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Ozet

Travmaya bagli hemoraji, Onlenebilir Olimler arasinda ilk
siralarda yer almaktadir. Kan kaybiyla birlikte hastalarin
1/3’tinde goriilebilen travmatik koagiilopati mortalite oranlarini
artirmaktadir. Kanamanin kontrol altina alinmasiyla birlikte
hizli ve uygun kan iriinlerinin verilmesini saglayabilmek icin
sistematik bir yaklasim gerekmektedir. Hastane dncesi kisitlayict
stvi tedavisi, antifibrinolitik tedavi, hastaneye kabul sonrasi
laboratuar testleriyle hedefe yonelik kan iiriinlerinin uygulanmasi
basar1 sansini artirmaktadir. Bu derlemede, major kanamanin
taninmasi, uygun laboratuar testleriyle hangi kan {irlinlerinin
uygulanmast gerektigi mevcut kanitlar esliginde aktarilmaya
caligilmugtir.

Giris

Travma, 45 yag altinda 6liim nedenleri arasinda ilk sirada yer
almaktadir. Travmatik kardiyak arreste yol agan hipovolemi,
hipoksi, kardiyak tamponat ve pndmotoraks gibi geri dondiirebilir
nedenler arasinda ise kanamaya bagli hipovolemi basta yer
almaktadir.V Agir travma hastalarinin yaklagik 1/3inde hastaneye
geldikleri sirada travmatik koagiilopati durumu da mevcuttur.
Kanama ve koagiilopatiye hizli miidahale edilmemesi 6liimiin
kagimilmaz olmasina neden olmaktadir.® Bu nedenle ciddi travma
hastalart olay yerinden en yakin donanimli saglik kurulusuna
hizlica sevk edilmelidir.®

Travmali hastaya yaklasim

Travma hastasinda kanamay1 durdurmak hayat kurtarici 6nlemlerin
basinda gelmektedir. Bu amagla hastane oncesinde acik yaralara
lokal basi uygulamak ve ekstremite kanamalarinda siireye dikkat
ederek turnike uygulamasi onerilmektedir. Hastanede ise hasar
kontrol cerrahisi, pelvik stabilizasyon, anjioembolizasyon,
aortanin balon ile resiisitatif okliizyonu (REBOA), hemostatik
ajanlarin uygulanmasi gibi yontemlerle kanamanin mutlaka
durdurulmasi gerekmektedir.®)

Travma hastasinda kanama miktarmni ve transfiizyon ihtiyacini
belirlemek icin hastanin fizyolojik durumundaki degisiklikleri
degerlendiren American College of Surgeons Adult Trauma Life
Support (ATLS) siniflamasi kullanilabilir (Tablo 1).®
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Tablo 1. American College of Surgeons Advanced Trauma Life
Support / Kan kayb1 miktarina gore hastalarin siniflamasi

Parametreler | Class I Class 11 Class I1I Class IV
Kan kayb <%l15 %15-30 %31-40 >%40
Kalp Atim
Hin o o 1 111
Kan basinci « © /| I
Nabiz Basinci “ > /| !
Solunum o o o/ 1
sayIsi
idrar ¢ikin PN PN 1 1!
Glasgow
Koma Skalasi “ > 1 !
Skoru

- 0-(-2) -2 —(-6) -6-(-10) <-10 mEq
Baz A mEqL-1 | mEqL-1 | mEqL-1 L-1
Kan iiriinii Masif
P Gozlem | Muhtemel Evet Transflizyon
Ihtiyac1 ..

Protokolii

Bu tabloda Class IV grubunda masif transfiizyon protokoliiniin
aktiflesmesi 6nerilmektedir. Masif transfiizyonun en sik kullanilan
tanimi 24 saat icinde 10 Unite eritrosit siispansiyonu verilmesidir.
Ik bir saat icinde 4 ve iizeri kan transfiizyonu uygulanmas ya
da toplam kan hacminin yarisindan fazlasinin ilk 4 saat i¢inde
verilmesi de daha kisa siireler iginde masif transfiizyonu belirten
tanimlamalardir. Masif transflizyon ya da travmatik koagiilopatiyi
belirlemeye c¢alisan bir¢ok skorlama sistemi gelistirilmistir.
Hastane Oncesi daha basit ve pratik olan sok indeksi ve/veya
nabiz basiner gibi yontemler kanama miktarinin belirlenmesinde
yararhidir. Sok indeksi, kalp atim hizinin sistolik kan basmcina
olan oranidir. Saglikli kisilerde 0.5-0.7 olan bu oran 0.9-1’in
tizerine ¢iktiginda yiiksek oranda masif transfiizyon ihtiyaci olan
bir kanamaya isaret etmektedir.® Benzer sekilde nabiz basmcimin

Sorumlu Yazar
huseyinpinar2002@yahoo.com


https://orcid.org/0000-0003-0473-6763

Turkish
Journal of
RESUSCITATION

30-40 mmHg’ nin altina daralmasi da masif transfiizyon ihtiyacini
belirtmektedir.© Masif transfiizyon ihtiyact olan bir hastanin
karsilanmasi i¢in travma merkezlerinin kendi bolgesel 6zelliklerine
gore hazirlikli olmalar1 gereklidir. Masif kan transfiizyonunda
ilk etapta belirli miktarlarda eritrosit siispansiyonu, taze donmus
plazma kanama devam ediyorsa trombosit siispansiyonu,
kriyoprespitat gibi iriinleri de igeren paketlerin bulunmasi
distiniilebilir. Travma hastasinda kan ve sivi resiisitasyonunun
yonetimini hastane 6ncesi ve hastaneye kabul sonrasi olarak ikiye
ayirmak miimkiindiir.

Hastane 6ncesi kan yonetimi

Hastane Oncesi kan yoOnetimi, travmanin baslangi¢ asamasinda
hedef sistolik kan basincinin 90 mmHg (ortalama kan basinci
50-60 mmHg) olarak belirlendigi restriktif sivi tedavisi ile
yapilmalidir. Yapilan randomize kontrollii ¢alisma ve meta-
analizlerde, geleneksel agresif sivi tedavisine gére mortalitenin
daha diisiik oldugu tespit edilmistir.”*” Ayrica agresif sivi
tedavisinin, hasar kontrol laparatomisi, koagiilopati, coklu organ
yetmezligi, hastane enfeksiyonlari, transfiizyon ihtiyacinda
artis, yogun bakim ve hastanede kalis siirelerini artirdigi
gorilmustiir, 11D

Ancak, agir travmatik beyin hasari veya spinal hasari olan
hastalarda restriktif sivi tedavisi kontrendikedir. Bu tiir
durumlarda, hipotansiyon devam ediyorsa, hedef kan basincini
saglamak i¢in noradrenalin inflizyonu uygulanabilir.*

Sivi  resiisitasyonunda, dengeleyici kristaloid veya ciddi
asidoz tablosu yoksa %0.9 NaCl soliisyonu tercih edilmelidir.
Ringer laktat gibi hipotonik soliisyonlar veya kristaloid ve
vazopressore yanitsiz olup kan iriinii gelinceye kadar son gare
olarak basvurulmasi disinda, kolloid soliisyonlar koagiilopatiyi
artirabilecegi i¢in 6ncelikli segenekler degildir.(®

Hastane oncesi kan driinlerinin kullanim1 giderek yayginlassa da
bu konuda yeterli kanit diizeyi bulunmamaktadar. ilk olarak askeri
miidahalelerde kullanilan bu uygulamanin son yillarda A.B.D.,
Ingiltere basta olmak iizere Avrupa’ da sivil travma hastalarinda
da kullanimi artmaktadir. 2016 yilinda yayimlanan bir derlemede
16 vaka serisi ve 11 retrospektif ¢alisma incelenmis ve hastane
oncesi kan triinleri kullaniminin mortalite oranlarini azaltmadigi
saptanmigtir.'¥ Bunun arkasindan 2018 yilinda yayinlanan
randomize kontrollii PAMPer ¢alismasinda hemorajik sok riski
bulunan travma hastalarinda 2 tinite eritilmis plazmanin standart
sivi resiisitasyonuna gore mortaliteyi %33°ten %23’c azalttigi
gosterilmistir.' Hastane dncesi travma hastalarina 2 iinite plazma
ile normal salinin karsilagtirildigt COMBAT c¢alismasinda ise
28 giinliik mortaliteyi azaltmadigir gosterilmistir ancak bu
geliskili iki ¢alismanin verileri ortak analiz edildiginde
24 saatlik mortalitenin azaldigi gosterilse de uzun dénem
sonuglar acgisindan anlamli fark gosterilememistir. PAMPer ve
COMBAT c¢alismalarinin verileri ortak analiz edildiginde olay
yerinden hastaneye ulasma siiresi 20 dakikanin tizerindeyse kan
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uriinii verilen hastalarda mortalitenin azaldigi saptanmigtir.1%!?
2022 yilinda yaymlanan ¢ok merkezli RePHILL calismasinda
ise hemorajik sok halindeki travma hastalarinda hastane oncesi
2 finite eritrosit slispansiyonu ve liyofilize plazma verilen
hastalarla salin verilen hastalar karsilastirilmis mortalite veya
laktat klirensi lizerine anlaml bir fark saptanamamistir.!®

Sonug olarak, hastane dncesi eritrosit slispansiyonu, plazma gibi
kan driinlerinin kullanimi giderek yayginlassa da, kan riinii
verme sistemlerinin acil medikal sistemlere entegrasyonunun
maliyeti, bu kan tiriinlerinin temini i¢in gereken lojistik zorluklar
ve hangi hasta grubuna tam olarak uygulanmasi gerektigi ile ilgili
net ¢aligma sonuglar1 bulunmadigi i¢in kilavuzlarda uygulanmasi
heniiz 6nerilmemektedir.

Travma iliskili koagiilopati (TIK)

Gerek altinda yatan potansiyel mekanizmalarin karmasikligi,
gerekse tani ve yonetimindeki farkliliklar nedeniyle giiniimiizde
hala ¢oziilememis bir sorundur. Agir travma hastalarmin %20-25
inde gelisen TIK, pithtilagma sisteminin major yaralanmadan sonra
hemostazi siirdiirmedeki genel basarisizlig1 olarak adlandirilabilir.
Kanama ile indiiklenen sokun yarattigi hipoperfiizyon ve doku
hasariyla birlikte olusan hasar iliskili molekiiler kaliplar (DAMP)
olan histon ve DNA, polifosfat gibi yapilarin dolagima salinmasiyla
¢esitli mediatorler agiga ¢ikar. Bunlarin sonucunda trombomodiilin
artist , antikoagiilan ve fibrinolitik yolaklarin aktivasyonu sonucu
olusmaktadir. TIK’te endotelyal glikokaliksin bozulmasiyla
heparan siilfat dolagima salinir otoheparinizasyon gelisir. Siddetli
doku hasartyla olusan trombin, Protein C aktivasyonu ve fibrinoliz
ile sonuglanan trombin-trombomodiilin kompleks olusumuna
neden olur. Fibrinojen yikiminin artmasiyla hipofibrinojenemi
ve hastanin resiisitasyonu asamasinda iyatrojenik olarak olusan
“lethal triad” olarak adlandirilan asidoz, hipotermi ve diliisyonla
birlikte vaskiiloendotelyal fonksiyonlar daha da bozulur.

Tiim bu olaylar sonucunda hastada erken donemde hiperfibrinoliz,
platelet disfonksiyonu, hipofibrinojenemi ve azalmis trombin
olusumuyla karakterize kanamaya egilimle sonuglanan travma
iliskili koagiilopati meydana gelir. ilerleyen siiregte bunun tam
tersi olan pihtilasmaya egilimin arttigi trombotik fenotipteki
TiK’te meydana gelebilecegi igin travma hastalarinda
tromboz profilaksisi kanama kontrol altina alindiktan sonra
distiniilmelidir.1®

Hastanede kan yonetimi

Agir travma hastalari, hastaneye ulastiginda genellikle hemorajik
sok tablosuyla karsilasilir ve bu hastalar i¢in hastanelerin masif
transfiizyon protokollerini i¢eren doz ve zamanlama planlarinin
hazir olmast gerekmektedir. Hedefe yonelik transfiizyon
protokolleri i¢in laboratuvar degerleri elde edilene kadar, ampirik
olarak kan bilesenlerinin belirli oranlarda verilmesi gerekebilir.
Bu protokollerin amaci, hizli ve etkili bir sekilde kanama kontroli
ve koagiilopatinin diizeltilmesi i¢in gerekli kan iiriinlerinin dogru
miktarda ve dogru zamanda verilmesini saglamaktir. Bu sekilde,
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travma hastalarinin kanama ile iliskili komplikasyonlari minimize
edilir ve hayatta kalma sanslari artar. Kan yonetimi, multidisipliner
bir yaklasim gerektirir ve hastanede calisan tiim saglik ekibinin
koordinasyonunu igerir.

Ampirik tedavi (Hasar Kontrol Resiisitasyonu)

Kan bilesenlerinin hangi oranlarda verilecegi ile ilgili veriler
ilk olarak askeri deneyimlerden elde edilmistir. 2007 yilinda
masif transflizyon ihtiyact olan savas kaynakli travma
hastalarinda plazma: eritrosit siispansiyonu orani 1:1.4 olan
grupta daha az plazma alan gruplara gére mortalitenin azaldigi
saptanmigtir.?” 2011 yilinda yayinlanan prospektif gozlemsel
¢ok merkezli PROMMTT c¢alismasinda 24 saat i¢inde en az
li¢ Unite eritrosit stispansiyonu verilen hastalarda 6zellikle ilk
6 saat icinde yiiksek oranda plazma ve trombosit slispansiyonu
verilmesinin mortaliteyi azalttigi gosterilmistir.?? Bu konuda
ilk randomize kontrollii ¢alisma olan PROPPR c¢alismasinda ise
kanamali travma hastalarinda 1:1:1 veya 1:1:2 plazma: platelet
siispansiyonu: eritrosit silispansiyonu oranlar1 karsilastirilmis
ve 24 saat ve 30 giinlikk mortalite oranlar1 benzer olsa da 1:1:1
grubunda hemostazin saglanmasi ve kanamaya bagl &liimiin
azalmasi daha iyi sonuglanmistir.?® Ampirik olarak bu kan
bilesenlerinin verilmesine hasar kontrol resiisitasyonu da
denilmektedir. Mevcut kanitlar 15131nda hedefe yonelik tedavi igin
kan orneklerinin alinmasindan sonra plazma:trombosit:eritrosit
konsantresi orani en az 1:1:2 olacak sekilde verilmesi uygundur.
Ancak kan driinlerinin dogru bir sekilde verilmesi igin asil
amag¢ hedefe yonelik tedavi dedigimiz laboratuar ve hastanin
durumunun beraber degerlendirildigi tedavi protokolleridir.

Hedefe Yonelik Tedavi

Konvansiyonel testler

Travma hastalarinda vakit kaybedilmeden tam kan sayimi,
protrombin zamani/internasyonel normalized ratio (INR) ve
Clauss yontemiyle fibrinojen diizeyleri ¢alisiimalidir. Hemoglobin
ve/veya hematokrit Olciimleri kanayan travma hastalarinda
mutlaka Olclilmelidir. Erken donemde normal sonuglar hatali
olabilir bu nedenle sik araliklarla tekrarlanan &lgtimler daha
degerlidir. Basglangictaki diisiik degerler hemorajik sokun varligimni
gostermektedir. Eritrosit slispansiyonu transfiizyonu i¢in hedef
hemoglobindegerleri 7-9 grdL-1 diizeylerinde olmalidir. Travmatik
koagiilopati tanis1 i¢in esik deger genellikle INR degerinin 1.2 nin
tizerine ¢ikmasi olarak kabul edilmektedir. INR>1.5 olmasi ise
siddetli koagiilopatinin varligin1 gostermektedir. Baslangigtaki
koagiilopatinin taze donmus plazma yada protrombin kompleks
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konsantresi ile tedavisi mortaliteyi azaltmaktadir.®® Yine
hipofibrinojenemi tespit edilmisse fibrinojen konsantresi yada
kriyopresipitat ile miidahale edilmelidir. (Sekil 1)

Sekil 1. Konvansiyonel testlere gore kan yonetimi

Hb 7-9 gr dL-1

Platelet<50000 Fibrinojen<150-

* 6-8 U Taze * 6 U Random * Fibrinojen
donmug e 10 aferez konsantresi 3-
plazma trombosit 4gr

* Protrombin * Kriyopresipitat
kompleks 15-20 U
konsantresi

30-60 dk araliklarla testlerin tekrar edilmesi

Viskoelastik testler

Konvansiyonel testlerin daha uzun siirede sonu¢ vermesi,
hastanin hemostatik durumunu tam yansitmamasi gibi nedenlerle
son yillarda travma hastalarinda yatak bast c¢alisilabilen
rotasyonel tromboelastometri (ROTEM) ve tromboelastogram
(TEG) gibi viskoelastik testlere olan ilgi giderek artmaktadir.
Bu testler, tam kan &rneginde siirekli bir rotasyonel kuvvet
uygulayarak olusturulan pihti miktarindaki degisimleri tespit
edip elektromekanik bir doniistiiriicii sistemine aktarir ve bdylece
pthtt olusumu ve erimesinin kinetigini ve pihtinin sertligini
degerlendirir. Tablo 2’ de TEG ve ROTEM cihazlarindaki
6l¢timlerin hangi bilgileri olusturdugu gosterilmektedir. ROTEM
cihazi genellikle 4 - 5 adet grafik ¢izmektedir. Intrinsik aktivasyonu
gosteren INTEM, ekstrinsik aktivasyonu gosteren EXTEM,
pihtinin fibrin komponentini gésteren FIBTEM, aprotinin eklenen
APTEM ve mevcut heparin aktivitesini engellemek i¢in heparinaz
iceren HEPTEM. Degerlendirme genellikle EXTEM ve FIBTEM
degerleri tizerinden yapilmaktadir.?¥ Travma merkezleri kendi
pratik uygulamalarina gore koagiilasyonun hangi asamasinda
sorun olduguna karar verip uygun kan iiriiniiniin uygulanacagina
karar vermektedirler. Esik degerler i¢in tam olarak kesin degerler
heniiz belirlenmemistir. Tablo 3’te elde edilen viskoelastik
test sonuglarma gore hangi kan friinlerinin kullanilabilecegi
belirtilmistir.>
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Hemostatik fonksiyon Primer kan komponenti Degisken Olgiim
P1ht1 olugumu Plazma koagiilasyon 2 mm’ye kadar ilk piht1 TEG: R/ACT
faktorleri olusumu ROTEM: CT
P1iht1 yayilimi Fibrinojen Pihtinin 2 mm’den 20 mm’ye | TEG: K
ulasma zamant ROTEM: CFT (clot firmness time)
Fibrinojen P1iht1 artig oran TEG: o ag1s1
ROTEM: CAS5 (Clot amplitude time)
Piht1 Giicti Platelet Maksimum piht1 giicii TEG: MA (maximal amplitude)
ROTEM: MCF (Maximal clot firmness)
Fibrinoliz Plazmin P1ht1 yikimi TEG: Ly30
ROTEM: LI (Lysis Index)

Tablo 3. Viskoelastik test sonuglarina gore kan iiriinlerinin uygulanmasi

Hemostatik tedavi

Rotasyonel Tromboelastometri
(ROTEM)

Tromboelastogram
(TEG)

Fibrinojen (Fibrinojen konsantresi yada
kriyopresipitat)

EXTEM A10<45 mm veya MCF< 55 mm
ve FIBTEM A10<10 mm veya MCF<12
mm

MA< 14 mm kriyoprespitat 3-5 ml kg-1
veya 1-2 gr fibrinojen konsantresi

Plazma ( Taze Donmus plazma yada
protrombin kompleks konsantresi)

CT> 80 sn ve A10< 45 mmveya MCF>55
mm ve normal FIBTEM A10 veya normal
MCF

R 10-14 dk. Ise taze donmus plazma 10-
20 ml kg-1

R>14 dk. ise taze donmus plazma

30 ml kg-1

Platelet siispansiyonu

A10<45 mm veya MCF<55 mm ve
normal FIBTEM A10 veya normal MCF

Kaolin TEG MA 45-49 mm 1 {inite havuz
MA<45 mm 2 Unite havuz trombosit
siispansiyonu

Antifibrinolitik (Traneksamik Asit)

EXTEM ve FIBTEM’de antifibrinolitik
aktivite (genellikle Lizis indeksiyle

degerlendirilir)

TEG Ly30> %4 Traneksamik asit 1-2 gr

EXTEM: Ekstrinsik olarak aktive edilmis test, A10: 10. dakikadaki piht1 amplitiidii, MCF: maksimum piht1 giicti , FIBTEM: Fibrin bazl ekstrinsik
olarak aktive edilmis test MA: Maksimum amplitiid, CT: Piht1 olusum zamani, R: P1iht1 olusum ortalama zamani; Ly30: 30. dk. da piht1 lizis oran1
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Kilavuzlarda konvansiyonel testler ve/veya viskoelastik testlerin
kullanilabilecegi belirtilmektedir ancak bu iki yontemi karsilastiran
az sayida ¢alisma mevcuttur. 2016 yilinda yaymlanan ¢alismada
111 masiftransfiizyon gerektiren travma hastasinda konvansiyonel
testler ve TEG kullanimi karsilastirilmis ve TEG grubunda
28 gilinliik mortalitede ve eritrosit siispansiyonu kullaniminda
benzerlik saptansa da plazma ve platelet kullaniminda azalma
gOriilmiis.?® 2021 yilinda yaymlanan ¢ok merkezli ITACTIC
¢alismasinda ise konvansiyonel test ve viskoelastik test kullanimi
sonucu 24 saatlik mortalite ve masif transfiizyondan kaginilan
hasta sayilar1 benzer bulunmugtur.?”

Tam kan kullanimi

1970°li yillara kadar o&zellikle askeri travma hastalarinda
kullanilan tam kan daha sonra yerini komponent kan {iriinleri olan
eritrosit siispansiyonu, plazma ve platelet kullanimina birakmustir.
Son yillarda bu iiriinlerin travma hastalarinda neredeyse 1:1:1
oraninda kullanimmi destekleyen PROPPR gibi calismalarin
sayisinin artmasiyla birlikte tam kan kullaniminin daha iyi sonug
verebilecegine yonelik diisiinceler ortaya atilmustir. Ozellikle
A.B.D. ‘de diisiik titreli 0 grubu tam kan kullanimi1 evrensel donér
olarak kullanilmaktadir. Kullanim 6mrii yaklasik 14-21 giin olan
tam kan yaklagik 500 ml hacimde %38-50 oraninda hematokrit,
150-400 bin platelet, %100 plazma koagiilasyon faktorii ve
1000 mg fibrinojen igerirken komponent kan iiriinlerinden birer
linite eritrosit siispansiyonu, plazma, platelet siispansiyonu ve
kriyoprespitat ise 675 ml hacimde sadece %29 hematokrit, 88
bin platelet, %80 koagiilasyon faktorii ve 150 mg fibrinojen
icermektedir.?® Ayrica tam kan komponent iiriin toplamina gére
neredeye 1/3 oraninda daha az koruyucu soliisyon igermektedir.
2023 yilinda yayinlanan bir meta-analizde tam kan ve komponent
kan tirtinlerinin birlikte kullaniminin sadece komponent tedaviye
gore mortaliteyi anlamli 6l¢iide azalttigi ve tam kan kullaniminin
6 ve 24 saatlik kan irlGni kullanim miktarini azalttigi
gosterilmigtir.?”® Kan bankalarinin  tam kan merkezine
doniistiirilmesindeki zorluklar, donér sayisinin yetersizligi ve
saklamakosullar1 gibi ek maliyetlertam kan kullaniminisinirlayan
nedenlerdir. Ayrica travmada tam kan kullanimiyla ilgili devam
eden randomize kontrollii ¢alismalarin sonuglanmasiyla daha
kesin veriler elde edilecektir.

Traneksamik asit (TXA)

Antifibrinolitik bir ajan olan traneksamik asit, plazminojenin
plazmine donilismesini engelleyerek hiperfibrinolizi 6nlemektedir.
CRASH-2 g¢alismasinda travmaya bagli kanamada ilk 3
saat icerisinde olabildigince erken donemde 1 gr yiikleme
dozunun 10 dakikada verilmesini takiben 1 gr idame dozunun
8 saatte verilmesinin mortaliteyi azalttigi gosterilmistir.C?
Travmatik beyin hasarinda da mortaliteyi azalttigini gdsteren
CRASH-3 c¢aligmasiyla birlikte miimkiinse hastane Oncesi
donemde baslanacak sekilde kuvvetli 6neri olarak kilavuzlarda
yer almistir.®) 2023 yilinda yayinlanan PATCH ¢aligmasinda
ise hastane Oncesi uygulanan trancksamik asitin travmatik
koagiilopati riski bulunan travma hastalarinda 6 aylik fonksiyonel
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olumlu sonug saglamadigi ve 28 giinlikk ve 6 aylik mortaliteyi
azaltmadig1 gosterilmistir.?

Kalsiyum

Iyonize kalsiyum, fibrin polimerizasyonu ve plateletlerin normal
fonksiyonu i¢in gereklidir. Ayn1 zamanda eksikliginde kardiyak
kontraktilite ve sistemik vaskiiler rezistans azalmaktadir. Normal
kan diizeyi 1.1-1.3 mmol L-1 olan iyonize kalsiyum diizeyinde
azalma Ozellikle masif transflizyon da uygulanmissa travma
hastalarinda sik goriilmektedir. Hastaneye giriste diisiik kalsiyum
konsantrasyonlari platelet aktivasyon ve agregasyonunda azalma,
artmis kan transfiizyonu ve mortaliteyle iliskili bulunmustur.®33%
Eritrosit slispansiyonu ve plazmada koruyucu olarak bulunan
sitrat kalsiyumu bagladig1 i¢in masif transfiizyonda hipokalsemi
siklig1 artmaktadir. Iyonize kalsiyum seviyesinin 0.9 mmol
L-1, diizeltilmis serum kalsiyum seviyesinin 7.5 mg dL-1 altina
inmesi durumunda tercihen 10 ml’sinde 270 mg kalsiyum igeren
kalsiyum klorid yoksa 90 mg kalsiyum igeren kalsiyum glukonat
uygulanmasi 6nerilmektedir.®)

Rekombinan Faktor VIla

Yeterli platelet ve fibrinojen varliginda endojen koagiilasyon
sisteminin bir pargast olarak c¢alisan rekombinan faktor
VIla asidoz ve disiik platelet sayisinda yeterli etkiyi
gostermemektedir.®® Yeterli kanit olmamasi ve trombembolik
komplikasyonlar nedeniyle rekombinan Faktor VIla kullaniminin
ilk segenek kullanimi Onerilmese de zayif Oneri olarak major
kanama ve travmatik koagiilopatinin tedavisi tim tedavilere
direngli ise endikasyon dis1 olarak kullanilabilecegi Onerisi
mevcuttur.®)

Antitrombotik ajan kullanan hastalar

Warfarin gibi vitamin K bagimli oral antikoagiilan kullanan
kanayan travma hastalarinin 5-10 mg i.v. vitamin K1 ve 4 faktorlii
protrombin kompleks konsantresi INR diizeyine gore 25-50 U kg-1
dozunda kullanilarak reverse edilmesi 6nerilmektedir. Protrombin
komleks konsantresi etkisi kisa siireli oldugu icin vitamin K1
es zamanli olarak uygulanarak faktor iretimi baslatilmalidir.
Ihtiyac duyulan faktérler taze donmus plazma iginde diliie olarak
bulunmasi nedeniyle 6ncelikli kullanimi 6nerilmemektedir.®

Apiksaban, edoksaban ve rivaroksaban gibi direk faktér Xa
inhibitorii oral antikoagiilan kullanan hastalarda kan diizeyi
Olgtimii ile birlikte, hayati tehdit eden kanamalarda hasta
apiksaban ve rivaroksaban kullaniyorsa andeksanat alfa
kullanimi, andeksanat yoksa veya edoksaban kullanan hastalarda
ise 25-50 U kg-1 Protrombin kompleks konsantresi kullanimi
onerilmektedir.®® Direk trombin inhibitorii kullanan hastalarda
dabigatran plazma Ol¢imii, yoksa trombin zamani ol¢iimii ile
birlikte hayati tehdit eden kanamalarda 5 gr i.v. idarucizumab
kullanimi 6nerilmektedir.®”

Antiplatelet ajan  kullanan  hastalarda  rutin = platelet
transfiizyonundan kaginilmasi Onerilmektedir ve desmopressin
kullanimiyla ilgili net veriler yoktur.®
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Travma iliskili koagiilopatide erken donemde kanamaya egilimle
sonuglansa da 24. saate dogru kanamanin kontrol altina alinmasiyla
birlikte tromboza egilim yaratan bir durum olusmaya baslar.
Bunun ortaya ¢ikmasini engellemek icin tromboz profilaksisine
baglanmalidir.®® Hastanin kanama riskinin devam ettigi donemde
sadece aralikli pnomatik kompresyon cihazi kullanilmali,
kanama riski ortadan kalkar kalkmaz buna farmakolojik tedavi
eklenmelidir. Kompresyon coraplar1 yada inferior vena cava
filtrelerinin rutin kullanimi 6nerilmemektedir.®

Sonuc¢

Sekil 2. Ornek algoritma

Travma hastasinda major kanamay it edin wve vaki
las 3 kadar restrk
Kanamay! durdurucu uygulamalarf bas, turnike, pelvik
acrtanin balon ile resisitatif okllizyonu (REBOA], lokal hernostatik
ajanlar, hasar kontrol cerrahisi, anjiografik embalizasyon)
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Travma hastasinda hemorajiye bagli mortaliteyi azaltmak
icin kanamasi olan hastanin erken taninmasi, kanamaya hizli
miidahale edilmesi ve kan {rilinlerinin hizli ve dogru bir sekilde
verilmesi bilyiikk 6nem tasimaktadir. Bunun igin diizenli olarak
yayinlanmakta olan Avrupa travma sonrast major kanama
ve koagiilopatinin yonetim kilavuzu gibi gilincel belgeler
esliginde her kurumun kendine ait masif transfiizyon ve kanama
yonetimi algoritmalari bulunmalidir (Sekil 2). Kanayan travma
hastasina hastane Oncesi yaklasimla birlikte kilavuzlara gore
yapilandirilmis kan yonetimi azalmis mortalite oranlarina
sahiptir.® Travma merkezlerindeki personelin siirekli egitimi ve
yapilacak randomize kontrollii ¢caligmalarla birlikte kilavuzlarda
daha giiclii kanit Onerileriyle travma hastalarinin yasam sansini

betmeden hastaneye ulasmasin saglayin, kan drindne

1 tedavising

En Eka_ﬂli‘udu 1 gr Traneksamik asiti 10 dakika icinde
uygulayin, 8 saatte 1 gr idame inflzyon

Masif transfizyon protokolind aktive edin, kan grubu, cross-match, tam kan sayimi, koagllasyon testlerini isteyin

{Konvansivonel yvada viskoelastik testler)

et 4 Onite eritrosit siispansiyonuy, 4 Unite taze

ionmus plazma, 1 dnite havuzlanmis tro
1:1:1 clacak sekilde u

bosit slspansiyonu
lamaya bazlayin

Hedefe Yonelik tedavi [ Tam kan sayimi, konvansivonel yada viskoelastik test sonuglarina gére)

Testleri 30-60 dakikada bir tekrarlayin

Hb 7-9 gr dL-1 olacak sekilde eritrosit sispansiyonu

\ 4

Hipotermi ve asidozdan kagimin, kalsiyum degerlerini takip edin gerekirse replase edin, kanama kontrol altina alininca

Taze Donmus plazma yada Protrombin Kompleks Konsantres!
Plateler

tromboprofilaksiyi digin
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Abstract

Trauma-related hemorrhage ranks among the top preventable
causes of death. Traumatic coagulopathy, observed in
approximately one-third of patients with hemorrhage, contributes
to increased mortality rates. To effectively manage bleeding and
promptly administer appropriate blood products, a systematic
approach is essential. Implementing pre-hospital restrictive fluid
therapy, antifibrinolytic treatment, and targeted blood product
administration based on post-admission laboratory tests enhances
the chances of successful outcomes. This review aims to provide
insights into the recognition of major bleeding and the appropriate
administration of blood products, guided by current evidence.

Background

Trauma ranks first among the causes of death in individuals under
the age of 45. Among the reversible causes leading to traumatic
cardiac arrest are hypovolemia, hypoxia, cardiac tamponade, and
pneumothorax, with bleeding-related hypovolemia being the most
prominent.!) Approximately one-third of severely injured trauma
patients also exhibit traumatic coagulopathy upon arrival at the
hospital. Failure to promptly address bleeding and coagulopathy
leads to inevitable mortality.® Therefore, critically injured trauma
patients should be rapidly transported from the scene to the nearest
well-equipped healthcare facility.®)

Approach to a Trauma Patient

Stopping bleeding is one of the life-saving measures that take
precedence in the management of a trauma patient. For this
purpose, applying direct pressure to open wounds and, in the case of
extremity bleeding, using tourniquets with attention to the duration
are recommended before reaching the hospital. Upon arrival at
the hospital, various methods such as damage control surgery,
pelvic stabilization, angiographic embolization, resuscitative
endovascular balloon occlusion of the aorta (REBOA), and the
application of hemostatic agents must be employed to definitively
stop the bleeding.®)

In a trauma patient, the American College of Surgeons Adult
Trauma Life Support (ATLS) classification can be used to assess
changes in the patient’s physiological condition and determine the
amount of bleeding and transfusion requirements (Table 1).®
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Table 1. American College of Surgeons Advanced Trauma Life
Support (ATLS) classification of blood loss based on initial
patient presentation.

Parameter Class I Class 11 Class II1 Class IV
Blood Loss <%15 %15-30 %31-40 >%40
Heart Rate > /1 i A
Blood
Pressure - - ads !
Pulse
Pressure - - ad l
Respiratory
Rate < < adl T
Urine Output - > l 1l
Glascow
Coma Scale — P 1 1
score

0-(-2) -2 —(-6) -6-(-10) <-10 mEq
Base Excess | pqr-1 | mEqL-1 | mBqL-1 L-1
Need for Massive
Blood Monitor Possible Yes transfusion
Products Protocol

In Class I'V group of this table, activation of the massive transfusion
protocol is recommended. The most commonly used definition of
massive transfusion is the administration of 10 units of packed
red blood cells within 24 hours. Other definitions indicating
massive transfusion involve the administration of 4 or more units
of blood within the first hour or giving more than half of the total
blood volume within the first 4 hours. Several scoring systems
have been developed to identify massive transfusion or traumatic
coagulopathy. Prehospital assessment can benefit from simpler and
more practical methods like the shock index and/or pulse pressure
to determine the amount of bleeding. The shock index is the ratio
of heart rate to systolic blood pressure. In healthy individuals,
this ratio is 0.5-0.7, but when it exceeds 0.9-1, it indicates a high
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likelihood of massive transfusion requirement due to significant
bleeding.® Similarly, a decrease in pulse pressure below
30-40 mmHg also indicates the need for massive transfusion.®

To meet the needs of a patient requiring massive transfusion,
trauma centers should be prepared based on their regional
characteristics. In cases of massive blood transfusion, it may be
considered to have packages that include specific quantities of
packed red blood cells, fresh frozen plasma, platelet suspension,
cryoprecipitate, and other products if bleeding continues.

The management of blood and fluid resuscitation in a trauma
patient can be divided into prehospital and post-admission phases.

Prehospital Blood Management

Pre-hospital blood management should be conducted with a
restrictive fluid therapy, aiming for a target systolic blood pressure
of 90 mmHg (mean arterial pressure of 50-60 mmHg) during the
initial phase of trauma. Randomized controlled trials and meta-
analyses have shown lower mortality rates with this approach
compared to traditional aggressive fluid therapy.”*® Moreover,
aggressive fluid therapy has been found to be associated with
damage control laparotomy, coagulopathy, multiple organ failure,
hospital-acquired infections, increased transfusion requirements,
longer intensive care unit (ICU) and hospital stays.®!D

However, restrictive fluid therapy is contraindicated in patients
with severe traumatic brain injury or spinal injury. In such cases,
if the patient remains hypotensive, norepinephrine infusion can be
used to achieve the target blood pressure.?

In fluid resuscitation, balanced crystalloids or 0.9% NaCl solution
should be preferred unless there is severe acidosis. Colloid
solutions due to theirs potential to exacerbate coagulopathy,
except as a last resort in the absence of response to crystalloids
and vasopressors, or hypotonic solutions like Ringer’s lactate
should not be prioritized until blood products are available.'®

The use of pre-hospital blood products is becoming increasingly
common; however, there is still insufficient evidence in this
regard. Initially employed in military interventions, this practice
has gained popularity in recent years in civilian trauma patients,
particularly in the United States, the United Kingdom, and Europe.
In a review published in 2016, 16 case series and 11 retrospective
studies were analyzed, and it was found that the use of pre-hospital
blood products did not reduce mortality rates.'¥ Subsequently,
the randomized controlled PAMPer study published in 2018
demonstrated that the administration of 2 units of thawed plasma
in trauma patients at risk of hemorrhagic shock reduced mortality
from 33% to 23% compared to standard fluid resuscitation.!>
In the COMBAT study, where prehospital trauma patients were
compared with 2 units of plasma and normal saline, a reduction in
28-day mortality was not observed. However, when the data from
these two conflicting studies were jointly analyzed, a decrease in
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24-hour mortality was demonstrated. Nevertheless, no significant
difference was found in long-term outcomes. Moreover, when the
data from these two studies were analyzed, it was observed that if
the time to reach the hospital exceeded 20 minutes, mortality was
reduced in transfusion group.(¢!”

In the multicenter RePHILL study published in 2022, trauma
patients in hemorrhagic shock who received 2 units of prehospital
packed red blood cells and lyophilized plasma were compared
with those who received saline. No significant difference was
found in terms of mortality or lactate clearance.'®

As a conclusion, while the use of pre-hospital blood products such
as packed red blood cells and plasma is becoming increasingly
common, guidelines do not yet recommend their application due
to the lack of clear study results regarding the integration cost of
blood delivery systems into emergency medical systems, logistical
challenges in procuring these blood products, and the specific
patient groups for which they should be fully implemented. Further
research is needed to establish evidence-based recommendations
for the use of pre-hospital blood products in trauma care. Until
more conclusive data is available, their application in prehospital
settings remains under evaluation.

Trauma-induced Coagulopathy

Trauma-induced coagulopathy (TIC) remains an unresolved
problem in modern medicine due to the complexity of the
underlying potential mechanisms and the variations in its
diagnosis and management. TIC, which develops in about
20-25% of severely injured trauma patients, can be described as the
overall failure of the coagulation system to maintain hemostasis
after major injury. It occurs as a result of the hypoperfusion and
mediators released because of damage-associated molecular
patterns (DAMP) like histones, DNAs and polyphospates released
in the circulation as a result of tissue damage caused by bleeding-
induced shock. Consequently, an increase in thrombomodulin
occurs along with the activation of anticoagulant and fibrinolytic
pathways.

In TIC, the disruption of endothelial glycocalyx leads to the release
of heparan sulfate into circulation, resulting in autoheparinization.
Severe tissue damage generates thrombin, leading to the formation
of the thrombin-thrombomodulin complex, which subsequently
activates protein C and results in fibrinolysis. The increased
breakdown of fibrinogen leads to hypofibrinogenemia, and during
the patient’s resuscitation phase, iatrogenic acidosis, hypothermia,
and dilution which called “lethal triad” further impair vascular
endothelial functions.

All these events culminate in trauma-induced coagulopathy,
characterized by early hyperfibrinolysis, platelet dysfunction,
hypofibrinogenemia, and decreased thrombin generation, resulting
in a tendency towards bleeding. However, as the condition
progresses, a shift towards a pro-thrombotic phenotype may
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occur, leading to thrombotic TIC. Therefore, in trauma patients,
thrombosis prophylaxis should be considered once bleeding is
under control.("”

In-hospital blood management

It involves preparing hospitals with massive transfusion
protocols that include dosing, timing, and component ratios for
severely injured trauma patients presenting with hemorrhagic
shock. Targeted transfusion protocols may require empirically
administering blood components in specific ratios until laboratory
values are obtained for each patient. The aim of these protocols is
to ensure the rapid and effective control of bleeding and correction
of coagulopathy by providing the necessary blood products in the
right amounts and at the right time. This approach minimizes
bleeding-related complications and improves the chances of
survival for trauma patients. Blood management requires a
multidisciplinary approach and involves coordination among all
healthcare team members working in the hospital.

Empiric treatment (Damage Control Resuscitation)

The data regarding the ratios of blood components to be
administered were initially obtained from military experiences.
In 2007, in combat-related trauma patients requiring massive
transfusion, it was found that the group with a plasma:
packed red blood cells ratio of 1:1.4 had a reduced mortality
compared to groups receiving less plasma.®? In the prospective
observational multicenter PROMMTT study published in 2011,
it was demonstrated that giving a high proportion of plasma and
platelet suspension, especially within the first 6 hours, to patients
receiving at least three units of packed red blood cells within 24
hours, reduced mortality.®"

The first randomized controlled trial on this subject, the PROPPR
study, compared plasma: platelet suspension: packed red blood
cells ratios of 1:1:1 and 1:1:2 in bleeding trauma patients.
Although the 24-hour and 30-day mortality rates were similar,
the 1:1:1 group achieved better outcomes in terms of achieving
hemostasis and reducing bleeding-related deaths.?? Empirically,
this administration of blood components is also referred to as
damage control resuscitation. Based on the current evidence, it
is appropriate to administer plasma: platelet: packed red blood
cell concentrates in a ratio of at least 1:1:2 after obtaining blood
samples for targeted treatment. However, the administration of the
actual blood products is determined based on targeted treatment
protocols, where laboratory results and the patient’s condition are
evaluated together.

Goal-Directed Therapy

Conventional Tests

In trauma patients, complete blood count, prothrombin time/
international normalized ratio (INR), and fibrinogen levels
measured using the Clauss method should be evaluated without
delay. Hemoglobin and/or hematocrit measurements must be
taken in bleeding trauma patients. Early normal results may be
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misleading; therefore, repeated measurements at frequent intervals
are more valuable. Low values at the beginning indicate the
presence of hemorrhagic shock. The target hemoglobin levels for
red blood cell transfusion should be around 7-9 g dL -1. A threshold
value generally accepted for diagnosing traumatic coagulopathy is
an INR value above 1.2, while an INR>1.5 indicates the presence
of severe coagulopathy. The treatment of initial coagulopathy
with fresh frozen plasma or prothrombin complex concentrates
reduces mortality.?® Similarly, if hypofibrinogenemia is detected,
intervention should be made using fibrinogen concentrate or
cryoprecipitate. (Figure 1)

Figure 1. Blood Management According to Conventional Tests

Hb 7-9 gr dL-1

Platelet<50000
mL-1

Fibrinogen<150-

200 mg dL-

INR>1.5

 6-8 U Fresh « 6 U Random « Fibrinogen
Frozen Plasma « 1 U aphaeresis concentrate 3-4
* Prothrombin platelet gr
Complex e Cryopresipitate
Concentrate 15-20 U

Repeating the tests at 30-60 minute intervals

Viscoelastic Tests

In recent years, there has been an increasing interest in viscoelastic
tests such as rotational thromboelastometry (ROTEM) and
thromboelastography (TEG) in trauma patients due to reasons
such as the longer turnaround time and limited reflection of the
patient’s hemostatic status by conventional tests. These tests detect
changes in the amount of clot formation by continuously applying a
rotational force to a whole blood sample and transfer the data to an
electromechanical transducer system, thus evaluating the kinetics
and firmness of clot formation and dissolution. Table 2 shows
the information provided by measurements obtained from TEG
and ROTEM devices. Typically, the ROTEM device generates
4-5 graphs, including INTEM (showing intrinsic activation),
EXTEM (showing extrinsic activation), FIBTEM (showing the
fibrin component of the clot), APTEM (with aprotinin added), and
HEPTEM (containing heparinase to neutralize heparin activity).
The evaluation is usually based on EXTEM and FIBTEM
values.®¥

Trauma centers decide at which stage of coagulation there is a
problem and determine the appropriate blood product to be
administered based on their own practical applications. Exact
threshold values have not been determined yet. Table 3 indicates
which blood products can be used based on the results obtained
from viscoelastic tests.?

Corresponding Author
huseyinpinar2002@yahoo.com



Turkish
Journal of

RESUSCITATION

Table 2. Viscoelastic Tests
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Hemostatic Function Primary Blood Variable Measurement
Component
Clot Formation Plasma coagulation factors | Time to initial clot formation | TEG: R’/ACT
up to 2 mm ROTEM: CT
Clot Propogation Fibrinogen Time for clot to propagate TEG: K
from 2 mm to 20 mm ROTEM: CFT( clot firmness time)
Fibrinogen Rate of clot increase TEG: a angle
ROTEM: CAS5 (Clot amplitude time)
Clot Strength Platelet Maximum clot strength TEG: MA (maximal amplitude)
ROTEM: MCF (Maximal clot firmness)
Fibrinolysis Plasmin Clot Lysis TEG: Ly30

ROTEM: LI (Lysis Index)

Table 3. Administering blood products based on viscoelastic test

Hemostatic Treatment

Rotational Thromboelastometry
(ROTEM)

Thromboelastography
(TEG)

Fibrinogen (Fibrinogen concentrate or
cryoprecipitate)

EXTEM A10<45 mm or MCF< 55 mm
and FIBTEM A10<10 mm or MCF<12
mm

MA< 14 mm cryoprecipitate 3-5 ml kg-1
veya 1-2 gr Fibrinogen concentrate

Plasma (Fresh Frozen Plasma or
Prothrombin Complex Concentrate

CT> 80 sn and A10< 45 mm or MCF>55
mm and normal FIBTEM A 10 or normal
MCF

R<10-14 min: Fresh Frozen Plasma
10-20 ml kg-1

R>14 min: Fresh Frozen Plasma
30 ml kg-1

Platelet Concentrate

A10<45 mm or MCF<55 mm and normal
FIBTEM A10 or normal MCF

Kaolin TEG MA 45-49 mm: 1 pool unit of
platelet concentrate MA<45 mm: 2 pool
units of platelet concentrate

Antifibrinolytic (Tranexamic Acid)

Antifibrinolytic activity on EXTEM and
FIBTEM (usually assessed by the Lysis
Index)

TEG Ly30> %4 Tranexamic acid 1-2 gr

EXTEM: Extrinsically activated test A10: Clot amplitude at 10 minutes, MCF: Maximum clot firmness, FIBTEM: Fibrin-based extrinsically
activated test, MA: Maximum amplitude, CT: Clotting time, R: Reaction time, Ly30: Percentage of clot lysis at 30 minutes.
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Guidelines state that both conventional and viscoelastic tests can
be used, but there are limited studies comparing these two methods.
In a study published in 2016, 111 trauma patients requiring
massive transfusion were compared in terms of conventional tests
and TEG usage. Although the 28-day mortality and red blood
cell transfusion usage were similar in the TEG group, a reduction
was observed in plasma and platelet usage.?® In the multicenter
ITACTIC study published in 2021, the use of conventional and
viscoelastic tests resulted in similar 24-hour mortality rates and
numbers of patients avoiding massive transfusion.®”

Whole Blood

Until the 1970s, whole blood, especially used in military trauma
patients, was replaced by the use of component blood products
such as packed red blood cells, plasma, and platelets. In recent
years, with the increase in studies like PROPPR that support the
almost 1:1:1 ratio use of these products in trauma patients, there
have been suggestions that whole blood usage may lead to better
outcomes. Particularly in the U.S., low-titer group O whole blood
is used as a universal donor. Whole blood, with a shelf life of
approximately 14-21 days, contains about 500 ml volume with
a hematocrit level of 38-50%, 150-400 thousand platelets, 100%
plasma coagulation factor, and 1000 mg fibrinogen. Whereas one
unit each of packed red blood cells, plasma, platelet suspension,
and cryoprecipitate, totaling 675 ml volume, contains only 29%
hematocrit, 88 thousand platelets, 80% coagulation factor, and
150 mg fibrinogen. Additionally, whole blood contains about
1/3 less preservative solution compared to the total of component
blood products. In a meta-analysis published in 2023, it was
shown that the combined use of whole blood and component blood
products significantly reduced mortality compared to component
therapy alone and that the use of whole blood reduced the amount
of blood product usage at 6 and 24 hours.?® Challenges in
transforming blood banks into whole blood centers, inadequacy
of donor numbers, and additional costs such as storage conditions
are reasons limiting whole blood usage. Moreover, with the
completion of ongoing randomized controlled trials regarding
the use of whole blood in trauma, more definitive data will be
obtained.

Tranexamic Acid

Tranexamic acid (TXA) is an antifibrinolytic agent that prevents
the conversion of plasminogen to plasmin, thus inhibiting
hyperfibrinolysis. The CRASH-2 trial demonstrated that early
administration of 1 gram loading dose of TXA within the first
3 hours of trauma, followed by a maintenance dose of 1 gram over
8 hours, reduced mortality.®® With the CRASH-3 trial, which
showed a reduction in mortality in traumatic brain injury, TXA has
been included in guidelines as a strong recommendation, preferably
initiated in the pre-hospital period, if possible.®? However,
the PATCH trial published in 2023 showed that pre-hospital
administration of TXA did not provide a 6-month functional
benefit in trauma patients at risk of traumatic coagulopathy and
did not reduce 28-day and 6-month mortality.*?
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Calcium

Ionized calcium is essential for normal fibrin polymerization and
platelet function. Additionally, its deficiency can lead to decreased
cardiac contractility and systemic vascular resistance. The normal
blood level of ionized calcium is 1.1-1.3 mmol L-1, and it is
frequently observed to be low in trauma patients, especially in
cases of massive transfusion. Low calcium concentrations
upon hospital admission have been associated with reduced
platelet activation and aggregation, increased blood transfusion
requirements, and higher mortality rates.®*3Y The frequency
of hypocalcemia increases during massive transfusion because
citrate, which is present in packed red blood cells and plasma as
a preservative, binds to calcium. When the ionized calcium level
falls below 0.9 mmol L-1 or the corrected serum calcium level
drops below 7.5 mg dL-1, it is recommended to administer 10
mL of calcium chloride containing 270 mg of calcium, or if not
available, 90 mg of calcium gluconate.®

Recombinant factor VIIa

Recombinant factor VIla functions as part of the endogenous
coagulation system when there is sufficient availability of platelets
and fibrinogen. However, it does not demonstrate sufficient efficacy
in cases of acidosis and low platelet count.®® Due to the lack of
sufficient evidence and the risk of thromboembolic complications,
the use of recombinant factor VIIa is not recommended as the
first-line treatment. However, there is a weak recommendation
that it may be considered for off-label use in the treatment of
major bleeding and traumatic coagulopathy if all other treatments
have been ineffective.®)

Patients using antithrombotic agents

For bleeding trauma patients using vitamin K-dependent oral
anticoagulants such as Warfarin, it is recommended to reverse
the effects by administering 5-10 mg of i.v. vitamin K1 and
25-50 U/kg dose of 4-factor prothrombin complex concentrate
(PCC) based on the INR level. Vitamin K1 should be given
simultaneously with PCC to initiate factor production, as the
effect of PCC is short-lived. The use of fresh frozen plasma is
not recommended as the primary choice due to the dilution of
necessary factors within it.®

In patients using direct factor Xa inhibitors oral anticoagulants
such as Apixaban, Edoxaban, and Rivaroxaban, in life-threatening
bleeding situations, andexanet alfa is recommended if the patient
is using Apixaban or Rivaroxaban. If andexanet is not available or
the patient is using Edoxaban, 25-50 U/kg of PCC is recommended,
along with measurement of blood levels.®®

For patients using direct thrombin inhibitors like Dabigatran,
plasmatic measurement of Dabigatran or measurement of thrombin
time is recommended. In life-threatening bleeding situations, the
use of 5 g of i.v. idarucizumab is recommended.¢”

Corresponding Author
huseyinpinar2002@yahoo.com



Turkish
Journal of
RESUSCITATION

For patients using antiplatelet agents, routine platelet transfusion
is not recommended, and there is no clear data on the use of
desmopressin.®

Thromboprophylaxis

In trauma-associated coagulopathy, there is an initial tendency for
bleeding, but as bleeding comes under control around the 24th
hour, a predisposition to thrombosis begins to develop. To prevent
this condition from occurring, thromboprophylaxis should be
initiated.®® During the period when the patient is still at risk
of bleeding, only intermittent pneumatic compression devices
should be used, and pharmacological treatment should be added as
soon as the bleeding risk subsides. The routine use of compression
stockings or inferior vena cava filters is not recommended.®

Figure 2. Example Algorithm
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Conclusion

To reduce mortality associated with hemorrhage in trauma
patients, early recognition of bleeding, prompt intervention for
hemorrhage, and rapid and accurate administration of blood
products are of paramount importance. For this purpose, each
institution should have its own massive transfusion and bleeding
management algorithms, guided by current documents such as
the European trauma-induced major bleeding and coagulopathy
management guidelines (Figure 2). Structured blood management
based on guidelines, along with pre-hospital approaches for
bleeding trauma patients, has been shown to be associated with
decreased mortality rates.” Continuous education of personnel in
trauma centers and the implementation of randomized controlled
trials will contribute to stronger evidence-based recommendations
in guidelines, ultimately improving the survival chances of trauma
patients.
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