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Introduction

« Randomized trials
 Coagulation analysis
 Endothelial biomarkers
 Complications

* Timing

 Biomarkers




Effects of tranexamic acid on death, disability, vascular
occlusive events and other morbidities in patients with
acute traumatic brain injury (CRASH-3): a randomised,
placebo-controlled trial

The CRASH-3 trial collaborators®

Summary

Background Tranexamic acid reduces surgical bleeding and decreases mortality in patients with traumatic extracranial
bleeding. Intracranial bleeding is common after traumatic brain injury (TBI) and can cause brain herniation and

death. We aimed to assess the effects of tranexamic acid in patients with TBI.

Methods This randomised, placebo-controlled trial was done in 175 hospitals in 29 countries. Adults with TBI who
were within 3 h of injury, had a Glasgow Coma Scale (GCS) score of 12 or lower or any intracranial bleeding on
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Survival Stratified by Severity

Tranexamicacid  Placebo RR {95% Cl)
(n=4613) (n=4514)
GCS
Mild to moderate 166/2846 (5.8%)  207/2769 (7.5%) <= 078 (0-64-0.95)
(9-15)
Severe 689/1739(39-6%) 685/1710 (40-1%) ———  099(0-51-1.07)
(3-8)
p=0-030
Pupil reactivity
Both react 440/3820(11.5%) 493/3728(13-2%) = 0-87 (0-77-0.98)
Any non-reactive  415/793(523%)  399/786 (50-8%) —l— 103(0:94-113)
p=0.032
Overall 855/4613 (18.5%) 892/4514 (19-8%) —T T 0-94 (0-86-1.02)
D-Ijr’S 0-|30 D-EIES D-‘I_l}D D-EIJS 1.0 1!1
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Stratification by Severity
and Time

Mild and moderate GCS score Severe GCS score
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Besearch

JAMA | Original Investigation

Effect of Out-of-Hospital Tranexamic Acid vs Placebo on 6-Month

Functional Neurologic Outcomes in Patients With Moderate
or Severe Traumatic Brain Injury

Susan E. Rowell, MD, MBA; Erc N. Meier, MS; Barbara McKnight, PhD; Delores Kannas, RN, M5, MHA; Susanne May, PhD- Kellie Sheehan, RN;
Eiteen M. Bulger, MD; Ahamed H. ldris, MD; im Christenson, MD; Laurie J. Morrison, MD; Rzlph ). Frascone, MDY, Patrick L. Bosarge, MD;

M. Riccardo Colella, DO, MPH; lay Johannigman, MD; Bryan A. Cotton, MD- Jeanme Callum, MD: Jason McMullan, MD; David 1. Dries, MD;

Brizn Tibbs, MD- Neal L Richmond, ME; Myron L. Weisfeldt, MD; Jobn M. Tallon, MD, MSc; John S. Garrett, MD; Martin D. Zielinsks, MD;

Tom P. Aufderheide, MD: Rajesh R. Gandhi, MD, PhD: Rob Schlamp; Bryce R. H. Robinson, MD: Jonathan Jui, MD, MPH: Lauren Klein, MD, MS:;
Candro Rizod, MD: Mark Gamber, DO; Michzel Fleming, BA; Jun Hwang, MS; Laura E Vincent, RN; Carolyn Willizms, RN; Audrey Hendrickson, MPH:
Robert Simonson, DO: Patricia Klotz, RN; George Sopko, MD: William Witham, MD; Michael Ferrara, M=: Martin A. Schreiber, MD

Rowell et al JAMA 2020;324:961-974. &Y LhaoMA
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Subject Selection

Inclusion Criteria

« Blunt or penetrating TBI

« GCS=3-12

* Prehospital SBP > 90 mmHg

« Age 215y/o, or 250 kg, if age
unknown

« |V placed

« Planned transport to
participating hospital

Exclusion Criteria

GCS =3 with no reactive pupill

> 2 hours from time of injury or time
unknown

Any prehospital CPR

Seizures, MI, stroke, dialysis
Known or suspected prisoners
Known/suspected pregnancy
Drowning or hanging

Burns >20% TBSA

TXA or pro-coagulant drug

Opt out ¥%¢) TRAUMA

Rowell et al JAMA 2020;324:961 - 974. 3 ™



Drug Administration

Table 1. Baseline Characteristics of Patients in a Study of the Effect of Tranexamic Acid vs Placebo on Neurologic Outcomes in Patients
With Traumatic Brain Injury (continued)

Bolus maintenance Bolus only Placebo

Characteristic (n=312) (n = 345) (n = 309)
Out-of-hospital study drug infusion

Time from injury to start of infusion, median (IQR), min® 43 (29-62) 40 (29-65) 41 (30-58)

Entire bolus infused, No. (%) 285(93) 327 (95) 290 (94)

No infusion-related deviations, No. (%)" 297 (95) 334 (97) 304 (98)
In-hospital study drug infusion

Started, No. (%) 254 (81) 297 (86) 244 (79)

Time to start of infusion, median (IQR), min’ 88 (60-130) 94 (65-134) 86 (60-120)

Entire bag infused, No. (%) 229 (73) 266 (77) 214 (69)

No infusion-related deviations, No. (%)" 295 (95) 335(97) 294 (95)

. TRAUMA
Rowell et al JAMA 2020;324:961 - 974. Center
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Survival

ICH patients through 30 days ICH patients through 72 hours
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Why Improved Outcomes?

Potential Explanations
* Inhibition of lysis
 Decreased bleeding
* Prevention of endotheliopathy

 Decreased cerebral edema — plasmin
mechanism

* Neuroprotection




Adverse Events

Treatment group, No. (%)?

Adjusted difference (95% CI)®

Bolus maintenance Bolus only Bolus only
Outcome Bolus maintenance  Bolus only Placebo vs placebo vs placebo vs bolus maintenance
Progression of intracranial 26 (17) 27 (15) 30 (20) -4.2(-13.0to4.6) -6.3(-14.4t01.7) -2.2(-9.91t05.6)
hemorrhage®-® (n=154) (n=178) (n=148)
Adverse events’ (n=312) (n = 345) (n = 309)
Seizure/seizure-like activity© 5(2) 17 (5) 7(2) -0.6(-2.8t01.6) 2.8(-0.1t05.6) 3.4(0.7to6.1)
Any thromboembolic event*© 13 (4) 31(9) 30(10) -5.8(-9.8t0o-1.8) -1.0(-5.4t03.4) 4.8(1.1t08.5)
Other adverse events®9 77 (25) 79 (23) 76 (25) -0.4(-7.1t06.2) -2.3(-8.8t04.3) -1.8(-8.3t04.6)

N\

Rowell et al JAMA 2020;324:961 - 974.



LY30 Breakdown

PCB(n=309)  BM (n=312) BO (n=345)

# % # % # %

Had LY30 measure at admission 240  78% 246 79% 261 76%
::ﬁo(va'ﬁ;'”"'ys's 148 62% 157 64% 165 63%
0.8-3% (normal) 56  23% 61  25% 65 25%
>3% 36 15% 28 11% 31  12%

§) TRAUMA ROC




D - Dimers and PAPs
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Endothelial Biomarkers

Median baseline marker levels in patients who received placebo versus TXA

Placehi TXA Early (<45 min}) Late (=45 minj
Marker [ Median [IQH] i Median [100] P Marker n Median |IR| " Median [IQR] P
Syndecan-1 129 2724 [219.7-373.1] 156 2546 [200.5-324.0] A5 Syndecan-1 7 2344 [200.1-293.3] E 1701 [201.1-258.0] A
ICAM-1 128 42 879K [31 552.3-66088.9] 155 434913 [32 198.0-58 1076] 45 ICAM-1 Th 404924 [30446.7-36903.7] 79 46502632 971.5-63 53584] .lé
VCAM-I 129 6] 2060 [47 63289 083.6] 156 &3 TIOO[49402.7-87 275.7] 36 VCAM-1 77 GIBOL B[4 RAEE-BAEDGL] 79 RIGTRO[49 133 T-870615] .0
Thrombomodulin 129 595.9 [514.1-T60.5] 156 5942 [505.4-T14.5] 14 Thrombomodulin 77 835 [4TH.4-T07 4] e 605.T [320.7-723.3] A2
Thrombospondin-2 - 129 2055 T[1537.9-2 TRT.1] 156 | 9759 [1456.0-2642.5] n Thrombospondie-2 - 77 195491 363.0-2 §20.8] 79 I 99141 516.9-2 5946.0) b
Angiopoietin- | 129 477.7 [303.9-876.2] 155 4828 [2849.1-695 3] 23 Angiopoictin-| 77 3713 [266.7-690.9] 78 5326 [346.2-TRE.6) A
Angiopoetin-2 129 1442 [103.3-196.0] 156 1504 [ 106.6-190.0] R Angiopoietin-2 77 1426 [94.0-171.8] e 1554 [111.3-211.3] A3

%¢) TRAUMA

Center

Anderson et al J Head Trauma Rehab 2020;35:317 — 323.
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2022 EAST Quick SHot

Tranexamic acid is not inferior to placebo with respect to adverse
events in suspected traumatic brain injury patients not in shock
with a normal head computed tomography scan: A retrospective
study of a randomized trial

Jordan W. Harmer, BS, Elizabeth N. Dewey, MS, Eric N. Meier, MS, Susan E. Rowell, MD, MCR,
and Martin A. Schreiber, MD, FACS, FCCM, Portland, Oregon

065) TRAUMA
Harmer et al. JTACS 2022;93:98 — 105. Genfer
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Trial Population
P enrolled participants
I disenrolled {police custody)

A

v

Unknown TCH status
26 participants
5 Bolus-only
Il Bolus-maintenance
10 Placebo

4

v

TCH om initial CT
545 participants
197 Bolus-only

177 Balus-maintenance
171 Placeho

Mo ICH on initial CT
395 participanis

|

;
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Bolus=only

143 panicipanis
Diichotomous data: Incidence
M 2143

PE: 37143

CWA: 20143

DVT: 17143

Seizure: 9143

F0S-E =4 D 557131
CalhE-E < 4 fm: 23/100
Infection: W43
Hypematremia: 20143
Cerehral vasospasm: (V143
ARDS: 2145

Eenal failure: 2/143

AR 27143

Liver failure; [/143

Cardiae filare: 17143
Cardiac arrest: [/143
Mortality 28d- 401 3%
Mortality dm: &/ 100

Amy thromboembalism: &/ 143
Ordinal data; # participants
Horspatal-free days: 133
ICU-free days: 133
Ventilator-free days: 133

All dichotomons outcomes: 143

.
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Bolus=maintenance
124 participants
Dichetomous date: Incidence
MI: 17124

PE: 27124

CWVA V124

DVT: (K124

Seimure; 07124

GOS-E =<4 D 39011
GOS-E < 4 tin: 12290
Infection: %124
Hypematremia: /124

Cerebral vasosposm: (V124
ARDS: 4124

Reenal failure: 07124

AR 4124

Liver failwre: (1]24

Cardiac failure; 07124

Curdine arrestz 17124
Mortality 28d; 21123
Mortality Gm: 3490

Any thromboembolism: 37124
Ordinal data: # participants
Hospital-free days: |10
ICU-free days: |10
WVentilawg-free days: 110

AlR dichomomous outcomes: 124

J
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128 participants

Dichotomous data: Incidence
M V128

PE: 1/128

CVA: 5128

DVT: 17128

Seirure: 3128

GOS-E =4 DC: 49119
GOS-E = 4 tm: 22108
Infection: 11/128
Hypematremia: /128
Cerchral vasospasm; 1/128
ARDS: 4/128

Renal falure: 07128

AKL: 37128

Liver failure: (Wi 2R

Cardine Failure: 17128
Cardiac arest; 27128
Mortality 28d: 07124
Mortality 6m: 3/ 108

Any thromboembolsm: 6128
Ordinal data: # participants
Hospital-free days: 121
ICU-Free days: 121
Wentilaior-free days: 121

All dichotomous suteomes: |28
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The Effects of Timing of Prehospital Tranexamic
Acid on Outcomes after Traumatic Brain Injury;

Sub Analysis of a Randomized Controlled Trial

Alex Brito
1/14/22

Brito AMP et al. JTACS 2022;Sep 23. PMID: 3613835.



: Pooled Dosing
Patient

blepilereogiles - <45 min (n =354) 245 min (n = 295) P

Race (Percent) <0.001
American Indian 2.2 0.4
6.1 1.6
BIack/A.frlcan = 10
American
66.3 86.8
0.6 0.4

Brito AMP et al. JTACS 2022;Sep 23. PMID: 3613835.



Characteristicsmme< L1 >45 min P

GCS by EMS 9+/-3 7+/-3 0.13
GCS
- 9+/-3 7+/-3 0.04
Presentation
Max Head
+/-2 +/-2 .54
Injury (AIS) <K/ ) 0-5
Inj S i
njury Severity 17+/-14 17+/-13 0.48
Score
Rotterd
SR 34/-1 3+/-1 0.89

Score

Brito AMP et al. JTACS 2022;Sep 23. PMID: 3613835.



Characteristics <45 min

Csmn

>45 min P

Prehospital
Advanced 29.9% 73.2% <0.001
Airway

Advanced
Airway Placed
(Irrespective of
location)

60.5 % 80.7 % <0.001

Brito AMP et al. JTACS 2022;Sep 23. PMID: 3613835.



Pooled Dosing

<45 min 245 min p

seuures [MRE 7 oons

Acute Kidney

Sequelae

4.5 1.7 0.043

Injury

Renal Failure 0.6 0.7 0.855

Brito AMP et al. JTACS 2022;Sep 23. PMID: 3613835.



Pooled Dosing
Sequelae

<45 min >45 min P
SIGMmEe 5.9 7.5 0.437
embolic Events
L) 1.4 1.4 0.951
Embolism
Thrombotic
Cerebrovascula 2 3.1 0.38
r Accident
D :
eep Vein 0.8 3.4 0.021

Thrombosis

Vasospasm

Brito AMP et al. JTACS 2022;Sep 23. PMID: 3613835.




Biomarker Predictability

| Trauma Acute Care Sung
Valume B9, Number T

Anderson er al

TABLE 2B. p Values for Testing Additional Predictive Value of Biomarkers

G-Month  6-Month

Initial Scan Marshall 5+ 6 Marshall > 1 Progression  48-h Mortality 28-Day Mortality GOS-E=4 DRS 27

ICH on Mass Lesion: ICH
Muodels Being Companred
PH vs. PH + LICH-LI 002 0258 (1501 0424
PH vs. PH + MAP-2 =001 LR .1 i1l
PH vs. PH + GFAP =1.001 0.1l LR (100
PH vs. PH + all hiomarkers =101 0.3 0.135 n07E
PH + UCH-L1 vs, PH + all hiomarkers <0001 0.2 1] M5
PH + MAP-2 vs. FH + nll bsomarkers =001 042 024 iy
PH + GFAF vs. PH + all biomarkers 0584 031 0336 04579

0205
L4033
<L
=1L
<0001
=L {H
167

0024
(100
<1100
<A1
=101
=100
0967

(026
(002
<L
<TLOH
=1 ]
=1}
926

in.11%8
.01
=XM1
=101
<11 (M1
<1.(M11
.365

Anderson et al. JTACS 2020;89:80 — 86.
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Biomarkers

« GFAP, UCH -L1, MAP - 2 measured
serially

* No effect of TXA on biomarker levels

 Biomarkers most closely associated
with AIS head and age

 Associated with mortality






