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Objectives

 Describe the risks of blood product transfusion

 Describe the utility of autotransfusion in certain 
surgical subspecialties

 Describe the cost benefits of autotransfusion



History of Transfusion
 1665: Earliest blood transfusion

 1818: First transfusion of human blood for the 
treatment of hemorrhage - Dr. James Blundell 

 1886: J. Duncan used auto transfusion during the 
civil war

 1932: The first blood bank was established in 
Leningrad

 1937: First blood bank in the United States 
opened at Chicago’s Cook County Hospital 



Viral Risks of Blood Transfusion

 Hepatitis A: 1 in 1,000,000

 Hepatitis B:  1 in 350,000

 Hepatitis C:  1 in 2,000,000

 HIV: 1 in 2,300,000

 HTLV 1 & II (Human T-Cell Leukemia Virus):  1 in 250,000 to 1 in 
2,000,000

 CMV: 1 in 10 to 1 in 30

 EBV: 1 in 200

 West Nile Virus: 1 in 350,000

Frieshlag JA: Intraoperative blood salvage in vascular surgery – worth the effort? Critical Care 2004(Suppl 2): 53-36.



Non-Viral Risks of Blood Transfusion

 Parasitic Infections
 Malaria: 1 in 4,000,000

 Prion Mediated Infections
 Creutzfeldt-Jakob

 Bacterial Contamination – directly related to length of storage
 Responsible for 10% of transfusion associated deaths
 Yersinia enterocolitica is the most common bacterial contaminant of 

PRBC
 Others: serratia, pseudomonas, enterobacter
 Incidence 1 in 200,000 to 1 in 4,800,000



Cost
 Between January 1997 and July 2002 the cost of 

blood products increase 340% secondary to the 
stringent testing of blood and the introduction of 
leukocyte depleted blood, to reduce the risks of 
disease.

 This has also resulted in a decreased pool 
available for blood donation



Definitions
 2 Broad Classes
 1 – Red Blood Cell Washing:  collects the shed 

blood, washes, and centrifugally separates out 
RBCs and then reinfuses them.  Removes toxic 
by products, but also removes platelets and 
clotting factors.

 2 – Hemofiltration:  collects the blood, filters it, 
and reinfuses it.  Returns all blood elements.  
Does not remove harmful debris and 
contaminants.

Frieshlag JA: Intraoperative blood salvage in vascular surgery – worth the effort? Critical Care 2004(Suppl 2): 53-36.



Examples of Devices

Frieshlag JA: Intraoperative blood salvage in vascular surgery – worth the effort? Critical Care 2004(Suppl 2): 53-36.



Step 1
Suction

1



Step 2
Collection and filtration

2



Step 3
Preparation

3



Step 4
Separation

4



Step 5
Waste disposal

5



Step 6
Red cell salvage

6



Step 7
Re-infusion

7



Indications
 Anticipated blood loss is 20% or more of the 

patients blood volume.

 Cross matched compatible blood is 
unobtainable

 Patient is unwilling to consent to allogenic blood.

 More than 10% of patients undergoing the 
procedure require transfusion

 The mean transfusion for the procedure exceeds 
1 unit.

Esper SA, Waters JH:  Intraoperative Cell Salvage: a fresh look at the indications and contraindications.  Blood Transfus 
2011:9:139-147.



Indications 

Esper SA, Waters JH:  Intraoperative Cell Salvage: a fresh look at the indications and contraindications.  Blood Transfus 
2011:9:139-147.



Contraindications
 Absolute Contraindications
 Anything that results in 

cell lysis (Hydrogen 
peroxide, alcohol, sterile 
water, hypotonic 
solution).

Esper SA, Waters JH:  Intraoperative Cell Salvage: a fresh look at the indications and contraindications.  Blood Transfus 
2011:9:139-147.



Cochrane Review
 75 randomized trials of cell salvage over 29 years (1979-2008).

 Reduced per-operative allogenic RBC transfusion by 38% (RR 0.62; 95% 
CI 0.55-0.70)

 Average absolute reduction in risk (ARR) was 21% 
 NNT 4.8

 Efficacy greatest in orthopedic surgery
 Reduced risk of allogenic blood transfusion by 54% compared with 23% in 

cardiac surgery

 Average saving of 0.68 units of RBC per patient

Carless PA, Henry DA, Moxey AJ, et al.: Cell salvage for minimising perioperative allogenic blood transfusion (Review).  
Cochrane Database Syst Review 2012 (2): 1-188:



Cochrane Review Cont.

 Relative risk reduction of 37% when cell salvage 
combined with another active intervention (pre-
operative autologous donation, acute 
normovolemic haemodilution, apoprotinin).

 Relative risk reduction of 39% when compared to 
control

 Mortality, re-operation for bleeding, infection, 
wound complication, non-fatal MI, thrombosis, 
stroke and hospital LOS were not adversely 
affected by cell salvage.

 FEWER cell salvage patients experienced infection

Carless PA, Henry DA, Moxey AJ, et al.: Cell salvage for minimising perioperative allogenic blood transfusion (Review).  
Cochrane Database Syst Review 2012 (2): 1-188:



Cardiac Surgery: Cochrane 
Review

 Reduced risk of exposure to allogenic blood 
transfusion by 23%

 Washed sell salvage significantly reduced red 
cell transfusion rates compared with unwashed 
which was only marginally effective

Carless PA, Henry DA, Moxey AJ, et al.: Cell salvage for minimising perioperative allogenic blood transfusion (Review).  
Cochrane Database Syst Review 2012 (2): 1-188:



Cardiac Surgery
 During cardiac surgery, 

the use of a CS 
significantly reduced the 
odds of exposure to any 
allogeneic blood 
product
 That’s a decreased 

exposure of 37%

 CS did not increase the 
number of patients 
transfused FFP or 
platelets

Wang G, Bainbridge D, Martin J, et al.:  The efficacy of an intraoperative cell saver during cardiac surgery: a meta-
analysis of randomized trials.  Anesth Analg. 2009 Aug;109(2):320-30.



Cardiac Surgery
 Hemoglobin concentration fell significantly in all 

groups on POD 1

 Twenty-four hours postoperative blood loss in the 
four groups was not significantly different

 There was a significant rise in prothrombin time  
on POD 1 from preoperative levels (P ≪ 0.0005) in 
all groups with no statistical difference between 
groups, and remained elevated at POD 5 with no 
difference between groups

Niranjan G, Asimakopoulos G, Karagounis A., et al.  Effects of cell saver autologous blood transfusion on blood loss and 
homologous blood transfusion requirements in patients undergoing cardiac surgery on versus off cardiopulmonary 
bypass: a randomised trail.  European Journal of Cardio-Thoracic Surger 30(2006): 271-277.



 Homologous blood 
transfusion in the on-CPB 
group without cell saver 
(group B) was significantly 
higher than in the other 
groups (p <0.005)
 3 times greater

 Patients receiving cell 
saver autologous blood 
transfusion (groups A and 
C) resulted in significantly 
reduced volumes of 
homologous blood 
transfusion (p < 0.001)

Niranjan G, Asimakopoulos G, Karagounis A., et al.  Effects of cell saver autologous blood transfusion on blood loss and 
homologous blood transfusion requirements in patients undergoing cardiac surgery on versus off cardiopulmonary 
bypass: a randomised trail.  European Journal of Cardio-Thoracic Surger 30(2006): 271-277.

On Pump with CS

On Pump without CS

Off Pump With CS

Off Pump without CS



Orthopedic Surgery 
Cochrane Review
 Cell salvage reduced risk of exposure to 

allogenic blood transfusion by 54%

 Little difference observed between washed cell 
salvage (RR 0.48; 95% CI 0.36-0.64) and 
unwashed cell salvage (RR 0.47, 95% CI 0.36 to 
0.63).

Carless PA, Henry DA, Moxey AJ, et al.: Cell salvage for minimising perioperative allogenic blood transfusion (Review).  
Cochrane Database Syst Review 2012 (2): 1-188:



Orthopedic Surgery

Sturdee SW, Beard DJ, Nandahra G, Sonanis SV.  Decreasing the blood transfusion rate in elective hip replacement 
surgery using an autologous drainage system.  Ann R Coll Surg Eng. 2007 Mar; 89 (2): 136-9.



Vascular Surgery

Serrano FJ, Monux G, Aroca M.  Should the cell saver autotransfusion system be routinely used in elective aortic surgery?  
Ann Vasc Surg. 2000 Nov;14(6):663-8.



Vascular Surgery

Serrano FJ, Monux G, Aroca M.  Should the cell saver autotransfusion system be routinely used in elective aortic surgery?  
Ann Vasc Surg. 2000 Nov;14(6):663-8.

√ √



Transplant

Sankarankutty AK, Teixeira AC, Souza FF, et al.  Impact of blood salvage during liver transplantation on reduction in 
transfusion requirements.  Acta Cir Bras. 2006;21 Suppl 1:44-47



Transplant
 The type of presentation with liver disease was predictive of red cell 

transfusion and mean savings per case. 
 Retransplantation was associated with greater transfusion than presentation 

with acute liver failure or chronic liver disease

 Preoperative biochemical indices do not predict intraoperative red 
blood cell transfusion requirements, although low preoperative 
hemoglobin was a significant indicator

Phillips SD, Maguire D, Deshpande R, et al. A Prospective Study Investigating the Cost Effectiveness of Intraoperative 
Blood Salvage during Liver Transplantation.  Transplantation. 27 February 2006; 81(4), 536-540.



Transplant
 Over a period of 5.5 

years, a total of 2366 
units of PRBCs were 
salvaged. 

 The total would have 
been £503,443 
($719,923). 

 With the use of the 
cell-saver the figure 
was brought down to 
£371,542 ($531,305), a 
saving of 26%.

Phillips SD, Maguire D, Deshpande R, et al. A Prospective Study Investigating the Cost Effectiveness of Intraoperative 
Blood Salvage during Liver Transplantation.  Transplantation. 27 February 2006; 81(4), 536-540.



Cost
 Net benefit of cell salvage was between £112 and £359 ($178-

$572) per person compared with allogenic blood transfusion.

 Use of cell salvage could result in net reductions in the volume of 
allogenic blood transfused of between 6,500 and 320,000 units.

 This would translate to a savings to the NHS of £0.73 million to £36 
million ($1,162,452 - $57,326,400)

Davies L, Brown TJ, Haynes S, et al.  Cost-effectiveness of cell salvage and alternative methods of minimising 
perioperative allogenic blood transfusion: a systematic review and economic model.  Health Technology Assessment 
2006; 10(44): 1-228.
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Would you 
want
this guy 
operating you 
(without a cell 
saver)??
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