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Abstract

Background

Early administration of tranexamic acid (TXA) has been shown to reduce mortality in trauma
patients with suspected bleeding. In the context of modern haemostatic resuscitation there
is however concern that TXA may lead to thromboembolic (TE) complications. The aim of
this study was to evaluate if the appropriate patients were selected for TXA treatment by
pre- and inhospital physicians. We also aimed to discern whether TXA administration was

associated with TE complications and survival.
Methods

Data were collected from trauma patients admitted directly at Oslo University Hospital
Ulleval during a 2-year period. Inclusion criteria were trauma patients 218 years old, and
who received TXA or more than two units of packed red blood cells (PRBCs) within the first
12 hours. Patient charts were reviewed with respect to demographics, number and types of
blood products given and TXA administration. Data on TE episodes was prospectively
recorded. We calculated the frequencies of appropriately administered TXA based on the
definition that TXA was indicated in patients who received at least four units of PRBCs.
Logistic regression analyses were performed to identify factors associated with incidence of

TE complications and survival to discharge.
Results

A total of 136 patients were included in the analyses. Median age was 51 years (IQR 31). 108
cases (80%) were blunt injuries and median ISS was 22 (IQR 20). TE complications were
observed in 15 (11%) patients and 112 patients (82%) survived until discharge. A total of 107
patients received TXA. According to our definition, TXA was indicated in 48 patients. 36 of
these (75%) did not receive TXA prehospitally whereas 11 (19%) did not receive TXA during
inhospital treatment. Moreover, TXA was administered unnecessarily in 34 of 46 patients
(74%) prehospitally and 28 of 74 (38%) in hospital. In a logistic regression model adjusting

for injury severity, age, and transfusion requirements, TXA was not found to be an



independent predictor of TE complications. Administration of TXA was however associated

with a survival benefit with an odds ratio of 3,78 (95% Cl: 1.27-11.50, p=0,02).

Discussion

The current study indicates that a relatively large proportion of patients with significant
bleeding do not receive TXA appropriately. On the other hand, an even larger proportion of
patients are given TXA although not indicated according to our definition. In this limited
patient cohort TXA administration was associated with a significant increase in survival

without detectable increased risk of TE complications.
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1. Traume epidemiologi

Traume defineres som en skade pa levende vev som skyldes pavirkning utenfra:;, og begrepet
blir sdledes en fellesbetegnelse for bilulykker, drukning, forgiftning, fall, brannskader og
voldshandlinger. Traumer star for 9% av alle dgdsfall globalt,-og blant de under 35 ar er det
den ledende arsaken til mortalitet og morbiditet.:Blgdning forarsaker 30-40% av alle
traumerelaterte dgdsfall, og en stor andel av disse forekommer prehospitalt. Hos pasientene
som blir behandlet skyldes tidlig dgd manglende hemostase, forstyrrelser i blodets evne til 3
koagulere og utilstrekkelig resuscitering. Effektiv hemostase, resuscitering og
forebygging/behandling av slik koagulopati er derfor identifisert som behandlingsmalene

med stgrst potensiale for a bedre utsiktene til alvorlig skadde traumepasienter.:

2. TIC

Hos pasienter som er utsatt for traume, kan koagulopati oppsta som et resultat av blgdning,
ledsagende vevsskade og andre ytre faktorer. Denne prosessen beskrives ulikt i litteraturen,
og vi velger her 8 omtale den som traumeutlgst koagulopati (“trauma induced
coagulopathy”, TIC). Mekanismene som ligger bak TIC er komplekse og fortsatt mye
omdiskutert. De er antatt a vaere multifaktorielle, hvor endoteldysfunksjon,
hypokoagulabilitet, platedysfunksjon og dysregulert fibrinolyse spiller sentrale roller.
Overordnet bestar TIC av en akutt og en iatrogen komponent. Akutt traumatisk koagulopati
(ATC) skyldes trolig en aktivering av koagulasjonssystemet umiddelbart etter traumet. Denne
aktiveringen oppstar pa grunn av gkt utslipp og aktivering av vevsfaktor og trombin.
Blgdningssjokk vil samtidig fgre til iskemi med pafglgende vevshypoksi, som igjen medfgrer
gkt utslipp av vevs-plasminogenaktivator (t-PA) fra endotelcellene. Resultatet av dette blir
en patologisk fibrinolyse, kalt hyperfibrinolyse. Denne uhensiktsmessige responsen bidrar
ytterligere til pasientens blgdninger, og forklarer hvorfor ATC er assosiert med en firedoblet

mortalitetsrisiko.

Inhospitalt etterfglges ATC av resusciteringsassosiert koagulopati (RAC). Hypotermi, acidose,

fortynning og forbrukskoagulopati utgjgr komponentene i RAC. Alle disse faktorene
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iverksettes det tiltak mot i Damage Control Resuscitation, som bestar av hypotensiv

resuscitering, damage control- kirurgi, normotermi og massiv transfusjonsprotokoll.:

Basert pa den bakenforliggende mekanismen for ATC er det antatt at dersom man behandler
hyperfibrinolysen med antifibrinolystiske agens sa vil man kunne redusere dgdeligheten hos

hardt skadde traumepasienter med signifikant blgdning.s

Antifibrinolytisk behandling er imidlertid omdiskutert grunnet en frykt for gkt forekomst av
tromboemboliske hendelser. Seerlig hos traumepasienter med sakalt «fibrinolytisk
shutdown», pavist med tromboelastografi (TEG) og roterende tromboelastometri (ROTEM),
er slik behandling antatt a veaere uheldig.s» Begrepet “fibrinolytisk shutdown” blir brukt om en
akutt svekket evne til 3 Igse opp koagulert blod, og er pa mange mater motsetningen til
hyperfibrinolyse. Det skyldes trolig en gkning i plasmin activator inhibitor-1 (PAI-1), som er
den viktigste inhibitoren av t-PA. Ved 8 hemme t-PA reduseres dannelsen av plasmin, og
felgelig reduseres ogsa nedbrytningen av fibrin. Det er derfor tenkelig at det a gi

antifibrinolytisk behandling i sene faser av traumeforlgpet kan vaere skadelig.s

3. TXA

Traneksamsyre (TXA) er det mest studerte og omtalte av de antifibrinolytiske legemidlene.
Det er en syntetisk lysinanalog som virker ved 3 hemme interaksjonen mellom plasminogen
og fibrin. Ved a redusere mengden aktivt plasmin, sgrger TXA for at fibrinets levetid gker.
Dette motvirker dermed den uhensiktsmessige hyperfibrinolysen knyttet til TIC, og fgrer til
mindre blgdning. TXA ble fgrst oppdaget i 1962, og er pa WHQ'’s liste over essensielle
medikamenter. | dag brukes det for a behandle eller forhindre uttalt blodtap ved alvorlig

traume, postpartum blgdning, kirurgi, neseblgdninger og alvorlig menoragi.-

4. Foreliggende forskning



Clinical Randomization of an Antifibrinolytic in Significant Hemorrhage 2 (CRASH-2)- studien
ble publisert i 2010, og er den eneste randomiserte kontrollerte studien som omtaler bruken
av TXA i behandlingen av blgdende traumepasienter. Studien hadde over 20.000 inkluderte
pasienter fra mer enn 40 land, og demonstrerte en lavere mortalitet hos traumepasientene
som fikk TXA enn hos kontrollgruppen. Videre var det ikke pavist signifikant hgyere
forekomst av tromboemboliske komplikasjoner i TXA-gruppen. Dette resulterte i at TXA ble
implementert i traumeprotokoller over hele verden. Doseringen som ble benyttet i studien
ble ogsa anvendt som standard dosering i traumeprotokollene. Den bestar av 1g TXA i.v. gitt

som bolusdose, etterfulgt av en vedlikeholdsdose pa 1g TXA i.v. over de neste 8 timene.x

En subgruppe-analyse av CRASH-2 studien ble gjennomfgrt i 2011, og viste at TXA gav stgrst
reduksjon i dgdelighet hvis gitt det ble gitt innen 1 time etter skadetidspunktet. Videre sa
man at TXA gitt mer enn tre timer etter skadetidspunktet resulterte i gkt mortalitet. Disse
funnene dannet grunnlaget for retningslinjene ved Oslo Universitetssykehus Ulleval (OUS-U),
som sier at TXA skal gis sa raskt som mulig, og ikke senere enn 3 timer etter
skadetidspunktet.= Retningslinjene ble innfgrt ved OUS-U i 2011, og anvendes bade pre- og

inhospitalt.:

| 2012 ble funnene i CRASH-2-studien applisert til en militeer traumepopulasjon, i den
retrospektive pasientkohorten Military Application of Tranexamic Acid in Trauma Emergency
Resuscitation (MATTERs). | denne studien fant man en stor reduksjon i dgdelighet blant
pasientene som fikk TXA. Gevinsten var stgrst hos de med stgrst skadegrad (injury severity

score, ISS), og hos de som hadde behov for massive transfusjoner.x

Funnene fra CRASH-2- og MATTERS-studiene er videre blitt reprodusert i en tysk kohorte-
studie med 258 inkluderte traumepasienter. Studien tok for seg traumepasienter behandlet

etter vestlig standard, og viste at TXA var assosiert med forlenget tid til dgd, og signifikant



gkt overlevelse de fgrste 24 timene. Det var heller ikke i denne studien signifikante

forskjeller i antallet tromboemboliske hendelser mellom TXA og ikke-TXA gruppene.:

| tilhelingsfasen etter initiell resuscitering vil traumepasienter ofte bli hyperkoagulopatiske,
med pafglgende gkt risiko for vengse tromboemboliske episoder (VTE).» | CRASH-2 studien
fant man derimot ingen assosiasjon mellom bruken av TXA og gkt forekomst av
tromboemboliske komplikasjoner. Manglende data i kombinasjon med en suboptimal
oppfelging av pasientene med tanke pa senkomplikasjoner har likevel fgrt til at disse
funnene er omstridte. MATTERs studien viste pa en annen side en gkt forekomst av dyp
venetrombose (DVT) og lungeemboli (LE) i TXA-gruppen, men forskjellen var ikke signifikant.
Forfatterne av studien mener dette kan forklares med det faktum at TXA-gruppen hadde

vesentlig hgyere ISS, og at gkt skadegrad assosieres med gkt risiko for trombedannelse.x

| januar 2018 ble det publisert en litteraturstudie i «Journal of Emergency Medical Services
(JEMS)», som sa pa prehospital bruk av TXA ved massiv blgdning. De evaluerte alle store
kliniske studier pa temaet, og konkluderte med at TXA er trygt, rimelig og effektivt til bruk i
pre- hospital traumehandtering. Studien var interdisiplinaer, og inkluderte derfor ogsa
resultater fra WOMAN- studien; en RCT-studie med over 20.000 inkluderte pasienter, som sa
pa bruken av TXA hos kvinner >16 ar med postpartum blgdninger. De fant at kvinner som
mottok 1 g TXA i.v. hadde 31% redusert mortalitet hvis dette ble gitt innen 3 timer etter
fedselen. Videre fant de ingen gkt risiko for tromboemboliske hendelser i gruppen som
mottok TXA. Det er bemerkelsesverdig at kvinner med post-partumblgdninger, som i
utgangspunktet er pro-trombotiske ikke far flere tromboemboliske hendelser enn
kontrollgruppen nar de mottar TXA. Dette belyser det viktige skillet mellom det a fremme
dannelsen av koagler, og det 3 hemme nedbrytelsen av allerede dannede koagler. TXA

hemmer plasminaktivering, og fgrer fglgelig kun til det siste. s:s

Pa den annen side er det flere studier som antyder en assosiasjon mellom TXA og gkt

forekomst av VTE. |1 2017 ble det publisert en artikkelserie i «Journal of Intensive Care» som



blant annet inneholdt en metaanalyse av 6 observasjonelle studier som omhandlet bruken
av TXA og forekomst av VTE. De konkluderte med en mulig gkt risiko for tromboemboliske
hendelser i gruppene som mottok TXA, med en risiko ratio pa 1.32 (0.80, 2.16) i favgr av
gruppen som ikke mottok TXA. Det er likevel verdt 8 merke seg at forfatterne poengterer
at risikoen for bias er stor, bade pa grunn av de inkluderte pasientenes heterogenisitet(/-=

52%) og studiedesign.»

Videre ble det i 2019 publisert en observasjonell studie i «Journal of Trauma and Acute Care
Surgery.», som hadde VTE som det primeere utfallet blant pasientene som mottok TXA. De
giennomfgrte logistiske regresjonsanalyser og fant at behandling med TXA var assosiert med
gkt forekomst av VTE (aOR = 3,26 (1,3-9,1). Ogsa denne studiens forfattere oppgir svakheter
det er verdt & merke seg. For det fgrste hadde de ingen mate a vite om tre-timers vinduet
for @ gi TXA var overholdt, da de er et tertizert senter og brukte ankomsttidspunktet pa
sykehuset som antatt skadetidspunkt. For det andre var det store forskjeller mellom
gruppene. TXA- gruppen |3 signifikant lengre pa sykehuset med flere operasjoner og hadde
en hgyere ISS. Videre fikk TXA- gruppen signifikant sjeldnere VTE profylakse. Endelig er

studien retrospektiv, og kan kun si noe om eventuelle assosiasjoner.:

Pa bakgrunn av TXA sin virkningsmekanisme, og sprikende konklusjoner i tilgjengelig
litteratur er det en bred enighet om at pasienter som skal fa TXA ma selekteres forsiktig for a

unnga komplikasjoner.

5. Pasientseleksjon

| henhold til de lokale prehospitale retningslinjer ved OUS-U, er TXA- behandling indisert hos
voksne pasienter med hypovolemisk sjokk og mistenkt livstruende blgdning etter stump eller
penetrerende skademekanisme innen de fgrste 3 timene etter skade. Kontraindikasjoner er
samtidig tromboembolisk sykdom eller behandling med humant protrombinkompleks.

Videre gis TXA prehospitalt kun dersom pasienten transporteres med legeressurs.:s
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Inhospitale retningslinjer ved OUS sier videre at TXA er indisert hos pasienter som
ankommer sykehuset < 3 timer etter skadetidspunkt, har bekreftet pagaende blgdning og
krever mer enn 2 enheter erytrocyttkonsentrat (SAG). Av praktiske arsaker sammenfaller
dette ofte med aktivering av massiv transfusjonsprotokoll (MTP). Retningslinjene bade pre-
og in-hospitalt baserer seg altsa i stor grad pa de subjektive vurderingene til den

behandlende legen.

Mangel pa uniforme objektive kriterier gjgr at det er vanskelig a vaere sikker pa nar TXA skal
initieres, og nar det skal kontinueres. | var studie hadde vi derfor som mal a retrospektivt
evaluere om TXA var gitt til de rette pasientene basert pa mengde blodprodukter mottatt
innenfor et strengt definert tidsvindu. Vi gnsket ogsa a undersgke om bruken av TXA var

assosiert med gkt forekomst av VTE.

6. Kommentarer til metoden

| denne retrospektive kvalitetssikringsstudien hentet vi data fra traumepasienter innlagt ved
OUS- U i en 2-ars periode fra januar 2016. Traumejournalene ble gjennomgatt med henblikk
pa demografi, antall og type blodprodukter som ble gitt, og om de fikk TXA. Forekomst av TE

ble prospektivt hentet fra aktivitetsregisteret.

Inklusjonskriteriene var pasienter > 18 ar, som fikk TXA eller minst 2 enheter
erytrocyttkonsentrat (SAG) ila. de 12 fgrste timene etter innleggelse. Vi ekskluderte
pasienter som ikke ble tatt imot av traumeteam, samt de som ikke fikk TXA og samtidig ikke
hadde mottatt blodprodukter innen 1 time etter ankomst. Tre pasienter ble ogsa ekskludert
grunnet lav skadegrad, forutgaende anemi og transfusjonsbehov som antakelig ikke var

traumeforskyldt.
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Ved hjelp av histogrammer fant vi at dataene ikke var tilstrekkelig normalfordelte. Vi valgte
derfor ikke-parametriske metoder for 8 sammenligne gruppene som fikk- og ikke fikk TXA.
“Wilcoxon signed-rank test” ble utfgrt for kontinuerlige variabler, og chi-kvadrat-test for
ordinale variabler. Sammenligningen skulle avdekke om de sentrale variablene kjgnn, ISS,

base excess, skademekanisme og antallet SAG var signifikant forskjellige mellom gruppene.

Vi brukte krysstabeller for @ analysere hvor ofte TXA ble gitt pa riktig grunnlag henholdsvis
pre- og inhospitalt. Da indikasjonen for a gi TXA baserer seg pa en subjektiv klinisk vurdering,
valgte vi a bruke > 4 SAG som en cut-off-verdi for “riktig bruk”. Denne verdien er et resultat
av en antakelse om at traumepasienter som har hatt behov for mer enn én liter blod
innenfor et 12 timers vindu, trolig har hatt en livstruende blgdning. For a verifisere var
antakelse plottet vi en revers Receiver Operating Characteristic (ROC) kurve. Denne viste at
cut-off verdien som fgrte til minst mulig feiladministrering av TXA Ia mellom 3,5 og 4,5, og

samsvarte derfor med verdien vi valgte.

Multivariate logistiske regresjonsanalyser ble gjennomfgrt for a finne eventuelle
sammenhenger mellom TXA- bruk og de primaere utfallene tromboemboliske hendelser og
30-dagers overlevelse. Vi testet en rekke relevante kliniske variabler, og brukte Akaikes
Information Criterion value til 3 finne den beste sammensetningen. Pa bakgrunn av dette,

ble fglgende uavhengige variabler inkludert i analysene: Alder, ISS, totalantall SAG og TXA.

7. Resultater og diskusjon

Totalt ble 136 pasienter inkludert i analysene. Median alder var 51 ar (IQR 31). Det var 77%
menn, 108 av tilfellene skyldtes stump skademekanisme og median ISS var 22 (IQR 20). TE
komplikasjoner ble pavist hos 15 pasienter (11%). 112 pasienter (82%) overlevde etter 30
dager og 107 pasienter ble behandlet med TXA. Mediantid fra skadetidspunkt til fgrste dose
TXA gitt var 50 minutter. Dette illustrerer en typisk traumepopulasjon dominert av stump

skademekanisme, menn, hgy ISS og hgy forekomst av tromboemboliske komplikasjoner. Den
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hgye ISS-verdien er trolig en viktig bidragende faktor til at forekomsten av tromboemboliske

hendelser er hgy.

Med unntak av skademekanisme, var det ingen signifikante forskjeller mellom gruppene som
fikk- og ikke fikk TXA. Pasientene som ikke fikk TXA hadde en stgrre andel penetrerende
skader, og det kan argumenteres for at ytre tiltak for a stanse blgdning har blitt prioritert i
slike tilfeller. Et annet interessant aspekt ved sammenligningen av gruppene, er at de ikke
viste signifikante forskjeller i transfusjonsbehov. Dette samsvarer med funnene fra CRASH-2,
og styrker teorien om at TXA har effekter som gar utover det 3 hemme fibrinolyse. Plasmin
har vist a ha en rekke pro-inflammatoriske effekter som kan pavirke patofysiologiske
responser og multiorgansvikt. Mindre aktivt plasmin som fglge av TXA- behandling vil
dermed fgre til en svekkelse av slike uhensiktsmessige responser. Hva som er den viktigste
effekten av TXA for redusere dgdelighet blant blgdende traumepasienter gjenstar likevel a

se.

| henhold til var cut-off verdi var TXA indisert hos 48 pasienter, og av disse var det 36 (75%)
som ikke fikk TXA prehospitalt. Inhospitalt gjaldt dette 11 (19%) av pasientene. Videre ble
TXA gitt ungdvendig til 34 av 46 pasienter (74%) prehospitalt, og 28 av 74 (38%) inhospitalt.
Disse funnene illustrerer en grov feiladministrering av TXA, som er mest uttalt i den
prehospitale traumehandteringen. Dette er urovekkende da TXA har stgrst
overlevelsesgevinst hvis det gis innen en time, og kan vaere skadelig dersom det gis etter 3
timer. Den prehospitale treffsikkerheten pa under 30% viser ogsa tydelig at behandlende
helsepersonell mangler objektive kriterier i vurderingen av blgdende traumepasienter. En
innfgring av slike kriterier vil trolig hjelpe med a treffe den rette pasientpopulasjonen i stgrre

grad.

«Coagulopathy of Severe Trauma» (COAST)- score ble utarbeidet av Mitra og kolleger i 2011,
og er et eksempel pa et scoringssystem som skal vaere lett @ anvende i den prehospitale

fasen for a avdekke akutt traumatisk koagulopati. Fglgende fem objektive kriterier vurderes:
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om pasienten er fastklemt, om det foreligger intervensjonstrengende toraksskade, om det er
sannsynlig intra-abdominal- eller bekkenskade, systolisk blodtrykk < 100 og temperatur

<35 °C. Skaren ble validert prospektivt pa 1225 pasienter med alvorlig traume, og en COAST-
score pa 2 3 hadde en spesifisitet pa 96,4% og en sensitivitet pa 60%.» Denne cut-off verdien
anvendes na som en prediktor for pasienter som trenger TXA- behandling i Queensland,
Australia. Den har i tillegg blitt implementert som et inklusjonskriterium i den pagdende Pre-
hospital Treatment With Tranexamic Acid for Severely Injured Patients at Risk of Acute
Traumatic Coagulopathy (PATCH) - studien; en multi-senter, randomisert, placebokontrollert

og dobbeltblindet studie.

Trauma Associated Severe Hemorrhage (TASH)- score utviklet av Yiicel et al er et annet
eksempel pa et prediktivt verktgy som brukes i handteringen av blgdende traumepasienter.
Skaren brukes for a predikere risikoen for massive transfusjoner ved a vurdere Hb, base
excess og kliniske parametre ved sykehusankomst. Et liknende skaringssystem kalt
Assessment of Blood Consumption (ABC)- score ble utviklet av Nunez et al, hvor fglgende
parametre vurderes; penetrerende mekanisme, positiv focused assessment sonography for
trauma, systolisk blodtrykk pa 90 mmHg eller lavere ved innkomst, puls pa = 120 slag/min
ved innkomst. Fordelen med dette prediktive verktgyet er at det er uavhengig av
laboratorieprgver, og har samtidig samme treffsikkerhet som TASH- score. Begge skiller seg
riktignok fra COAST- score, som er spesifikk for ATC. Massive transfusjoner og ATC er ikke
synonyme konsepter, og Mitra et al har tidligere funnet at ATC er assosiert med tidlig dgd,
uavhengig av blodtransfusjoner. Dette betyr kanskje at COAST-score er bedre for a predikere

behovet for TXA-behandling.

Ifglge de lokale retningslinjene ved OUS-U, kan TXA- behandling kun initieres av lege. Dette
gjelder ogsa for store deler av landet, men enkelte steder er dette ansvaret ogsa delegert til
ambulansearbeidere. | mange tilfeller er det ambulansene som ankommer skadestedet fgrst,
og ambulansearbeiderne vil derfor ha mulighet til & gi TXA tidligere i behandlingsforlgpet. Vi
antar derfor at det a gke antallet helsepersonell som er autorisert til 3 gi TXA vil fgre til at

det i gjennomsnitt gis pa et tidligere tidspunkt.
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In- hospitalt ble TXA inkludert i massiv transfusjonsprotokoll ved OUS-U i 2011.
Transfusjonspakken inneholder fem enheter SAG, fem enheter plasma og to enheter
blodplater. Den gis i forholdet 1:1:1, noe som resulterer i tilnaermet “fullblod- resuscitering”.
| tillegg til tilgjengelige konvensjonelle koagulasjonstester og andre fysiologiske parametre,
er dette en sannsynlig forklaring pa hvorfor faerre pasienter (19%) underbehandles med TXA
inhospitalt. Til tross for dette, ser vi at mange pasienter (39%) overbehandles i den forstand
at de far TXA selv om de far < 4 enheter erytrocyttkonsentrat. Dette kan til dels forklares ved
at 2 4 SAG er en streng cut-off nar man vurderer overforbruk av TXA. Samtidig illustrerer det
behovet for optimal teknologi som veiledning for transfusjonsbehandling, slik at pasientene

som faktisk trenger TXA oppdages.

Som et bidrag til forskning pa slik teknologi, er OUS-U for tiden med i en randomisert
kontrollert studie kalt implementing Treatment Algorithms for the Correction of Trauma-
Induced Coagulopathy (iTACTIC). | denne studien sammenliknes den hemostatiske effekten
av Viscoelastic Hemostatic Assay (VHA)- veiledet transfusjon med optimal bruk av en
konvensjonell koagulasjonstest- veiledet transfusjonsalgoritme hos blgdende
traumepasienter. Vi venter pa de forelgpige resultatene til tross for at studien skulle vaert
ferdig i januar 2018. Funnene vil forhapentligvis bidra til en mer riktig seleksjon av pasienter

som trenger TXA-behandling.

| var multivariate logistiske regresjonsmodell som justerte for ISS, alder og
transfusjonsbehov fant vi ingen signifikant sammenheng mellom TXA og gkt forekomst av TE
komplikasjoner (aOR 1.80 KI: 0,45-12,12 p: 0,46). Bruk av TXA var derimot assosiert med en
overlevelsesgevinst med en justert odds ratio pa 3,78 (95% Kl: 1.27-11.50, p=0,02). Disse
funnene samsvarer med det som ble vist i CRASH-2, og st@tter en mer liberal bruk av TXA.
CRASH-2- forfatterne har derimot ogsa mottatt mye kritikk, og det er mange som stiller seg
sporrende til om funnene er overfgrbare til en vestlig standard for traumehandtering. Dette
skyldes at < 2% av de inkluderte traumesentrene praktiserte moderne hemostatisk

resuscitering. Den pagaende PATCH- studien gjennomfgres etter moderne forhold i Australia

15



og New Zealand, og de kommende resultatene vil trolig ha stor innflytelse pa hvordan TXA

blir brukt i behandling av traumepasienter i arene som kommer.
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ABSTRACT

Background

Early administration of tranexamic acid (TXA) has been shown to reduce mortality in trauma
patients with suspected bleeding. In the context of modern haemostatic resuscitation there is
however concern that TXA may lead to venous thromboembolic (VTE) complications. The
aim of this study was to evaluate if the appropriate patients were selected for TXA treatment
by pre- and inhospital physicians. We also aimed to discern whether TXA administration was

associated with VTE complications and survival.

Methods

Data were collected from trauma patients admitted directly at Oslo University Hospital
Ullevél during a 2-year period. Inclusion criteria were trauma patients >18 years old, and who
received TXA or more than two units of packed red blood cells (PRBCs) within the first 12
hours. Patient charts were reviewed with respect to demographics, number and types of blood
products given and TXA administration. Data on VTE episodes was prospectively recorded.
We calculated the frequencies of appropriately administered TXA based on the definition that
TXA was indicated in patients who received at least four units of PRBCs. Logistic regression
analyses were performed to identify factors associated with incidence of VTE complications

and survival to discharge.

Results

A total of 136 patients were included in the analyses. Median age was 51 years (IQR 31). 108
cases (80%) were blunt injuries and median injury severity score was 22 (IQR 20). VTE

complications were observed in 15 (11%) patients and 112 patients (82%) survived until
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discharge. A total of 107 patients received TXA. According to our definition, TXA was
indicated in 48 patients. 36 of these (75%) did not receive TXA prehospitally whereas 11
(19%) did not receive TXA during inhospital treatment. Moreover, TXA was administered
inappropriately in 34 of 46 patients (74%) prehospitally and 28 of 74 (38%) in hospital. In a
logistic regression model adjusting for injury severity, age, and transfusion requirements,
TXA was not found to be an independent predictor of VTE complications. Administration of
TXA was however associated with a survival benefit with an odds ratio of 3,78 (95% CI:

1.27-11.50, p=0,02).
Discussion

The current study indicates that a relatively large proportion of patients with significant
bleeding do not receive TXA appropriately. On the other hand, an even larger proportion of
patients are given TXA although not indicated according to our definition. In this limited
patient cohort TXA administration was associated with a significant increase in survival

without detectable increased risk of VTE complications.

KEYWORDS

Tranexamic acid, trauma, haemorrhage, thromboembolism, mortality

BACKGROUND

Trauma is a substantial contributing factor to the global burden of disease.! Hemorrhage
accounts for 30 to 40 % of trauma-related deaths, and 33 to 56% of these occur during the
pre-hospital period. Among those reaching care, continued hemorrhage and trauma-induced
coagulopathy (TIC) are main causes of death.” 3 Thus, early hemorrhage control and

resuscitation constitutes a crucial intervention in preventing trauma mortality.*
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Contemporary resuscitation strategies include early use of blood products combined with
specific antifibrinolytic therapy. The lysine analogue tranexamic acid (TXA) is the most
widely studied antifibrinolytic agent. It acts by inhibiting the activation of plasmin, and
thereby preventing the hyperfibrinolysis associated with TIC.? > 610 The randomized
controlled CRASH-2 trial has demonstrated a lower all-cause mortality rate among trauma
patients receiving TXA.” A later sub-group analysis from the same trial indicated a higher
survival effect when the drug was administered within the first hour after injury.
Administration of TXA more than three hours post-injury resulted in an increased risk of
death caused by bleeding.® Current European trauma guidelines therefore state that TXA
should be initiated on all bleeding trauma patients as early as possible, and no later than 3

hours after injury.’

Following the initial hypocoagulable state typically seen in patients with TIC, a shift towards
hypercoagulability is frequently observed post resuscitation. This is associated with increased
risk of thrombosis.!! More recently, a phenomenon known as fibrinolytic shutdown has been
demonstrated in a significant proportion of trauma patients. This condition may increase the
risk of thrombosis even in the early phase following trauma. There is considerable concern
whether TXA might exacerbate this risk.* 12 Some studies fail to detect an association

3,7,9

between TXA administration and incidence of venous thromboembolic (VTE-) events,

whereas others indicate a significantly increased risk.'3 14 13

When treating trauma patients with TXA correct timing of administration, and careful patient
selection is important. In the absence of uniform selection criteria however, the decision to
administer TXA is typically made at the discretion of the individual clinician, and frequently
based on limited clinical information. The aim of this study was to evaluate if the appropriate
patients were selected for TXA treatment by pre- and in-hospital physicians. We also aimed

to discern whether TXA administration was associated with VTE complications and survival.
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METHODS

Design and setting

In this single center retrospective quality assessment study, we collected data from trauma
patients admitted directly to Oslo University Hospital Ulleval (OUHU) from January 2016
through December 2017. The study was approved by the Data Protection Official for

Research.

TXA administration has been adopted in both pre- and in-hospital trauma guidelines at
OUHU since 2011.'6 Both guidelines adhere to the dosing regimen used in the CRASH- 2
study, with administration of TXA 1 g i.v bolus followed by 1 g i.v. infusion over 8 hours.” In
our system, pre-hospital TXA is only administered by physician-manned emergency services.
When indicated, the initial bolus of 1 g will typically be administered en route to hospital and

followed up by 1 g infusion after arrival in hospital.

Patient selection and data collection

Patients for this study were identified through Ulleval Trauma Activity Data (UTAD) based
on the following inclusion criteria: Trauma patients aged > 18 years who received TXA
and/or more than two units of PRBCs within 12 hours of arrival at OUHU. We excluded
patients who were not managed by a trauma team, and those who neither received TXA at all,
nor blood products within one hour of arriving at OUHU. In addition, we excluded patients
with minor injuries and pre-existing anemia in whom transfusion requirements was presumed

not to be caused by the trauma.

In order to avoid including blood products that were administered outside the setting of
immediate resuscitation in our analyses, blood product administration was recorded in

accordance with a specific algorithm as shown in figure 1.
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Patient charts were reviewed with respect to demographics, injury patterns, physiological
parameters, blood products, and TXA administration. Data on thromboprophylaxis and

venous thromboembolic episodes (VTE) was prospectively recorded in UTAD.

For the purpose of this study, we defined TXA as appropriately administered if the patient
proved to require > 4 PRBC during the resuscitation phase. Failure to administer TXA to a
patient requiring > 4 PRBCs, or administering TXA to a patient requiring less than 4 PRBCs,
was regarded as inappropriate. This number was identified as the cut-off value resulting in the
lowest number of patients inappropriately treated with TXA. The patients receiving pre-
hospital treatment from personnel unauthorized to use TXA, were excluded from the pre-

hospital cross- tabulation analysis. In the in- hospital analysis, all patients were included.

Statistical analyses

Group comparison of continuous variables were made using Students #-test or Mann Whitney
U test as appropriate. Chi Square test was used for categorical data. Optimal cut-off value for
appropriate TXA administration was calculated from a Receiver Operating Characteristic
plot. To identify a possible impact of TXA administration, adjusted odds ratio for VTE-
episodes and 30 days mortality were calculated using logistic regression. A range of clinically
relevant independent variables was tested, and the best fit model was chosen based on the
highest obtained Akaikes Information criterion value.!” All calculations were performed in

R.!® Significant findings were defined as p- value < 0.05.

RESULTS
136 patients met our inclusion criteria, 82,4% of whom survived after 30 days. Median age

was 51 years (IQR 31). 108 cases (80%) were blunt injuries and median injury severity score
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(ISS) was 22 (IQR 20). VTE complications were observed in 15 patients (11%). Median time
from injury to first TXA-dose was 50 minutes (IQR 39), and median time from injury to

arrival at the hospital was 68 minutes (IQR 57).

A total of 107 patients received TXA. The TXA- group had a significantly higher occurrence
of blunt mechanism of injury compared to the patients not receiving TXA. Injury severity,
transfusion requirements, physiologic parameters and the unadjusted frequency of VTEs did

not differ significantly, as shown in table 1.

According to our definition, TXA was indicated in 48 patients. 36 of these (75%) were not
given TXA pre-hospitally whereas 11 (19%) did not receive TXA during in-hospital
treatment. Moreover, TXA was administered unnecessarily in 34 of 46 patients (74%) pre-

hospitally and 28 of 74 (38%) in-hospital (tables 2 and 3).

In a logistic regression model adjusting for injury severity, age, and transfusion requirements,
TXA was not found to be an independent predictor of VTE complications (table 5).
Administration of TXA was however associated with a survival benefit with an odds ratio of

3,78 (95% CI: 1.27-11.50, p=0,02) (table 4).

DISCUSSION
The current study indicates that a relatively large proportion of trauma patients do not receive
TXA appropriately. An even larger proportion of patients are given TXA although in

retrospect it may not have been indicated. Despite these shortcomings, TXA administration
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was in this population associated with a significant increase in survival, without increased risk

of VTE complications.

The explorative analysis of the CRASH- 2 trial revealed a clear benefit from early
administration of TXA. At OUHU however, pre- hospital TXA administration was performed
appropriately in less than 30% of the cases. These inaccuracies demonstrate the lack of

objective criteria in the assessment of bleeding patients prehospitally.

Several previous studies have focused on early identification of patients at risk of significant
hemorrhage and coagulopathy, in whom TXA treatment presumably is indicated. The
coagulopathy of severe trauma (COAST)- and prediction of acute coagulopathy of trauma
(PACT) scores serve to detect acute traumatic coagulopathy (ATC) by using pre-hospital
variables only.!” In a comparison between these predictive tools, the PACT score
demonstrated better discrimination (area under the receiver operating characteristic curve 0.80
vs. 0.70, p=0.032) and likely improved calibration. Consequently, the PACT score serves as
the most accurate prehospital predictive tool of ATC. Implementation of this system therefore
might increase the accuracy when selecting patients for TXA treatment pre- hospitally.
However, implementation of the score in clinical care must await studies investigating PACT

score- guided pre- hospital therapies.

In- hospital management of TXA was introduced as part of the Massive Transfusion Protocol
at OUHU in 2011. The pack contains five units of PRBCs and plasma, and two units of
platelets. It is given in a 1:1:1 ratio, resulting in a near full- blood resuscitation.'¢ In addition
to the availability of conventional coagulation tests (CCTs) and other physiological
parameters, this serves as a reasonable explanation for the lower number of patients receiving

>4 PRBCs and not TXA (19%) in-hospitally. However, the number of over-treated in-
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hospital patients is relatively high (39%). This is partly due to the fact that our cut- off is strict
when assessing TXA- overuse. But it also demonstrates the need for accurate clinical tools in

order to guide TXA- treatment in- hospitally.

Several in- hospital scoring systems aim at predicting which patients are likely to require
Massive Transfusions. These include the Trauma Associated Severe Hemorrhage (TASH)
score, the Assessment of Blood Consumption (ABC) score, and the recent decision trees
“MTPitt” and “MTPitt+Labs” generated by a supervised machine learning algorithm.?% 2!
They all include combinations of patient demographics, clinical and/or laboratory parameters
and have been demonstrated to have high accuracy when predicting the need of massive
transfusions in- hospitally. A recent validation cohort demonstrated that the MTPitt decision
tree had a higher balanced accuracy and a higher or equivalent sensitivity compared to the
ABC - and TASH scores, regardless of the ABC or TASH score threshold used. By including
the results of conventional hemostatic laboratory tests, the MTPitt+labs decision tree
furthermore provided improved specificity and a negative predictive value of 98,8%. In
addition, it demonstrated the highest balanced accuracy among the score systems.?? Predicting

the need of massive transfusions using this decision tree therefore might improve the accuracy

of in- hospital TXA- treatment, as TXA is part of the massive transfusion protocol.

Viscoelastic haemostatic assays (VHASs) such as rotational thrombelastometry (ROTEM) and
thrombelastography (TEG) are also of increasing interest as point-of-care devices used for
targeted therapy. While CCTs focus on selected aspects of coagulation, full blood VHA
provide a more complete assessment of haemostasis, with the aim of providing results in a
more clinically useful time frame. Previous studies have proven both the ROTEM, and TEG
assay as valid predictors of coagulopathy and Massive Transfusions.?*-2* Furthermore, the

ongoing randomised controlled trial iTACTIC assesses the potential clinical efficacy of VHA
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led treatment of coagulopathy.?> If VHA proves to be superior to CCTs in managing trauma
hemorrhage, it is likely to be useful in guiding TXA therapy as well. At the moment the
VHA-tests are only available in- hospitally, and the feasibility of these devices for prehospital
use in trauma patients requires further study.2¢

The significant increase in survival, which our study demonstrated, match the findings from
several previous studies on TXA administration. The CRASH- 2 trial showed a subtle, but
significant survival benefit.” However, the CRASH- 2 collaborators have been massively
criticized by the fact that less than 2 % of the enrolled trauma centers applied modern
haemostatic resuscitation standards. Many have therefore questioned the applicability of these
findings in a western trauma setting. Despite the critics, CRASH- 2 still remains the only
randomised controlled trial to investigate the utility of TXA- treatment in bleeding trauma
patients, and the findings should therefore not be undermined. The ongoing randomized
controlled PATCH-study will hopefully clarify these issues, as it matches the modern

standard for managing bleeding trauma patients.?’

The MATTERS study found an absolute mortality reduction in the TXA-group of 6,5%. The
military trauma population in this study was more severely injured compared to CRASH-2,
and the applicability of the findings to a civilian population have therefore also been
questioned.” However, in the first civilian retrospective cohort study examining the effect of
pre- hospital TXA use, the TXA- group also demonstrated significantly lower 24- hour

mortality (5,8% vs. 12,4% in the control group, p= 0,01) as well as prolonged time to death.?®

On the contrary, other previous studies have demonstrated TXA to be more frequently
associated with mortality. A retrospective institutional study by Harvin et al found an
association between TXA and increased in- hospital mortality and 24- hour mortality. In

contrast to our study, their TXA group was more severely injured with a mean ISS difference

10
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of 15 (p<0,01). A significantly higher proportion of patients in the TXA- group also died due
to hemorrhage.? It is therefore questionable whether the increase in mortality can be
attributed the TXA- treatment. Furthermore, Myers et al recently found TXA not to be
associated with survival in an institutional cohort examining the risk of VTE among patients
treated with TXA. These divergent findings may be due to significant differences between the
TXA- and no TXA- groups regarding age, injury mechanism and length of hospital stay, as
well as differences in data collection concerning timing of TXA treatment. In addition, the

TXA- group received significantly less VTE- prophylaxis.!?

The similar transfusion requirements between the TXA- and no-TXA groups in our study
corresponds to what the CRASH- 2 collaborators described in 2010. This is supportive of the
theory that TXA has beneficial effects that goes beyond inhibiting fibrinolysis. Plasmin has
been shown to exhibit a broad spectrum of pro-inflammatory actions that could influence the
pathophysiologic responses and multiorgan system- failure.’® Treatment with TXA leads to
less active plasmin, and consequently an attenuation of these unfavourable responses.
However, the most important effect of TXA in reducing trauma mortality still remains an area

of uncertainty.

We did not find TXA to be an independent risk factor of VTEs, which also corresponds to the
findings from CRASH-2. Although MATTERS also failed to find a significant association
between TXA and VTEs, the TXA- group had a higher rate of VTE than the control group.
The authors explained this by the fact that the TXA-group had a higher ISS, and that
increased burden of injury has been associated with thrombotic events.® However, a
reevaluation of the use of TXA in combat casualties performed in the US found a significant
association between TXA treatment and incidents of VTE with an odds ratio of 2,58 (1,20-

5,56, p=0,02). The patients receiving TXA in this study was again much more severely

11



278  injured with a mean ISS difference of 12,2 (p<0,001).!> Myers et al also demonstrated this
279  association.! However, critically reviewing this article reveals many possible explanations for
280  the divergent findings as previously mentioned. All of the studies above are also

281  retrospective, and thereby constrained by the inherent limitations associated with such

282  projects.

283

284  There are some limitations in our study that deserves mentioning. The use of TXA in treating
285  bleeding trauma patients has not been registered systematically at OUHU before 2016. This
286  accounts for the relatively small size of the study, leading to the possibility of Type II- errors.
287  Furthermore, it is a retrospective study, so limitations inherent to this type of design must be
288  taken into account. Multivariate regression analyses were performed in an attempt to control
289  for confounding factors, but biases may remain as this is a nonrandomized trial. Finally, this
290 is a single-center study, where significant differences could be masked by other local

291  institutional biases.

292

293  CONCLUSIONS

294  The current study indicates that a relatively large proportion of patients with significant

295  bleeding do not receive TXA appropriately. On the other hand, an even larger proportion of
296  patients are given TXA although it was not indicated according to our cut- off value. In this
297  limited patient cohort TXA administration was associated with a significant increase in

298  survival without detectable increased risk of VTE complications. While far from a definitive
299  study, our results therefore suggest that a more liberal use of TXA may benefit the bleeding

300  trauma patients.
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TXA: Tranexamic acid

VTE: Venous Thromboembolism

OUHU: Oslo University Hospital Ulleval

UTAD: Ullevél Trauma Activity Data

PVO: Data Protection Official for Research

TIC: Trauma-Induced Coagulopathy

ATC: Acute Traumatic Coagulopathy

PRBC: Packed Red Blood Cells

PACT-score: Prediction of Acute Coagulopathy of Trauma-score

COAST-score: Coagulopathy of Severe Trauma-score

TASH-score: Trauma Associated Severe Hemorrhage-score

ABC-score: Assessment of Blood Consumption-score

CCTs: Conventional Coagulation Tests

VHAs: Viscoelastic Haemostatic Assays

ROTEM: Rotational Thromboelastometry

TEG: Thrombelastography

ISS: Injury Severity Score
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Figure 1 — Number of blood products recorded
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[ Patient excluded if

Table 1. Demographics, injury patterns, transfusion requirements and laboratory

values

Continuous data are represented as median (IQR)

TXA n =107 No TXA n=29 D
Gender, Male 76,6% 75,9% 0,98
Age 50 (30) 53 (31 0,41
Blunt mechanism 82,1% 72,4% <0,01*
TOI to in- hospital arrival 68 (53,3) 71,5 (67,3) 0,93
Injury Severity Score, ISS 24 (17) 16 (29) 0,19
Total PRBCs 3(6) 2(2) 0,46

18



434

435

436

437

438

439

Base Excess
Thromboprophylaxis
Thromboembolic episode
Mors

Time to TXA

Table 2

25,5 (6,8)
93 (86,9%)
13 (12,1%)
15 (14,0%)

50 minutes

-5,3 (4,1) 0,64
23 (79,3%) 0,47
2 (6,9%) 0,64
9 (31,0%) 0,06
Not applicable

Table 2 — Pre- hospital administration of TXA (physician-manned EMS only, n=107)

TXA given pre- hospitally TXA not given pre- hospitally

>4 PRBCs given 12
<4 PRBCs given 34
46

Table 3

36 (75%) 48
25 59
61 107

Table 3 — In- hospital administration of TXA (all EMS, n=136)

TXA given in- hospitally

>4 PRBCs given 46
<4 PRBCs given 28
74

Table 4

Table 4 — Adjusted odds ratio (aOR) for survival

OR (CI)
ISS 0,94 (0,89 - 0,97)
Age 0,97 (0,94 - 0,99)

P- value

<0,01*

<0,01*

TXA not given in- hospitally

11 (19%) 57
51 79
62 136
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PRBC (total) 0,97 (0,90 - 1,05) 0,45
TXA 3,78 (1,27 -11,50)  0,02*%

440

441  Table5

Table 5 — Adjusted odds ratio (aOR) for thromboembolic episodes

OR (CI) P- value
ISS 1,03 (0,99 - 1,07) 0,09
Age 1,02 (0,98 - 1,05) 0,27
PRBC (total) 1,02 (0,95 -1,11) 0,89
TXA 1,80 (0,45 - 12,12) 0,46
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