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TRAUMA MEDICAL REVIEW COMMITTEE

COMMITTEE MEETING MINUTES - (Approved)
JUNE 15, 2016

Members Present: Reto Baertschiger, MD; Kathy Bizarro-Thunberg,
FACHE; Gary Curcio, MD; Doreen Gilligan, RN; Mark
Hastings, RN; Peter Hedberg, MD; Ryan Hickey, NRP;
Tony Maggio, EMT; Eric Martin, MD; Rick Murphy,
MD; Scott Schuler, NRP; and Jennifer Weymouth, DO
(12)

Members Absent: Kenneth Call, MD; Lucas Kolm, MD(Ed); Shawn
Riley, EMTP; and Alf Rylander, RN, NRP (4)

Bureau Staff: Director Deborah Pendergast, Deputy Chief Jon
Bouffard; Captain Vicki Blanchard; and June Connor,
Administrative Assistant (minutes)

Guests: Lynn Chabot, RN; Kayleigh Farrell, RN; Bruce
Goldthwaite, Captain; Don Johnson, DMD (retired);
Hilary Hawkins, RN; Janet Houston, EMSC; Michael
Kelley, RN, NRP; Kyle Madigan, RN; Matthew Petrin,
OTR/L; Mary Reidy, RN; Adam Rembisz, RN; Debra
Samaha, RN; Christina Swanberry, and Sean Ellbeg,
EMS Coord.

NOTE: “Action items” are in bold red.
l. Call to Order

The meeting was called to order by Dr. Murphy at 9:35AM on Wednesday,
June 15, 2016 at the Richard M. Flynn Fire Academy in Concord, NH.
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Item 1. Introductions

All attendees introduced themselves, and it was determined that there was
a quorum present with 10 voting members; 2 more members arrived later
on in the meeting, bringing the quorum up to 12.

Item 2. Minutes

Motion made by Tony Maggio; seconded by Scott Schuler—to accept
the minutes, as written, from the April 20, 2016 meeting; passed
unanimously.

Il.  Sub-Committee and Member Reports
Item 1. Hospital Designation Sub-Committee

e Mary Reidy thanked Janet Houston for putting together a “cheat
sheet” on Pediatric Designations and Adult Trauma Centers. The
primary focus is on how to designate hospitals as Pediatric Trauma
Centers (Level 111/ 1V) when they are seeking ACS verification.
The solution is to send a reviewer from the state to go through the
state pediatric checklist at the time of the ACS site review.

e Hospitals up for review:

* Portsmouth — ACS review took place in April; awaiting final
report. Portsmouth’s provisional Level 11 goes until January,
2017. Doreen Gilligan challenged the basis for the
provisional status remaining in place, and Dr. Murphy
reiterated the importance of waiting for the final report from
the ACS as recommended by Dr. Sutton, the lead reviewer.

* St. Joseph — The report was presented to the sub-committee
which is recommending that St. Joseph get its full assignment
as a Level 111 adult and pediatric hospital. Dr. Hedberg stated
that he was very impressed with the site visit and hopes to
incorporate some of what St. Joseph’s does at Wentworth-
Douglass.

* A motion was made by Eric Martin; seconded by Gary
Curcio - to grant St. Joseph Hospital designation as a NH
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Level 11l adult and pediatric hospital for a term of 3 years,
expiring on July 22, 2018; passed unanimously.
e Standardizing the entire review process — a checklist is also
needed for the reviewers. The sub-committee will work on this over
the next few months.

Item 2. Education Sub-Committee

e Doreen Gilligan reported that the “Save the Date” card will go out
today (June 15™) for the Trauma Conference in November. The pre-
conference session on the 17" conflicts with an all-day EMS board
strategic plan meeting being held at the Academy; Doreen is
working on a solution.

e Director Pendergast will be speaking at the conference. Doreen is
still looking for other speakers, so please direct your
recommendations to her as soon as possible.

e Doreen also reported that just under $3,000, leftover from last year,
will be carried forward for this year. The plan is to break even as
much as possible.

e Doreen stated her intent to leave the committee within the next 2
years. She requested assistance with this year’s conference in order
to make a smooth transition. Jon Bouffard said that a BEMS staff
person will be assigned to this task.

Item 3. Pre-Hospital Sub-Committee

e The sub-committee met this morning, and Ryan Hickey reported that
the committee’s goal is to make sure that pre-hospital providers in
NH have all of the knowledge and training that is needed to make
the best triage and transport decisions for their patients.

e The list of hospital capabilities is nearly complete.

e The committee would like to develop a NHOODLE training
program for all providers on how to appropriately use the
information on the list. Joint training should also be developed for
EMS coordinators, ED medical directors, and EMS providers.
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e The help of the pre-hospital committee has been requested by the
protocol committee on reviewing the triage transport protocol and
the air medical transport protocol. Over the next 2 months, the PH
committee will review supporting documentation and make
evidence-based recommendations. Vicki will also send the group
any relevant information they need.

e Dr. Murphy stated that one of his goals was to inspire more
confidence in the hospital community to commit to the designation
process and more confidence on the part of providers to get patients
to the right care facilities; in so doing, he asked that the committee
come up with a way to gauge the level of the problem. Surveying
EMS providers would give the hospitals good feedback. Scott
Schuler and Jon Bouffard will come up with a plan for a survey.

Item 4. Coordinating Board Report
e Captain Vicki Blanchard summarized the last CB meeting, held on

May 19, 2016. Highlights of the meeting included:

* Legislative updates were given on HB 1594 (background checks
& definition of “patient”), HB 1586 (impersonation bill), and HB
1131(ambulance marking bill). The EMS Rule updates are at
legal for formatting.

* Grants for a new ambulance, infection control, Narcan training,
and an EMS system evaluation are in process. FEMA also just
formally awarded the Division monies for a trauma mannequin, a
new state-of-the-art cardiac monitor, and a hydraulic stretcher.

* Captain Shawn Jackson resigned from the EMS Education
section.

* The simulation program and the coordinator position have
been updated and the position has been posted.

* The BEMS is in the process of re-organizing to better match its
core functions.

* The board will be talking more about cancer awareness; their
support will be needed for presumptive legislation this coming
fall.
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* A best practice document is in process from the Drug Diversion
sub-committee.

* The CB voted in support of a firefighter level of licensure
similar to that of law enforcement.

* The Data Advisory Committee will be focusing next on best
practice and quality assurance topics so that the data collected
will mirror the standards that are set.

* The members of the CB discussed the need for updating EMS
regional roles. EMS region chairs/vice chairs will be invited to
meet with some members of the CB.

* An “informed consent” sub-committee was set up to delve into
the issue of protection/liability for providers who encounter
patients who refuse to be transported.

e Here is the link to the draft of the minutes from the meeting:
http://www.nh.gov/safety/divisions/fstems/ems/boards/coordinating/cbminutes.html

e The members of the CB voted to cancel the July 21* meeting, so
the next CB meeting will be held on September 15, 2016 from
1:00PM to 3:00PM at the Richard M. Flynn Fire Academy.

e Scott Schuler volunteered to represent the TMRC on the CB.

A motion was made by Peter Hedberg; seconded by Kathy
Bizarro-Thunberg — to nominate Scott Schuler as the TMRC
appointee to the Coordinating Board; passed unanimously.
A letter will be sent to Governor Hassan.

Item 5. Medical Control Board Report
¢ Vicki Blanchard summarized the MCB meeting held on May 19,

2016. Highlights of the meeting, apart from the same topics

covered at the CB meeting, included the following:

* There will be an online cardiac arrest course roll-out this
summer; the MCB voted to make a change to the cardiac arrest
protocol to be in line with the Seattle program.

* The following protocols were discussed by the MCB:
Congestive heart failure, Abuse and neglect, Infection control,
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Communication, Communication failure, DNR, Capnography,
Restraints, Tourniquet, Burns, and Drowning.

* Dr. Douglas McVicar resigned from the MCB after serving
since 1982! He received a certificate and many thanks from the
members of the MCB.

e Here is the link to the draft of the minutes from the MCB meeting:
http://www.nh.gov/safety/divisions/fstems/ems/boards/medicalcontrol/mbminutes.html

e Unlike the CB, which voted to cancel their July 21% meeting, the
MCB will meet on July 21, 2016 from 9:00AM to 12:00PM at the
Richard M. Flynn Fire Academy.

Item 6. Injury Prevention Report (see attachment)
e Debra Samaha presented a report which is attached to these minutes.
e She also talked about the “Pool Safely” program and brought in
handouts for the TMRC members.
e A lengthy discussion ensued on ways to move injury
prevention/trauma issues forward:
* One recommendation is to know who your NH legislators are so
that when legislation comes up, you can contact them easily.
Here is the link to obtain this information:
http://www.gencourt.state.nh.us/house/members/wml.aspx
* Legislators also need to be informed way in advance about issues
that will come before them as legislation; building relationships
IS very important.
* Eric Martin suggested that it could be useful to have an advocacy
sub-committee.
* Advocacy groups, like the seatbelt coalition, can also be invited
to present to the TMRC.

Item 7. Rehabilitation Report

Matthew Petrin spoke about care paths for those who have falls, etc. Most
fall patients are told to go home and then make an appointment with their
PCP. These same patients often do not follow this advice and wind up
back in the ED. To deal with this problem, New London Hospital now has


http://www.nh.gov/safety/divisions/fstems/ems/boards/medicalcontrol/mbminutes.html
http://www.poolsafely.gov/
http://www.gencourt.state.nh.us/house/members/wml.aspx

State of New Hampshire
Department of Safety

Division of Fire Standards and Training & Emergency Medical Services
Richard M. Flynn Fire Academy
98 Smokey Bear Boulevard, Concord, New Hampshire
Mailing Address: 33 Hazen Drive, Concord, New Hampshire 03305-0002

John J. Barthelmes Deborah A. Pendergast
Commissioner Director

standing orders that patients who have fallen automatically get referrals to
physical therapy, and all follow-up goes to the PCP. Mr. Petrin will watch
as this program develops and hopes that the results will encourage other
hospitals to model what New London is doing. Hilary Hawkins
commented that something similar was done at Dartmouth Hitchcock, but
a huge volume of referrals overburdened their system; DH is trying to
figure out a better way to deal with the referrals.

The 57 bed nursing home at New London Hospital can no longer sustain
itself; the board is voting today (June 15™) on whether or not it will be shut
down. (POST MEETING NOTE: The Valley News reported that New
London Hospital’s board of trustees voted unanimously to close the
William P. Clough Extended Care Center by October 1.)

Item 8. Medical Examiner
Alf Rylander was not present and did not submit a report.

I11. Bureau Report
Item 1. Trauma Registry
435 patients are in the registry, submitted by 3 Level Ill hospitals. Dr.
Weymouth added that she was approached by a company called Data
Analytics, made up of some young people out of Harvard who are
interested in doing some pro bono work involving medical data. Chip
Cooper is the contact person for the state.

Item 2. Items of Interest
(done during the Coordinating Board report)

IV. Old Business
Item 1. Membership of the TMRC
At this time, TMRC membership is in good standing. This item can be
taken off of the agenda for the next meeting.
(POST MEETING NOTE: Dr. John Seidner resigned from the TMRC.
He represented the American College of Emergency Physicians; a
replacement will be needed.)
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Item 2. Comprehensive Trauma System Evaluation

A billing issue is being worked out. Director Pendergast reported that
Commissioner Barthelmes is in favor of getting this report out to the public
when it is received. Hopefully, the report can be a topic covered at the
Trauma Conference in November.

Item 3. Newsletter

Vicki Blanchard only received 2 submissions. Others will arrive soon!
The next issue should contain a link for people to be able to provide
feedback.

V. New Business
Item 1. TXA Protocol
The protocol committee is working on the TXA protocol. Published
studies were forwarded to the members of the TMRC. Eric Martin will
review the data and make a recommendation to the TMRC at the next
meeting; others who are interested should contact Dr. Martin.

Item 2: TEMSIS data dictionary

This is a list of all of the pre-hospital data fields that are currently in
TEMSIS. It was sent out so that people could get an idea as to what data is
being collected and ask for reports accordingly. The Falls Task Force, for
example, has requested and used this data. It was suggested that Chip
Cooper come to the next meeting to explain the information in the
dictionary so that people know what they are looking at. Dashboards were
discussed. Once Chip gives his report to the TMRC at the next meeting on
August 17" (put on agenda), the committee will decide how to proceed.

It was suggested that the data topic should be presented at the Trauma
Conference.

Dr. Weymouth will help the BEMS get in touch with the people at
Data Analytics and will also ask them to come to the next meeting.
Kathy Bizarro-Thunberg asked that the BEMS research what other
states do for trauma dashboards.
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NEMSIS has a detailed website with an elaborate pediatric trauma
dashboard that is available to the public:
https://nemsis.org/dashboards/pediatricdashpub.htm

Dr. Weymouth is now the “data czar”!

V1. Public Comment
No public comment.

VIl. Next Meeting and Adjournment — August 17, 2016 (9:30-11:00AM)
Motion made by Kathy Bizarro-Thunberg; seconded by Jennifer
Weymouth — to adjourn the meeting at 11:05AM; passed unanimously.

e The TMRC meetings are usually held on the third Wednesday of the
even months.
e Remaining TMRC schedule: October 19, and December 21, 2016.

Respectfully Submitted,

Rick Murphy, MD
TMRC Chair

Prepared by June Connor (june.connor@dos.nh.gov)
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DEVELOPMENT OF A PRE-HOSPITAL TRANEXAMIC ACID ADMINISTRATION
PROTOCOL

David S. Strosberg, MD, Michelle C. Nguyen, MD, Lisa Mostafavifar, PharmD, Howard Mell,
MD, MPH, David C. Evans, MD

ABSTRACT

Objective: Early administration of tranexamic acid (TXA)
has been shown to reduce all-cause mortality and death sec-
ondary to trauma. Our objective was to develop a collabo-
rative pre-hospital TXA administration protocol between a
ground EMS and academic medical center. Methods: Physi-
cians, pharmacists, and EMS and fire department person-
nel developed a prehospital TXA administration protocol
between a local fire and EMS center with a Midwest ter-
tiary care health system based on results from the CRASH-
2 Trial. The protocol was initiated March 27, 2013 and the
first dose of TXA was administered in September 2013.
Results: Since September 2013, nineteen trauma patients re-
ceived TXA. Survival rate was 89% (17/19); 2 patients ex-
pired immediately following arrival to the trauma bay. Seven
patients did not receive the in-hospital maintenance dose
due to the following: 3/7 (43%) due to miscommunication
of pre-TXA administration; 2/7 (29%) did not meet inclusion
criteria for TXA protocol; 1/7 (14%) due to protocol noncom-
pliance; 1/7 (14%) due to a chaotic situation with an unstable
patient. Conclusions: Prehospital TXA protocol based on the
CRASH-2 trial is safe and feasible. The first dose of TXA ad-
ministered under this protocol marks the first ground EMS
administration in the USA. Conceivably, this will pose as a
model to other trauma centers that receive patients from out-
lying areas without immediate access to care. Large multi-
institutional analyses need to be performed to evaluate sur-
vival benefits of prehospital TXA administration protocol.
Key words: prehospital trauma care; tranexamic acid
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INTRODUCTION

Trauma is a leading cause of morbidity and mortality
worldwide.!? Unintentional injury, excluding suicide
or homicide, is the leading cause of death in individ-
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uals under age 54! with hemorrhage as the principle
cause of death in 30% of those patients.?

The lethal triad, defined as the combination of
coagulopathy, hypothermia, and acidosis, are omi-
nous findings in the trauma patient. Coagulopathy in
trauma has traditionally been thought to be multi-
factorial, resulting from hemodilution, hypothermia,
tissue injury, organ hypoperfusion, and consumption
of platelets and clotting factors. Recent evidence has
described an “acute coagulopathy of trauma,” char-
acterized by systemic anticoagulation involving acti-
vation of the protein C pathway and hyperfibrinoly-
sis by inactivation of plasminogen activator inhibitor.*
Accordingly, well-described high fresh frozen plasma
to packed red blood cell transfusion ratio (greater
than 1:1.5) is associated with a significantly lower risk
of mortality.” Additionally, recombinant Factor Vlla
(rFVIIa), a procoagulant, has also been shown to re-
duce blood product use; however, did not affect mor-
tality compared with placebo in major trauma.® In
this context, we will discuss the feasibility of antifib-
rinolytic tranexamic acid (TXA) usage in the trauma
setting and our development of a collaborative prehos-
pital administration protocol between a ground emer-
gency medical services (EMS) and an academic medi-
cal center.

Tranexamic acid (TXA)

Tranexamic acid (TXA) is an antifibrinolytic that has
been used to control bleeding in a variety of popu-
lations including trauma patients. TXA was first rec-
ognized in 1966, with the first clinical trial reporting
its use to control menstrual bleeding in 1968. It was
described in managing hemorrhage following dental
procedures in patients with hemophilia in 1972. Since
then, subsequent studies has described TXA use in nu-
merous clinical settings including genitourinary, gyne-
cological, and oral surgery to reduce bleeding.®

Derived from the amino acid lysine, TXA inhibits
both plasminogen activation and plasmin activity to
prevent clot breakdown. The fibrinolytic pathway in-
volves plasminogen binding to lysine residues on fib-
rin. TXA acts as a competitive inhibitor by occupy-
ing lysine binding sites on plasminogen, thereby block-
ing the interaction of lysine bound plasminogen with
fibrin.?
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The mechanism of hyperfibrinolysis in the acute co-
agulopathy of trauma is not well understood. Ele-
vated levels of tissue plasminogen activator (tPA) anti-
gen have been observed in patients with disseminated
intravascular coagulation following trauma.” Using
thrombelastography, a recent study found deactivation
of plasminogen activator inhibitor type 1 (PAI-1) oc-
curs following trauma by complexation to an acute
systemic increase in tPA.8 Furthermore, TXA has been
shown to reverse coagulopathy in the in vitro setting,
further supporting the theory of tPA dysregulation in
trauma.’

The landmark trial entitled “Clinical Randomiza-
tion of an Antifibrinolytic in Significant Hemorrhage
2”7 or CRASH-2 tested the safety and efficacy of
tranexamic acid in trauma resuscitation for those with
massive hemorrhage.!’ This prospective, randomized
control trial showed that TXA reduced all-cause mor-
tality (p = 0.0035) and death as a result of bleeding (p
= 0.0077), providing level I evidence supporting its use
in selected trauma patients.3 Furthermore, the “Mili-
tary Application of Tranexamic Acid in Trauma Emer-
gency Resuscitation” (MATTERs) study found the use
of TXA with transfusion based resuscitation following
military trauma resulted in improved parameters of
coagulopathy and survival.l!

Protocol Details

The Ohio State University Wexner Medical Center
Institutional Review Board determined this to be ex-
empt from research. A prehospital TXA administra-
tion protocol was developed between the Newark Di-
vision of Fire and EMS (Newark, Ohio) and OSUWMC
Level I Trauma Center (Columbus, Ohio) (Figure 1).
The protocol applies only to patients transported from
the scene of the injury, rather than inter-hospital trans-
fer. Newark, Ohio is approximately 40 miles from OS-
UWMC, with up to 1 hour transit time to the medical
center.

The decision to treat with TXA is made in the pre-
hospital setting by Newark EMS using predefined in-
clusion and exclusion criteria, similar to that of the
CRASH-2 trial. Patients are first identified as poten-
tial candidates if meeting trauma criteria based on
the State of Ohio Trauma Guidelines following blunt
or penetrating injury.!? Patients are included if time
of injury was less than 3 hours from administration
in addition to life threatening hemorrhage requiring
either blood products or massive transfusion proto-
col. EMS officials are trained to recognize evidence
of hemorrhagic shock, including delayed capillary re-
fill, cool, and pale diaphoretic skin, alteration of vi-
tal signs (tachycardia, decreased systolic blood pres-
sure with narrowing pulse pressure), and altered level
of consciousness.’> The age of the patient must be
18 years or older, with no upper age limit. Patients

PREHOSPITAL EMERGENCY CARE 2016  EARLY ONLINE

are excluded from receiving TXA if suspected to have
isolated head injury, known allergy to TXA, or active
intravascular clotting (e.g., known deep venous throm-
boembolism (DVT) or pulmonary embolism (PE)).
EMS are trained to suspect head injury if there is a
decrease in level of consciousness from the victim’s
baseline, unequal pupils, blurred vision, severe or per-
sistent headache, nausea or vomiting, or other change
in neurological status.!? Patients who are less than
18 years of age, or if it unclear if the injury occurred
more than 3 hours prior, are also ineligible to receive
TXA per our protocol.

If the patient meets inclusion criteria, he/she will
first receive a bolus dose in the field, followed by TXA
maintenance infusion after reaching the medical cen-
ter. The bolus dose of 1 g TXA, which comes as a 10-
mL ampule, is mixed in a 50-mL 0.9% sodium chlo-
ride (bag) and delivered through a 10 drip tubing line
over 10 minutes. No pump is required for bolus dos-
ing; the rate is adjusted to 1 drop per second to deliver
1 mL every 10 seconds or 60 mL over 10 minutes. Ad-
ministration does, however, require a designated line.
Recipients will then be identified by wristband, verbal
communication, and EMS run sheet, and transferred to
the OSUWMC.

Upon arrival to trauma bay, the trauma surgeon or
emergency department physician will order the main-
tenance dose of TXA given the patient still meets in-
clusion criteria. The pharmacist is responsible for ex-
pediting the delivery of TXA to the trauma bay and
emergency department nursing staff is responsible for
charting and administering the medication.

DISCUSSION

The collaborative administration protocol between
Newark Division of Fire and EMS and OSUWMC was
initiated on March 27, 2013, and the first dose of TXA
was administered in September 2013. To the best of our
knowledge, this marks the first ground EMS admin-
istration of TXA in the U.S. Prehospital TXA admin-
istration via aircraft EMS has been performed by the
helicopter service “Mayo One” at the Mayo Clinic in
Rochester, Minnesota since July 2012, as well as several
different agencies in the U.S. and abroad.'® The Study
of Tranexamic Acid during Air Medical Prehospital
transport (STAAMP) trial is currently being launched;
this is a multicenter randomized clinical trial to deter-
mine the effect of prehospital TXA infusion during air
medical transport on 30-day mortality.'*

Extensive collaboration between the prehospital and
hospital providers was necessary to facilitate protocol
activation. The State of Ohio Board of Pharmacy
approved TXA as a Limited Category Three, allowing
the drug to be stocked and carried on emergency
medical transport vehicles. EMS personnel were
given educational material including the overview
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INclusion Criteria for use of Tranexamic Acid:

1. Time of injury < 3 hours AND
2. Patient has life-threatening hemorrhage requiring blood products OR
3. Patients requiring massive transfusion protocol

1. Isolated head injury

2. Time of injury > 3 hours.

3. Allergy to Tranexamic Acid
4

Exclusion Criteria for use of Tranexamic Acid:

(Any of the following would exclude the patient from receiving Tranexamic Acid)

Active Intravascular Clotting (known DVT, PE)

If meets criteria 2 Adult dose administered in field

Bolus dose: 1 gram mixed in 50cc IV bag connected to 10gtts/ml administration set, and
administered over 10 minutes (1 drop per second)
[Recipients will be identified by wristband, verbal communication, or EMS run sheet]

medication to the trauma bay

Transfer to Trauma Center
1. Physician to order maintenance dose, 1 gram IVPB of tranexamic acid over 8 hours (70
mL/hr), labeled “Tranexamic Acid for Trauma Patients” in electronic ordering system
2. Infusion will be made in the inpatient pharmacy STAT hood
3. Pharmacy technician/pharmacist will be responsible for delivering the STAT
4. Medication to be administered by emergency room nursing staff

Administration: Must be infused on an IV pump by selecting basic infusion

Compatibility: 0.9% Sodium Chloride ONLY, NOT compatible with any other medication

FIGURE 1. TXA protocol in adult trauma patients (age >18 years).

of the indications and usage for tranexamic acid, the
CRASH-2 trial, and instructions on the newly devel-
oped protocol. Tranexamic acid was an existing drug
on formulary at OSUWMC. Collaboration with the
Information Technology Department and Department
of Pharmacy led to the creation of a new order set
within the electronic medical system specifically for
TXA maintenance dosing. The Department of Phar-
macy and the Medication Safety Committee played

an integral role in the development of the in-hospital
portion of the protocol.

There were some barriers in the development and
implementation of this protocol. From a design stand-
point, the biggest obstacle was ensuring the second
(hospital) dose. Administration of the first in-field dose
requires a commitment to a minimum of an 8 hour stay
for the second dose to be given. Unique to any other
pre-arrival protocol (including suspected ST elevation
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myocardial infarction, cerebrovascular accident), this
protocol cannot be aborted upon arrival to the emer-
gency department, unless clear contraindications are
identified or the patient did not meet initial inclusion
criteria. As a result, not all trauma centers may agree
to participate in this protocol in the future. Another
barrier to the protocol execution is the extended deliv-
ery time to the trauma bay, as TXA needs to be com-
pounded in the pharmacy.

The CRASH-2 trial demonstrated most benefit when
administration of TXA occurred within 3 hours of
injury, prompting the specific aforementioned inclu-
sion/exclusion criteria. Although there were no dif-
ference in rates of vascular occlusive events (includ-
ing myocardial infarction, stroke, DVT, or PE) in
CRASH-2, a retrospective look at CRASH-2 demon-
strated that delayed treatment could be potentially
harmful.’®

The benefits of TXA use, as illustrated in the CRASH-
2 and MATTERs trial, includes reduced all-cause mor-
tality, death as a result of bleeding, and improved
parameters of coagulopathy and survival. The MAT-
TERS trial provides retrospective evidence that sup-
ports TXA use in combat and can be translated
to local severe trauma; however, this has not been
studied.

TXA is relatively inexpensive. According to the
CRASH-2 trial, the current U.S. Department of Defense
formulary costs approximately $39.12 per 10 mL vial
containing 1g TXA. Comparatively, the mean acquisi-
tion cost of 1 unit of packed red blood cells was cited as
$210.74, and mean charge to the patient $343.63 USD.!¢
Using data collected from the CRASH-2 trial, a cost
effectiveness analysis showed early administration of
TXA to be highly cost effective in low, middle, and
high-income settings."”

TXA is shelf stable, allowing it to be stored at room
temperature. Administration does not require special
equipment other than IV access. Additionally, there
are few contraindications, including isolated traumatic
brain injury. Those who would benefit most from pre-
hospital TXA administration are those in rural ar-
eas in the U.S,, including rural Ohio, where transport
times are high and blood products are not immediately
available. Tranexamic acid was included in the World
Health Organization list of essential medicines in 2009,
although not approved for blood loss associated with
trauma.!®

There are limitations to this protocol in addition
to the previously described exclusion criteria. Pre-
liminary evidence from CRASH-3 suggests that trau-
matic brain injury may be a relative contraindication.!’
A systematic review of prehospital clinical guideline
practices did not find a benefit with the use of hemo-
static drugs including TXA after isolated severe trau-
matic brain injury?’ Administration may be limited
in urban and suburban areas, where transport times
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are shorter and adequate massive transfusion prac-
tices have been developed. Additionally, patients in
the CRASH-2 trial were often from developing coun-
tries where barriers included major time delays to def-
inite care and limited transfusion practices. However,
in a large city such as Columbus, resources are avail-
able to deliver the patient to the trauma center prior
to the completion of the initial bolus dose. Further-
more, CRASH-2 was implemented before contempo-
rary transfusion practices in trauma such as the 1 to 1
transfusion ratios of packed red blood cells and fresh
frozen plasma.

Currently, our institution is maintaining a post-
protocol surveillance program to continuously track
the use and complications of TXA administration for
quality analysis. Every case was initially reviewed by
the medical director of Newark Fire Department and
the trauma medical director of OSUWMC. The first
6 cases were reviewed in real time and direct feed-
back was provided to EMS officials within 24 hours.
All trauma patients who receive TXA through this pro-
tocol are identified, recorded in a prospective trauma
registry, and outcomes are reviewed at institutional
trauma quality conferences at 6 month intervals. Ad-
ditionally, TXA use is now included in routine post
trauma follow-up with EMS.

At the time this article was written, 19 patients have
received TXA using this described protocol. In total,
17 patients survived and 2 expired immediately after
arrival. One patient was 16 years of age, although esti-
mated to be older by EMS personnel. 7 patients did not
receive the hospital dose; in 3 cases the trauma team
was unaware of field TXA administration, in 2 cases
the dose was deferred as the patient did not meet ini-
tial inclusion criteria, and 1 instance where the trauma
team was not aware that the TXA protocol required a
second dose. There was an additional episode where
the hospital dose was missed in a chaotic situation
with an unstable patient; however, the authors believe
that the field TXA dose contributed to the patient’s sur-
vival. Continuing quality review and improved com-
munication will improve the efficacy of our protocol,
and the higher likelihood that the hospital dose is ad-
ministered. Conceivably, this will pose as a model to
other trauma centers who receive patients from outly-
ing areas without immediate access to care.
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NH TMRC /Injury Prevention Update
June 2016

1. Child Passenger Safety Update- This month the Child Passenger Safety Program Manager is leaving for
retirement. We are recruiting for this full time position at:
http://careers.dartmouth-hitchcock.org/search jobs/dh jobs.html

There will be a child passenger safety restraint observation study going on during July/August. If you
are a CPS technician and would like to participate there will be a training on June 23 at 7pm at the
National Safety Council office, 2 Whitney Road in Concord. Financial stipend is available. There will be a
four day CPS Training in August. Contact Tom Leach at Thomas.D.Leach@dartmouth.edu.

2. Safe Kids 500- Several hundred children and their families attended May 4, 2016 at
NH Motor Speedway. Thanks to all volunteers. Special thanks to S&W Sports and

e i
SAVE THE DATEM!

OO PPN PO

the Bike Walk alliance for providing free bike safety checks. Surveys of those having
bikes checked showed that 67% received improvements and 82% would not of had
a bike safety check this year if not for this event. Golden Cross Ambulance provided

on-track EMS support, Capital Area Medical Reserve Corps provided the first aid e v

station. NH Healthy Families, Fire Marshal’s Office, Convenient MD and Elliot Hospital provided
educational resources and support for helmet checks noting that 38% of those who had a helmet check
needed improvements made on their helmets to increase safety.

3. NH Traffic Safety Conference was held in Meredith NH. Approximately 200 in attendance. Highlights
included distracted and impaired driving, teen efforts in NH, innovative data systems in Conn., etc.

4. The NH Seat Belt Challenge for high school students was held on May 17" at Police Standards and
Training in Concord. Winning team was Souhegan Sabers with a time of 34 seconds. Yes, folks, it took
four teenagers 34 seconds to rotate four seating positions ina car and buckle up. So if someone tells

é! you it takes too much time you can quote this NH specific data

point.

5.  SafeKids NH continues to meet quarterly in Concord at
DH-Concord site. All are welcome. Next meeting is September
13th at 1:30pm. Tentative speaker is Fish and Game’s Captain
Wimsatt on ATV education in NH.

6. Aformer trauma registrar whose son died by suicide has
successfully advocated for improvements to the Quechee Bridge
in Vermont. Regina Ann Cooper worked diligently to support legislation that was just signed by the
Vermont Governor last week. This legislation will provide bridge enhancements to increase safety for
EMS who responds to these tragedies and provide positive messaging and resources to help prevent
suicide. The annual NH suicide conference date has been set for Friday November 4th, Please save the
date.
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Editor’s Note: Emergency physicians must often make
decisions about patient management without clear-cut data
of sufficient quality to support clinical guidelines or
evidence-based reviews. Topics in the Best Available
Evidence section must be relevant to emergency
physicians, are formally peer reviewed, and must have a
sufficient literature base to draw a reasonable conclusion
but not such a large literature base that a traditional
“evidence-based” review, meta-analysis, or systematic
review can be performed.

Tranexamic acid is an inexpensive antifibrinolytic that has
been shown to reduce the need for blood transfusions in routine
surgery.’ It was recently hypothesized that administration of
tranexamic acid to trauma patients would decrease mortality in
this population. We searched the literature to determine whether
any studies have demonstrated this mortality reduction and which
patients would most benefit from tranexamic acid administration.
We found 4 articles demonstrating an overall mortality benefit in
trauma patients who were treated with tranexamic acid. We
recommend early treatment with tranexamic acid in trauma
patients without isolated brain injuries who have or are at risk for
significant hemorrhage and in patients who receive resuscitation
with blood products, particularly if they require massive
transfusion or have a high risk of death at baseline.

Trauma is the sixth leading cause of death worldwide
and the leading cause of death in persons aged 15 to
45 years. The primary and secondary causes of traumatic
death are central nervous system injury and exsanguination,
respectively.” In the face of massive hemorrhage, the coagulation
system responds by initiating the breakdown of blood clots
(fibrinolysis), which can become pathologic (hyperﬁbrinolysis).3
Tranexamic acid is a synthetic antifibrinolytic structurally similar
to the amino acid lysine. It inhibits fibrinolysis by blocking the
lysine-binding sites on plasminogen, thus preventing its
conversion to plasmin.” Tranexamic acid may have the potential
to minimize trauma-induced coagulopathy by inhibiting
fibrinolysis, thereby reducing blood loss and preventing death
from acute hemorrhage. An alternative hypothesis is that
tranexamic acid acts to mitigate the systemic anti-inflammatory
response to massive hemorrhage.” This article will serve to answer
the question of whether tranexamic acid prevents death in
patients with acute traumatic injury.

SEARCH STRATEGY

An advanced PubMed search was performed using the key
words “tranexamic acid AND trauma,” limited to the English
language, which yielded 219 research articles. The Cochrane
Collaboration was searched for “trauma AND tranexamic acid”
and yielded 11 articles. Each citation was reviewed for relevance
to the clinical question. Only original published research articles
specifically examining mortality and tranexamic acid were chosen
for analysis. We identified 4 original research articles that directly
addressed our question, 3 of which analyze different aspects of
a single large data set published by the Clinical Randomization of
an Antifibrinolytic in Significant Haemorrhage (CRASH-2) Trial
Collaborators.” Our literature search also yielded a Cochrane
review summarizing the effects of various antifibrinolytic drugs
on injured patients. This review will not be discussed here
because it relies exclusively on data from the CRASH-2 study
and an unpublished study of patients with moderate to severe
brain injury.”

ARTICLE SUMMARIES
CRASH-2°

This was a double-blind, prospective, randomized, placebo-
controlled trial in 274 hospitals in 40 countries enrolling 20,211
adult trauma patients with or at risk of significant bleeding.
Patients were randomly given either a standard dose of
tranexamic acid (n=10,060) or matched placebo (n=10,067)
within 8 hours of injury. The primary outcome was inhospital
death within 4 weeks and was further divided into death caused
by bleeding, vascular occlusion (pulmonary embolism, stroke, or
myocardial infarction), multiorgan failure, head injury, and
other. Results of the primary outcomes were subdivided into 4
baseline characteristics: (1) estimated hours since injury, (2)
systolic blood pressure, (3) Glasgow Coma Scale (GCS) score,
and (4) type of injury (blunt versus penetrating), with baseline
patient characteristics evenly matched between the 2 arms.

All-cause mortality was significantly reduced in the tranexamic
acid group compared with the placebo group (risk ratio [RR]=
0.91; 95% confidence interval [CI] 0.85 to 0.97; P=.004). The
risk of death caused by bleeding was also significantly reduced
with tranexamic acid compared with placebo (RR=0.85; 95% CI
0.76 to 0.96; P=.008) and was particularly apparent for risk of
death caused by bleeding on the day of randomization
(RR=0.80; 95% CI 0.68 to 0.93; P=.004). There was no
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increase in fatal vascular occlusive events or in deaths caused by
multiorgan failure, head injury, or other.

There was no significant heterogeneity in all-cause mortality
between the prespecified subgroups (hours since injury, systolic
blood pressure, GCS score, or type of injury). However, in an
exploratory analysis of patients who died because of bleeding
(n=1,063; 35% of all deaths), there was a time-dependent
relationship between administration of tranexamic acid and
mortality. Specifically, treatment with tranexamic acid significantly
reduced the likelihood of death caused by bleeding if administered
within 3 hours of injury (RR=0.72; 95% CI 0.63 to 0.83;
P<.001). However, if treatment was given later than 3 hours
postinjury, there was an increased risk of death caused by bleeding
(RR=1.44; 95% CI 1.12 to 1.84; P=.004).” The authors
concluded that tranexamic acid safely reduces the risk of death in
bleeding trauma patients if given within 3 hours of injury.

Roberts et al’

This was a prespecified analysis of the CRASH-2 trial data to
determine how the effects of treatment with tranexamic acid vary
according to a trauma patient’s baseline risk of death. The study
used a previously developed and validated prognostic model for
risk of death because of trauma and stratified CRASH-2 patients
whose treatment was initiated within 3 hours of injury into 4
baseline mortality groups (<6%, 6% to 20%, 21% to 50%, and
>50%). The authors then examined the effects of tranexamic
acid versus placebo on all-cause mortality, deaths from bleeding,
and thrombotic events (fatal and nonfatal pulmonary embolism,
myocardial infarction, deep vein thrombosis, and stroke) within
these strata.

In each baseline risk of death, there were fewer total deaths
and fewer deaths caused by bleeding in the tranexamic acid arm
versus the placebo arm, although the effect was not significant in
the lowest-risk group. For all-cause mortality, the number needed
to treat in the highest-risk group was 18; in the lowest-risk group,
269. Intermediate-risk groups had numbers needed to treat
that fell between these 2 values. There was no evidence of
heterogeneity in the effect of tranexamic acid between subgroups
on all-cause mortality (P=.96), on deaths from bleeding
(P=.98), or on thrombotic events (P=.74). These authors
concluded that tranexamic acid may be safely administered to a
wide spectrum of patients with traumatic bleeding and should
not be restricted to the most severely injured patients, although
the mortality benefit appears to be more pronounced in those
with a higher baseline risk of death.

CRASH-2 Intracranial Bleeding Study'’

This was a prospective, double-blind, randomized, placebo-
controlled trial nested within the CRASH-2 trial to quantify the
effect of tranexamic acid on intracranial hemorrhage in patients
with traumatic brain injury. The trial included 270 patients
from 10 hospitals in India and Colombia who fulfilled the
inclusion criteria for CRASH-2 and also had traumatic brain
injury (GCS score <14 and a brain computed tomography [CT]
result with evidence of traumatic brain injury). Each patient

received 2 brain CT scans, the first before randomization and
the second 24 to 48 hours after he or she was randomized to
receive either a standard dose of tranexamic acid (n=133) or
matched placebo (n=137), according to the CRASH-2
algorithm. A single blinded radiologist read each brain CT
twice and compared the size of intraparenchymal hemorrhages,
hemorrhagic contusions, subdural epidural hematomas,
subarachnoid hemorrhage, ischemic lesions, mass effect, and
overall amount of tissue damage, using previously validated
scales. The primary outcome was total hemorrhage growth
from the first to the second scan.

The mean total hemorrhage growth in the tranexamic
acid group was 5.9 mL (SD 26.8 mL) and in the placebo group,
8.1 mL (SD 29.2 mL), which correlates with no significant
reduction in hemorrhage size. The authors concluded there was
no evidence for moderate benefit or moderate harmful effect
while treating patients with traumatic brain injury with
tranexamic acid, noting relatively wide Cls, which might suggest
the need for further research.

Morrison et al''

This was a retrospective, observational, cohort study enrolling
896 trauma patients who received at least 1 unit of packed
RBC:s after admission to a single surgical hospital at Camp
Bastion in southern Afghanistan after combat-related injury.
Enrollment took place from January 1, 2009, to December 31,
2010. Before 2010, tranexamic acid was administered at the
discretion of the treating physician. After 2010, tranexamic
acid had been incorporated into a “major hemorrhage protocol”
and was administered in a standard dose to patients requiring
emergency blood products or to patients with evidence of
hyperfibrinolysis, which was defined as a prothrombin time
greater than 18 seconds or an activated partial thromboplastic
time greater than 55 seconds. Patients who received 10 or more
units of packed RBCs within 24 hours were classified into a
massive transfusion cohort. Patients were divided into those who
received tranexamic acid within 1 hour of injury (tranexamic
acid; n=293) and those who did not receive tranexamic acid
(no tranexamic acid; n=603) and further subdivided into the
massive transfusion cohort that received tranexamic acid
(n=125) and the one that did not receive tranexamic acid
(n=196). The primary outcome was 24- and 48-hour and
inhospital mortality. The baseline characteristics of each group
were not evenly matched, with the tranexamic acid group
having significantly higher Injury Severity Scores, lower Revised
Trauma Scores, and a higher percentage of patients with severe
extremity injury, depressed GCS, and hypotension.

In the overall cohort, the absolute reduction in inhospital
mortality for the tranexamic acid group was 6.5%, whereas the
absolute reduction in the tranexamic acid massive transfusion
cohort group was 13.7%, which corresponds with a relative
reduction of 49%. A multivariate logistic regression analysis
demonstrated that, within the main cohort, a GCS score less
than or equal to 8, hypotension, and coagulopathy at admission
were independently associated with mortality. In the massive
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transfusion cohort, a GCS score less than or equal to 8 and
Injury Severity Score of 15 were independently associated with
mortality, whereas administration of tranexamic acid was
independently associated with survival (odds ratio=7.228; 95%
CI 3.016 to 17.322). Kaplan-Meier survival curves showed
better 30-day survival with tranexamic acid versus no tranexamic
acid in both the overall (P=.006) and the massive transfusion
cohort (P=.004). The authors concluded that the use of
tranexamic acid after combat injuries improves survival among
all patients requiring blood transfusions and most prominently
among patients requiring massive transfusion. There were
inherent weaknesses in this retrospective observational study,
including a shift in practice patterns midway through the
enrollment period from nonprotocolized to protocolized
medicine. This change may reflect a general improvement in the
management of trauma patients, independent of the
administration of tranexamic acid.

BOTTOM LINE

According to the available evidence, tranexamic acid has been
shown to significantly decrease mortality in bleeding trauma
patients, with no significant increase in serious prothrombotic
complications if administered within 3 hours of injury. There is,
however, no evidence of benefit in patients with traumatic brain
injury. As such, we recommend early treatment with tranexamic
acid in trauma patients without isolated brain injuries who have
or are at risk for significant hemorrhage and in patients who
receive resuscitation with blood products, particularly if they
require massive transfusion or have a high risk of death at
baseline.
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The use of tranexamic acid may reduce the risk of death in bleeding
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Results

Outcomes in patients treated with
tranexamic acid versus placebo.’

Number
Relative Risk Needed

Outcome (95% Cl) to Treat
All-cause mortality 0.90 (0.85-0.97) 68
Death caused by bleeding* 0.85 (0.76-0.96) NA
Vascular occlusive events* 0.84 (0.68-1.02) NA

NA, Not applicable.
*Based on data only from the CRASH-2 trial.

Only 2 trials (N=20,451) were included
that compared tranexamic acid with pla-
cebo. The Clinical Randomization of an
Antifibrinolytic in Significant Hemor-
rhage 2 (CRASH-2) trial comprised the
majority of the patients (N=20,211) and
was responsible for 99% of the weighted
effect estimate. In this large multinational
study, trauma patients older than 16 years
and presenting within 8 hours of injury
with significant hemorrhage (systolic
blood pressure <90 mm Hg, pulse rate
>110 beats/min, or both) or considered
to be at risk of significant hemorrhage
were eligible for the trial. Tranexamic
acid was administered intravenously as a
loading dose of 1 g over 10 minutes, fol-
lowed by an intravenous infusion of 1 g
over 8 hours." The risk of bias was graded
as low for the large CRASH-2 trial, but the
risk of bias in the smaller trial by Yut
thakasemsunt et al® (N=240) was un-
clear because data were available only

from an abstract when the Cochrane re-
view was conducted.

The authors estimated a 10% relative risk
reduction for mortality without an in-
creased risk of vascular occlusive events
or increased need for blood products or
surgical intervention; the absolute risk re-
duction in the large CRASH-2 trail was
approximately 1.5%, with an estimated
number needed to treat of 68.

Only 2 older trials compared the effects
of aprotinin versus placebo. Auer et al®
randomized 20 subjects and then en-
rolled an additional 5 patients to the apro-
tinin group; it was not possible to sepa-
rate the nonrandomized patient data
from the randomized data. McMichan et
al* performed a randomized controlled
trial including 77 patients that demon-
strated no difference in mortality be-
tween aprotinin and placebo. Aprotinin
was removed from the US market in
2007 because of safety concerns.’

Commentary

Trauma is a leading cause of death world-
wide, with approximately 4 million
deaths annually.® Tranexamic acid is in-
expensive and easy to use and, when
given early, may reduce mortality. Ac-
cording to the British National Formulary
in 2009, a gram of tranexamic acid costs
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Indications

extraction.

Contraindications

Summary of FDA Information on Tranexamic Acid*

Patients with hemophilia for short-term use (2 to 8
days) to reduce or prevent hemorrhage and reduce the
need for replacement therapy during and after tooth

Patients with subarachnoid hemorrhage, active
intravascular clotting, or a known hypersensitivity to
tranexamic acid. It should also not be used for patients
with acquired defective color vision because this is a
method of evaluating tranexamic acid toxicity. No
retinal changes have been observed in patients treated
with tranexamic acid, but visual abnormalities are the
most common adverse reaction reported in Sweden,
and regular ophthalmologic examinations are
recommended during treatment.

*For a full monograph of tranexamic acid from the FDA,
see htep://www.accessdata.fda.gov/scripts/cder/drugsatfda/
index.cfm?fuseaction==Search.DrugDerails.

$5.70. The CRASH-2 collaborators pub-
lished a cost-effectiveness analysis show-
ing that the administration of tranexamic
acid is cost-effective across low-, middle-,
and highincome countries.” A recent
Lancet article from the CRASH-2 collabo-
rators concludes that the benefits of
tranexamic acid are observed only when
the drug is administered in the first 3
hours after trauma.® Although the results
from these 2 trials are promising, most of
the data come from 1 large study that
enrolled most of the subjects in develop-
ing countries, so the applicability to
North America is uncertain; tranexamic
acid has not been approved by the Food
and Drug Administration (FDA) for treat-
ment of traumatic injury (Figure).9 The
authors of the Cochrane review were
also the authors of the CRASH-2 study, so

there may exist some intellectual conflict
of interest.
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SPECIAL COMMENTARY

Should antifibrinolytics be given in all patients

In view of this efficacy and safety of this relatively cheap and simple drug, it may be recommended to put
tranexamic acid in the first (maybe even prehospital) line of management of patients with severe traumatic

URRENT
PINION
| ]
with trauma?
Marcel Levi
Purpose of review
Hemorrhage is the second most important cause of death in patients with trauma, contributing to
approximately 30% of trauma-related mortality. Pharmacological prohemostatic agents may be useful
adjunctive treatment options in patients with severe blood loss.
Recent findings
Tranexamic acid was evaluated in a large international randomized controlled study in patients with
trauma and severe blood loss. The drug was shown to reduce death due to bleeding, provided the
treatment was given within 3 h after injury. Tranexamic acid treatment did not result in serious adverse
events nor thrombotic complications.
Summary
hemorrhage.
Keywords
antifibrinolytics, hemorrhage, prohemostatic drugs, tranexamic acid, trauma
INTRODUCTION

Bleeding is a frequently occurring clinical problem.
A substantial number of hospital admissions in
medical wards is related to bleeding and peri-
operative bleeding is one of the most frequent com-
plications of surgery [1™]. Bleeding is of particular
importance in trauma and is the second most
important cause of death in trauma patients,
contributing to approximately 30% of trauma-
related mortality [2]. Trauma-related coagulopathy
proceeds via a myriad of mechanisms, including loss
of factors and platelets due to massive bleeding,
acidosis and hypothermia further compromising
the coagulation system, dysregulation of mediatory
pathways, such as the activated protein C system
and fibrinolysis, and systemic activation of throm-
bin generation [3"].

Management of bleeding consists of local
control measures to retain adequate circulation,
and proper transfusion procedures [4]. In addition
to these strategies, prohemostatic treatment may,
in some cases, support the treatment of (severe)
bleeding. Pharmacological agents that are capable
of promoting hemostasis or fibrin formation, or
can block fibrinolytic activity, may interfere in
the balance between activation of coagulation and

0952-7907 © 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

physiological anticoagulation. This strategy may be
useful in the prevention and treatment of bleeding
in patients with coagulation defects but also in
patients with an a priori normal coagulation system,
who experience severe (postoperative) bleeding or
are to undergo procedures known to be associated
with major blood loss [5].

The safety of prohemostatic therapy also deserves
some consideration. Interfering in the balance
between coagulant and anticoagulant mechanisms
can indeed result in undesirable adverse effects.
The best illustration may be the higher risk of bleed-
ing in patients receiving anticoagulant therapy.
Conversely, prohemostatic agents may, at least
theoretically, predispose for thrombotic compli-
cations. The occurrence of such complications are
fortunately relatively rare. Obviously, the expected
benefit of the application of prohemostatic agents
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KEY POINTS

e Bleeding is of particular importance in trauma and is
the second most important cause of death in trauma
patients, contributing to approximately 30% of trauma-
related mortality.

e Prohemostatic strategies, including antifibrinolytic
agents, may support the treatment of severe bleeding in
frauma patients.

e Randomized controlled trials showed a reduction of
mortality in patients with major trauma and with, or at
risk of, severe hemorrhage that received the
antifibrinolytic agent tranexamic acid.

e Tranexamic acid is remarkably well tolerated in
patients with frauma and is not associated with
thrombotic complications or other adverse events.

e It has been calculated that universal use of tranexamic
acid may result in the aversion of death in more than
70000 trauma patients each year worldwide.

in distinct clinical situations should be balanced
with the risk of thrombosis in that particular patient
population.

Prohemostatic treatment can interfere with
the coagulation system or promote primary hemo-
stasis [1™%,6—8]. One of the best studied prohemo-
static interventions is antifibrinolytic treatment.
Recently, the use of the antifibrinolytic agent
tranexamic acid was shown to reduce mortality
in trauma patients with excessive blood loss in a
large international controlled multicenter trial [9].
We will briefly report on the findings in this trial and
subsequently try to answer the question whether
all patients with trauma should be treated with
tranexamic acid.

ANTIFIBRINOLYTIC TREATMENT IN
TRAUMA

Agents that exert antifibrinolytic activity are
aprotinin and the group of lysine analogues [10].
Lysine analogues, that is, e-aminocaproic acid and
tranexamic acid are potent inhibitors of fibrinolysis
[10]. The antifibrinolytic action of lysine analogues
is based on the competitive binding of these
agents to the lysine-binding sites of a fibrin clot,
thereby competing with the binding of plasmino-
gen. Impaired plasminogen binding to fibrin delays
the conversion of plasminogen to plasmin and
subsequent plasmin-mediated fibrinolysis, which
then proceeds at an inefficient and slow rate.
Subtle molecular variations between different lysine
analogues may have important consequences for

2 www.co-anesthesiology.com

their fibrinolysis-inhibiting capacity. Indeed, tran-
examic acid (Cyklokapron, Pfizer, New York, NY,
USA) is at least 10 times more potent than e-amino-
caproic acid (Amicar, Xanodyne Pharmaceuticals
Inc., Newport, KY, USA). Tranexamic acid was shown
to be effective in reducing blood loss, transfusion
requirement, and prevention of re-exploration due
to ongoing hemorrhage in a variety of clinical set-
tings, including cardiac surgery, major orthopaedic
surgery, and gynaecological conditions [11-13].

A recently conducted large randomized trial
with tranexamic acid in 20211 patients (admitted
to 274 hospitals in 40 different countries) with
major trauma and with, or at risk of, severe hemor-
rhage showed a reduction of mortality in patients
who received tranexamic acid compared with
placebo [9"%]. Patients were treated within 8h of
injury with either tranexamic acid (1g over 10min
followed by another gram over 8 h) (n=10.096), or
placebo (n=10.115). All-cause mortality at 4 weeks
after admission was 14.5% in the tranexamic acid
group as compared with 16% in the placebo group
[relative risk (RR) 0.91, 95% confidence interval (CI)
0.85-0.97, P=0.0035]. The risk of death due to
haemorrhage was reduced from 5.7% in controls
to 4.9% in the tranexamic acid-treated patients
(RR 0.85%, 95% CI 0.76-0.96, P=0.0077). Interest-
ingly, there were no detectable differencesin the rate
of transfusion and the need for surgical (re)explora-
tion between the two groups. Tranexamic acid was
remarkably well tolerated in this study. In the tran-
examicacid group, 168 patients (1.7%) had occlusive
vascular events compared with 201 patients (2.0%)
in the placebo group. There were also no differences
in deaths due to vascular complications between the
two groups.

In an additional analysis, the authors found
strong evidence that early administration of tran-
examic acid was relatively more favourable in com-
parison with administration at a later time after
trauma [14"]. Early (<1h) treatment with tran-
examic acid reduced the rate of death due to bleeding
to 5.3% compared with 7.7% in the placebo group
(RR 0.68, 95% CI 0.57-0.82, P<0.0001), whereas
this RR decreased when the drug was given 1-3h
after trauma to 0.79 (95% CI 0.64-0.97, P=0.03)
and was 1.44 (95% CI 1.12-1.84, P=0.004) when
tranexamic acid was given later than 3 h. There was
no evidence that the effect of tranexamic acid
on death due to bleeding was influenced by other
factors, including Glasgow Coma Score, type of
injury, or SBP. Another analysis concerned the
subgroup of patients with traumatic brain injury.
In a nested case—control study, the authors studied
270 patients who also had traumatic brain injury in
addition to their extracranial bleeding due to trauma
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[15]. Mean intracranial hemorrhage growth at 24—
48 h after admission was 5.9ml (SD 26.8) in the
tranexamic acid group as compared with 8.1ml
(SD 29.2) in the placebo group. There were new focal
cerebral ischemic lesions in 5% of patients treated
with tranexamic acid and in 9% of patients in the
control group. Death occurred in 11% of tranexamic
acid-treated patients versus 18% in control patients
(adjusted odds ratio 0.47, 95% CI 0.21-1.04).

PUTTING THE CRASH-2 DATA IN
PERSPECTIVE

The Clinical Randomization of an Antifibrinolytic in
Significant Hemorrhage (CRASH)-2 study convinc-
ingly shows that administration of the antifibrino-
lytic agent tranexamic acid results in less bleeding
and death due to bleeding in patients with severe
trauma. Other clinical interventions have not
been proven to be effective in this setting, including
blood-saving strategies, resuscitation protocols
using different plasma expanders, and hemodynamic
intervensions, as well as strategies specifically
focused at improvement of coagulation [16%17].
In a meta-analysis of four studies investigating anti-
fibrinolytic agents in patients with acute traumatic
injury and (high risk of) bleeding, the authors found
that tranexamic acid reduced the risk of death by
10-15%. Obviously, the results in this meta-analysis
were strongly driven by the CRASH-2 study results.
In an interesting cost-effectiveness study in three
types of countries participating in the CRASH-2
study, the investigators were able to demonstrate
that the incremental cost per life year gained by
the administration of tranexamic acid was US$
48, 66, and 64 in Tanzania, India, and the UK,
respectively [18]. Based on these calculations, it
may be concluded that tranexamic acid was highly
cost-effective, regardless of the setting in high-
income or low-income countries.

It may be argued that whereas the RR reduction
in traumatic death caused by tranexamic acid was
impressive, the absolute risk reduction was modest.
Although this may be true, a 1.5% reduction in
death due to trauma translates to the saving of a
very large number of people worldwide, as death due
to trauma is very prevalent. It has been calculated
that universal use of tranexamic acid may result in
the aversion of death in more than 70000 patients
each year worldwide [19"]. The lack of any effect
of tranexamic acid on transfusion rates remains
puzzling. However, one needs to realize that it
may well be that surviving patients received more
transfusion than patients who died in the early
phase after trauma [20]. This ‘survivor bias’ could
only be properly analysed if the data would allow us

0952-7907 © 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

to show time-related transfusion rates or (excessive)
transfusion-free survival rates, information which
is probably not available. Another (not unlikely)
possibility is that transfusion protocols are not very
well tailored to the bleeding status of the patient.

CONCLUSION

Prohemostatic interventions appear to be effective
in reducing perioperative blood loss and transfusion
requirements in specific situations and may be
helpful adjuncts in the management of severe
spontaneous and postoperative bleeding. Early anti-
fibrinolytic treatment with tranexamic acid (1gas a
bolus in 10 min followed by another gram in 8h
intravenously) was clearly shown to be of benefit in
patients with severe trauma and major blood loss.
Analysis of trial results indicate that this treatment
should be given within 3 h after trauma. Remark-
ably, the administration of tranexamic acid was
well tolerated and did not result in major adverse
events or thrombotic complications. This seems to
be another benefit of this intervention, in contrast
to other prohemostatic strategies that may carry the
risk of thrombosis [21]. In addition, the treatment
with tranexamic acid is simple and relatively cheap,
contributing to a beneficial cost-effectiveness, also
in resource-poor settings.

The next challenge is to translate these favour-
able findings from clinical studies into real-life
clinical practice [22]. There are many arguments
for placing tranexamic acid in the first line of
defence in patients with severe traumatic injury
and blood loss. In some settings, this may mean
prehospital administration of the drug, which could
be facilitated by the uncomplicated storage of the
drug. If prehospital administration is not possible or
required, it may be administered in the emergency
room provided that the time window of 3h after
injury has not passed. Treatment should be initiated
on the basis of clinical findings and regardless of
laboratory tests, which are anyway not very helpful
in the early stage of the management of traumatic
bleeding. The inclusion criteria of the CRASH-2
study are sufficiently helpful for routine clinical
practice to guide its administration and it is not
likely that a certain amount of ‘overtreatment’
would result in direct harm for the patient. Taken
together, there seems to be sufficient evidence to
put tranexamic acid in the first line of treatment of
patients who present with major blood loss after
trauma.
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ABSTRACT
Background

Uncontrolled bleeding is an important cause of death in trauma victims. Antifibrinolytic treatment has been shown to reduce blood
loss following surgery and may also be effective in reducing blood loss following trauma.

Objectives

To quantify the effects of antifibrinolytic drugs on mortality, vascular occlusive events, surgical intervention and receipt of blood
transfusion after acute traumatic injury.

Search methods

We searched the PubMed, Science Citation Index, National Research Register, Zetoc, SIGLE, Global Health, LILACS, and Current
Controlled Trials to March 2004 and the Cochrane Injuries Group Specialised Register, CENTRAL, MEDLINE and EMBASE to
July 2010.

Selection criteria

We included all randomised controlled trials of antifibrinolytic agents (aprotinin, tranexamic acid [TXA] and epsilon-aminocaproic
acid) following acute traumatic injury.

Data collection and analysis

The titles and abstracts identified in the electronic searches were screened by two independent authors to identify studies that had the
potential to meet the inclusion criteria. The full reports of all such studies were obtained. From the results of the screened electronic
searches, bibliographic searches, and contacts with experts, two authors independently selected trials meeting the inclusion criteria.

Main results

Four trials met the inclusion criteria, including 20,548 randomised patients. Two trials with a combined total of 20,451 patients
assessed the effects of TXA on mortality; TXA reduced the risk of death by 10% (RR=0.90, 95% CI 0.85 to 0.97; P=0.0035). Data
from one trial involving 20,211 patients found that TXA reduced the risk of death due to bleeding by 15% (RR=0.85, 95% CI 0.76 to
0.96; P=0.0077). There was evidence that early treatment (<3 hours) was more effective than late treatment (>3 hours). There was no
evidence that TXA increased the risk of vascular occlusive events or need for surgical intervention. There was no substantial difference
in the receipt of blood transfusion between the TXA and placebo groups. The two trials of aprotinin provided no reliable data.
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Authors’ conclusions

Tranexamic acid safely reduces mortality in bleeding trauma patients without increasing the risk of adverse events. TXA should be
given as early as possible and within three hours of injury, as treatment later than this is unlikely to be effective. Further trials are needed
to determine the effects of TXA in patients with isolated traumatic brain injury.

PLAIN LANGUAGE SUMMARY
Blood-clot promoting drugs for acute traumatic injury

Injury is the second leading cause of death for people aged five to 45 years. Over three million people worldwide die of injuries every
year, often because of extensive blood loss. Antifibrinolytic drugs promote blood clotting by preventing blood clots from breaking down.
Some examples of antifibrinolytic drugs are aprotinin, tranexamic acid (TXA) and epsilon-aminocaproic acid. Doctors sometimes give
these drugs to patients having surgery to prevent blood loss. They appear to have few complications. These drugs might also stop blood
loss in seriously injured patients and, as a result, save lives.

The authors of this review searched for randomised trials assessing the effects of antifibrinolytics in trauma patients. When the review
was first done in 2004 the results of the research were inconclusive. Since then, two new trials of TXA, one involving over 20,000
patients, have been completed. The results of this new research show that when given early, TXA reduces the risk of death compared
to patients who do not receive TXA without increasing the risk of side events. The review now includes data from 20,548 people who

took part in four trials.

Two small trials of aprotinin were also found although they provided no reliable data.

The authors conclude that TXA can safely reduce death in bleeding trauma patients. They suggest that future trials should explore the

effects of TXA in patients with traumatic brain injury with no other trauma.

BACKGROUND

Description of the condition

For people aged five to 45 years, trauma is second only to HIV/
AIDS as a cause of death. Each year, worldwide, about three mil-
lion people die as a result of trauma (Murray 1996), many after
reaching hospital. Among trauma patients who do survive to reach
hospital, exsanguination is a common cause of death, accounting
for nearly half of in-hospital trauma deaths in some settings (Sauaia
1995). Central nervous system injury and multi-organ failure ac-
count for most of the remainder, both of which can be exacerbated
by severe bleeding (BTF 2000).

Clotting helps to maintain the integrity of the circulatory sys-
tem after vascular injury, whether traumatic or surgical in origin
(Lawson 2004). Major surgery and trauma trigger similar haemo-
static responses and the consequent massive blood loss presents an
extreme challenge to the coagulation system. Part of the response
to surgery and trauma in any patient, is stimulation of clot break-
down (fibrinolysis) which may become pathological (hyper-fibri-

nolysis) in some cases. Antifibrinolytic agents have been shown to
reduce blood loss in patients with both normal and exaggerated
fibrinolytic responses to surgery, without apparently increasing the

risk of post-operative complications.

Description of the intervention

Antifibrinolytic agents are widely used in major surgery to prevent
fibrinolysis and reduce surgical blood loss. A recent systematic re-
view (Henry 2011) of randomised controlled trials of antifibri-
nolytics (mainly aprotinin or tranexamic acid [TXA]) in elective
surgical patients showed that antifibrinolytics reduced the num-
bers needing transfusion by one third, reduced the volume needed
per transfusion by one unit, and halved the need for further surgery
to control bleeding. These differences were all statistically signif-
icant at the P<0.01 level. Specifically, aprotinin reduced the rate
of blood transfusion by 34% (relative risk [RR]=0.66; 95% con-
fidence interval [CI] 0.60 to 0.72) and TXA by 39% (RR=0.61;
95% CI 0.53 t0 0.70). Aprotinin use saved 1.02 units of red blood
cells (RBCs) (95% CI0.79 to 1.26) in those requiring transfusion,
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and TXA use saved 0.87 units (95% CI 0.53 to 1.20). There was a
non-significant reduction in mortality with both aprotinin (RR=
0.81; 95% CI 0.63 to 1.06) and TXA (RR=0.60; 95% CI 0.33 to
1.10).

How the intervention might work

Because the coagulation abnormalities that occur after injury
are similar to those after surgery, it is possible that antifibri-
nolytic agents might also reduce blood loss and mortality following
trauma. A simple and widely practicable intervention that reduced
blood loss following trauma might prevent tens of thousands of
premature deaths. A reduction in the need for transfusion would
also have important public health implications. Blood is a scarce
and expensive resource and major concerns remain about the risk
of transfusion-transmitted infection. Trauma is particularly com-
mon in parts of the world where the safety of blood transfusion
cannot be assured. A recent study in Uganda estimated the popu-
lation-attributable fraction of HIV acquisition as a result of blood
transfusion to be around two percent (Kiwanuka 2004) although
some estimates are much higher (Heymann 1992).

OBJECTIVES

To quantify the effect of antifibrinolytic drugs on mortality, vas-
cular occlusive events, surgical intervention and receipt of blood
transfusion after acute traumatic injury.

METHODS

Criteria for considering studies for this review

Types of studies
Randomised controlled trials (RCT), as per the following defini-

tion.

RCT: A study involving at least one intervention and one con-
trol treatment, concurrent enrolment and follow-up of the inter-
vention and control groups, and in which the interventions to be
tested are selected by a random process, such as the use of a ran-
dom numbers table (coin flips are also acceptable). If the study
author(s) state explicitly (usually by using some variant of the term
random’ to describe the allocation procedure used) that the groups
compared in the trial were established by random allocation, then

the trial is classified as an 'RCT".

Types of participants

People of any age following acute traumatic injury.

Types of interventions

The interventions considered are the antifibrinolytic agents: apro-
tinin, tranexamic acid (TXA) and epsilon-aminocaproic acid

(EACA).

Types of outcome measures

Primary outcomes

e Mortality at the end of the follow up.

Secondary outcomes

e Number of patients experiencing an adverse event,
specifically vascular occlusive events (myocardial infarction,
stroke, deep vein thrombosis or pulmonary embolism).

o Number of patients undergoing surgical intervention.

e Number of patients receiving blood transfusion.

e Volume of blood transfused (units).

Search methods for identification of studies

Searches were not restricted by date, language or publication status.

Electronic searches

We searched the following electronic databases:
e Cochrane Injuries Group’s Specialised Register (searched
July 2010)
e Cochrane Central Register of Controlled Trials Issue 3,
2010 (The Cochrane Library)
e MEDLINE (1966 to July week 2, 2010)
PubMed (searched March 17, 2004)
EMBASE (1980 to week 28, July 2010)
Science Citation Index (searched March 17, 2004)
National Research Register (issue 1, 2004)
Zetoc (searched March 17, 2004)
SIGLE (searched March 17, 2004)
Global Health (searched March 17, 2004)
LILACS (searched March 17, 2004)
Current Controlled Trials (searched March 17, 2004)

The search strategies used in the latest update are listed in full in

Appendix 1.
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Searching other resources

All references in the identified trials and background papers were
checked and study authors contacted to identify relevant published
and unpublished data. Pharmaceutical companies were contacted
in 2004 to obtain information on ongoing trials.

Data collection and analysis

Selection of studies

The titles and abstracts identified in the electronic searches were
screened by two independent authors to identify studies that had
the potential to meet the inclusion criteria. The full reports of all
such studies were obtained. From the results of the screened elec-
tronic searches, bibliographic searches and contacts with experts,
two authors independently selected trials meeting the inclusion

criteria. There were no disagreements on study inclusion.

Data extraction and management

Two authors independently extracted information on the follow-
ing: number of randomised participants, types of participants
and types of interventions. The outcome data sought were: num-
bers of deaths in each group, numbers with vascular occlusive
events, numbers requiring surgical intervention, and the amount
of blood transfused. Information on loss to follow-up, blinding,
and whether an intention-to-treat analysis was performed was also
extracted. The authors were not blinded to the authors or journal
when doing this. Results were compared and differences would
have been resolved by discussion had there been any. Where there
was insufficient information in the published report, we attempted

to contact the authors for clarification.

Assessment of risk of bias in included studies

Two authors assessed the risk of bias for allocation concealment.
Each trial was assessed as being at high, low or unclear risk of bias
according to the criteria presented in Higgins 2008.

Assessment of heterogeneity

The presence of heterogeneity of the observed treatment effects
were assessed using the I2 statistic, which describes the percent-
age of total variation across studies due to heterogeneity rather
than chance. A value of 0% indicates no observed heterogeneity,
and larger values show increasing heterogeneity; substantial het-
erogeneity is considered to exist when 12 >50% (Higgins 2008).
The following were specified a-priori as factors that could explain
any observed heterogeneity: adequacy of allocation concealment;
injury severity based on the injury severity score (an ISS of greater

than or equal to 16 defines the severely injured strata); and ac-
cording to whether the study population included predominantly
blunt or penetrating trauma.

Assessment of reporting biases

We planned to investigate the presence of reporting (publication)
bias using funnel plots, however there were too few included stud-
ies to enable meaningful analysis.

Data synthesis

Risk ratios (RR) and 95% confidence intervals (95% CI) were
calculated. The risk ratio was chosen because it is more readily
applied to the clinical situation. For transfusion volumes, the mean
difference (MD) in the units of blood transfused were calculated
with 95% CI.

Subgroup analysis and investigation of heterogeneity

We planned to conduct subgroup analyses to explore whether ef-
fect sizes vary according to the type of antifibrinolytic agent and
the dosing regimen. However there were too few trials for such
analyses.

RESULTS

Description of studies

Searches conducted in April 2004 identified a total of 819 records.
These were screened by two authors and the full texts of nine
potentially eligible reports were obtained for closer examination.
Of the nine potentially eligible reports, two trials met the inclusion
criteria. Two further trials were identified in an updated search
conducted in July 2010. In summary, four randomised controlled
trials including 20,548 randomised patients have been identified
as meeting the inclusion criteria and are included in this review.

Tranexamic acid

Two trials compared TXA with placebo in trauma patients. The
CRASH-2 2010 recruited 20,211 trauma patients with, or at risk
of, significant haemorrhage. A trial in Thailand (Yutthakasemsunt
2010) recruited 240 trauma patients with moderate to severe
traumatic brain injury. As of November 2012, the Thai trial
Yutthakasemsunt 2010 was only available as an abstract with pub-
lication of the full trial report pending. The trial has been included
based on the data reported in the abstract. The full trial data will
be incorporated into this systematic review once the full trial re-
port is available.
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Aprotinin

Two trials compared the effects of aprotinin with placebo in trauma
patients. One trial (Auer 1979) involved 20 patients with severe
head injury, and one (McMichan 1982) involved 77 patients with
acombination of hypovolaemic shock and major fractures of either
the lower limb, pelvis or both.

See *Characteristics of included studies’ for further details.

Risk of bias in included studies

The CRASH-2 2010 trial was judged to be at low risk of bias.
It was a large randomised controlled trial involving 20,211 adult
trauma patients who were randomly allocated to receive TXA or
placebo. TXA and placebo were packaged in identical ampoules.
Hospitals with reliable telephone access used a telephone randomi-
sation service, hospitals without used a local pack system; alloca-
tion concealment was adequate. Participants and trial staff were
blinded to treatment allocation. Over 99% of patients were fol-
lowed up.

There was insufficient information presented in the abstract to
assess the risk of bias of the trial by Yutthakasemsunt 2010.

The trial by Auer 1979 was described as double blind. The ade-
quacy of allocation concealment was unclear. However, after ran-
domly allocating the first 20 patients, five patients were added to
the aprotinin group. Because it was not possible to separate the
outcome data for the 20 randomised and the five non-randomised
patients, this study provided no useable outcome data.

In the randomised controlled trial by McMichan 1982 the apro-
tinin and placebo were prepared in “similar ampoules”. All am-
poules were in boxes of 50, with a code number assigned to each
box. The nature of the content of the ampoules was not known to
any of the investigators nor to the attending physicians. The codes
were not broken until the end of the study. There were seven post-
randomisation exclusions from the study in which there were three
deaths. These three deaths were excluded because they occurred
within the first 24 hours (it is not clear whether or not this was
specified in the study protocol). Three patients refused the trial
investigations, and one patient was transferred to another hospital
for specialist treatment of quadriplegia and later died.

Effects of interventions

Tranexamic acid versus placebo

Mortality

Both the CRASH-2 2010 trial and the trial by Yutthakasemsunt
2010 reported mortality data.

All-cause mortality was significantly reduced with tranexamic acid
(pooled risk ratio (RR) 0.90, 95% CI 0.85 to 0.97; P=0.003:
Analysis 1.1). There was no evidence of statistical heterogeneity
(Chi2=0.77, df=1 (P=0.38); 12=0%).
The CRASH-2 2010 also presented mortality data by cause. The
risk of death due to bleeding and myocardial infarction were sig-
nificantly reduced with TXA. There were no statistically signifi-
cant differences in the risk of death from other causes:

e Bleeding: RR 0.85, 95% CI 0.76 to 0.96; P=0.0077

e Myocardial infarction: RR 0.32, 95% CI 0.14 to 0.75; P=
0.0053

e Vascular occlusion: RR 0.69, 95% CI 0.44 to 1.07; P=0.096

e Stroke: RR 1.60, 95% CI 0.52 to 4.89; P=0.40

e Pulmonary embolism: RR 0.86, 95% CI 0.46 to 1.61; P=
0.63

e Multi-organ failure: RR 0.90, 95% CI 0.75 to 1.08; P=0.25

e Head injury: RR 0.97, 95% CI 0.87 to 1.08; P=0.60

o 'Other’ causes: RR 0.94, 95% CI 0.74 to 1.20; P=0.63

Although not prespecified subgroup analyses of this review, the
effects of TXA on death due to bleeding by time to treatment,
severity of haemorrhage, Glasgow coma score, and type of injury
were assessed in the CRASH-2 trial (CRASH-2 2011). The results
are presented below.

Analysis of the risk of death due to bleeding indicated that the effect
of TXA varied by time to treatment. Treatment within one hour
of injury was associated with a 32% relative reduction in risk of
death due to bleeding (RR 0.68, 95% CI 0.57 to 0.82; P<0.0001)
and treatment between 1 and 3 hours after injury was associated
with a 21% reduction (RR 0.79, 95% CI 0.64 to 0.97; P=0.03).
Treatment with TXA after three hours of injury was associated with
a 44% relative increase in risk of death due to bleeding (RR 1.44,
95% CI 1.12 to 1.84; P=0.004). Test for subgroup differences:
Chi2=23.51, P<0.00001.

There was no evidence that the effect of TXA on death due to
bleeding varied by the severity of haemorrhage, Glasgow coma
score, or type of injury:

e Severity of haemorrhage (as assessed by systolic blood
pressure): >89 mm Hg (RR 0.88, 95% CI 0.71 to 1.10); 76-89
(RR 1.01, 95% CI 0.79 to 1.30); <75 (RR 0.81, 95% CI 0.69
t0 0.95). Test for subgroup differences: Chi2=2.24, P=0.33.

e Glasgow coma score: severe (RR 0.92, 95% CI 0.76 to
1.13); moderate (RR 0.77, 95% CI 0.59 to 0.99); mild (RR
0.86, 95% CI 0.72 to 1.02). Test for subgroup differences:
Chi?=1.28, P=0.53.

o Type of injury: blunt (RR 0.89, 95% CI 0.77 to 1.04);
penetrating (RR 0.79, 95% CI 0.66 to 0.96). Test for subgroup
differences: Chi2=0.92, P=0.34.

Vascular occlusive events

The CRASH-2 2010 trial reported data on vascular occlusive
events. There was no difference in the risk of experiencing one
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or more vascular occlusive events (fatal or non-fatal; myocardial
infarction, stroke, pulmonary embolism, deep vein thrombosis)
between the TXA and placebo groups (RR 0.84, 95% CI 0.68 to
1.02; P=0-084). TXA reduced the risk of myocardial infarction
(RR 0.64, 95% CI 0.42 to 0.97; P=0.035). There was no differ-
ence in the risk of stroke (RR 0.86, 95% CI 0.61 to 1.23; P=0.42),
pulmonary embolism (RR 1.01, 95% CI 0.73 to 1.41; P=0.93) or
deep vein thrombosis (RR 0.98, 95% CI 0.63 to 1.51; P=0.91).

Surgical intervention

Data from the CRASH-2 2010 trial suggest that there is no sta-
tistically significant difference in the risk of receiving one or more
surgical interventions (neurosurgery, chest, abdominal or pelvic
surgery) (RR 1.00, 95% CI 0.97 to 1.03; P=0.79) Analysis 1.2.

Receipt of blood transfusion

Of the patients allocated to TXA in the CRASH-2 2010 trial,
5067 (50.4%) received a blood product transfusion versus 5160
(51.3%) of the patients allocated to placebo (RR 0.98, 95% CI
0.96 to 1.01; P=0.21) Analysis 1.3. There was no difference in the
average number of blood units transfused (MD -0.17; 95% CI -
0.39 to 0.05; P=0.13) Analysis 1.4.

Aprotinin versus placebo

The study by Auer 1979, with 20 randomised patients, provided
no useable outcome data for the reasons outlined above. The study
by McMichan 1982, with 77 randomised patients (seven post-
randomisation exclusions), was reported in four separate reports
(Rosengarten 1977; Rosengarten 1979 and McMichan 1977 in
’included studies’ reference McMichan 1982).

Mortality

McMichan 1982 reported mortality data; there was no difference
in the risk of death between the aprotinin or placebo groups (RR
0.14, 95% CI 0.01 to 2.67; P=0.19) Analysis 2.1.

Vascular occlusive events

Data on vascular occlusive events were not reported.

Surgical intervention

McMichan 1982 reported data on the number of patients under-
going a surgical intervention; there was no difference between the
aprotinin or placebo groups (RR 1.07, 95% CI 0.87 to 1.33; P=
0.53) Analysis 2.2.

Receipt of blood transfusion

Data on the number of patients receiving a blood transfusion were
not reported. The volume of blood transfused was reported, there
was no difference between groups (MD -0.40 units; 95% CI -
0.91, 0.11; P=0.12) Analysis 2.3.

DISCUSSION

Summary of main results

Tranexamic acid reduces all-cause mortality in bleeding trauma
patients, with no apparent increase in the risk of vascular occlusive
events. This conclusion is based on the results of the CRASH-2
2010 trial which recruited 20,211 bleeding trauma patients from
274 hospitals in 40 countries.

Overall completeness and applicability of
evidence

The large numbers of patients in a wide range of different health
care settings around the world studied in the CRASH-2 2010 trial
help the result to be widely generalised. The treatment is effective
in patients with blunt and penetrating trauma. Because TXA is
inexpensive and easy to administer, it could readily be added to
the normal medical and surgical management of bleeding trauma
patients in hospitals around the world.

Each year, worldwide, about four million people die as a result
of traumatic injuries and violence. Approximately 1.6 million
of these deaths occur in hospital and about one third of these
deaths (480,000) are from haemorrhage. The CRASH-2 2010
trial has shown that TXA reduces mortality from haemorrhage by
about one sixth. If this widely practicable intervention was used
worldwide in the treatment of bleeding trauma patients, it could
prevent over 70,000 deaths each year (see Table 1).

Many trauma patients suffer a brain injury. Traumatic brain in-
jury (TBI) is commonly accompanied by intracranial bleeding
which can develop or worsen after hospital admission. Traumatic
intracranial haemorrhage is associated with an increased risk of
death and disability, and regardless of location, haemorrhage size
is strongly correlated with outcome. If TXA reduced intracranial
bleeding after isolated TBI then this could improve patient out-
comes. Although, many of the bleeding trauma patients included
in the CRASH-2 2010 trial also suffered a brain injury, it is possi-
ble that the effects of TXA may differ in patients with isolated TBI.
The trial by Yutthakasemsunt 2010 provides some promising evi-
dence for the beneficial effect of TXA on mortality in patients with
isolated TBI; however, further evidence is required from larger tri-
als which also assess the effect on disability.

There is no evidence for the effect of aprotinin for trauma.
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Quality of the evidence

The quality of the evidence supporting the use of tranexamic acid
for trauma is high. The findings of this review are based primarily
on the results of the CRASH-2 2010 trial. This was a large, high
quality randomised trial with low risk of bias. Sequence generation
was appropriately randomised, allocation was concealed and par-
ticipants, trial personnel and outcome assessors were all blinded.
Furthermore, there were minimal missing data with over 99% of
patients followed up.

Potential biases in the review process

This systematic review addresses a focused research question and
uses pre-defined inclusion criteria and methodology to select and
appraise eligible trials.

As with all systematic reviews, the possibility of publication bias
should be considered as a potential threat to validity. However, in
light of our extensive and sensitive searching we believe that the
risk of such a bias affecting the results is minimal.

Agreements and disagreements with other
studies or reviews

A systematic review of randomised trials assessing the effects of
TXA in patients undergoing elective surgery has been conducted
(Henry 2011). This review found that compared to control, TXA
reduced the need for blood transfusion without any apparent in-
crease in the risk of adverse events. Unlike the Henry 2011 review,
we found no evidence of any substantial reduction in the receipt of
a blood transfusion or the amount of blood transfused in trauma
patients. One possible explanation is that in the CRASH-2 2010
trial, following the loading dose, TXA was infused over a period
of eight hours, whereas decisions about transfusion are made very
soon after hospital admission. The absence of any large effect on
blood transfusion may also reflect the difficulty of accurately esti-
mating blood loss in trauma patients when assessing the need for
transfusion. Finally, the absence of any substantial reduction in

transfusion requirements in patients treated with TXA acid may
reflect the fact that there were fewer deaths in patients allocated
to TXA acid than to placebo and patients who survive as a result
of TXA administration would have had a greater opportunity to
receive a blood transfusion (competing risks).

AUTHORS’ CONCLUSIONS

Implications for practice

Tranexamic acid (TXA) safely reduces mortality in bleeding
trauma patients. As there is evidence that the effect on death due
to bleeding depends on the time interval between the injury and
treatment, TXA should be given as early as possible and within
three hours of the injury as treatment later than this is unlikely to
be effective.

Implications for research

The knowledge that TXA safely reduces the risk of death from
traumatic bleeding raises the possibility that it might also be effec-
tive in other situations where bleeding can be life threatening or
disabling and further research is warranted to explore this poten-
tial. Randomised trials involving patients with isolated traumatic
brain injury that assess both mortality and disability outcomes are
required before TXA can be recommended for use in these pa-
tients. The ongoing CRASH-3 trial with a planned sample size
of 10,000 patients with traumatic brain injury, will contribute to
resolving the uncertainty about the effects of TXA in this group.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

Auer 1979

Methods Probable RCT: “Twenty patients were included in a double-blind study; nine patients
were treated with Trasylol. Eleven received a placebo drug.” Five additional (non-randomly
allocated) patients were added to the study and received aprotinin treatment. These patients
were not separated out in the analysis

Participants Patients with severe head injury who had remained comatose for seven days. Most of them
had clinical brain stem signs

Interventions Aprotinin group: 500,000 IE initially thereafter 200,000 IV every four hours

Outcomes Death.
Range of biochemical end points.

Notes Because it was not possible to separate the 5 non-randomised patients from the 20 probably
randomised patients, this study provides no useable outcome data

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias)  Unclear risk Unclear.

CRASH-2 2010
Methods RCT: Randomisation was balanced by centre, with an allocation sequence based on a block
size of eight, generated with a computer random number generator. Participants and study
staff were blind to treatment allocation
Participants 20,211 adult (>16 years) trauma patients with, or at risk of, significant bleeding
Interventions Tranexamic acid group: loading dose 1g over 10 minutes then infusion of 1g over 8 hours
Matching placebo.
Outcomes Death.
Vascular occlusive events.
Blood transfusion requirements.
Disability.
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Antifibrinolytic drugs for acute traumatic injury (Review) 10
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CRASH-2 2010 (Continued)

Allocation concealment (selection bias)

Low risk TXA and placebo were packaged in identi-
cal ampoules. Hospitals with a reliable tele-
phone access used a telephone randomisa-
tion service, hospitals without used a local
pack system

McMichan 1982

Methods

RCT: Aprotinin and placebo were supplied in identical coded ampoules. Ampoules were in
boxes of 50 with a code number assigned to each box. These numbers were randomised in
groups of 20 and each batch was assigned in numerical order. The codes were not broken
until the end of the study

Patients excluded after randomisation were those who died within the first 24 hours or
refused continuing investigation

Participants

Patients with a combination of hypovolaemic shock and major fractures of the lower limb
and or pelvis. Patients seen 12 or more hours after injury and those with major head or
chest injuries were excluded

Interventions

Aprotinin group: 500,000 Kallikrein Inhibitor Units (KIU) IV statim followed by 300,000
KIU at 6-hour intervals for 96 hours

Outcomes

Death.
Mean blood transfusion.
Respiratory function.

Notes

77 patients were randomised but there were 7 post-randomisation exclusions. Among the
7 excluded patients, there were 3 deaths within the first 24 hours of injury. One patient was
transferred to another hospital because of quadriplegia and died later, and three patients
refused investigation.

It was noted in the results that the data on transfusion requirement was found to have a
non-normal distrubution. Nevertheless, the mean and standard deviation were presented

Risk of bias

Bias

Authors’ judgement Support for judgement

Allocation concealment (selection bias)

Low risk Aprotinin and placebo were prepared in
“similar ampoules”. All ampoules were in
boxes of 50, with a code number assigned to
each box. The nature of the content of the
ampoules was not known to any of the in-
vestigators nor to the attending physicians.
The codes were not broken until the end of
the study

Antifibrinolytic drugs for acute traumatic injury (Review) I
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Yutthakasemsunt 2010

Methods RCT
Participants 240 adults patients (>16 years) with moderate to severe traumatic brain injury (Glasgow
Coma Scale 4 to 12) within 8 hours of injury
Interventions Tranexamic acid group: 2g.
Matching placebo.
Outcomes Death.
Progressive intracranial haemorrhage.
Disability (GOS).
Thromboembolic events.
Notes
Risk of bias
Bias Authors’ judgement  Support for judgement
Allocation concealment (selection bias)  Unclear risk Unclear

Characteristics of excluded studies /ordered by study ID]

Study

Reason for exclusion

Gierhake 1971

Types of patients: general surgery patients not trauma.

Husted 2003

Types of patients: orthopaedic patients not trauma.

Klobow 1977a

Types of interventions: trasylol compared with heparin.

Klobow 1977b

Types of interventions: trasylol compared with heparin.

Kuiian 1999

Types of studies: After Dr Vasiliy Vlassov, Director of the Russian Branch of the Nordic Cochrane Centre kindly
translated the methods section it was clear that this study was not randomised

Loew 1970

Types of studies: alternation used not random allocation.

Nissen 1989

Types of studies: review article not randomised controlled trial

Schneider 1976

Types of studies: randomisation in this trial was by allocating patients to the treatment group according to the day
of admission. However, this procedure was subverted for large numbers (813) of patients in which case the study
cannot be considered to be a randomised controlled trial

Antifibrinolytic drugs for acute traumatic injury (Review) 12
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Characteristics of ongoing studies /ordered by study ID]

CRASH-3

Trial name or title

Clinical Randomisation of an Antifibrinolytic in Significant Head Injury (CRASH-3)

Methods

Large, international, randomised, placebo controlled trial.

Participants

Adults with traumatic brain injury, who are within eight hours of injury, with any intracranial bleeding on
CT scan or who have a GCS of 12 or less, and have no significant extra-cranial haemorrhage, are eligible for
inclusion, except those for whom antifibrinolytic agents are thought to be clearly indicated or clearly contra-
indicated

Interventions

Loading dose of tranexamic acid (1 gram by intravenous injection) or placebo (sodium chloride 0.9%) given
as soon as possible after
randomisation. Maintenance dose of tranexamic acid (1 gram by intravenous injection) or placebo (sodium

chloride 0.9%) given after the loading dose is finished

Outcomes

Primary outcome is death in hospital within 28 days of injury. Secondary outcomes are vascular occlusive events
(myocardial infarction, pulmonary embolism, clinical evidence of deep vein thrombosis), stroke, disability,
seizures, neurosurgical intervention, days in intensive care, other adverse events

Starting date

July 2012

Contact information

crash@Lshtm.ac.uk

Notes Current Controlled Trials ISRCTN15088122; Clinicaltrials.gov NCT01402882
The JP Moulton Charitable Trust, UK, is funding the run-in costs for the trial and up to 500 patients
recruitment. Full funding is being sought from public funding organisations for the main trial
Antifibrinolytic drugs for acute traumatic injury (Review) 13
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DATA AND ANALYSES

Comparison 1. Tranexamic acid versus placebo

No. of No. of

studies participants Statistical method

Outcome or subgroup title

Effect size

1 All-cause mortality 2 20367 Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

2 Proportion undergoing surgical

intervention

3 Proportion receiving blood 1 Risk Ratio (M-H, Fixed, 95% CI)
transfusion
4 Volume of blood transfused 1 Mean Difference (IV, Fixed, 95% CI)

0.90 [0.85, 0.97]
Subtotals only

Subtotals only

Subtotals only

Comparison 2. Aprotinin versus placebo

No. of No. of

studies participants Statistical method

Outcome or subgroup title

Effect size

1 Death 1 Risk Ratio (M-H, Fixed, 95% CI)

2 Proportion undergoing surgical 1 Risk Ratio (M-H, Fixed, 95% CI)
intervention

3 Volume of blood transfused 1 Mean Difference (IV, Fixed, 95% CI)

Subtotals only
Subtotals only

Subtotals only

Analysis 1.1. Comparison | Tranexamic acid versus placebo, Outcome | All-cause mortality.

Review: Antifibrinolytic drugs for acute traumatic injury
Comparison: | Tranexamic acid versus placebo

Outcome: | All-cause mortality

Study or subgroup TXA Placebo Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% Cl
CRASH-2 2010 1463/10060 1613/10067 | 091085 097]
Yutthakasemsunt 2010 12/120 18/120 T 0671034, 1.32]
Total (95% CI) 10180 10187 - 100.0 % 0.90 [ 0.85, 0.97 ]
Total events: 1475 (TXA), 1631 (Placebo)
Heterogeneity: Chi2 = 0.77, df = | (P = 0.38); I =0.0%
Test for overall effect: Z = 3.02 (P = 0.0025)
Test for subgroup differences: Not applicable
0.5 0.7 | 1.5 2
Favours TXA Favours placebo
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Analysis 1.2. Comparison | Tranexamic acid versus placebo, Outcome 2 Proportion

undergoing surgical

intervention.
Review: Antifibrinolytic drugs for acute traumatic injury
Comparison: | Tranexamic acid versus placebo
Outcome: 2 Proportion undergoing surgical intervention
Study or subgroup TXA Placebo Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% Cl
CRASH-2 2010 4814/10060 4836/10067 T 1.00 [ 097, 1.03]
Subtotal (95% CI) 0 0 0.0 [0.0,0.0]

Total events: 4814 (TXA), 4836 (Placebo)
Heterogeneity: not applicable
Test for overall effect: Z = 0.0 (P < 0.00001)

05 07
Favours TXA

1.5 2

Favours placebo
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Analysis 1.3. Comparison | Tranexamic acid versus placebo, Outcome 3 Proportion receiving blood

transfusion.
Review: Antifibrinolytic drugs for acute traumatic injury
Comparison: | Tranexamic acid versus placebo
Outcome: 3 Proportion receiving blood transfusion
Study or subgroup TXA Placebo Risk Ratio Risk Ratio
n/N n/N M-HFixed,95% Cl M-H Fixed,95% ClI
CRASH-2 2010 5067/10060 5160/10067 7 0981096, 1.01]
Subtotal (95% CI) 0 0 0.0 [ 0.0,0.0]

Total events: 5067 (TXA), 5160 (Placebo)
Heterogeneity: not applicable
Test for overall effect: Z = 0.0 (P < 0.00001)

05

07 | 1.5 2

Favours TXA Favours placebo

Analysis 1.4. Comparison | Tranexamic acid versus placebo, Outcome 4 Volume of blood transfused.

Review: Antifibrinolytic drugs for acute traumatic injury
Comparison: | Tranexamic acid versus placebo

Outcome: 4 Volume of blood transfused

Mean Mean

Study or subgroup Tranexamic acid Placebo Difference Difference

N Mean(SD) N Mean(SD) IV/Fixed,95% CI IV/Fixed,95% CI

CRASH-2 2010 10060 3.05 (7.7) 10067 322 (8.02) T -0.17[-0.39,005]
Subtotal (95% CI) 0 0.0 [0.0,0.0]

Heterogeneity: not applicable
Test for overall effect: Z = 0.0 (P < 0.00001)
Test for subgroup differences: Not applicable

-05  -025 0 025 0.5

Favours TXA Favours placebo
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Analysis 2.1.

Review: Antifibrinolytic drugs for acute traumatic injury

Comparison 2 Aprotinin versus placebo, Outcome | Death.

Comparison: 2 Aprotinin versus placebo
Outcome: | Death
Study or subgroup Aprotinin Placebo Risk Ratio Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-HFixed,95% Cl
McMichan 1982 0/35 3/35 T 0.14[001,267]
0 0.0 [ 0.0,0.0]

Subtotal (95% CI) 0
Total events: O (Aprotinin), 3 (Placebo)
Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P < 0.00001)

Analysis 2.2. Comparison 2 Aprotinin versus placebo, Outcome 2 Proportion

001 0.1 | 10 100

Favours aprotinin Favours placebo

undergoing surgical

intervention.
Review: Antifibrinolytic drugs for acute traumatic injury
Comparison: 2 Aprotinin versus placebo
Outcome: 2 Proportion undergoing surgical intervention
Study or subgroup Aprotinin Placebo Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% Cl
McMichan 1982 30/35 28/35 - 1.07 087, 1.33]
0 0.0 [0.0,0.0]

Subtotal (95% CI) 0
Total events: 30 (Aprotinin), 28 (Placebo)
Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P < 0.00001)

0.5 0.7 | 1.5 2

Favours aprotinin Favours placebo
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Analysis 2.3. Comparison 2 Aprotinin versus placebo, Outcome 3 Volume of blood transfused.

Review: Antifibrinolytic drugs for acute traumatic injury

Comparison: 2 Aprotinin versus placebo
Outcome: 3 Volume of blood transfused
Mean Mean
Study or subgroup Aprotinin Placebo Difference Difference
N Mean(SD) N Mean(SD) IVFixed,95% Cl IVFixed,95% Cl
McMichan 1982 35 1.2 (0.8) 35 1.6 (1.3) T -040 [-091,0.11]
Subtotal (95% CI) 0 ()} 0.0 [ 0.0, 0.0 ]

Heterogeneity: not applicable
Test for overall effect: Z = 0.0 (P < 0.00001)
Test for subgroup differences: Not applicable

ADDITIONAL TABLES

-1 -0.5

Favours aprotinin

0 0.5

Favours placebo

Table 1. Deaths that could be avoided by the administration of TXA to bleeding trauma patients (ten countries with the
highest numbers of avoided deaths shown)

Country Trauma deaths Haemorrhage deaths  Deaths averted with TXA
India 714,730 85,768 12,865
China 667,277 80,073 12011
Indonesia 279,499 33,534 5030
Russia 246,836 29,620 4443
Brazil 122,953 14,754 2206
USA 122,529 14,703 2206
Iraq 99,968 11,996 1799
Nigeria 87,811 10,537 1581
Bangladesh 76,938 9233 1385
DRC 73,579 8829 1324
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Table 1. Deaths that could be avoided by the administration of TXA to bleeding trauma patients (ten countries with the
highest numbers of avoided deaths shown) (Continued)

World 4,100,645 492,077 73,812

Trauma and haemorrhage death estimates taken from the WHO Global Burden of Disease Study: http://www.who.int/healthinfo/
global burden’disease/en/

APPENDICES

Appendix |. Search strategy

Cochrane Injuries Group Specialised Register (searched July 2010)

(Aprotinin* or kallikrein-trypsin inactivator* or bovine kunitz pancreatic trypsin inhibitor* or bovine pancreatic trypsin inhibitor* or
basic pancreatic trypsin inhibitor* or BPTTI or contrykal or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren
or traskolan or antilysin or pulmin or amicar or caprocid or epsamon or epsikapron or antilysin or iniprol or kontrikal or kontrykal
or pulmin* or Trasylol or Antilysin Spofa or rp?9921 or antagosan or antilysin or antilysine or apronitin* or apronitrine or bayer a?
128 or bovine pancreatic secretory trypsin inhibitor® or contrycal or frey inhibitor* or gordox or kallikrein trypsin inhibitor* or kazal
type trypsin inhibitor* or (Kunitz adj3 inhibitor*) or midran or (pancrea* adj2 antitrypsin) or (pancrea* adj2 trypsin inhibitor*) or
riker?52g or rp?9921or tracylol or trascolan or trasilol or traskolan or trazylol or zymofren or zymophren) or (tranexamic or Cyclo-
hexanecarboxylic Acid* or Methylamine* or amcha or trans-4-aminomethyl-cyclohexanecarboxylic acid* or t-amcha or amca or kabi
2161 or transamin® or exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol oramino methylcyclohexane carboxy-
late or aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin or amikapron
or aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or aminomethylcyclohexane carbonic acid
or aminomethylcyclohexane carboxylic acid or aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or
aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or anvitoff or cl?65336 or cl65336 or cyclo-
capron or cyclokapron or cyklocapron or exacyl or frenolyse or hexacapron or hexakapron or tranex or TXA) or (aminocaproic or
amino?caproic or aminohexanoic or amino?hexanoic or epsilon-aminocaproic or E-aminocaproic) adj2 acid*) or epsikapron or cy-116
or cyl16 or epsamon or amicar or caprocid or lederle or Aminocaproic or aminohexanoic or amino caproic or amino n hexanoic or
acikaprin or afibrin or capracid or capramol or caprogel or caprolest or caprolisine or caprolysin or capromol or ¢l 10304 or EACA
or eaca roche or ecapron or ekaprol or epsamon or epsicapron or epsilcapramin or epsilon amino caproate or epsilon aminocaproate
or epsilonaminocaproic or etha?aminocaproic or ethaaminocaproich or emocaprol or hepin or ipsilon or jd?177or neocaprol or nsc?
26154 or tachostyptan)

Cochrane Central Register of Controlled Trials 2010, Issue 3 (The Cochrane Library)

#1 MeSH descriptor Antifibrinolytic Agents explode all trees

#2 (anti-fibrinolytic* or antifibrinolytic* or antifibrinolysin* or anti-fibrinolysin* or antiplasmin* or anti-plasmin* ):ab,ti or ((plasmin
or fibrinolysis) near3 inhibitor*):ab,ti

#3 MeSH descriptor Aprotinin explode all trees

#4 (Aprotinin* or kallikrein-trypsin inactivator® or bovine kunitz pancreatic trypsin inhibitor* or bovine pancreatic trypsin inhibitor*
or basic pancreatic trypsin inhibitor® or BPTT or contrykal or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren
or traskolan or antilysin or pulmin or amicar or caprocid or epsamon or epsikapron or antilysin or iniprol or kontrikal or kontrykal
or pulmin*® or Trasylol or Antilysin Spofa or rp?9921 or antagosan or antilysin or antilysine or apronitin* or apronitrine or bayer a?
128 or bovine pancreatic secretory trypsin inhibitor* or contrycal or frey inhibitor* or gordox or kallikrein trypsin inhibitor* or kazal
type trypsin inhibitor or riker?52g or rp?9921or tracylol or trascolan or trasilol or traskolan or trazylol or zymofren or zymophren or
midran):ab,ti or ((Kunitz near3 inhibitor*) or (pancrea* near3 antitrypsin) or (pancrea* near3 trypsin next inhibitor*)):ab,t

#5 MeSH descriptor Tranexamic Acid explode all trees

Antifibrinolytic drugs for acute traumatic injury (Review) 19
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#6 (tranexamic or Cyclohexanecarboxylic Acid* or Methylamine® or amcha or trans-4-aminomethyl-cyclohexanecarboxylic acid* or t-
amcha or amca or kabi 2161 or transamin* or exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol oramino methylcyclo-
hexane carboxylate or aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin
or amikapron or aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or aminomethylcyclohexane
carbonic acid or aminomethylcyclohexane carboxylic acid or aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecar-
boxylic acid or aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or anvitoff or 1265336 or cl65336
or cyclocapron or cyclokapron or cyklocapron or exacyl or frenolyse or hexacapron or hexakapron or tranex or TXA):ab,t

#7 MeSH descriptor Aminocaproic Acids explode all trees

#8 MeSH descriptor 6-Aminocaproic Acid explode all trees

#9 (epsikapron or cy-116 or cyl116 or epsamon or amicar or caprocid or ledetle or Aminocaproic or aminohexanoic or amino caproic
or amino n hexanoic or acikaprin or afibrin or capracid or capramol or caprogel or caprolest or caprolisine or caprolysin or capromol
or cl 10304 or EACA or eaca roche or ecapron or ekaprol or epsamon or epsicapron or epsilcapramin or epsilon amino caproate or
epsilon aminocaproate or epsilonaminocaproic or etha?aminocaproic or ethaaminocaproich or emocaprol or hepin or ipsilon or jd?
1770r neocaprol or nsc?26154 or tachostyptan):ab,ti

#10 (aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-aminocaproic or E-aminocaproic):ab,ti

#11 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10)

MEDLINE(Ovid) 1950 to July Week 2 2010

1.exp Antifibrinolytic Agents/

2.(anti-fibrinolytic* or antifibrinolytic* or antifibrinolysin* or anti-fibrinolysin* or antiplasmin* or anti-plasmin* or ((plasmin or
fibrinolysis) adj3 inhibitor*)).ab,ti.

3.exp Aprotinin/

4.(Aprotinin* or kallikrein-trypsin inactivator* or bovine kunitz pancreatic trypsin inhibitor* or bovine pancreatic trypsin inhibitor*
or basic pancreatic trypsin inhibitor® or BPTT or contrykal or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren
or traskolan or antilysin or pulmin or amicar or caprocid or epsamon or epsikapron or antilysin or iniprol or kontrikal or kontrykal or
pulmin* or Trasylol or Antilysin Spofa or rp?9921 or antagosan or antilysin or antilysine or apronitin* or apronitrine or bayer a?128
or bovine pancreatic secretory trypsin inhibitor* or contrycal or frey inhibitor* or gordox or kallikrein trypsin inhibitor* or kazal type
trypsin inhibitor* or (Kunitz adj3 inhibitor*) or midran or (pancrea® adj2 antitrypsin) or (pancrea* adj2 trypsin inhibitor*) or riker?
52g or rp?9921or tracylol or trascolan or trasilol or traskolan or trazylol or zymofren or zymophren).ab,ti.

5.exp Tranexamic Acid/

6.(tranexamic or Cyclohexanecarboxylic Acid* or Methylamine* or amcha or trans-4-aminomethyl-cyclohexanecarboxylic acid* or t-
amcha or amca or kabi 2161 or transamin* or exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol oramino methylcyclo-
hexane carboxylate or aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin
or amikapron or aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or aminomethylcyclohexane
carbonic acid or aminomethylcyclohexane carboxylic acid or aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecar-
boxylic acid or aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or anvitoff or c1265336 or cl65336
or cyclocapron or cyclokapron or cyklocapron or exacyl or frenolyse or hexacapron or hexakapron or tranex or TXA).ab,ti.

7.exp Aminocaproic Acids/ or exp 6-Aminocaproic Acid/

8.(((aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-aminocaproic or E-aminocaproic) adj2 acid*) or
epsikapron or cy-116 or cy116 or epsamon or amicar or caprocid or lederle or Aminocaproic or aminohexanoic or amino caproic or
amino n hexanoic or acikaprin or afibrin or capracid or capramol or caprogel or caprolest or caprolisine or caprolysin or capromol
or cl 10304 or EACA or eaca roche or ecapron or ekaprol or epsamon or epsicapron or epsilcapramin or epsilon amino caproate or
epsilon aminocaproate or epsilonaminocaproic or etha?aminocaproic or ethaaminocaproich or emocaprol or hepin or ipsilon or jd?
177o0r neocaprol or nsc?26154 or tachostyptan).ab,ti.

9.1or2or3o0rdor5or6or7or8

10.randomi?ed.ab,ti.

11.randomized controlled trial.pt.

12.controlled clinical trial.pt.

13.placebo.ab.

14.clinical trials as topic.sh.

15.randomly.ab.

16.trial.ti.

17.10 or 11 or 12 or 13 or 14 or 15 or 16

18.(animals not (humans and animals)).sh.
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19.17 not 18
20.9 and 19

EMBASE (Ovid) 1980 to 2010 (Week 28)

1.exp Antifibrinolytic Agent/

2.(anti-fibrinolytic* or antifibrinolytic* or antifibrinolysin* or anti-fibrinolysin* or antiplasmin* or anti-plasmin* or ((plasmin or
fibrinolysis) adj3 inhibitor*)).ab, .

3.exp Aprotinin/

4.(Aprotinin* or kallikrein-trypsin inactivator* or bovine kunitz pancreatic trypsin inhibitor* or bovine pancreatic trypsin inhibitor*
or basic pancreatic trypsin inhibitor® or BPTT or contrykal or kontrykal or kontrikal or contrical or dilmintal or iniprol or zymofren
or traskolan or antilysin or pulmin or amicar or caprocid or epsamon or epsikapron or antilysin or iniprol or kontrikal or kontrykal or
pulmin* or Trasylol or Antilysin Spofa or rp?9921 or antagosan or antilysin or antilysine or apronitin* or apronitrine or bayer 22128
or bovine pancreatic secretory trypsin inhibitor* or contrycal or frey inhibitor* or gordox or kallikrein trypsin inhibitor* or kazal type
trypsin inhibitor* or (Kunitz adj3 inhibitor*) or midran or (pancrea® adj2 antitrypsin) or (pancrea* adj2 trypsin inhibitor*) or riker?
52g or rp?9921or tracylol or trascolan or trasilol or traskolan or trazylol or zymofren or zymophren).ab,ti.

5.exp Tranexamic Acid/

6.(tranexamic or Cyclohexanecarboxylic Acid* or Methylamine* or amcha or trans-4-aminomethyl-cyclohexanecarboxylic acid* or t-
amcha or amca or kabi 2161 or transamin* or exacyl or amchafibrin or anvitoff or spotof or cyklokapron or ugurol oramino methylcyclo-
hexane carboxylate or aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecarboxylic acid or AMCHA or amchafibrin
or amikapron or aminomethyl cyclohexane carboxylic acid or aminomethyl cyclohexanecarboxylic acid or aminomethylcyclohexane
carbonic acid or aminomethylcyclohexane carboxylic acid or aminomethylcyclohexanecarbonic acid or aminomethylcyclohexanecar-
boxylic acid or aminomethylcyclohexanocarboxylic acid or aminomethylcyclohexanoic acid or amstat or anvitoff or c1265336 or cl65336
or cyclocapron or cyclokapron or cyklocapron or exacyl or frenolyse or hexacapron or hexakapron or tranex or TXA).ab,ti.

7.exp Aminocaproic Acid/

8.(((aminocaproic or amino?caproic or aminohexanoic or amino?hexanoic or epsilon-aminocaproic or E-aminocaproic) adj2 acid*) or
epsikapron or cy-116 or cy116 or epsamon or amicar or caprocid or lederle or Aminocaproic or aminohexanoic or amino caproic or
amino n hexanoic or acikaprin or afibrin or capracid or capramol or caprogel or caprolest or caprolisine or caprolysin or capromol
or cl 10304 or EACA or eaca roche or ecapron or ekaprol or epsamon or epsicapron or epsilcapramin or epsilon amino caproate or
epsilon aminocaproate or epsilonaminocaproic or etha?aminocaproic or ethaaminocaproich or emocaprol or hepin or ipsilon or jd?
177o0r neocaprol or nsc?26154 or tachostyptan).ab,ti.

9.1or2or3ordor5or6or7or8

10.exp Randomized Controlled Trial/

11.exp controlled clinical trial/

12.randomi?ed.ab,ti.

13.placebo.ab.

14.*Clinical Trial/

15.randomly.ab.

16.trial.ti.

17.10 or 11 or 12 or 13 or 14 or 15 or 16

18.exp animal/ not (exp human/ and exp animal/)

19.17 not 18

20.9 and 19
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WHAT’S NEW
Last assessed as up-to-date: 14 July 2010.

Date Event Description

5 November 2012 New search has been performed  Additional data from the CRASH-2 trial of the effects of tranexamic acid on
death due to bleeding according to time to treatment, severity of haemor-
rhage, Glasgow coma scale and type of injury, have been incorporated
The conclusions have been edited to emphasise the importance of early ad-
ministration (<3 hours of injury) of tranexamic acid

HISTORY
Protocol first published: Issue 3, 2004
Review first published: Issue 4, 2004

Date Event Description

22 November 2010  New citation required and conclusions have changed Two new trials (CRASH-2 2010 - 20,211 bleeding
trauma patients) and Yutthakasemsunt 2010 2010 -
240 patients with traumatic brain injury) have been
included
The objectives of the review have been amended. The
Results, Discussion and Conclusions sections have

been amended accordingly

CONTRIBUTIONS OF AUTHORS

TC helped design the protocol, identified the included trials, extracted data and drafted the final version of the review.
IR helped design the protocol, identified the included trials, extracted data and drafted the final version of the review.
HS helped design the protocol and draft the final version of the review.

KK helped identify the included trials, extract data and revised the text of the review for the November 2010 and 2012 updates.
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Haleema Shakur and Tan Roberts are investigators in the ongoing CRASH-3 trial.

Ian Roberts: LSHTM has received funds from pharmaceutical companies to pay for the drug and placebo used in RCTs of tranexamic
acid in acute severe bleeding. These funds are delared in the relevant publications.

Haleema Shakur: I am an investigator and grant holder for the WOMAN Trial of tranexamic acid for the treatment of postpartum
hemorrhage, the CRASH-3 trial of tranexamic acid for the treatment of traumatic brain injury and the Halt-it trial of tranexamic acid
for the treatment of gastrointestinal bleeding.

Katharine Ker: none known.

SOURCES OF SUPPORT

Internal sources

e London School of Hygiene & Tropical Medicine, UK.

External sources

e No sources of support supplied

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The objectives of the review have changed. Reducing blood loss has been removed, and vascular occlusive events and surgical intervention
have been added as outcomes.

INDEX TERMS

Medical Subject Headings (MeSH)

Aminocaproic Acid [therapeutic use]; Antifibrinolytic Agents [*therapeutic use]; Aprotinin [therapeutic use]; Blood Loss, Surgical
[prevention & control]; Blood Transfusion [*utilization]; Hemorrhage [*drug therapy; etiology; mortality]; Randomized Controlled
Trials as Topic; Tranexamic Acid [therapeutic use]; Wounds and Injuries [*complications; mortality]

MeSH check words

Humans
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REVIEW ARTICLE

Tranexamic acid in trauma: How should we use it?

Lena M. Napolitano, MD, Mitchell J. Cohen, MD, Bryan A. Cotton, MD, MPH, Martin A. Schreiber, MD,
and Ernest E. Moore, MD, Ann Arbor, Michigan

he CRASH-2 trial results have prompted trauma centers

to contemplate whether tranexamic acid (TXA) should
be added to their armamentarium for the treatment of bleeding
trauma patients. Primary fibrinolysis is integral in the patho-
genesis of the acute coagulopathy of trauma (ACOT).'”
Furthermore, some studies have documented that the risk
of death in trauma correlates significantly with fibrinolysis.
The presence of hyperfibrinolysis (HF) in patients with severe
traumatic injuries is associated with a high mortality rate
(70-100%).°~ The use of antifibrinolytic agents in the treat-
ment of the ACOT therefore has significant biologic plausi-
bility. We will review the current knowledge of fibrinolysis in
trauma and studies of antifibrinolytic agents to make evidence-
based recommendations regarding TXA use in trauma systems
with mature hemostatic resuscitation protocols for the treat-
ment of hemorrhagic shock patients.

PATIENTS AND METHODS

A comprehensive literature search was undertaken
through PubMed and MEDLINE, using the following keywords:
tranexamic acid, antifibrinolytic agents, trauma, injury, surgery,
fibrinolysis, hemorrhage. Articles were selected if the topic
was relevant to “tranexamic acid use in hemorrhage.” Addi-
tional articles were identified by a careful review of reference
lists. Ongoing clinical research studies for TXA and hemor-
rhage were identified by search of www.clinicaltrials.gov/.

Postinjury Fibrinolysis and Coagulation
Coagulopathy, strictly defined as any perturbation of
coagulation, occurs in nearly all patients after significant in-
jury.'® Impaired clotting after injury initially was thought to
be caused by iatrogenic causes (hypothermia, acidosis, hemo-
dilution), which are sequelae of resuscitation. Impaired thrombin
production occurs secondary to hypothermia and acidosis. The
deleterious effects of hemodilution and resulting factor de-
pletion include impaired protease cascade activation, impaired

Submitted: January 25, 2013, Revised: March 13,2013, Accepted: March 17, 2013.

From the Division of Acute Care Surgery (L.M.N.), Department of Surgery, Uni-
versity of Michigan, Ann Arbor, Michigan; Division of General Surgery
(M.I.C.), San Francisco General Hospital, University of California, San
Francisco, California; Division of Acute Care Surgery (B.A.C.), Department of
Surgery, University of Texas Medical School at Houston, Houston, Texas;
Section of Trauma and Critical Care (M.A.S.), Department of Surgery, Oregon
Health & Science University, Portland, Oregon; and Division of Acute Care
Surgery (E.E.M.), Department of Surgery, Denver Health Medical Center,
Denver, Colorado.

Address for reprints: Lena M. Napolitano, MD, Acute Care Surgery, [Trauma, Burns,
Critical Care, Emergency Surgery], Department of Surgery, University of
Michigan Health System, Room 1C340-UH, University Hospital, 1500 East
Medical Dr, SPC 5033, Ann Arbor, MI 48109-5033; email: lenan@umich.edu.

DOI: 10.1097/TA.0b013e318292cc54

J Trauma Acute Care Surg
Volume 74, Number 6

thrombin production, reduced platelet function, and dys-
functional fibrinogen bioavailability.'!-!2

ACOT, initially described in 2003,'37!5 occurs in ap-
proximately 25% to 40% of patients nearly immediately when
severe injury is combined with tissue hypoperfusion (shock),
independent of iatrogenic causes. ACOT is associated with
increased blood product requirements, increased morbidity,
and mortality.'®17

Additional studies suggest that ACOT occurs owing to
of activation of the protein C system.'® Protein C is a serine
protease, which when activated (in a mechanism that involves
thrombin, endothelial protein C receptor, and thrombomodulin)
results in a proteolytic deactivation of clotting factors Va and
VlIlla and enhanced fibrinolysis by a mechanism mediated
through a reduction in plasminogen activator inhibitor 1 (PAI-1,
which normally inhibits t-PA), which in turn results in an in-
crease in t-PA activity and increased fibrinolysis.!? As a result,
thrombin is bound, less clot is formed, and existing clot is
more efficiently lysed by existing fibrinolytic mechanisms.
Blood coagulation has evolved into a highly tuned system
capable of dynamically balancing effective coagulation to
prevent bleeding while preventing excessive thrombosis and
fibrin deposition.?® Fibrinolysis is essential to this normal
homeostasis and occurs primarily through the proteolytic ef-
fects of plasmin. Plasmin is formed by the cleavage of its
inactive zymogen (plasminogen) by either tissue plasminogen
activator (t-PA) or by urokinase (UPA). t-PA and UPA are both
effectively cleaved by plasmin, resulting in increased activity.
Fibrin also works in a positive feedback role: in the presence
of fibrin, t-PA and UPA possess increased affinity and activity
on plasminogen.

Negative control of the fibrinolytic system comes from
direct inhibition of plasmin by PAI-1 and thrombin activatable
fibrinolysis inhibitor (TAFI), which block the conversion of
plasminogen to plasmin, thus inhibiting fibrinolysis. a,-plasmin
inhibitor directly inhibits plasmin. Plasmin is protected from ot,-
plasmin inhibitor while bound to fibrin. Thrombin activatable fi-
brinolysis inhibitor serves to break this bond, rendering plasmin
susceptible to inhibition. While the mechanisms of trauma-
induced fibrinolysis remain speculative, the activated protein C
system is implicated. Activated protein C (APC) directly inhibits
PAI-1, thereby limiting the negative control of t-PA, allowing
plasmin inhibition.

How to Determine Postinjury Fibrinolysis: Role of
Thromboelastography and Thromboelastometry

Identification of postinjury fibrinolysis can be chal-
lenging. The traditional laboratory test for pathologic fibri-
nolysis has been the euglobulin lysis time (ELT). In brief, the
euglobulin fraction (prepared by acidification) of citrated,
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platelet-poor, diluted plasma is allowed to clot. The ELT is the
time for spontaneous lysis of the clot (normal range, 60—300
minutes). Unfortunately, the obligatory laboratory time to
prepare the ELT exceeds 4 hours. Moreover, the ELT does
not assess fibrinolysis in whole blood. In contrast, thrombo-
elastography (TEG) (Haemonetics, Braintree, MA) and thrombo-
elastometry (ROTEM) (Tem International, Munich Germany)
provide a rapid assessment of fibrinolysis in whole blood.?!~%*

In the TEG system, fibrinolysis is typically recorded
as the percent lysis at 30 minutes (LY30) after reaching the
maximum amplitude. The% lysis represents the reduction of
the area under the curve. The range in healthy adults is re-
ported to be 0% to 7.5%, although in the Denver experience, it
has always been less than 3% in normal individuals.?® Esti-
mated percent lysis (EPL) is available 2 minutes after maxi-
mum amplitude and recalculated every 30 seconds thereafter
to project the ultimate LY 30. In general, EPL underestimates
LY30. A small early increase in LY30 unrelated to fibrinolysis
may occur owing to clot retraction from hyperactive platelets.?®
A new TXA-inhibitable assay has been developed to obviate
this artifact.

In the ROTEM system, fibrinolysis is usually reported
as LI30 (Lysis Index after 30 minutes), which, in contrast to
LY 30, is the percentage of maximum clot firmness (amplitude)
remaining 30 minutes after the initiation of clotting. The
normal LI is 94% to 100%. The previously reported ROTEM
parameter maximum lysis is the percent reduction of maxi-
mum clot firmness at 60 minutes. Thus, it is difficult to in-
terpret studies of fibrinolysis in comparing TEG versus
ROTEM. Interestingly, the TEG functional fibrinogen assay
and the ROTEM FIBTEM are more sensitive in detecting fi-
brinolysis than LY30 or LI130.22

Although TEG and ROTEM provide more rapid data
for fibrinolysis compared with previous techniques, there are
significant limitations with these techniques since the ACOT
is a dynamic process and frequent changes may occur.?’ Both
tests can be performed as point of care, and the faster avail-
ability of results may assist clinical decisions of TXA use as
well as what, when, and how much blood products to trans-
fuse.?® Preliminary test results are obtained as early as 5 minutes,
with full results available within 20 minutes after starting the
analysis.2? We believe that viscoelastic studies should have a role
in the clinical care of patients with ACOT and ongoing
hemorrhage.

We also recognize that there may be occult HF in trauma
that is not diagnosed by viscoelastic studies. In a prospective
study of 303 trauma patients, thromboelastometry (TEM) HF
was defined as maximum clot lysis of greater than 15%, and
fibrinolytic activation was determined according to plasmin-
antiplasmin (PAP) complex and p-dimer levels.>® Only 5% of
patients had severe fibrinolysis on TEM, but 57% of patients had
evidence of “moderate” fibrinolysis, with PAP complex levels
elevated to more than twice normal without lysis on TEM. At
present, we do not know what is pathologic “hyperfibrinolysis.”
PAP complexes and p-dimer levels signify that clotting (fibrin
cross-linking) has occurred, and the innate response to control
clot progression is plasmin degradation.?! Whether this HF is
clinically significant and warrants treatment has yet to be deter-
mined. The criterion standard for measurement of HF remains
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ELT. As stated previously, the TEG functional fibrinogen assay
and the ROTEM FIBTEM may be more sensitive in detecting
fibrinolysis compared with maximum clot lysis by TEM. Ad-
ditional research is required in this important area, and in par-
ticular, development of a standardized measurement of HF
in trauma is needed.

HF in Trauma: How Common?

The incidence of HF ranges from 2% to 34% and seems
to vary based on the instrument measuring fibrinolysis, how
soon after injury the sample is drawn, the threshold selected,
and the severity of injury. The Denver study of 61 trauma
patients requiring transfusion during the resuscitative phase
reported that HF (defined as EPL > 15% by r-TEG) occurred
in 11 patients (18%). However, this finding was present in
34% of those patients requiring massive transfusion (MT)
compared with only 2% of the remainder. HF was associated
with significantly increased mortality, and with a depressed
fibrinogen and prolonged partial thromboplastin time values.

A single-center study of 1996 highest-level trauma ac-
tivations admitted directly from the scene demonstrated that
HF (defined as >7.5% LY30 by r-TEG) was present in only
41 patients (2%) on arrival.>> More importantly, this group
found that mortality doubled when the admission LY30 is
more than 3%, which occurred in 7% of the severely injured.
Based on these data, the Memorial Hermann Hospital clinical
guideline recommends TXA infusion only in bleeding trauma
patients if -TEG confirms LY 30 of more than 3%.33 The Denver
group now uses the same threshold of LY30 of more than 3%
for TXA administration because of a similar observation.?’

Investigators from LA County identified HF (defined as
EPL > 15%) in 10% of their patients (n = 118) through serial
TEG on admission and 1, 2, and 6 hours. Of note, 62% of the
HF patients died of hemorrhage by 6 hours. Of those who
survived 6 hours, 92% eventually died of either hemorrhage
or head injury. HF was a strong independent predictor of need
for MT and mortality.*

Looking at a more critically injured cohort, the San
Francisco group noted that 20% of 115 patients had HF, de-
fined as an admission maximal clot lysis of 10% or higher. As
with other studies, this group found that HF was associated
with multiorgan failure (63.2% vs. 24.6%, p = 0.004) and mor-
tality (52.2% vs. 12.9%, p < 0.001).!”7 In evaluating the pub-
lished work on this lethal presentation, several key risk factors
for HF have been identified (Table 1).

The LA County and Houston groups noted that in-
creasing Injury Severity Score (ISS) was associated with sig-
nificantly increasing likelihood of presenting with HF, contrary
to studies from Denver and San Francisco. Shock on arrival
and admission hypothermia were strong predictors of HF at
all 4 centers. Base deficit was confirmed as an independent
predictor of HF by Ives et al.>*, Cotton et al.32, and Kashuk
et al.!, but not by Kutcher et al.!”

Tranexamic Acid

TXA, a synthetic derivative of the amino acid lysine, is
an antifibrinolytic agent that acts by binding to plasminogen and
blocking the interaction of plasminogen with fibrin, thereby pre-
venting dissolution of the fibrin clot.> TXA has been available

© 2013 Lippincott Williams & Wilkins
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TABLE 1.

Mortality and Risk Factors Associated With Development of HF

Diagnostic Measure and

No. Patients Prevalence of HF

Criteria for HF

Mortality Rate for HF Risk Factors for HF

Cotton et al.? 1,996 2%

Ives et al.3* 118 11%

Kashuk et al.! 61 18%

Kutcher et al.!” 115 20%

Schochl et al.® 33 N/A

LY30 > 7.5% by admission r-TEG 76%

EPL > 15% by serial TEG 92%

EPL > 15% by serial r-TEG 64%

MCL > 10% by ROTEM 52%

Maximal lysis of 100% by ROTEM 88%

Increasing base deficit
SBP <90 mm Hg
Increasing ISS
Prehospital fluids
Increasing lactate

Increasing base deficit
SBP <90 mm Hg

ISS > 16
Increasing base deficit
Increasing lactate
SBP <90 mm Hg
Increasing ISS
Hypothermia (<36.0°C)

Acidosis (pH < 7.2)
INR > 1.3
aPTT > 30
Platelet count < 200,000
ISS > 25

aPTT, activated partial thromboplastin time; INR, international normalized ratio; MCL, maximal clot lysis N/A, not applicable.

for more than 20 years. It was first approved by the US Food
and Drug Administration (FDA) in 1986 for short-term use
(2-8 days) as an injection to reduce or prevent bleeding during
tooth extraction in hemophilia patients.3¢ In November 2009,
the FDA approved the oral form of TXA to treat menorrha-
gia.3738 All other uses of TXA, including trauma use,
are considered “off-label” uses.

CRASH-2 Trial

The CRASH-2 Trial was a large pragmatic international
randomized placebo-controlled trial of the effects of the early
administration of TXA (1 g over 10 minutes intravenously ad-
ministered, then intravenous infusion of 1 g over 8 hours) on
28-day hospital mortality, vascular events, and transfusions
in adult trauma patients.>® The trial enrolled 20,211 patients
with, or at risk of, significant bleeding from 274 hospitals
across 40 countries, with no significant difference in baseline
characteristics. The inclusion criteria were as follows:

* Adult trauma patients with significant hemorrhage
+ Systolic blood pressure (SBP) less than 90 mm Hg, heart
rate of more than > 110 beats per minute, or both

+  Within 8 hours of injury

The fundamental eligibility criterion was whether the
responsible doctor was “substantially uncertain” as to whether
to use an antifibrinolytic in the trauma patient.*° The authors
have disclosed that 20,225 patients were screened, and 20,211
patients were randomized, leaving only 14 patients who were
excluded.*!

All-cause 28-day mortality was 1,463 (14.5%) in TXA
and 1,613 (16.0%) in placebo patients (relative risk [RR], 0.91;
95% confidence interval [CI], 0.85-0.97; p = 0.0035). All-
cause mortality reduction was 1.5%, giving a number needed
to treat (NNT) of 67 to save one life over 28 days. Considering

© 2013 Lippincott Williams & Wilkins

the mortality benefit and the absence of evidence in the study
to suggest a risk of harm, this is a significant result. On the
basis of the CRASH-2 Trial results, it has been estimated that
TXA use could save between 70,000 and 100,000 lives per
year worldwide.*?

Since TXA is an antifibrinolytic agent whose primary
mechanism of action is reduction in clot lysis, the potential for
increased thromboembolic events was evaluated. Secondary
outcomes were vascular occlusive events (myocardial infarction,
stroke, pulmonary embolism [PE] and deep vein thrombosis
[DVT], surgical intervention [neurosurgery as well as thoracic,
abdominal, and pelvic surgery]), receipt of blood transfusion,
and units of blood products transfused. There was no differ-
ence in the rate of vascular occlusive events between groups:
no difference in venous thrombotic events (PE 72 [0.7%] for
the TXA group vs. 71 [0.7%] for the control group; DVT 40
[0.4%] for the TXA group vs. 41 [0.4%] for the control group)
or risk of stroke (57 [0.6%] for the TXA group vs. 66 [0.5%]
for the control group). There was a reduced risk of myocardial
infarction in the TXA group (35 [0.3%] for the TXA group vs.
55 [0.55%] for the control group).

Closer Look at Mortality in CRASH-2 Trial

Only approximately 5% of patients had bleeding as a
cause of death, and these were early deaths, with most oc-
curring within the first 48 hours after injury. Mortality caused
by bleeding was 489 (4.9%) in the TXA group and 574 (5.7%)
in the control group (RR, 0.85; 95% CI, 0.76-0.96; p =
0.0077). There were no significant differences in mortality
due to any other cause (cause of death was defined by the
following categories: bleeding, vascular occlusion [myocar-
dial infarction, stroke, and PE], multiorgan failure, head in-
jury, and other). Traumatic brain injury (TBI) was the leading
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cause of death (6.0% for the TXA group vs. 6.2% for the
placebo group; RR, 0.97; 95% CI, 0.87-1.08; p = 0.60).

Evaluation of all-cause 28-day mortality by subgroups
confirmed that the signal for benefit of TXA was in the most
severe shock group as defined by admission SBP. In the sub-
group of trauma patients presenting with SBP of 75 mm Hg
or less, all-cause 28-day mortality was 30.6% (478 of 1,562)
for the TXA group versus 35.1% (562 of 1,599) for the placebo
group (RR, 0.87; 99% CI 0.76-0.99).

Data Limitations in CRASH-2 Trial

Red blood cell (RBC) transfusion was administered
to approximately 50% of patients enrolled in the CRASH-2
Trial (50.4% for the TXA group vs. 51.3% for the placebo
group), with mean (SD) units transfused 6.06 (9.98) for the
TXA group versus 6.29 (10.31) for the placebo group. No
standardized RBC transfusion protocol was used in the trial.
Most of the study sites were in low- and middle-income
countries where MT protocols and hemostatic resuscitation
are not routinely available.

No data are available from this trial regarding additional
blood products (plasma, platelets) administered, number and
outcome of patients requiring M T, whether MT protocols were
used, or specific information regarding coagulopathy and in-
jury severity. Furthermore, time to cessation of hemorrhage
and information regarding thrombotic events were not cap-
tured in this trial. These are significant limitations of the
CRASH-2 Trial (Table 2).

TXA Added to World Health Organization List
of Essential Medicines

Based on the results of the CRASH-2 Trial, TXA was
recently added to the World Health Organization list of es-
sential medicines in March 2011:

* “Section 10: addition of TXA injection for the treatment
of adult patients with trauma and significant risk of on-
going haemorrhage. On the basis of the results of a very
large trial of the use of TXA specifically for trauma
patients—including those who have been in road traffic
accidents, the Committee concluded that there is sufficient
evidence to support the proposal that listing TXA may
contribute to a reduction in this cause of death.”4344

Cochrane Systematic Reviews—Antifibrinolytics

Antifibrinolytics for Acute Traumatic Injury

The Cochrane systematic review regarding antifibri-
nolytic drugs for acute traumatic injury*’ included all ran-
domized controlled trials (4 trials, n = 20,548 patients) of
antifibrinolytic agents (aprotinin and TXA) following acute
traumatic injury. Two of these trials studied TXA in 20,451
patients, and one of the trials was the CRASH-2 Trial. TXA
reduced the risk of death by 10% (RR, 0.90; 95% CI, 0.85-0.97;
p = 0.0035). No additional information concerning vascular
occlusive events beyond the data from CRASH-2 was pro-
vided. The two aprotinin trials provided no reliable data
according to the authors of the Cochrane systematic review.

TABLE 2. Significant Limitations of the CRASH-2 Trial

Study Limitation

Comment

Approach to randomization: “Doctor is reasonably certain that
antifibrinolytic agents are indicated or contraindicated—do
not randomize”

No data regarding injury severity of the patient cohort (ISS, RTS)
No data regarding shock in the patient cohort (lactate, base deficit)

Small sample size of hypotensive patients (SBP < 90 mm Hg),
which is target population

Small sample size of tachycardic patients (HR > 107), which is
target population

No data regarding fibrinolysis on admission, no coagulation testing
Only 1,063 deaths (35%) were caused by bleeding
TXA did not reduce blood transfusions

Concern regarding selection bias

Unable to determine if cohorts are similar
Unable to determine if cohorts are similar
SBP < 90 mm Hg in only 31.5% of study patients

HR > 107 in only 48% of patients

Rate of fibrinolysis at admission in North American trauma centers is <5%
The most common cause of death was traumatic brain injury
Only 50% of study cohort received blood transfusion; Median (IQR) units of

blood product transfused 3 (2—6) in total cohort. In transfused cohort, mean (SD)
6.06 (9.98) for the TXA group vs. 6.29 (10.31) for the placebo group.

No adverse events regarded as serious, unexpected, or suspected to be Concern about possible inadequate reporting

related to the study treatment
Patient follow-up reported as 100%

Difficult to believe

Effect size small. Statistically significant but not clinically meaningful Study determined a 0.8% absolute reduction in “death caused by bleeding”

finding?
Absolute increase in mortality if TXA given 3 h after injury

in 20,000 patients.
TXA treatment given after 3 h after injury was associated with an increased risk of death

caused by bleeding (4.4% vs. 3.1%; RR, 1.44; 95% CI, 1.12-1.84; p = 0.004).

The aim of the CRASH-2 trial was to assess the effects of early administration of TXA on death, vascular occlusive events, and blood transfusion in trauma patients with significant

hemorrhage.

Inclusion criteria include trauma patients judged to be 16 years or older, with significant hemorrhage (SBP <90 mm Hg and/or heart rate > 110 beats per minute), or considered to be at

risk of significant hemorrhage, within 8 hours of injury.
HR, heart rate; IQR, interquartile range; RTS, Revised Trauma Score.
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Antifibrinolytics for Minimizing Perioperative
RBC Transfusion

The Cochrane systematic review regarding antifibri-
nolytic (TXA, aprotinin and epsilon aminocaproic acid
[EACA]) use for minimizing perioperative allogeneic blood
transfusion in adult surgical patients supports its use. This
review included 252 randomized controlled trials with more
than 25,000 participants and concluded that antifibrinolytic
drugs provide worthwhile reductions in blood loss and receipt of
RBC transfusion and seem to be free of serious adverse effects.*®

TXA reduced the risk of blood transfusion by 39% (RR,
0.61; 95% CI, 0.53-0.70), but it did not reduce the need for
reoperation due to bleeding (RR, 0.80; 95% CI, 0.55—1.17) and
mortality (RR, 0.60; 95% CI, 0.33—1.10). Aprotinin reduced
the need for reoperation due to bleeding by 54% (RR, 0.46;
95% CI, 0.81-0.99), and a similar trend was seen with EACA
(RR, 0.32; 95% CI, 0.11-0.99). Aprotinin (vs. TXA and EACA)
was associated with a significant increase in the risk of death
(RR, 1.39) and myocardial infarction (RR, 1.11). Sixty-five of
the trials (n =4,842) specifically compared TXA with a control
arm. An evaluation of these trials reveals that there was no
increased incidence of DVT, PE, myocardial infarction or
stroke in the patients who received TXA.

However, this review did not include trials assessing
the effect of TXA in emergency surgery. A systematic review
of randomized trials in adults undergoing emergency or urgent
surgery identified 5 trials with 372 patients. TXA reduced the
probability of receiving a blood transfusion by 30% (RR, 0.70;
95% CI, 0.52-0.94), but there was no impact on mortality (RR,
1.01; 95% CI, 0.14-0.73).47

Effect of TXA on Surgical Bleeding

The Cochrane systematic review on the effect of TXA
on surgical bleeding included 129 trials (n = 10,488), with
studies performed between 1972 and 2011. TXA reduced the
probability of receiving a blood transfusion by a third (RR,
0.62; 95% CI, 0.58-0.65; p < 0.001). This effect remained
when the analysis was restricted to trials using adequate al-
location concealment (RR, 0.68; 95% CI, 0.62-0.74; p <
0.001). The effect of TXA on myocardial infarction (RR, 0.68;
95% CI, 0.43-1.09; p = 0.11), stroke (RR, 1.14; 95% CI,
0.65-2.00; p = 0.65), DVT (RR, 0.86; 95% CI, 0.53-1.39;
p=0.54),and PE (RR, 0.61;95% CI, 0.25-1.47; p=0.27) was
uncertain. Fewer deaths occurred in the TXA group (RR, 0.61;

95% CI, 0.38-0.98; p = 0.04), although, when the analysis was
restricted to trials using adequate concealment there was con-
siderable uncertainty (RR, 0.67; 95% CI, 0.33-1.34; p = 0.25).
The evidence is strong that TXA reduces blood transfusion
in surgery, but the effect on thromboembolic events and
mortality remains uncertain.*®

Exploratory Analysis of CRASH-2: Early Versus
Late TXA

The effect of TXA treatment on death caused by bleeding,
rather than all-cause 28-day mortality, was examined. This
subgroup analysis examined four baseline characteristics as
follows: (1) time from injury to treatment (<1,>1-3, and >3 h);
(2) severity of hemorrhage as assessed by SBP (<75, 76-89,
and >89 mm Hg); (3) Glasgow Coma Scale (GCS) score
(severe, 3—8; moderate, 9—12; mild, 13—-15); and (4) type of
injury (penetrating only, blunt only, and blunt plus penetrating).
These were the same subgroup analyses that were reported
previously but for the outcome of death caused by bleeding
rather than for all-cause mortality.*’

Of the 3,076 deaths from all causes, 1,063 deaths (35%)
were caused by bleeding. The risk of death caused by bleeding
was significantly reduced with TXA (4.9% vs. 5.7%; RR, 0.85;
95% CI, 0.76-0.96; p = 0.0077). There was no significant
effect of TXA on the risk of death for all other (nonbleeding)
causes combined (Table 3). Subgroup analysis confirmed a
significant reduction (19%) in deaths caused by bleeding
(14.9% vs. 18.4%; RR, 0.81; 95% CI, 0.69—0.95) in the most
severe hemorrhagic shock patients with SBP of 75 mm Hg or
less (Table 4).

Early TXA treatment (<1 hour from injury) was asso-
ciated with the greatest reduction (32% reduction) in deaths
caused by bleeding (198 [5.3%] of 3,747 for the TXA group vs.
286 [7.7%] of 3,704 for the placebo group; RR, 0.68; 95%
CI, 0.57-0.82; p <0.0001). Treatment given between 1 hours
and 3 hours after injury also reduced the risk of death caused
by bleeding (147 [4.8%] 0f 3,037 vs. 184 [6.1%] 0£2,996; RR,
0.79; 95% CI, 0.64-0.97; p = 0.03) (Tables 3 and 4).

In contrast, TXA treatment given after 3 hours after in-
jury was associated with an increased risk of death caused by
bleeding (144 [4.4%)] 0f3,272 vs. 103 [3.1%] 0 3,362; RR, 1.44;
95% CI, 1.12-1.84; p = 0.004). In patients given TXA 3 hours
after injury, no effect of TXA on death caused by bleeding was
identified in the SBP, GCS, or type of injury groups. The authors

TABLE 3. RR (95% CI) of Death With TXA, Overall and by Time to Treatment in CRASH-2 Trial
n All Causes of Death Bleeding Death Nonbleeding Death
Overall 20,127 0.91 (0.85-0.97), p = 0.0035 0.85 (0.76-0.96), p = 0.0077 0.94 (0.86-1.02), p = 0.13
Time to treatment, h
<1 7,451 0.87 (0.76-0.97) 0.68 (0.57-0.82) 1.04 (0.89-1.21)
>13 6,033 0.87 (0.77-0.97) 0.79 (0.64-0.97) 0.91 (0.78-1.05)
>3 6,634 1.00 (0.90-1.13) 1.44 (1.12-1.84) 0.89 (0.78-1.02)

x* test of homogeneity — 4411 (p=0.11)

23.516 (p = 0.0000) 2.537 (p=0.28)

Primary outcome was 28-day all-cause mortality with cause of death described with the following categories: bleeding, vascular occlusion (myocardial infarction, stroke, and PE),

multiorgan failure, head injury, and other.
Adapted from CRASH-2 collaborators.*’
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TABLE 4. Mortality Caused by Bleeding, by Subgroup Analysis in CRASH-2 Trial

TXA

Placebo

RR (95% CI)

Time to treatment, h

<1
>1-3
>3

x> = 23.516, p < 0.0000

SBP, mm Hg
>89
76-89
<75

x> =12235p=033

GCS score
Severe (3—8)
Moderate (9-12)
Mild (13-15)

x> =1275,p=053

Type of injury

198/3,747 (5.3%)
147/3,037 (4.8%)
144/3,272 (4.4%)

146/6,878 (2.1%)
110/1,609 (6.8%)
233/1,562 (14.9%)

168/1,789 (9.4%)
93/1,349 (6.9%)
228/6,915 (3.3%)

286/3,704 (1.7%)
184/2,996 (6.1%)
103/3,362 (3.1%)

163/6,761 (2.4%)
114/1,689 (6.7%)
295/1,599 (18.4%)

186/1,830 (10.2%)
121/1,344 (9.0%)
265/6,877 (3.8%)

347/6,817 (5.1%)
227/3,250 (7.0%)

0.68 (0.57-0.82)
0.79 (0.64-0.97)
1.44 (1.12-1.84)

0.88 (0.71-1.10)
1.01 (0.79-1.30)
0.81 (0.69-0.95)

0.92 (0.76-1.13)
0.77 (0.59-0.99)
0.86 (0.72-1.02)

0.89 (0.77-1.04)
0.79 (0.66-0.96)

Blunt 308/6,788 (4.5%)
Penetrating 181/3,272 (5.5%)
x> =0.923, p=0.34

All deaths 489/10,060 (4.9%)

Two-sided p = 0.0077

574/10,067 (5.7%) 0.85 (0.76-0.96)

Adapted from CRASH-2 collaborators.

concluded that TXA should be given as early as possible to
bleeding trauma patients. For trauma patients admitted late
after injury, TXA treatment was harmful.

CRASH-2 Intracranial Bleeding Study (IBS)

CRASH-2 IBS was a prospective randomized controlled
trial nested within the CRASH-2 Trial>® in patients (n = 270)
who fulfilled the inclusion criteria for the CRASH-2 Trial
and also had TBI (defined as GCS < 14 and brain computed
tomographic [CT] scan compatible with TBI). The primary
outcome was increase of intracranial hemorrhage size between
a CT scan at hospital admission and a second CT scan 24 hours
to 48 hours later.

TXA was associated with a nonsignificant reduction in
hemorrhage growth (adjusted difference, —3.8 mL, 95%
credibility interval [CrI], —11.5 mL to 3.9 mL), fewer focal
ischemic lesions (adjusted odds ratio [OR], 0.54, 95% Crl,
0.20-1.46) and fewer deaths (adjusted OR, 0.49, 95% Crl,
0.22-1.06) (Table 5). In the CRASH-2 IBS study, the majority
(85%) of the observed deaths were caused by TBI, not bleeding.
Inadequate sample size (n = 270) prohibits definitive con-
clusions from this study.>!

MATTERs Study

The Military Application of TXA in Trauma Emergency
Resuscitation (MATTERSs) study is a retrospective observa-
tional study comparing TXA to no TXA in combat casualty
patients (n = 896; 293 TXA) treated in a Role 3 surgical hospital
in southern Afghanistan. Trauma patients were identified from
UK and US trauma registries.>?

The TXA group had lower unadjusted mortality than
the no-TXA group (17.4% vs. 23.9%, respectively; p = 0.03)
despite being more severely injured (mean [SD] ISS, 25.2
[16.6] vs. 22.5 [18.5]; p < 0.001). This benefit was greatest
in MT patients (14.4% vs. 28.1%, respectively; p = 0.004),
where TXA was also independently associated with survival
(OR, 7.228; 95% CI, 3.016-17.322) and less coagulopathy
(p = 0.003).

Thrombotic events were significantly increased in the
TXA group for both PE (8 [2.7%] vs. 2 [0.3%], p = 0.001 in the
overall cohort; 4[3.2%] vs. 0, p = 0.001 in the MT cohort) and
DVT (7 [2.4%] vs. 1 [0.2%], p = 0.001 in the overall cohort;
2 [1.6%] vs. 1 [0.5%], p = 0.32 in the MT cohort). After
correcting for severity of injury, there was no association of
TXA use with an increased risk of DVT or PE.

TABLE 5. Effect of TXA on Outcomes in the CRASH-IBS

Unadjusted OR (95% CrI) n =270 Adjusted OR (95% CrI) n = 270) Probability of Benefit, %
Mortality 0.57 (0.28-1.14) 0.49 (0.22-1.06) 96
Mortality caused by head injury 0.59 (0.28-1.25) 0.54 (0.24-1.22) 93
Need for neurosurgery 0.98 (0.50-1.93) 0.98 (0.50-1.91) 53

Reprinted with permission from the Queens Printer and Controller of HMSO 2012. Health Technology Assessment 2012; Vol. 16: No. 13. ISSN 1366-5278.°
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The authors concluded that treatment with TXA should
be implemented into clinical practice as part of a resuscitation
strategy following severe wartime injury and hemorrhage. This
study is limited, however, because of its retrospective observa-
tional nature, lack of standardized indications and dosing
of TXA, and no data regarding timing of TXA treatment or
laboratory evaluation for fibrinolysis.>?

MATTERs Il Study

The MATTERs II study expanded the sample size of
the MATTERSs I study to further evaluate TXA and trauma
outcomes. A review of 1,332 patients (identified from pro-
spectively collected UK and US trauma registries) who re-
quired one or more RBC unit transfusion were analyzed to
examine the impact of cryoprecipitate (CRYO) in addition to
TXA on survival in combat injured patients.

Despite greater ISSs and RBC transfusion requirements,
mortality was lowest in patients who received TXA (18.2%) or
TXA/CRYO (11.6%) compared with CRYO alone (21.4%) or
no-TXA/CRYO (23.6%). Logistic regression analysis con-
firmed that TXA and CRYO were independently associated
with a similarly reduced mortality (OR, 0.61; 95% CI, 0.42—-0.89;
p=0.01and OR, 0.61; 95% CI, 0.40-0.94; p =0.02, respectively).
The combined TXA and CRYO effect versus neither in a synergy
model had an OR of 0.34 (95% CI 0.20-0.58; p < 0.001),
reflecting nonsignificant interaction (p = 0.21).>*

Military Damage-Control Resuscitation Clinical
Practice Guideline

The Joint Theater Trauma System Clinical Practice
Guideline for Damage-Control Resuscitation at forward surgical
hospitals and combat support hospitals includes evidence-based
recommendations for TXA administration in combat casualty
care:>® “The early use of TXA (i.e., as soon as possible after
injury but ideally not later than 3 hours post injury) should be
strongly considered for any patient requiring blood products
in the treatment of combat-related hemorrhage and is most
strongly advocated in patients judged likely to require MT
(e.g., significant injury and risk factors of MT).”

Potential Thrombotic Complications
of Antifibrinolytics

When evaluating the therapeutic benefits of hemostatic
drugs, we must also consider the risk of adverse events.>® The
frequency of thrombotic events among trauma patients who
receive antifibrinolytic agents is not fully known from the
clinical studies performed to date.

The MATTERs study documented no difference in
thromboembolic events, but the retrospective nature of this
study limits any conclusions regarding thrombotic compli-
cations related to TXA. The CRASH-2 Trial documented
no difference in thromboembolic events (PE, DVT, stroke,
myocardial infarction), but the event rates were very low, and
no standard mechanism for diagnosis of these complications
was mandated in the trial.

A systematic review of 57 studies of adults given
antifibrinolytic drugs for spontaneous bleeding (n = 5,049,
3,616 [72%] had spontaneous subarachnoid hemorrhage)
confirmed that the frequencies of limb ischemia and myocardial

© 2013 Lippincott Williams & Wilkins

infarction were less than 1% for TXA and EACA. The frequency
of DVT or PE was 1.9% for TXA versus 3.0% for EACA. A
notable finding, however, was a cerebral infarction rate of 9.7%
for TXA versus 7.7% for EACA in studies of subarachnoid
hemorrhage. This study concluded that thrombotic events have
occurred infrequently with antifibrinolytic drugs after sponta-
neous bleeding, apart from subarachnoid hemorrhage, so further
exploration of their safety and efficacy after spontaneous
bleeding is justified in randomized trials.>’

TXA in Trauma: How Did It Reduce Mortality?

The CRASH-2 Trial documented no statistical differ-
ence in RBC transfusion between groups, so it is unclear
whether the reduced mortality in the TXA group was caused
by the prevention of clot lysis and improved coagulation with
decreased bleeding after injury. TXA, as an antifibrinolytic agent,
inhibits plasmin, which is known to induce proinflammatory
effects by activation of monocytes, neutrophils, platelets, and
endothelial cells and complement releasing lipid mediators
and cytokines and by induction of proinflammatory genes.>%->°
Some have speculated that improved survival in TXA patients
may be caused by an attenuated inflammatory response achieved
in part through reduction of circulating plasmin levels.®%~%3 It
remains unclear whether the mortality benefit from TXA is
from reversal of fibrinolysis or whether an inflammatory or
immune modulation is the underlying mechanism.

Cost-Effectiveness Analysis of CRASH-2 Trial

The incremental cost per life years gained for TXA use
in trauma was $48, $66, and $64 in Tanzania, India, and the
United Kingdom, suggesting cost efficacy in low-, middle-,
and high-income settings.®* TXA cost ($5.70 per gram) was
taken from the British National Formulary and converted into
international dollars, but there is significant US variability.

Additional TXA Clinical Trials in Trauma
and Hemorrhage

CRASH-3 Trial: TXA for TBI

CRASH-3 is an international, multicenter, pragmatic,
randomized, double-blind, placebo-controlled trial to quantify
the effects of the early TXA versus placebo on death and
disability in adult TBI patients (n = 10,000)% who are within
8 hours of injury and have intracranial bleeding on CT scan
or GCS score 12 or less if the responsible doctor is substan-
tially uncertain as to whether to use TXA.%6:67

World Maternal Antifibrinolytic (WOMAN) Trial:
TXA for Postpartum Hemorrhage

This is an international, randomized, double-blind, placebo-
controlled trial investigating TXA for the treatment of post-
partum hemorrhage.%®%° Obstetric hemorrhage is the leading
cause of maternal mortality, accounting for up to one third of
deaths, most in the postpartum period. As of January 2013,
5,657 women have been randomized (trial start, May 2009).

CRASH-2 Goes Viral

Despite the compelling findings of the CRASH-2 trial
announced in 2010, an audit of UK hospitals in 2011 showed
that, of 412 trauma patients who required blood transfusion
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and were eligible for TXA treatment, only 12 (3%) received
TXA. On November 19, 2011, the CRASH-2 research team
rolled out an online brief video to assist in making clinicians
aware of this lifesaving treatment.”®

Despite this novel approach of disseminating research
information from the CRASH-2 Trial, implementation of a
TXA protocol for trauma has still not been initiated in most
trauma centers in the United States. A recent survey of 24
member institutions of the Trauma Center Association of
America documented that only 2 (one Level 1 and one Level 2
trauma center) were using TXA as part of an institutional
protocol and 7 institutions were considering its use. Reasons
reported for lack of TXA use included lack of availability,
ineffectiveness, cost, and unfamiliarity with the drug.”!

Analysis of TXA on Death/Thrombotic Events
According to Baseline Risk of Death

A recent analysis examined the effect of TXA in trauma
patients stratified by risk of death at baseline.”® The baseline
risk of death was calculated using a prognostic model that
was derived from the CRASH-2 Trial.”> The study cohort
included 13,273 trauma patients in the CRASH-2 Trial who
were treated with TXA or placebo within 3 hours of injury
and trauma patients enrolled in the UK Trauma and Audit
Research Network. TXA was associated with a significant
reduction in all-cause mortality and deaths from bleeding in
each stratum of baseline risk. Interestingly, TXA was associ-
ated with a significant reduction in the odds of fatal and
nonfatal thrombotic events (OR, 0.69; 95% CI, 0.53-0.89;
p = 0.005) and a significant reduction in arterial thrombotic
events (OR, 0.58; 0.40-0.83; p = 0.003) but no significant
reduction in venous thrombotic events (OR, 0.83; 95% CI,
0.59-1.17; p = 0.295) (Fig. 1).

Why the Delay in Implementing TXA in Trauma?

The significant delay in implementation of TXA ad-
ministration in trauma is likely related to questions regarding
which patients should receive it. Important knowledge gaps
are present in the research to date, and additional research
efforts are warranted about the TXA use in trauma.” We be-
lieve that a prospective randomized study performed in a
controlled environment with laboratory monitoring of coag-
ulation and standardized transfusion protocols is essential before
TXA becomes standard of care in trauma. Based on the evi-
dence to date, how should we implement TXA use in trauma?

One potential implementation strategy would be to
use the inclusion criteria from the CRASH-2 Trial: use TXA in
all patients with significant hemorrhage (SBP < 90 mm Hg
and/or heart rate > 110 beats per minute) or considered to be
at risk of significant hemorrhage within 8 hours of injury. This
would result in a large number of patients being treated with
TXA who would not be expected to have fibrinolysis, including
those patients more than 3 hours from injury in which the post
hoc analysis documented a significantly increased risk of death
caused by bleeding with TXA, so we do not recommend this
approach.

Another implementation strategy is to initiate TXA use in
the trauma patient cohort most likely to derive benefit in mortality
reduction, that is, those with significant injury and more severe
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hemorrhagic shock as identified by SBP 75 mm Hg or less and
less than 3 hours from time of injury. This strategy will allow
trauma centers to review their TXA use data and outcomes on a
smaller cohort of patients in an initial implementation protocol
for TXA use in trauma. A predictive model for mortality is
being developed based on the CRASH-2 Trial data, and in the
future, this may assist clinicians in the determination of which
trauma patients would most benefit from TXA treatment.
Another approach is to use TXA only in patients with docu-
mented HF by TEG or in those with risk factors for HF.

Summary What Do We Know?

TXA is associated with a 1.5% reduction in 28-day all-cause
mortality in adult trauma patients with signs of bleeding
(SBP < 90 mm Hg, heart rate > 110 beats per minute, or
both, within 8 hours of injury) in a large pragmatic pro-
spective randomized placebo-controlled trial.

* What is critical is the modest effect on the overall popula-
tion: All-cause mortality was “significantly” reduced from
16.0% to 14:5% (NNT, 67). The risk of death caused by
bleeding overall was “significantly” reduced from 5.7% to
4-9% (NNT, 121).

* TXA signal for benefit was in the most severe shock group
(admission SBP < 75 mm Hg), 28-day all-cause mortality
0of 30.6% for the TXA group versus 35.1% for the placebo
group (RR, 0.87; 99% CI 0.76-0.99).

* 1,063 deaths (35%) were caused by bleeding in the
CRASH-2 Trial.

* TXA had greatest impact on reduction of death caused by
bleeding in the severe shock group (SBP < 75 mm Hg)
(14.9% vs. 18.4%; RR, 0.81; 95% CI, 0.69-0.95).

» Early TXA (<1 hour from injury) was associated with the
greatest reduction (32% reduction) in deaths caused by
bleeding (5.3% vs. 7.7%; RR, 0.68; 95% CI, 0.57-0.82;
» <0.0001).

* TXA given between 1 hour and 3 hours after injury also
reduced the risk of death caused by bleeding (4.8% vs.
6.1%; RR, 0.79; 95% CI, 0.64-0.97; p = 0.03).

» TXA given after 3 hours after injury was associated with
an increased risk of death caused by bleeding (4.4% vs.
3.1%; RR, 1.44; 95% CI, 1.12-1.84; p = 0.004).

* TXA had no impact on TBI outcomes, but the study was
limited by small sample size.

* TXA treatment is not associated with an increased risk
of vascular occlusive events.

What Is Still Unknown?

Whether TXA has any impact on trauma outcomes when
damage-control resuscitation or MT protocols are used;

* The mechanism by which TXA reduced mortality in trauma
in the CRASH-2 Trial. Fibrinolysis assessment and coag-
ulation testing were not part of the study design, and de-
termination of time to cessation of hemorrhage was not
required in the study;

*  Whether fibrinolysis testing should be performed before
consideration of TXA treatment;

* What is the optimal dose and timing of TXA in trauma;

*  Whether other antifibrinolytic agents could be substituted
for TXA use in trauma;
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* Whether TXA is associated with higher seizure rates in
trauma or TBI patients. Increased postoperative seizures
have been reported in cardiac surgery with TXA doses that
are 2-fold to 10-fold higher than those used in CRASH-
2.75-80 These seizures have been associated with an in-
creased incidence of neurologic complications (delirium
and stroke), prolonged recovery, and higher mortality rates.
A proposed mechanism for seizures is TXA-mediated in-
hibition of glycine receptors as a potential cause of neuro-
toxicity.3182 A recent warning has been added to the FDA

No of patients (%)

A
Risk of death Tranexamic
at baseline acid
6% 33/2487 (1%)
6-20% 223/2682 (8%)
21-50% 281/908 (31%)
50% 392/607 (65%)
All 929/6684 (14%)
B

Placebo

40/2353 (2%)
266/2713 (10%)

337/940 (36%)

410/583 (70%)
1053/6589 (16%)

No of patients (%)

Risk of death Tranexamic
at baseline acid

6% 14/2487 (1%)

6-20% 96/2682 (4%)

21-50%  98/908 (11%)

»50% 106/607 (17%)
All 314/6684 (5%)
c

Placebo

21/2353 (1%)
134/2713 (5%)
142/940 (15%)
132/583 (23%)
429/6589 (7%)

No of patients (%)

Risk of death Tranexamic
at baseline acid

6% 14/2487 (1%)
6-20% 38/2682 (1%)
21-50% 29/908 (3%)
¥50% 17/607 (3%)
All 98/6684 (1%)

Placebo

16/2353 (1%)
50/2713 2%)
52/940 (6%)
22/583 (4%)

140/6589 (2%)

drug label: “Convulsions have been reported in association
with tranexamic acid treatment.”%

A Rational Approach for TXA use in Trauma

¢ In adult trauma patients with severe hemorrhagic shock
(SBP < 75 mm Hg), with known predictors of fibrinolysis,
or with known fibrinolysis by TEG (LY30 > 3%);

*  Only administer TXA if less than 3 hours from time of injury;

* TXA administration: 1 g intravenously administered over
10 minutes, then 1 g intravenously administered over 8 hours.

0dds ratio 0Odds ratio
(95% CI) (95% CI)
- 0.78 (0.491t01.23)
e 0.83 (0.70 to 1.00)
—.—E— 0.80 (0.69 10 0.94)
— 0.77 (0.68 10 0.87)
e 0.85 (0.78100.93)
0.6 0.7 08 09 1 11
Better with Worse with
tranexamic tranexamic
acid acid
0dds ratio 0Odds ratio
(95% Cl) (95% CI)
; l 0.63 (0.32t01.24)
: 0.71(0.55100.93)
i 0.68 (0.53 10 0.88)
: 0.72 (0.56 10 0.93)
—e— 0.71 (0.61t00.82)
0.6 0.7 0.8 0.9 1 14
Better with Worse with
tranexamic tranexamic
acid acid
0Odds ratio 0dds ratio
(95% CI) (95%Cl)
1 0.83 (0.401t0 1.96)
— 0.77 (0.50t0 1.17)
e 0.56 (0.36 t0 0.89)
o 0.73 (0.39101.38)
——E—— 0.69 (0.531t00.89)
0.5 06 0.7 0.8 09 1 1.1
Better with Worse with
tranexamic tranexamic
acid acid

Figure 1. Prespecified analysis of TXA effect on mortality and thrombotic events based on risk of death at baseline in trauma patients.
A, Deaths from all causes in patients with traumatic bleeding according to treatment with TXA (p = 0.96 for heterogeneity). B, Death
from bleeding in patients with traumatic bleeding according to treatment with TXA (p=0.98 for heterogeneity). C, Fatal and nonfatal
thrombotic events in patients with traumatic bleeding according to treatment with TXA (p = 0.74 for heterogeneity) (reproduced
with permission from BM] Publishing Group Ltd. from Roberts et al.”2).
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