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Summary
The use of cell salvage is recommended when it can be expected to reduce the likelihood of allogeneic
(donor) red cell transfusion and/or severe postoperative anaemia. We support and encourage a continued
increase in the appropriate use of peri-operative cell salvage and we recommend that it should be avail-
able for immediate use 24 h a day in any hospital undertaking surgery where blood loss is a recognised
potential complication (other than minor/day case procedures).

Recommendations
1 The use of cell salvage is recommended when it can

be expected to reduce the likelihood of allogeneic

(donor) red cell transfusion and/or severe postoperative

anaemia.

2 We recommend that cell salvage equipment and staff

trained to operate it be immediately available 24 h a

day in hospitals undertaking surgery where blood loss

is a recognised complication.

3 Collection of blood for potential cell salvage (‘collect

only’ mode) should be considered for surgical proce-

dures where blood loss may exceed 500 ml (or

> 10% of calculated total blood volume) in adult

patients, or > 8 ml.kg�1 (> 10% of calculated total

blood volume) in children weighing > 10 kg.

4 Each hospital should have both a nominated clinical

lead and a coordinator for cell salvage, who oversee a

competence-based training programme for all involved

staff, along with ongoing data collection and audit.

5 When the use of cell salvage is proposed in surgery

for malignancy or infection, an explanation should be

given to the patient of the potential risks and benefits

and specific consent should be obtained.

6 The use of leucodepletion filters should be consid-

ered during re-infusion of salvaged blood in cancer

surgery and when blood is salvaged from an infected

surgical field. There is mixed evidence of the benefit

of leucocyte depletion filters in obstetrics.

7 Current evidence does not support the routine use of

cell salvage during caesarean section. Cell salvage

should be considered in the ‘collect only’ mode

in women undergoing caesarean section who are

anaemic before surgery, in women anticipated to

be at high risk of haemorrhage or if unanticipated

bleeding develops during surgery.

What other guideline statements are
available on this topic?
These guidelines update previous Association of Anaes-

thetists guidelines on intra-operative cell salvage

published in 2009 [1]. The National Institute for Health

and Care Excellence (NICE) published guidelines for

intra-operative cell salvage in obstetrics in 2005 [2] and

in urology in 2008 [3]. The UK Cell Salvage Action Group

has published guidance and other resources [4]. In

Australia, the National Blood Authority has published

relevant guidance [5]. Most recently, the NICE transfusion

guidelines refer to cell salvage [6].

Why were these guidelines
developed?
These guidelines were developed to inform, support and

encourage the appropriate increased use of cell salvage

as part of a blood conservation (Patient Blood Manage-

ment) programme.

How and why does this statement
differ from existing guidelines?
This guideline recommends wider use of cell salvage,

and recommends that cell salvage should be universally

available in hospitals performing major surgery.

Introduction
Our previous guideline on this topic was published in

2009, when cell salvage (CS) was relatively underused

and devices were only just being introduced into many

hospitals [1]. Since then, there has been rapid expansion

in its availability and use. The aim of this guideline is

to provide a practical series of recommendations to

facilitate widespread use.

Although potentially life-saving, allogeneic (donor)

blood is a precious resource with limited supply [7]. It is

relatively expensive, and poses potential risks to the

patient [8]. There has been much work to try to encour-

age appropriate transfusion practice and renewed

interest in alternatives to allogeneic transfusion. In 2012,

the National Blood Transfusion Committee, NHS Blood

and Transplant and the Department of Health, launched

the Patient Blood Management (PBM) initiative in

England and North Wales. Patient Blood Management is

2 © 2018 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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an evidence-based multidisciplinary approach to the care

of patients requiring transfusion, which includes: pre-

operative haemoglobin optimisation; bloodless surgery;

the use of antifibrinolytics; blood conservation tech-

niques; and evidence-based transfusion triggers, which, if

implemented, should reduce the need for allogeneic

transfusion [9].

During the peri-operative care of a patient, the

anaesthetist has a fundamental role in advocating PBM

strategies. Cell salvage is a key part of PBM and is a rela-

tively simple and effective blood conservation technique

that reduces the requirement for and amount of

allogeneic blood transfusion and maintains postoperative

haemoglobin concentration. Cell salvage is a method of

autologous blood transfusion. It involves the collection of

shed blood during and immediately after surgery, which

is re-infused back to the same patient. Intra-operative CS

usually involves the use of a device which processes shed

blood; however, postoperatively, unwashed filtered

blood can be re-infused under certain circumstances.

Currently, NICE recommends that cell salvage is con-

sidered in operations where very high-volume blood loss

is expected, such as cardiac, major (open) vascular,

complex urology, obstetric and orthopaedic surgery [6].

The Association of Anaesthetists has defined significant

blood loss as > 500 ml in adults [10]. A recent survey by

the UK Cell Salvage Action Group suggests that CS is

being used across several specialties, but that some units

still face significant barriers, such as lack of staffing, training

and funding [11]. Obstetric practice was the specialty where

the increased use of CS was most apparent, with other

specialties’ usage static between 2010 and 2014.

It is our aim to support and encourage a continued

increase in the appropriate use of peri-operative CS and

we recommend that it should be available for immediate

use 24 h a day in any hospital undertaking surgery (other

than minor/day case procedures). The Working Party

acknowledges that proper implementation will require

additional resources for which clinical managers should

work towards over time.

Principles and practice of intra-
operative cell salvage
Cell salvage begins with the collection of shed blood

from the surgical field. The blood is mixed with an

anticoagulant, either heparinised saline or acid-citrate

dextrose, as it is aspirated using a low-pressure suction

into a collection reservoir, where it passes through a

filter. Separation of red cells from whole anticoagulated

blood occurs through centrifugation. The red cells are

washed using intravenous saline 0.9% and then pumped

into a bag for re-infusion to the patient. There are a

variety of CS systems available. All the systems produce

a comparable end-product, that is, the patient’s own red

cells suspended in saline.

Cell salvage should be used alongside other PBM

measures. It is appropriate to use cell salvage when it can

be expected to reduce the likelihood of allogeneic

(donor) red cell transfusion and/or severe postoperative

anaemia. Cell salvage should be considered for blood col-

lection during every surgical procedure when blood loss

may exceed 500 ml in adult patients. National Institute for

Health and Care Excellence recommends CS should not

be routinely used without also giving tranexamic acid [6].

It should also be considered if: the patient is at an

increased risk of bleeding due to coagulopathy or other

risk factors; the patient is anaemic and surgery is urgent

and there is no time for active management of anaemia

before surgery [9]; or the patient has a religious or other

objection to receiving an allogeneic transfusion. If there is

doubt about expected blood loss, then we recommend

that the most cost effective measure is to set up only the

suction and anticoagulation tubing and reservoir of the

CS device (so-called ‘collect only’). The blood processing

system is then set up during surgery only if enough blood

has been collected for processing to be worthwhile,

usually more than 500 ml [4].

Cell salvage is commonly used during the following

types of surgery: cardiac; major vascular; major hepatobil-

iary; major spinal surgery; arthroplasty surgery, particularly

revision hip replacement; major urological surgery; surgery

for thoracic, abdominal and pelvic trauma; and obstetric

procedures and major obstetric haemorrhage [12].

There are no absolute contraindications to CS;

however, potential contamination of the aspirated blood

with bowel contents, infection or tumour cells should be

regarded as a relative contraindication, depending on

the likelihood/degree of contamination. In these situa-

tions, an assessment of the risks and benefits of CS

should occur [13]. Patient refusal is unusual, and most

Jehovah’s Witness patients will accept CS – this should

be discussed and documented before surgery. The

equipment can usually be set up as for non-Jehovah’s

Witness patients, that is, without a continuous connection

from the patient to the CS system and back to the

patient. A history of heparin-induced thrombocytopenia

is a contraindication to the use of a heparin-containing

anticoagulant solution with CS. An anticoagulant solution

containing acid-citrate dextrose may be used instead.

Where there is temporary contamination of the surgical

© 2018 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 3
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field with solutions that may cause red cell lysis, or drugs

or substances that should not be given intravenously,

then CS should be discontinued and the standard operat-

ing room suction system used instead. In most cases, CS

may be resumed later following irrigation of the surgical

field with saline.

The Working Party suggests that detailed information

about CS is given to patients before surgery whenever

the use of CS is planned or likely, and that patients are

offered an opportunity to discuss the potential advan-

tages and disadvantages of CS with an appropriate

clinician.

Organisation of service and education
of staff
Cell salvage should be integral to and embedded within

surgical and peri-operative practice, and we recommend

that CS equipment and staff trained to operate it be

immediately available 24 h a day in hospitals undertaking

surgery where blood loss is a recognised complication.

There should be a named clinical lead and nomi-

nated CS coordinator (e.g. theatre practitioner registered

nurse, operating department practitioner/anaesthetic

assistant, perfusionist) within the operating theatre

department who are responsible for ensuring overall

management and facilitation of the hospital CS service.

Every surgical and obstetric unit should have a local

guideline/protocol and standard operating procedure in

place. These should specify: staff training; patient selec-

tion; patient information; prescribing requirements; stan-

dards of labelling for the re-infusion bag; checks before

transfusion; documentation; adverse incident reporting;

quality assurance; and audit, as detailed below. National

Occupational Standards should be referred to [14]. These

are broad and generic standards that apply to all person-

nel involved in CS regardless of professional background.

An adequate number of staff should be trained and skilled

in the use of CS to allow service continuity throughout the

24-h period.

Although it is possible to have dedicated CS opera-

tors, it is more common for theatre staff or a perfusionist

to undertake this as part of their role. Staff involved in

CS must be trained and assessed as competent in the

set-up and use of equipment. In some hospitals, clinical

support workers have been trained to set up CS equip-

ment, but not trained in its use. Records of training and

assessment should be collated and maintained by the

service coordinator, and individuals should be encour-

aged to include them in their professional portfolios,

which must be kept within the department and as part of

individual records. Local policy should define which roles

within the CS team require what training and how

frequently retraining is required, in line with established

guidance [4].

The individual practitioner is responsible for working

within their professional boundaries and sphere of com-

petence [15]; CS operators should maintain a clinical log

of cases. In hospitals where there is a low level of CS

activity, it is the responsibility of the individual and their

manager to identify additional and appropriate opportu-

nities to maintain competence and clinical currency. This

may be achieved through simulation or collaborative

working with other organisations. Additionally, mainte-

nance of training and competence records by the

employing organisation is fundamental to safe working

practices.

In addition to the theoretical knowledge, it is essen-

tial that practical, skills-based training is undertaken to

familiarise individuals with equipment and procedures for

use [4, 16], followed by assessment of competence.

Training specific to equipment may be provided by the

manufacturers or designated local trainers. However,

manufacturers are not able to assess for competence in

clinical practice – this remains the responsibility of the

employing organisation.

Whenever CS is used, this should be accurately clini-

cally coded to meet the approved NHS Fundamental

Information Standard (SNOMED-CT code 233568002).

This will enable appropriate reimbursement of the service

and improve data collection and audit [17]. The Working

Party recommends that relevant data should be continu-

ously collected and audited regularly. Regarding quality

assurance, we suggest the following are regularly

reviewed: maintenance contracts and regular servicing of

the machines; interval sampling of blood produced by

CS for laboratory testing of haemoglobin concentration;

and log of authorised personnel including records of

training and assessment [4].

The Working Party suggests that the World Health

Organization (WHO) checklist should include the mention

of CS when required when discussing haemorrhage, and

that this should be reflected in local policies. The use of

CS and infusion of salvage red cells in the operating

theatre should be clearly documented, and any red cells

for re-infusion outside the operating theatre should be

authorised by the responsible clinician. A minimal data

set for labelling the re-infusion bag and collection reser-

voir must include the patient’s full name, date of birth,

unique identification number, expiry date and time of the

salvaged blood (on the re-infusion bag) [4].

4 © 2018 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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Technical aspects
The cell salvage system should be used according to the

manufacturers’ instructions and should be routinely run in

automatic mode if available. There are several different

suction devices [18] and different machines [19] on the

market, and staff should be appropriately trained in the

equipment used in their institution. Within an institution, it

is preferable to use only one type of CS machine to

maximise familiarity and experience. To reduce haemo-

lysis, the vacuum pressure should always be set as low as

practicable. Typical values are between �100 and

�150 mmHg, and excess pressures should be avoided to

minimise red cell lysis [4]. In the event of rapid blood loss,

the vacuum level can be temporarily raised to clear the

surgical field and then reduced to a lower level for lower

flows.

The re-infusion of salvaged blood should be com-

pleted within the manufacturers’ recommended time

frame; this is usually 4 h after the completion of process-

ing for intra-operative cell salvage and 6 h after the start

of collection for postoperative cell salvage. In addition,

the bag of processed blood should not be placed in a

blood fridge and should be kept beside the patient at all

times. If heparinised saline is used as the anticoagulant

solution, care must be taken to add the correct volume

and concentration of heparin and label the bag clearly

so that it is not accidently given intravenously. If there is

rapid blood loss and the CS system is operated in

manual or emergency mode, or in the case of operator

error, excessive heparin may be given back to the patient

in the re-infused blood, resulting in anticoagulation and

increased bleeding. In this case, the activated clotting

time (ACT) or activated partial thromboplastin time

(APTT) should be checked, and if elevated (e.g. ACT

> 125 s), protamine may be given. An alternative to hep-

arinised saline is acid-citrate dextrose, which is available

in pre-prepared bags. In case of rapid blood loss or

operator error, significant quantities of citrate may be re-

infused along with the salvaged blood and, as with the

citrate present in allogeneic blood components, this may

cause hypocalcaemia requiring calcium administration.

When re-infusing processed red cells, bed-side

checks before transfusion should be performed in the

same manner as for allogeneic blood. A standard blood

administration set with an in-line blood filter should be

used. Pressurising re-infusion bags presents a risk of air

embolism and is not recommended. All single-use equip-

ment should be disposed according to the local health

and safety policy. The machine should be cleaned in

accordance with the manufacturers’ guidance and local

infection-control policy.

There should be an audit log completed and kept in

the department attached to each machine. Serious

adverse events and reactions should be reported to the

clinical lead and the Hospital Transfusion Committee, and,

if appropriate, a report should be completed and sent to

Serious Hazards of Transfusion (SHOT, http://www.shotuk.

org/) and /or the Medicines and Healthcare products

Regulatory Agency (MHRA, https://www.gov.uk/government/

organisations/medicines-and-healthcare-products-regulatory-

agency), as appropriate.

Obstetrics
Obstetric haemorrhage is a significant cause of maternal

mortality and the most report showed an increase in

deaths – almost double the rate – from haemorrhage,

mainly attributable to abnormal placentation [20]; it also

remains a leading cause of maternal morbidity in the UK

[21]. National surveys show that CS is a resource that is

being used more frequently in UK obstetric units [22].

Re-infusion rates and cost effectiveness are variable and

directly associated with larger volumes of blood loss [23].

Despite the growing availability of equipment and safety

endorsements for its use, challenges remain in providing

CS in an obstetric surgical setting. Haemorrhage associ-

ated with emergency operative delivery is often not pre-

dictable, rapid and occurs out of hours.

The SALVO trial (cell salvage during caesarean

section: a randomised controlled trial) is the largest study

to date (n = 3054) examining the role of CS in caesarean

section [24]. SALVO did not find a significant difference

in donor transfusion rate in caesarean section or a cost

benefit argument for routinely setting up a complete col-

lection and retransfusion system. However, institutional

level costs are still dependent on case volume, expected

levels of blood loss per case and initial investment costs

[25]. Use of strategies such as swab washing to improve

collection rates should be considered to contribute to

the complex analysis of cost effectiveness locally [26].

Furthermore, although SALVO’s exploratory analysis in

cases of malplacentation did not demonstrate effective-

ness, the trial cannot be used to justify or refute the use

of CS in cases of anticipated torrential haemorrhage. As

in previous studies, there is evidence of fetomaternal

haemorrhage, which supports the concerns regarding

increased risk of haemolytic disease in future pregnan-

cies. The group recommends further research on the

long-term consequences of allo-immunisation to RhD and
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other red cell antigens following the use of CS and

emphasises the need for strict adherence to anti-D guide-

lines in units using CS.

Use of leucocyte depletion filters and the requirement

for separate suction for blood have now been questioned

by some advocates of the technology A double suction

technique – one waste sucker for amniotic fluid and

another sucker attached to the cell salvage device for suc-

tioning any blood lost – may reduce initial contamination,

although in-vitro evidence consistently demonstrates that

the cell salvage/filtration process can effectively remove

plasma phase elements of amniotic fluid whatever the

initial load [27]. Use of leucocyte depletion filters (LDF)

should be considered but these slow re-infusion rates and

evidence for their effectiveness in this setting is mixed

[28]. Because they are adhesion filters, blood cannot be

forced through them and they may become saturated

during use, requiring replacement, and have the potential

to cause bradykinin-mediated hypotension. The Working

Party decided not to recommend routine use of double

suction or LDFs in obstetric practice.

Therefore, the Working Party recommends that CS is

not used routinely for caesarean section based on the

current evidence, be it elective, urgent or emergency.

Cell salvage should be considered in ‘collect only’ mode

in patients who are anaemic before surgery or if there is

unanticipated ongoing bleeding during surgery. If a

decision is made to use it because a woman declines

autologous transfusion or significant blood loss is antici-

pated, the risk and benefits should be discussed with the

woman.

Cell salvage during cardiac and
vascular surgery
Cardiac surgery accounts for approximately 6% of all

blood transfused in England and Wales [28], due to fre-

quent major surgical blood loss exacerbated by coagu-

lopathy and impaired platelet function associated with

cardiopulmonary bypass. Cell salvage during cardiac

surgery is widely accepted; a meta-analysis of 31 trials

showed that routine use reduced the transfusion of red

cells by 40% [29].

Blood lost before and after bypass, when the patient

is not heparinised, is wasted unless cell salvage is used.

However, during bypass, when the patient is heparinised,

cardiotomy suckers are used to collect any blood from

the surgical field, which is passed through a filter and

returned to the bypass reservoir and then the patient’s

circulation. There has been some research into the use of

CS during bypass, instead of the use of cardiotomy

suckers. However, the use of CS during bypass, compared

with direct suction into the cardiotomy reservoir, results

in depletion of clotting factors and platelets, and is

therefore not recommended.

After bypass, around 500–1000 ml of blood will be

left in the bypass circuit and reservoir. It is commonplace

to return this unprocessed blood to the patient, but there

is some evidence that processing this by separation and

washing of red cells using a cell salvage system, thereby

concentrating the red cells and increasing the haemat-

ocrit before re-infusion, may be beneficial in terms of

reduction in requirement for allogeneic blood [30].

However, centrifugation of residual bypass pump blood

is also effective in increasing the haematocrit before

re-infusion [31]. Other blood concentrating devices have

not been shown to be effective [32]. We recommend that

cell salvage, if already in progress, be used to concen-

trate residual bypass pump blood before re-infusion;

alternatively, the use of centrifugation under these

circumstances is reasonable [31].

Some centres in the UK routinely use cell salvage

throughout cardiac surgery. However, there is conflicting

evidence for cost effectiveness during lower-risk surgery

such as primary coronary bypass or single valve surgery

[33]. We recommend the use of cell salvage, at least in

‘collect only’ mode, for all cardiac surgery. If blood

collected is > 500 ml, this can be processed and returned

to the patient. Cell salvage is recommended whenever

cardiac surgery is performed without the use of bypass

(‘off-pump’).

The use of cell salvage during open aortic surgery

is also well established. It has been shown to be safe,

and a meta-analysis has shown that the use of cell

salvage may reduce the risk of red cell transfusion by

37% in patients undergoing elective abdominal aortic

aneurysm (AAA) repair [34]. A study in emergency AAA

surgery showed that up to three units of red cells may

be saved per patient and that hospital mortality was

reduced [35]. We recommend that cell salvage is used

routinely for all open aortic surgery, and considered for

all vascular surgery where > 500 ml blood loss is

expected.

Orthopaedics and trauma
Data from 19 years and more than 2 million total joint

arthroplasties revealed that there was an increase in red

cell transfusion until 2011 and that this was associated

with an increase in morbidity [36]. In a meta-analysis of

RCTs that included hip and knee arthroplasties, intra-

operative CS significantly reduced red cell transfusion

6 © 2018 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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exposure rate and the volume of allogeneic red cells

transfused [37].

Intra-operative CS should be considered in all

patients undergoing orthopaedic or trauma surgery when

blood loss is expected to be > 500 ml. If bone cement is

used, then CS should not be used while cement is being

applied and can be resumed when the cement is fully

set. For revision surgery, when metalwork may be in situ,

such as previously instrumented spinal surgery, there is

evidence that standard 40 micron filters do not eliminate

the smallest fragments of titanium, so caution should be

exercised [38]. However, we still recommend that CS is

considered in such cases, with the proviso that standard

suction is used until the surgical field has been irrigated

and all metal fragments removed. Also, CS should not be

used while the surgical field is contaminated with antibi-

otics, iodine or topical clotting agents, but its use may be

resumed once these have been washed away.

Cell salvage is particularly useful in operations where

a tourniquet cannot be applied, such as hip arthroplasty

or spinal surgery. When tourniquets are used, for example,

in knee surgery, the CS equipment can be set up for use

once the tourniquet has been released and re-infusion can

take place in the postoperative period. Alternatively, blood

collected via drains postoperatively can be re-infused, with

or without processing.

A Cochrane review comparing CS with standard care

in patients undergoing abdominal or thoracic trauma

surgery found that the use of CS resulted in the

transfusion of 4.7 (95%CI 1.3–8.1) fewer units of allogeneic

red cells [39]. It concluded that CS in this setting reduces

blood transfusion and is cost effective. Prospective data

for 30 patients [40] undergoing pelvic acetabular fracture

fixation found a mean blood loss of 1233 ml and an aver-

age of 388 ml retransfused through CS; only 47% of

patients required allogeneic transfusion. In a combat

hospital, a CS feasibility study concluded that CS was

most successful in patients with gunshot wounds and

cavity injuries compared with limb or blast injuries [41].

In a dedicated trauma/emergency operating theatre,

we recommend that a CS machine and staff trained to

operate it should be immediately available at all times.

Paediatrics
Complications of allogeneic blood transfusion in children

and infants may be more common than in adults [42].

Pre-operative autologous donation in children has both

practical and complex logistical problems that make it

costly and of uncertain benefit [43]. Cell salvage should

be used as part of a comprehensive Patient Blood

Management programme [44]. Cell salvage is used most

frequently in spinal surgery (larger children or adoles-

cents), during cardiac surgery [45], liver transplantation

and cranio-facial surgery [46]. Cell salvage may replace

or reduce the transfusion of allogeneic blood, depending

on the clinical circumstances.

The expected blood loss (EBL) to blood volume (BV)

ratio (EBL/BV) that might mandate the use of CS varies in

the paediatric literature from 10% to 40%, and this

reflects local practice and equipment availability. The

Working Party recommends that CS should be consid-

ered at least in ‘collect only’ mode when blood loss

> 8 ml.kg�1 (equivalent to approximately > 10% of total

blood volume) is anticipated and the child’s weight is

> 10 kg [47].

Some CS devices collect aliquots of blood in a bowl

that must be filled before washing to retrieve the blood,

and in many cases the volume retrieved is insufficient to

be processed. This can be obviated in different ways: the

volume lost can be drained into a receptacle in the

surgical drape that has been prepared with heparinised

saline and this can be drained and washed once a

certain volume has been shed; a smaller volume bowl

can be used; a partially filled bowl can be processed; or

a continuous auto-transfusion system (CATSTM, Fresenius

Kabi, Runcorn, UK) can be used that is not dependent on

collecting intermittent, large aliquots of blood. Whether

there is a practical difference between these approaches

has been questioned [48].

The cost effectiveness of cell salvage in children has

been examined. Samnaliev et al. examined the costs and

benefits of cell salvage in 478 children undergoing

cardiac or orthopaedic surgery at Boston Children’s

Hospital, who qualified for CS according to local protocol

[49]. They concluded that CS was the most cost-effective

strategy, although half of the children in whom CS was

used also required transfusion of allogeneic blood. Golab

et al. suggested that although CS was safe and reduced

allogeneic transfusion, it was costly [45]. Cholette et al.

[50] did not critically examine cost. Differing disposable

and staff costs in different institutions may alter the cost

but the reduction in allogeneic transfusion is clear.

Postoperative cell salvage
Patients may continue to bleed postoperatively, and the

use of drains to prevent accumulation of blood is

commonplace after many surgical procedures. Blood col-

lected via drains can potentially be re-infused. Two types

of postoperative blood salvage systems are available.

Washed postoperative red cell salvage involves the
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collection of blood from which the red cells are separated

by centrifugation and washed with saline in the same man-

ner as for intra-operative cell salvage. In unwashed/filtered

postoperative blood salvage, blood is collected and

re-infused through a filter without centrifugation or washing.

A Cochrane review analysed 29 trials on postopera-

tive cell salvage after cardiac and orthopaedic surgery

[12], and showed a 41% reduction in allogeneic red cell

transfusion (RR 0.59; 95%CI 0.48–0.73).

Re-infusion of recovered blood, with or without wash-

ing, after orthopaedic procedures is safe and economical

[51]. Unwashed postoperative blood salvage may be

used after orthopaedic surgery, particularly total knee

arthroplasty, and has been found to reduce exposure to

allogeneic red cell transfusion [6].

After cardiac surgery, blood collected via the chest

drains must be processed through a cell salvage system

before re-infusion due to accumulation of fat and other

contaminants that are removed by the cell salvage

process. We recommend that (washed) CS be considered

in patients who bleed > 100 ml.h�1 in the first 6 h after

cardiac surgery, and whenever resternotomy is required

for haemorrhage [4, 5].

Cancer surgery
Despite theoretical concern, there is no absolute con-

traindication to CS in cancer surgery. Its use is controver-

sial because malignant cells are often present in the

operative field, can be found in salvaged blood and may,

theoretically, metastasise after re-infusion. Circulating

malignant cells are often present in cancer patients

undergoing surgery, regardless of CS use, and very few

of these cells are thought capable of causing metastases

[52]. The number of malignant cells in salvaged blood

can be reduced by the use of LDFs, with no apparent

adverse effect on the quality of the product [52]. The use

of LDFs has not been shown to be associated with either

bradykinin or leukotriene generation in cell-salvaged

blood [53]. Cell salvage may reduce or eliminate expo-

sure to allogeneic blood, which has been associated with

immunosuppression and cancer recurrence [54]. One

major disadvantage of LDFs is that the rate of flow

through them is considerably slower, and therefore

clinicians may need to assess the benefit of quicker

transfusion without a LDF vs. its use.

In summary, despite theoretical risks and benefits,

there is no conclusive evidence that CS can induce metas-

tases or affect cancer prognosis [55]. The theoretical risk of

inducing metastatic spread (unproven) is offset by reduced

allogeneic transfusion and immunomodulation, which is

proven. As a result, many clinicians do offer cell salvage to

patients undergoing major cancer surgery. The Working

Party recommends that potential risks and benefits should

be discussed with patients before cancer surgery, and

specific consent obtained.

Infected and contaminated fields
There is no absolute contraindication to CS in this setting.

Its use is, however, controversial, because CS might

(theoretically) worsen sepsis by introducing infective

agents and toxins recovered in the operative field. Con-

versely, CS reduces exposure to allogeneic blood, which

may increase the incidence of postoperative infection

through immunomodulation [56, 57]. Washing of col-

lected blood and the use of LDFs removes most bacteria,

but this effect is probably dependent on the level of con-

tamination [58]. There is no conclusive evidence that CS

worsens sepsis, prognosis or the risk of other specific

complications when used in contaminated fields, includ-

ing major trauma surgery.

We recommend that the use of cell salvage in cancer

surgery and infected fields should be considered on a case

by case basis. Whenever possible, patients in whom cell

savage is used should be counselled and asked whether

they consent to the procedure being used. Leucodepletion

filters should be used for blood re-infusion.

References
1. AAGBI Safety Guideline. Blood transfusion and the anaes-

thetist – Intra-operative cell salvage. 2009. https://www.aagbi.
org/sites/default/files/cell%20_salvage_2009_amended.pdf
(accessed 27/04/2017).

2. National Institute for Health and Care Excellence. Intraopera-
tive blood cell salvage in obstetrics. 2005. IPG 144. https://
www.nice.org.uk/guidance/ipg144 (accessed 28/04/2017).

3. National Institute for Health and Care Excellence. Intraopera-
tive red blood cell salvage during radical prostatectomy or
radical cystectomy. 2008. IPG 258. https://www.nice.org.uk/
guidance/IPG258 (accessed 27/04/2017).

4. UK Cell Salvage Action Group. http://www.transfusionguide
lines.org/transfusion-practice/uk-cell-salvage-action-group
(accessed 27/04/2017).

5. National Blood Authority, Australia. Intra-operative cell salvage
guidance. 2014. https://www.blood.gov.au/system/files/docu
ments/ics-guidance-march-2014_1.pdf (accessed 27/04/2017).

6. National Institute for Health and Care Excellence. Blood
transfusion. 2015. https://www.nice.org.uk/guidance/ng24/
chapter/Recommendations#alternatives-to-blood-transfusion-
for-patients-having-surgery-2 (accessed 27/4/2018).

7. NHS Blood and Transplant. New blood donors in decline:
40% fewer new blood donors in 2014/5 than 2004/5. 2015.
https://www.blood.co.uk/news-and-campaigns/news-and-sta
tements/news-new-blood-donors-in-decline-40-fewer-new-
blood-donors-in-20145-than-20045/ (accessed 27/04/2017).

8. Serious Hazards of Transfusion (SHOT) Steering Group. The
2015 Annual SHOT Report. 2015. http://www.shotuk.org/wp-co
ntent/uploads/SHOT-2015-Annual-Report-Web-Edition-Final-
bookmarked-1.pdf (accessed 27/01/2017).

8 © 2018 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.

Anaesthesia 2018 Klein et al. | Cell salvage guidelines 2018

https://www.aagbi.org/sites/default/files/cell%20_salvage_2009_amended.pdf
https://www.aagbi.org/sites/default/files/cell%20_salvage_2009_amended.pdf
https://www.nice.org.uk/guidance/ipg144
https://www.nice.org.uk/guidance/ipg144
https://www.nice.org.uk/guidance/IPG258
https://www.nice.org.uk/guidance/IPG258
http://www.transfusionguidelines.org/transfusion-practice/uk-cell-salvage-action-group
http://www.transfusionguidelines.org/transfusion-practice/uk-cell-salvage-action-group
https://www.blood.gov.au/system/files/documents/ics-guidance-march-2014_1.pdf
https://www.blood.gov.au/system/files/documents/ics-guidance-march-2014_1.pdf
https://www.nice.org.uk/guidance/ng24/chapter/Recommendations#alternatives-to-blood-transfusion-for-patients-having-surgery-2
https://www.nice.org.uk/guidance/ng24/chapter/Recommendations#alternatives-to-blood-transfusion-for-patients-having-surgery-2
https://www.nice.org.uk/guidance/ng24/chapter/Recommendations#alternatives-to-blood-transfusion-for-patients-having-surgery-2
https://www.blood.co.uk/news-and-campaigns/news-and-statements/news-new-blood-donors-in-decline-40-fewer-new-blood-donors-in-20145-than-20045/
https://www.blood.co.uk/news-and-campaigns/news-and-statements/news-new-blood-donors-in-decline-40-fewer-new-blood-donors-in-20145-than-20045/
https://www.blood.co.uk/news-and-campaigns/news-and-statements/news-new-blood-donors-in-decline-40-fewer-new-blood-donors-in-20145-than-20045/
http://www.shotuk.org/wp-content/uploads/SHOT-2015-Annual-Report-Web-Edition-Final-bookmarked-1.pdf
http://www.shotuk.org/wp-content/uploads/SHOT-2015-Annual-Report-Web-Edition-Final-bookmarked-1.pdf
http://www.shotuk.org/wp-content/uploads/SHOT-2015-Annual-Report-Web-Edition-Final-bookmarked-1.pdf


9. Joint United Kingdom Blood Transfusion and Tissue Trans-
plantation Services Professional Advisory Committee, (JPAC).
Patient Blood Management. 2012. http://www.transfusiong
uidelines.org.uk/uk-transfusion-committees/national-blood-tra
nsfusion-committee/patient-blood-management/ (accessed 28/
01/2017).

10. Klein AA, Arnold P, Bingham RM, et al. AAGBI guidelines:
the use of blood components and their alternatives.
Anaesthesia 2016; 71: 829–42.

11. Shreeve K, Gerrard R, Grainger H, et al. Intra-operative cell
salvage: 2014, a survey of equipment and practice across
the UK. http://www.transfusionguidelines.org.uk/document-
library/documents/ukcsag-updated-survey-April-2014/downl
oad-file/2014%20UKCSAG%20survey%20-%20April%202015.
pdf (accessed 06/10/2016)

12. Carless PA, Henry DA, Moxey AJ, O’Connell D, Brown T, Fer-
gusson DA. Cell salvage for minimising perioperative allo-
geneic blood transfusion. Cochrane Database of Systematic
Reviews 2010; 4: CD001888.

13. Esper SA, Waters JW. Intra-operative cell salvage: a fresh
look at the indications and contraindications. Blood
Transfusion 2011; 9: 139–47.

14. Skills for Health. National occupational standards. 2016.
PCS19 – PCS22. http://www.skillsforhealth.org.uk/ (accessed
27/04/2017).

15. Health and Care Professions Council. Standards of conduct,
performance and ethics. 2016. http://www.hcpc-uk.org/pub
lications/standards/index.asp?id=38 (accessed 27/04/2017).

16. Scottish National Blood Transfusion Service. Learn cell
salvage. http://www.learnbloodtransfusion.org.uk/ (accessed
27/04/2017).

17. MacG Palmer JH, Sury MRJ, Cook TM, Pandit JJ. Disease
coding for anaesthetic and peri-operative practice: an
opportunity not to be missed. Anaesthesia 2017; 72: 820–5.

18. Yazer MH, Waters JH, Elkin KR, Rohrbaugh ME, Kameneva
MV. A comparison of hemolysis and red cell mechanical fra-
gility in blood collected with different cell salvage suction
devices. Transfusion 2008; 48: 1188–91.

19. Seyfried TF, Haas L, Gruber M, Breu A, Loibi M, Hansen E.
Fat removal during cell salvage: a comparison of four differ-
ent cell salvage devices. Transfusion 2015; 55: 1637–43.

20. Knight M, Nair M, Tuffnell D, Shakespeare J, Kenyon S,
Kurinczuk JJ. on behalf of MBRRACE-UK. Saving lives,
improving mothers’ care – lessons learned to inform mater-
nity care from the UK and Ireland Confidential Enquiries into
Maternal Deaths and Morbidity. 2013–2015. Oxford:
National Perinatal Epidemiology. https://www.npeu.ox.ac.uk/
downloads/files/mbrrace-uk/reports/MBRRACE-UK%20Mate
rnal%20Report%202017%20-%20Web.pdf (accessed 16/05/
2018).

21. NHS Quality Improvement Scotland. Scottish confidential
audit of severe maternal morbidity. 6th Annual Report 2010.
www.nhshealthquality.org/nhsqis/files/SCASMM_REP_APR10.
pdf (accessed 27/04/2017).

22. Teig M, Harkness M, Catling S, Clarke V. Survey of cell sal-
vage use in obstetrics in the UK. International Journal of
Obstetric Anaesthesia 2007; 16: 30.

23. Brearton C, Bhalla A, Mallaiah S, Barclay P. The economic
benefits of cell salvage in obstetric haemorrhage. International
Journal of Obstetric Anaesthesia 2012; 2: 329–33.

24. Khan KS, Moore PAS, Wilson MJ, et al. Cell salvage and
donor blood transfusion during cesarean section: a prag-
matic, multicentre randomised controlled trial (SALVO). PLoS
Medicine 2017; 14: e1002471.

25. Lim G, Melnyk V, Facco FL, Waters JH, Smith KJ. Cost-effec-
tiveness analysis of intraoperative cell salvage for obstetric
hemorrhage. Anesthesiology 2018; 128: 328–37.

26. Haynes SL, Bennett JR, Torella F, McCollum CN. Does
washing swabs increase the efficiency of red cell recovery
by cell salvage in aortic surgery? Vox Sangunis 2005; 88:
244–8.

27. Catling SJ, Williams S, Fielding AM. Cell salvage in obstet-
rics: an evaluation of the ability of cell salvage combined
with leucocyte depletion filtration to remove amniotic fluid
from operative blood loss at caesarean section. International
Journal of Obstetric Anaesthesia 1999; 8: 79–84.

28. Campbell JP, Mackenzie MJ, Yentis SM, Sooranna SR, John-
son MR. An evaluation of the ability of leucocyte depletion
filters to remove components of amniotic fluid. Anaesthesia
2012; 67: 1152–7.

29. Tinegate H, Pendry K, Murphy M, et al. Where do all the
red blood cells go? Results of a survey of red cell use in
England and North Wales in 2014. Transfusion 2016; 56:
139–45.

30. Wang G, Bainbridge D, Martin J, Cheng D. Efficacy of an
intraoperative cell saver during cardiac surgery: a meta-ana-
lysis of randomized trials. Anesthesia and Analgesia 2009;
109: 320–30.

31. Ferraris VA, Brown JR, Despotis GJ, et al. 2011 Update to
the Society of Thoracic Surgeons and the Society of Cardio-
vascular Anesthesiologists blood conservation clinical prac-
tice guidelines. Annals of Thoracic Surgery 2011; 91: 944–82.

32. Hogan M, Needham A, Ortmann E, et al. Haemoconcentra-
tion of residual cardiopulmonary bypass blood using
Hemosep�: a randomised controlled trial. Anaesthesia 2015;
70: 563–70.

33. Klein AA, Nashef SA, Sharples L, et al. A randomized con-
trolled trial of cell salvage in routine cardiac surgery.
Anesthesia and Analgesia 2008; 107: 1487–95.

34. Takagi H, Seishiro S, Takayoshi K, Yukihiro M, Takuya U.
Intra-operative autotransfusion in abdominal aneurysm sur-
gery: meta-analysis of randomized controlled trials. Archives
of Surgery 2007; 142: 1098–101.

35. Serrachino-Inglott F, Awad S, Barclay A, Nasim A. The use of
a cell saver during repair of ruptured abdominal aortic
aneurysms increases early survival. Annals of the Royal
College of Surgeons of England 2005; 87: 471–6.

36. Rasouli MR, Maltenfort MG, Erkocak OF, Austin MS, Waters
JH, Parvizi J. Blood management after total joint arthroplasty
in the United States: 19-year trend analysis. Transfusion
2016; 56: 1112–20.

37. van Bodegom-Vos L, Voorn VM, So-Osman C, et al. Cell sal-
vage in hip and knee arthroplasty: a meta-analysis of ran-
domized controlled trials. Journal of Bone and Joint Surgery:
America 2015; 97: 1012–21.

38. Morton JM, Rahn KA, Shugart RM, Wojdyla JM. Does
mechanical filtration of intraoperative cell salvage effectively
remove titanium debris generated during instrumented
spinal surgery? Spine Journal 2014; 14: 3011–17.

39. Li J, Sun SL, Tian JH, Yang k, Liu R, Li J. Cell salvage in
emergency trauma surgery. Cochrane Database of Systematic
Reviews 2015; 1: CD007379.

40. Odak S, Raza A, Shah N, Clayson A. Clinical efficacy and
cost effectiveness of intraoperative cell salvage in pelvic
trauma surgery. Annals of the Royal College of Surgeons of
England 2013; 95: 357–60.

41. Bhangu A, Nepogodiev D, Doughy H, Bowley DM. Intraoper-
ative cell salvage in a combat support hospital: a prospec-
tive proof of concept study. Transfusion 2013; 53: 805–10.

42. Lavoie J. Blood transfusion risks and alternative strategies in
pediatric patients. Paediatric Anaesthesia 2011; 21: 14–24.

43. Lauder GR. Pre-operative pre-deposit autologous donation in
children presenting for elective surgery: a review. Transfusion
Medicine 2007; 17: 75–82.

© 2018 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 9

Klein et al. | Cell salvage guidelines 2018 Anaesthesia 2018

http://www.transfusionguidelines.org.uk/uk-transfusion-committees/national-blood-transfusion-committee/patient-blood-management/
http://www.transfusionguidelines.org.uk/uk-transfusion-committees/national-blood-transfusion-committee/patient-blood-management/
http://www.transfusionguidelines.org.uk/uk-transfusion-committees/national-blood-transfusion-committee/patient-blood-management/
http://www.transfusionguidelines.org.uk/document-library/documents/ukcsag-updated-survey-April-2014/download-file/2014%20UKCSAG%20survey%20-%20April%202015.pdf
http://www.transfusionguidelines.org.uk/document-library/documents/ukcsag-updated-survey-April-2014/download-file/2014%20UKCSAG%20survey%20-%20April%202015.pdf
http://www.transfusionguidelines.org.uk/document-library/documents/ukcsag-updated-survey-April-2014/download-file/2014%20UKCSAG%20survey%20-%20April%202015.pdf
http://www.transfusionguidelines.org.uk/document-library/documents/ukcsag-updated-survey-April-2014/download-file/2014%20UKCSAG%20survey%20-%20April%202015.pdf
http://www.skillsforhealth.org.uk/
http://www.hcpc-uk.org/publications/standards/index.asp?id=38
http://www.hcpc-uk.org/publications/standards/index.asp?id=38
http://www.learnbloodtransfusion.org.uk/
https://www.npeu.ox.ac.uk/downloads/files/mbrrace-uk/reports/MBRRACE-UK%20Maternal%20Report%202017%20-%20Web.pdf
https://www.npeu.ox.ac.uk/downloads/files/mbrrace-uk/reports/MBRRACE-UK%20Maternal%20Report%202017%20-%20Web.pdf
https://www.npeu.ox.ac.uk/downloads/files/mbrrace-uk/reports/MBRRACE-UK%20Maternal%20Report%202017%20-%20Web.pdf
http://www.nhshealthquality.org/nhsqis/files/SCASMM_REP_APR10.pdf
http://www.nhshealthquality.org/nhsqis/files/SCASMM_REP_APR10.pdf


44. Goel R, Cushing MM, Tobian AA. Pediatric patient blood
management programs: not just transfusing little adults.
Transfusion Medicine Review 2016; 30: 235–41.

45. Golab HD, Scohy TV, de Jong PL, Takkenberg JJ, Bogers
AJ. Intraoperative cell salvage in infants undergoing elective
cardiac surgery: a prospective trial. European Journal of
Cardiothoracic Surgery 2008; 34: 354–9.

46. Fearon JA. Reducing allogenic blood transfusions during
pediatric cranial vault surgical procedures: a prospective
analysis of blood recycling. Plastics and Reconstructive
Surgery 2004; 113: 1126–30.

47. Bowen RE, Gardner S, Scaduto AA, Eagan M, Beckstead J.
Efficacy of intraoperative cell salvage systems in pediatric
idiopathic scoliosis patients undergoing posterior spinal
fusion with segmental spinal instrumentation. Spine 2010;
35: 246–51.

48. Baumann C, Lamesic G, Weiss M, Cushing MM, Haas T. Eval-
uation of the minimum volume of salvage blood required for
the successful use of two different autotransfusion devices.
Pediatric Anesthesia 2015; 25: 258–64.

49. Samnaliev M, Tran CM, Sloan SR, Gasior I, Lightdale JR,
Brustowicz RM. Economic evaluation of cell salvage in
pediatric surgery. Pediatric Anesthesia 2013; 23: 1027–
34.

50. Cholette JM, Powers KS, Alfieris GM, et al. Transfusion of cell
saver salvaged blood in neonates and infants undergoing
open heart surgery significantly reduces RBC and coagulant
product transfusions and donor exposures: results of a
prospective, randomized, clinical trial. Pediatric Critical Care
Medicine 2013; 14: 137–47.

51. Munoz M, Slappendel R, Thomas D. Laboratory characteris-
tics and clinical utility of post-operative cell salvage: washed
or unwashed blood transfusion? Blood Transfusion 2011; 9:
248–61.

52. Cata JP, Wang H, Gottumukkala V, Reuben J, Sessler DI.
Inflammatory response, immunosuppression, and cancer
recurrence after perioperative blood transfusions. British
Journal of Anaesthesia 2013; 110: 690–701.

53. Catling SJ, Thornton CA, Russell IT. Bradykinin and cysteinyl
leukotriene concentrations in cell- salvaged blood before
and after passage through negatively charged filters during
clinical use in cancer patients: a pilot study. Anaesthesia
2015; 70: 1066–72.

54. Trudeau JD, Waters T, Chipperfield K. Should intraoperative
cell-salvaged blood be used in patients with suspected or
known malignancy? Canadian Journal of Anesthesia 2012;
59: 1058–70.

55. Catling S, Williams S, Freites O, Rees M, Davies C, Hopkins
L. Use of a leucocyte filter to remove tumour cells from intra-
operative cell salvage blood. Anaesthesia 2008; 63: 1332–8.

56. Horvath KA, Acker MA, Chang H, et al. Blood transfusion
and infection after cardiac surgery. Annals of Thoracic
Surgery 2013; 95: 2194–201.

57. Kim JL, Park JH, Han SB, Cho IY, Jang KM. Allogeneic blood
transfusion is a significant risk factor for surgical-site infection
following total hip and knee arthroplasty: a meta-analysis.
Journal of Arthroplasty 2017; 32: 320–5.

58. Waters JH, Tuohy MJ, Hobson DF, Procop G. Bacterial
reduction by cell salvage washing and leukocyte depletion
filtration. Anesthesiology 2003; 99: 652–5.

10 © 2018 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.

Anaesthesia 2018 Klein et al. | Cell salvage guidelines 2018


