund, foundation, educational
institution, or other non-profit organisation with which one or more of the au-
thors are associated."

Horstmann 2014a

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre study
Setting: non-academic regional hospital, Zwolle, the Netherlands
Recruitment: recruitment and study dates not reported

Maximum follow-up: 3 months postoperatively

Participants 118 participants undergoing primary elective total hip replacement were randomised to one of two
groups.

Autologous blood transfusion (ABT) drain group (Cell salvage/intervention group): N = 56. Mean (SD)
age 67.6 (9.1). M:F 20:36. Mean (SD) BMI 27.8 (4.4).

Drain group (Control/no cell salvage group): N =62. Mean (SD) age 69.3 (9.5). M:F 20:42. Mean (SD) BMI
28.1 (4.4).

The groups were similar with regard to demographic and baseline data, except for operation time,
which was longer in the drainage (control) group.

Interventions Autologous blood transfusion (ABT) drain group (Cell salvage/intervention group): participants in
the ABT (Cell Salvage) group had intraoperative and postoperative cell salvage and autotransfusion
performed using the Sangvia ABT system (intraoperative and postoperative autologous blood salvage
unit, low vacuum, 100 to 150 mmHg, Astratech, M6lndal, Sweden). Blood salvaged during the operation
was re-transfused and a drain for postoperative salvage was inserted at the end of the procedure. Post-
operatively drained blood was re-transfused within 6 hours after surgery.

Drain group (Control/no cell salvage group): participants in the drain group (control group) received
a standard high suction drain (Redon, Medinorm AG, Quierschied, Germany). No autotransfusion was
performed. The drains were removed 24 hours after surgery in both groups.

Outcomes Outcomes reported: blood loss during surgery, volume of intraoperatively suctioned and re-trans-
fused blood, volume of re-transfused drained wound blood, allogeneic blood transfusions, postopera-
tive pain, hospital stay, adverse events, total blood loss

Notes Transfusion protocol: allogeneic transfusions were given according to Dutch guidelines. The trigger
was 6.4 g/dL in American Society of Anesthesiologists (ASA) 1 patients, 8 g/dL in ASA 2/3 patients, and
9.6 g/dL in ASA 4 patients or those whose cardiac output failed to increase to compensate for dilution.

Prospective registration status: the study was not prospectively registered with a trial registry.

Ethical approval: the study was approved by the Institutional Medical Ethics Committee, Isala Clinics,
Zwolle, the Netherlands.
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Horstmann 2014a (Continued)

Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Authors do not state how the randomisation sequence was generated e.g.

tion (selection bias) computer-generated sequence?

Allocation concealment Low risk Participants were randomised to one of two groups using sealed and num-

(selection bias) bered, opaque enveloped containing pre-randomised cards.

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: additional allogeneic blood transfusions were

and personnel (perfor- given based on the Dutch allogeneic blood transfusion guidelines. The trigger

mance bias) for allogeneic transfusions was an Hb level of 6.4 g/dL in patients with Amer-

Subjective: transfusion ican Society of Anaesthesiologists (ASA) physical classification 1, 8.0 g/dL in

protocol ASA classifications 2 and 3, and 9.6 g/dL in ASA classification 4, as well as in
those whose cardiac output failed to increase to compensate for dilution.

Blinding of participants Unclear risk Insufficient information about postoperative care received and blinding sta-

and personnel (perfor- tus. Surgeons were blinded during the operation until the last available oppor-

mance bias) tunity, which would help to mitigate performance bias during the operation.

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Low risk Insufficient information about postoperative care received and blinding sta-

sessment (detection bias) tus. Surgeons were blinded during the operation until the last available oppor-

Subjective outcomes tunity, which would help to mitigate performance bias during the operation.

Incomplete outcome data  Low risk All participants are accounted for at 3-month outcome measurements. ITT, all

(attrition bias) participants accounted for in analysis, although authors do not make a defini-

All outcomes tive statement on whether there were any dropouts or losses to follow-up.

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk Only significant difference between groups at baseline (prior to autotranfu-
sion) was operation time (P <0.04). No information provided regarding con-
flicts of interest or funding
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Horstmann 2014b

Study characteristics

Methods

Design: RCT, parallel two-arm, multicentre study

Setting: two hospitals in the Netherlands (non-academic regional hospital, Zwolle; district hospital,
Haarlem)

Recruitment: February 2007 to February 2009

Maximum follow-up: 3 months postoperatively

Participants

115 participants undergoing primary total knee arthroplasty were randomised to one of the following
groups:

Autologous blood transfusion (ABT) group (Cell salvage/intervention group): N = 59. Mean (SD) age 68
(9). M:F 17:42. Mean (SD) BMI 28.8 (5.1).

No drainage group (Control/no cell salvage group): N =56. Mean (SD) age 69 (8). M:F 17:39. Mean (SD)
BMI 29.3 (5.2).

The groups were balanced with regard to demographic and preoperative variables.

Interventions

Autologous blood re-transfusion (ABT) group (Cell salvage/intervention group):participants in the
cell salvage group received postoperative autologous blood salvage and re-transfusion using the
Bellovac Autologous Blood Transfusion drain (Astratech, M6lndal, Sweden). The drain was inserted

at the end of the operative procedure and low-suction drainage was commenced 30 minutes later.
Drained blood was re-transfused within 6 hours after surgery. No more than 1500 mL of drained blood
could be re-transfused and the drain was removed at 24 hours postoperatively.

No drainage group (Control/no cell salvage group): the control group did not receive a drain.

Outcomes

Outcomes reported: intraoperative blood loss, postoperatively drained blood loss, amount of re-
transfused drained blood, allogeneic blood transfusions, incidence of haematomas, wound-healing
problems, postoperative pain, duration of hospital admission, adverse events, total blood loss

Notes

Transfusion protocol: allogeneic transfusion given according to Dutch guidelines. The transfusion trig-
ger was 6.4 g/dL for American Society of Anesthesiologists (ASA) 1 patients, 8 g/dL for ASA 2/3 patients,
and 9.6 g/dL for ASA 4 patients.

Prospective registration status: the study was not prospectively registered with a trials registry.

Ethical approval: the study was approved by the Institutional Medical Ethics Committee, Isala Clinics,
Zwolle, the Netherlands.

Language of publication: English
Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Authors do not state how the randomisation sequence was generated e.g.
computer-generated sequence

Allocation concealment Low risk Sealed, opaque envelopes used to conceal allocation
(selection bias)
Cell salvage for minimising perioperative allogeneic blood transfusion in adults undergoing elective surgery (Review) 129

Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Horstmann 2014b (continued)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: additional allogeneic blood transfusions were

and personnel (perfor- given based on the Dutch allogeneic blood transfusion guidelines. The trigger

mance bias) for allogeneic transfusions was an Hb level of 6.4 g/dL in patients with Ameri-

Subjective: transfusion can Society of Anesthesiologists (ASA) physical classification 1, 8.0 g/ dlin ASA

protocol classifications 2 and 3, and 9.6 g/dL in ASA classification 4, as well as in those
whose cardiac output failed to increase to compensate for dilution

Blinding of participants Low risk Surgeons were blinded to allocation until the end of surgery, at which point

and personnel (perfor- the allocation was revealed. Participant blinding is not described.

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk Doctors reviewing participants at follow-up in the outpatient clinic were blind-

sessment (detection bias) ed to their treatment allocation; however, it is unclear whether outcome as-

Subjective outcomes sessment of outcomes reported during the admission was blinded

Incomplete outcome data  Low risk All participants enroled and randomised in the study are accounted for in the

(attrition bias) outcome data

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Low risk Authors declare no conflicts of interest. Funding source not disclosed.

Jacobi 1997

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Erlangen, Germany

Recruitment: March 1993 to October 1993

Maximum follow-up: duration of hospital stay

Participants

24 participants undergoing radical prostatectomy were randomly allocated to one of two groups:

Autotransfusion group (Cell salvage/intervention group): N = 12. Median age 64.6. Median weight 80.6

kg.

Homologous blood transfusion group (Control/no cell salvage group): N = 12. Median age 65.8. Medi-

an weight 79.8 kg.
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Jacobi 1997 (continued)

The two groups were similar in their demographics. No formal assessment of this was performed.

Interventions Autotransfusion group (Cell salvage/intervention group): participants in the cell salvage group had
shed blood collected intraoperatively using the Cell Saver 3+ (Haemonetics, Munich). Following collec-
tion, salvaged blood was processed, including centrifugation and washing, prior to re-transfusion to
the participant.

Homologous blood transfusion group (Control/no cell salvage group): participants received homolo-
gous blood transfusion as needed.

Outcomes Outcomes reported: serum haematology assessment, serum coagulation assessment, serum creati-
nine assessment, osmotic erythrocyte resistance, cytological assessment, bacteriological assessment,
blood loss, allogeneic blood requirement, length of hospital stay, postoperative complications

Notes Transfusion protocol: the indication for blood transfusion was a drop in Hb below 8 g/dL. All patients
received 10 mL/kg body weight/hour intraoperatively and 2 mL/kg body weight/hour crystalloid infu-
sion solutions in the recovery room.

Prospective registration status: the study was published prior to 2010.

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: German
Trial funding: unclear

Conflicts of interest: unclear

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Insufficient information about randomisation methods

tion (selection bias)

Allocation concealment Unclear risk Insufficient information about allocation concealment
(selection bias)

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: the indication for blood transfusion was a drop
and personnel (perfor- in Hb below 8 g/dL. All patients received 10 mL/kg body weight/hour intraop-
mance bias) eratively and 2 mL/kg body weight/hour crystalloid infusion solutions in the
Subjective: transfusion recovery room.

protocol

Blinding of participants High risk Lack of detail about postoperative care
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)
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Jacobi 1997 (continued)
Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- Unclear risk Lack of information on how outcomes measured
sessment (detection bias)
Subjective outcomes

Incomplete outcome data  Unclear risk Number analysed not clear

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk Balanced group characteristics, although conflicts of interest unclear

Kelley-Patteson 1993

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre study
Setting: university teaching hospital, Wichita, KA, USA
Recruitment: January 1989 to January 1990
Maximum follow-up: duration of hospital stay

Participants 36 participants undergoing aortobifemoral or aortobi-iliac bypass for occlusive disease were ran-
domised to one of two groups:
AFB/CS group (Cell salvage/intervention group): N = 18
AFB/No CS group (Control/no cell salvage group): N = 18
Demographic data were not reported.

Interventions AFB/CS group (Cell salvage/intervention group): autotransfusion group (Haemonetics Cell Saver) was
monitored and operated by a technician-member of the perfusion team. The Haemonetics Cell Saver
delivers washed red blood cells at an average haematocrit level of 55% to 60%.
AFB/No CS group (Control/no cell salvage group): control group did not receive autotransfusion.

Outcomes Outcomes reported: amount of blood re-transfused from the cell saver, amount of allogeneic blood
transfused, adverse events, hospital length of stay, blood loss, haemoglobin levels

Notes Transfusion protocol: after the operation, allogeneic red cell transfusions were not given to patients
who were haemodynamically stable, and had haemoglobin values > 8.0 g/dL.
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  High risk The method for randomising participants was inadequate: randomised on an

tion (selection bias) alternating basis to either the Cell Saver (AFB/CS) or the No Cell Saver (AFB/no
CS) group.

Allocation concealment High risk Randomised on an alternating basis to either the Cell Saver (AFB/CS) or the No

(selection bias) Cell Saver (AFB/no CS) group.

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk Transfusion protocol in place but scope for between-subject variability:

and personnel (perfor-

mance bias) High ROB for intra-op transfusion (clinician decision), low ROB post-op (clear-

Subjective: transfusion er guidelines): "Intraoperative homologous red cell transfusions were given at

protocol the discretion of the anesthesiologist and surgeon and were used to treat hy-
potension unresponsive to crystalloid and colloid fluid loading... After opera-
tion homologous red cell transfusions were not given to patients who were he-
modynamically stable, and had hemoglobin values > 8.0 gm/dl. Patients who
were not hemodynamically stable, having hypotension unresponsive to crys-
talloid or colloid fluids, acute myocardial ischemia, severe pulmonary insuffi-
ciency, and severely symptomatic anemia, were given transfusiLons at higher
hemoglobin levels, as needed".

Blinding of participants High risk No blinding mentioned. Blood loss, hospital LOS have no guidelines men-

and personnel (perfor- tioned (high ROB).

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- High risk No blinding mentioned. Blood loss, hospital LOS have no guidelines men-
sessment (detection bias) tioned (high ROB).
Subjective outcomes

Incomplete outcome data  Low risk All participants randomised are accounted for in the reported outcomes: 36
(attrition bias) randomised, 36 analysed
All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk No baseline characteristics provided per group (table 1 is postoperative day 1
and 4, not baseline). Funding and conflicts not reported
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Khan 2017 (SALVO)

Study characteristics

Methods

Design: RCT, parallel two-arm, multicentre study
Setting: 26 UK obstetric units in NHS hospitals
Recruitment: June 2013 to April 2016 (study dates)

Maximum follow-up: duration of hospital stay

Participants

Participants were women admitted to labour ward for either emergency or elective Caesarean sec-
tion with an identifiable increased risk of haemorrhage. Each was randomised to one of two treatment
arms:

Cell salvage group: N =1517. Mean (SD) age 31.6 (5.7).
Control group: N =1511. Mean (SD) age 31.8 (5.8).

Baseline data were comparable between the two groups.

Interventions

Cell salvage group: for these participants, full cell saver set up of both collection and processing was
mandated as part of the study protocol, as was the return of any processed blood.

Control group: the control group underwent Caesarean section without routine use of cell salvage. In
life-threatening acute haemorrhage, women were managed as per standard care for the institution,
which occasionally included cell saver use.

Outcomes Primary outcome: rate of women receiving donor blood transfusion
Secondary outcomes: units of blood transfused, time to first mobilisation, length of hospital stay, ma-
ternal fatigue, safety outcomes, costs of resources and provisions, process outcomes (e.g. volume of
blood processed)

Notes Transfusion protocol: the need for donor blood transfusions was according to the policies of each par-
ticipating hospital, and donor blood transfusion rates and thresholds were monitored for compliance
with those.
Prospective registration status: the study was registered prospectively with a trials registry (ISRCTN
66118656).
Ethical approval: the study was approved by the UK National Research Ethics Committee (North West
- Haydock. Approval number 12/NW/0513).
Language of publication: English
Trial funding: UK National Institute for Health Research (NIHR) Health Technology Assessment grant
(10/57/32)
Conflicts of interest: none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participating women were randomised by entry into a bespoke online system
using random permuted blocks of variable sizes to maintain allocation con-
cealment at a ration of 1:1. Randomisation was stratified by centre, indication,
placentation, and multiple birth.
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Khan 2017 (SALVO) (continued)

Allocation concealment Low risk Quote: "The randomisation will use random permuted blocks of variable sizes
(selection bias) to ensure that trial staff conducting randomisation cannot reliably predict the
next allocation." Allocation and randomisation carried out by third party

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Use of transfusion protocol unclear: “use local protocols”. However, “[we] will
and personnel (perfor- minimise this risk by ensuring that each centre has an intraoperative transfu-
mance bias) sion protocol for use in theatre and recovery to standardise operative transfu-
Subjective: transfusion sion triggers across both study groups in each centre."

protocol

Blinding of participants Unclear risk Participants blinded, personnel unblinded. Protocols reviewed by research
and personnel (perfor- team prior to study commencement. LOS not defined

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- Unclear risk Participants blinded, personnel unblinded. Protocols reviewed by research
sessment (detection bias) team prior to study commencement. LOS not defined

Subjective outcomes

Incomplete outcome data  Low risk All participants had complete data for the primary outcome and < 5% did not
(attrition bias) have data for the secondary outcomes. ITT where random data missing. Low
All outcomes dropout, all reasons given. But imbalance in number missing (higher in cell sal-

vage group, and no return for “other reasons”)

Selective reporting (re- Low risk A study protocol is available and all outcome measures planned were mea-
porting bias) sured and reported.
Other bias Low risk No other concerning features of this study were identified: primary NIHR grant

supporting the roles of KK, PM, RH, IW, LB, TR, CM, JDa, SR, DL and JDo. PM al-
so declares having been a co-applicant for two other NIHR-funded grants over
within the last five years. Other than this, all authors declare no support from
any organisation for the submitted work; no financial relationships with any
organisations that might have an interest in the submitted work in the previ-
ous three years; no other relationships or activities that could appear to have
influenced the submitted work.

Kirkos 2006
Study characteristics
Methods Design: RCT, parallel two-arm, multicentre study
Setting: two hospitals in Greece (one university teaching hospital (Thessaloniki, Greece) and 1 district
general hospital (Kilkis, Greece))
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Kirkos 2006 (Continued)

Recruitment: during 2002. Recruitment and study dates not specified.

Maximum follow-up: 5 days postoperatively

Participants

155 participants undergoing total knee arthroplasty were randomly allocated to one of two groups:

Group B (Autotransfusion group) (Cell salvage/intervention group): N = 78. M:F 18:60. Mean (SD) age
69.08 (5.45)

Group A (Standard vacuum drain) (Control/no cell salvage group): N = 77. M:F 10:67. Mean (SD) age
68.88 (5.11)

The study suggests groups were comparable at baseline; however, there was a higher percentage of
males in Group B than in Group A.

Interventions

Group B1 (Autotransfusion group) (Cell salvage/intervention group): autotransfusion group had their
drained blood that was collected within the first 6 hours postoperatively transfused through a standard
blood transfusion set with 40 pm microaggregate filter. A standard 1000 mL blood transfer bag was
connected to the system in order to collect and re-transfuse the blood by gravity.

Group A2 (Standard vacuum drain) (Control/no cell salvage group): control group received standard
vacuum drains without autotransfusion.

Outcomes Outcomes reported: amount of allogeneic blood transfused, days with fever, fever, volume of blood
re-transfused, haemoglobin levels
Notes Transfusion protocol: participants were transfused allogeneic blood if haemoglobin level fell to < 10.0
g/dL.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by the hospital's Scientific Research Board.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Study allocated participants to intervention or control on an alternating ba-
tion (selection bias) sis. The first patient to participate in the study was classified in Group B, the
second patient in Group A, and so on. If a Group B patient was withdrawn from
the study during the operation, the next patient to participate in the study was
again classified in Group B.
Allocation concealment High risk Study allocated participants to intervention or control on an alternating ba-
(selection bias) sis. The first patient to participate in the study was classified in Group B, the
second patient in Group A, and so on. If a Group B patient was withdrawn from
the study during the operation, the next patient to participate in the study was
again classified in Group B.
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
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Blinding of participants Low risk Transfusion protocol in place: "Patients with Hb level < 10 g/dL were trans-

and personnel (perfor- fused with allogeneic blood"

mance bias)

Subjective: transfusion

protocol

Blinding of participants High risk Differential management of wound closure and bleeding between groups

and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk Differential management of wound closure and bleeding between groups

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Unclear risk The total number of patients contributing to the outcome measures is not re-

(attrition bias) ported: states that 78 and 77 were per group. Unclear if this was the number

All outcomes randomised and/or number analysed. Would assume analysed, but therefore
unclear whether this is ITT, or general info on patient flow

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias High risk Funding and conflicts of interest not reported. Also states that "the patients
in both groups were comparable with respect to their age and gender", but
higher % of male in group B than group A (18/78 versus 10/77). Pre-op Hb and
platelet count similar. In discussion, they note differences/correlations due to
gender, but do not comment that they actually had a gender imbalance.

Klein 2008
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: specialist cardiothoracic hospital, Papworth, Cambridgeshire, UK
Recruitment: recruitment and study dates not specified

Maximum follow-up: 5 days postoperatively

Participants

213 participants undergoing first-time CABG and/or cardiac valve surgery were randomised to one of
two groups:

Cell salvage group: N = 102. M:F 78:24. Mean (SD) age 68.6 (9.6)
Control group: N =111. M:F 84:27. Mean (SD) age 67.4 (10.2).

There were no differences between the groups with regard to demographic and preoperative variables.

Interventions

Cell salvage group: the cell salvage group (C.AT.S. Fresenius Hemocare system) had their suctioned
blood processed before and after CPB with the cell salvage apparatus. After weaning from CPB, blood
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Klein 2008 (Continued)

remaining in the CPB circuit was processed by the cell saver device. All recovered blood, with no mini-
mum volume due to the design of the cell salvage device, was transfused to the patient. Postoperative-
ly, the cell saver was transferred with the patient to the intensive care unit (ICU) and connected to the
chest tubes. All blood lost during the first 6 hours was processed and autotransfused. Cell salvage was
disconnected after 6 hours.

Control group: in the control group, blood suctioned before and after CPB discarded. After CPB, any
remaining blood in the bypass machine tubing and reservoir was collected in the bag and transfused
directly to the patient.

Outcomes Primary outcome: number of participants transfused allogeneic blood
Secondary outcomes: amount of allogeneic blood transfused, number of participants transfused fresh
frozen plasma, number of participants transfused platelets, blood loss, adverse events, re-operation for
bleeding
Notes Transfusion protocol: during surgery, allogeneic RBCs were transfused for a haemoglobin 7.0 g/dL.
Postoperatively, allogeneic RBCs were transfused for haemoglobin 8.0 g/dL. In the cell salvage group,
allogeneic blood was only transfused if there were no available RBCs from the cell salvage processing.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by a research ethics committee (05/Q0106/19).
Language of publication: English
Trial funding: funded in part by autotransfusion device manufacturer (Fresenius, C.AT.S. manufactur-
er) via unrestricted educational grant and in part by anaesthetic research unit at Papworth Hospital.
Conflicts of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Participants were allocated to intervention or control by simple randomisation
tion (selection bias) generated by an independent statistician using a computer random number
function, stratified by type of surgery.
Allocation concealment Low risk The randomised allocation was performed on admission to hospital the day
(selection bias) before surgery and held in the hospital research unit until the participant had
consented and was registered.
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol in place: during surgery, allogeneic RBCs were transfused
and personnel (perfor- for haemoglobin 7 g/dL. Postoperatively, allogeneic RBCs were transfused for
mance bias) haemoglobin 8.0 g/dL. In the cell salvage group (see below), allogeneic blood
Subjective: transfusion was only transfused if there were no available RBCs from the cell salvage pro-
protocol cessing.
Blinding of participants High risk No blinding: due to the nature of the intervention, group allocations were nec-
and personnel (perfor- essarily made available to operating room and intensive care unit (ICU) staff
mance bias) managing the participants.
Subjective: all other out-
comes
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Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk No blinding: due to the nature of the intervention, group allocations were nec-
sessment (detection bias) essarily made available to operating room and intensive care unit (ICU) staff
Subjective outcomes managing the participants.

Incomplete outcome data  Low risk The total number of participants contributing to the outcome measures is not
(attrition bias) reported, but an intention-to-treat analysis was performed.

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk Funded in part by autotransfusion device manufacturer via unrestricted edu-

cational grant. No baseline imbalance

Kleinert 2012

Study characteristics

Methods

Design: RCT, parallel three-arm, single-centre study
Setting: university teaching hospital, Zurich, Switzerland
Recruitment: October 2008 to May 2009

Maximum follow-up: duration of hospital stay

Participants

120 participants were randomised to one of three groups.

Group A (no drain) (Control/no cell salvage group): N = 40. Mean (SD) age 66 (10). M:F 17:23. Mean (SD)
BMI 26 (10).

Group B (standardsuction drain) (Control/no cell salvage group): N = 40. Mean (SD) age 64 (11). M:F
21:19. Mean (SD) BMI 26 (5).

Group C (reinfusion drain) (Cell salvage/intervention group): N = 40. Mean (SD) age 66 (10). M:F 21:19.
Mean (SD) BMI 28 (5).

The three groups did not differ in terms of demographic and preoperative variables.

Interventions

Group A (no drain) (Control/no cell salvage group): received no drain postoperatively (control group)

Group B (standard suction drain) (Control/no cell salvage group): received a closed suction drain con-
nected to a vacuumed drainage bottle (Redon, B/Braun). The drain was removed at 48 hours postoper-
atively.

Group C (reinfusion drain) (Cell salvage/intervention group): received a Bellovac-ABT (Astratec) AB-
Trans autologous retransfusion system. Autologous drainage was performed when 250 mL of blood
was collected within 6 hours of surgery. The drain was removed at 48 hours postoperatively.

Outcomes Outcomes reported: total number of transfusions, operating time, intraoperative blood loss, to-
tal blood loss, pain (visual analogue scale (VAS)), thigh swelling, haematoma formation, hospital
stay, pyrexia, transfusion reactions, wound complications, other complications, Harris Hip Score at 3
months
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Notes Transfusion protocol: homologous (allogeneic) blood transfusion was performed if postoperative
haemoglobin was < 80 g/L or if patients were symptomatic with Hb values between 80 and 100 g/L.
Symptoms included breathlessness, heart palpitations, dizziness, headache, or if weakness impaired
them from starting to walk during the first 2 days.
Prospective registration status: the study was not prospectively registered with a trials registry.
Ethical approval: the study was approved by the Institutional Review Board of Dept. of Orthopaedics,
University of Zurich, Balgrist Hospital, Forchstrasse 340, 80008, Zurich, Switzerland.
Language of publication: English
Study groups: for the purpose of our review, we have combined groups A and B as controls. Group C is
the intervention.
Trial funding: not reported
Conflicts of interest: none reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomisation was performed at the end of the procedure by the anaes-
tion (selection bias) thetist. Participants block-randomised to one of three groups using sealed en-
velopes; computer randomisation not performed. Method of randomisation
not described
Allocation concealment Unclear risk Allocation concealment is not described. Block size not described. Mentions
(selection bias) sealed envelopes, but not whether they were opaque
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol in place: homologous blood transfusions were given if
and personnel (perfor- the postoperative Hb was less than 80 g/L or if patients were symptomatic
mance bias) with Hb values in the range 80 to 100 g/L according to in-house guidelines. Pa-
Subjective: transfusion tients were considered symptomatic if they complained of breathlessness,
protocol heart palpitations, dizziness or headache, and if weakness impaired them from
starting walking during the first 2 days.
Blinding of participants High risk The blinding of study participants and personnel is not described. Poorly de-
and personnel (perfor- fined outcomes relevant to this review
mance bias)
Subjective: all other out-
comes
Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- High risk Blinding of outcome assessors is not described. Poorly defined outcomes rele-
sessment (detection bias) vant to this review
Subjective outcomes
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Incomplete outcome data  Low risk Of the 181 participants initially enroled, 61 were excluded for the following

(attrition bias) reasons: denied informed consent (n = 21); history of coagulation disorder (n

All outcomes =5); medications affecting coagulation status up to 10 days prior to surgery (n
=21); preoperative anaemia (n =5); and avascular necrosis (N = 9). Breakdown
of dropouts provided, and before randomisation which was postoperatively

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk Authors declare no conflicts of interest. Could not find information on funding

Koopman-van Gemert 1993a

Study characteristics

Methods

Design: RCT, parallel two-arm, single centre study
Setting: university teaching hospital, Nijmegen, the Netherlands
Recruitment: recruitment and study dates not reported

Maximum follow-up: perioperative

Participants

40 participants undergoing elective coronary artery bypass graft surgery (CABG) were randomised to
one of two groups:

Group 1 (Perioperative autotransfusion) (Cell salvage/intervention group): N =20. M:F 14:3. Mean
(SD) age 64 (7.0)

Group 2 (Homologous transfusion only) (Control/no cell salvage group): N =20. M:F 17:3. Mean (SD)
age 62 (10.0)

There were no between-group differences at baseline with regard to demographic data and preopera-
tive variables.

Interventions

Group 1 (Perioperative autotransfusion) (Cell salvage/intervention group): cell salvage group re-
ceived perioperative autotransfusion of blood processed by means of the Cell-Saver lll-plus system.
The blood collected before going on cardiopulmonary bypass (CPB) and the remnant from the CPB ma-
chine were transferred into the cardiotomy reservoir through a 170 um filter. Drain blood was collected
during the first 6 hours postoperatively. Blood cell processing was performed by personnelin the Red
Cross Blood Bank. Before transport to the blood bank, the blood was transferred into labelled sterile
one-litre bottles. After processing, the washed erythrocyte suspension was collected into labelled ster-
ile bags and returned to the operating theatre (OT) or intensive care unit (ICU) for re-infusion through

a 40 pm blood filter. Blood was transfused up to 10 hours after the end of the operation. This allowed

a maximum of 6 hours for collection, and an extra 4 hours for transport, processing, and re-infusion to
the patient.

Group 2 (Homologous transfusion only) (Control/no cell salvage group): control group did not receive
autotransfusion.

Outcomes Outcomes reported: amount of blood collected by the cell saver, amount of blood re-transfused from
the cell saver, amount of allogeneic blood transfused, number of participants transfused allogeneic
blood, adverse events, blood loss

Notes Transfusion protocol: allogeneic packed cells were transfused to maintain an Hct at 30%.

Prospective registration status: the study was published prior to 2010.
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Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board

Language of publication: English
Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk "Alternatingly allocated to group | or Il at the moment of blood processing"

tion (selection bias)

Allocation concealment High risk Based on the method of randomisation, group allocation is unlikely to be con-

(selection bias) cealed: "Alternatingly allocated to group | or Il at the moment of blood pro-
cessing"

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor-
mance bias)

Objective outcome: mor-
tality

if reported in future publications)

Blinding of participants
and personnel (perfor-
mance bias)
Subjective: transfusion
protocol

Low risk Transfusion protocol in place: "homologous packed cells were transfused to
maintain their haematocrit at 0.30 /1 (if needed)."

Blinding of participants
and personnel (perfor-
mance bias)

Subjective: all other out-
comes

Low risk No mention of blinding but clear description of how blood loss was calculated

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of outcome as- Low risk No mention of blinding but clear description of how blood loss was calculated
sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Low risk Three participants from Group 1 were excluded from the study because they

(attrition bias)
All outcomes

did not receive their autologous blood due to logistical problems. Trialists al-
so planned to fully disclose issues: "If definite errors have and can be as oc-
curred, identified such, the results are excluded from the calculations. This will
be mentioned in the text and/or tables. The data remaining are then reexam-
ined without these suspect resulls [sic]. All extreme data for which no reason
can be found for exclusion are included in the final analysis."

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Unclear risk No baseline imbalance noted. Funding and conflicts not reported
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Koopman-van Gemert 1993b

Study characteristics

Methods

Design: RCT, parallel two-arm, single centre study
Setting: specialist orthopaedic hospital, Nijmegen, the Netherlands
Recruitment: recruitment and study dates not reported

Maximum follow-up: perioperative

Participants

60 patients undergoing total hip arthroplasty or dorsal lumbo-sacral fusion surgery were randomised
to one of two groups:

Group 1 (Perioperative autotransfusion group) (Cell salvage/intervention group): N = 30. M:F 6:23.
Mean (SD) age 51 (18)

Group 2 (Homologous transfusion only) (Control/no cell salvage group): N = 30. M:F 7:23. Mean (SD)
age 53 (18)

There were no between-group differences at baseline with regard to demographic data or preoperative
variables.

Interventions

Group 1 (Perioperative autotransfusion group) (Cell salvage/intervention group): the cell salvage
group received perioperative autotransfusion by means of the Haemonetics Haemolite-2 system. The
blood shed intraoperatively and during the first six postoperative hours was collected and heparinised.
The blood was processed in the Haemolite-2 by personnel of the intensive care unit (ICU). The erythro-
cyte suspension produced was transfused to the patient within 4 hours after collection through a 40
um blood filter. Blood cultures were taken before re-transfusion to the patient.

Group 2 (Homologous transfusion only)(Control/no cell salvage group): the control group did not re-
ceive autotransfusion.

Outcomes Outcomes reported: amount of blood collected by the cell saver, amount of blood re-transfused from
the cell saver, amount of allogeneic blood transfused, number of participants transfused allogeneic
blood, adverse events, blood loss

Notes Transfusion protocol: allogeneic packed red cells were transfused to maintain an Hct at 30%.
Prospective registration status: the study was published prior to 2010.

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk "Each was alternatingly allocated to one of two groups in the evening before

tion (selection bias) surgery"

Allocation concealment High risk Based on the method of randomisation, group allocation is unlikely to be con-

(selection bias)

cealed: "Each was alternatingly allocated to one of two groups in the evening
before surgery"
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Koopman-van Gemert 1993b (Continued)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: "homologous packed cells were transfused to

and personnel (perfor- maintain their haematocrit at 0.30 I/l (if needed)."

mance bias)

Subjective: transfusion

protocol

Blinding of participants Low risk No mention of blinding but clear description of how blood loss was calculated

and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Low risk No mention of blinding but clear description of how blood loss was calculated

sessment (detection bias)

Subjective outcomes

Incomplete outcome data ~ Low risk One participant was excluded from Group 1 because insufficient information

(attrition bias) was available. Quote from section 5.1 (Koopman 1993a): "If definite errors

All outcomes have and can be as occurred, identified such, the results are excluded from the
calculations. This will be mentioned in the text and/or tables. The data remain-
ing are then reexamined without these suspect resulls [sic]. All extreme data
for which no reason can be found for exclusion are included in the final analy-
sis."

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk No baseline imbalance noted. Funding and conflicts not reported

Kristensen 1992

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study

Setting: regional hospital, Vejle, Denmark

Recruitment: recruitment and study dates not reported

Maximum follow-up: 4 days postoperatively

Participants

56 participants undergoing total hip or knee arthroplasty were randomised into 2 groups, with sub-
grouped data available for hip and knee surgery patients for some information:

Autologous hip (Cell salvage/intervention group): N = 18. Mean (range) age: 68 (18 to 84).

Autologous knee (Cell salvage/intervention group): N = 13. Mean (range) age: 65 (6 to 86)
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Kristensen 1992 (continued)

Homologous hip (Control/no cell salvage group): N = 16. Mean (range) age: 66 (50 to 81)
Homologous knee (Control/no cell salvage group): N = 9. Mean (range) age: 71 (61 to 81)

Groups were similar with regard to baseline characteristics, although few details were provided.

Interventions

Autologous group (Cell salvage/intervention group): Solcotrans Orthopaedic drainage system was
used to collect blood postoperatively. Reinfusion was performed either when the drainage bag was full,
or after 6 hours of collection time if a minimum of 300 mL of blood was present in the drainage bag. Ho-
mologous blood was given if required.

Homologous group (Control/no cell salvage group): drainage blood discarded instead of retransfused.

Outcomes Outcomes reported: Homologous blood requirement, blood loss

Notes Transfusion protocol: The criterion for giving homologous blood transfusion was clinical judgement,
taking into account the haemodiluting effect of parenteral solutions given intraoperatively to maintain
normovolaemia. The critical haemoglobin level for administering homologous blood was 8.5 g/dL.
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.
Language of publication: English
Study groups: for the purpose of our review, we have included the autologous hip and autologous
knee groups as the cell salvage/intervention group. Homologous hip and homologous knee groups
have been included as the control/no cell salvage group.
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Methods poorly described

tion (selection bias)

Allocation concealment Unclear risk Methods poorly described

(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk Transfusion protocol given. Although it does also state 'clinical judgement’,

and personnel (perfor- risk of deviation from protocol as 8.5 g/dL is 'critical' transfusion threshold, so

mance bias) patients may receive transfusions at Hb above this. Quote: "The criterion for

Subjective: transfusion giving homologous blood transfusion was clinical judgement, taking into ac-

protocol count the haemodiluting effect of parenteral solutions given intraoperatively

to maintain normovolemia. The critical hemoglobin level for administering ho-
mologous blood was 8.5 g/dL".

Blinding of participants High risk Unclear if blinded but unlikely, and volume of blood loss measurement poorly

and personnel (perfor- described

mance bias)
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Kristensen 1992 (continued)
Subjective: all other out-

comes
Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)

Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- High risk Unclear if blinded but unlikely, and volume of blood loss measurement poorly
sessment (detection bias) described

Subjective outcomes

Incomplete outcome data  Unclear risk Unclear if number analysed = number randomised.

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk Lack of baseline characteristics provided - only age and operation (hip or
knee). No conflict of interest statement provided

Laszczyca 2015

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre study
Setting: university teaching hospital, Katowice, Poland
Recruitment: January 2013 to February 2014

Maximum follow-up: duration of hospital stay

Participants 101 patients undergoing total knee replacement were randomised to one of two groups:
Re-transfusion group (RTF and RTF2 group) (Cell salvage/intervention group): N = 44. Mean age 70.9
Drainage group (DRN and DRN2 group) (Control/no cell salvage group): N =57. Mean age 70.5

There was a higher proportion of males < 60 years old but does not state in which group. Groups were
otherwise reported as balanced.

Interventions Re-transfusion group (RTF and RTF2 group) (Cell salvage/intervention group): RTF group (cell salvage
group) were scheduled to receive postoperative autotransfusion of salvaged blood via a HandyVac ATS
(Unomedical) retransfusion set. Blood was collected and re-infused in-line with the manufacturers in-
structions. RTF2 represents those participants that received their drainage blood.

Drainage group (DRN and DRN2 group) (Control/no cell salvage group): DRN group (control group) re-
ceived a standard drain. DRN2 represents all participants that did not receive drainage blood.

Outcomes Outcomes reported: intraoperative blood loss, postoperative blood loss, amount of blood re-trans-
fused, amount of fresh frozen plasma (FFP) transfused, amount of packed red blood cells transfused,
duration of hospital stay

Notes Transfusion protocol: the postoperative indication to transfuse was the onset of hypovolaemic shock
symptoms, general weakness and increasing symptoms of ischaemic disease. The trigger for trans-
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Laszczyca 2015 (Continued)

fusion was a haemoglobin <8 g/dL, a decrement >5 g/dL or < 9.5 g/dL with symptomatic anaemia or

bleeding.

Prospective registration status: the study was not prospectively registered with a trials registry.

Ethical approval: the study was not approved by a Research Ethics Committee or Institutional Review

Board.

Language of publication: English and Polish

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomisation methods not stated
tion (selection bias)
Allocation concealment Unclear risk The method of allocation concealment is not described and so there is insuffi-
(selection bias) cient information to make a judgement.
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants High risk Authors state indications for transfusion in the methods section, but also state
and personnel (perfor- that decision to give allogeneic blood was made on 'individual basis' so it is
mance bias) not clear how robust / rigid the transfusion protocol was.
Subjective: transfusion
protocol
Blinding of participants Unclear risk Blinding of study personnel and participants is not described and so there is
and personnel (perfor- insufficient information to make a judgement. No attempt suggested in terms
mance bias) of intraoperative blinding of surgeons until end of procedure, as has been
Subjective: all other out- done in other studies
comes
Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- High risk Blinding of study personnel and participants is not described and so there is
sessment (detection bias) insufficient information to make a judgement. No attempt suggested in terms
Subjective outcomes of intraoperative blinding of surgeons until end of procedure, as has been
done in other studies. Outcomes measures not adequately defined

Incomplete outcome data  High risk Six participants from intervention group were moved to control group because
(attrition bias) they did not receive an autotransfusion
All outcomes
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
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Laszczyca 2015 (Continued)

Other bias Unclear risk Difference in group sizes included in analysis e.g. 38 RTF group versus 55 in
drainage only group. Baseline characteristics table has not been provided - dif-
ficult to assess whether the groups were truly homogenous at baseline. Con-
flicts of interest statement / funding sources have not been provided.

Lepore 1989
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Gothenburg, Sweden
Recruitment: recruitment and study dates not reported

Maximum follow-up: 5 days postoperatively

Participants

135 participants undergoing cardiac surgery were randomised to one of two groups:
Autotransfusion group (Cell salvage/intervention group): N =67. M:F 52:15. Mean (SD) age 60 (12)
Control group: N =68. M:F 51:17. Mean (SD) age 61 (10)

Participants in the autotransfusion group were comparable to those in the control group at baseline.

Interventions

Autotransfusion group (Cell salvage/intervention group): cell salvage group had the cardiotomy reser-
voir (Dideco 742), after use in extracorporeal circulation, reconfigured to serve as a receptacle for post-
operative mediastinal drainage. One of the inlet ports was connected to the tubes draining the medi-
astinum. In this way, the drainage from the chest passed through the 20 um filter of the cardiotomy
reservoir. The cardiotomy outlet tubing was replaced with an adaptor connecting with standard intra-
venous tubing. A standard infusion pump was used to reinfuse the collected blood. The filtered blood
collecting in the reservoir was reinfused at hourly intervals. No blood was reinfused after the 6th post-
operative hour. Thereafter, the reservoir served only as a receptacle for shed mediastinal blood. Reser-
voir blood was sampled at 6 hours for bacteriologic study.

Control group: control group received no autotransfusion.

Outcomes Outcomes reported: amount of blood re-transfused from the cell saver, amount of allogeneic blood
transfused, number of participants transfused allogeneic blood, adverse events, mortality, blood loss
Notes Transfusion protocol: the use of a transfusion protocol was not reported.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by the hospital Ethic's Committee.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.
tion (selection bias)
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Lepore 1989 (continued)

Allocation concealment
(selection bias)

Unclear risk

Method used to conceal treatment allocation was unclear.

Blinding of participants
and personnel (perfor-
mance bias)

Objective outcome: mor-
tality

Low risk

Objective outcome (mortality) unlikely to be influenced by blinding

Blinding of participants
and personnel (perfor-
mance bias)
Subjective: transfusion
protocol

High risk

No transfusion protocol in place

Blinding of participants
and personnel (perfor-
mance bias)

Subjective: all other out-
comes

Unclear risk

No blinding possible for personnel

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk

Objective outcome (mortality) unlikely to be influenced by blinding

Blinding of outcome as- High risk No blinding possible for personnel
sessment (detection bias)
Subjective outcomes
Incomplete outcome data  Unclear risk No info on participant flow. Baseline characteristics as mentioned in meth-
(attrition bias) ods as number who were allocated to each group. Unclear if this is the number
All outcomes used in analyses (1 participant died, unclear if they were excluded - no men-
tion). Likely ITT, but not sure
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Unclear risk No baseline imbalance noted. Funding and conflicts not reported
Lorentz 1991
Study characteristics
Methods Design: RCT, parallel four-arm, single-centre study

Setting: university teaching hospital, Mannheim, Germany

Recruitment: 16-month period. Precise recruitment and study dates not reported

Maximum follow-up: postoperatively

Participants

64 participants scheduled for total hip arthroplasty were randomly divided into one of four groups:

Group 1 (Preoperative autologous donation group): N =16

Group 2 (Preoperative haemodilution group): N =16
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Lorentz 1991 (Continued)

Group 3 (Autotransfusion group) (Cell salvage/intervention group): N = 16
Group 4 (Control/no cell salvage group): N =15

Demographic data were not reported.

Interventions

Group 1: preoperative autologous donation group had their preoperative blood donations stored in
citrate-phosphate-dextrose solution with adenine (CPDA-1) buffer. Three units of 450 mL were request-
ed. A pre-donation haemoglobin (Hb) concentration of 11.0 g/dL was required. Surgery was carried out
in the 5th week after the first donation.

Group 2: preoperative haemodilution group had their blood collected to a haemoglobin of 9.0 g/dL af-
ter the induction of anaesthesia and initial circulatory stabilisation.

Group 3 (Cell salvage/intervention group): autotransfusion group had a cell separator used for intraop-
erative and postoperative autotransfusion. Postoperative autotransfusion of drainage blood was con-
tinued until 6 hours after the beginning of the operation. Autologous blood collected with the cell sepa-
rator was re-transfused at the end of the operation and after the autotransfusion period irrespective of
the actual Hb concentration.

Group 4 (Control/no cell salvage group): control group received standard care.

Outcomes

Outcomes reported: amount of allogeneic blood transfused, number of patients transfused allogeneic
blood, blood loss

Notes

Transfusion protocol: polygeline was used for volume resuscitation. If the Hb concentration fell below
9.0 g/dL in the operating room and the intensive care unit or below 10.0 g/dL in the general ward, au-
tologous or allogeneic packed red cells were transfused.

Prospective registration status: the study was published prior to 2010.

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: German

Study groups: for the purpose of our review, we have included Group 3 as the cell salvage/intervention
group and Group 4 as the control/no cell salvage group.

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method used to generate allocation sequences was not described: the par-
ticipants were randomly selected into four groups: group 2 - preoperative
haemodilution, group 3 - intra- and postoperative autotransfusion, group 4 -
control group. (Only groups 3 and 4 are relevant.)

Allocation concealment
(selection bias)

Unclear risk Method used to conceal treatment allocation is unclear. The participants were
randomly selected into four groups: group 2 - preoperative haemodilution,
group 3 - intra- and postoperative autotransfusion, group 4 - control group.
(Only groups 3 and 4 are relevant.)

Blinding of participants
and personnel (perfor-
mance bias)

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)
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Lorentz 1991 (Continued)
Objective outcome: mor-
tality

Blinding of participants Low risk Transfusion protocol in place: a haemoglobin concentration of 9 g/dL was set

and personnel (perfor- as the intervention value for a transfusion intraoperatively and during the stay

mance bias) at the watch station, and a haemoglobin concentration of 10 g/dL after the

Subjective: transfusion day of the operation

protocol

Blinding of participants High risk The blinding status of outcome assessors is not described. Transfusion proto-

and personnel (perfor- colin place but method for measuring blood loss is not defined

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk The blinding status of outcome assessors is not described. Transfusion proto-

sessment (detection bias) colin place but method for measuring blood loss is not defined

Subjective outcomes

Incomplete outcome data  Unclear risk Unclear - 1 participant in the control group was discharged from the study be-

(attrition bias) cause - with an unremarkable medical history - stenocardia occurred postop-

All outcomes eratively in the recovery room and the admission criteria for the study were no
longer met

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk (Only groups 3 and 4 are relevant.) No apparent baseline imbalance. Funding
and conflicts not reported

Luo 2016
Study characteristics
Methods Design: RCT, parallel two-arm, multicentre study

Setting: 2 hospitals in Guangzhou, China (1 university teaching hospital, 1 regional district hospital)

Recruitment: October 2014 to October 2015

Maximum follow-up: 7 days postoperatively

Participants

Atotal of 91 participants undergoing total hip arthroplasty (THA) were randomised to one of the follow-

ing two groups:

ABT Group (Cell salvage/intervention group): N = 49. Mean (SD) age 58 (5.7). M:F 27:22. Mean BMI 22.1

Standard drainage group (Control/no cell salvage group): N = 42. Mean (SD) age 61 (6.3). M:F 22:20.

Mean BMI 21.8

There was no difference in baseline data between the two groups.
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Luo 2016 (Continued)

Interventions ABT Group (Cell salvage/intervention group): the ABT group received a ConstaVac Blood Conservation
Il (CBCII, Stryker Instruments, Kalamazoo, Michigan, USA) autologous blood transfusion device. Autolo-
gous blood collected within the first 6 hours after surgery was collected and reinfused. Blood collected
after 6 hours was collected and discarded. The drain was removed when the daily drainage blood level
was <50 mL.

Standard drainage group (Control/no cell salvage group): the drain group (control group) received a
conventional postoperative vacuum drain, connected to an ordinary drainage bottle. Drainage blood
was not re-transfused and the drain was removed when daily drainage blood level was <50 mL.

Outcomes Outcomes reported: intraoperative blood loss, postoperative drainage blood, amount of ABT blood
retransfused, adverse events (including fever, chills, dyspnoea, redness, DVT, wound healing)

Notes Transfusion protocol: use of a transfusion protocol is not reported for this study.
Prospective registration status: the study was not prospectively registered on a trials registry.

Ethical approval: there is no information available regarding ethical approval of the study. We con-
tacted authors to enquire about this, but received no response.

Langauge: English

Trial funding: funded by the Panyu Central Hospital of Guangzhou (2014-Q-06) and the Technology
and Information Department of Panyu (2014-203-30).

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk There is insufficient information provided to make a judgement

tion (selection bias)

Allocation concealment Unclear risk There is insufficient information provided to make a judgement
(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk No transfusion protocol stated, and excluded those who received allogeneic
and personnel (perfor- transfusion, without providing data on those excluded

mance bias)

Subjective: transfusion

protocol

Blinding of participants Unclear risk There is no description of blinding of study participants or personnel: DVT,
and personnel (perfor- confirmed diagnostically by ultrasound Doppler carried out on postop day 7.
mance bias) Blood loss - unclear how this was measured. Unclear how lack of blinding may
Subjective: all other out- have influenced this outcome.

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)

Objective outcomes: mor-
tality and transfusions
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Luo 2016 (Continued)

Blinding of outcome as-
sessment (detection bias)
Subjective outcomes

Unclear risk There is no description of blinding of study participants or personnel: DVT,
confirmed diagnostically by ultrasound Doppler carried out on postop day 7.
Blood loss - unclear how this was measured. Unclear how lack of blinding may
have influenced this outcome.

Incomplete outcome data  High risk Patients who received an allogeneic blood transfusion were excluded from the

(attrition bias) study

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk Funding reported (non-pharma): this study was funded by the Panyu Central
Hospital of Guangzhou (2014-Q-06) and the Technology and Information De-
partment of Panyu (2014-Z03-30). Conflicts of interest not stated. No apparent
baseline imbalance. However, as those who were transfused were excluded, it
is unclear whether they were included in the baseline characteristics.

Mac 1993
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: private, non-profit tertiary care hospital
Recruitment: August 1990 to February 1991

Maximum follow-up: 1 year postoperatively

Participants

Group 1 (Constavac) (Cell salvage/intervention): N = 56. Mean age 66.4. M:F (%) 50:50
Group 2 (Haemovac) (Control/no cell salvage): N = 35. Mean age 63.9. M:F (%) 37:63

There was baseline imbalance in ASA score between the groups.

Interventions

Group 1 (Constavac) (Cell salvage/intervention): postoperative autoreinfusion device

Group 2 (Haemovac) (Control/no cell salvage): standard drain used postoperatively

Outcomes

Outcomes reported: blood loss, blood replacement, length of hospital stay

Notes

Transfusion protocol: on the day of surgery, blood was transfused at the discretion of the surgeon. On
postoperative days 1 and 2, blood was transfused for a haemoglobin below "10 vols/100 mL".

Prospective registration status: the study was published prior to 2010.

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: English
Trial funding: not reported

Conflicts of interest: not reported

Risk of bias
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Mac 1993 (Continued)

Bias

Authors' judgement

Support for judgement

Random sequence genera-  High risk Original randomisation methods unclear. Randomisation was broken as 15
tion (selection bias) participants were reassigned after randomisation to ConstaVac group by oper-
ating surgeon
Allocation concealment Unclear risk Operating staff not aware of allocation until procedure but explicit method of
(selection bias) concealment not reported e.g. sealed opaque envelopes
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants High risk Decisions on blood transfusion varied depending on the day. Quote: "On the
and personnel (perfor- day of surgery, blood was transfused at the discretion of the surgeon. On post-
mance bias) operative days 1 and 2, blood was transfused for a haemoglobin below 10 vol-
Subjective: transfusion s/100ml."
protocol
Blinding of participants Low risk Intraoperative allocation only shared at end of operation. Postoperative trans-
and personnel (perfor- fusion threshold in place and standard care described as consistent. Physician
mance bias) blinded for most of the procedure until drain inserted.
Subjective: all other out-
comes
Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- High risk Undefined protocol for LOS and blood loss measurement, once blinding was
sessment (detection bias) broken
Subjective outcomes
Incomplete outcome data  Unclear risk Poorly described
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias High risk No conflict of interest or funding declaration. Baseline imbalance of groups
(ASA grade) and uneven group size
Mah 1995
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study
Setting: district general hospital, Adelaide, Australia
Recruitment: January 1986 to June 1990
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Mah 1995 (Continued)

Maximum follow-up: not reported

Participants

99 participants undergoing elective primary total knee or hip replacement surgery were randomly allo-
cated to one of two groups:

Autologous blood salvage (ABS) (Cell salvage/intervention group): N =91
No autologous blood salvage (No-ABS) (Control/no cell salvage group): N=114

Demographic data are not reported.

Interventions

Autologous blood salvage (ABS) (Cell salvage/intervention group): cell salvage group had blood sal-
vage performed using a semi-automated autotransfuser (Electromedics BT-795) according to the man-
ufacturer's instructions. Intraoperative blood salvage was performed by a nurse in conjunction with

an anaesthetist. Postoperative blood salvage was a continuation of the intraoperative salvage for a du-
ration not exceeding 6 hours after the tourniquet was released. On completion of salvage, the wound
drains were connected to two vacuum-charged Redivac bottles and the drains were removed at 48
hours after surgery. The average volume of blood salvaged in each participant was calculated after ad-
justing the haematocrit to 40%.

No autologous blood salvage (No-ABS) (Control/no cell salvage group): control group received no au-
totransfusion.

Outcomes Outcomes reported: number of participants transfused allogeneic blood, blood loss
Notes Transfusion protocol: allogeneic blood transfusions were used intra/postoperatively to maintain a
safe blood volume and a haemoglobin level around 10.0 g/dL.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by the Clinical Investigations Committee at the Repatria-
tions General Hospital.
Language of publication: English
Extraction: only data from total knee replacement participants are available, as total hip replacement
group was divided into uncemented and cemented subgroups.
Total knee replacement group data have been reported across Tables 4 and 6 within the publication;
the numbers did not add up for us. We contacted authors for clarification but received no response. We
therefore marked the study as 'not reported' (NR) for all outcomes.
Trial funding: not reported
Conflicts of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Participants were randomised using a computer-generated randomisation ta-
tion (selection bias) ble: 2 tables, one for knee replacement and one for hip replacement
Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.
(selection bias)
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
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Mah 1995 (Continued)

Blinding of participants
and personnel (perfor-
mance bias)
Subjective: transfusion
protocol

High risk

No transfusion protocol

Blinding of participants
and personnel (perfor-
mance bias)

Subjective: all other out-
comes

High risk

Poorly-defined processes for outcomes and blinding

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk

No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of outcome as-
sessment (detection bias)
Subjective outcomes

High risk

Poorly-defined processes for outcomes and blinding

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk

The total number of participants contributing to the outcome measures is not
reported, no info on participant flow

Selective reporting (re-
porting bias)

Unclear risk

No trial registration or published protocol is available to compare

Other bias

Unclear risk

Only the prospective study is relevant. Baseline data not reported. Funding
and conflicts not reported

Majkowski 1991

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study

Setting: specialist orthopaedic hospital, Bristol, Avon, UK

Recruitment: recruitment and study dates not reported

Maximum follow-up: 48 hours postoperatively

Participants

40 participants undergoing primary unilateral total knee arthroplasty were randomised to one of two

groups:

Study group (Autotransfusion) (Cell salvage/intervention group): N = 20. M:F 6:14. Mean age 71.3

Control group (Standard drain): N = 20. M:F 6:14. Mean age 70.3

There was no baseline imbalance between groups.

Interventions

Study group (Autotransfusion) (Cell salvage/intervention group): autotransfusion group (Solcotrans
orthopaedic reinfusion system) had the two deep intra-articular drains connected to a Solcotrans
reservoir and a suction pressure of 80 mmHg applied for an initial period of 10 minutes, after which the
wound was allowed to drain by gravity alone. Two Solcotrans reservoirs were attached sequentially to
each participant regardless of the volume drained. Blood was reinfused if a sufficient volume had been
collected. Drains were removed at 48 hours.
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Majkowski 1991 (Continued)

Control group (Standard drain): control group had all drains attached to Redivac bottles. Autotrans-
fusion was not used.

Outcomes Outcomes reported: amount of blood collected by the cell saver, amount of blood re-transfused from
the cell saver, amount of allogeneic blood transfused, adverse events
Notes Transfusion protocol: allogeneic blood was given to patients if the haemoglobin level fell below 9.5 g/
dL or if indicated haemodynamically.
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.
tion (selection bias)
Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.
(selection bias)
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol:
and personnel (perfor-
mance bias) Allogeneic blood was given to patients if the haemoglobin level fell below 9.5
Subjective: transfusion g/dL or if indicated haemodynamically.
protocol
Blinding of participants Low risk Clear diagnostic guidelines for outcomes, unlikely to be largely affected by
and personnel (perfor- blinding
mance bias)
Subjective: all other out-
comes
Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- Low risk Clear diagnostic guidelines for outcomes, unlikely to be largely affected by
sessment (detection bias) blinding
Subjective outcomes
Incomplete outcome data  Unclear risk The number of participants analysed is unclear; no info on participant flow
(attrition bias)
All outcomes
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Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk No baseline imbalance noted. Funding and conflicts not reported
Marberg 2010

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Gothenburg, Sweden
Recruitment: September 2006 to May 2007

Maximum follow-up: duration of hospital stay

Participants 80 consecutive participants with stable angina pectoris, scheduled for CABG were randomised to either
autotransfusion or no-autotransfusion of mediastinal shed blood.

Autotransfusion group (Cell salvage/intervention group): N = 39. Mean (SD) age 66 (10). M:F 30:9. Mean
(SD) BMI 27 (4).

No autotransfusion group (Control/no cell salvage group): N = 38. Mean (SD) age 68(8). M:F 29:9. Mean
(SD) BMI 28 (3).

There was a between-group difference in left ventricular ejection fraction (LVEF) at baseline.

Interventions Autotransfusion group (Cell salvage/intervention group): participants received autotransfusion of all
mediastinal shed blood in the first 12 hours postoperatively. Cardiotomy suction blood was continu-
ously re-transfused without cell salvage during CPB.

No autotransfusion group (Control/no cell salvage group): participants avoided all autotransfusion
(mediastinal shed blood was discarded). Cardiotomy suction blood was continuously re-transfused
without cell salvage during CPB.

Outcomes Outcomes reported: postoperative bleeding volume during the first 12 postoperative hours, transfu-
sion requirements

Notes Transfusion protocol: “Transfusion triggers were predefined in the local clinical protocol. RBC trans-
fusions were given when blood haemoglobin level decreased to < 80 g/L. Platelets were transfused in
patients with ongoing bleeding > 300 mL/hr and platelet count <50 x 109/L, or suspected or confirmed
platelet dysfunction. Plasma was transfused in patients with ongoing bleeding > 200 mL/hr and signs
of impaired coagulation on thrombo-elastometry. The final decision regarding transfusion was always
made by the attending physician.”

Prospective registration status: the study was not prospectively registered with a trials registry.

Ethical approval: the study was approved by the Regional Research Ethics Committee for Sahlgrenska
University Hospital, Gothenberg, Sweden.

Language of publication: English

Trial funding: the study was supported by the Swedish Heart and Lung Foundation and Sahlgrenska
University Hospital

Conflicts of interest: not reported

Risk of bias
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Marberg 2010 (Continued)
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomisation sequence method not stated
tion (selection bias)
Allocation concealment Unclear risk While the envelopes used were unmarked, it is not described whether alloca-
(selection bias) tion concealment was achieved by using opaque envelopes.
Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-
mance bias)
Objective outcome: mor-
tality
Blinding of participants High risk Authors provide transfusion protocol but state that in all cases, the final deci-
and personnel (perfor- sion to transfuse was made by attending physician, which indicates scope for
mance bias) deviation from protocol.
Subjective: transfusion
protocol
Blinding of participants High risk Lack of blinding of participants/personnel during procedure/postoperative
and personnel (perfor- care could affect outcomes such as blood loss/reoperation for rebleed (this
mance bias) trigger has not been defined by authors).
Subjective: all other out-
comes
Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- Unclear risk Blinding status unclear
sessment (detection bias)
Subjective outcomes
Incomplete outcome data  Low risk All participants randomised within the study are accounted for in the outcome
(attrition bias) data.
All outcomes
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Low risk No obvious baseline imbalance. Funding reported (no pharmaceutical fund-
ing: the study was supported by the Swedish Heart and Lung Foundation and
Sahlgrenska University Hospital). Conflicts of interest not reported
Martin 2000
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study
Setting: university teaching hospital, Montreal, Québec, Canada
Recruitment: September 1998 to January 1999
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Martin 2000 (continued)

Maximum follow-up: duration of hospital stay

Participants

198 patients undergoing cardiac surgery were randomised to one of two groups:
Reinfusion group (Cell salvage/intervention group): N = 98. M:F 75:23. Mean (SD) age 62 (19.8)
Control group: N = 100. M:F 70:30. Mean (SD) age 66 (20.0)

Preoperative Hb, age, weight, body surface area, and red cell mass were all imbalanced between
groups at baseline.

Interventions

Reinfusion group (Cell salvage/intervention group): cell salvage group were treated with an autotrans-
fusion system (Atrium Medical Corporation) consisting of 28F thoracic tubes connected to a three-
chamber system. All collected blood was filtered and autotransfused until no drainage was present or
for a maximum period of 12 hours. Transfusion began one hour after the patient arrived in the intensive
care unit (ICU).

Control group: control group had their postoperative mediastinal drainage discarded.

Outcomes Outcomes reported: number of participants transfused allogeneic blood, amount of allogeneic blood
transfused, blood loss, adverse events

Notes Transfusion protocol: during CPB, allogeneic red blood cells were transfused for haemoglobin con-
centrations below 6.0 g/dL. In the postoperative period, the threshold for allogeneic red blood cell
transfusion was Hb < 8.0 g/dL.
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Participants were randomised in the control group or the reinfusion group by
tion (selection bias) use of a table of random digits by blocks of 4.
Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.
(selection bias)
Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol in place: during CPB, red blood cells were transfused for
and personnel (perfor- haemoglobin concentration below 60 g/L, whereas in the postoperative peri-
mance bias) od, the threshold for homologous red blood cell transfusion was 80 g/L.
Subjective: transfusion
protocol
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Martin 2000 (continued)

Blinding of participants Low risk Before completion of the operation, the perfusionist would tell the surgeon in

and personnel (perfor- which group the patient had been randomised, and the drainage system was

mance bias) set up accordingly.

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk The blinding status of outcome assessors was not described. All data were

sessment (detection bias) prospectively collected from the chart of every enroled participant by 3 re-

Subjective outcomes search assistants.

Incomplete outcome data  Low risk All participants randomised are accounted for in the reported intention-to-

(attrition bias) treat analysis: of the 198 participants, 196 completed the study in accordance

All outcomes with the protocol. Two participants randomised to the reinfusion system were
not subjected to the proper study protocol: in 1 case, the surgeon requested
to use the usual drainage system, and in the other case, the postoperative pro-
tocol was not observed. The data from those 2 participants are included in the
reinfusion group to perform an intent-to-treat analysis.

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias High risk Multiple factors imbalanced at baseline - Hb, age, weight, red cell mass. Fund-

ing and conflicts not reported

Mauerhan 1993

Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study
Setting: regional hospital in Charlotte, NC, USA
Recruitment: December 1990 to August 1991 (study dates)

Maximum follow-up: perioperative

Participants

111 participants undergoing elective primary total hip arthroplasty (THA) and total knee arthroplasty
(TKA) were randomly assigned to one of two groups:

Study group (Cell salvage/intervention group): N =57
Control group: N =54

Mean age of TKA patients was 68 years (range 39 to 88 years). Mean age of THA patients was 62 years
(range 27 to 85 years). No other baseline demographic data are reported.

Interventions

Study group (Cell salvage/intervention group): autotransfusion group (CBC ConstaVac) had their post-
operative drainage collected and filtered. The unwashed red blood cells were reinfused within a 6-hour
period. The blood was reinfused through a 20 pm macroaggregate filter. The CBC ConstaVac system
has an umbrella valve that ensures that the top 100 mL of fluid containing serum fat and bone debris
does not leave the reservoir.

Control group: treated with a standard postoperative collection system.
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Mauerhan 1993 (Continued)

All participants were encouraged to donate two units of autologous blood prior to both THA and TKA
procedures.

Outcomes Outcomes reported: number of participants transfused allogeneic or autologous blood, postoperative
drainage, Hb levels

Notes Transfusion protocol: intraoperative blood transfusion was left to the discretion of the operating sur-
geon. No transfusion threshold or trigger was reported.

Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by an Institutional Review Board.
Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomisation was performed using a random number table but no further
tion (selection bias) information on randomisation is provided.

Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.

(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk No transfusion protocol in place: intraoperative blood transfusion was left to
and personnel (perfor- the discretion of the operating surgeon, as set forth by Institutional Review
mance bias) Board protocol

Subjective: transfusion

protocol

Blinding of participants Low risk Remaining treatment protocols had clear guidelines unlikely to be affected by
and personnel (perfor- blinding

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)

Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- Unclear risk Remaining treatment protocols had clear guidelines unlikely to be affected by
sessment (detection bias) blinding, but no transfusion protocol
Subjective outcomes

Incomplete outcome data Unclear risk The numbers analysed are not clear, likely to be ITT (all analysed), though this
(attrition bias) isn't clear based on the reporting
All outcomes
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Mauerhan 1993 (Continued)

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk Baseline imbalance unclear (most demographic details, such as age, reported
by subgroup, not by assignment to intervention). Funding and conflicts not re-
ported

McShane 1987
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Dublin, Ireland
Recruitment: recruitment and study dates not reported

Maximum follow-up: immediate postoperative

Participants 41 participants undergoing cardiac surgery on CPB were randomly allocated to one of two groups:
Saved blood group (Cell salvage/intervention group): N = 20. M:F 12:8. Mean age 56.4 (range 37 to 74)
Donor blood group (Control/no cell salvage group): N =21. M:F 16:5. Mean age 47.76 (range 15 to 64).

No further demographic data are available and no formal between-group baseline comparison has
been performed.

Interventions Saved blood group (Cell salvage/intervention group): in the cell salvage group, all perioperative shed
blood was aspirated into a reservoir, using a low pressure suction device (< 100 mmHg) to minimise
haemolysis. This blood was heparinised by means of heparinised lactated Ringer's solution (heparin
30,000 pL), which was delivered continuously to the tip of the suction wand. The aspirated blood was
stored in a cardiotomy reservoir where it was de-foamed and filtered before being passed to the cen-
trifuge bowl of the autotransfusion device. Here, it was centrifuged and washed with lactated Ringer's
solution (1000 mL approximately) until the effluent or waste fluid was clear in colour. Thus, the red cells
were saved, and plasma, debris, and other cells discarded. These red cells were then suspended in lac-
tated Ringer's solution and pumped to a transfusion bag for reinfusion to the participant.

Donor blood group (Control/no cell salvage group): received allogeneic blood transfusions only

Outcomes Outcomes reported: mortality, time spent on bypass, length of stay

Notes Transfusion protocol: use of a transfusion protocol is not reported
Prospective registration status: the study was published prior to 2010.

Ethical approval: it is unclear whether the study was approved by an ethics committee or institutional
review board.

Language of publication: English
Trial funding: not reported

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement Support for judgement
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McShane 1987 (Continued)

Random sequence genera-  Unclear risk Insufficient detail on randomisation method
tion (selection bias)

Allocation concealment Unclear risk Insufficient detail on allocation concealment
(selection bias)

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk No transfusion protocol - no detail on how decisions were made to transfuse
and personnel (perfor-

mance bias)

Subjective: transfusion

protocol

Blinding of participants Unclear risk Not applicable - no subjective outcomes of interest
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk Not applicable - no subjective outcomes of interest
sessment (detection bias)
Subjective outcomes

Incomplete outcome data  Unclear risk Poorly described
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias High risk Imbalance of operation types. No conflict of interest or funding statement
Menges 1992

Study characteristics

Methods Design: RCT, parallel three-arm, single-centre study

Setting: university teaching hospital, Giessen, Germany
Recruitment: recruitment and study dates not reported

Maximum follow-up: not reported

Participants 42 patients undergoing total hip surgery and preoperative plasmaphaeresis (Abbott Autotrans) were
randomised to one of three groups:
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Menges 1992 (Continued)

Group 1 (Control/no cell salvage group): N =12. Mean (SD) age 66.7 (12.7). Mean (SD) weight 67.5 (12.4)
kg

Group 2 (Autologous blood) (Cell salvage/intervention group): N = 14. Mean (SD) age 55.9 (18.2). Mean
(SD) weight 75.2 (9.7) kg

Group 3 (Autologous blood and intra- and postoperative fresh frozen plasma (FFP)): N = 16. Mean (SD)
age 70.6 (7.0). Mean (SD) weight 73.4 (13.1) kg

Interventions Group 1 (Control/no cell salvage group): control group for the substitution of blood loss, received in
addition to crystalloids and colloids, only allogeneic red blood cells (erythrocyte concentrate). Auto-
transfusion was not used.

Group 2 (Autologous blood) (Cell salvage/intervention group): autotransfusion group for the substitu-
tion of blood loss, received in addition to crystalloids and colloids, only autologous packed red blood
cells (erythrocyte concentrate) collected by the Autotrans BT 795 P, Dideco system.

Group 3 (Autologous blood and intra- and postoperative FFP): autotransfusion + FFP group received,
additionally, intraoperative and postoperative autologous FFP.

NB: study investigated the influence of two different methods of autotransfusion on the intravascular
haemostatic system.

Outcomes Outcomes reported: amount of blood re-transfused from the cell saver, number of participants trans-
fused allogeneic blood, blood loss

Notes Transfusion protocol: participants were transfused if haemoglobin fell below 9.0 g/dL or haematocrit
fell below 28%.

Prospective registration status: the study was published prior to 2010.

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: German

Study groups: for the purpose of our review, Group 2 (Autologous transfusion) acts as the intervention
group and Group 1 (Control) acts as the control group.

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Method used to generate allocation sequences was unclear.

tion (selection bias)

Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.
(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk No transfusion protocol in place
and personnel (perfor-
mance bias)
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Menges 1992 (Continued)
Subjective: transfusion
protocol

Blinding of participants
and personnel (perfor-
mance bias)

Subjective: all other out-
comes

Unclear risk The blinding status of participants and personnel was not described

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
if reported in future publications)

Blinding of outcome as- Unclear risk The blinding status of outcome assessors was not described

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  Unclear risk The total number of participants contributing to the outcome measures is not

(attrition bias)
All outcomes

reported; no info on participant flow, only per-group baseline data

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Unclear risk Baseline imbalance in average age (control mean 10 years older). No info on
funding and conflicts
Mercer 2004
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Leeds, Yorkshire, UK
Recruitment: recruitment and study dates not reported

Maximum follow-up: 37 days postoperatively

Participants

81 participants undergoing elective repair of infrarenal abdominal aortic aneurysm were randomised
to one of two groups:

Intraoperative autotransfusion (IAT) (Cell salvage/intervention group): N = 40. M:F 34:6. Median (in-
terquartile range) age 72 (69 to 76)

Homologous blood transfusion (HBT) (Control/no cell salvage group): N =41; M:F 29:2. Median (in-
terquartile range) age 73 (67 to 78)

Patient demographics, risk factors, and median aneurysm size were similar for the two groups.

Interventions

Intraoperative autotransfusion (IAT): autotransfusion group (Haemonetics Cell Saver) had their shed
blood collected and processed by the autologous blood recovery system. Processed blood was re-
turned to the patient as soon as haemostasis had been achieved.

Homologous blood transfusion (HBT): control group received standard care without autotransfusion.
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Mercer 2004 (Continued)

Outcomes Outcomes reported: number of participants transfused allogeneic blood, amount of allogeneic blood
transfused, blood loss, adverse events, mortality, hospital length of stay
Notes Transfusion protocol: participants received allogeneic blood transfusion to maintain haemoglobin
levels above 8.0 g/dL.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study protocol was approved by the local ethics committee.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.
tion (selection bias)
Allocation concealment Unclear risk The participants were randomised, using sealed envelopes (no mention of
(selection bias) opaqueness)
Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol in place: participants in both groups received blood
and personnel (perfor- products to maintain a haemoglobin concentration of 8 g/dL during and af-
mance bias) ter surgery. Postoperative transfusion was used only after discussion with the
Subjective: transfusion consultant vascular surgeon, to prevent blood transfusion outside the proto-
protocol col.
Blinding of participants High risk Participants were blinded to the transfusion group allocation. Members of
and personnel (perfor- the operating surgical team were responsible for the continuing care of par-
mance bias) ticipants, decision to use blood transfusion, and investigation of postopera-
Subjective: all other out- tive complications. They were independent of the research team, but were not
comes blinded to the use of IAT.
Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- High risk Participants were blinded to the use of intraoperative autologous transfusion.
sessment (detection bias) However, the operating surgical team, responsible for the continuing care of
Subjective outcomes the participants, were not blinded to treatment allocation.
Incomplete outcome data  Low risk All participants randomised are accounted for in the reported outcomes
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
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Mercer 2004 (Continued)

Other bias Unclear risk No baseline imbalance (participant demographics, distribution of risk factors,
and median aneurysm size were similar for the two groups (Table 1).) No info
on funding and conflicts

Moonen 2007

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre study
Setting: district hospital in Sittard, the Netherlands
Recruitment: recruitment and study dates not reported
Maximum follow-up: duration of hospital stay

Participants 160 patients undergoing elective total knee arthroplasty (TKA) or total hip arthroplasty (THA) were ran-
domly allocated to one of two groups:

Reinfusion/study group (Cell salvage/intervention group): N = 80. M:F 10:70. Mean (SD) age 69.0 (9.5).
Mean (SD) BMI 28.9 (4.8) kg/m?2

Control group: N = 80. M:F 13:67. Mean (SD) age 69.5 (7.3). Mean (SD) BMI 27.7 (4.6) kg/m?2

The groups were similar with regard to demographic data, other than type of surgery. There was a
marked increased number of THA in the study group and a marked increased number of TKA in the con-
trol group.

Interventions Reinfusion/study group (Cell salvage/intervention group): cell salvage group (Bellovac ABT, AstraTe-
ch AB) had two Redon lines connected to the Bellovac retransfusion system. This system consists of a
collection suction bellow (-90 mmHg), vacuumed for 6 hours after surgery, and an autologous transfu-
sion bag with a 200 pum filter to entrap blood clots and debris. Before re-transfusion, the blood was let
through a 40 pum filter. Reinfusion of shed blood was started 6 hours after the end of surgery when the
collected blood exceeded 100 mL or when the transfusion bag was full (500 mL). After 6 hours postop-
eratively, the system was used as a regular low-vacuum drain in which drained blood was discarded.
Control group: control group received regular postoperative low-vacuum drainage (Abdovac, AstraTe-
ch, AB) without autotransfusion.

Outcomes Outcomes reported: number of participants transfused allogeneic blood, amount of allogeneic blood
transfused, volume of blood re-transfused, adverse events

Notes Transfusion protocol: after surgery, the anaesthesiologist determined the Hb transfusion trigger, that
is, 8.1, 8.9, 0r 9.7 g/dL, depending on comorbidity classified in the ASA (American Society of Anesthesi-
ologists) classification and according to hospital policy. When the Hb level dropped below this trigger,
an allogeneic blood transfusion was given.

Prospective registration status: the trial was published prior to 2010.
Ethical approval: the study was approved by the hospital's ethical committee.
Language of publication: English
Trial funding: not reported
Conflicts of interest: not reported
Risk of bias
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Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method used to generate randomisation sequences is not clear: "Treatment

tion (selection bias) allocation schedule was randomly generated and then concealed in sealed
envelopes that were labeled with a consecutive case number from 1 to 160.
Blocking and stratification were not used."

Allocation concealment Unclear risk Quote: "Treatment allocation schedule was randomly generated and then

(selection bias) concealed in sealed envelopes that were labeled with a consecutive case
number from 1 to 160. Blocking and stratification were not used." No info on
whether envelopes were opaque

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk There was a transfusion protocol but it was dependent on anaesthetist's per-

and personnel (perfor- ception of risk. Quote: "After surgery the anesthesiologist determined the

mance bias) transfusion trigger.[according to a table of ASA and comorbidities]. When Hb

Subjective: transfusion level dropped below this trigger, an allogeneic blood transfusion was given."

protocol

Blinding of participants Unclear risk The blinding status of participants and personnel was not described; unclear

and personnel (perfor- what impact this would have on outcomes

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk The blinding status of participants and personnel was not described; unclear

sessment (detection bias) what impact this would have on outcomes

Subjective outcomes

Incomplete outcome data  Low risk All participants randomised are accounted for in the reported intention-to-

(attrition bias) treat analysis

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk Baseline imbalance in type of surgery. No info on funding or conflicts

Munteanu 2009

Study characteristics
Methods Design: RCT, parallel five-arm, single-centre study
Setting: speciality orthopaedic hospital, Bucharest, Romania
Recruitment: recruitment and study dates not reported
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Munteanu 2009 (Continued)

Maximum follow-up: perioperative

Participants

250 participants undergoing elective unilateral knee arthroplasty were randomised across the follow-
ing five groups:

Group 1 (Control/no cell salvage group): N = 50. M:F 10:40. Mean (SD) age 64 (8). Median (IQR) weight
71 (67 to 80) kg

Group 2 (Preoperative programmed autotransfusion (PPA)): N = 50. M:F 10:40. Mean (SD) age 61(9). Me-
dian (IQR) weight 78 (75 to 83) kg

Group 3 (ConstaVac group) (Cell salvage/intervention group): N = 50. M:F 11:39. Mean (SD) age 66
(7). Median (IQR) weight 67 (56 to 70)

Group 4 (PPA + normovolaemic haemodilution): N = 50. M:F 12:38. Mean (SD) age 63 (11). Median (IQR)
weight 80 (75 to 83) kg

Group 5 (PPA + ConstaVac): N =50. M:F 9:41. Mean (SD) age 68 (10). Median (IQR) weight 75 (73 to 80) kg

No major differences between groups were reported at baseline.

Interventions

Group 1 (Control/no cell salvage group): no autotransfusion. Allogeneic blood only

Group 2 (Preoperative programmed autotransfusion (PPA)): blood donated preoperatively (7 to 12
days prior) and given later

Group 3 (ConstaVac group) (Cell salvage/intervention group): blood collected from drain postoper-
atively autotransfused back to participant in postoperative period

Group 4 (PPA + normovolaemic haemodilution): preoperative programmed autotransfusion and nor-
movolaemic haemodilution carried out prior to surgery

Group 5 (PPA + ConstaVac): ConstaVac autotransfusion postoperatively plus preoperative programmed
autotransfusion

Allogeneic blood given to all groups if required.

Outcomes Outcomes reported: allogeneic blood requirement, postoperative complications, blood loss, length of
stay

Notes Transfusion protocol: "The optimal level of Hb/Hct maintained during the perioperative period was
24% for those without associated pathology and 27% for those with compensated chronic coronary or
respiratory pathology, or 30% in case of angina attacks, ST changes, hemodynamic instability, dysp-
nea."
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.
Language of publication: Romanian
Trial funding: not reported
Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Methods not clear

tion (selection bias)
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Munteanu 2009 (Continued)

Allocation concealment Unclear risk
(selection bias)

Methods not clear

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Unclear risk Transfusion protocol in place; however, it mentions targets rather than ab-

and personnel (perfor- solute thresholds (though possibly lost in translation: "The optimal level of

mance bias) Hb/Hct maintained during the perioperative period was 24% for those without

Subjective: transfusion associated pathology and 27% for those with compensated chronic coronary

protocol or respiratory pathology, or 30% in case of angina attacks, ST changes, haemo-
dynamic instability, dyspnoea").

Blinding of participants Unclear risk Diagnostic criteria not given for some outcomes; no mention of blinding, pos-

and personnel (perfor- sibly lost in translation

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

if reported in future publications)

Blinding of outcome as- Unclear risk
sessment (detection bias)
Subjective outcomes

Diagnostic criteria not given for some outcomes; no mention of blinding, pos-
sibly lost in translation

Incomplete outcome data  Unclear risk
(attrition bias)
All outcomes

Poorly reported, presumed 0 dropouts

Selective reporting (re- Unclear risk
porting bias)

No trial registration or published protocol is available to compare

Other bias Unclear risk No statement on funding or conflicts of interest. However, baseline character-
istics were balanced.
Murphy 2005
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Bristol, Avon, UK

Recruitment: 16-month period. Specific recruitment and study dates are not reported.

Maximum follow-up: duration of hospital stay

Participants 61 participants undergoing cardiac surgery were randomly allocated to one of two groups:

Autotransfusion group (Cell salvage/intervention group): N = 30. M:F 25:5. Mean (SD) age 62.3 (9.3)
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Murphy 2005 (Continued)

Control group: N = 31. M:F 23:8. Mean (SD) age 66.4 (7.6)

The groups were balanced before surgery with regard to demographics and comorbidities, apart from a
higher frequency of unstable angina symptoms in the auto-transfusion group.

Interventions

Autotransfusion group: cell salvage group (Dideco Compact autotransfusion system) underwent in-
traoperative cell salvage with autotransfusion of washed salvaged red blood cells at the completion of
the operative procedure. All blood lost, from skin incision to skin closure, was salvaged via a single-lu-
men suction tube flushed with heparinised saline and connected to the closed rigid collection cham-
ber of the Dideco Compact autotransfusion device at high-pressure suction. Before autotransfusion,
the heparinised salvaged intraoperative blood underwent a washing process, with re-suspension of the
red blood cells in saline, to an Hct of approximately 0.6. This red blood cell suspension was then trans-
ferred to a sterile collecting bag that was disconnected from the autotransfuser and administered via a
standard blood giving set. Salvaged washed red blood cells were autotransfused at the time of skin clo-
sure.

Control group: control group received standard care without autotransfusion.

Outcomes Outcomes reported: number of participants transfused allogeneic blood, volume of blood collected
by the cell saver, volume of blood re-transfused from the cell saver, number of participants transfused
fresh frozen plasma (FFP), number of participants transfused platelets, blood loss, mortality, adverse
events

Notes Transfusion protocol: the threshold for transfusion of allogeneic blood was a haemoglobin level <8.0
g/dL or a haematocrit < 0.23. In participants with excessive blood loss and cardiovascular instability,
blood was given at the discretion of anaesthetic or intensive care unit staff.

Prospective registration status: the study was published prior to 2010.
Ethical approval: the study received local ethics committee approval.
Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Method used to generate allocation sequences was adequate: participants

tion (selection bias) were assigned to 1 of 2 randomised groups, autotransfusion or control, in a 1:1

ratio by using block randomisation. Allocations were generated by a card sys-
tem and concealed in sealed opaque envelopes.

Allocation concealment Low risk Method used to conceal treatment allocation was adequate: participants were

(selection bias) assigned to 1 of 2 randomised groups, autotransfusion or control, in a 1:1 ra-

tio by using block randomisation. Allocations were generated by a card system
and concealed in sealed opaque envelopes.

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: the threshold for transfusion of homologous

and personnel (perfor- blood was haemoglobin <8 g/dL or haematocrit <0.23.

mance bias)
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Murphy 2005 (Continued)
Subjective: transfusion

protocol

Blinding of participants High risk No blinding, assignment preoperatively, may have impacted on some care
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- High risk No blinding, may impact some outcomes, especially LOS
sessment (detection bias)
Subjective outcomes

Incomplete outcome data  Low risk All participants randomised are accounted for in the reported outcomes, ap-
(attrition bias) pearsto be ITT
All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk Some baseline imbalance that may impact cardiovascular outcome measures
(the 2 groups were balanced before surgery with respect to demographics and
comorbidity, apart from a higher frequency of unstable angina symptoms in
the autotransfusion group). No info on funding or conflicts

NCT00839241
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study
Setting: specialist hospital, Szczecin, Poland
Recruitment: January 2009 to June 2009 (study dates)
Maximum follow-up: not reported
Participants 45 participants undergoing total knee replacement were randomly allocated to one of two groups:
Autologous blood transfusion group (Cell salvage/intervention group): N = 20. M:F 7:13. Mean (SD)
age 67.1(10.3)
Allogeneic blood transfusion group (Control/no cell salvage group): N = 25. M:F 5:20. Mean (SD) age
66.6(8.3)
No formal between-group comparison of baseline data is available.
Inclusion criteria: provision of informed consent; aged 18 years and over scheduled for total knee re-
placement; classified as ASA Physical Status Classification System class P1, P2, or P3, according to the
American Society of Anaesthesiology
Exclusion criteria: involvement in the planning and conduct of the study (applies to both Astra Tech
staff or staff at the study site); preoperative haemoglobin below normal range as judged by the investi-
gator; previous enrolment or randomisation to treatment in the present study; expected or confirmed
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NCT00839241 (Continued)

participation in another clinical study during the study period; severe non-compliance to protocol as
judged by the investigator and/or Astra Tech; current symptoms of haemophilia; history of or presence
of malignant disease with propensity for systemic spread during the last 5 years; current or expected
use of cytotoxic drugs; current untreated anaemia (e.g. sickle cell anaemia) as deemed by investiga-
tor; use of pre-donation; use of recombinant erythropoietin; use of other autologous blood transfusion
than that with Bellovac ABT, e.g. washed and centrifuged blood like CellSaver

Interventions Autologous blood transfusion group (Cell salvage/intervention group): Bellovac Autologous Blood
Transfusion (ABT) drain

Allogeneic blood transfusion group (Control/no cell salvage group): Allogeneic blood transfusion

Outcomes Outcomes reported: no relevant outcomes reported in trial registration

Notes Data are available in the trial registration only. No peer review has taken place.
Sponsor: Wellspect HealthCare
Study director: Magnus Jacobsson, MD, PhD, Prof.; Dentsply Sirona Implants
Study start date: January 2009
Actual primary completion date: June 2009
Other Study ID Numbers: YA-ABT-0004
Transfusion protocol: use of a transfusion protocol is not described.

Prospective registration status: the study was retrospectively registered on ClinicalTrials.gov (1
month following study commencement).

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: information on the ClinicalTrials.gov trial registry is available in English
Trial funding: Wellspect Healthcare

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Trial registration only - no detail available

tion (selection bias)

Allocation concealment Unclear risk Trial registration only - no detail available
(selection bias)

Blinding of participants Low risk Trial registration only - no detail available. No objective outcomes reported
and personnel (perfor- (mortality unlikely to be affected by blinding if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants Unclear risk Trial registration only - no detail available; states the study is open-label (un-
and personnel (perfor- blinded)
mance bias)
Subjective: transfusion
protocol
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NCT00839241 (Continued)

Blinding of participants Unclear risk Trial registration only - no detail available; states the study is open-label (un-

and personnel (perfor- blinded)

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Trial registration only - no detail available. No objective outcomes reported

sessment (detection bias) (mortality unlikely to be affected by blinding if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk Trial registration only - no detail available; states the study is open-label (un-

sessment (detection bias) blinded)

Subjective outcomes

Incomplete outcome data  Low risk Participant flow reported in results, significant and unbalanced "incom-

(attrition bias) pletes" (15/20 completed in intervention group, 8/25 completed in control

All outcomes group). However, analysed as ITT (all randomised were analysed)

Selective reporting (re- Low risk Full audit trail of trial registration is available. All outcomes reported

porting bias)

Other bias Unclear risk Principal Investigators are NOT employed by the organisation sponsoring the
study.
Possible conflicts: there IS an agreement between Principal Investigators and
the Sponsor (or its agents) that restricts the PIs' rights to discuss or publish tri-
al results after the trial is completed - likely the reason data are only available
from trial registration.

NCT01251042
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Copehagen, Denmark
Recruitment: October 2010 to December 2011 (study dates)

Maximum follow-up: 7 days postoperatively

Participants

51 participants undergoing spinal surgery with expected blood loss of 800 mL to 1500 mL were enroled
in the study and 49 were randomised to one of the following two groups:

Sangvia and retransfusion (Cell salvage/intervention group): N = 26. Mean (SD) age 53 (14). M:F 8:18
Sangvia and no retransfusion (Control/no cell salvage group): N =23. Mean (SD) age 59 (13). M:F 8:15

No further demographic data available and a between-group analysis has not been performed.

Interventions

Sangvia and retransfusion (Cell salvage/intervention group): the autologous group used the Sangvia
blood salvage system (Sangvia, AstraTech, Molndal, Sweden) intraoperatively and had salvaged blood
re-transfused. The re-transfused blood was filtered but unwashed. The volume of autologous blood
transfusion was approximately 500 mL.

Sangvia and no retransfusion (Control/no cell salvage group): the control group used the Sangvia
blood salvage system intraoperatively but had salvaged blood discarded.
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NCT01251042 (Continued)

Outcomes Outcomes reported: mean blood loss volume (after surgery), frequency of allogeneic blood transfu-
sion (until 96 hours after surgery), adverse events

Notes The citation corresponds to unpublished data available on ClinicalTrials.gov (NCT01251042)
Transfusion protocol: use of a transfusion protocol is not reported

Prospective registration status: the study was retrospectively registered on ClinicalTrials.gov (2
months following study commencement).

Ethical approval: there is no information available confirming approval by a research ethics commit-
tee or institutional review board.

Language of publication: the study information is available in English
Trial funding: Wellspect Healthcare

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Details of the randomisation methodology are not provided.

tion (selection bias)

Allocation concealment Unclear risk Details of the allocation concealment are not provided.
(selection bias)

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk No transfusion protocol reported
and personnel (perfor-

mance bias)

Subjective: transfusion

protocol

Blinding of participants High risk The study was an open-label study with no masking and undefined outcomes
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk The study was an open-label study with no masking and undefined outcomes
sessment (detection bias)
Subjective outcomes

Incomplete outcome data  Low risk Outcome data are available for all 49 participants randomised in the study. No
(attrition bias) loss to follow-up
All outcomes
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Selective reporting (re- Low risk Full audit trail of trial registration is available. All outcomes reported

porting bias)

Other bias Unclear risk The data are unpublished data from the trials registry record of the study. No
full-text publication is available for the study. Principal Investigators are NOT
employed by the organisation sponsoring the study.

Possible conflicts: there IS an agreement between Principal Investigators and
the Sponsor (or its agents) that restricts the PIs' rights to discuss or publish tri-
al results after the trial is completed - likely the reason it remains unpublished.
Nemani 2019
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: speciality hospital, New York, NY, USA
Recruitment: recruitment and study dates not reported

Maximum follow-up: 3 months postoperatively

Participants

63 participants undergoing long posterior spinal fusion for deformity were randomised to one of two
groups:

Group 1 (OrthoPAT) (Cell salvage/intervention group): N = 30. Mean (SD) age 50.5 (17). M:F 5:25
Group 2 (Constavac) (Control/no cell salvage group): N = 33. Mean (SD) age 51.5 (17.6). M:F 10:23

There were no-between group differences at baseline.

Interventions

Group 1 (OrthoPAT) (Cell salvage/intervention group): the cell salvage group (autotransfusion group)
received the OrthoPAT cell salvage and reinfusion system. The reinfusion drain was converted to a
standard (Constavac) drain when the output was < 50 mL/4 hours. The drain was removed when output
was <50 mL/8 hours.

Group 2 (Constavac) (Control/no cell salvage group):the standard drain (control) group received a
standard subfascial closed suction drain (Constavac, Stryker). The drain was removed when output was
<50 mL/8 hours.

Outcomes

Outcomes reported: postoperative homologous blood transfusion volume, 24-hour drain output post-
operatively, total drain output, transfusion-related reactions and complications

Notes

Transfusion protocol: participants received either homologous or autologous blood postoperative-
ly when Hb <8 g/dL or they had symptomatic anaemia, including sustained hypotension, (SBP <90
mmHg for two consecutive measurements), sustained tachycardia (heart rate > 110 bpm for two con-
secutive measurements), dizziness, fatigue, orthostasis as assessed by attending anaesthesiologist or
internist.

Prospective registration status: the study was not prospectively registered with a trials registry.

Ethical approval: the study was approved by the Institutional Review Board for Hospital for Special
Surgery, New York, USA.

Language of publication: English

Trial funding: none reported
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Nemani 2019 (continued)

Conflicts of interest: none reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was performed by a circulating nurse opening the randomi-

tion (selection bias) sation envelope. Allocation was performed by the Epidemiology and Biosta-
tisitcs Core using randomisation software on a 1:1 basis preoperatively. Par-
ticipants were assigned to a drain type depending on the order in which they
were enroled based on the pre-determined randomisation order. A block ran-
domisation scheme was used.

Allocation concealment Low risk Allocation was performed by the Epidemiology and Biostatisitcs Core locat-

(selection bias) ed elsewhere and investigators were blinded to the block size of the block ran-
domisation protocol used.

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding

and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: participants received either homologous or au-

and personnel (perfor- tologous blood postoperatively when Hb <8 g/dL or they had symptomatic

mance bias) anaemia, including sustained hypotension, (SBP <90 mmHg for two consecu-

Subjective: transfusion tive measurements), sustained tachycardia (heart rate > 110 bpm for two con-

protocol secutive measurements), dizziness, fatigue, orthostasis, as assessed by attend-
ing anaesthesiologist or internist.

Blinding of participants Unclear risk No mention of blinding, use of drains may have masked allocation. Many out-

and personnel (perfor- comes not clearly defined, so may be affected by lack of blinding

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding

sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk No mention of blinding, use of drains may have masked allocation. Many out-

sessment (detection bias) comes not clearly defined, so may be affected by lack of blinding

Subjective outcomes

Incomplete outcome data  Low risk Two participants were lost to follow-up in Group 1, which is unlikely to have

(attrition bias) had a significant impact on the effect demonstrated.

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare, and vague

porting bias) description of secondary outcome measures (additional data collected includ-
ed various patient demographic and anthropomorphic variables, and other
preoperative, intraoperative, and postoperative data.)

Other bias Low risk Funding and conflicts of interest reported. No identified baseline imbalance
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Study characteristics

Methods

Design: RCT, parallel two-arm, single-centre study
Setting: university teaching hospital, Bristol, Avon, UK
Recruitment: recruitment and study dates not reported

Maximum follow-up: duration of hospital stay

Participants

70 consecutive participants undergoing unilateral total knee replacement were randomly allocated to
one of two groups:

Reinfusion group (Cell salvage/intervention group): N =35
Homologous transfusion group (Control/no cell salvage group): N =35

The mean age of participants enroled in study was 72 years. No further demographic data are reported.

Interventions

Reinfusion group (Cell salvage/intervention group): cell salvage group (Dideco 797 reinfusion system)
had deep and superficial drains inserted before skin closure and connected to the Dideco 797 reinfu-
sion system which maintains a constant suction of -25 mmHg. The drainage collected was mixed with
citrate in a ratio of 12:1, filtered during collection and again during reinfusion through a 40 um filter.
No washing took place. Drainage was collected for 6 hours or until 500 mL had accumulated, at which
point reinfusion of the unwashed salvaged blood took place.

Homologous transfusion group (Control/no cell salvage group): control group had deep and super-
ficial drains inserted before skin closure and connected to a standard Haemovac system which main-
tains a constant suction of -25 mmHg. Autotransfusion was not available to this group.

Outcomes Outcomes reported: amount of blood re-transfused from cell saver, amount of allogenic blood trans-
fused, number of participants transfused allogeneic blood, adverse events, hospital length of stay
Notes Transfusion protocol: use of a transfusion protocol is not reported.
Prospective registration status: the study was published prior to 2010.
Ethical approval: the study was approved by an ethics committee.
Language of publication: English
Trial funding: none declared
Conflicts of interest: Sorin biomedical institutional support declared
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Method used to generate allocation sequences was adequate: using random
tion (selection bias) number tables
Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear
(selection bias)
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor-
mance bias)

Objective outcome: mor-
tality

if reported in future publications)
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Newman 1997 (Continued)

Blinding of participants
and personnel (perfor-
mance bias)
Subjective: transfusion
protocol

High risk No transfusion protocol in place

Blinding of participants
and personnel (perfor-
mance bias)

Subjective: all other out-
comes

The study was unblinded. The criteria for diagnosing infections were not de-
fined.

High risk

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

if reported in future publications)

Blinding of outcome as- High risk The study was unblinded. The criteria for diagnosing infections were not de-
sessment (detection bias) fined.

Subjective outcomes

Incomplete outcome data  Low risk All participants randomised are accounted for in the reported outcomes, ITT
(attrition bias) analysis

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Low risk Broadly similar at baseline. Funding declared

Niranjan 2006

Study characteristics

Methods

Design: RCT, parallel four-arm, single-centre study
Setting: university teaching hospital, London, UK
Recruitment: recruitment and study dates not reported

Maximum follow-up: duration of hospital stay

Participants

80 participants undergoing first-time isolated CABG surgery were randomly allocated to one of four
groups:

Group A('on-pump’ with cell salvage blood transfusion (CSBT)) (cell salvage/intervention group): N
=20. M:F 16:4. Mean (SD) age 66.3 (7.3)

Group B('on-pump' without CSBT) (control/no cell salvage group): N =20. M:F 16:4. Mean (SD) age
66.1(10.8)

Group C ('off-pump' with CSBT) (cell salvage/intervention group): N = 20. M:F 15:5. Mean (SD) age
67.25(11.2)

Group D('off-pump' without CSBT) (control/no cell salvage group): N =20. M:/F1:1. Mean (SD) age 67.9
(9.5)

Cell salvage for minimising perioperative allogeneic blood transfusion in adults undergoing elective surgery (Review) 180
Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Niranjan 2006 (Continued)

The groups were comparable with regard to demographic and preoperative variables at baseline as-
sessment.

Interventions

Group A ('on-pump’ with cell salvage blood transfusion (CSBT)) (cell salvage/intervention group):
cell salvage (‘on-pump') group (Dideco Electa autotransfusion device) underwent intraoperative cell
salvage with autotransfusion of washed salvaged red blood cells (RBCs) at the conclusion of the pro-
cedure. The cell saver was used to collect blood lost from skin incision to the commencement of car-
diopulmonary bypass (CPB) and then again after the administration of protamine to skin closure.

Group B ("on-pump' without CSBT) (control/no cell salvage group): control (‘on-pump') group had all
blood lost from skin incision to commencement of CPB and protamine reversal to skin closure aspirat-
ed into a waste sucker.

Group C ('off-pump' with CSBT) (cell salvage/intervention group): cell salvage (‘off-pump') group
(Dideco Electa autotransfusion device) underwent intraoperative cell salvage with autotransfusion of
washed salvaged RBCs at the conclusion of the procedure. The cell saver was used to collect blood lost
from skin incision to skin closure.

Group D ('off-pump’ without CSBT) (control/no cell salvage group): control ('off-pump') group had all
lost blood from skin incision to closure suctioned with a high-pressure sucker into a waste container.

NB: prior to autotransfusion, the salvaged blood was washed and centrifuged with re-suspension of the
RBCs in saline to a haematocrit of approximately 0.6. This blood was then transferred to a sterile col-
lecting bag and re-transfused into the participant via a standard blood-giving set at the time of skin clo-
sure.

Outcomes

Outcomes reported: amount of allogeneic blood transfused, volume of blood collected by the cell
saver, blood loss, mortality, hospital length of stay, adverse events

Notes

Transfusion protocol: allogeneic blood was only transfused if the haemoglobin concentration was <
8.0 g/dL.

Prospective registration status: the study was published prior to 2010.
Ethical approval: the protocol of the study was approved by the Hospital Ethics Committee.
Language of publication: English

Study groups: for the purpose of the review, we have used data from the individual groups for our sub-
group analyses. Groups A and B have contributed to the cardiac surgery on-bypass subgroup. Groups C
and D have contributed to the cardiac surgery off-bypass subgroup.

Trial funding: British Heart Foundation

Conflicts of interest: not reported

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Method used to generate allocation sequences was adequate. Randomisation
was achieved by mixing non-transparent envelopes containing cards marked
with the code of each group.

Allocation concealment Low risk Sealed opaque envelopes were used to conceal treatment allocation
(selection bias)
Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-
mance bias)
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Niranjan 2006 (Continued)
Objective outcome: mor-
tality

Blinding of participants Low risk Transfusion protocol in place: homologous blood was only transfused if the
and personnel (perfor- haemoglobin concentration was <8 g/dL.
mance bias)
Subjective: transfusion
protocol
Blinding of participants Unclear risk The blinding status of participants and personnel was not described, no info
and personnel (perfor- defining outcomes
mance bias)
Subjective: all other out-
comes
Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- Unclear risk The blinding status of participants and personnel was not described, no info
sessment (detection bias) defining outcomes
Subjective outcomes
Incomplete outcome data  Low risk All participants randomised are accounted for in the reported outcomes, ap-
(attrition bias) pearsto be ITT
All outcomes
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Low risk No baseline imbalance. Funding reported
Page 1989
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: regional cardiothoracic hospital, Liverpool, Merseyside, UK
Recruitment: recruitment and study dates not reported

Maximum follow-up: duration of hospital stay

Participants

100 consecutive participants undergoing elective coronary artery or valvular operations were randomly
allocated to one of two groups:

Group 2 (reinfusion of shed mediastinal blood) (Cell salvage/intervention group): N = 48. M:F 38:11.
Mean (SD) age 58.3 (8.9)

Group 1 (conventional mediastinal drainage) (Control/no cell salvage group): N =51. M:F 38:14. Mean
(SD) age 56.9 (9.4)

There were no differences between groups at baseline.

Interventions

Group 2 (reinfusion of shed mediastinal blood) (Cell salvage/intervention group): autotransfusion
group had a Bentley Catr hard-shell cardiotomy reservoir (Bentley-Edwards CVS Division) used during
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Page 1989 (Continued)

bypass. Both drains were connected to the top of the cardiotomy reservoir, previously used during by-
pass, and suction of 50 cm H,0 was applied. Patients had their shed mediastinal blood reinfused for up

to 18 hours postoperatively.

Group 1 (conventional mediastinal drainage) (Control/no cell salvage group): control group had a
Polystan soft-shell cardiotomy reservoir (Polystan A/S Walgerholm 8) used during bypass. Blood was
drained into conventional drainage bottles with an applied suction of 25 cm H,0.

NB: after bypass, any residual blood left in the perfusion circuit was saved and infused through a pe-
ripheral vein. Both groups of patients had pericardial and mediastinal drains (Axiom). A variety of both
membrane and bubble oxygenators were used in both groups.

Outcomes Outcomes reported: amount of blood re-transfused from the cell saver, amount of allogeneic blood
transfused, number of participants transfused allogeneic blood, adverse events, re-exploration for
bleeding

Notes Transfusion protocol: allogeneic blood or hetastarch was infused to maintain cardiovascular stability
and a haematocrit of 30%.

Prospective registration status: the study was published prior to 2010.

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: English

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method used to generate allocation sequences was not described.

tion (selection bias)

Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.

(selection bias)

Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

and personnel (perfor- if reported in future publications)

mance bias)

Objective outcome: mor-

tality

Blinding of participants Low risk Transfusion protocol in place: "Homologous blood or hetastarch was infused

and personnel (perfor- to maintain cardiovascular stability and a hematocrit of 30%"

mance bias)

Subjective: transfusion

protocol

Blinding of participants High risk No blinding in the study and other outcome measures deemed high risk of

and personnel (perfor- subjectivity

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)
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Page 1989 (Continued)
Objective outcomes: mor-
tality and transfusions

Blinding of outcome as- High risk No blinding in the study and other outcome measures deemed high risk of
sessment (detection bias) subjectivity
Subjective outcomes

Incomplete outcome data  Unclear risk One participant was excluded from the study following a postoperative com-
(attrition bias) plication. 100 people at baseline, unclear N for analysis

All outcomes

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk No baseline imbalance. Funding and conflicts not reported
Parrot 1991

Study characteristics

Methods Design: RCT, parallel three-arm, single-centre study

Setting: university teaching hospital, Dijon, France
Recruitment: recruitment and study dates not reported

Maximum follow-up: postoperative

Participants 66 participants undergoing aortocoronary bypass surgery were randomly assigned to one of three
groups:

Group 1 (control group): N =22. Mean age = 61 years
Group 2 (intraoperative cell salvage): N = 22. Mean age = 60 years
Group 3 (intraoperative and postoperative cell salvage): N = 22. Mean age = 55 years

There were no differences between groups with respect to age, sex, body surface area, preoperative
haematocrit, and bypass duration.

Interventions Group 1 (Control group): control group participants received homologous blood transfusion only.

Group 2 (intraoperative cell salvage): cell salvage group received intraoperative autologous blood. In-
traoperative autologous blood consisted of the blood contents of the oxygenator after concentration
but without any washing, by the Haemonetics Cell Saver Ill autologous transfusion system.

Group 3 (intraoperative and postoperative cell salvage): cell salvage group received intraoperative and
postoperative autologous blood. Postoperative autologous blood consisted of the mediastinal blood
shed during the first 6 hours, into a heparinised drainage system (PLEUR-EVACA 4005) which was con-
centrated and washed by a Haemonetics Haemolite system.

Outcomes Outcomes reported: amount of blood re-transfused from the cell saver, amount of allogeneic blood
transfused, number of participants transfused allogeneic blood, adverse events, mortality, blood loss,
Hct levels

Notes Transfusion protocol: allogeneic blood transfusions were given if the haematocrit dropped below

20% during bypass, 28% at the end of the procedure, 30% within 24 hours, or if the haemoglobin level
was < 10.0 g/dL while on the cardiac surgery ward (8 to 10 days).
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Parrot 1991 (Continued)

Prospective registration status: the study was published prior to 2010.

Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.

Language of publication: English

Study groups: for the purpose of our review, specific groups have been used within our subgroup
analyses for cell salvage timing. Group 2 versus Group 1 has been used within the intraoperative cell
salvage subgroup. Group 3 versus Group 1 has been used within the intraoperative and postoperative
cell salvage subgroup.

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method used to generate allocation sequences was not described.

Allocation concealment
(selection bias)

Unclear risk Method used to conceal treatment allocation was unclear.

Blinding of participants
and personnel (perfor-
mance bias)

Objective outcome: mor-
tality

Low risk Objective outcome (mortality) unlikely to be influenced by blinding

Blinding of participants
and personnel (perfor-
mance bias)
Subjective: transfusion
protocol

Low risk Transfusion protocol in place: "All patients received HB (‘homologous blood')
if their hematocrit dropped below 20% during bypass, 28% at the end of the
procedure, 30% within 24 hours, or if their hemoglobin level was < 10 g/dL
while on the cardiac surgery ward (8 to 10 days)".

Blinding of participants
and personnel (perfor-
mance bias)

Subjective: all other out-
comes

High risk No blinding, outcome methods deemed to be at high risk of subjectivity

Blinding of outcome as-
sessment (detection bias)
Objective outcomes: mor-
tality and transfusions

Low risk Objective outcome (mortality) unlikely to be influenced by blinding

Blinding of outcome as-
sessment (detection bias)
Subjective outcomes

High risk No blinding, outcome methods deemed to be at high risk of subjectivity: crite-
ria for diagnosis of infection and method for measuring blood loss not defined

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Only one person excluded (died). Reason for being excluded is death, should
therefore have been kept in (mortality outcomes were not reported)

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
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Other bias Unclear risk Some baseline imbalance (group 3 participants are younger, though authors
say no statistical difference). No funding or conflicts reported
Pavelescu 2014
Study characteristics
Methods Design: RCT, parallel three-arm, single-centre study

Setting: regional hospital, Bucharest, Romania
Recruitment: 1 year study. Recruitment and study dates not reported

Maximum follow-up: 24 hours postoperatively

Participants

78 participants undergoing total knee arthroplasty were randomised to one of three groups:
Group A (No tranexamic acid and standard vacuum drainage group)

Group B,C (Tranexamic acid group, no drain) (Control/no cell salvage group)

Group C (Tranexamic acid and reinfusion system) (Cell salvage/intervention group)

Age range for the study was 51 to 89 years.

Interventions

Group A (No tranexamic and standard vacuum drainage group): received a standard vacuum drain and
no tranexamic acid

Group B,C (Tranexamic acid group, no drain) (Control/no cell salvage group): received tranexamic acid,
10 mg/kg administered intravenously prior to tourniquet release

Group C (Tranexamic acid and reinfusion system) (Cell salvage/intervention group): received tranex-
amic acid 10 mg/kg intravenously prior to tourniquet release and had a reinfusion system drainage sit-
ed at the end of surgery

Outcomes

Outcomes reported: mean allogeneic blood transfusion volume, number of participants requiring al-
logeneic blood transfusion, rate of thromboembolic events

Notes

Transfusion protocol: blood transfusion was made at Hb <9 g/dL or with symptomatic anaemia

Prospective registration status: information on whether the trial was registered prospectively is not
available. No contact information is available for the authors to clarify this.

Ethical approval: it is unclear whether ethical approval was granted for the study. No contact informa-
tion is available for the authors to clarify this.

Language of publication: the abstract was written in English

Study groups: for the purpose of our review, we have used Group C as our cell salvage/intervention
group and Group B/C as our control group. By using Group B,C as a control group, we hope to neu-
tralise any effect of tranexamic acid.

Trial funding: not reported

Conflicts of interest: not reported

Risk of bias

Bias

Authors' judgement  Support for judgement
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Pavelescu 2014 (Continued)

Random sequence genera-  Unclear risk
tion (selection bias)

Abstract only

Allocation concealment Unclear risk
(selection bias)

Abstract only

Blinding of participants Low risk
and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Abstract only. No objective outcomes reported (mortality unlikely to be affect-
ed by blinding if reported in future publications)

Blinding of participants Unclear risk
and personnel (perfor-

mance bias)

Subjective: transfusion

protocol

Transfusion protocol in place: blood transfusion was made at Hb <9 g/dL or
with symptomatic anaemia. Significant scope for between-participant variabil-
ity. More information may be available in a full publication (abstract only)

Blinding of participants Unclear risk
and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Abstract only

Blinding of outcome as- Low risk
sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Abstract only. No objective outcomes reported (mortality unlikely to be affect-
ed by blinding if reported in future publications)

Blinding of outcome as- Unclear risk
sessment (detection bias)
Subjective outcomes

Abstract only

Incomplete outcome data  Unclear risk
(attrition bias)
All outcomes

Abstract only

Selective reporting (re- Unclear risk
porting bias)

No trial registration or published protocol, or full text, is available to compare

Other bias Unclear risk Abstract only, with no full-text publication available. Therefore, there is limited
information available upon which to judge the methodological quality of the
study.

Pleym 2005
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Trondheim, Norway

Recruitment: recruitment and study dates not reported

Maximum follow-up: duration of hospital stay

Participants 50 participants scheduled for first-time CABG surgery were randomly allocated to one of two groups:
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Pleym 2005 (Continued)

Autotransfusion (Cell salvage/intervention group): N = 23. M:F 21:2. Mean (SD) age 63.8 (9.9)
No autotransfusion (Control/no cell salvage group): N = 24. M:F 21:3. Mean (SD) age 63.6 (7.9)
Three participants were excluded from the final analysis (autologous group n = 2; control group n = 1).

There were no differences between the groups at baseline.

Interventions Autotransfusion (Cell salvage/intervention group): after termination of CPB, blood remaining in the
CPB circuit was collected and transfused to the participant. Postoperatively, participants had one me-
diastinal and one pleural drain, each connected to cardiotomy reservoir. Cell salvage group had their
shed mediastinal blood infused continuously by means of an autotransfusion pump (Flow-Gard 6200,
Baxter OR Terumo TE-171, Terumo) until the postoperative bleeding was <20 mL/hr for a maximum of
8 hours.

No autotransfusion (Control/no cell salvage group): after termination of CPB, blood remaining in the
CPB circuit was collected and transfused to the participant. Postoperatively, participants had one me-
diastinal and one pleural drain, each connected to cardiotomy reservoir. The control group did not re-
ceive autotransfusion of shed mediastinal blood.

Outcomes Outcomes reported: number of participants transfused allogeneic blood, volume of blood re-trans-
fused from the cell saver, amount of fresh frozen plasma and platelets transfused, blood loss, adverse
events, mortality

Notes Transfusion protocol: use of a transfusion protocol was not reported.
Prospective registration status: the study was published prior to 2010.

Ethical approval: the study was approved by the Regional Committee for Medical Research Ethics,
Central Norway.

Language of publication: English

Trial funding: the Norwegian Health Association (Grant 6432), the Research Foundation at St. Olav Uni-
versity Hospital, the SINTEF UNIMED Research Foundation and Dainippon Pharmaceutical Co., Ltd.
supplied part of the ELISA kits for the analysis of H-FABP.

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomisation was performed using a computer programme at a remote lo-
tion (selection bias) cation but no further information on how sequences were generated is avail-
able
Allocation concealment Unclear risk There is insufficient information about group allocation procedures
(selection bias)
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants High risk No transfusion protocol in place
and personnel (perfor-
mance bias)
Subjective: transfusion
protocol
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Blinding of participants High risk No blinding; criteria for some outcomes not fully defined

and personnel (perfor-

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding

sessment (detection bias) if reported in future publications)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- High risk No blinding; criteria for some outcomes not fully defined

sessment (detection bias)

Subjective outcomes

Incomplete outcome data  High risk Not ITT, although low dropout (47 out of 50 completed). However, study ex-

(attrition bias) cluded participants who sustained MI, which is an important outcome (two

All outcomes of the three participants excluded sustained a perioperative MI, one of whom
subsequently died).

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare

porting bias)

Other bias Unclear risk Funding reported (pharmaceutical) but no mention of involvement. No base-
lineimbalance

Reyes 2011
Study characteristics
Methods Design: RCT, parallel two-arm, single-centre study

Setting: university teaching hospital, Madrid, Spain
Recruitment: February 2009 to June 2009

Maximum follow-up: 30 days postoperatively

Participants

63 participants undergoing cardiac surgery were randomised to one of two groups:
Cell salvage group: N = 34. M:F 24:10. Mean (SD) age 65.5 (12.1)
Control group: N =29. M:F 18:11. Mean (SD) age 63.7 (12.7)

Demographics of participants in both groups were similar at baseline. There was some minor baseline
imbalance seen.

Interventions

Cell salvage group: the cell salvage group underwent cardiac surgery on a cardiopulmonary bypass
machine with the use of a CATS cell saver (Fresenius Hemocare, France) throughout. At the end of
surgery, all remaining blood in the circuit was recovered and concentrated by the cell saver and trans-
fused to the participant via a 200 um filter. Cardiotomy suction was applied when the participant was
anaesthetised and this was reinfused continuously during CPB.

Control group: the control group underwent cardiac surgery on a CPB machine. All blood in the sur-
gical field was aspirated using cardiotomy suction. All blood aspirated prior to heparin administration
and after protamine administration was discarded.
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Reyes 2011 (Continued)

Outcomes Outcomes reported: amount of blood recovered by the cell saver, mortality, re-operation for bleed-
ing, number of units of allogeneic blood transfused, number of participants that required blood trans-
fusion, 6-hour postoperative bleeding, 24-hour postoperative bleeding, length of stay in ICU, length of
stay (total), postoperative fever, postoperative need for antibiotics, platelets at discharge

Notes Transfusion protocol: the study reported that a transfusion protocol was used in all participants dur-
ing the surgical procedure and in the ICU; however, no details of the transfusion protocol are provided

Prospective registration status: the study was not prospectively registered with a trials registry.

Ethical approval: the study was approved by the local ethics committee for Hospital Universitario La
Princesa, Madrid, Spain

Language of publication: English
Trial funding: not reported

Conflicts of interest: not reported

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk No information is provided on the method used for randomisation

tion (selection bias)

Allocation concealment Unclear risk No information is provided on allocation concealment
(selection bias)

Blinding of participants Low risk Objective outcome (mortality) unlikely to be influenced by blinding
and personnel (perfor-

mance bias)

Objective outcome: mor-

tality

Blinding of participants High risk Transfusion protocol in place; however, there is scope for between-participant
and personnel (perfor- variability and insufficient details given: "A transfusion protocol was used in all
mance bias) patients during the surgical procedure and in the intensive care unit (ICU)"
Subjective: transfusion

protocol

Blinding of participants Unclear risk No mention of blinding in study; many outcomes undefined, with scope for
and personnel (perfor- variability and bias

mance bias)

Subjective: all other out-

comes

Blinding of outcome as- Low risk Objective outcome (mortality) unlikely to be influenced by blinding
sessment (detection bias)

Objective outcomes: mor-

tality and transfusions

Blinding of outcome as- Unclear risk No mention of blinding in study; many outcomes undefined, with scope for
sessment (detection bias) variability and bias
Subjective outcomes

Incomplete outcome data  Unclear risk No information on participant flow
(attrition bias)
All outcomes
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Reyes 2011 (Continued)

Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)

Other bias Unclear risk Funding and conflicts not reported. Minor imbalance at baseline (history of
stroke five times higher in control group)

Riou 1994

Study characteristics

Methods Design: RCT, parallel two-arm, single-centre study
Setting: university teaching hospital, Paris, France
Recruitment: recruitment and study dates not reported
Maximum follow-up: 24 hours postoperatively

Participants 50 participants undergoing elective spinal surgery were randomly assigned to one of two groups:
Solcotrans group (Cell salvage/intervention group): N = 25. M:F 7:18. Mean (SD) age 52 (16)

Control group: N =25. M:F 12:13. Mean (SD) age 52 (17)
There were no differences between the groups at baseline.

Interventions Solcotrans group (Cell salvage/intervention group): cell salvage group had their postoperatively
drained blood collected into a Solcotrans Orthopedic Plus system. The salvaged blood was considered
for reinfusion. No anticoagulation was added to the Solcotrans system. The duration of drainage was
limited to the first 5 hours of the postoperative period. At the end of this period, participants from the
Solcotrans group whose drained blood volume was > 200 mL had this blood reinfused.

Control group: control group had their postoperatively drained blood collected into a Solcotrans Or-
thopedic Plus system but the salvaged blood was not considered for reinfusion.

Outcomes Outcomes reported: amount of blood re-transfused from the cell saver, amount of allogeneic blood
transfused, number of participants transfused allogeneic blood

Notes Transfusion protocol: blood transfusion (allogeneic and/or autologous) was given if the haematocrit
level was below 25% during the perioperative period.

Prospective registration status: the study was published prior to 2010.

Ethical approval: the study was approved by an ethics committee prior to commencement.
Language of publication: English

Trial funding: Solco Bask Ltd, Bucks, UK

Conflicts of interest: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Method used to generate allocation sequences was adequate. Arandom num-

tion (selection bias) ber table was used to assign participants in equal numbers to the two groups.
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Allocation concealment Unclear risk Method used to conceal treatment allocation was unclear.
(selection bias)
Blinding of participants Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
and personnel (perfor- if reported in future publications)
mance bias)
Objective outcome: mor-
tality
Blinding of participants Low risk Transfusion protocol in place: blood transfusion (homologous and/or autolo-
and personnel (perfor- gous) was decided if haematocrit was below 25% during the perioperative pe-
mance bias) riod
Subjective: transfusion
protocol
Blinding of participants Low risk Anaesthesiologist was unaware of assignment
and personnel (perfor-
mance bias)
Subjective: all other out-
comes
Blinding of outcome as- Low risk No objective outcomes reported (mortality unlikely to be affected by blinding
sessment (detection bias) if reported in future publications)
Objective outcomes: mor-
tality and transfusions
Blinding of outcome as- Low risk Anaesthesiologist was unaware of assignment
sessment (detection bias)
Subjective outcomes
Incomplete outcome data  High risk High number of dropouts from the study: 25 per group randomised; 21 and 16
(attrition bias) analysed (unbalanced drop out and > 20%)
All outcomes
Selective reporting (re- Unclear risk No trial registration or published protocol is available to compare
porting bias)
Other bias Low risk No baseline imbalance. Funding reported (non-pharmaceutical)
Rollo 1995
Study characteristics
Methods Design: RCT, parallel four-arm, single-centre study

Setting: specialist orthopaedic hospital, Philadelphia, PA, USA

Recruitment: June 1991 to February 1992

Maximum follow-up: 48 hours postoperatively

Participants

153 participants undergoing primary total hip arthroplasty were randomised to one of four groups:

Group 1(intraoperative and postoperative cell salvage (Haemonetics)) (Cell salvage/intervention
group): N =35. M:F 19:16. Mean (range) age 68 (50 to 86)
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Group 2(postoperative cell salvage (Solcotrans)) (Cell salvage/intervention group): N = 40. M:F 24:16.
Mean (range) age 68 (28 to 87)

Group 3(standard drain (Hemovac)) (Control/no cell salvage group): N = 38. M:F 20:20. Mean (range)
age 64 (39 to 85 years)

Group 4 (no drainage system): N = 38. M:F 20:18. Mean (range) age 61 (38 to 86)

There were no differences between the groups at baseline.

Interventions

Group 1(intraoperative and postoperative cell salvage (Haemonetics)) (Cell salvage/intervention
group): cell salvage group (Haemonetics system) had intraoperative salvage of red blood cells per-
formed with the Haemonetics Cell Saver. A paediatric bowl was used for the processing of salvaged,
shed blood. This collection was continued after surgery through two medium drains while the partici-
pant remained in the recovery room. A closed-suction standard Hemovac drain was placed when sal-
vage was discontinued.

Group 2(postoperative cell salvage (Solcotrans)) (Cell salvage/intervention group): cell salvage
group (Solcotrans system) were treated with a Solcotrans drainage infusion system at the completion
of surgery. This system consists of a 500 mL collection canister with 260 pm pre-transfusion filter for
collection and a 40 um filter for transfusion. A minimum of 300 mL of blood had to be collected within
a 4-hour period. Total collection/infusion time could not exceed 6 hours. A maximum of 2 units could
be reinfused. After the completion of the transfusions, the Solcotrans unit was discarded and replaced
with a closed-suction drain.

Group 3(standard drain (Hemovac)) (Control/no cell salvage group): control group (Hemovac
drainage system) were treated with a standard 400 mL Hemovac closed-suction drain.

Group 4 (No drainage system): control group did not receive drains at the completion of surgery.

Outcomes Outcomes reported: amount of allogeneic and/or autologous blood transfused, number of partici-
pants transfused allogeneic blood, adverse events, thigh circumference measures, wound drainage

Notes Transfusion protocol: all decisions for allogeneic blood transfusion were based on the clinical con-
dition of the participant. The absolute value of the haemoglobin or haematocrit was not considered
in isolation. Participants who were able to donate at least 2 units of autologous blood preoperatively
were included in the study.
Prospective registration status: the study was published prior to 2010.
Ethical approval: it is not clear whether the study was approved by an ethics committee or institution-
al review board.
Language of publication: English
Study groups: for the purpose of our review, we have included the specific group comparisons within
our subgroup analyses of cell salvage timing. Group 1 versus Group 3 has been included in the intraop-
erative and postoperative cell salvage subgroup. Group 2 versus Group 3 has been included in the post-
operative cell salvage subgroup.
Trial funding: not reported
Conflicts of interest