
AAll Things Hemostasis
Bonjo Batoon MSN CRNA
Bonjo30@hotmail.com

Brian Cornelius DNP CRNA NRP



Disclosures

• Nothing to Disclose
• No Conflicts of Interest
• The information contained in this 

presentation has been compiled by 
nationwide experts and summarized for 
your benefit.

• The views expressed are the authors and 
may not reflect the official policy or 
position of his employers.



Learner Outcomes

• Identify roles of nurse anesthetists in obtaining and 
maintaining hemostasis.

• Identify how to incorporate therapeutic advances 
into current practice.

• Discuss future therapies impacting patients with 
accidental and surgical trauma.



PPreventable Death on the 
Battlefield: OEF and OIF
• Eastridge 2012 Study:
• 4,596 U.S. deaths
• 87% pre-hospital deaths
• 24% of pre-hospital deaths were potentially survivable

• Holcomb, et al, 2007 – US SOF Preventable Deaths = 
15% , 2008 – US Military Preventable Deaths = 24%

• Eastridge, et al, 2011, 2012 – US Military Preventable 
Deaths = 27.6%

• Eastridge BJ, Hardin M, Cantrell J, et al. Died of Wounds on the Battlefield: Causation and Implications for Improving Combat Casualty Care. The 
Journal of Trauma: Injury, Infection, and Critical Care. 2011;71(supplement). doi:10.1097/ta.0b013e318221147b.



Potentially Survivable COD
•75.7% nonsurvivable
•24.3% potentially 
survivable
•90.9% hemorrhage
•8% airway 
obstruction

•1% tension PTX

•Location
•67.3% truncal
•19.2% junctional
•13.5% extremity

ABC CAB



Civilian Trauma Related Injuries

• Trauma 2nd leading 
cause death

• 30-40% of trauma 
mortality

• 33-56% prehospital 
death

• Economic burden $670 
Billion

• Kauvar et. al, 2006; Norton & Kobusingye, 
2013;



Are civilian injury patterns the 
same?
• No Body armor leads to 

more core injuries
• In mass shootings average 

of 2.7 gunshots per 
patient

• Potentially preventable 
death rate (PPD)7%

• GSW to chest most  
associated with PPD (89%)

Smith ER, Shapiro G, Sarani B. The profile of wounding in
civilian publicmass shooting fatalities. J Trauma Acute Care
Surg 2016;81:86e92.

SmSmitithh ERER, ShShapapiriroo GG, SSararananii BB. TThehe pprorofifilele ooff wowounundidingng iinn
civilian publicmass shooting fatalities J Trauma Acute Care



The Hemorrhage Problem

• Bleeding is the leading cause 
of preventable death in all 
types of traumatic injuries 

• Stopping hemorrhage early is 
critical to good outcomes 

• 25% of trauma patients 
arriving in the ED have 
established coagulopathy 





Tourniquet



Tourniquets in Extremity Trauma

• Early control of severe 
hemorrhage is critical 

• Only LIFE-THREATENING bleeds

• Tourniquet placed for total 
or partial amputations 

• High risk of rebleeding

• Wounds with heavy arterial 
or massive venous bleeding

Blackbourne et al. 2013



The TRUTH About Tourniquets
• Fast and easy to apply approximately 

30 seconds to stop bleeding 
completely

• Subsequent bleeding control in other 
phases of care is aimed at 
downgrading

• Survival is better if applied prior to 
onset of shock

• Safety profile Related to time of 
application Multiple studies show 
safety if off <2 hours

• Some reviews show 1.5-3% transient 
nerve palsy

• Use an approved tourniquet from a 
reputable supplier, there are a lot of 
imposters (Mabry, 2006)
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Not just for extremities
•

•

•

•

•

•

•

*Death on the battlefield (2001-2011): Implications for the future of combat casualty care. J Trauma Acute Care Surgery. Eastridge et al. Volume 73, Number 6, 
Supplement 5
**British Editorial Society of Bone & Joint Surgery (2010): Lower Limb Traumatic Amputations - The importance of pelvic binding for associated pelvic fractures in 
blast injury. Cross et.al .J Bone Joint Surg Br 2012 vol. 94-B no. SUPP XXI 4

gery. Eastridge et al. Volume 73, Number 6, 



Hemostatic Gauzes

• QuickClot
• Rapid absorption H20 content of blood

• Combat Gauze
• Mineral (kaolin impregnated) hemostatic gauze
• Activates intrinsic clotting pathway

• Chitosans
• Celox
• No hemostatic properties
• Biodegradable complex carbohydrate
• Electrostatic interaction between + chitosan and – cell 

membranes RBCs



Quikclot



Celox



XSTAT

XSTAT video



ITClamp



Fluid Resuscitation

•Plasmalyte/Normosol>LR>NS
•Logistically useful small volume fluid
•Albumin (5% or 25%) provides effective and more 
physiologic volume expansion than other colloids but given 
alone contributes to hemodilution.

• Hextend or Hespan use should be avoided as these products 
worsen coagulopathy

• Hypertonic Saline does not improve mortality in 
hemorrhagic shock and should only be used for patients 
with Traumatic Brain Injury (TBI) and evidence of raised 
Intracranial Pressure (ICP).

d
e anndd mmoorree 

Wise R, Faurie M, Malbrain MLNG, Hodgson E. Strategies for Intravenous Fluid Resuscitation in Trauma 
Patients. World J Surg. 2017;41(5):1170-1183



Blood Product Resuscitation=Improved survival

• Balanced better than unbalanced
• Early better than late
• Fewer Blood Products are being given
• Remember to WARM everythingy g



Resuscitative
Endovascular
Balloon 
Occlusion of the 
Aorta





REBOA

• Support cerebral/myocardial perfusion
• Bridge/adjunct to resuscitation and/or hemostasis
• Less invasive the Emergent thoracotomy

• No need to repair open chest wound
• can BE DONE IN ED OR OPERATING ROOM



REBOA

Indications
• Hemorrhage related 

trauma
• Non-compressible torso 

injuries
• Pelvic fractures
• Obstetric emergencies

Contraindication
• Injuries above the 

diaphragm- head, neck, 
or axilla 

• Blunt cardiac/aortic 
injuries

Zenoli et al., 2018; Howie et al., 2019 





Damage Control Resuscitation
• For decades, the trauma mantra has been “two 

large bore IVs and two liters of crystalloid bolus” 



Damage 
Control 
Resuscitation

• Rapid transport to definitive care 

• Early control of hemorrhage 

• Limited crystalloids

• Early whole blood or ratio-based 
resuscitation (1:1:1) 

• Permissive hypotension (excluding 
TBI/SCI patients) 

• Judicious and early use of 
tourniquets, pelvic binders, splints, 
compressive dressings/direct 
pressure 

• Quick peripheral large bore IV 

• Focusing on and addressing ABC’s 
using available adjuncts (FAST, CXR, 
Pelvic X-ray) 



Surgical 
Approach 
Key points

• Not intended for all patients; just the 
severely injured 

• Is a continuum from pre-hospital to 
definitive care 

• Point of Injury->Rapid Transport->ER-
>ICU/OR
Early identification of those requiring 
DCR is imperative 

• Over-resuscitation can be nearly as 
harmful as under-resuscitation

• Abdominal Compartment Syndrome 
• Hemodilution



Operative Damage Control

Abbreviated initial procedure-control 
hemorrhage 

Control contamination 

Temporary closure: Continued 
resuscitation in ICU Ex Fix  Wound Vacs

Reverse hypothermia, acidosis, coagulopathy 

Definitive repair and closure – return to OR 



DCR Summary

• Hemorrhage and injury cause acute blood failure or hemovascular dysfunction 
(leading to the “lethal triad”). 

• DCR treats drivers of blood failure simultaneously with blood/blood products 
(and TXA). 

• DCR is most effective if started immediately: RDCR. 
• Risk/benefit of products should be considered in light of exsanguination 

mortality. 
• Simplicity is a virtue: LTOWB. 
• Push the capability forward to save lives close to POI. 



It’s Simple right?

•Stop Bleeding with Devices
•Then Resuscitate

•Crystalloid resuscitation 
increases blood loss, 
transfusion requirements and
death

•Balanced blood product 
resuscitation decreases blood loss, 
transfusion requirements and 
improves survival

•Must have dried/thawed/liquid 
plasma to really do this well

•Time is critical

Stop 
bleeding

• CAT tourniquet
• Compression
• Hemostatic dressings

s, 
Resuscitate

• Minimize crystalloids
• Blood products
• Coagulation factors
• REBOA

Definitive 
care

• Appropriate hospital
• Damage control resuscitation
• Ongoing resuscitation/diagnostics
• Critical care services



On the Inside





Whole Blood Component Therapy

1 unit WB 1 RBC + 1 PLT + 1 FFP + 1 Cryo
RBC: Hct 38-50% RBC: Hct 29%
PLTs: 150- 400K PLTs: 80K
Coagulation activity: 100% Coagulation activity: 65%



Reconstitution w/ Additives & Anti-Coagulants

Whole Blood Component Therapy

WB 63ml/unit x 6 = 378 ml RBC 120ml/unit x 6 = 720ml

FFP 50ml/unit x 6 = 300 ml

PLT 35ml /unit x 1 = 35ml

Total = 378ml Total = 1055ml 



“…whole blood was not 
associated with 24-
hour or in-hospital 

mortality”.



Kozek-Langenecker et al. (2017). European Journal of Anaesthesiology
doi: 10.1097/EJA.0000000000000630

Journal of Anaesthesiology

1 : 1 : 1











Hypocalcemia iCa < 
1.12 mmol/L

Severe hypocalcemia iCa
< 0.90mmol/L

Prevalence 97% 71%
Mortality* 24% 49%
Blood products* 22 units 34 units
CaCl grams* 3 4
*Statistically significant



Severe 
hypocalcemia

transfusions

Hypocalcemia prehospital plasma transfusion 
53% vs 36% (controls)
(Moore et al., 2020)







“Use of TXA in bleeding, injured patients is not associated with 
VTE, MI, or CVA but is associated with a lower transfusion need 
and mortality.” (Rivas et al., 2020)

Significantly 
less 
transfusions

No 
difference 
VTE, MI, or 

CVA

Lower 
mortality



• TXA group less over all coagulopathy

TXA TXA
ISS 25.2 22.5
Mortality 17.4% 23.9%
Mortality MT 14.4% 28.1%





34%

23%

43%

Lysis Phenotype

Shutdown

Physiologic

Hyperfibrinolysis

No difference in 28=day mortality 
(p = .52)

TXA was associated 3.2 odds 
of developing MOF after 
adjusting for confounding 
variables







Clotting factor Critical value % Blood loss
Platelets 50 x 103/mm3 230 
Fibrinogen 1.0 g/L 142
Prothrombin 20 201
Factor V 25 229
Factor VII 20 236



1 molecule 
thrombin

1680 molecules 
fibrinogen





Sources of Fibrinogen
FC CRYO FFP

Fibrinogen g/L 20g/L 10-15 g/L 2-2.5 g/L

ABO 
compatibility

No Yes Yes

Viral inactivation Yes No Yes

Volume overload No No Potentially

Administration
time

Short Short Long
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<2.29g/L8.2% 19.2%  



FC as adjunct to FWB
No thawing 
No ABO compatibility required
Excellent safety 
Ease of preparation/transport
Standard dose
Long shelf life- 60 months @ 25°C
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American Journal of Hematology (2008) 83: 137-143 AAmmeerriiccaann JJoouurrnnaall ooff HHeemmaattoollooggyy ((22000088)) 8833:: 113377-114433 



4F-PCC+FFP FFP
RBC units 6 10
FFP 3 6



4F-PCC+FFP FFP
RBC units 6 10
FFP 3 6





Fausto Biancari et al. (2019) Heart Lung Circ

Transfusions 67.2 vs 87.5%
RBCs 2.7 vs  4.9 units

11.8% vs. 45.2% 
OR 0.238

41.4% vs 28.2% 
OR 2.3



CCosts of Concentrates

Cost unit mcg, 
mg or unit

Cost for 80kg

Fibrinogen concentrate
(25-50mg/kg)

$0.85/mg $1,700-
$3,400

PCC (Kcentra) 
(25-50 units/kg)

$1.39/unit $2,780-
$5,560

APCC (FEIBA) 
(50-100 units/kg)

$1.58/unit $6,320-
$12,640

rFVIIa (90 mcg/kg) $1.64/mcg $ 11,808



Questions ?
• Blood that’s not lost, doesn't have to be replaced.
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