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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?




Case

*2 units whole blood/MTP
activated

*1 gram TXA

*TEG sent

*Hemostatic dressing applied
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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
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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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Initial Mechanical Control of Hemorrhage in the ED

Cawity Triage Adjunct(s) Comments.
Thorax Chest x-ray Thoracostormy tube * 14 Fr vs larger-bore tube!
Abdomen FAST exam Aortic balloon ccclusion * Nearly 10% risk access

complications?
* Consider OF placement®
May be useful in “hostile”

abdomen?®
Pelvis. Pelvic xray Pelvic binder Mortality remains >30% if
Aortic balloon occlusion hemodynamically unstable®
Femur Physical exam Traction (2) + I concern for vascular
Femur x-ray Tourniquet injury place tourniquet*
External Physical exam Hemostatic dressing + Tourniquets associated with
Tourniquet  blood usage and
outeomes”

Evalving concern about
overutilization of
tourniquets®
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The Hypotensive Patient

*Other causes of hypotension
«Tension pneumothorax

«Cardiac tamponade

«Neurogenic shock (not spinal shock)
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Tourniquets

*Tourniquet = higher SBP and less blood products

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

<Delay associated with higher morbidity and mortality
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IO Access

Time to Resuscitation by Vascular Access Type
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Time to Resuscitation—Minutes Matter

into the

Time to Critical Pushing Ad d
Setting

PAMPer + STAAMP trials

Study Populatior n TERI may be more important
Hemorrhagic Shock

than total prehospital time

0dds of mortality -
per minute delay in TERI: Time to resuscitative
Intervention (TERI): 24-hr mortality: interventions critical, efforts
EMS arrival to start of 2.3% increase/min to make available earlier in
Pl or orTX (808 1.023; 9o%cl 1.005-2042) bleeding patients whether in
In the field or within 90- 30-day mortality: the field or trauma center
2.1%

minutes of trauma center 2 rease/min warranted
el (OR 1.021;95%C1 1.005-1.038)

TERI associated with 30-day

[+ @ ﬁ miGital ey bttt tal e o pital
S — time was not (p=0.44)

Time to Early Resuscitative
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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
e«Tranexamic acid (TXA)
«Prothrombin complex concentrate
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Addition of PCC to MTP
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“Lethal Diamond”

LETHAL DIAMOND- THE ROLE OF CA?*
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Evolution of Fluid Resuscitation
*Whole blood

«Individual components (around Vietnam)

*Massive crystalloid resuscitation (1990s)

«1:1:1 resuscitation

*Whole blood
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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
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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
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PAMPer Trial
Plasma

Primary outcome

Odds Ratio (95% Cl) | Adjusted p Value

4/24/2023

Overall 30-day mortality 89/261 (34.1%) 53/220 (24.1%) 0.61(0.41100.92) _
Secondary outcomes*

24-hour mortality 60/271 (22.1%) 32/230(13.9%) 8.2(-14910-16) 055
In-hospital mortality 88/271 (32.5%) 51/230 (22.2%) -103 (-18.0to-2.6) 033
Median 24-hour volume 4(2-16) 3(0-20) 041
of blod companents, —

units

Median PT ratio 13(11-16) 1.2 (11-14) _ «0.001

*No differences in ARDS, MOF, nosocomial infections
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PAMPer Secondary Analysis

‘Sunvival
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COMBAT Trial

Plasma Group Control Group Effect Size (95% CI) p Value
(n=65) (n=60]

Clinical outcome

Wortality at 28 days 10 (15%) 6 (10%) 1.54(0.60-3.98) 0.37
Mortality at 24 hours 8(12%) 6(10%) 1.23(0.45-3.34) [
‘Acute lung injury (28 28 (43%) 30 (50%) 0.86{0.59-1.26) 044
days)

Multiple organ failure a(6%) 1(2%) 369 (0.42-32.11) 037
within 28 days (Denver

score 23)

Composite autcame 14 (21%) 7(12%) 185 (0.80-4.26) 014
{multiple organ failure or

death) at 28 days

Ventilator-free days 26 (11-28) 26(18-28) 0(-1.00-0) 035
Intensive-care-free days 23(7-26) 24(17-26) 0(-3.00-1.00) 049

MEDICINE

of THE HIGHEST ORDER

BUR




4/24/2023

RePHILL Trial

ma 0.9%Sodium | Adjusted Risk Ratio | Adjusted Average
Chloride Group (95% €1 Difference (95% C1)

Primary outcome

Episode mertality or 128/199 {64%) ‘ 138/210 (65%) | 101 (083-117) ‘ 0025% (-9-9)
fallure o dlear lactate o1

both

Secondary autcomes

Episode mertality | esioaeaw) | owaspasw) | oeriersin) | 3% (12-7)
Faluetoclearlactate | 98/196(50%) | 1uposssWl | osdlersiay | S%(145)
Postintervenuon fluds | 123(310.200 | 1eo(sslzzr | [ o
Time 10 €8 arrval, minutes

From 999 cal | 0(35) [ 91035) | - [ osorseras)

Total blood product up to 24 hours after ED arrival

PREC | esponzes | amemen | [ 1msson
Plasma | semesezs | swsenzs | | 1ssrosiaso
Desth

Within 3 hours | 32/197 (16%) 45/208 (22%) orsse1n | 7% (-15-1)
Within 30 davs | sscaian) | swmomsw) | estoreran | 4% (136)
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Whole Blood

«Cold-stored (1-6 degrees Celcius)

«Low titer (<1:200)

*Type O

«21-35 day shelf life
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Whole Blood vs. Components

Composition of Whole Blood Compared with Component Products

Variable Whole Blood (1 Unit) Components (1 U PRBC; 1 U FFP; 1
Pack Platelets; 1 U Cryoprecipitate)

Product volume, ml 570 675

Hematocrit, % 38-50 29

Platelet count 150,000-400,000 88,000

Factor activity, % 100 65

Fibrinagen, mg 1,000 750
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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?

MEDICINE of THE HIGHEST ORDER

Whole Blood vs. Component
Therapy
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Whole Blood vs. Component
Therapy

Multivariable Analyses Evaluating the Impact of Low-Titer Group O Whole Blood on 30-Day Survival

unweighted Analysis Weighted Analysis

30-Day Survival 0dds Ratio (95% CI) P Value 0dds Ratio (95% CI) B Value
W8 group 4.10(2.22-7.45) 0.001 1.59 (1.28-198) <0.001
Age, per year 0.97 (0.96-0.98) 0.001 0.99{0.98-0.99) <0.001
Male sex 045 (0.24-087) 0.018 0.77(0.60-0.98) 004

155, per point 093 (0.92-095) <0.001 0.95 (0.94-0.96) <0001
Scene SBP, per mmHg 1.00 (0.99-1.01) 0.286 1.009 (1.006-1.012) <0.001
Arrival lactate, per mmol/L 082 (0.76-0.88) <0.001 0.89(0.87-0.92) <0.001
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Whole Blood vs. Component
Therapy

Multivariable Analyses Evaluating the Impact of Low-Titer Group © Whole Blood on 24-Hour Blood Product Use
Unweighted Analysis Weighted Analysis
24-Hour Blood Product Use Odds Ratio (95% CI) P Value 0dds Ratio (95% C1) P Value
W8 group 0.38(0.21-0.70) 0002 093 (0.91-0.96) <0.001
Age, per year 1.00(0.99-102) 0602 0.996 (0.995-0.997) <0.001
Male sex 1.80(0.98-3.26) 0055 122(1.18-126) <0.001
1S5, per point 1.07 (1.04-1.09) <0.001 1.023(1.022-1.024) <0.001
Scene SBP, per mmHg 0.99(0.99-1.01) 0639 0.958 (0:998-0.991} <0.001
Artival lactate, per mmol/L 1.12(1.02-1.25) 0019 1.03811.036-1.039) <0.001
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Whole Blood vs. Component
Therapy

Tranahnion cohert < Campran gy & o st

p<0.0001
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Whole Blood vs. Component
Therapy

Figore 2 Acjusted Kaplan MeierSurvivl Estimates by Transhsion Group.
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Pre-Hospital Whole Blood

The Impact of Preliospital Whole Blaod on Hemorrhaghng Trauma Patlents: A Mull Center Retrospestive Study

Conclusion:

pWE s Independently
Associated with Reduction in
ock Index

BT o i o e e Sy Trauma and
@aumAcutesurg N Acute Care Surgery’
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Optimal Crystalloid Volume?
*405 patients

«About 1/3 received PRBC
e«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
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MTP with Whole Blood at Rochester

EE g=Em g=m

*4U PRBC *2U WB e 4U
or 2U or 4U PRBC/4U
WB PRBC FFP/1
PLT or
1U Cryo
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Initial Resuscitation at Rochester

O* Whole Blo Type Specific MTP TEG-Guided MTP Stop
3 (10-45 minutes) Resuscitation Endpoints:

PRBC/FFP/Platelets + (ICU/OR) TEG, labs,
Cryoprecipitate 45+ minutes physical bleeding

MTP Activation

ABC Score

+ HR >120 Adjuncts:

+ BP <90 -TXA

* + FAST -Calcium

« Penetrating -? PCC
Mechanism -? Fibrinogen

Concentrate
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Rochester Whole Blood Experience

Received WWhls Blood vs. Commpansnt (Ref) OR 5.04 (95% I, 233-10.93)
1882 15vs. 195 <15 (Ref) OR3.18 (65°% I, 1.258.24)
ABG >=2vs. <2 (Ref) — OR 218 (65% I, 0.95:5.09)
GCS = 8vs. =<8 (Ref) —_— OR 166 (65°% CI, 0.733.81)
Male vs. Female Sex (Ref) OR 158 (65% I, 0.51-4.86)
Age (Continuous) OR 100 65°% I, 0.96-1.02)
Penetrating vs. Blunt (Ref) OR 071 (95% CI,0.26-1.82)
0.1 1.0 10.0
Adjusted Odds of Balanced Resuscitation
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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
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TXA

primary outcome

30-day mortality | 45/452 (10%) [ 36/442 (8.1%) [ 0.82(0.53-1.11)
Time from njury, hours

<1 [ 18/238 (7.6%) [ 10/219 (4.6%) [ 0.60(0.44-0.83)
>1 | 27/214(12.6%) [ 26/223 (11.7%) [ 0.92(0.52-1.64)
Shock severity

Tachycardia only 21/320(6.6%) 18/316(5.7%) 0.87(0.56-1.34)
587 <90 mmHg 13/101 {12.6%) 13/99 (13.1%) 1.02(0.55-1.90)
587 < 70 mmHg 11/31 (35.5%) 5/27 (18.5%) 0.52(0.34-0.80)

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

TXA Dose

Placebo (reference) 45/452 (10.0%) -

1g bolus 14/150 (9.3%) 0.94(0.65-1.36)
1g bolus/1 g infusion 11/141 (7.8%) 0.78(0.50-1.24)
1g bolus/1 g bolus/1 g infusion 11/151(7.3%) 0.73(0.54-0.95)

Meeee o BEUR

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

Meeee o BEUR
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Consider MTP with any 2 of the following:
Penetrating mechanism
SBP < 90mmHg
HR >120 bpm
Positve FAST exam

Think whole blood EARLY and TXA

Reversal Agents

Reversal of Common Medications in Trauma

Anticoagulant Reversal Agent(s)

Warfarin Vitamin K

FFP/vitamin K
PCC/vitamin K
pcc
Idarucizumab (Praxbind®)

Dabigatran (direct thrombin inhibitor)

Rivaroxaban/apixaban (Xa-inhibitors)

pPCC
Andexanet alfa (Andexxa®)

DDAVP

Antiplatelet agents
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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?
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