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Case
59 y/o male motor vehicle crash

•Intubated in field for altered mentation

•Tourniquet placed LLE

•Initial SBP 50 mmHg; HR 70 bpm

•Potential causes of hypotension?

•Now what?



4/24/2023

2

Case
•2 units whole blood/MTP

activated

•1 gram TXA 

•TEG sent

•Hemostatic dressing applied

Case

(-) FAST

Case

Prior to CT scan noted to have 
active bleeding from LLE.  What 
now?
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Case

Case
•OR for LLE exploration

•Transected popliteal artery and vein

•Hemodynamics improve

•Repaired, fasciotomy performed

Case
•Patient shot himself in leg prior to crash

•High spinal cord injury

•Hypotension related to hemorrhage 

and neurogenic shock
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Primary Survey: (C)ABCDE
•Circulation (major external hemorrhage)

•Airway

•Breathing

•Circulation

•Disability

•Exposure 

The Hypotensive Patient

Hypotension = bleeding until proven otherwise

Bleeding = #1 cause of PREVENTABLE death in 
trauma

The Hypotensive Patient
•Where are the 7 places into which a human can exsanguinate?

•Thoracic cavity (x 2)

•Abdomen

•Pelvis/retroperitoneum

•Femur (x 2)

•Onto the floor (external hemorrhage)
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The Hypotensive Patient
•Other causes of hypotension

•Tension pneumothorax

•Cardiac tamponade

•Neurogenic shock (not spinal shock)

Tourniquets
•Tourniquet = higher SBP and less blood products

•No increase in nerve palsy, infection, amputation, or fasciotomy

•Delay associated with higher morbidity and mortality 

1. Scerbo MH et al. The trauma center is too late: major limb trauma without a pre-hospital tourniquet has increased death form hemorrhagic shock. J Trauma Acute Care Surg. 2017;83(6):1165-72.
2. Smith AA et al. Prehospital tourniquet use in penetrating extremity trauma: decreased blood transfusions and limb complications. J Trauma Acute Care Surg. 2019;86(1)43-51.
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IO Access

1. Dumas RP et al. Moving the needle on time to resuscitation: An EAST prospective multicenter study of vascular access in hypotensive injured patients using trauma video review. J Trauma Acute Care Surg. 2023; Online 
ahead of print. 

Time to Resuscitation—Minutes Matter

Trauma Video Review
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Initial Resuscitation
•Early balanced resuscitation

•1:1:1 PRBC/Plasma/Platelets and/or whole blood
•Cryoprecipitate
•TEG-guided resuscitation may improve survival

•Pharmaceutical adjuncts
•Tranexamic acid (TXA)
•Prothrombin complex concentrate

1. Holcomb JB et.al. The prospective, observational, multicenter major trauma transfusion (PROMMTT) study: comparative effectiveness of a time-varying treatment with competing risks. JAMA Surgery. 2013;148(2):127-
136.

2. Holcomb JB et al. Transfusion of plasma, platelets, and red blood cells in a 1:1:1 vs a 1:1:2 ratio and mortality in patients with severe trauma: The PROPPR randomized clinical trial. JAMA. 2015;313(5):471-482. 
3. Ditillo M et al. The role of cryoprecipitate in massively transfused patients: results from the trauma quality improvement program database may change your mind. J Trauma Acute Care Surg. 2020;89(2):336-343.
4. Gonzalez D et al.  Goal-directed hemostatic resuscitation of trauma-induced coagulopathy: a pragmatic randomized clinical trial compared a viscoelastic assay to conventional coagulation assays. Ann Surg. 

2016;263(6):1051-1059. 
5. Zeeshan M et al. Four-factor prothrombin complex concentrate is associated with improved survival in trauma-related hemorrhage: a nationwide propensity-matched analysis. J Trauma Acute Care Surg. 2019;87(2):274-

281.
6. Khurrum M et al. Four-factor prothrombin complex concentrate in adjunct to whole blood in trauma-related hemorrhage: dose whole blood replaced the need for factors? J Trauma Acute Care Surg. 2021;91(1):34-39.

Addition of PCC to MTP

1. Bouzat P et. al. Efficacy and safety of early administration of 4-factor prothrombin complex concentrate in patients with trauma at risk of massive transfusion: the PROCOAG randomized clinical trial. JAMA. 2023; Online 
ahead of print.

“Lethal Diamond”

1. Ditzel Jr, RM et al. A review of transfusion- and trauma-induced hypocalcemia: is it time to change the lethal triad to the lethal diamond. J Trauma Acute Care Surg. 2020;88(3):434-39. 
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Evolution of Fluid Resuscitation
•Whole blood

•Individual components (around Vietnam)

•Massive crystalloid resuscitation (1990s)

•1:1:1 resuscitation

•Whole blood

PROMMTT
•Prospective cohort study

•Adults surviving > 30 minutes who received blood

•Increased plasma:PRBC and platelet:PRBC = better 6 hour mortality 

•<1:2 were 3-4x more likely to die (early) compared with 1:1 or higher

1. Holcomb JB et al. The prospective, observational, multicenter, major trauma transfusion (PROMMTT) study. JAMA Surg. 2013;148(2):127-36.

PROPPR
•RCT of patients predicted to require MTP

•1:1:1 vs 1:1:2 (plasma/platelets/PRBC)

•Decreased death by exsanguination at 24 hours in 1:1:1 

•No difference in overall survival

1. Holcomb JB et al. Transfusion of plasma, platelets, and red blood cells in a 1:1:1 vs a 1:1:2 ratio and mortality in patients with severe trauma: the PROPPR randomized clinical trial. JAMA. 2015;313(5):471-82.
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PAMPer Trial

*No differences in ARDS, MOF, nosocomial infections

1. Sperry JL. et al. Pre-hospital plasma during air medical transport in trauma patients at risk for hemorrhagic shock. New Engl J Med. 2018;379(4): 315-326.

PAMPer Secondary Analysis

1. Guyette FX et al. Pre-hospital blood product and crystalloid resuscitation in the severely injured patient: a secondary analysis of the pre-hospital air medical plasma trial. Ann Surg. 2021;273(2):358-364.

COMBAT Trial

1. Moore HB. et al. Plasma first resuscitation to treat haemorrhagic during emergency ground transportation in an urban environment: a randomised trial. Lancet. 2018;392(10144):283-291.
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RePHILL Trial

1. Crombie N. et al. Resuscitation with blood products in patients with trauma-related haemorrhagic shock receiving pre-hospital care (RePHILL): a multicentre, open label, ramdomised, controlled, phase-3 trial. Lancet 
Haematol. 2022; 9(4):e250-261.

Whole Blood
•Cold-stored (1-6 degrees Celcius)

•Low titer (<1:200)

•Type O

•21-35 day shelf life

Rahbar E, at al. Shock, 2015;44(5); Yazer MH, et al. J Trauma Acute Care Surg, 2018;84(6); Cotton BA, et al. Ann Surg, 2013;258(4); Condron M, et al. Transfusion, 2019;59; Murdock AD, et al. Shock, 
2014;41(supplement 1); Nederpelt CJ, et al. J Am Coll Surg, 2020;230; Sperry JL, et al. N Engl J Med, 2018;379; Holcomb JB, et al. JAMA, 2015;313(5); Holcomb JB, et al. JAMA Surg, 2013;148(2)
Pivalizza EG, et al. Anesthesia & Analgesia, 2018;127(1)

Whole Blood vs. Components 

1. Leeper CM et al. Whole blood resuscitation of injured patients: Innovating from the past. JAMA Surg. 2020;155(8):771-71.
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Potential Whole Blood Benefits
•Improved logistics

•Faster resolution of shock/coagulopathy

•Decreased infection

•Less citrate

•Less donor exposure

•Decreased overall transfusion requirements

•Improved survival?

Whole Blood vs. Component 
Therapy

1. Brill JB. et al. Impact of Incorporating whole blood into hemorrhagic shock resuscitation: analysis of 1,377 consecutive trauma patients receiving emergency-release uncrossmatched blood 
products. J Am Coll Surg. 2022;234(4):408-418.

Whole Blood vs. Component 
Therapy

1. Brill JB. et al. Impact of Incorporating whole blood into hemorrhagic shock resuscitation: analysis of 1,377 consecutive trauma patients receiving emergency-release uncrossmatched blood 
products. J Am Coll Surg. 2022;234(4):408-418.
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Whole Blood vs. Component 
Therapy

1. Brill JB. et al. Impact of Incorporating whole blood into hemorrhagic shock resuscitation: analysis of 1,377 consecutive trauma patients receiving emergency-release uncrossmatched blood 
products. J Am Coll Surg. 2022;234(4):408-418.

Whole Blood vs. Component 
Therapy

1. Hazelton, et al. Use of cold-stored whole blood is associated with improved mortality in hemostatic resuscitation of major bleeding. Ann Surg. 2022;276(4):579-585.

Whole Blood vs. Component 
Therapy

1. Torres CM, et al. Association of whole blood with survival among patients presenting with severe hemorrhage in US and Canadian adult civilian trauma centers. JAMA Surg. 2023.
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Pre-Hospital Whole Blood

1. Braverman MA et al. The impact of prehospital whole blood on hemorrhaging trauma patients: a multi-center retrospective study. J Trauma Acute Care Surg. 2023;Online ahead of print.

Optimal Crystalloid Volume?

1. Deeb AP et al. Optimal prehospital crystalloid resuscitation volume in trauma patients at risk for hemorrhagic shock. J Am Coll Surg. 2023;Online ahead of print.

•405 patients
•About 1/3 received PRBC
•About 1/2 received Plasma

• Median crystalloid volume was 500 ml
• 39.5% of patient received NO crystalloid

• 20% died within 24 hours

• Volumes between 250-1250 ml associated with lowest early mortality 
and inflammatory response to injury

MTP with Whole Blood at Rochester

Cooler 1

•4U PRBC 
or 2U 
WB

Cooler 2

•2U WB 
or 4U 
PRBC

Cooler 3/4

•4U 
PRBC/4U 
FFP/1 
PLT or
1U Cryo
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Initial Resuscitation at Rochester

O+ Whole Blood
1:1:1 

PRBC/FFP/Platelets + 
Cryoprecipitate

MTP Activation
ABC Score
• HR >120
• BP <90
• + FAST
• Penetrating 

Mechanism

Type Specific MTP
(10-45 minutes)

TEG-Guided 
Resuscitation 

(ICU/OR)
45+ minutes

MTP Stop
Endpoints:
TEG, labs, 

physical bleeding

Adjuncts:
-TXA

-Calcium
-? PCC

-? Fibrinogen 
Concentrate

Rochester Whole Blood Experience

TXA
•RCT patients with/at risk of bleeding within 8 hours of injury

•Primary outcome = death within 4 weeks

•10,000 patients in each group

•14.5% vs 16% mortality

1. CRASH-2 Trial Collaborators.  Effects of tranexamic acid on death, vascular occlusive events, and blood transfusion in trauma patients with significant haemorrhage (CRASH-2): a randomized, placebo-controlled trial. 
Lancet. 2010;376:23-32. 
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TXA

1. Guyette FX. et al. Tranexamic acid during pre-hospital transport in patients at risk for hemorrhage after injury: a double-blind, placebo-controlled, randomized clinical trial. JAMA Surgery. 2020;156(1):11-20. 

*No differences in in-hospital/24-hour mortality, 6 or 24-hour blood transfusion requirements, or 
complications

TXA

1. Guyette FX. et al. Tranexamic acid during pre-hospital transport in patients at risk for hemorrhage after injury: a double-blind, placebo-controlled, randomized clinical trial. JAMA Surgery. 2020;156(1):11-20. 

TXA Summary
•Reasonable for patients with hemorrhage

•Especially if BP <70 and very early from injury

•? Higher initial dose better (?2 grams)

•? Base second dose on TEG results
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Reversal Agents

Circulation in Summary
•Humans can exsanguinate into 7 places

•Whole blood and 1:1:1 better than crystalloid

•Crystalloid better than nothing?

•TXA should be considered if concern for major hemorrhage

•Give calcium (2 grams for every 2-4 units PRBC)

•Know the tools you have available 

•With blood shortages, increased role for PCC, fibrinogen concentrate?


