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PrePre--hospital Hemorrhage Managementhospital Hemorrhage Management
♦♦Mechanical measuresMechanical measures

Direct hand pressureDirect hand pressure
Pressure dressingPressure dressing
Tourniquet or 2Tourniquet or 2

♦♦HemostaticHemostatic agentsagents
♦♦PRBCsPRBCs
♦♦TXATXA
♦♦Factor Factor rVIIarVIIa (experimental)?, PCC?(experimental)?, PCC?
♦♦Liquid plasma for rural, not urban, Liquid plasma for rural, not urban, 

resuscitationresuscitation
♦♦HypotensiveHypotensive (restricted) (restricted) 

resuscitationresuscitation



PredictorsPredictors

•• LactateLactate
•• Base deficitBase deficit
•• HRHR
•• BPBP









(J Trauma. 2010;68: 1289–1295)





Hemorrhage ResuscitationHemorrhage Resuscitation
With What Should You Intervene?

•• Crystalloid?Crystalloid?
•• Colloid?Colloid?
•• Other fluids?Other fluids?
•• Blood products?Blood products?
•• Other therapeutic interventions?Other therapeutic interventions?



Hemorrhage ResuscitationHemorrhage Resuscitation
With What Should You Intervene?

Considerations

•• 32 randomized, controlled studies 32 randomized, controlled studies 
showing no mortality benefit of showing no mortality benefit of 
albumin over crystalloidsalbumin over crystalloids

•• 55 randomized, controlled studies 55 randomized, controlled studies 
showing no reduced mortality of showing no reduced mortality of 
colloids over crystalloids colloids over crystalloids (Consider Hopkins 
Study, though)

•• Review of multiple trials show no Review of multiple trials show no 
increased safety or efficacy of one increased safety or efficacy of one 
colloid over anothercolloid over another



(Ann Surg 2011;253:371–378)



Prehospital FluidsPrehospital Fluids
Hopkins Study

•• 776,734 patients from NTDB776,734 patients from NTDB
•• RetrospectiveRetrospective
•• 49.3% of patients got fluids49.3% of patients got fluids
•• Overall mortality was 4.6%Overall mortality was 4.6%
•• Unadjusted mortality was Unadjusted mortality was 

significantly higher in patients significantly higher in patients 
receiving prehospital IV fluids receiving prehospital IV fluids (4.8% 
vs.4.5%, P < 0.001)



Prehospital FluidsPrehospital Fluids
Hopkins Study

•• Multivariable analysis Multivariable analysis 
demonstrated that patients demonstrated that patients 
receiving IV fluids were receiving IV fluids were 
significantly more likely to diesignificantly more likely to die
♦ (odds ratio [OR] 1.11, 95% confidence interval [CI] 1.05–1.17)

•• The association was identified in The association was identified in 
nearly all subsets of trauma nearly all subsets of trauma 
patientspatients



Prehospital FluidsPrehospital Fluids
Hopkins Study

•• It is especially marked in patients It is especially marked in patients 
with with penetrating mechanism penetrating mechanism (OR 1.25, (OR 1.25, 

95% CI 1.0895% CI 1.08––1.45)1.45), , hypotensionhypotension (OR 1.44, 95% (OR 1.44, 95% 

CI 1.29CI 1.29––1.59)1.59), , severe head injury severe head injury (OR 1.34, (OR 1.34, 

95% CI 1.1795% CI 1.17––1.54)1.54), and , and patients patients 
undergoing immediate surgery undergoing immediate surgery (OR (OR 
1.35, 95% CI 1.221.35, 95% CI 1.22––1.50)1.50)



PrehospitalPrehospital FluidsFluids
Hopkins Study

•• Conclusions: The harm associated Conclusions: The harm associated 
with with prehospitalprehospital IV fluid administration IV fluid administration 
is significant for victims of traumais significant for victims of trauma. . The 
routine use of pre-hospital IV fluid 
administration for all trauma patients 
should be discouraged



Other Crystalloids?Other Crystalloids?
HSS?





HetastarchHetastarch

•• Used in SW Asia because more Used in SW Asia because more 
portableportable

•• Probably no better survival, but Probably no better survival, but 
does not cause does not cause coagulopathycoagulopathy

•• No more than 1500ccNo more than 1500cc



Various blood productsVarious blood products

• PRBCs
♦ Oxygen carrying 

capacity
♦ No clotting factor

• FFP/Thawed plasma
♦ No oxygen carrying 

capacity
♦ Does have clotting 

factors
• Cryoprecipitate

♦ Provides factor VIII

• Albumin
♦ Volume expander

• Whole Blood
♦ Provides oxygen 

carrying capacity
♦ Provides clotting 

factors
♦ Provides platelets
♦ Provides volume













Mayo One Mayo One 
Staffing and equipment...Staffing and equipment...

We are the only Critical Care Transport Service in the world carrying plasma, let 
alone, thawed plasma 



Blood Product Usage ProtocolBlood Product Usage Protocol
•• Before:Before:

♦♦pRBCpRBC’’s and plasma (if available) should s and plasma (if available) should 
be given to patients who are be given to patients who are 
hemorrhaginghemorrhaging

♦♦pRBCpRBC’’s and plasma (if available) should s and plasma (if available) should 
be alternated as follows: 2 units pRBCbe alternated as follows: 2 units pRBC’’s s 
then 2 units of plasma, then 2 units of then 2 units of plasma, then 2 units of 
pRBCpRBC’’ss

•• Now:Now:
♦♦ In patients needing massive blood In patients needing massive blood 

transfusion, use of plasma prior to transfusion, use of plasma prior to 
PRBC administrationPRBC administration



Use of Thawed PlasmaUse of Thawed Plasma

•• The use of plasma in the helicopter The use of plasma in the helicopter 
system creates a field ready, mobile system creates a field ready, mobile 
blood bank, allowing the resources of a blood bank, allowing the resources of a 
Level 1 Trauma Center to be accessible Level 1 Trauma Center to be accessible 
on sceneon scene

•• PrePre--hospital plasma transfusion hospital plasma transfusion 
enablesenables
♦♦ Initiation of Initiation of WarfarinWarfarin reversal in TBI, andreversal in TBI, and
♦♦ TIC correction by early achievement of a TIC correction by early achievement of a 

1:1 1:1 plasma:RBCplasma:RBC ratio and eliminates the ratio and eliminates the 
plasma deficit in hemorrhaging trauma plasma deficit in hemorrhaging trauma 
patientspatients



Field Field PRBCsPRBCs and Plasmaand Plasma

•• ConsiderationsConsiderations
♦♦Requires blood banking/lab supportRequires blood banking/lab support
♦♦Logistical reLogistical re--supplysupply
♦♦RefrigerationRefrigeration







Lyophilized PlasmaLyophilized Plasma
Back to the Future

•• Used in WW2: our fathers and Used in WW2: our fathers and 
grandfathers used it on the grandfathers used it on the 
Normandy BeachesNormandy Beaches

•• Very portable, very effectiveVery portable, very effective
•• Problem was that it was pooled Problem was that it was pooled 

plasmaplasma
•• No available products in the U.S.No available products in the U.S.





TXATXA

•• CheapCheap
•• SafeSafe
•• Only drug with prospective Only drug with prospective 

clinical evidence to support this clinical evidence to support this 
application (CRASHapplication (CRASH--2 Trial)2 Trial)



Lancet 2010; 376: 23-32



ProthrombinProthrombin Complex ConcentratesComplex Concentrates
PCC

•• AKA: AKA: ““Factor IX Complex ConcentrateFactor IX Complex Concentrate””
to treat Hemophilia Bto treat Hemophilia B

•• Concentrated Concentrated VitVit K related clotting K related clotting 
factors (II, VII, IX, X)factors (II, VII, IX, X)

•• Caveat: Formulations varyCaveat: Formulations vary——Must be Must be 
one with Factor VII one with Factor VII (European formulation of 
PCC called Beriplex P/N) contains concentrated doses 
of all four factors, including factor VII)

•• Some preliminary evidence that this Some preliminary evidence that this 
may be better than may be better than rVIIarVIIa or FFP in or FFP in 
preventing TICpreventing TIC

•• Thrombosis??Thrombosis??



SummarySummary
•• HypotensiveHypotensive resuscitation: Give resuscitation: Give 

fluid only if patient has altered fluid only if patient has altered 
mental status mental status (not just from TBI) or or 
absent or weak radial pulseabsent or weak radial pulse

•• Give fluid (Give fluid (HextendHextend 500cc) repeat 500cc) repeat 
x1 if patient still in shock               x1 if patient still in shock               
(?civilian use vs. military use; depends on environment 
and circumstances: austerity and transport times)

•• Overzealous crystalloid appear to Overzealous crystalloid appear to 
be detrimentalbe detrimental

•• Hemorrhage control is paramountHemorrhage control is paramount



SummarySummary

•• If plasma/If plasma/PRBCsPRBCs available: start available: start 
with plasma, then with plasma, then RBCsRBCs in 1:1 in 1:1 
ratio ratio (at hospital: 1:1:1 with platelets)

•• If not?If not?
♦♦Consider TXA?Consider TXA?
♦♦Consider PCC (with all of the Consider PCC (with all of the 

factors)?factors)?



And therefore as a stranger give it welcome.
There are more things in heaven and earth, Horatio,
Than are dreamt of in your philosophy. –Hamlet, Act 1, Scene 5






