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Traumatic haemorrhage

• Leading cause of preventable death 
• Approximately half of all patient deaths in the 

first 24-h are due to haemorrhage.
• Survival from major traumatic haemorrhage is 

poor. 
• Trauma patients who require substantial 

transfusion have a mortality greater than 30 
%. 





So…….





Damage control resuscitation

Damage control surgery Permissive hypotension

Haemostatic resuscitation



Not just loss and replacement

• 25% of all trauma patients have abnormal 
blood clotting. 

• Primary abnormalities
– Severe acute lysis
– Low fibrinogen
– Deranged prothrombin times



50% of shocked major pelvic 
fractures or torso vascular injury 
suffers a cardiac arrest before or 

at ED. 





Pre-hospital transfusion challenges

• Logistics – delivery, storage, shelf-life

• Frequency of use (wastage) – population, 
purpose of service, 

• Carriage – portability, cold chain, resilience of 
kit



• Limited trained team members

• Limited IV access

• Time taken to transfuse multiple products

• Warming

• Benefit?!



Blood products in pre-hospital care

• Packed red blood cells
• Plasma
• Fibrinogen
• Red cells & plasma
• Whole blood

• Legislation
• Local need





Pre-hospital PRBC transfusion

• London’s Air Ambulance (LAA) launched 
“blood on board” in March 2012

• 100 transfusions per year (5%)

• Indications:
– Code red in extremis
– Traumatic arrest where hypovolaemia is key factor



Specific aeromedical issues

• Weight restricted load on aircraft
• No constant power source available
• Airworthiness 
• 12 hr shifts 
• Cabin temperature
• Durability
• Portability
• Affordable for charities / NHS



Golden Hour box

• Robust kit
• 4 units (350ml)
• Data logger 2-6C
• Steady state up to 72 

hrs



Warming devices
Comparison of the performance of battery operated fluid warmers. Lehavi et al. EMJ 

2018 vol 35(9)





PREHOSPITAL MORTALITY
2009                      2015

34%        18%



LAA PRBC outcomes

• Reduced pre-hospital mortality (p<0.01)
• Reduced overall product use (p<0.01)
• Avoids unnecessary waste & allogeneic tissue 

exposure
• No difference in overall mortality
• Peak in early hospital deaths 
• LAA transfusion practice is safe and feasible

Pre-hospital transfusion of red blood cells in civilian trauma patients. Rehn et 
al. Transfus Med. 2017 





Pre-hospital blood trials
• PRBC
• “Improved outcomes”
• 6hr survival
• 24hr survival
• Reduced blood product transfusion in 24hrs
• Improved BE / acid base balance on admission
• Feasible with low wastage



Plasma

• Contains plasma proteins, clotting factors, 
fibrinogen

• Volume resuscitation
• Haemostatic resuscitation
• Restores glycocalyx
• Available as:
– Fresh Frozen Plasma (FFP) – thawed for use (delay)
– Lyophilised / freeze dried plasma - reconstituted
– Liquid plasma – never frozen, platelets



Pre-hospital plasma

• US trials  
– COMBAT – no stat sig difference in mortality
– PAMPer - reduced 30 day mortality compared to 

standard care (Sperry et al. NEJM 2018)

• Thawed fresh frozen plasma - 5 day shelf life
– feasible but high wastage due to short shelf-life

• Freeze dried plasma
• Liquid plasma >7 day shelf-life



International pre-hospital products

• Europe 
– Austria – fibrinogen (FinTIC)
– France, Germany, Denmark, 

UK – lyophilised / thawed 
plasma

– Norway – plasma, low titre O 
WB

• Military
– US – whole blood 

(Afghanistan)
– UK MERT – PRBC & thawed 

plasma
– Israel – low titre whole blood
– Norway special forces – warm 

whole blood

• Australia
– PRBC
– Not using TXA routinely

• New Zealand (Auckland)
– whole blood

• USA 
– PRBC  
– Thawed plasma trials
– Low titre O whole blood



VS.



PROPPR 
(plasma, platelet, RBC) trial 

JAMA 2015

• Multi-centre RCT
• 1:1:1 vs 1:1:2
• Low numbers
• No stat sig difference in 24 hr or 30 day mortality
• Higher rate of haemostasis
• Reduced numbers of death due to exsanguination
• UK guidelines changed on this basis



NHS Blood & transplant (UK)

• Offered support to advance pre-hospital 
capability

• Current limitations
– UK blood donations – split for component therapy
– Products must be leuco-reduced (vCJD)
– Current filters remove platelets (not by design)

• Whole blood is not currently available in UK



Our wish list

• 1:1:1
• Plasma: PRBC: platelets
• Fibrinogen
• All in one bag
• Stored between 2-6C
• Through one IV line
• No mixing with water



Platelets
• We were told: “Stored at room 

temperature, constant 
agitation”

• We weren’t told: that they 
have better function at 4C

• Shortened time in circulation 
but that’s ok for severe 
bleeding

• Cold platelets might be useful 
in trauma

• Lost from whole blood when 
leuco-reduction filter used

• Could be useful if they were 
kept in “blood”



Our wish list

• 1:1:1
• Plasma: PRBC: platelets
• Fibrinogen
• All in one bag
• Stored between 2-6C
• Through one IV line
• No mixing with water

• Platelet sparing filter…..





• Transfusion. 2016:56;S190-S202
• US Army data
• WB superior or equivalent to blood product txn
• 4C platelets have better function than warm (22C) platelets
• Leukoreduced, platelets spared.



Norway (PHC and special forces)

Military-civilian co-operation

• 2013 - Freeze dried plasma 
• 2014 – PRBC
• 2015 Special forces –

– warm, WB donation to “buddy”
– Pre-screened personnel – ABO compatible
– Fit to continue special ops work after donation

• 2018 Low titre O – all forces

• Developed protocol for Emergency Donor Panel 
– Rapid blood group – 40s
– Blood borne virus screen – 60s



PREHOSPITAL FEASIBILITY STUDY







“RC & plasma” - why do this study?

• Interest in pre-hosp product delivery
• No safety / efficacy studies exist
• Need to establish feasibility of delivery to a 

Major Trauma Centre
• Shorter shelf life – 14 days vs 35 days
• Potential to increase wastage – O neg



RC&plasma progress 

• 64 RC&plasma transfusions
• Most had pre-transfusion samples
• Logistical advantage – fewer actions to deliver 

transfusion
• 475 ml per unit
• Efficient delivery schedule
• Wastage in Emergency Dept – training increased
• Too early to comment on coagulation parameters


