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Summary

A small proportion (4%) need an aggressive
approach to transfusion

1Systems that include plasma (FFP) and platelets
improve outcome

The key component in plasma is fibrinogen

The challenge is to develop systems that deliver
fibrinogen rapidly enough to these patients

The place of Tranexamic Acid in Trauma is evolving

Unless we include POC monitoring of coagulopathy
we risk replacing exsanguination with thrombosis
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The Journal of TRAUMAY® Injury, Infection, and Critical Care

The Ratio of Blood Products Transtused Affects Mortality In
Patients Receiving Massive Transfusions at a Combat
Support Hospital

Matthew A. Borgman, MD, Philip C. Spinella, MD, Jeremy G. Perkins, MD, Kurt W. Grathwohl, MD,
Thomas Repine, MD, Alec C. Beekley, MD, James Sebesta, MD, Donald Jenkins, MD, Charles E. Wade, PhD,
and John B. Holcomb, MD

S O O N
S S35 9o

34%

Mortality
w
=

19%

N
o

-
o

o

(Low) 1:8 (Medium) 1:2.5  (High) 1:1.4
J Trauma. 2007;63:805—813. Plasma:RBC Ratio Groups

@I Auckland District Health Board



CONCORD

performance improvement

Jowrnal of Thrombosis and Haemostasis, 8: 1919-1925 DOIL: 10.1111/j.1538-7836.2010.03945 x

ORIGINAL ARTICLE

Definition and drivers of acute traumatic coagulopathy: clinical
and experimental investigations

D. FRITH,* J. C. GOSLINGS,T C. GAARDER,f M. MAEGELE,§ M. )J. COHEN,Y S. ALLARD,**

P.1. JOHANSSON,1+ S. STANWORTH, ;i C. THIEMERMANNSS and K. BROHI*

*Trauma Clinical Academic Unit, The Royal London Hospital, Bart’s & The London School of Medicine & Dentistry, Queen Mary University
London, UK; tTrauma Unit Department of Surgery, Academic Medical Center, University of Amsterdam, Meibergdreef, Amsterdam, the
Netherlands; [Trauma Unit, Oslo University Hospital, Ulleval, Oslo, Norway, §Department of Trauma and Orthopedic Surgery, Trauma Registry of
the Deutsche Gesellschaft fiir Unfallchirurgie/German Trauma Society (TR-DGU), University of Witten/Herdecke, Cologne-Merheim Medical
Center (CMMC), Cologne, Germany; Y Department of Surgery, University of California, San Francisco, CA, USA; **Department of Haematology,
Royal London Hospital, Bart's & The London School of Medicine & Dentistry, Queen Mary University London, UK; 11Capital Region Blood Bank,
Section for Transfusion Medicine, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark; {{National Health Service Blood &
Transplant and Oxford Radcliffe Hospitals, John Raddiffe Hospital, Headington, Oxford, UK; and §§William Harvey Research Institute, Bart's &
The London School of Medicine & Dentistry, Queen Mary University, London, UK
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Acute Traumatic Coagulopathy

performance improvement
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The coagulopathy iIs related to
SHOCK plus
TISSUE INJURY.

Brohi, | Trauma 2003; 54 1127-1130
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ADHAB Adult Massive Transfusion Protocol (MTPT™

Massive bleeding with either shock or

abnormal coagulopathy

- ol £x I ,
to Blood Bank

Give 3 Units O-neg or type specific RBC

Ring Blood Bank to
Activate Massive Transfusion Protocol

\%

‘ REQUEST, DELIVER AND TRANSFUSE AS BELOW:

MTP BOX ONE Check Coags / Platelets /FBC
TXA 1G 2 Whole Blood or 2U RBC and 2U FFP ABGs / Ca*™

MTP BOX TWO
4 RBC
4 FFP

1 adult Platelets

MTP BOX THREE

4 RBC Check Coags / Platelets /FBC
4 FFP ABGs / Ca**

rVila + 3U Cryoprecipitate

90 mcg/kg

if indicated MTP BOX FOUR

4 RBC
4 FFP
1 adult Platelets

and alternate 3 &4... Check Coags / Platelets /FBC
ABGs / Ca**
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Use of red cells in ADHB

performance improvement
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Use of FFP in ADHB

performance improvement
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Initiating the Massive Transfusion Protocol performance improvement

ABC? TASH? McLauchlin3
ED pulse > 120 > 120 > 105
Systolic BP <90 <100 <110
BE -2to -10
pH <7.2
Hb 7-12 <9.6
FAST + +
Male +
Penetrating +
Unstable pelvic # or N
femoral #

1.J Trauma 2009;66: 346-3522. ] Trauma 2006;60:1228-1236 3 ] Trauma 2008: 64 S57-S63

£
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ADHB Adult Massive Transfusion Protocol (MTP)

Massive bleeding with either shock or

abnormal coagulopathy

Ensure delivery of X-match specimen
to Blood Bank

Give 3 Units O-neg or type specific RBC

Ring Blood Bank to
Activate Massive Transfusion Protocol

\V/ 7 N\

‘ REQUEST, DELIVER AND TRANSFUSE AS BELOW: / \
/.

MTP BOX ONE Check Coags / Platelets /FBC
TXA 1G 2 Whole Blood or 2U RBC and 2U FFP ABGs / Ca*™

MTP BOX TWO
4 RBC

Rexiie of protecel 151 am
Ratio of celfvery 114

MTP BOX THREE
4 RBC Check Coags / Platelets /FBC

4 FFP ABGs / Ca**
+ 3U Cryoprecipitate

MTP BOX FOUR
4 RBC
4 FFP

1 adult Platelets

rVila

90 mcg/kg
if indicated

and alternate 3 &4... Check Coags / Platelets /FBC
BGs / Ca**




CONCORD

& \&”

MTP: 86 activations

performance improvement

Surgical
m Medical
Obstetrics
m Vascular
Trauma
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Auckland MTP : Lactate
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Auckland MTP Audit
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Auckland MTP : fibrinogen
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Fibrinogen Pre-Post
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Response time in Auckland to MTP

activation

Axexisao
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Mean - Minutes between events/boxes
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Start - Box1

Box1-Box2

Box2-Box3

Box3-Box4

Box4-Box5

Box5-Box6

Minutes

0:07

0:23

0:20

0:10

0:05

0:05

Auckland District Health Board




CONCORD

performance improvement

I

TRAUMA 2 Trauma Outcomes
N P Y R Group

2 Prospective but not
randomised data

22 Level 1 units

0 2213 patients
1 645 received >10U

f. Auckland District Health Board
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ORIGINAL ARTICLE

High Ratios of Plasma and Platelets to Packed Red Blood Cells Do
Not Affect Mortality in Nonmassively Transfused Patients

Chitra N. Sambasivan, MD, Nicholas R. Kunio, MD, Prakash V. Nair, MS, Karen A. Zink, MD,
Joel E. Michalek, PhD, John B. Holcomb, MD, Martin A. Schreiber, MD, and the Trauma Outcomes Group

[' . Auckland District Health Board



Axixiaae

CONCORD

performance improvement

ORIGINAL ARTICLE

The Association of Blood Component Use Ratios With the Survival
of Massivelv Transfused Trauma Patients With and Without Severe

30 Day Survival by Platelet Ratio Groups 30 Day Survival by FFP Ratio Groups
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T |
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0 I PlateIetSLow 'Logrank test 0 - - FFPLOW Logrank test used to compare groups
I I I 1 I I 1 I T I I I i T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Days to Death from Admission Days to Death from Admission

Abbreviations: Platelets pign, Platelet:RBC > 1:2, Platelets jow, Platelet:RBC < 1:2; FFP igh, FFP:RBC > 1:2, FFP 0w, FFP:RBC < 1:2; TBI +,
Head Abbreviated Injury Score =3; TBI-, Head Abbreviated Injury Score <3; min

Figure 3. Kaplan-Meier curves for the =10 untis RBC in 24-hour groups.
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ADHB Adult Massive Transfusion Protocol (MTP)

Massive bleeding with either shock or

abnormal coagulopathy

Ensure delivery of X-match specimen
to Blood Bank

Give 3 Units O-neg or type specific RBC

Ring Blood Bank to
Activate Massive Transfusion Protocol

\%

REQUEST, DELIVER AND TRANSFUSE AS BELOW:
MTP BOX ONE Check Coags / Platelets /FBC
TXA 1G 2 Whole Blood or 2U RBC and 2U FFP ABGs / Ca*™

MTP BOX TWO
4 RBC
4 FFP

1 adult Platelets

MTP BOX THREE

4 RBC Check Coags / Platelets /FBC
4 FFP ABGs / Ca**

rVila + 3U Cryoprecipitate

90 mcg/kg

if indicated MTP BOX FOUR

4 RBC
4 FFP
1 adult Platelets

and alternate 3 &4... Check Coags / Platelets /FBC
ABGs / Ca**
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Review: Anti-fibrinolytic use for minimising perioperative allogeneic blood transfusion
Comparison: 2 Tranexamic Acid wersus Control (Elood Transfusion & Elood Loss)
Outcome: 11 Blood loss - Total

Study or subgroup THA Contral Mean Difference Weight Mean Difference
N M eaniSD) N MeaniSD) IV,Random,95% Cl IV,Random,95% Cl
1 Cardiac surgery
Isetta 1993 70 602 (562) 7o 1000 (736 — 7.0% -398.00[-614.93, -181.07]
Katoh 1337 62 437.5(143.78) 31 954 (846.2) e a— 5.9% -516.50 [ -B16.56, -216.44]
Unzaki 2001 [ 919 (365) [ 1369 (544) ——MF+—— 36% -450.00[-974.18, 74.18]
Subtotal (95% CI) 138 107 e 16.:4489.82 [ -606.50, -273.15 ]

Heterogeneity: Taw® = 0.0; Chi* = 0.40, df = 2 (F = 0.82); I =0.0%
Testfor overall effect: Z = 5.17 (P < 0.00001)

2 Orthopaedic surgery

Benoni 1996 43 730 (280) 43 1410 480 —— 7E% -6B0O.00[-8B46.09, -513.91]
Benoni 2001 18 759 (260.41) 20 996 (380.33) — 71% -237.00[-442.56, -31.44]
Ekback 2000 20 1130 400) 20 1770 (323 . — 6.0 % -640.00[-928.56, -351.44]
Garneti 2004 25 1443 (B09) 23 1340 (663 e e 46% 103.00[-307.51,513.51]
Hiipala 1995 15 847 (336) 13 1549 (574) +—%— 5.2 %702.00[-1062.30, -341.70]
Hiipala 1957 EE] B9 (289 38 1509 (643 +—8%— 6.9 %B82000([-1043. 66, -5396.34 ]
Husted 2003 20 B14 (12e4.92) 20 1231 (161747 = t 1.7 % -417.00[-1316.90, 482.90]
Jansen 1999 21 B7B (332) 21 1418 (g07) +—%—— 5.9 %741.00[-1041.11, -440.89]
Johansson 2005 47 969 (434) 53 1324 (5771 —— 7.2% -355.00[-553.81, -156.19]
Lemay 2004 20 1308 462) 19 1469 (405 —_— B.2% -161.00[-433.32,111.32]
Mizkanen 2005 19 792 (360) 20 1102 463.7) —_— 64% -310.00([-59.81, -50.19]
Orpen 2006 15 GED (296.15) 14 T26 (308.29) — 6.9 % -GG.00[-286.32,154.32]
Sorin 1999 21 678 (352) 21 1422 (637) +—%— 5.7 %744 00[-1055.27, -432.73]
Yamasaki 2004 20 1350 @477 20 1667 (401) s a— B.2% -317.00[-590.11, -43.89]
Subtotal (95% CI) 343 347 - $3.6489.51 [ -590.93, -288.09 |

Heterogeneity: Tau® = 60341.58; Chi* = 3846, df = 13 iP<0.00001); F =78%
Testfor overall effect: Z = 5.69 (P < 0.00001)

3 Liver surgery
¥assen 1993 10 6042 (3949) 10 12594 (11511) 0.0E552.00 [-14329.54, 1225.54]

Subtotal (95% CI) 10 10 -6632900 [ -14329.54, 1225.54 )
Heterogeneity: not applicable
Testfor overall effect: 2 = 1.65 (P = 0.099)

Total (95% CI) 491 464 - 100.0443.53 [ -572.08, -314.98 ]
Heterogeneity: Tau® = 49618.91; Chi* = 61.23, df = 17 iP<0.00001); *F =72%
Testfor overall effect: Z = 6.76 (P < 0.00001)

-1000 =500 1] 500 1000
Favours TXA Favours Contraol

Henry DA et al,. Anti-fibrinolytic use for minimising perioperative allogeneic blood transfusion. Cochrane

Database of Systematic Reviews 2007
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Effects of tranexamic acid on death, vascular occlusive > W k
events, and blood transfusion in trauma patients with

significant haemorrhage (CRASH-2): a randomised,
placebo-controlled trial 274 hospitals in 40

20,211 patients

CRASH-2 trial collaborators™ coun trIeS

Methods This randomised controlled trial was undertaken in 274 hospitals in 40 countries. 20211 adult trauma
patients with, or at risk of, significant bleeding were randomly assigned within 8 h of injury to either tranexamic acid
(loading dose 1 g over 10 min then infusion of 1 g over 8 h) or matching placebo. Randomisation was balanced by
centre, with an allocation sequence based on a block size of eight, generated with a computer random number
generator. Both participants and study staff (site investigators and trial coordinating centre staff) were masked to

treatment allocation. The primary outcome was death in hospital within 4 weeks of injury, and was described with the
following categories: bleeding, vascular occlusion (myocardial infarctio

multiorgan failure, head injury, and other. All analyses were by intention
ISRCTN86750102, Clinicaltrials.gov NCT00375258, and South African Clinical Tr1

stroke and pulmonary embolism),
t. This study is registered as
DOH-27-0607-1919.

LDeath at 4 weeks

Findings 10096 patients were allocated to tranexamic acid and 10115 to placebo, of whom 10060 and 10067, respectively,
were analysed. All-cause mortality was significantly reduced with tranexamic acid (1463 [14 - 5%] tranexamic acid group
vs 1613 [16- 0%] placebo group; relative risk 0-91, 95% CI 0-85-0-97; p=0-0035). The risk of death due to bleeding was
significantly reduced (489 [4-9%)] vs 574 [5-7%]; relative risk 0-85, 95% CI 0-76-0-96; p=0-0077).

Auckland District Health Board



Results

Tranexamic acid (n=10 060) Placebo (n=10067) RR (95% CI) p value (two-sided)
Any cause of death 1463 (14-5%) 1613 (16-0%) 0-91 (0-85-0-97) 0-0035
Bleeding 489 (4-9%) 574 (57%) 0-85 (0-76-0-96) 0-0077
Vascular acclusion® 33 (0-3%) 48 (0-5%) 0-69 (0-44-1-07) 0-096
Multiorgan failure 209 (2:1%) 233 (2:3%) 0.90 (0:75-1-08) 0-25
Head injury 603 (6-0%) 621 (6-2%) 0-97 (0-87-1-08) 0-60
Other causes 129 (1-3%) 137 (1-4%) 094 (0-74-1-20) 0-63

Q15% reduction in haemorrhagic death

A NN to avoid one hospital death 68

d Vascular occlusive events not increased



Male

2/3 blunt

Head injuries

Tranexamic acid (n=10093) Placebo (n=10114)
Sex
Men 8439 (83-6%) 8496 (84.0%)
Women 1654 (16-4%) 1617 (16.0%)
Not known 0 1(0.01%)
Age (years)
Mean (SD) 34-6(14-1) 34:5(14-4)
<25* 2783 (27-6%) 2855 (28-2%)
25-34 3012 (29-8%}) 3081 (30:5%)
35-44 1975 (19-6%) 1841 (18-2%)
>44 2321(23-0%) 2335(23-1%)
Not known 2(0-02%) 2(0:02%)
Time since injury (h)
Mean (SD) 2:8(2:2) 2:9(2:6)
=1 3756 (37-2%) 3722 (36:8%)
>1-53 3045 (30-2%) 3006 (29-7%)
>3t 3287 (32-6%) 3380(33-4%)
Not known 5(0-05%) 6(0-06%)
Type of injury
Blunt} 6812 (67-5%) 6843 (67.7%)
Penetrating 3281(32:5%) 3271(323%)
Systolic blood pressure (mm Hg)
s75 1566 (15:5%) 1608 (15:9%)
76-89 1615 (16.0%) 1697 (16-8%)
290 6901 (68-4%) 6791 (67-1%)
Not known 11(0-11%) 18 (0-18%)
Respiratory rate (per min)
<10 160 (1-6%) 149 (1.5%)
10-29 8355 (82-8%} 8436 (83-4%)
>29 1491(14.8%) 1429 (14-1%)
Not known 87 (0-86%) 100 {0-99%)
Central capillary refill time (s)
s2 3432 (34-0%) 3406 (337%)
34 4665 (46-2%) 4722 (46:7%)
>4 1699 (16-8%) 1672 (16:5%)
Not known 297 (2-9%) 314 (3-1%)
Heart rate (beats per min)
<77 875 (8-7%) 871(8.6%)
77-91 1727 (171%) 1770 {17:5%)
92-107 2556 (25:3%) 2546 (25:2%)
»107 4872 (48:3%) 4853 (48.0%)
Not known 63 (0-62%) 74 (0-73%)
Glasgow Coma Score (total)
Severe (3-8) 1799 (17-8%) 1839 (18-2%)
Moderate (9-12) 1353 (13-4%) 1351 (13-4%)
Mild (13-15) 6934 (68:7%) 6908 (68:3%)
Not known 7(0:07%) 16 (0-16%)
Any protocol violation 39(0-4%) 39(0-4%)



Mortality per day after injury

performance improvement

[ Deaths due to all other causes

1200
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10060) Placebo (n=10067) RR (952 Cl)

Vasc
Anyvasculdr occlusive event 168{1?%} 2(]1{2 0% 0-84 (0:68-1.02) 0084
Myaocardial infarction 35 (0-3%) GG (0-5%) 0-64 (0-42-0.97) 0-035
Stroke C7 (0-6%) 66 (0.7%) 0-86(0-61-1.23) 0-42
Pulmaonary embalism 72(07%) 71(0:7%) 1.01(073-1-41) 093
Deepvein thromhbosis AD (0-4%) A1(0-4%) 0-Q8 (0-63-1-.51) 0-01
Meed for transfusion and surgery
Blood product transfused COG7 (G0-4%) £160(51.3%) 0-Q8 (0.06-1.01) 021
ANy surgery 4814 (479%) 4836 (48.0%) 1.00 (0.07-1.03) 070
Meurosurgery 1040 (10-3%) 1050 {10E%) 098 (0-91-1.07) 0-67
Chest surgery 1C18 (1E.1%) 1625 (15-1%) 1.00(0-03-1.06) 0-01
Abdominal surgery 2487 (247 %) 2ELE (25.4%) 097 (0-93-102) 028
Pelvic surgery 683 (6.8%) 648 (5-4%] 1.06 (0-95-1.17) 0-31
Median (IQR] units of blood product transfused t 3(2-6) 3(2-6) 0-COf
Dependency
Mo sy mptoms 1483 (14.7%) 1334 (13.3%) 111{1.04-1-19) 00023
Minor symptoms 3054 (30.4%) 3061(30-4%) 1.00 (0-96-1.04) 0-04
Some restriction 2016 (20-0%) 2069 (20-6%) 0.497 (0-92-103) 0-36
Dependent (not requiring constant attention) 1294 {12.9%) 1373 (12.6%) 1.02 (0-95-1.00) 0-63
Fully dependent BO6 (65-9%) 676 (6:7%) 1.03 (093-1.14) 0.57

' sabili ol LA0.Co) A1 A%
Dead 1463 (14-5%) 1613 (16-0%) 0-91 (0-85-0-97) 0-0035

Data are number (%), unless otherwise indicated. Counts are for numbers of patients with at least one such event. RR=relative risk. *Includes both fatal and non-fatal events.
tTransfused patients only. $Analysis used logarithmic transformation of mean units of blood products transfused.

Table 3: Vascular occlusive events, need for transfusion and surgery, and level of dependency

f L
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UPDATE FROM TCC CRASHZ _

y L]

India 3,579 \

Colombla 1,991 A huge thank you to all our
Egypt 1,762
Nigeria 1,460 collaborators who have

Georgia 1,220 contributed to this total.
Ecuador 949
indonisis 661 We are on the home run -

Thailand 656 . less than 5,000 to go!

Cuba 478
Iraq 392 -
Mexico 368 - (
Peru 278 '
Malaysia 137 -
United Kingdom 109\~ “. .
Iran 105

Albania 103

Sri Lanka 88
Cameroon 72
Saudi Arabia 70
South Africa 69
Ghana 54

Italy 52

Argentina 45
Belgium 44

China 44

Zambia 43
Tanzania 41
Slovakia 31
Tunisia 25

Czech Republic 17
El Salvador 16

W LatinAmerica & Canada

Wi & SriLanky

u Middla Fast

m Alrica

W Lurope

W Far East

TOP RECRUITERS

Hospital Universitario San Vicente de Paul,
Colombia

Mataria Teaching Hospital, Egypt
Hospital Luis Vernaza, Ecuador

Suez Canal University, Egypt

Spain 15

Australia 12 Thilisi State University Clinical Hospital 'l

Japan 9 Javakhishvili', Georgia

::'"ada 2 ) National Hospital Abuja, Nigeria
ngapore

Serbia 1 Medical Trust Hospital Kochi, India

Auckland District Health Board
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What’s good

 Large
,'(‘ AAGLEN 0 Mortality endpoint
0 Well constructed
il  Safely profile confirmed

1 Makes sense

J Huge implications for
“third world”

...and us?

[' . Auckland District Health Board



What’s confusing?

performance improvement

J What 1s this group of
patients and is 16%
mortality OK?

d Who should we give it to
here?

J Where 1s its place with an
MTP and factor VIla?

1’ . Auckland District Health Board



CONCORD

performance improvement

ISS MTP
Shock
No Transfusion Focusedl Tx -
Tranexamic Acid >
/ \ Red Cells >
e |SS >16 Red
+ Lactate >2 x normal Cells P
« PT>15 plus FFP
O PUISe >120 Add Cryo or
° SyStO”C <90 fibrinogen _>
» Ongoing bleeding
\ / ?PCC
?Factor Vlla
?Factor XIII
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