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Tesco's 250-million-pound black hole: 
Who was minding the shop?



Where is the £263M?

“I don’t know…..but I will find out!”



Cell Salvage in Obstetrics

Is it safe?

Is it effective?

Is it cost effective?

When should we use it?





Oxygen is good for you!
Oxygen supplementation in acute illness

Uniformly beneficial

No disadvantages

Testing effectiveness therefore impossible

No RCTs

Normoxia=negligence



O’Driscoll R. Emergency oxygen use. 
BMJ 2012;345:e6856 

Risks of Hyperoxia:

 Cardiovascular accident

 Myocardial infarction

 Cardiac arrest and 

 Most poisonings

 Obstetric emergencies 



Equipoise

Intuitive effectiveness?

Clinical uncertainty

Evidence for effectiveness

Implicit harm 



Obstetric Haemorrhage



CEMACH 2006-8



Causes of Maternal Death: A Systematic 
review. Lancet 2006: 367: 1066-74



C-Section: A population science



An irreversible trend?

“Ageing” maternal population

Previous Caesarean Section

Abnormal placentation

Maternal choice

Obstetric practice



Maternal age



Maternal Age



The effect of previous C-Section



Malplacentation



Planned versus unplanned



Allogenic Blood Transfusion

Finite resource

Costly

Exposure risk
Transfusion reaction

Infection 



Operative Haemorrhage

 Mortality Ϯ

 Morbidity

 ICU admission

 Hysterectomy

 Organ dysfunction

Massive Transfusion

 Post Tx anaemia



Blood sparing strategies

Pre-donation

Acute normovolaemic haemodilution

Permissive anaemia

Maternal symptoms

Hospital stay

Iron supplementation

 Intra-operative Red Cell Salvage



Ashworth A , Klein A A Br. J. Anaesth. 2010;105:401-416



A proven technology?

Carless PA, Henry DA, Moxey AJ, O'Connell D, Brown T, Fergusson D

Cell salvage for minimising perioperative allogeneic blood 
transfusion. 

Cochrane Database of Systematic Reviews 2010 

Issue 3. Art. No.: CD001888. DOI: 
10.1002/14651858.CD001888.pub3.



Results
75 trials. 

Reduced allogeneic transfusion 

(RR=0.62: 95% CI 0.55 to 0.70)

Absolute risk reduction allogeneic transfusion 

21% (95% CI 15% to 26%)

Average saving RBC units per patient 

0.68 (95% CI -0.88 to -0.49) 

No impact on adverse clinical outcomes.

Obstetric studies = 0



Salvage in Obstetrics

1774 Priestly & Lavoisier

RBC function, oxygen

1818 James Blundell

Autologous Tx PPH

1901 K Landsteiner

Blood groups

1975 Orr, Gilcher, J Latham

“Blood cleansing centrifuge”





Is it safe?

Amniotic Fluid Embolism

Fetal-maternal contamination

Infection, inflammation, malignancy



AFE or “Anaphylactoid Syndrome of pregnancy”

1.3-12.5 per 100,000 

Ϯ 20%

A diagnosis of exclusion

Hypoxia, CVS collapse, Coagulopathy

AF vs. SIRS?



Cell Salvage and AFE

Proof of principle
 Catling et al.  IJOA 1999; 8: 79-84

27 CS: ↓AFP after processing

Waters  et al. Anesthesiology 2000; 92: 1531-6
 Salvage + LDF effectively removes AF

“2-suction” use ?
 Sullivan et al. Br J Anaesth 2008: 101: 225-9

34 CS, no difference AFP/squame clearance





Fetal blood contamination

Salvage: Fetal vs. Maternal RBC

Maternal exposure RBC Ag

Rh incompatability

Rh –ve mother, Rh +ve fetus

RhD-alloimmunisation

Kleihauer

Anti-D



70 women re-infused salvaged blood via LDF

Median volume 324 ml (118-1690ml)

Median fetal rbc 0.8 ml (0.2-12.9 ml)

No antibodies detected in 48 follow ups



Fetal blood contamination

Transplacental haemorrhage 3rd Trimester

 >2.5 ml (1%)

 >15 ml (0.3%)

Parturients

Pre-birth: Median 0.48 ml (0-4.8)

Post-birth: < 9ml

Risk IOCS ≡ Vaginal Birth



BCSH Guidelines 2014

IOCS: 1500 units anti-D

Flow cytometry if Kleihauer>2ml



Is it effective?

Donor Blood Transfusion

Reduction

Prevention



BJOG: An International Journal of Obstetrics & Gynaecology

Volume 116, Issue 6, pages 743–747, May 2009

1 RCT

1 Cohort

http://onlinelibrary.wiley.com/doi/10.1111/bjo.2009.116.issue-6/issuetoc






Search results

Current Opinions in Obstetrics & Gynaecology) 2014 Sep 25. [Epub ahead of print]



68 subjects

 34 IOCS vs. 34 Control

Salvage reduced Tx

OR: 0.17 (CI 0.04-0.69)

↑post-op Hb

↓ Hospital stay

• Control transfusion rate 
8/34 (23.5%)

• No description of 
randomisation

• No comparison of 
change in Hb

• Demographic Imbalance







A UK national multi-centre trial of intra-
operative cell salvage in Caesarean Section 
in women at risk of haemorrhage.



C/S women at risk of haemorrhage

Primary outcome: Donor transfusion

Multiple secondary end-points

N=3050

21 centres

Pragmatic design



Inclusion

• 16 years of age

• Elective or emergency C/S

• Risk of haemorrhage. 

• Ability to provide consent

Exclusion

• Sickle cell disease

• Malignancy

• Cultural or social beliefs

• Placenta percreta

• Thrombocytopoenia

• Difficult cross match



Design





Is it cost effective?







Economic obstacles

Hardware

Disposables

Staff

Training

“Boots  on ground”

Emergency vs. routine



Conclusions

To date: no poor maternal outcome

Recommended in massive haemorrhage

OAA

RCOG

CEMACE

NICE

AAGBI



Salvage in Caesarean Section

 Is it safe? 

 Clinically effective?

 Cost effective?

When should we use it?

“I don’t know…..but I will find out!”



“Inquiry is fatal to certainty”

The story of civilisation





Goodbye to all that!



Go with the flow!


