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DISCLOSURES

o Presenters have no financial interest in any of
the products or companies discussed in this
presentation



GOALS AND OBJECTIVE

o Address the problem of hemorrhage

o Review methods of hemorrhage control
¢ Direct Pressure
¢ Pressure Point
¢ Tourniquets
¢ HemostaticAgents

o Describe the controversies regarding
hemorrhage control



THE PROBLEM WITH HEMORRHAGE

o Inadequate organ perfusion
o Inadequate tissue oxygenation
oe. Deat h

o If recognized early, we can
stop or slow the process,
saving lives & limbs



DIRECT PRESSURE

o Placing pressure on the
wound

o Constriction of blood
vessels manually

o Stem any blood flow




PRESSURE POINT
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TOURNIQUET

o Prototype
> 199 BCE500 CE

o Concept & Design
¢ Simple
¢ Materials

o Ifital Do b ke, do




HISTORY OF TOURNIQUETS

o Roman Empire

o 16™ Century
é First surgical use
¢ Modification
o 17™ Century
¢ Windlass tourniquet ESak
o The Civil War
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TYPES OF TOURNIQUETS

o Windlass Mechanism
¢ Crank Used to Cinch

Turn Key Buckle

o Block and Tackle:
¢ Belt latch and turn key operation

o Pneumatic:
¢ Inflatable cuffs provide pressure

Flgure sourca:
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EFFECTIVE TOURNIQUET

o Temporary (distal ischemia)
¢ Soft tissue injury > 2 hr
é Irreversible injury > 6 hr
o Tension/limb circumference ratio
o Wider is better __
o Label date/time of application l
o Communicate

A

Picture 20. USING A TWIST TOURNIQUET



COMPLICATIONS: A FUNCTION OF TIME

o Time proportional to tissue damage

Muscle 4 hours
Nerve 8 hours
Fat 13 hours
Skin 24 hours

Bone 4 days



L8 Tourniquets for Hemorrhage Control on the Battlefield:
T A 4-Year Accumulated EXperience . rauma 2003:54:5221-5225.

Dror Lakstein, MD, Amir Blumenfeld, MD, Tali Sokolov, MD, Guy Lin, MD, Roni Bssorai, MD,
Mauricio Lynn, MD, and Ron Ben-Abraham, MD

o 550 injured prehospital

o Tourniquets applied to 91 (16%)
o In < 15 minutes in 88% of cases
o Almost no complications

o Ischemic time 83+ 52 min

o Conclusion:

¢ Effective & easily applied (by medical & nonmedica
personnel) for preventing exsanguination in the
military prehospital setting.
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ANNALS OF

streery Survival With Emergency Tourniquet Use to Stop Bleeding in
Ma]or leb Trauma (Ann Surg 2009;249: 1-7)

o™ COL John F. Kragh, Jr., MC, USA,* Thomas J. Walters, PhD,* David G. Baer, PhD,*
~ lias LTC Charles J. Fox, MC, USA,+ Charles E. Wade, PhD,* Jose Salinas, PhD,*
and COL John B. Holcomb, MC, US4#

o 499 patients, 862 tourniguets on 651 limbs
o Conclusion:

¢ Early tourniquet application, before the onset of
shock, saves lives with little to no associated
complications

100%

80%
@ Prehospital Tourniquet v. ED Tourniguet
60%

m No Shock v. Yes Shock
40%

& No Tourniquet v. Yes Tourniquet
20%

Increase in Survival Rate

09,


http://www.google.com/imgres?imgurl=http://weblogs.baltimoresun.com/health/annals of surgery.jpg&imgrefurl=http://weblogs.baltimoresun.com/health/2009/09/&usg=__V1U4j36Ti7PxGx5uYL4JrYczYTc=&h=220&w=160&sz=13&hl=en&start=4&um=1&itbs=1&tbnid=qTD2eFpJMK00rM:&tbnh=107&tbnw=78&prev=/images?q=annals+of+surgery+2009+cover&um=1&hl=en&sa=N&rls=com.microsoft:en-us&ndsp=18&tbs=isch:1

THE MY THS

o Tourniguet = amputation

o Only for extremities that will be amputated
o Last resort

o Only indicated in shock



THE TRUTH WILL SET YOU FREE:

¢ Surgical & Animal TQ studies

¢ NOT Hemorrhage/amputation
model

o Amputations from TQ placement
é Are rare

o Prehospital TQ placement before onset
of shock associated with survival

o Amputations may not require a TQ
o Mangled/crushed/penetrating injuries
¢ May benefit

o The Research r " "




IMPROVING OUTCOMPRIMUM NON NOCERE

o/Domot jJust 0Set |G

o Gauge tension

o Rebleeding
¢ Resuscitation Is a dynamic process






DIRECT PRESSURE AND PRESSURE PC

o Do they work?
¢ Standard part of most curriculums
¢ Can be effective if done correctly
o But, what are the challenges to these
techniques?
¢ Do you have any other tasks to perform?
¢ How long do you have to hold pressure?

o Which patients can you use this on?
¢ Single system vsPolytrauma




SINGLE SYSTEM M3OLY TRAUMA




WHAT ABOUT TOURNIQUETS

o They do free up the provider to perform other
tasks and can be effective

¢ Much of their use has been In blast injuries
Involving massive tissue loss

é¢ These injuries are not common in the civilian
population

o Tourniguets are not without side effects



TOURNIQUETS: A REVIEW OF CURRENT USE WITH PROPOSALS FOR EXPANDED
PREHOSPITAL USE

Gerard S. Doyle, MD, MPH, Peter P. Taillac, MD

PREHOSPITAL EMERGENCY CARE  APRIL S JURE 2008  VoLusEe 12 7 MNUMBER 2

o Tourniguet use can result in venous
complications

é Increased bleeding if improperly applied
¢ Thrombosis from venous stasis

o Compartment syndrome may be due to injury
itself

o Pain from tourniquet itself



790 MUCH | ATE | NITWGHEW

o ldeally, you want to stop the bleedingo | u s
s/et, 1t and f o/ gieliiui

o Bleeding, even arterial bleeding, Is not
unexpected

¢ The body is designed to form clots and, dependinc
on degree of injury, maintain flovd but sometimes

It needs a little bit of help




WHAT IS THE BEST BLEEDING CONTRQ

o The components are already in the blood!
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ENTER THE WORLD GEMOSTATIEGENTS

o Ahemostaticagent is designed to help create a
clot, preventing further hemorrhage

o ldeally, once the clot is formed, there will not be
a need for continued direct manual pressure

o This could free up the provider to perform othel
tasks

o Depending on the injury, may still have
perfusion, preventing ischemic injury




Making Sense of the Preclinical Literature on Advanced
Hemostatic Products

Anthony E. Pusateri, PhD, John B. Holcomb, MD, Bijan S. Kheirabadi, PhD,
Hasan B. Alam, MD, Charles E. Wade, PhD, and Kathy L. Ryan, PhD

Review Article

1.
1.
V.

VI.

VII.

The Journal of TRAUMAY® Injury, Infection, and Critical Care
J Trauma. 2006:60:674-682.

Stop largevessel arterial and venous bleeding
within 2 minutes of application, even when
applied to an actively bleeding site through a
pool of blood

Ready to used no mixing or prep
Simpleto apply with minimal training
Lightweight and durable

Long shelf life even in extreme conditions
Safe to useod no risk of infection or injury
Inexpensive



FIRST GENERATION

o 1999

o Red Cross Dry Fibrin Dressing

¢ Add thrombin, fibrinogen, and factor 13 to
biodegradable gauze

¢ These agents are purified from human blood

o Effective in animal models but was never FDA
approved for routine use, only in combat

o $1000 per bandage



SECOND GENERATION

o Second generation agents focused on concentrating the
clotting factors already present in the blood
o Zeolitegranuleso QuikClot

¢ Adsorbs the liguid from the plasma, leading to concentration
of the clotting factors

¢ Exothermic reaction: issue with burns

¢ QuikClotsponge was designed to keep granules from
spreading and also minimize heat production

o Chitosano cross link RBCs to form clot independent of
usual clotting mechanisms
¢ Celoxgranules: cross link RBCs and adsorbs water

¢ Hemcondressing: stiff materiald serves as a matrix to attract
RBCs and start clot formation



QUIKCLOT
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CHITOSAN

HemCon® Bandage (4"x 4%)




THIRD GENERATION

o Attempts to address complications previously
noted

o New trend: use gauze impregnated with the
clotting agent

o QuikClot new materiald kaolin
é Activates the clotting cascade

o CeloxGauze
o ChitoGauzebyHemCon



QUIKCLOGAUZE

o 4 Inch x 4 inch gauze 5 3 inches x 12 feet



CELOXGAUZE

3 Inches x 510 feet



CHITOGAUZE

o 4 Inches x 12 feet



ARI: I H I:Y SAF E? (J Trauma. 2010;68: 269_2T8)

Safety Evaluation of New Hemostatic Agents, Smectite Granules, and

Kaolin-Coated Gauze in a Vascular Injury Wound Model in Swine
The journal of TRAUMA® Injury, Infection, and Critical Care » Volume 68, Number 2, February 2010

Bijan S. Kheirabadi, PhD, James E. Mace, MD, Irasema B. Terrazas, MS, Chriselda G. Fedvk, MS,
J. Scot Estep, DVM, Michael A. Dubick, PhD, and Lorne H. Blackbourne, MD

o Compared kaolincoated gauze tosmectite
granules

¢ Smectitegranules caused endothelial damage and
made them nonviable for primary surgical repair
5 NOTEWoundStatproduct smectite) was pulled by the FDA In
2009 over concerns ofembolization
é Vessels treated withQuikClotgauze or control Kerlix
dressing) remained patent with no thrombus or blood
clot in their lumen



Making Sense of the Preclinical Literature on Advanced
Hemostatic Products

Anthony E. Pusateri, PhD, John B. Holcomb, MD, Bijan S. Kheirabadi, PhD,
Hasan B. Alam, MD, Charles E. Wade, PhD, and Kathy L. Ryan, PhD

Review Article

1.
1.
V.

VI.

VII.

The Journal of TRAUMAY® Injury, Infection, and Critical Care
J Trauma. 2006:60:674-682.

Stop largevessel arterial and venous bleeding
within 2 minutes of applications, even when
applied to an actively bleeding site through a
pool of blood

Ready to used no mixing or prep
Simpleto apply with minimal training
Lightweight and durable

Longshelflife even in extreme conditions
Safe to useod no risk of infection or injury
Inexpensive






HEMOSTATIC AGENTS: PROBLEMATIC

o Research/Testing:
¢ Animals & surgical patients

o Injury to blood vessels/tissues
¢ Prevent primary surgical repair
¢ Interaction varies in every patient

o Impractical materials
o Expensive



HEMOSTATIC AGENTS:

When YOUR |1 fe 1 s at st akeé

o Too much risk

o Too many complications

o Too many variables to consider
o TOO0 expensive

o T00 many unknowns



CIVILIAN USE OF TOURNIQUETS

TABLE 2. Indications for Tourniquet Use in Eemergency
Medical Services (EMS) and other Prehospital Settings

Amputation

Failure to stop bleeding with pressure dressing(s)
Injury does not allow control of bleeding with pressure dressing(s)
Significant” extremity hemorrhage in the face of any or all of:
Need for airway management
Meed for breathing support
Circulatory shock
Need for other emergent interventions or assessment
Bleeding from multiple locations
Impaled foreign body with ongoing extremity bleeding
Under fire or other dangerous situation for responding caregivers
Total darkness or other adverse environmental factors
Mass casualty event”

Proposed indications for tourniguet use in EMS.

? "Significant” as defined by the EMS providers on scene.

b Any event where the number casualties and / or the severity of injuries exceed
the ability of EMS personnel to provide optimal initial care all casualties.



CLOSING THOUGHT

OThe tourniquet 1 s to
because of the damage it may cause, and with
reverence because of the lives it undoubtedly
saves. It Is not to be used lightly in every case
of a bleeding wound, but applied courageously

when |1 fe 1 s I n dange
Hamilton BaileySurgery of Modern Warfare 941
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