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2007 Case

A 14 yermale shot while sguirel hunting
Allntubated at the scene

Al Lifeflighted to CIHOA
A Transtused with RBCS en route



2007 Case

A GCS 3 upon arrval tor CHOA ER
A PH 6.8

Al Bilaterall chest tulbes immediately imnserted
A (00 cc bloedy drainage

Al Taken to OR for exploration



2007 Case

AUnable to obtain hemostasis in OR
A Liverlaceration
ArSpleenslaceration
A Kidney:laceration



2007 Case summary

Al Patient died after receiving:
Al 58'UNIts' RBCS
A 13 units FEP
Al 1 crye pool (4 hags)
A 4 platelet pheresis
1 dese Novo 7

Al Final cause of death:
Irreversible cardiac
arrhythmia seconaary. to
nyperkalemia

A" Refractory to insulin, bicaro,
and cardioversion

2007 Case

>




2011 Case

Al 2 Yo Victim with multiple stal woeunds to
chest and abdomen

A lntubated en route terhespital
ArChest tube Inserted with 300 ce drainage

ALAlSe with percardial effusion; liver
laceration, splenic laceration, IUng Injury.



2011 Case

A Pulses weak, coded soon after arrival to
ER

Al Chest opened for intracardiac massage



2011 Case

Al CHOA Bloed Bank notified of patient prior
10 arrival, and CHOA' Tratumar Massive
Transftsion’ Protocol initiated immediately.
Upon arrival te ER

Alnitial lals: Hglh 10.7 g/dL, platelets 207k, P
24 sec, PTIF 93 seg, fibrinegen 130 mg/al



2011 Case summary

A Patient received: 2011 Case
A 20runits: RBCs
A l4-units FEP
Al 4 CHY/0 POOIS
A 4 platelet pheresis
Al 2 deses Nove: 7

A Patient alive; receverng
in ICU




Product number comparisons: 2007 Case vs 2011 Case
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Massive Transfusion Definition

A l20ss 01 5026 of bloed voelume i 3 hoeurs

A l2ess off 1 blooed velume in 24 Rours
ArOngoing hloed less = 150 ml/min

A Replacement of =10 RBC UnIts N 24 heurs



1| Cellular
Progressive latrogenic|| Shock
Factors

Coagulopathy

Core
Hypothermia

Metabolic
Acidosis

Contact
Activation

Clottinlg Factor
e

Deficiencies

Massivg
Transfusion

Pre-existing
Diseases

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

Al Coagulepathy.

Al Early trauma induced coagulopathy (ETIC)

AlTissue facter leading te' thrembin generation and
DIC

AlTISsUe hypoeperfusion'leading te: protein C
activation and systemic anti-ceagulation

A Dilutional

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



Dilutional Coagulepathy.
Coagulation Factors
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Fraction of blood volume

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



Coagulation Facters (Adult Data)

A Fibrinogen<100 after 1.5 bloed velumes
[eplaced

Al Coagulation facters <25% after 2 blood
vVolumes replacead

A Platelets <50k after 2 bleod volumes
leplaced



Retrospective review of 14,937 adult trauma patients

Abnormal
PT
associated
with
decreased
survival

Abnormal
PTT
associlated
with
decreased
survival
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MacLeod: J Trauma 2003;55(1):39-44



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

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



Pediatric Studies

A\Very few exist



Platelet counts in massively transfused pediatric patients
may not drop as fast as those of adults (n=26)
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Cote et al, Anesthesiology 62 (2): 1985



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

TABLE 1

Clirical findings in patients with markedly elevated coagulation studies (INR = 1.5 andlor PTT = 40 seconds) (n = 49)

Markedly abnor mal Mot markedly
coagulation studies elevated Odds ratio
(n = 449) (n =781} 95% Cl1 P value

Age (vears) BT * 4.1 B3 X247 0.51
Pediatric Trauma Score 3(1,8) 11 (10,12) <1001
History of loss of consciousness o) 2RETT T (37%) : 0.12
Low systolic blood pressure T%] 22781 (3 =001
GCS = 13 T49 1 T6%) LODVTE T (2 =100 1
Abdominal tenderness (335 IRTH95 (27%) 0.6
Abnormal chest exam ] : 0.0
Abnormal back exam 13/349 (33% 0.6
Open/multiple osseous frachres 16/49 (33%] TR (104 <0001
Major wounds 240449 (49%) 126778 1 (16%) 2.9 <1000 1
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Ape is presented as the mean ¥ one standard deviation. Pediatric tranma score is presented as the median with interquartile rangeas.
Cl = confidence interval; GCS = Glasgow coma soore; min = minute,
Major wounds = tissue loss, > 7 cm in length or a laceration through the fascia.

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



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

TAEBLE 2. Initial* Coagulation Test Results: Parenchymal Brain Damage /Survived vs Parenchymal Brain Damage/Died
Coagulation Mormal os Parenchymal Brain Damage( \ 2
Test Mean + 2 50 —— ) N — ) -
¢ (Wlemn ' () Median (5th-95th  Abnl (%)t (n) Median (5th-95th  Abnl (%)t
Percentile) Percentile)

11.4-19.5
23.0-76.6
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Abbreviations: (n), number of specific test results analvzed after deletion of cases lacking one or more coagulation variables; PT,
prothrombin time; PTT, activated partial thr nn‘tbﬂpl'-l.-_d:m time; TT, thrombin time; SD, standard deviation.

* Initial = first coagulation test results if obtained within 2 days of clinical presentation; see text.

+ Abnl (%) refers to percentage of test results analyzed that fell outside the established normal range for age. Initial coagulation
abnormalities tabulated include: PT, PTT, TT elevation (=2 SD) and platelet count, hematocrit, fibrinogen depression (<2 5D).

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



Background

A Military and civilian adult data have shown
significant Improvements: in: moertality with
near 171 raties of RBCs:plasma transiused
N cases of massive transfusion



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

(Low) 1:8 (Medium) 1:2.5 (High) 1:1.4
Plasma:RBC Ratio Groups

Fin. 1. Percenta e mortality associated with low, medium, and high
plasma o RBC ratios transfused af admission. Ratios are median
ratios per group and include units of fresh whole blood counted both
as plasma and RBCs.

J Trauma 63: 805-813, 2007
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Higher plasma:RBC ratios are associated with
Improeved mortality: (civilian data, n=484)

pRBC : FFP > 1.1

O = 6 hour mortality
@ = 24 hour mortality
W 30-day mortality

Fig. 2 Early (< 6-h and < 24-h) and 30-day
mortality rates in percent (%) for patients
transfused with pRBC : FFP = 1 : 1, pRBC : FFP
09-1-1 {1 : 1), and pRBC:FFP < 0-9 ratios during
pRBC : FFP 0.8—1-1 pRBC : FFF < 0.9 immediate care (P < 0-0001 for < 6-h and 24-h
Transfusion Ratios mortality; P < 0-001 for 30-day mortality).

Vox Sanguinis 95: 112-119, 2008



Higher plasma ratios to RBCs are associated with
Increased survival (prospective civilian data, n=214)
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Plasma:RBC

Dark is 24 hour survival; light is 30 day survival

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



Survival Curve
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AHIi ghd means 1 or more plasma units per 2
RBC products, 1 or more apheresis platelet

products_ per 2 RB_C products, or 10 or more Shaz et al, Transfusion 2010 (50): 493-500
cryoprecipitate units per 2 RBC products



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

mFFP : pRBC < 1:1
mFFP:pRBC = 1:1
OFFP : pRBC > 1:1
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Figure 2. Mortality rates in the respective ratio groups, with
patients assigned to groups according to their cumulative
FFP:pRBC ratio administered until ICU admission.

n=760 (low ratio), 392 (balanced
ratio), 210 (high ratio) Wafaisade et al, J Trauma 2011 (Vol 70, number 1)



Goals of Grady MTP: (instituted 2/07)

Al Early transtusion of coagulation factors
and platelets

A Minimize coagulepathy.
ArReduce bleod use by early correction: of
coaguloepathy.



GMH Massive
Transfusion Protocol

Fackage RBC FPlasma Platelets

6 units 6 units

G units A units 1 apheresis

6 units 6 units

6 units 6 units 1 apheresis

6 units G units

6 units A units 1 apheresis

G units 6 units 10 units




CHOA

A Massive |
A lnitiatec

Blood and Tissue Bank

lranstusion Pretecol Initiative
12-08'on Egleston campus'as a pilot

A lnitiatee

12-09 as a CHOA policy.

AlHYpPOThesIS: early and aggressive transfusion
of plasma preducts (aleng with' RBCs,
cryoprecipitate, and platelets) will\improve
eutcemes In massively: transfused trauma

patients



CHOA Trauma MTP

Al Reguires cooperation of all velved
Al Physicians (ER, Anesthesia, Surgery, Bleod Bank)
A NUFSEs
Al Bloed bank technoeloegists
Al Laberatery persennel

A Logistically mere complicated than adult MTPS
due to weight/age variation

Al Infreguency’ of pediatrc traumal further
complicates the MITP



CHOA Trauma MTP Algorithm:

Trauma Patient Arrives in ER, with fapid Blood Lo88TP triggered, blood bank called

Pink top drawn for Type and CrosBurple and light blue tops drawn for MT panel (hemoglobin
platelets, PT, PTT, and fibrinogen).

Emergency Release Blood Product Releasei | | ed out with box ch
weight and trauma room phone number documented on form. This form and pink tube for t
screen brought to blood bank. l

Blood bank releases O negative, emergency release RBE@smber of units dictated by weight
of child; see packages below). l

Blood bank immediately thaws AB plasmanumber of units dictated by weight of child; see
packages below); runner takes to pftient care area.

While plasma is thawing, blood type and antibody screen should be dan# possible, all future
blood products should be type speTfic and crossmatch compatible.

Trauma MTP will continue unti/l bl ood bank
be given out first (in a cooler on ice). After RBCs are transfused, plasma or plasma and plaf
plasma and cryoprecipitate (depending on the package number) will be given out together (|
in a cooler, platelets and cryo in a hag at room temp).

Labs (including MT panel which requires purple and light blue tulsesuld be drawn with each
package(per clinician discretion BlIOd bank will send tubes on all RBC coolers as a remindg

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




CHOA Trauma MTP: Neonate (1-5 kQg)

Package- | RBEC HEEE Platelets: | Cryo
1 o unit | Y2 unit
2 sunit |2 unit | Y4

pheresis
3 ounit | ¥4 unit 1 unit
| 5 unit 5 unit 4

Pheresis
5 Yo unit | %2 unit 1 unit




CHOA Trauma MTP: Infant (6-10 kq)

Package-| | RBC Plasma Platelets 1| Cryo
1 1 tinit 1 unit
2 1unit 1 unit Yo
pheresis
3 L unit 1 unit 2 Units
| 1 unit 1 unit 12
Pheresis
5 1 unit 1 unit 2 Units




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

Package-| | RBC Plasma Platelets 1| Cryo
1 2 units 2 Units
2 2 units 2 units 1
pheresis
3 2 units 2 units 4°UNItS
| 2 units 2 units 1
Pheresis
5 2. units | 2 units 4 UNItS




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

Package- | RBEC HEEE Platelets: | Cryo
1 3 units 3 UnIts
2 3 units 3 units il
pheresis
3 3 units 3 units 6 UNIts
A 3 units 3 units 1
Pheresis
5 3 units 3 units 6 UnIts




CHOA Trauma MTP: Adolescent (>50 kQ)

Package- | RBEC HEEE Platelets: | Cryo
1 5 units 5 Units
2 5 units 5 units il
pheresis
3 5 units 5 units 8 units
A 5 units 5 units 1
Pheresis
5 5 units 5 units 8 units




Report to date

A 54 MITPS on 2 campuses since Dec 2009

A ECH campus: 21 blunt trauma, 7 penetrating
trauma, 7 other

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

ArlMeanage: 8.6 years
A 17/54 patients died



Mean Hgb: 10.1 (range 4.1-14.4 g/dL)

Hemoglobin values




Mean platelet count: 237k (range 45-602k)

Platelet counts




Mean PT: 28.9 (range 14.1-120)

PT
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Mean PTT: /1.9 (range 27-200)
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Mean fibrinogen: 223 (range <60-1200 mg/dL)

Fibrinogen
|

10 patients with /niial fivrinogen <60 mg/aL



Report to date

A Mean' packages transfused: 2.3
A Mean number of RBC units transtused: 4.1
A Mean number of FEP- units transtused: 3.2

AMe an nuomb:e ot plat e |
transfused: 0.9

A Mean numper of cryoprecipitate pools
transftused: 0.9



Compilation Data 12/09-2/11




Comments

A Early identification of coagulepathy: threugh M1
panel of lans

Al Early transtusion ofi FEP begins to correct
coagulepathy
Al EEP transtusions per MTP.- may begin befere laboratory values
return
Al Relatively:early: transtusion of cryoprecipitate replaces
fiorinegen and further corrects coagulepathy.

A Platelets in 219" package correct thrombocytopenia,
which Is eften dilutional



Comments

A MTP packages in the process of being
levised torinclude cryoprecipitate in the
initiall package (Withr RBCS and! F&P)



Considerations

AL MR lalhrerdering

Al Panel includes H/H/P, PT, PIT fibrinegen and Is run
Stalt

A Clinicians continue to orader CBC with difffand PT;, PTT

A’ Product wastage
ALAB platelets; plasma

A liranstusion velumes
A Overtransfusion of RBCS In 2 Instances
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Conclusions

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

Protocol is popular with clinicians
A ED

A PICU

A Surgery

A Anesthesiology

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

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



Thank you

A Beth Shaz, MD
AlCassandra Josephsen, MD
A CHOA Blood and Tissue Banks Staff

A CHOA Trauma Massive Transtusion
Committee

A CHOA Trauma Committee
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One Proposed Algorithm for Pediatric Massive Transfusions

INJURY SRy ——* ONGOING HEMORRHAGE
Chinical signs Stable —* Tachycardia ~* Hemodynamic instability

Estimated blood loss (| =—————+20mlL kg 40mil’kg Afier 1 BV* lost After 2 BV lost Afier each BV lost

v
Crystatioid infusion 20-40 ml'kg l

Blood component transfusion PRBC (30 ml/kg)

PRBC (30 ml.%g)
FFP (20 ml_kg)
PRBC (30 mL'kg)
FFP Q0 ml kg
Platelets (20 mlkg) .
Cryo (4 mL-'kg)‘ PRBC (30 mLkg)
FFP (20 ml'kg)
Platclets (20 mL&g)
Cryo (4 mL%g)
Consider rFV Il

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



