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Cell&salvage&intraoperaDvely&and&
postoperaDvely&–&worth&a&go?&



Some&common&quesDons&
SDll&safe&and&effecDve?&

•  Is&it&safe?&
•  It&makes&paDents&bleed&

•  It&is&too&expensive&
•  It&increases&infecDon&
•  It&is&not&costMeffecDve&
•  Is&it&safe&to&use&it&in&Obstetrics,&Malignancy,&
InfecDon?&



Blood%Conserva-on%

Decrease%homologous%blood%use%

Educa-on%

Reason%for%Tx%
in%notes%

1993&

HTC%



&
Massive&Haemorrhage&

Complicated&or&Unexpected&
Difficult&surgery&

&

&
Withhold&transfusion&
Complicated&surgery&

Moderate&or&&
controlled&haemorrhage&

&

&
&

Minimal&Haemorrhage&
StraighSorward&Surgery&

&
&

Mortality&

Less&transfusion&

Transfusion&effect&?&&How&can&we&separate&from&surgical&effect&?&&



Blood%Conserva-on%

Decrease%homologous%blood%use%

Pre>op%prepara-on% Educa-on%

Electronic%X%match%

Cell%Salvage%

Reason%for%Tx%
in%notes%

1993&



The%best%transfusion%
is%the%one%the%pa-ent%
avoids%

The%next%best%is%the%
pa-ents%own%fresh%
blood%



History%of%Cell%Salvage%Autotransfusion%

•  Blundell&& & & &1818&&
•  Duncan & & & &1886&

•  Theis& & & & &1914&

•  Elmendorf& & & &World&War&1&

•  Cook&County&Hospital,&& &WW2&

•  Vietnam& & & &Late&1960’s&



Subsequent&early&pioneers:&
•  Van&Schailk&HD.&Penetra'ng)wounds)of)the)abdomen.&J&Florida&Med&Assoc&

1927;&14;&33M34&
•  Tiber&LJ.&California&West&M.,&1934,&41:&16M20&(189)ectopics)))
&

&

& blood&loss&ladled&&
through&gauze&



History%of%Cell%Salvage%Autotransfusion%

•  Gibbons&& & &1953&
•  Dyer&and&Rob & &1966&

•  Klebenoff & &1967&

•  Bentley&ATS&100& &1968&

•  Taswell&and&Wilson &1968&&

•  Latham & & &1970�s&



Intra>opera-ve%red%cell%salvage%

! High%collec-on/transfusion%ra-o%
! Fresh%blood%
! ?%Revenue%neutral%





>Accelerated%sedimenta-on%
%%%5,500%revs.%
>Centrifugal%device%
>Wash%cycle%
>Volume%225%ml%
>Hct%55>75%
>Platelets%15,000%

Red%Cell%Salvage%



Proper-es%of%whole%blood%and%red%cell%concentrates%
stored%in%CPDA%

            Days of Storage
Parameter 0 35(Whole

Blood)
35(Packed
Cells)

pH 7.55     6.98 6.71
Plasma Haemoglobin(mg/dL) 8.2     46.1 246.0
Plasma potassium(mEq/L) 4.2     27.3 76.0
Plasma sodium(mEq/L) 169     155 122
Blood dextrose(mg/dL) 440     229 84
2,3,DPG (microM/ml) 13.2     <1 <1
Percent survival -      79 71

From:%Miller/%Transfusion%Therapy,%Anaesthesia,%4th%Edi-on%

Alkaline&
80&M200&
Normal&
Normal&

Higher&
70&M80&



Autotransfusion:&Quality&of&Blood&Prepared&with&
a&Red&Cell&Washing&Device&

Br%J%Anaesth%(1987):%59:%1035>1039%

•  Higher&Hb&concentraDon&
•  Higher&2,3MDPG&
•  Higher&WCC&

•  Higher&pH&
•  Physiological&potassium&concentraDon&

•  Heparin&0.64u.mlM1&

•  Low&platelets&&



Red%Blood%Cells%

White%Blood%Cells%

Platelets%

Bacteria%

Heparin,%Betadine,%An-bio-cs%

8µm%in%diameter%

3%µm%vessels%

120%days%and%travels%300%miles%

Flexible%biconcave%disc%

Hb%A%%MW%68,000%

640%million%haemoglobin%molecules%

Heparin%MW%15>18,000%%





%40%micron%%
%%micro>aggregate%%
%%%%filter%
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Comparison in term of efficacy: Meta-analysis on 
alternativesto allogeneic blood transfusion 

 PAD  (Forgie 1998) 
 EPO  (Laupacis 1998) 
 Cell saving (Huet 1999) 
 Postop  
 salvage    (Huet 1999) 
 ANH  (Bryson 1997) 

         0.17  (0.08-032) 
         0.36  (0.24-0.56) 
ow   0.39  (0.30-0.51) 
 
ounw 0.35  (0.26-0.46)         

    0.64  (0.31-1.31) 

Relative Risk 
PAD decreases the risk of allogeneic transfusion /5 



Adverse%Events%&%Other%Outcomes,%Outcome%%
Any%Infec-on%>%CS%vs%Control%%

Carless: The Cochrane Library, Volume (1).2007. 



Adverse%Events%&%Other%Outcomes,%Outcome%%
Wound%Complica-on%>%CS%vs%Control%%

%

Carless: The Cochrane Library, Volume (1).2007. 



Adverse%Events%&%Other%Outcomes,%Outcome%%
Any%Thrombosis%>%CS%vs%Control%%

Carless: The Cochrane Library, Volume (1).2007. 



&RestoraDon&of&blood&
volume&&

& &&&&&&&&&+&
&RestoraDon&of&oxygen&

carrying&capacity&

⇓%
%%%Improved%survival&











IntraoperaDve&Blood&
Requirements&
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Gwynne Hughes L, Thomas DW, et al Anaesthesia 2001;56(3): 217-221



Cell salvage 8,785ml 
 
RBC equivalent 
35.14 units 

Allogenic RBC�s 
115 units 

Massive Transfusion 
10 unit transfusion 





1/3 of the transfusion requirement 
was met by cell salvage



12cm&Em&AAA&
6&L&blood&loss\&
NO&donor&RBC&Tx&
Home&in&15&days&





Suc-on%induced%hemolysis%at%various%vacuum%
pressures:%implica-ons%for%intraopera-ve%blood%

salvage%

•  ?&150&mmHg&maximum&sucDon?&
•  300&mmHg&can&bue&used&if&rate&of&bleeding&
insists.&

•  RBC&count,&hematcrit,&serum&K+&did&notchange&
significantly&

•  Hemolysis&0.3M&3&%&whether&air&was&sucDoned&
or&not&

Gregore`%S.%Transfusion%1996;36:57>60%



ModificaDon&of&sucDon&induced&
hemolysis&during&cell&salvage&

• ReducDon&in&blood&damage&
CAN&be&obtained&by&diluDng&

blood&with&normal&saline&while&
sucDoning&it&from&surgical&

field.&

Waters&JS&et&al&Anesth&Analg&2007;104:684M7&







Does&swab&washing&increase&the&efficiency&of&red&
cell&recovery&by&cell&salvage&in&aorDc&surgery&

• Washing&swabs&improves&the&efficiency&
of&red&cell&recovery&

•  50.1g&return&by&&sucDon&
•  31g&return&from&swab&washing&

•  Therefore&a&31%&yeild&of&total&form&swab&
washing&
Haynes&SL&et&al&Vox&Sanguinis&2005;88:244M248&





With&thanks&to&the&team&
Efo&diolch&i�r&têm&



It&saves&blood&✓✓✓&





It&saves&blood&✓✓✓&

Are&we&over&using&it?&
Changing&PracDce&

Targeted&use&
Umbrella&principle&



Products&available&

•  Unwashed&collecDon&systems&
– Exactly&that&wound&blood&collected&
and&reMinfused&with&filtraDon&

• Washed&
– AnDcoagulated,&washed&and&concentrated&
by&centrifugal&force&and&filtered&
(ConDnuous&and&disconDnuous)&



Unwashed&shed&blood&should&we&
transfuse&it?&

SHOT&and&UKCSAG&….will&provide&
us&with&haemovigilance&data&with&

a&definaDve&soluDon&to&the&
dilema.&………&

Liumbruno&GM,&Waters&JH&
&Blood&Transfusion&2011&9(3):241M245&



Has&the&debate&been&decided?&

•  To&drain&or&not&to&drain?&
•  Use&of&Tranexamic&acid&

•  Beper&preMop&preparaDon&
•  Withholding&transfusion&

•  More&targeted&use&of&cell&salvage?&

•  Use&of&post&op&salvage&in&Cardiac&surgery?&





Laparoscopic%splenic%biopsy%
%
Laparoscopic%splenectomy%
%
Massive%haemorrhage%



Irriga-on%fluid%0.9%%N/Saline%

Add%25,000%iu%heparin%

Con-nue%as%normal%and%connect%cell%

salvage%reservoir%

If%bleeding%occurs%process%



SUMMARY%
%
5%unit%equivalent%Tx%of%
%salvaged%red%cells%
%
Anaesthesia%reversed%
Returned%to%general%ward%
Successful%laparoscopic%%
procedure%
%
Home%shortly%aierwards%
%
No%allogeneic%transfusion%



JAMA&1986:&256;&2378M80&

•  “&Blood&potenDally&contaminated&with&
malignant&cells&should&not&be&reMinfused&
because&of&the&risk&of&producing&
metastases”&

•  this&has&not&been&substanDated&by&any&
subsequent&in&vitro&or&in&vivo&work&over&
28&years.&



JAMA&1986:&256;&2378M80&

• Cancer&
• Obstetrics&
• ContaminaDon&



April&2008&M&NICE&approves&use&of&cell&
salvage&in&urological&&malignancy&

•  IntraoperaDve&red&blood&cell&salvage&during&
radical&prostatectomy&or&radical&
 cystectomy.&London:&NICE,&2008.&  

•  hpp://www.nice.org.uk&
•  �
this%procedure%is%safe%enough%and%works%
well%enough%for%use%in%the%NHS�%





Cell&Salvage&in&Obstetrics&N.I.C.E.&
Guidelines&Nov&2005&

•  …efficacious&technique&for&blood&
replacement…..&

•  …use&well&established&in&other&areas&of&
medicine….&

•  …..theore'cal&safety&concerns&when&used&in&
obstetrics….&

•  …so…...&



•  Cell&salvage&is&being&used&widely&in&
the&UK&&

•  There&have&been&&no#reports&&to&
SHOT&or&MHRA&of&any&adverse&
outcomes&in&cell&salvage&in&obstetrics&
relaDng&to&amnioDc&fluid&embolism&

&





Clinical&scenario&

•  Profound%hypotension%
•  All%when%LDF%being%used%
•  Citrate%used%as%an-coagulant%
• Warm%Blood%

•  ?%Blood%being%pressurised%
•  BP%restored%on%stopping%infusion%



Clinical&scenario&

 
Theoretical explanation of 

hypotensive reports when using 
LDF’s 



Clinical&scenario&

•  Profound%hypotension%
•  Bradykinin%release,%cytokine%effect%
•  Seen%in%LDF%at%bedside%
•  Anaesthe-sts%need%to%be%made%aware%

•  Stop%infusion,%vasoconstrictors,%other%fluid.%
•  Transient%
•  Remove%filter%in%urgent%situa-on%



Iwama H. Bradykinin-associated 
reactions in white cell-reduction filter.  
Journal of Critical Care 2001; 16(2): 74-81.  



64&



Enteric&contaminaDon&
•  Timberlake&GA&McSain&NEJr&&Autotransfusion&of&blood&contaminated&

by&entericcontents:a&potenDally&life&saving&measure&in&the&massively&
haemorrhaging&trauma&&paDent?&J&Trauma&1988:28(6):855M857.&

•  Ozman&V&McSwain&NE&Jr&ichols&RL&et&al.&Autotransfusion&of&
potenDally&cultureMposiDve&blood&(CPB)&in&abdominal&trauma:&
preliminary&data&from&a&prospecDve&study.&J&Trauma&1992;32(1):
36M39.&
–  Smith&LA,&Barker&DE&Burns&RP.&Autotransfusion&uDlisaDon&in&abdominal&

trauma.&Am&Surg&1997;&63(!):47M49.&

•  Hughes&LG,&Thomas&DW,&Wareham&K,&et&al.&IntraMoperaDve&blood&
salvage&in&Abdominal&trauma:a&review&of&5&years’&experience.&
Anaesthsia&2001;56(3):217M220.&

•  IntraoperaDve&Blood&Salvage&in&PenetraDng&Abdominal&Trauma:a&
Randomised,&Controlled&Trial.&&Bowley&DM&et&al.World&Journal&of&
Surgery2006;30:1074M1080&&
&



IntraoperaDve&Blood&Salvage&in&PenetraDng&
Abdominal&Trauma:a&Randomised,&Controlled&

Trial&

•  Those&paDents&with&penetraDng&
torso&injury&requiring&laparotomy&

• Hypotensive&either&pre—hospital&or&
on&arrival&

•  Significant&blood&loss&considered.&

Bowley&DM&et&al.World&Journal&of&Surgery2006;30:1074M1080&&



IntraoperaDve&Blood&Salvage&in&PenetraDng&
Abdominal&Trauma:a&Randomised,&Controlled&

Trial&

• Assuming&a&40%&reducDon&of&blood&
requirement&with&SD&of&4.5&units&for&a&
power&of&80%&and&type&1&error&rate&of&
5%&20&paDents&in&each&arm&needed.&

Bowley&DM&et&al.World&Journal&of&Surgery2006;30:1074M1080&&



IntraoperaDve&Blood&Salvage&in&PenetraDng&
Abdominal&Trauma:a&Randomised,&Controlled&

Trial&

• Randomised&to&two&groups.&
• Allogeneic&only&
•  ICS&plus&allogeneic&if&required&
• All&had&prophylacDc&anDbioDcs&
• Primary&outcome&was&Blood&Tx&

Bowley&DM&et&al.World&Journal&of&Surgery2006;30:1074M1080&&



IntraoperaDve&Blood&Salvage&in&PenetraDng&
Abdominal&Trauma:a&Randomised,&Controlled&

Trial&

• 23&pts&(Control)&&&&and&&&21&pts(ICS)&&&
& & & & &1493ml&(0M2,690)&

Allogeneic%Blood%
• 11.17units& & &6.47units&&P=0.008%

Bowley&DM&et&al.World&Journal&of&Surgery2006;30:1074M1080&&



IntraoperaDve&Blood&Salvage&in&PenetraDng&
Abdominal&Trauma:a&Randomised,&Controlled&

Trial&

• Enteric&injury&
– 17/23&(75%) & &18/21&(85%)&

• Survival&
– 8/23&(35%) & &7/21&(33%)&

– Sepsis&similar&in&both&groups&but&if&
sepsis&developed&more&likely&to&die.&

&Bowley&DM&et&al.World&Journal&of&Surgery2006;30:1074M1080&&



IntraoperaDve&Blood&Salvage&in&PenetraDng&
Abdominal&Trauma:a&Randomised,&Controlled&

Trial&

• Enteric&injury&
– 17/23&(75%) & &18/21&(85%)&

• Survival&
– 8/23&(35%) & &7/21&(33%)&

– Sepsis&similar&in&both&groups&but&if&
sepsis&developed&more&likely&to&die.&

&Bowley&DM&et&al.World&Journal&of&Surgery2006;30:1074M1080&&



Who&benefits&from&red&blood&cell&salvage?&UDlity&and&
value&of&intraoperaDve&autologous&transfusion&Editorial&

Transfusion&

•  Jonathan&Water’s&paper&on&of&a&case&series&of&
20,000&cases&over&5&years&

•  Morriston&has&single&centre&data&over&20&years&
of&18,000&cases&and&All&Wales&data&&from&2006&
of&another&18,000&

•  Unsuprisingly&we&have&come&to&almost&
idenDcal&conclusions&&

Editorial&Transfusion&2011;51:2058:2060&



Who&benefits&from&red&blood&cell&salvage?&UDlity&and&
value&of&intraoperaDve&autologous&transfusion&Editorial&

Transfusion&

•  A&significant&proporDon&of&cases&have&a&low&
yield&of&less&than&1&unit&equivalent.&

•  Lumbar&spine&surgery&covers&a&spectrum&of&
invasiveness&which&will&result&in&a&wide&
variaDon&in&blood&loss&

•  Must&agree&that&surgical&technique&and&skill&
has&improved&

Editorial&Transfusion&2011;51:2058:2060&



Who&benefits&from&red&blood&cell&salvage?&UDlity&and&
value&of&intraoperaDve&autologous&transfusion&&

•  Over&5&year&period&31,351&rbc&units&were&
spared&amounDng&to&a&dollar&equivalent&of&
$6.7&M&

•  Even&when&costs&of&running&the&programme&
are&deducted&a&net&cost&saving&of&$2.3M&

•  Per&insDtuDon&saving&$35,517&per&year&

Editorial&Transfusion&2011;51:2058:2060&



Cell&salvage&intraMoperaDvely&and&
postoperaDvely&–&worth&a&go?&

&
Yes%%BUT%
Case&selecDon&very&important&and&will&vary&
between&insDtuDons&
Certain&procedures&will&be&non&cost&effecDve&

The&ease&of&emergency&use&if&you&have&a&trained&
and&competent&team&and&have&an&elecDve&
service&running&
Reservoir&costs&need&to&come&down&



Cell&salvage&intraMoperaDvely&and&
postoperaDvely&–&worth&a&go?&

&
Yes%%BUT%
Reservoir&costs&need&to&come&down&

As&in&sudden&haemorrhage&much&blood&can&be&
lost&in&the&10M15&min&set&up&Dme&
The&remainder&of&he&harness&does&not&need&to&
be&opened&if&collecDon&volume&is&low&


