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Objectives 

• Discuss coagulopathy related to trauma 

• Review novel topical hemostatic agents 

• Review data for tourniquets 



Background 

• Hemorrhage is the second leading cause of 
death in trauma 

• Hemorrhage is the lead cause of preventable 
death in trauma 

 



Prevalence of Uncontrolled Bleeding  

Surgical Discipline Uncontrolled Bleeding Rate 

Cardiovascular  5%–7% Post-op1 

General 1.9% Laparoscopic cholecystectomy2 

Obstetric 3.9% (vaginal); 6.4% (cesarean)3,4 

Orthopedic 2%–6.3% Hip/knee arthroplasty5-7 

Urologic 4%–8% TURP8; 3.3%-9.9% URL9 

Trauma 30%–40%10,11 

1. Despotis GJ, et al. Ann Thorac Surg. 2000;70:S20-S32; 2. Erol DD, et al. The Internet Journal of Anesthesiology. 2005;9:2;    3. Combs CA, et al. Obstet 
Gynecol. 1991;77:69-76; 4.Combs CA, et al. Obstet Gynecol. 1991;77:77-82; 5. Hull R, et al.    N Engl J Med. 1993;329:1370-1376; 6. Leclerc JR, et al. Ann 
Intern Med. 1996;124:619-626; 7. Strebel N, et al. Arch Intern Med. 2002;162:1451-1455; 8. Daniels PR. Nat Clin Pract Urol. 2005;2:343-350; 9.Rosevear 
HM, et al. J Urol. 2006;176:1458-1462; 10. Holcomb JB. Crit Care. 2004;8(suppl 2):S57-S60; 11. Sauaia A, et al. J Trauma. 1995;38:     185-193. 



Hemostasis 
“Life in the Balance” 

Bleeding 
to Death 

Trauma 
Major Surgery 
Hemophilia 

Clotting 
to Death 

Stroke 
MI 
Thrombosis 

Lawson JH, et al. Semin Hematol. 2004;41(suppl 1):55-64.  



The Hemorrhaging Patient 

• The Basics  
– Direct Pressure, splint fractures 

– Rapid Transport, Minimize fluids 

– Tourniquets (stay tuned) 



Reducing Fractures Stops Bleeding 



Presenter
Presentation Notes
On Arrival. Note the open book pelvis fx



Open Book Pelvis Fracture 



Presenter
Presentation Notes
TPOD in place. Note the fracture in the right SI joint. Also note how effective the TPOD is in reducing the pelvis



• Lethal Triad of Trauma 
– Hypothermia < 34 

– Acidosis < 7.1 

– Coagulopathy > 2 

Resuscitating the Bleeding Patient 

98% Mortality (w/o damage control) 

Presenter
Presentation Notes
All severely injured pts are coagulopathic on arrival. Whereas we are good at preventing hypothermia and treating acidosis, we fail to correct coagulopathy until too late (miliatry data)Ph < 7.1, T < 34, SBP < 70, and ISS > 25 confer 98% chance of severe coagulopathy



Addressing Coagulopathy 

• Blood-based resuscitation 
– Military reports 

– Minimize cystalloid 

– Rapid transport to FST for blood based therapy 

• Permissive hypotension 
– SBP 80-90 mmHg for penetrating trauma 

– SBP 120 mmHg for head injury 

 

 

Presenter
Presentation Notes
Coagulopathy is frequently viewed as an inevitable consequence of hemodilution and massive bleeding, but recent reports from the military in Iraq suggest that this view is erroneous and that most severely injured patients arrive at the care facility coagulopathic (Holcomb J Trauma 2007)



Hypotension Resuscitation 

NEJM 1994; 331 (17): 1105-9 

Presenter
Presentation Notes
Torso penetrating trauma, short transport times



 “Prolongation of the PT is the sentinel 
event…and occurs early in the operation” 

 J Trauma 2003 

Presenter
Presentation Notes
25-50% of severely injured CIVILIAN pts are coagulopathic on arrival to hospital (Brohi 2003)Our current language of massive transfusion does not take into acct coagulopathy – we define massive transfusion as > 10u RBC in 24 hours and FFP is a second thought



2007; 62:112 

Presenter
Presentation Notes
Probability of death increases in coagulopathic pt. Due to increased need for RBC? Ongoing shock? Loss of factors (both bleeding and consumption) Unknown….N=97, 51 months, prospective, observationalCauses of coag: blood loss, hemodilution, consumption, hypothermia, acidosis, fibrinolysis



Topical Agents 

Presenter
Presentation Notes
Mineral which dessicates tissues of water thereby concentrating plasma factors and causing local hypercoagulable state. Used by Marines in Iraq. Approved for external use only. We are using 3rd generation product.Made by Z-MedicaOther product is HemeCon used by Army in Iraq. This is a shrimp shell extract with procoagulant properties. Middle picture is a ribbon on hemcon called ChitoFlex for packing into wound tracksWoundstat is a mix of 2 polymers that are very absorbent. Absorb blood quickly to form a cast and seal off vessel – tested in 1 study only, femoral artery puncture model



Topical Agents 

• Mechanical only 
– Gauze – matrix for clot formation 

• Mechanical and inherent hemostatic 
capability 
– Tissue factor activators 

– Induce Hypercoagulable State 

 



Topical Agents 

• Characteristics: 
– Stop large arterial vessel bleeding < 3 minutes 

– No need to mix/reconstitute 

– Light weight 

– Long/indefinite shelf life in extreme setting 

– Safe/no infectious concerns 

– Inexpensive 



Mechanisms 

• Mucoadhesive agents 
– Chitosan based: Celox, HemCon 
– Plug the hole 

• Factor concentrates 
– QuikClot 
– Create a hypercoagulable environment 

• Procoagulant supplementation 
– Dressing with imbedded procoagulant factors 

 
• All require 3-5 minute hold 
• All must be removed (non-absorbable) 



Mucoadhesive Agents 
HemCon/Chitoflex/Celox 

• Chitosan based product that adheres to the 
bleeding surface and seals it 
– Supposed to work in coagulopathy  because it 

plugs the hole 

– Must be in firm contact with the bleeding surface 

• Bacteriostatic 

 

Presenter
Presentation Notes
Shrimp shell derived. 



Celox: Heparinized Porcine Model  

Not published 

Presenter
Presentation Notes
Data not published



Factor Concentrates 
QuikClot 

• Zeolite (volcanic rock) 
– Absorbs water to make the local area 

hypercoagulable 

– Poor outcome in coagulopathic patient 

 



QuikClot 

J Trauma 2004; 57 : 555-562  

Presenter
Presentation Notes
Swine model with grade 5 liver injury. This was first generation and the temperature rise problem has been fixed



Hemostatic Dressings 

Quick-Clot 



Procoagulant Supplement 
Combat Gauze 

• Woven gauze impregnated with Kaolin 
– Activates clotting process 

– Must be in dense contact with bleeding surface 
• Hold for 3-5 minutes 

– May not be effective in coagulopathic patient 

 

 



Evidence/Trials 

• No prospective studies 

• Retrospective, uncontrolled data  

• Animal data 

Presenter
Presentation Notes
Caution with animal data: what was the rate of bleeding, was pig (hypercoagulable) animal used, what was the nature of the wounding, how much fluid resuscitation was provided, etc



In Vitro Effects of Topical Agents on 
Coagulation 

Kheirabadi et al. J Trauma 2009; 66:316-328 

Presenter
Presentation Notes
Quikclot, chitosan and hemecon either worsened coagulation or had no effect. Woundstat, SQR and celite restored coagulation. Of course, these substances are not given IV so the relevance of this remains unknownCelite serves as a postive control, not an actual agentQC, Celox and HC work by adhering to tissue and sealing the hole in the vessel. They have little/no inherent procoagulant properties



Comparison of Various Topical 
Hemostatics 

Kozen et al. Acad Emerg Med 2008; 15: 74-81 

Presenter
Presentation Notes
58 pigs, complete transection of the femoral artery with 3 minute bleed and then application of agent. 5 minute pressure. All pts received 500cc 6% hespan. Monitored until death or 180 minutes following injury. 



Animal Studies 

Kheirabadi et al. J Trauma 2009; 66:316-328 

Presenter
Presentation Notes
Pigs, 45 second free bleed and then agent applied to femoral artery. IVF to keep MAP 65. Kept alive until 180 minutes. Punch arteriotomy 6mm.WS=woundstat, SQR=super quick relief, CX=celox, ACS=quikclot, HC=hemecon. Woundstat: absorbs water to make a local factor concentrate and negative electrostatic area which seals the injured vessel.SQR: forms a barrier to seal the injured vesselCelox: Blend of various chitosan agents. Binds to blood cells to form a plug and also has intrinsic hypercoagulable properties to encourage clot formationHC: Chitosan based also. QC: absorbs water to concentrate factors and cells



Liver Injury Model 

Inaba. J Trauma. 2011; 71(5):1312-18 

Presenter
Presentation Notes
Porcine model, grade 4 liver with left hepatic vein transection, temp 35. 2 minutes bleeding followed by agent application and 10 minute pressure. Then liver was packed again and abdomen closed. Relook at 48 hours.



Tourniquets 



Tourniquets 

• SAVE LIVES!! 

• Max time 120 minutes 

• Risk factors for injury 
– Injury/Shock 

– Age 

– Vascular disease 



Tourniquet 

• Use a wide, smooth material 

• Apply to the thickest part of the extremity 

• Tighten to the pressure needed to make the 
extremity pulseless 

• Mark the time that the tourniquet was applied 
– Do NOT cover the extremity 



Tourniquet Use 

Prehosp Emerg Care. 2008; 12(2): 241-256 

Presenter
Presentation Notes
Back to basics!



Prehosp Emerg Care. 2008; 12(2): 241-256 

Tourniquet Use 



Conclusion 

• 1. Minimize coagulopathy 
– Minimize fluids 
– Rapid transport to trauma center 

• 2. Minimize bleeding 
– Permissive hypotension 
– Tourniquet use 
– Rapid transport to trauma center 

• 3. Novel Hemostatic agents 
– Celox and Combat Gauze appear to be the best 



Podcast On Topical Hemostatics 

 

• http://www.east.org/resources/traumacast-
detail/28 
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