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2007 Case

Â 14 yo male shot while squirrel hunting

Â Intubated at the scene

Â Lifeflighted to CHOA

ÂTransfused with RBCs en route



2007 Case

ÂGCS 3 upon arrival to CHOA ER

Â pH 6.8

Â Bilateral chest tubes immediately inserted

Â700 cc bloody drainage

Â Taken to OR for exploration



2007 Case

ÂUnable to obtain hemostasis in OR

Â Liver laceration

ÂSpleen laceration

ÂKidney laceration



2007 Case Summary

Â Patient died after receiving:
Â 58 units RBCs

Â 13 units FFP

Â 1 cryo pool (4 bags)

Â 4 platelet pheresis

Â 1 dose Novo 7

Â Final cause of death: 
irreversible cardiac 
arrhythmia secondary to 
hyperkalemia
Â Refractory to insulin, bicarb, 

and cardioversion
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2011 Case

Â 2 yo victim with multiple stab wounds to 
chest and abdomen

Â Intubated en route to hospital

Â Chest tube inserted with 300 cc drainage

Â Also with pericardial effusion, liver 
laceration, splenic laceration, lung injury



2011 Case

Â Pulses weak, coded soon after arrival to 
ER

Â Chest opened for intracardiac massage



2011 Case

Â CHOA Blood Bank notified of patient prior 
to arrival, and CHOA Trauma Massive 
Transfusion Protocol initiated immediately 
upon arrival to ER

Â Initial labs:  Hgb 10.7 g/dL, platelets 207k, PT 
24 sec, PTT 93 sec, fibrinogen 130 mg/dL



2011 Case Summary

Â Patient received:

Â 20 units RBCs

Â 14 units FFP

Â 4 cryo pools 

Â 4 platelet pheresis

Â 2 doses Novo 7

Â Patient alive, recovering 
in ICU

           2011 Case
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2007 Case
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           2011 Case
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Cryoprecipitate numbers are ñpoolsò of 2-4 units

Product number comparisons:  2007 Case vs 2011 Case



Massive Transfusion Definition

Â Loss of 50% of blood volume in 3 hours

Â Loss of 1 blood volume in 24 hours

ÂOngoing blood loss > 150 ml/min

Â Replacement of >10 RBC units in 24 hours



Cosgriff: J Trauma 1997; 42(5): 857-862



ñTriad of Deathò

Â Acidosis

ÂHypothermia

Â Coagulopathy
ÂEarly trauma induced coagulopathy (ETIC)

ÂTissue factor leading to thrombin generation and 
DIC

ÂTissue hypoperfusion leading to protein C 
activation and systemic anti-coagulation

ÂDilutional

Hess JR et al, J Trauma, 2006; 60: S12-S19



Dilutional Coagulopathy 
Coagulation Factors

Plasma proteins reduced to 30-40% 
after 1-2 blood volumes replaced



Coagulation Factors (Adult Data)

Â Fibrinogen<100 after 1.5 blood volumes 
replaced 

Â Coagulation factors <25% after 2 blood 
volumes replaced 

Â Platelets <50k after 2 blood volumes 
replaced                      



Abnormal 
PT 
associated 
with 
decreased 
survival

Abnormal 
PTT 
associated 
with 
decreased 
survival

MacLeod: J Trauma 2003;55(1):39-44

Retrospective review of 14,937 adult trauma patients



Brohi: J Trauma 2003;54(6):1127-30

Correcting for injury severity score, trauma patients 
with coagulopathies still have poorer outcomes than 
those without coagulopathies



Pediatric Studies

Â Very few exist



Cote et al, Anesthesiology 62 (2): 1985

Platelet counts in massively transfused pediatric patients 
may not drop as fast as those of adults (n=26)



Holmes JF et al, Ped Emerg Care 17(5), 2001

6% of Pediatric Blunt Trauma Victims have PTT>40 sec (n=830)



Hymel KP et al, Pediatrics 1997; 99: 371-375

Abnormal coagulation tests predict brain damage 
and death in pediatric abusive head trauma victims



Background

ÂMilitary and civilian adult data have shown 
significant improvements in mortality with 
near 1:1 ratios of RBCs:plasma transfused 
in cases of massive transfusion



J Trauma 63: 805-813, 2007

Higher plasma:RBC ratios are associated with 
improved mortality (military data, n=246)



Vox Sanguinis 95: 112-119, 2008

Higher plasma:RBC ratios are associated with 
improved mortality (civilian data, n=484)



Dark is 24 hour survival; light is 30 day survival

Higher plasma ratios to RBCs are associated with 
increased survival (prospective civilian data, n=214)

Shaz et al, Transfusion 2010 (50): 493-500



Shaz et al, Transfusion 2010 (50): 493-500

ñHighò means 1 or more plasma units per 2 
RBC products, 1 or more apheresis platelet 
products per 2 RBC products, or 10 or more 
cryoprecipitate units per 2 RBC products



Wafaisade et al, J Trauma 2011 (Vol 70, number 1)

FFP:pRBC ratios >1:1 may be more ideal than 1:1

n=760 (low ratio), 392 (balanced 
ratio), 210 (high ratio)



Goals of Grady MTP (instituted 2/07)

Â Early transfusion of coagulation factors 
and platelets

ÂMinimize coagulopathy

Â Reduce blood use by early correction of 
coagulopathy





CHOA Blood and Tissue Bank

ÂMassive Transfusion Protocol Initiative

Â Initiated 12-08 on Egleston campus as a pilot 

Â Initiated 12-09 as a CHOA policy

ÂHypothesis: early and aggressive transfusion 
of plasma products (along with RBCs, 
cryoprecipitate, and platelets) will improve 
outcomes in massively transfused trauma 
patients



CHOA Trauma MTP

Â Requires cooperation of all involved
Â Physicians (ER, Anesthesia, Surgery, Blood Bank)

Â Nurses

Â Blood bank technologists

Â Laboratory personnel

Â Logistically more complicated than adult MTPs 
due to weight/age variation

Â Infrequency of pediatric trauma further 
complicates the MTP



Â CHOA Trauma MTP Algorithm:

Â Trauma Patient Arrives in ER, with Rapid Blood Loss.  MTP triggered , blood bank called

Â Pink top drawn for Type and Cross; Purple and light blue tops drawn for MT panel (hemoglobin, 

platelets, PT, PTT, and fibrinogen).

Â

Â Emergency Release Blood Product Releasefilled out with box checked to ñinitiate MTP;ò with 

weight and trauma room phone number documented on form.  This form and pink tube for type and 

screen brought to blood bank.

Â Blood bank releases O negative, emergency release RBCs(number of units dictated by weight 

of child; see packages below).

Â Blood bank immediately thaws AB plasma(number of units dictated by weight of child; see 

packages below); runner takes to patient care area.

Â While plasma is thawing, blood type and antibody screen should be done.  If possible, all future 

blood products should be type specific and crossmatch compatible.

Â Trauma MTP will continue until blood bank is notified otherwise.  For each ñpackage,ò RBCs will 

be given out first (in a cooler on ice).  After RBCs are transfused, plasma or plasma and platelets or 

plasma and cryoprecipitate (depending on the package number) will be given out together (plasma 

in a cooler, platelets and cryo in a bag at room temp).

Â Labs (including MT panel which requires purple and light blue tubes) should be drawn with each 

package (per clinician discretion).  Blood bank will send tubes on all RBC coolers as a reminder.

Â All unused products will be returned to blood bank; MTP can be called off by a phone call



Package RBC Plasma Platelets Cryo

1 ½ unit ½ unit

2 ½ unit ½ unit ¼ 
pheresis

3 ½ unit ½ unit 1 unit

4 ½ unit ½ unit ¼ 
pheresis

5 ½ unit ½ unit 1 unit

CHOA Trauma MTP:  Neonate (1-5 kg)



Package RBC Plasma Platelets Cryo

1 1 unit 1 unit

2 1 unit 1 unit ½ 
pheresis

3 1 unit 1 unit 2 units

4 1 unit 1 unit ½ 
pheresis

5 1 unit 1 unit 2 units

CHOA Trauma MTP:  Infant (6-10 kg)



Package RBC Plasma Platelets Cryo

1 2 units 2 units

2 2 units 2 units 1 
pheresis

3 2 units 2 units 4 units

4 2 units 2 units 1 
pheresis

5 2 units 2 units 4 units

CHOA Trauma MTP:  Younger child (11-25 kg)



Package RBC Plasma Platelets Cryo

1 3 units 3 units

2 3 units 3 units 1 
pheresis

3 3 units 3 units 6 units

4 3 units 3 units 1 
pheresis

5 3 units 3 units 6 units

CHOA Trauma MTP:  Older child (26-50 kg)



Package RBC Plasma Platelets Cryo

1 5 units 5 units

2 5 units 5 units 1 
pheresis

3 5 units 5 units 8 units

4 5 units 5 units 1 
pheresis

5 5 units 5 units 8 units

CHOA Trauma MTP:  Adolescent (>50 kg)



Report to date

Â 54 MTPs on 2 campuses since Dec 2009

ÂECH campus:  21 blunt trauma, 7 penetrating 
trauma, 7 other

ÂSR campus:  6 blunt trauma, 1 penetrating 
trauma, 12 other

ÂMean age: 8.6 years 

Â 17/54 patients died
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Mean PT: 28.9 (range 14.1-120)
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Mean PTT: 71.9 (range 27-200)



       Fibrinogen
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Mean fibrinogen: 223 (range <60-1200 mg/dL)

10 patients with initial fibrinogen <60 mg/dL



Report to date

ÂMean packages transfused:  2.3

ÂMean number of RBC units transfused: 4.1

ÂMean number of FFP units transfused: 3.2

ÂMean number of platelet ñunitsò 
transfused: 0.9

ÂMean number of cryoprecipitate pools 
transfused: 0.9



                Compilation Data 12/09-2/11
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Comments 

Â Early identification of coagulopathy through MTP 
panel of labs

Â Early transfusion of FFP begins to correct 
coagulopathy

Â FFP transfusions per MTP may begin before laboratory values 
return

Â Relatively early transfusion of cryoprecipitate replaces 
fibrinogen and further corrects coagulopathy

Â Platelets in 2nd package correct thrombocytopenia, 
which is often dilutional



Comments

Â MTP packages in the process of being 
revised to include cryoprecipitate in the 
initial package (with RBCs and FFP) 



Considerations

Â MTP lab ordering 

Â Panel includes H/H/P, PT, PTT, fibrinogen and is run 
stat

Â Clinicians continue to order CBC with diff and PT, PTT

Â Product wastage

Â AB platelets, plasma

Â Transfusion volumes

Â Overtransfusion of RBCs in 2 instances





Conclusions

Â CHOA Trauma MTP encourages clinicians to 
correct coagulopathy early in the resuscitation

Â Protocol is popular with clinicians
Â ED
Â PICU
Â Surgery
Â Anesthesiology

Â Ideal product ratios for children (or for adults) 
have yet to be determined

Â Continued education and excellent 
communication are essential for this protocol to 
succeed



Thank you

Â Beth Shaz, MD

Â Cassandra Josephson, MD

Â CHOA Blood and Tissue Banks Staff

Â CHOA Trauma Massive Transfusion 
Committee

Â CHOA Trauma Committee





Dehmer JJ et al, Sem Ped Surg (2010) 19; 286-91.

One Proposed Algorithm for Pediatric Massive Transfusions


