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CRASH-3 Trial

Published online: 14 October 2019

* CRASH-1 trial?
* CRASH-2?
* CRASH-3..
* CRASH-4?

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 collaboratars*

Summary

Background Tranexamic acid reduces surgical bleeding and decreases mortality in patients with traumatic extracranial
bleeding. Intracranial bleeding is common after raumatic brain injury (TBI) and can cause brain herniation and
death. We aimed to assess the effects of tranexamic acid in patients with TBL

Methods This randomised, placebo-controlled trial was done in 175 hospitals in 29 countries. Adulis 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
CT scan, and no major extracranial bleeding were eligible. The time window for eligibility was originally 8 h but in
2016 the protocol was changed to limit recruitment to patients within 3 h of injury. This change was made blind 1o the
trial data, in response o external evidence suggesting that delayed treatment is unlikely 1o be effective. We randomly
assigned (1:1) patients o receive ranexamic acid (loading dose 1 g over 10 min then infusion of 1 g over 8 h) or
matching placebo. Patients were assigned by selecting a numbered treatment pack from a box containing eight packs
that were identical apart from the pack number. Patients, caregivers, and those assessing outcomes were masked to
allocation. The primary outcome was head injury-related death in hospital within 28 days of injury in patients treated
within 3 h of injury. We prespecified a sensitivity analysis that excluded patients with a GCS score of 3 and those with
bilateral unreactive pupils at baseline. All analyses were done by intention to treat. This trial was registered with
ISRCTN (ISRCTN15088122), ClinicalTrials.gov (NCT01402882), EudraCT (2011-00356%14), and the Pan African
Clinical Trial Registry (PACTRZ0121000441277).

Results Between July 20, 2012, and Jan 31, 2019, we randomly allocated 12 737 patients with TBI to receive ranexamic
acid (6406 [50-3%] or placebo [6331 [49-7%], of whom 9202 (72-29) patients were treated within 3 h of injury.
Among patients treated within 3 h of injury, the risk of head injury-related death was 18- 5% in the tranexamic acid
group versus 19-8% in the placebo group (855 s 892 events; risk ratio [RR] 0-94 [95% CI 0-86-1-02]). In the
prespecified sensitivity analysis that excluded patients with a GCS score of 3 or bilateral unreactive pupils at
baseline, the risk of head injury-related death was 12.5% in the tranexamic acid group versus 14-0% in the placebo
group (485 ws 525 events; RR 0.89 [95% CI 0-80-1-00]). The risk of head injury-related death reduced with
tranexamic acid in patients with mild-to-moderate head injury (RR 0-75 [95% CI 0-64-0-95]) but not in patients
with severe head injury (0-99 [95% CI 0-91-1-07]; p valie for heterogeneity 0-030). Early treatment was more
effective than was later treatment in patients with mild and moderate head injury {p=0-005) but time to reatment
had no obvious effect in patients with severe head injury (p=0-73). The risk of vascular occlusive events was similar
in the tranexamic acid and placebo groups (RR 0-98 (0-74-1-28). The risk of seizures was also similar between
groups {1-09 [95% CI 0.90-1.33]).
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e Does tranexamic acid work in
patients with TBI?

* RCT placebo controlled trial in 175
hospitals in 29 countries!

* Inclusion: Adults with moderate or

CRASH 3 trial severe TBI (GCS <12) within 3 hours of

injury or any haemorrhage on CT

e Excluded: major extracranial
haemorrhage

(Some changes to the study design
during recruitment)




Good randomisation and blinding

Intervention: 1gm tranexamic acid over 10 minutes followed by 1gm infusion over 8 hours
vs. matched placebo

Primary outcome: head injury related death by 28 days
Prespecified analysis that excluded GCS 3 or bilateral unreactive pupils

Secondary outcomes: lots- including safety outcomes



12737 patients randomly assigned

E

5

6406 allocated to tranexamic acid group
4649 randomly assigned within 3h

6331 allocated to placebo group
4553 randomly assigned within 3 h

-

.

£406 baseline data collected
4649 randomly assigned within 3h

6331 baseline data collected
4553 randomly assigned within 3h

-

-

6314 received loading dose

4576 randomly assigned within 3h
084 received maintenance dose

4308 randomly assigned within 3h

6247 received loading dose

4488 randomly assigned within 3h
5882 received maintenance dose

4191 randomly assigned within 3h

16 withdrew consent 24 withdrew consent
13 randomly assigned within 3h ) 19 randomly assigned within 3h
P 0 outcome data unavailable 18 outcome data unavailable
7 randomly assigned within 3h 14 randomly assigned within 3h
38 lost to follow-up 33 lost to follow-up
¥ 29 randomly assigned within 3h > 25 randomly assigned within 3h
h 4 h 4

6359 patients with outcome data
4613 randomly assigned within 3h

6280 patientswith outcome data
4514 randomly assigned within 3h

Figure 1: Trial profile




CRASH 3: participating countries

* Pakistan (4567)
* UK (3143)

* Malaysia (1567)
* Georgia (771)

e Spain (425)

* Nigeria (409)

* Colombia (335)
* Nepal (225)

* Albania (214)

* Japan (165)

* UAE (126)

* Myanmar (121)
 Cameroon (116)
* Afghanistan (87)
* Mexico (79)
 Italy (72)

* Irag (55)

e Cambodia (45)

e Zambia (44)
 Romania (35)
» El Salvador (28)
* Egypt (20)

* Slovenia (15)
* lreland (12)
 PNG (10)
 Canada (7)

* Jamaica (7)

* Indonesia (6)
* Kenya (1)



CRASH 3 results

Tranexamic acid Placebo Risk ratio (95% CI)

All 855/4613 (185%) 892/4514 (19-8%) 094 (0-86-1.02)

Excluding patients with GCSscoreof 3or  485/3880 (12.5%)  525/3757 (14-0%)  0-89 (0-80-1-00)
bilateral unreactive pupils*

GCS=Glasgow Coma Scale. *Prespecified sensitivity analysis.

Table 2: Effect of tranexamic acid on head injury-related death in patients randomly assigned within 3 h
of injury

* NNT 77 or 66
* No difference in safety outcomes
* Some limitations reported



CRASH 3 Trial:

e “..given the absence of any adverse effects in this trial, the
implications of wrongly concluding that tranexamic acid is
ineffective are likely to be far more consequential than are
those of wrongly concluding that tranexamic acid is effective.”




: “Our results show that tranexamic acid is
CRASH 3: safe in patients with TBI and that
Authors treatment within 3 hours of injury reduces

US] head injury-related death. Patients should
conciusion be treated as soon as possible.”




CRASH 3: Thoughts?



Can tranexamic acid (TXA) reduce
death from traumatic brain injury?

stopping blood clots from breaking down

CRASH 3 Trial

D 12,737 O™ 29

C@) Patients ,, Countries
- =3 =

TXA is a drug that prevents bleeding by nﬁ

Results

SISISISL

TXA could save 1 in 5 people who would have died
following a mild or moderate head injury

Time is vital - TXA is more effective the
earlier it is given

Every 20 minute delay leads to a 10%
reduction in effectiveness

TXA is safe to give, there's no evidence of
side effects and no increase in disability

g CRASH-3 Trial (2019)
CRAS}-@ Find out more at: crash3.Ishtm.ac.uk

Clinical Randomisation o an
Antifibrinolytic i Significant Head Injury ¢




High
sensitive

Troponin:
5 Nov 2019

Circulation

ORIGINAL RESEARCH ARTICLE

A Randomized Trial of a 1-Hour Troponin T
Protocol in Suspected Acute Coronary Syndromes

The Rapid Assessment of Possible Acute Coronary Syndrome in the Emergency
Department With High-Sensitivity Troponin T Study (RAPID-TnT)

BACKGROUND: High-sensitivity troponin assays promise earlier discrimination of Derek P. Chew, MBBS,

myocardial infarction. Yet, the benefits and harms of this improved discriminatory MPH, PhD
performance when incorporated within rapid testing protocols, with respect to Kristina Lambrakis, BSc
subsequent testing and clinical events, has not been evaluated in an in-practice Andrew Blyth, MBChB,
patient-level randomized study. This multicenter study evaluated the noninferiority PhD

of a 0/1-hour high-sensitivity cardiac troponin T (hs-cTnT) protocol in comparison Anil Seshadri, MBBS
with a 0/3-hour masked hs-cTnT protocol in patients with suspected acute Michael J.R. Edmonds,
coronary syndrome presenting to the emergency department (ED). MBBS

Tom Briffa, PhD
Louise A. Cullen, MBBS,
PhD

METHODS: Patients were randomly assigned to either a 0/1-hour hs-

cTnT protocol (reported to the limit of detection [<5 ng/L]) or masked hs-
rTnT rennrted tn <79 na/l evaliiated at N/3-hninirs (ctandard armY The 3N-dav



April 2011: Roche
5t generation hsTnT




» 5% generation Troponin “masked” and reported to <29ng/L

* State-wide chest pain protocol
* Troponin measured at baseline then at 3 (and/or 6) hours
* Admission if: positive troponin, ongoing chest pain, known CAD

* Discharge if: negative troponin, & outpatient functional testing if age >65 or >3 cardiac
risk factors. Otherwise GP follow up



What if...

ORIGINAL INVESTIGATION

HFEAITH CARE REFORM
One-Hour Rule-out and Rule-in of Acute Myocardial

Infarction Using High-Sensitivity Cardiac Troponin T
* Troponin at 0 and 1 hour (but at least >3 hours s s y P

after symptom onset)

, MD; Rup}u | Twer: "buin‘ MD; Miriam Rei r, '\ID

o Report troponin to <5ng/L Claudia S y ‘ - : L)S\hﬂ!'d MD:; (hmrum MmHu MD, FESC

: High-sensitivi i (609%) could b assified as
« Change protocol to: assays seem to improve the ea atients (17 4101 pa.
. . ardial inf: s 0 oW es ients asi e S ' e” within 1 hour.
* Rule out & discharge if <5ng/L ical practice. O ive was to de- | O esulted in a sensitivity and negative pre-
\tlop Jnd validate an algorithm l::l rapi .' e va g Fi : 0si-
* Rule out & discharge if <12ng/L and change in [EESEEEE tive predictive
— _ . rule-in, and a

troponin over 1 hour <3ng/L Methods: A pros

unselected pat

* Rulein & admit if >52ng/L or change >5ng/L the emer
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OtherS. 43 do ed patients a idate tients with acute chest pain. This novel s
i ts. The prims gnos 0 viate the need for d i

was death during 30 days of follo . sampling in 3 of

Results: Acute myocardial infarction was the final di- Arch Intern Med. 20



Population: Low risk patients suitable for discharge if ruled-out

Randomise patients to either strategy: 0/1 vs. standard protocol

Primary outcome measure: incidence of composite all-cause mortality or new Ml within 30
days

Secondary end points: representation, readmission, coronary revascularization, etc
Noninferiority margin was set for a number needed to harm of 200 (0.5%)

(Study ended enrolment in April 2019 due to lack of equipoise)






Results

3288 patients analysed and followed to 30 days
Median age 59
Median HEART score 3

Primary outcome: 1% miss in both arms (non-inferior)



Secondary outcomes

e Patients in the 0/1 hour arm more likely to be discharged from ED
45% vs. 32%

e LOS less in 0/1 hour arm - 4.6hr vs. 5.6hr
* 0/1 hour arm had less referral for functional testing (stress test etc)

* More patients in subgroup with initial troponin <29ng/L had greater
rate of coronary angiography (7.1% vs. 5.3%) and revascularisation
(2.5% vs. 1%)



Authors conclusion

CONCLUSIONS: This in-practice evaluation of a 0/1-hour hs-cTnT protocol
embedded in ED care enabled more rapid discharge of patients with suspected
acute coronary syndrome. Improving short-term outcomes among patients with
newly recognized troponin T elevation will require an evolution in management
strategies for these patients.




Thoughts?




Vitamin C for

Sepsis




[ Original Research Critical Care } é CHEST

CHEST 2017; 151(6):1229-1238

Hydrocortisone, Vitamin C, and Thiamine ®mm,k
for the Treatment of Severe Sepsis and

Septic Shock

A Retrospective Before-After Study poamm@

Faul E. Marik, MD, FCCP, Vikrarmjit Khangoora, MD,; Racguel Rivera, PharmD; Michael H. Hooper, MD,
e < ra Z e and John Catravas, PhD, FCCP
o 00

BACKGROUND: The global burden of sepsis is estimated as 15 to 19 million cases annually,
with a mortality rate approaching 60% in low-income countries.

METHODS: In this retrospective before-after clinical study, we compared the outcome
and clinical course of consecutive septic patients treated with intravenous vitamin C,
hydrocortisone, and thiamine during a 7-month period (treatment group) with a control
group treated in our ICU during the preceding 7 months. The primary outcome was hospital
survival. A propensity score was generated to adjust the primary outcome.

RESULTS: There were 47 patients in both treatment and control groups, with no significant
differences in baseline characteristics between the two groups. The hospital mortality was
8.5% (4 of 47) in the treatment group compared with 40.4% (19 of 47) in the control group
(P = .001). The propensity adjusted odds of mortality in the patients treated with the vitamin




Vit C deficiency common in sepsis

Plasma levels are associated with degree of
organ failure

Vitamin C has
to be good...

Plays a critical role in many physiologic
processes typically deranged in sepsis

Small trials and retrospective cohort studies of
vitamin C have demonstrated promising results
among patients with burns, sepsis, and septic
shock




JAMA | Preliminary Communication | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Vitamin C Infusion on Organ Failure and Biomarkers
of Inflammation and Vascular Injury in Patients With Sepsis
and Severe Acute Respiratory Failure

The CITRIS-ALI Randomized Clinical Trial

Alpha A. Fowler Ill, MD; Jonathon D. Truwit, MD; R. Duncan Hite, MD; Peter E. Morris, MD; Christine DeWilde, RN, PhD; Anna Priday, B5, M5;

Bernard Fisher, B5, M5; Leroy R. Thacker Il, PhD); Ramesh Matarajan, PhD; Donald F. Brophy, PharmD; Robin Sculthorpe, RPh; Rahul Manchal, MD;
Aamer Syed, MD; Jamie Sturgill, PhD; Greg 5. Martin, MD, M5c; Jonathan Sevransky, MD, MH5; Markos Kashiouris, MO, MPH; 5tella Hamman, BN, M5N;
Katherine F. Egan, BSN, RN, CCRC; Andrei Hastings, MD; Wendy Spencer, RN, CPN; Shawnda Tench, BBA, CCRP; Omar Mehkn, MD; James Bindas, MBA;
Abhijit Duggal, MD; leanette Graf, BS, CCRP; Stephanie Zellner, M5, CCRC; Lynda Yanmy, RN, B5N, CCRC; Catherine McPolin, RN, BSM, CCRP;

Tonya Hollrith, BT, MR; David Kramer, MD; Charles Ojielo, MD; Tessa Damm, DO; Evan Cassity, MS; Aleksandra Wieliczko, RN; Matthew Halguist, PhD

JAMA. 2018;322(13):1261-1270.

Visual Abstract

IMPORTANCE Experimental data suggest that intravenous vitamin C may attenuate [& Editorial page 1257
inflammation and vascular injury assocated with sepsis and acute respiratory distress
syndrome (ARDS). Supplemental content

OBJECTIVE To determine the effect of intravenous vitamin C infusion on organ failure scores
and biological markers of inflammation and vascular injury in patients with sepsis and ARDS.

DESIGN, SETTING, AND PARTICIPANTS The CITRIS-ALI trial was a randomized, double-blind,
placebo-controlled, multicenter trial conducted in 7 medical intensive care units in

the United States, enrolling patients (N = 167) with sepsis and ARDS present for less than
24 hours. The study was conducted from September 2014 to November 2017, and final
follow-up was January 2018.

INTERVENTIONS Patients were randomly assigned to receive intravenous infusion of vitamin
C (50 mg/kg in dextrose 5% in water, n = 84) or placebo (dextrose 5% in water only, n = 83)
every b hours for 96 hours.



Does Vitamin C help patients with severe sepsis

Th S q U eStIO ... and severe acute respiratory failure




Methods
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» 46 prespecified secondary outcomes




Results




Results

e 1262 patients screened

mSOFA score
e 170 patients randomised 20
* No difference in any primary g H
outcome 5 1.
L
1

il

[l

0
No. of patlents

Vitamin C 84
Placebao 83

18 96
Hours After Infusion
a0 81
73 af

168



Secondary outcomes

e 43 of the 46 outcomes were not
significantly different (p >0.05)

» 28 day mortality 46% vs. 30%
p=0.03)

* Between group difference 16%
[95% ClI, 2%-31%
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Figure 3. All-Cause Mortality From Randomization (Day O) to Day 28
Among Patients With Sepsis-Associated Acute Respiratory
Distress Syndrome

Treatment
period
B0
zehan-Breslow-Wilcoxon test, P=.01
HR, 0.55 (95% Cl, 0.33-0.90)

504
Placebo

40- 4|_|—'_rl_l
I_I_I_‘ Vitamin C

20+ o I_I_|—|

1L

I
0 7 14 21 28
Days Since Randomization

Overall Mortality Probability, %
Lad
=

Mo. at risk
Placebo 83 L9 53 47 45

Vitamin C 84 74 65 61 39



Author’s conclusion

CONCLUSIONS AND RELEVANCE In this preliminary study of patients with sepsis and ARDS,
a 96-hour infusion of vitamin C compared with placebo did not significantly improve organ
dysfunction scores or alter markers of inflammation and vascular injury. Further research is
needed to evaluate the potential role of vitamin C for other outcomes in sepsis and ARDS.
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Summary take home points

 Tranexamic acid for TBI?

* High sensitive troponin?

* Vitamin C for sepsis?



