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Epidemiology 
Tri-modal Distribution of Death 

• First Peak - 50% of Deaths 
• Within seconds to minutes 
• Occur at the scene 
• Causes 

• Severe CNS 
• Heart 
• Aorta 
• Great vessels 



Epidemiology 
Trimodal Distribution of Death 

• Second Peak - 30% of Deaths 
• Within minutes to hours 

• MTOS (Champion): trauma victims presenting with SBP < 90 have 
50% mortality; ½ of them will die in the first 30 minutes  

• Thus: for ¼ of patients arriving with hypotension, you have 
    < 30 minutes to identify the injuries and stop the hemorrhage 
• Everything we do in the trauma room is predicated on delivering life 

saving care to this patient 

• “Preventable causes” 
• Subdural/Epidural hematoma 
• Hemo/pneumothorax 
• Splenic injury 
• Pelvic fracture 
• Multiple injuries associated w/ significant blood loss 

 



Introduction 
• Most common preventable cause of death 
• Up to 50% of trauma related deaths occur 

secondary to bleeding 

*Kauvar DS, Impact of hemorrhage on trauma outcome. J Trauma.  
*Sauaia A, Epidemiology of trauma deaths: a reassessment. J Trauma.. 
 

Presenter
Presentation Notes
Hemorrhage is the most common preventable cause of death in trauma patientsAnd up to 50% of trauma related deaths occur secondary to bleeding



Epidemiology 
• Third Peak - 20% of Deaths 
• Several days to weeks following injury 
• Causes 

• Sepsis 
• Multiple Organ Failure Syndrome 



Pathophysiology of Shock 

hemorrhage        decreased O2 delivery  to cells 
 
conversion from aerobic to anaerobic metabolism 
 
change in the NaKATPase pump in cell membrane and 

loss of transmembrane potential 
 
influx of H2O and Na into the cell from the interstitium  
 
       

Presenter
Presentation Notes
We'll talk primarily about hemorrhagic shock in this lecture.  Basically what happens with hemorrhage is, you have decreased oxygen delivery to the cells and you get that conversion from aerobic to anaerobic metabolism which results in a change in the sodium-potassium ATPase pump in the cell membrane and a loss of transmembrane potential.  There is an influx of water and sodium into the cell from the interstitium, and this eventually will lead to cell death when it's left unchecked.  When this whole thing gets sterted there is a huge change in the inflammatory response and this also has detremental effects  



       Pathophysiology of Shock 
(cont.) 

vascular space depleted and cannot recover fluid 
from the interstitial space 

 
 
   decreased venous return 
   decreased CO 
   compensation with increased SVR 
   increased tissue hypoxia 

Presenter
Presentation Notes
It cannot recover fluid from the interstitial space because we know that fluid is going into the cells.



Trauma Deaths in a Mature 
Urban Trauma System  

(Demetriades J Am Coll Surg Sep 05 and Bellamy data, Vietnam) 
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Blood transfusion as a 
predictor of injury mortality 

• 1 in 400 injured people die 
• 1 in 50 of the hospitalized 

injured die 
• 20% of transfused injured die 
• 40% of injured who receive 

more than 10 U RBC die 



ISS and Mortality by # of RBC U Administered
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As blood use increases, mortality increases. 
Other predictors of mortality, such as ISS, 
become less discriminant.   



The initial step in managing shock in the 
injured patient is to recognize its presence. 

Symptoms - anxiety, weakness, thirst, chills, apathy 
Signs - pale cool skin, tachycardia, tachypnea, 
    decreased pulse pressure,   

  oliguria, hypotension 

Presenter
Presentation Notes
The most important thing about managing shock is to recognize its presence.  This can be one of the most subtle things to recognize in a trauma patient.  The most common things to see are anxiety, weakness, thirst, chills, and apathy, and then again the signs:  pale, cool skin with tachycardia, tachypnea, decreased pulse pressure, again the obvious with hypotension.  However, in the trauma room when I'm standing there in the back, the thing I want to see is, "Is the patient confused?"  Although the residents are convinced it's because of their alcohol or their cocaine from ten minutes ago, I'm convinced it's shock until they show me it's not, and I watch their vital signs from the back of the room.  One of the most subtle findings you will always see when you review a trauma case or look back at the chronological record is a decreased pulse pressure, so a narrowing between their systolic and diastolic.  You can see that from the back of the room, and the patient is approaching or in class II shock and will probably in III shortly.  It's very easy.  You can also put your hand, from the foot of the bed, just on the feet and tell if they're probably in hypovolemic shock, but they're subtle signs, and unfortunately, until they're in class III shock,  and we'll talk about how to distinguish this, there's not a big, glaring hypotension episode, and so they've lost 30-40% of their blood volume before it's crystal-clear obvious to everyone, so you have to know the subtle signs to look for.  Remember, they may be drunk, but your job is to prove they're not hypovolemic first.  



                    Class I        Class II        Class III        Class IV 
 Blood Loss         <750cc       750-1500     1500-2000       >2000 
 % Blood Vol      <15%          15-30%         30-40%          >40% 
 Pulse       <100             >100             >120          >140 
 BP          nl                  nl             
 Pulse Pres.             nl       
 RR       14-20     20-30 30-40         >35 
 UOP                  >30cc/hr        20-30              5-15       negligible 
 CNS                     nl               anxious       confused       lethargic 
 Fluid Choice    crystalloid   crystalloid     crystalloid      crystalloid 
                 & blood         & blood 

Hemorrhagic Shock 
Classifications 

Presenter
Presentation Notes
This classification of shock is taught in every ATLS course.  When you are able to identify which class of shock a patient is in, you will know where you're headed.  Again, as you can see with class I shock, they've lost less than 15% of their blood volume and there are very few signs of that; really, everything is normal.  Usually the pulse is normal, and so there are really no signs and they've lost about 750 cc of blood if you're talking about your standard 75-kg person.  Class II shock, again up to 15-30%, have loss and they'll start to get a little anxious, but again, most of the parameters are normal except for the decreased pulse pressure, and you usually always do see this when you're looking for it.  Again, class III shock is when you finally start to get some hypotension, and by this time they have lost 2 liters of their blood volume, which is a pretty significant amount.  A class IV shock is always obvious, because the patient's hypotensive and unresponsive on arrival.  Therefore, it's important, in my mind, to know how to recognize class II, which many people do not.  Until the patient's hypotensive, they're fine, and that's really a fallacy; you should be able to pick up these people who are in II and about to be in III.  The easy way to remember this is kind of like tennis -- 15, 30, 40, and then game, and it's over.   See EWS Handbook pg 7.2 for other classifications of shock



PENETRATING INJURY 

Trajectory Determination  
= Injury Identification 

Presenter
Presentation Notes
Use analogy of riding on the end of the bullet as it penetrates skin, muscle, rib, diaphragm, spleen, stomach, panc, liver, diaphragm, rib, muscle, skin….Angle of entry and trajectory depend on position of patient and shooter at that moment…keep in mind that the stomach and T-colon hang low when victim is upright and that the small bowel is all in the pelvis, so wounds don’t always make sense unless you remember this….There must be an even number of holes and bullets unless patient shot before and bullet left indifficult areas to find the missing wound….perineum, axilla, gluteal crease, thick hairlook at bullet hole, some are scythe wounds, some are straight in, this helps give trajectory….You really can’t tell entry and exit wounds apart





Mechanism of Wounding 
• Missile or fragment destroys tissue by 

passing through and crushing it 
(PERMANENT CAVITY) 

• Cross-sectional area of the permanent cavity 
is comparable to the presenting area of the 
missile, and is the same for ALL tissue 
types 

• Not the only mechanism of wounding 



• After passage of the projectile, the walls of 
the permanent cavity are stretched radially 
outward creating a temporary cavity, wider 
with higher velocities 

• Damage in the temporary cavity results 
from stretching of the tissue 

• A tissue’s elasticity determines the damage 
the tissue sustains 





The bullet created a permanent  
cavity with 8 mm diameter but there was 

 no observed temporary cavity 

STUDY  I The bullet entered the paraffin block 
from left side and  stayed at the  
upper corner of the paraffin block 



Water and body tissues are 800-900 times more 
dense then air so that the rotation force can be 800-

900 times greater in this environment and the 
missile’s balance is impaired and tumbling 

movement starts 
 

Air Density 
1.26 kg / m3 

Water Density 
1000 kg / m3 



The tumbling movement allows the bullet to 
 create a large surface area and the bullet  loses  
velocity and transfers energy to the environment 
with pressure 
 



G3 missile 

M 16 missile 

AK-47 missile 
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Temporary cavity was started 
on 15th cm with 14 cm diameter 

M16 missile has two  
temporary cavities which 
 started on 4th cm with 
 7 and 11 cm diameter 

AK-47 missile’s temporary 
cavity was started on 11th 
cm with 13 cm diameter  



Shotgun Injuries 
• Shotgun shells have a big powder charge 

with a large mass of lead balls 
• destructive potential depends on range 
• at close range, it can cause a large wound with 

severe disruption of anatomy by direct crush 
alone 

• long range (>25m) cause usually only skin 
wounds 

• wadding is a projectile too 

















 

Extremity blast injury 



Blast Injuries (IED) 

 



Presenter
Presentation Notes
Bleeding control was not difficult as the patient’s BP was 60…because of the blast effect and perineal penetration, abdominal injury is a big risk
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Right hand amputated and both legs at the high femur (greater troch on right, above the troch on the left)…left hand was able to be salvaged



Presenter
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The fracture and foreign debris



Presenter
Presentation Notes
An RPG went through this troop’s boot which he was still wearing on arrival.  He came in with the dressing on over his boot.  Note the mud, dirt and other debris in this wound and the extensive tissue destruction





Why We Will Our Patients to be Better: 
The Human Element in Trauma Care 

 



William C. Wilson, Christopher M. Grande, David B. Hoyt - 2007 - 912 pages 
RESUSCITATION PHASE:THE EMERGENCY DEPARTMENT 

http://www.google.com/search?hl=en&rls=com.microsoft:en-us&tbm=bks&q=inauthor:%22William+C.+Wilson%22&sa=X&ei=C-gvT6GnHeaM2gWSq52kDw&ved=0CBMQ9Ag


 
 

 
 

Denial 
Denial is a defense mechanism, in which a 

person is faced with a fact that is too 
uncomfortable to accept and rejects it 

instead, insisting that it is not true despite 
what may be overwhelming evidence 

• simple denial: deny the reality of the unpleasant fact 
altogether  

• minimization: admit the fact but deny its seriousness (a 
combination of denial and rationalization) 
 

 



Understanding Denial and Its Purpose 
 

• Refusing to acknowledge that something's wrong is a 
way of coping with emotional conflict, stress, painful 
thoughts, threatening information and anxiety 

• When you're in denial, you:  
• Refuse to acknowledge a stressful problem or situation  
• Avoid facing the facts of the situation  
• Minimize the consequences of the situation  

• In its strictest sense, denial is an unconscious process 
 

 You don't generally decide to be in denial about 
something 

 



Trauma Resuscitation: 
The Standard Algorithm for 

Level I Trauma 
Resuscitation at St. Marys 



Rules of Engagement 

• Time of resuscitation - goal is 15-minute 
evaluation/resuscitation  

• Next move to either CT scan, operating room, or 
Intensive Care Unit within 15 minutes 

• The recording nurse will call out 5 minute time 
intervals for situational awareness 



EMS Report: 
succinct and targeted  

• Vitals: highest HR and lowest BP, GCS and 
pupils 

• Origin: scene vs transfer 
• Mechanism: relative to injury 
• Injuries: proven and suspected 
• Treatments: IV/IO access, meds, fluids, etc 
• Other: critical info given to recording nurse 

(meds, PMH, PSH, allergies, etc) 



Vital Signs  
• First BP is performed manually  

• Automated cuff in low BP is unreliable and slow 
• If BP low, more believable from a ‘person’ 

• All vitals from transport are handed over 
• StO2 monitor is put on 
• Level I labs are ready to be drawn, including lactate, 

ABG and TEG 
• Transfusion team in the room 
• Plasma, the PRBC’s, ready for transfusion 



StO2 

http://www.google.com/imgres?imgurl=http://cdn.medgadget.com/img/435332aytt.jpg&imgrefurl=http://medgadget.com/2010/12/inspectra_sto2_spot_check_tissue_perfusion_monitor_gets_european_clearance.html&usg=__cRRLlkeQZR2DAEwZUPs1_UGajjk=&h=534&w=468&sz=25&hl=en&start=2&zoom=1&tbnid=XnNSjWpmVacyPM:&tbnh=132&tbnw=116&ei=Q33PT6H-McLY2AWH1vGtDA&prev=/search%3Fq%3Dsto2%2Bmonitor%2Bhutchinson%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-us%26tbm%3Disch&um=1&itbs=1
http://www.google.com/imgres?imgurl=http://cdn.medgadget.com/img/kw546jd.png&imgrefurl=http://medgadget.com/2011/03/inspectra_sto2_spot_check_gets_cleared_in_us.html&usg=__kf2NE7E74JKBSvyIvlJHEkm1QpQ=&h=651&w=300&sz=63&hl=en&start=3&zoom=1&tbnid=-T84tVnqqDUxVM:&tbnh=138&tbnw=64&ei=Q33PT6H-McLY2AWH1vGtDA&prev=/search%3Fq%3Dsto2%2Bmonitor%2Bhutchinson%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-us%26tbm%3Disch&um=1&itbs=1


InSpectra™ StO2 is a direct measure of 
hemoglobin oxygen saturation after 

oxygen is delivered to tissue cells 



Beilman Study 
• Over a 15-month period, seven Level I trauma centers in 

the USA enrolled 383 patients, 50 of whom developed 
MODS 

• Patients who had sustained major blunt and/or penetrating 
trauma and required blood transfusion within six hours of 
admission were enrolled 

• StO2 monitoring was started on the thenar eminence 
within 30 minutes of ED arrival and recorded continuously 
for 24 hours 

• Clinicians were blinded to StO2 results 
• Standard hemodynamic parameters recorded as part of 

patient care were collected for the first 24 hours including 
base deficit and clinical outcomes 



• StO2 below 75% indicates serious hypoperfusion in 
trauma patients.  

• 78% of patients who developed MODS, and 91% of 
patients who died, had StO2 below 75% in the first hour 

• StO2 above 75% indicates adequate perfusion 
• Trauma patients who maintained StO2 above 75% 

within the first hour had an 88% chance of MODS-free 
survival 

• StO2 functions as well as base deficit in indicating 
hypoperfusion in trauma patients  

• No device-related adverse events were observed during 
the study 

Results 



Can early StO2 predict the 
need of blood product 
requirement in trauma 

population? 

Mohammad Khasawneh, MBBS; Boris Srvantstyan, MD; Martin 
Zielinski, MD; Donald Jenkins; Scott Zietlow MD; Henry Schiller 

MD; Mariela Rivera MD 

 
Division of Trauma, Critical Care, and General Surgery 

Department of Surgery Mayo Clinic, Rochester MN 

 

Presenter
Presentation Notes
My name is Mohammad Khasawneh, I m a research fellow at the mayo clinic trauma centerI would like to thank the MSS for giving us the privilege of the podium and the opportunity to present our work. 



Results  
• Total 632 level 1 trauma 
• 325 patients with recorded StO2 
• Mean age 46 years 
• Males 74% 
• Blunt trauma 87% 



Variable 
StO2< 65 

n=23  
StO2>65 
n=302  

p 

Systolic blood pressure, (SD) NS 
Heart rate, (SD) NS 
Respiratory rate, (SD) NS 
Glasgow coma score, (SD) NS 

O2 saturation, (SD) 93% (6) 96% (5) 
Trauma score, (SD) 9 (2) 11 (2) 

Scene Assessment 



Variable 
StO2< 65 

n=23  
StO2>65 
n=302  

p 

Systolic blood pressure, (SD) 0.23 
Heart rate, (SD) 0.39 
Respiratory rate, (SD) 0.06 
O2 saturation, (SD) 0.2 

Temperature, (SD) 36.1 (1.2) 36.6 (0.7) 
Trauma score, (SD) 9 (2) 10 (2) 
Glasgow coma score, (SD) 7.7 (6) 10 (6) 

Emergency Department Assessment 



Variable 
StO2< 65 

n=23 
  

StO2>65 
n=302 

  
p 

Hemoglobin, (SD) NS 
Hematocrit, (SD) NS 
pH, (SD) NS 
Base deficit, (SD) NS 
Lactate, (SD) 3.9 (3.2) 2.4 (2.1) 
FAST done NS 
Positive FAST NS 

Laboratory Results and FAST 



Variable 
StO2< 65 

N=23 
  

StO2>65 
N=302 

  
p 

ICU days, (SD) NS 
Hospital length of stay, (SD) NS 
Mortality  NS 

Surgical intervention 18 (78%) 152 (50%) 
Morbidity 11 (48%) 68 (23%) 

Outcomes 



Multivariate analysis  

Variable p 

StO2 < 65% 0.01 
Systolic BP NS 
Heart rate NS 
O2 saturation NS 
Lactate level NS 
Age NS 
ISS NS 
GCS NS 
Positive FAST NS 



NG/OG 
Foley 
OR 
ICU 
Angio 

 
 

TIME!!! 
~15 min 

Primary 

Secondary 

Resuscitation 

Definitive  
Care 

Airway 
Breathing 
Circulation 
Disability 
Expose/Environ. 

O2 
ECG 
SaO2 
StO2 
X-Ray  
IV’s 
Labs 
IStat 

HEENT 
Neck 
Lungs 
Cardiac 
Abdomen 
Extremities 
Neurologic 
Rectal  



Key Points (cont) 
• Keeping on track 

• Recording RN will call out 5 minute intervals to 
team leader 

• Use stop clock on wall 
 

GOAL IS OUT OF THE TRAUMA 
BAY IN 15 MINUTES ON ALL 

LEVEL 1 PATIENTS 
 





Destination 
• >75% of Level I trauma activations have 

OR, ICU or angiography as primary 
destination from trauma room 

• ~50% of Level II activations have OR, ICU 
or angiography as primary destination from 
trauma room 
 





Controlled Resuscitation  

• Use prior to definitive hemorrhage control 
to achieve & maintain adequate perfusion 
 

• Regains consciousness (follows commands) 
• Palpable radial pulse 

• SBP ~ 80-90 mm Hg  /  MAP ~ 60 mm Hg 
 

• NOT a substitute for definitive surgical control 

Presenter
Presentation Notes
EWS 7.4



Shock in Trauma 

• Hemorrhage 
• Most preventable deaths during war 
• STOP the bleeding 

• Tension pneumothorax 
• Cardiac tamponade 

 

Presenter
Presentation Notes
EWS Handbook Chapter 7  pgs 7.2 - 7.3 EWS Handbook Chapter 6Definition Shock: Clinical condition marked by inadequate organ perfusion and tissue oxygenation�“The manifestation of the rude unhinging of the machinery of life” 		        ~ Gross, 1872Manifested by: Poor skin turgor / Pallor / Cool extremities/ Capillary refill greater than 2 secondsAnxiety / Confusion & Obtundation / Tachycardia / Weak or thready pulse / Hypotension



What Fluid Should We Carry? 

Presenter
Presentation Notes
This is the bottom line….what fluid should we carry….maybe not just one but a combo….our reality in this situation is different from our reality in a Level 1 trauma center and that needs to be appreciated.  Towards the end of this talk I’ll reveal the various answers to this question proposed by many expert panels held in the past few years.



World War I 
-etiology of shock investigated…toxins? 

- primary fluid salt solution 

- British also used a colloid 6% gum acacia in saline 

-Cannon W, Frawer J, Cowell E. The 
preventive treatment of wound shock.  
JAMA 1918;70:618-621. 

 

Presenter
Presentation Notes
During World War I the etiology of shock after traumatic injury was investigated near the front lines by both physiologists and surgeons.  At that point in time the common belief was a toxin was responsible for shock not blood loss.  Nevertheless fluid therapy was advocated thanks in large part to work by a surgery intern in Cleveland by the name of George Crile.  Dr Crile had lost a friend to a crush injury followed by shock and had devoted his life to studying shock including therapies to include salt water, adrenalin, and a body compression suit to reverse hypotension.  So the overwhelming fluid choice was a salt solution but the first use of a colloid was documented when British researches reported the use of a 6% gum acacia in saline solution.  The technology for whole blood transfusion also emerged.



World War II 
-hypovolemia identified as cause of shock 

-Plasma recommended as primary fluid for resuscitation 

-Whole blood approved eventually…Edward Churchill 

Presenter
Presentation Notes
World War II began in 1939 around the same time a series of experiments completed by Alfred Blalock established hypovolemia as the principal cause of shock in the injured patient.  He also with the help of others identified the disproportionate loss of extracellular fluid in injured tissues.  Although whole blood was available at this point in time, the Committee on Transfusion of the National Research Council felt it too impractical and recommended plasma as the primary fluid for resuscitation.  This was partially based on work showing hemoconcentration initially seen in trauma patients before they are resuscitated much like we still see today so the importance of red cells was underestimated.  Dehydration of plasma proteins allowed large amounts of plasma to be stored and transported so for logistic reasons equipment for transfusing blood was simply not issued.  Edward Churchill, a thoracic surgeon, was at the time a surgical consultant to the 8th Army on the North African-Mediterranean front and he was impressed with the results achieved by British surgeons using blood for resucitation using rudimentary collection and storage systems (washed beer bottles).  He recognized the advantage of the oxygen carrying capability of whole blood and campaigned tirelessly for a change in policy through the Pentagon.  Frustrated by lack of response he contacted a NY times reporter telling him to report that plasma was not adequate for the treatment of the wounded soldier.  The article was published in Aug 1943 and authorization and equipment for the administration of whole blood followed shortly thereafter.



Korean War 
-improved resuscitation resulted in improved survival 

-organ dysfunction such as renal failure seen more often 

Presenter
Presentation Notes
By the Korean War improved resuscitation of the combatant was resulting in improved survival of severely injured soldiers.  The numerous complications of the post shock state were seen more often.  Moyer and Shires working independently noted improvement  in treating hemorrhagic shock when isotonic saline was added to shed blood for resuscitation as compared to blood alone.



Vietnam 
-larger volumes administered 

-Decreased renal failure  

-Emergence of Da Nang lung 

Presenter
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So in Vietnam these scientific endeavors led to the use of either plasma and blood or LR and blood.  Larger volumes were administered to address the extracellular fluid deficit and the incidence of renal failure dramatically declined but a new syndrome came to the forefront, Da Nang lung.  Research has since confirmed a wide variety of causes for ALI/ARDS and this syndrome may have gone unrecognized in earlier conflicts because the severely injured soldier at risk for this complication simply did not survive.  Although attempts have been made to establish massive fluid resus as the etiology of ali it is clear that the syndrome is much more complex.  Patients with isolated head injuries or long bone fractures cand develop ARDS even when fluid resuscitation is limited.  This does not negate the fact that aggressive fluid resuscitation with either colloid or crystalloid may significantly complicate the management of lung injury.



Volume Resuscitation  

• Resuscitation Agents 
• Crystalloids 

• Isotonic 
• Hypertonic Saline  

• Colloids 
• Albumin 
• Hetastarch 

• Blood and Coagulation factors 

  
 

 

Presenter
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Most of this talk will be about resuscitation, and I'll also talk about the resuscitation fluid that we have in the field which the Air Force is currently carrying with the mobile field surgical team, and I'll also talk briefly about some of the new blood substitutes that we're looking at.  One is in a clinical trial here.  There are a couple out there --  one has already been taken off the market for an increased mortality in some patients -- and so we'll talk a little bit about those and where we're going with those, and some of these things that you don't use in your daily setting and we don't use here (hypertonic saline), but they're perfectly safe.  It's a smaller volume to carry into the forward environment, and they can be used and have been used in shock before.What the MFST currently carries in our five backpacks of the people who now, with our new Surgeon General I'm sure will be in a variety of places ... This is all we have:  12 bags of 3% hypertonic saline (if I have anything to say about it, that'll get switched to 7.5% or 12%; if we're going to pump it in there, we're going to get some bang for our buck, because it's clearly safe to give that higher concentration, and it'll do better for us.  We have some Hespan, about 19 bags of that, and then we have some of these single-use blood bags that some of you may have seen that have a citrate preservative, and literally, you may draw off one patient based on their dog-tag blood type -- if you believe that, and it's usually pretty accurate, although it does have a rate of error -- infuse it into this bag, and it can be given to a patient with that same blood type, and this has been done in real life for some incidents.  So we also carry some of those available, hoping to obtain blood, since we won't have it from anywhere else, from the surrounding minimal patients or even some of the triage officers (as long as it's not the surgeons).  So that's what we carry, and it's very limited.  The MFST talks about doing some major resuscitations, and they'll talk more later about what the MFST thinks it can do.  I would postulate to you that that may be a little bit "out there" when you think about your limitation of fluid, and it's probably going to be your biggest limiting factor in operating and salvaging some people in the field.  It is also important to remember whether someone's responding to your volume replacement, because it tells you whether they're probably going to need surgery.  We get a lot of intoxicated people here who may be a little hypotensive from a fracture or something like that, and they respond nicely to volume and you don't have to worry.  It's the transient responders, going up and down -- their blood pressure is 100, then it's 70; you give them a liter and it's up to 100, and then it's 70 again; those people are very likely going to need the operating room, and they're very likely going to need blood.  Then the ones who don't respond, clearly at this time you don't have to worry too much about that, because it does not take that long, but it's important to know, "Is the patient responding or not?"  Again, back to the basics, you can't stop hemorrhagic shock unless you stop the bleeding source.  So that's the most important thing for us to know and to do, if we have the opportunity.     



Crystalloids are not a great 
Resuscitation Fluid for Severely 

Injured Casualties  

• Isotonic crystalloids induce more 
inflammation than hypertonic crystalloids, 
colloids or blood products in resuscitative 
models (in vitro and animal data) 

Rhee et al. Crit Care Med. 2000. 
Coimbra et al. Trauma. 1997. 



Volume Resuscitation - 
Response 

• Responders 
• Sustained improvement in perfusion  
• Likely have stopped bleeding  
• May need definitive surgery 

 

• Transient responders 
• Temporary improvement in perfusion 
• Continued bleeding, surgery 
• Start blood transfusion 
• Emergent 

Presenter
Presentation Notes
EWS Handbook Chapter 7  pgs 7.33 Types of responses: 



Volume Resuscitation - 
Response 

• Nonresponders  
• No improvement in perfusion 
• Massive ongoing blood loss 
• Immediate surgery & transfusion 
• Consider futility of resuscitation 

Presenter
Presentation Notes
EWS Handbook Chapter 7  pgs 7.33 Types of responses: 



Hypotensive Resuscitation 
• Time Honored technique developed by Military physicians 

during WWI and WWII 
• Maximizing the resuscitation benefit to the mitochondria while 

minimizing rebleeding by avoiding “popping the clot” 
• Supported by a significant body of scientific data. This 

approach preserves the resuscitation fluid within the vascular 
system 

• Logistically sound by preventing needless waste of blood and 
fluids.  

-Holcomb JB. Fluid Resuscitation in Modern Combat Casualty Care: Lessons 
Learned From Somalia. J Trauma. 2003 May. 
-Sondeen JL, Coppes VG, Holcomb JB. Blood Pressure at which Rebleeding Occurs after 
Resuscitation in Swine with Aortic Injury. J Trauma. 2003. 
-NATO Emergency War Surgery Handbook. 2004.  



Volume Resuscitation-End 
Points 

• SBP > 100 mm Hg, MAP > 70 mm Hg 
• SaO2 > 92%  
• Normothermia 
• Urine output 
• Correction of acidosis 

• Base deficit < 2 
• Serum lactate < 2.5 mmol/L 

• Clinical coagulopathy resolved 
 

Presenter
Presentation Notes
I'll talk very briefly about the endpoints of resuscitation and the differences.  Clearly, here we have everything we could possibly imagine to figure out whether the patient is resuscitated or not, and we used a big reliance on laboratory values that you may or may not have in the field.  Clearly, base deficit and the severity of your base deficit on arrival in a trauma center correlates with your likelihood of survival.  Less than 5 means highly survivable usually.  You get over 10, and most of those patients aren't going to make it out of here.  So it kind of gives you a guide, tells you how far in shock.  Many times the patient will look good, and we get the blood gas back and realize something's going on here, we just haven't figured it out yet.  It's a very good guide to the lack of resuscitation that has happened or the severity of shock.  We can use lactate; lactate takes a little bit longer to get back, may be inaccurate in some people with liver failure, but again a very good guide, and it has been shown that if you can improve your lactate and make it normal in 48 hours, most of those patients are going to survive.  If it takes you longer than 72 hours to correct someone's lactate level after hemorrhagic shock, over 75% of those patients go on to die.  So again, it's a guide to use for resuscitation that we can use here. Dr. Mueller:  In the field, what are you going to have?  You're going to have normal vital signs at the most, and one of the biggest ones will be responsiveness of the patient.  In a setting where you're limited by fluids, you may elect not to give someone fluid initially, because you're just limited in what you have, but probably using mental status and whether they're responsive may be the best guide you have to whether you're keeping them at least resuscitated enough to make it through your little scenario.  Again, here a Wilford Hall we have the ability to use oxygen delivery and consumption, and I think when Dave was here as a resident, we were doing all of this supernormalization of oxygen delivery and put Swans in everybody, making their hemoglobin 10, trying to get better oxygen delivery to the cells, and that was the big hot thing in trauma care and care for other patients.  In reality, it has not been shown to increase survival in many populations, and actually in some of the elderly, has led to an increased myocardial infarction rate when dobutamine was added to increase their cardiac output, and so we still don't know the answer to this, and making people's oxygen delivery supernormal doesn't seem to make them survive a whole lot more, and so that's kind of fallen out of favor, but when many of you were residents, it may have been in.  That's the only reason I touch on it here.The gastric tonometry, which is the newest thing that's being looked at in most major medical centers, detecting the pH of the intramucosal stomach, and it tells you whether the stomach is getting good perfusion.  We think this is good, probably because the splanchnic perfusion is the first thing that's kind of compromised with shock, and so it may be the earliest marker.  In other words, your PHI may be way off, way before your lactate is, or any other thing.  So there are people who are doing this and using a nasogastric tube that has a balloon, and it measures the intramucosal CO2 by equilibrating over this balloon, and you send the fluid off to the lab and they use an equation to convert it to PHI, and you get your value.  Some people use to guide their resuscitation.  Don had done some work with that when he was here as a resident.  So this is kind of the latest thing out there.  There are all kinds of other neat toys -- infrared, spectrometry, tissue oxygenation parameters -- but we still haven't found the right answer, and in reality, in the field you're not going to have anything but the patient's vital signs and their responsiveness, but I just try and throw them in there to kind of update you if you haven't heard about how we're treating shock in the critical care setting any more.  Still, none of these have shown, including the pH monitor, if you'll get all of the studies, a change in survival; that's what everybody wants in the ICU setting.  There are some studies that do, but there are also some studies that don't, so we still haven't found the gold answer.  



Resuscitation on the Battlefield 
1. Use TCCC concepts 

• Tourniquets, hemostatic dressings, pressure, etc 
• Needle thoracentesis  
• Airway 
• Evacuation 

2. Damage Control Resuscitation 
1. Hypotensive resuscitation 
2. Hemostatic resuscitation  
 

 Its all about stopping bleeding 



Changing Resuscitation  
Practices from Crystalloid to Blood 

products 

• Damage Control Resuscitation: The need for specific blood products to 
treat the coagulopathy of trauma 

• Hess, JR, Holcomb JB, Hoyt DB. Transfusion, June 2006 
 

• The cellular, metabolic, and systemic consequences of aggressive fluid 
resuscitation strategies.  

• Cotton BA et. al. Shock. Aug 2006  
 

• Damage Control Resuscitation: Directly Addressing the Coagulopathy of 
Trauma  

• Holcomb, JB, et. al. J Trauma, submitted 



Dilution is inevitable when giving  
blood components 

• Whole blood 500 mL 
• Hct 38-50% 
• Plts 150-400K 
• Plasma coag 

factors = 100% 
• 1500 mg fibrinogen 

 

• Components 
• 1 U pRBC = 335 mL with 

Hct 55% 
• 1 U platelets = 50mL with 

5.5 x 1010 plts 
• 1 U plasma = 275mL with 

80% coag activity 
• 750 mg fibrinogen 

Thus: 1U pRBC + 1U platelets + 1U FFP = 
660mL with Hct 29%, Plts 88K/µL, and Coag 
activity 65%.   

Presenter
Presentation Notes
hess



• 1628 – 1st blood transfusion  
• 1900 – ABO 
• 1939 – Rh 
• 1950 – Plastic bags 

• Plasma 
• RBCs 
• Platelets 

Massive Transfusion Protocols 
 History 

Presenter
Presentation Notes
1950 In one of the single most influential technical developments in blood banking, Carl Walter and W.P. Murphy, Jr., introduce the plastic bag for blood collection. Replacing breakable glass bottles with durable plastic bags allows for the evolution of a collection system capable of safe and easy preparation of multiple blood components from a single unit of whole blood. Development of the refrigerated centrifuge in 1953 further expedites blood component therapy. Plastic bags were great for do many diseases, chicken pox vaccine made from plasma, hemophiliacs can get specific coagulation proteins, BUT, LIKELY, bad for Trauma



History 

• WWII 
• Plasma was resusc fluid of choice 
• 10 million units of freeze dried plasma made in US 
• British used whole blood in North Africa 1943 

• Korean War 
• Viral hepatitis transmission 
• Freeze dried plasma program abandoned 
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Figure 1: Mortality associated with different ratios of FFP:RBC (including whole blood) 

FFP:RBC Ratio: 
Patient number: 
Median ISS: 

31 56 165 
16 (11-20) 17 (12-30) 17 (14-25) 

 Mortality associated with different ratios of FFP:RBC  

    

                  

                 

    

                  

                 

    

                  

                 

    

                  

                 

p < 0.001

p = 0.01             

p < 0.001            

p < 0.001

p = 0.01             

p < 0.001            

•Borgman MA, Spinella PC, Perkins JG, et al.  The ratio of blood products transfused affects mortality in patients receiving massive transfusions at a combat 
support hospital. J Trauma 2007;63:805-813. 

 



Presenter
Presentation Notes
The battlefield is a very dirty place a great distance and long time from definitive care



Battlefield Trauma Care Then 
Now: A Decade of TCCC 
 
 
 

Frank Butler, MD 
Chairman - Committee on TCCC 
16 October 2012 
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Tourniquets in U.S. 
Military - 2003 



A Preventable Death: 2003 
  
                      This casualty was wounded by an RPG explosion 

and sustained a traumatic amputation of the right arm and a 
right leg wound. He bled to death from his leg wound despite 
the placement of three field-expedient tourniquets.  

What could have saved him 
     CAT Tourniquet 
     TCCC training for all  
      unit members  
     *Note: Medic killed at 
            onset of action 
 

Presenter
Presentation Notes
This kind of event can be prevented with good TCCC training for everyone in the unit.TCCC – it’s not just for medics and corpsmen anymore!
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  IED Casualty with  
Field-Expedient Tourniquets 
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 Preventable Combat Deaths from 
Not Using Tourniquets 

• Maughon – Mil Med 1970: Vietnam 
• 193 of 2600 
• 7.4% 

 

• Kelly – J Trauma 2008: OEF and OIF 
• 77 of 982 
• 7.8% 

 

• Progress? 
 



Omni Tape Band 

Windlass 

Windlass Strap 

        Combat Application Tourniquet   
 6515-01-521-7976 
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  Battlefield Trauma Care: 
Now 

• Phased care in TCCC 
• Aggressive use of tourniquets 
• Combat Gauze as hemostatic agent 
• Aggressive needle thoracostomy 
• Sit up and lean forward airway positioning 
• Surgical airways for maxillofacial trauma 
• Hypotensive resuscitation with Hextend 
• IVs only when needed/IO access if required 
• OTFC, IV morphine, and ketamine 
        for battlefield analgesia 
• Hypothermia prevention; avoid NSAIDs 
• Battlefield antibiotics 
• Tranexamic acid 
• Combat Ready Clamp 
 

 
 



TCCC Guidelines:          The What 
TCCC Curriculum:          The How 
 MPHTLS Text:                The Why 



Tourniquet Studies 
COL John Kragh USAISR 

• Get tourniquets on BEFORE the onset of shock 
• Mortality is very high if casualties are already in 

shock before tourniquet application 
• If bleeding is not controlled and distal pulse is not 

eliminated with first tourniquet – use a second one 
just proximal to the first 
• Increasing the tourniquet WIDTH with a 
    second tourniquet controls  
    bleeding more effectively 
    and reduces complications 
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Presenter
Presentation Notes
COL John Kragh from the Army Institute of Surgical Research – 3 great tourniquet papers	Journal of Trauma 2008	Annals of Surgery 2009	Journal of Emergency Medicine 2009
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A Co 1st BN 5th SFG  
AAR 1 May 2007        

• “In summary, all of the TCCC equipment and 
techniques are proven and work.”  

• “..everyone in this operational SOF 
   unit is sincerely appreciative for 
   the TCCC training received!”  
• 6 CAT tourniquets 
• 3 sternal IOs 

 



MARSOC Casualty Scenario 
2008 

• 15 casualties 
• 4 CAT tourniquets applied 
• 3 lives saved 
• 4th casualty died from chest wound 
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Tourniquets – Kragh et al 
Annals of Surgery 2009 

• Ibn Sina Hospital, Baghdad, 2006  
• Tourniquets are saving lives on the battlefield  
• 31 lives saved in 6 months period by the use of 
   prehospital tourniquets 
• Author estimates 2000 lives saved with tourniquets 
   in this conflict (Extrapolation provided to MRMC) 

Presenter
Presentation Notes
Follow-up to previous tourniquet studyMost important – apply tourniquets ASAP when neededSurvival improved if shock prevented



Tourniquets – Kragh et al 
J Trauma 2008 

• Combat Support Hospital in Baghdad 
• 232 patients with tourniquets on 309 limbs 
• Best were EMT (92%) and CAT (79%) 
• No amputations due to tourniquet use 
• Approximately 3% transient nerve palsies 



Hemorrhage Control 
 

• Tourniquets 
• CAT 
• SOFTT 

• Hemostatic agents 
• Combat Gauze 
• Quick Clot 

• Pressure Dressings 
• Others: 

• CRoC, RDCR 
• Definitive Management Yeh D, Primary Blast Injuries-An Updated Concise Review. World J Surg 2012; 36:966-972 

n S, Incidence of Pulmonary Embolus in Combat Casualties with Extremity Amputations and Fractures. J Trauma 201     
. 
 

Presenter
Presentation Notes
Combat guze kaolin which is an advanced hemostatic agent (pro-coagulant)



Tourniquet Study 
• 232 patients 
• 309 limbs 
• 428 tourniquets 

 Body Region Patients Limbs Tourniquets Effective (N) Effective (%) 

Forearm 9 9 13 12 92 

Arm 62 71 97 79 81 

Leg 22 27 32 32 100 

Thigh 162 205 285 203 71 

• Iraq Theater Protocol 06-010 
• 19 Mar 06 to 4 Oct 06 
• Ibn Sina Hospital, Baghdad 

 



Mortality 
• 31 patients died in the study group  

• Crude, all-cause mortality was 13% (31/232) 
• Early v. late application of tourniquet 

• 10% v. 90% (21/222 v. 9/10) 
• Late use had higher mortality 

• Prehospital v. hospital application 
• 11% v. 26% (21/193 v. 10/39) 
• Hospital use had higher mortality 

• Apply tourniquet(s) as soon as indicated 
• Before extrication and transportation 



Tourniqet Complication and Effectiveness Rates
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Hartford Consensus February 2013 

• Leaders in law enforcement, EMS, military 
and the American College of Surgeons 

• Recommendations for civilian organizations 
to improve survival during active shooter 
scenarios  

• Stress “the importance of early and 
definitive hemorrhage control to maximize 
survival in the victims….” 



Hartford Consensus THREAT 
• T - Threat suppression 
• H - Hemorrhage Control 
• RE - Rapid Extraction to safety,  
• A - Assessment by medical providers 
• T - Transport to definitive care 

 





Remote Damage Control: 
Civilian Experience in 

the Pre-Hospital Setting 



Coagulopathy on Presentation 

• An initial INR ≥ 1.5 reliably predicts those 
military casualties who will require MT. 

• Pts who have a significant injury present with a 
coagulopathy.  

• Severity of injury and mortality is linearly 
associated with the degree of the initial 
coagulopathy.  

- Schreiber MA, Perkins JP, Kiraly L, Underwood SJ, Wade CE, Holcomb JB.  
Early Predictors of Massive Transfusion in Combat Casualties. Submitted, J Trauma. 
- Brohi K, et al. Acute traumatic coagulopathy. J Trauma. 2003.   



Coagulopathy of Trauma 

Majority (90%) 

Pro-thrombotic 
State 

DVT / PE 

Hemorrhagic 
State   (10%) 

Bleeding 

Ongoing 
hypotension  

Coagulopathy of trauma is dynamic  



Background 
 

MacLeod JBA et al.  
Early Coagulopathy Predicts  

Mortality in Trauma 
J Trauma 2003 

Brohi K et al.  
Acute Traumatic Coagulopathy 

J Trauma 2003 

By the time of arrival at the ED, 28% (2,994 of 10,790) of 
trauma patients had a detectable coagulopathy that was 

associated with poor outcome 

Presenter
Presentation Notes
This audience is familiar with the data demonstrating that Early Coagulopathy predicts Mortality in Traumatically Injured Patients.As MacLeod and colleagues demonstrated, an abnormal PT following trauma predicted a 19% mortality vs 6% if normal.Additionally, as Brohi and colleagues illustrated, as ISS increases so does incidence of coagulopathy. Both studies support the fact that coagulopathy negatively impacts survival for our patients.



Background 
 

de Biasi et al. 
Early Coagulopathy Predicts Mortality in Trauma 

Transfusion (Epub, Accepted 2010) 

Mortality was associated with worse Plasma Deficit 
& 

The efficacy of the Plasma Repletion occurs within hours   

Presenter
Presentation Notes
In patients receiving a massive transfusion protocol resuscitation, mortality was associated with a worse Plasma Deficit; andThe efficacy of the plasma repletion occurs within hours.



Thawed Plasma 
• Thawed plasma is FFP that is kept for up to 5 days at 4°C 
• This product should be present upon arrival of the casualty in 

the ED 
• should be used as a primary resuscitative fluid started in the ED. 

• This approach not only addresses the metabolic abnormality of 
shock, but initiates reversal of the coagulopathy present in the 
ED.  

• Thawed plasma is available in theater 
• The two DoD Level 1 trauma centers use this product 

• Decreases waste by 60-70% 

- Malone DL, Hess JR, Fingerhut A. Comparison of practices around the globe and  
 suggestion for a massive transfusion protocol. J Trauma, 2006. 
- Armand R, Hess JR. Treating coagulopathy in trauma patients. Transfus Med  
 Rev 2003. 



Early Use of Blood in the Pre-
hospital Setting 

• Mayo Clinic Experience 
• 1993-96 retrospective review 
• Criteria: Hgb<10, shock, hypotension after 

resuscitation 
• ~2100 helicopter flights, 94 patients received 

PRBC’s (4%, 91% interfacility transfer) 
• 48% trauma patients, 25% GI bleed, 38% AAA 
• Hgb increased from 8.9 to 10.2 after 2 PRBC 
• No transfusion reactions or complications 
• Average 12 u PRBC after admision 

Air Med J 1998 Zietlow and Berns 



Catchment Area 
 

Presenter
Presentation Notes
This is a representation of our catchment area.  We serve 29 counties in Western Wisconsin, Northern Iowa and Southern Minnesota.Our helicopter transport service is comprised of THREE helicopters based in Mankato in central minnesota, Eau Claire in western Wisconsin and the LEVEL IBased helicopter in ROCHESTER, represented by the orange star.  The large circles are the 150 mile flight radius for each service.As the only ACS designated Level I trauma center within our region, we serve a catchment area of 18,600 square miles encompassing thirty referring hospitals.  Of these thirty hospitals, no facility has on-site thawed plasma available and only three have on-site fresh frozen plasma.  



Rationale 
Coagulopathy & the “Golden 

Hour” 

 
• Trauma Induced Coagulopathy (TIC) predicts 

mortality 
• Plasma and RBC resuscitation should occur 

early in the hemorrhagic / coagulopathic pt 
• Catchment area / Rural location provides 

geographic obstacles  
 
 
 

Presenter
Presentation Notes
The Rationale for our investigation and our pre-hospital resuscitation is that TIC predicts mortality, and patients predicted to require massive transfusion should not only be identified early but also treated early.Our catchment area and rural location provides geographic obstacles to damage control resuscitation.  



Protocol – ED Phase 
• Thawed Plasma Program 
• Developed in Feb 2008 with input from: 
  - Transfusion Medicine 
  - Medical Transport 
  - Trauma, Critical Care and General Surgery 
• Initial 12 months were restricted to in-hospital 

Emergency Department use 
• Medical and Surgical emergencies 

 - Safety concerns 
 - Utilization of resources 

Presenter
Presentation Notes
Our protocol was approved with two separate phases.  The first was the ED phaseRestricting the use of thawed plasma to the level I center in house for a period of one year.This was done to better track any transfusions reactions as well as resource utilization of theBlood products to account for any wasted units.   Immediately available in the resuscitation bayAre 4 units PRBC and 4 units thawed plasma. 89 units given in ED pre-flight926 units to date total in ED



• Product immediately available in the 
Trauma Resuscitation Area: 

  - 4 units thawed plasma (A+) 
  - 4 units PRBCs (0 negative) 

• Order of transfusion for trauma patients 
was: 
• 2 units PRBC 
• 2 units thawed Plasma 
• 2 units PRBC 
• 2 units thawed Plasma 



Protocol – Helicopter Phase 

pRBC + Plasma 
1. Hypotension (single reading 

of systolic blood pressure <  
90mmHg) 

2. Tachycardia (single reading 
of heart rate ≥ 120) 

3. Penetrating mechanism  
4. Point of care lactate ≥ 5.0 

mg/dl 
5. Point of care INR ≥ 1.5 

Indications for PRBC and Plasma 
administration in adult trauma patients 

Plasma Alone 
1. Point of care INR ≥ 1.5 
2. Stable Hemodynamics 

Presenter
Presentation Notes
Phase two began in Feb of 2009 and expanded the use of thawed plasma to the prehospitalHelicopter transport team based at Rochester.  Indications were separated into two categoriesBased on the clinical presentation and needs of the patient.  For those adult trauma patients with2 or more of the indications listed in column one (indicating a high likelihood of hemorrhage) prbc’s andThawed plasma were infused.   For those patients with relative stabile hemodynamics and onlyAn elevated inr Thawed plasma alone was infused.   



Presenter
Presentation Notes
On board product availability		- 4 units PRBC (0 negative)		- 2 units thawed plasma (A+)Order of Transfusion for hemorrhage is		- 2 units PRBC		- 2 units thawed plasma		- 2 units PRBCSatellite blood fridge is pictured as well.  This allows the blood products to beImmediately available to the flight crews without any delay upon request for service.The use of A thawed plasma poses minimal risk.  A thawed plasma contains anti-B, ~90% of the population is blood group O or A so there is no risk to them.  Anti-B is not as potent an antibody as a rule as anti-A, so in actively bleeding patients with volume changes etc, the risk of anti-B in plasma transfused to a patient with the B antigen (B or AB) is very low.  In fact, in platelet transfusion practice (which is really platelet-rich plasma ~ 2 units of plasma equivalent) we crossover everyday (e.g., O platelets containing anti-A and anti-B to group A patients).  We have yet to see hemolysis from anti-B thawed plasma yet.



Waste Prevention 
Division of Transfusion Medicine monitors 

usage 
 
 - Thawed plasma is removed from the 

satellite blood refrigerator on Day #3 and 
sent to the Operating Theater for immediate 
use. 

Presenter
Presentation Notes
To date, there has not been a single unit of thawed plasma wasted in either phase of the protocol.



RESULTS 

• 5 for hemorrhage 
• 3 required massive transfusion (> 10 units/24 hours) 

• 5 pts transfused for history of trauma and 
coumadin use 

• All 4 deaths were in this group 

• All pts entered into protocol required ongoing 
blood product transfusion after arrival to the 
hospital. 

10 TRAUMA PATIENTS TRANSFUSED IN 
FLIGHT 2/2009 – 9/2010 

Presenter
Presentation Notes
In the initial helicopter phase we had 10 trauma patients transfused.



Trauma Patients (n=10) 

Age (years) 
Male 
ISS 

LOS (days) 
Mortality 

71.5 [30-75.3] 
8/10 

25.5 [16.8-29.3] 
4.5 [1.8-24.8] 

4/10 



Admission Laboratory Values 
Coumadin 5/10 (50%) 
Lactate 2.8 [1.7-5.7] 
Base  -4.1 [-12.5- -0.5] 
PLT 149 [114-180] 
PTT 30 [28-42]  
HgB 10.8 [10.1-13.5] 
Post-Flight INR 1.6 [1.3-2.8] 
Pre-Flight INR 2.7 [1.6 – 4.0] 
 



Feasibility 

• Excellent utilization 
• No discarded units of plasma to date 

• No transfusion reactions documented 
to date; use of product parallels 
massive transfusion in the standard 
setting 

Presenter
Presentation Notes
Feasibility of this pilot project has been further supported by the fact that we have not had a single wasted unit of plasma to date as wellAs not a single transfusion reaction.  We feel that our use of thawed plasma on the prehospital transport parallels our use inOur institutional massive transfusion protocol as these patients would be receiving the same product if in our resuscitation bays.



Protocol Evolution 

• During the study period, total of 771 flights 
• Only two pts received all 4 units of PRBC 

during transport 
• Product Order and Ratio 

• 2009: 2 PRBC, 2 Plasma, 2 PRBC 
• 2010: 2 Plasma, 2 PRBC, 2 PRBC 
• 2011: 3 Plasma, 3 PRBC 

Presenter
Presentation Notes
On going evaluation and protocol evolution is taking place.To date a total of 30 patients have now been transfused on protocol and it continues to evolve as noted.In 2010 we changed the order of transfusion based on mounting evidence that maintaining a higher ratio plasma to PRBC mayBe beneficial to our patients.



Hemostatic Resuscitation in 
Our Trauma Center 

• Pre-hospital plasma and POC testing 
• Early Diagnosis in ED 
• 1:1 ratio (thawed plasma to RBC) 

• Plasma-first transfusion sequence 
•  ED use of rFVIIa or PCC? 

• Frequent TEG and early platelet use 
• Minimal crystalloid 
• Repeated doses of PCC in OR and ICU as 

required by TEG 



Results 
Feb 2009 – May 2011 

          PTP (n=9)       Control (n=50)      p    
                 Age (yrs)           54       41              0.09   
              Sex (male)           89%              60%           0.07 
   Penetrating Mech           33%       18%           0.31 
                         ISS            27         23              0.91  
          Warfarin Use           22%        2%           0.04 
              TRISS (Ps)          0.24        0.66     0.005 
      Overall Mortality          56%               18%            0.02 

Presenter
Presentation Notes
Over a 26 Month period 9 patients were identified to have received Prehospital Thawed Plasma (PTP) versus 50 controls matched for age, sex, mechanism, and ISS.The patients who received PTP were more commonly on Warfarin and had a predicted and actual mortality three times greater than controls. 



Results 
INR 

        PTP (n=9)     Control (n=50)      p    
      Pre-hosp INR         2.6       1.5     0.004   
          Arrival INR         1.6       1.3           <0.001 
    INR Correction         1.0       0.2              0.08 
                       

Presenter
Presentation Notes
Both the pre-hospital & arrival INR were significantly greater in the thawed plasma cohort.  There was a strong trend toward more successful treatment of the elevation in INR in the thawed plasma group by ABSOLUTE values. 



Results 
Ratios / Plasma Balance  

          PTP (n=9)        Control (n=50)       p    
       En Route P:RBC       1.3 : 1.0            N/A       <0.001 
      30 min P:RBC           1.3 : 1.0              0.14 : 1.0       <0.001 
      6 hr P:RBC                1.0 : 1.0              0.42 : 1.0       <0.001 
      24 hr P:RBC              1.0 : 1.0              0.45 : 1.0       <0.001 
    En Route Plasma Deficit       - 0.4              - 1.0              0.32 
    30 min Plasma Deficit           - 1.2                    - 2.0               0.37 
     6 hr Plasma Deficit        - 1.7                    - 5.3               0.06 
      24 hr Plasma Deficit        - 1.0                    - 5.7               0.04  

Presenter
Presentation Notes
The use of PTP led to a plasma:RBC ratio that more closely approximated a 1:1 resuscitation en route, at 30 minutes, 6 hours, and at 24 hours.  In comparison, the highest plasma:RBC ratio achieved in the control group was 0.45:1 at the 24 hour mark. Alternatively, by utilizing a plasma first protocol, the study group exhibited a lower plasma deficit during this same time period. 



Results 
Time & the ‘Geographic Plasma 

Deficit’ 

                   PTP (n=9)    Control (n=50)     p    
                 Facility Transfer      100%  54%        0.002 
   Transport  Trauma Ctr (min)      40              39               0.78  
        Injury  First Plasma (min)     194  231             0.58 
Trauma Ctr arrivalPlasma (min)   - 34             97        0.013 
 
                           

Presenter
Presentation Notes
All nine patients were transported from another facility whereas nearly half of the controls came from scene.The transport time was equivalent at 40 minutes.However, the PTP group received plasma earlier, and unlike controls received this plasma en route, prior to Trauma Center arrival.



Other Pre-hospital Plasma Use 
• Pediatric experience 

• 20+ children have received pre-hospital blood for a 
variety of indications 

• That experience is now being investigated 
• Non-trauma experience 

• 20+ GI bleed patients have received pre-hospital 
blood 

• That experience is being presented soon (favorable) 



CRASH-2 Study 
Lancet, Online Article, 2010  

• Prospective, randomized controlled trial 
• 20,211 patients 
• TXA significantly reduced all cause mortality from 16.0% to 

14.5% 
• TXA significantly reduced death due to bleeding from 5.7% to 

4.9% 
 



Tranexamic Acid: Clinical Randomization 
of an Antifibrinolytic in Significant 

Hemorrhage-2 Consortium (CRASH-2) 
Trial 

• The randomized, double-blind, placebo-controlled trial, 
which was conducted in 40 countries, randomized 20,211 
adult trauma patients at high risk for significant bleeding to 
tranexamic acid or placebo within eight hours of injury 

• Tranexamic acid was given at a loading dose of 1 g over 
10 minutes and then an infusion of 1 g over eight hours 

• Treatment with tranexamic acid reduced the risk of fatal 
bleeding events by 15% compared with placebo  

Lancet June 15 2010- on-line 



CRASH-2: Timing of TXA 
Dosing – Lancet, 2011 

• Subgroup analysis of 20,211 trauma patients based on time of 
administration of TXA 

• Timing; only deaths due to bleeding 
• 3076 overall deaths; 1063 due to bleeding 
• Risk of death due to bleeding was significantly reduced 

(5.3% vs 7.7%) if TXA given within 1 hour of injury. At 1-
3 hrs after injury, also significant (4.8 vs 6.1%) 



Contributors to TXA Review 
• MAJ Jonathan J. Morrison 
• Maj Joseph J. Dubose 
• COL Todd E. Rasmussen 
• CAPT Mark Midwinter 
• Dr Richard B. Weiskopf 
• MAJ Andrew Cap 
• Chris Droege, Pharm D 
• Col Lorne Blackbourne 

 
 
 

Archives of Surgery 17 Oct 2011 e-pub ahead of print 
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The Future 
• Freeze dried plasma? 
• Whole blood? 
• Platelets? 
• Prothrombin complex concentrates? 



 

Why Freeze Dried Plasma? 



Why 
Freeze 
Dried 
Plasma? 

Remote 
Damage 
Control 
Resuscitation! 



Advocates for Prehospital 
Plasma  

• Mayo Clinic 
• Memorial Hermann – Houston 
• U. S. Special Operations Command 
• US Army Special Operations Command 
• Army Surgeon General’s DCBI Task Force 
• Army Special Missions Unit 
• Navy Special Missions Unit 
• U.S. Army Institute of Surgical Research 
• Committee on TCCC 
• DHB Trauma and Injury Subcommittee 
• French, German, British militaries 



Earlier Thawed Plasma 

   Placement of thawed plasma in the Emergency 
Department vs having to request it from the 
Blood Bank has been done at Memorial 
Hermann in Houston and has resulted in 
shorter time to first transfusion (42 min vs 83 
min), reduction in subsequent transfusion 
requirements, and increased 30-day survival 
(86% vs 75%).  

                                             Cotton 
                                                      ATACCC 2011 



Remote Damage Control 
Resusc 

• Austere/rural environment patients 
• Modified transfusion strategy 
• Different than those with scene/pre-hospital time < 30 

minutes 
• Limited resources available 
• Lack of plasma availability 
• 40% of the population, 60% of the trauma mortality 

• Current treatment options for uncontrolled 
hemorrhage in this environment are very limited 

• >75% of combat fatalities occur in the field 



History 

• WWII 
• Plasma was resusc fluid of choice 
• 10 million units of freeze dried plasma made in US 
• British used whole blood in North Africa 1943 

• Korean War 
• Viral hepatitis transmission 
• Freeze dried plasma program abandoned 



Prehospital Plasma for Ground 
Medics, Corpsmen, PJs 

• Liquid plasma not an option for ground troops 
(or civilian rural hospitals/EMS) 

• Dried plasma (freeze-dried or spray-dried) is 
currently the best option for units not able to 
utilize liquid plasma 

• Dried plasma contain approximately the same 
levels of clotting proteins as liquid plasma 

• French, German, British militaries are 
using freeze-dried plasma at present 



FDA-Approved Dried Plasma 
Product 

• None at present 
• HemCon freeze-dried product in Phase I trials 
• Entegrion - pooled spray-dried product in 

development 
• Velico – single donor spray-dried plasma system in 

development  
• Arrival of an FDA-approved dried plasma product is 

not imminent – ETA 2015 or beyond 
 



Lyophilized Plasma Animal 
Study 

• Schreiber, et al studied efficacy of 100% 
lyophilized plasma in a multi-injury severe 
hemorrhage model comparing to FFP 
• Less blood loss with LP than FFP 
• No difference in mortality = just as efficacious 

• Schreiber, et al studied efficacy of 50% 
reconstituted volume lyophilized plasma in 
a multi-injury severe hemorrhage model 
comparing to 100% LP 
• No difference in vital signs, blood loss or TEG 
• Higher coagulation factor activity/unit volume 

 





French FDP - PCSD 

• Long history dating to 1949 
• Produced in it’s present form since 1994 
• Used only by its military; shelf life 2 years room temperature 
• Universal donor and pH buffered; no adverse events in 8 yrs 
• Produced from pools of 5 – 10 donors, leukoreduced 
• ABO Universal and takes 6 minutes to reconstitute 
• Now confident of their Cerus pathogen intercept technology  
• $800 per unit; over 1100 uses, no reactions and no infections 
• Decrease in FV (25%) and FVIII (20%); no reduction in hemostatic 

effectiveness (fibrinogen is unchanged and stable) 
• Afghanistan use: 93 patients (2/3 in shock), PT decreased by 3.3 sec 
• Recommend use in war, civilian rural and mass casualty events 



German FDP - LyoPlas  

• Each unit of LyoPlas is drawn from only one donor 
• Tested for all pertinent bloodborne pathogens;  quarantined for 

4 months until the donor is re-tested.  
• Type specific; shelf life 1.5 years 
• Must be reconstituted with buffering solution, since it is 

alkaline as supplied 
• $100 per unit 



Spray Dried Plasma 
(Entegrion) 

• Hemostasis and circulating volume may not be the 
only advantages of plasma 

• Vascular endothelial permeability is stabilized 
• Spray dried solvent-detergent treated plasma 

study: 
• FFP and SDP equivalent permeability and WBC 

binding 
• SDP process does not affect the ability to modulate 

endothelial function 
• SDP has a stabilizing effect similar to FFP 

 







Army Surgeon General 
Perspective 

   “I have reviewed your request to use non-FDA 
licensed freeze dried plasma in support of special 
forces operations which occur in austere 
environments. I fully support your request from a 
clinical perspective. However, legal and regulatory 
concerns prevent the acquisition and use of these non-
licensed products for the foreseeable future. General 
Counsel has stated that the only legal option to use 
these products is under an Investigational New Drug. 
Unfortunately, neither of the European manufacturers 
plan to bring their product to the U.S. and seek FDA 
licensure.” (Schoomaker 2010) 



Dried Plasma 

“The consensus of discussants at the USAISR-
sponsored symposium on prehospital fluid 
resuscitation overwhelmingly favored the 
development of a dried plasma product that could 
expand and maintain blood volume while providing 
lost coagulation factors resulting from the traumatic 
injury.“ 

 
                                        Dr. Michael Dubick 
                                                 USAISR 
                                      AMEDD Journal 2011 

 

 





Lorne -   Thanks for sharing this great news! It's remarkable to reflect 
on how much work went into achieving this milestone - this is a story 
that needs to be told somewhere down the road.    Frank 
 
From: "Blackbourne, Lorne H COL MIL USA MEDCOM AISR 
To: "'Frank Butler' 
Sent: Wednesday, July 18, 2012 7:42 PM 
Subject: Fw: FDP: Historic day! 
 
-----Original Message----- 
From: F Bowling  
Sent: Wednesday, July 18, 2012 3:20 PM 
To: Blackbourne, Lorne H COL MIL USA MEDCOM AISR 
Subject: FDP 
The FDP made its first trip outside the wire. We’ll let all of you know 
ASAP if it is used.  
Thanks for all of the help.  F. Bowling 

 



Fresh Whole Blood 
• There is fresh experience and a new 

enthusiasm 
• The science of transfusion is evolving 
• Chimerism and transfusion transmitted 

infection are the rate limiting steps 
• Check out THOR 

 
 



“Awake, arise or be forever fall’n” 
John Milton: Paradise Lost, Book I, Line 

330 
Richard Weiskopf (Transfusion Jan 2013): 

 
“John Milton recognized that important action 
requires enthusiasm and invigoration to replace 

complacency.  Trauma care specialists and industry 
are spearheading active research; it is time for the 

blood banking community to consider that currently 
provided products and our civilian-based hospital 
procedures do not suit the needs of all patients and  

to join the quest.” 



Summary 
• Trauma patients die from shock  
• Our job is to limit preventable trauma death 
• First, identify the patient in shock 
• Pre-hospital resuscitation with plasma can 

prevent the trauma induced coagulopathy and 
limit the risk of death due to hemorrhage 

• Making dried plasma available in the rural 
and pre-hospital/austere environment will 
save lives 



Questions? 
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