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specificka patofyziologie krvaceni po traumatu
25% traumatickych pacientt ma koagulopatii

v N

nezavisly faktor
3 — 4x mortalita celkova
8x mortalita/prvnich 24 hodin
MODS
ventilation day




1. hemoragicky Sok (tvorba komplexu trombin-
trombomodulin, poskozeni tkani, aktivace antikoagulace a
fibrinolyzy)

2. zvySend hladina syndecanu 1 (marker endotelidlni
degradace glycocalyxu)

3. acidémie, hypotermie, diluce, hypoperfuze, konzumpce
koag faktord

4. modifikace (genetika, komorbidity, inflamace, medikace)
5. poranéni mozku (individuadlni faktor)

vysledek sloZitého vzdjemného plsobeni




I. Initial resuscitation and prevention of

further bleeding

We recommend that the time elapsed between injury and operation be minimised for
patients in need of urgent surgical bleeding control. (6rade 1A)

We recommend adjunct tourniquet use to stop life-threatening

bleeding from open extremity injuries in the pre-surgical setting.
(Grade 1B)

jakykoli turniket dostupny na trhu je dcinny
doba naloZeni turniketu = doba do chir.

kontroly krvaceni, co nejkratsi (paralyza
nervu a ischémie konceTmy jsou vzdcné)

bezpecny interval = 2 hodiny (vojenska
medicina 6 hodin s prezitim koncetiny)



I. Initial resuscitation and prevention of

further bleeding

3.  We recommend initial normoventilation of trauma patients if there
are no signs of imminent cerebral herniation. (6rade 1C)

- ventilace muze ovlivnit outcome

* hyperventilace zvysuje mortalitu ve srovnani
s non-hyperventilovanymi pacienty

* U pacientl s acute lung injury se doporucuje
ventilace nizkymi objemy (< 6 ml/kg)

* zvlasté u krvacejicich pacuenTu s rizikem
ALI je doporucena protektivni
ventilace nizkymi objemy a mirnym PEEP

+ cilové paCO2 je 5 -5,5 kPa



IT. Diagnosis and monitoring of bleeding

- TInitial assessment

4 We recommend that the physician clinically assess the extent of traumatic hemorrhage using a
combination of patient physiology, anatomical injury pattern, mechanism of injury and the
patient’'s response to initial resuscitation. (6rade 1C)

5 We recommend that patients presenting with haemorrhagic shock and an identified source of
bleeding undergo an immediate bleeding control procedure unless initial resuscitation measures
are successful. (6rade 1B)

6 We recommend that patients presenting with haemorrhagic shock and an unidentified source of
bleeding undergo immediate further investigation. (6rade 1B)

* Imaging

_7 We recommend early imaging (ultrasonography or CT) for the detection of free
fluid in patients with suspected torso trauma. (Grade 1B)
Intervention

8 We recommend that patients with significant free intra-abdominal fluid and
haemodynamic instability undergo urgent intervention. (6rade 1A)

9 We recommend further assessment using CT for haemodynamically stable patients.
(Grade 1B)



Hematokrit

10. We do not recommend the use of single Hct measurements as an isolated

laboratory marker for bleeding. (6rade 1B)
. J4 / v v / . o
Hct je zdkladnim vysetrenim u frauma pacientu

diskutuje se o diaghostické hodnoté jako markeru
krvaceni

limitace: iv. tekutiny a vliv EBR

inicialni Hct odrazi nepresné krevni ztrdtu, ztrata
PK, kompenzacni mechanismy, které presunuji
tekutiny z IP potrebuji urcity cas

trend htk: snizujici se hodnoty opak. méreni Hct
mohou odradzet pokracujici krvaceni /krvacejici
pacient si muze udrzet svuj trend

neni doporuceno pouzivat samostatné
vysetreni hematokritu jako izolovaného
laboratorniho markeru pro krvaceni



Serum lactate and base deficit

11 We recommend either serum lactate or base deficit measurements as sensitive tests to estimate
and monitor the extent of bleeding and shock. (Grade 1B)

Laktdt = dg a prognosticky marker krvaceni od 1960s

neprimeé hodnoceni globdlni tkafiové aciddzy zapricinéné
zhorsenou perfuzi

hodnoTy opakovaného méreni predikuji preziti
zmeny hladin laktatu ¢asné a objektivné hodnoti
pacientovu odpovéd' na terapii

spolehlivost snizuje poZiti alkoholu, alkohol samotny muze
zvysit hladinu laktatu v krvi, proto u alcohol associated-
tfrauma je lepsim predlk’rorem prognozy BD

BD: lepsi prognosticky marker smrti nez pH

» chybi korelace mezi obéma parametry, proto se
doporucuje nezavisld monitorace obou parametra



Coagulation monitoring

12 We recommend that routine practice to detect post-traumatic coagulopathy include the early,
repeated and combined measurement of prothrombin time (PT), activated partial hromboplastin
time (APTT), fibrinogen and platelets. (6rade 1C)

We recommend that viscoelastic methods also be performed to assist in characterising the
coagulopathy and in guiding haemostatic therapy. FGr'ade 1C)

+  Casny, opakovany odbér INR, aPTT, fib, frombo
* INR a APTT monitoruji pouze inicidlni fazi krevniho srdazeni
»konvencni koagulaéni testy jsou normdlni, ale srdazeni je abnormadlni

+ viskoelastické testovani: kompletni a rychlé monitorovani krevni
srazeniny a fibrinolyzy, detekce abnormalit u uzivani inhibitoru
trombinu (dabigatran, argatroban, bivalirudin, hirudin)

+ predpovéd'masivni transfuze, vyskyt .
trombotic/thromboembolickych prihod a mortalitu

» rapid thrombelastography: novd varianta, kaolin a tkdriovy faktor
zkracuje ¢as vysetreni

+existuje omezeni: neschopnost odlisit diluci od trombocytopenie,
nizkd citlivost v detekci a monitorovdni destickové dysfunkce
zapric¢inéné protidestic¢ kovymi latkami

+ tehdy je vhodné pouzit impedanéni aggregometrii plné krve




ITT. Tissue oxygenation, fluid and hypothermia

13 We recommend a target systolic blood pressure of 80 to 90 mmHg until major bleeding has been stopped in the
initial phase following trauma without brain injury. (Grade 1C)

We recommend that a mean arterial pressure >80 mmHg be maintained in patients with combined haemorrhagic
shock and severe TBI (6CS ¢8).(Grade 1C)

» ¢asné a agresivni poddvdni tekutin vede ke zvyseni

hydrostatického tlaku v rané, dislokaci krevniho koagula
a diluci KF

+ koncept resuscitace nizkymi objemy tekutin, tzv
"permisivni hypotenze”, hladina tkanové perfuze

gdgﬁovdna nizsi nez normdlné, ale adekvatné po krdtkou
obu

+ -1990s: zvysené preziti u permisivni hypotenze u
penetrujicich poranéni, dalsi studie to neprokazaly,

dalsi analyzy: agresivni resuscitacni techniky zahajené
prednemochicne mohou byt skodlivé

*upacientl s kranio a spindlnim traumatem, u
ﬁr'es’rarlth a s hypertenzi je permisivni hypotenze ale
ontraindikovana



Fluid therapy

14 We recommend that fluid therapy be initiated in the hypotensive
bleeding trauma patient. (Grade 1A)

We recommend that crystalloids be apglied initially to treat the
hypotensive bleeding trauma patient. (Grade 1B)

We recommend that hypotonic solutions, such as Ringer’'s lactate, be
avoided in patients with severe head trauma. (6rade 1C)

If colloids are administered, we recommend use within the
prescribed limits for each solution. (Grade 1B)

We suggest that hypertonic solutions during initial freatment be
used, but demonstrate no advantage compared to crystalloids or
colloids in blunt trauma and TBT. Z%mde B)

We suggest the use of hypertonic solutions in hemodynamically
unstable patients with penetrating torso trauma. (6rade 2C)




Vasopressors and inotropic agents

15 We suggest administration of vasopressors to maintain target arterial pressure in the absence of a
response to fluid therapy. (6rade 2C)

We suggest infusion of an inotropic agent in the presence of myocardial dysfunction. (Grade 2C)

+ prvnim krokem k dosazeni MAP u hemorhagického jsou
tekutiny, ale zdroven jesté pred korekci hypovolémie
mohou byt podavany vasopresory

* Noradrenalin je Iékem volby
- Eokud je infuze vazopresort rychld/je zhorSena funkce

K - muze se zvysit srdecni afterload - proto je vhodné
inicialni UZ vysetreni srdce
*inotropika (dobutamine, epinephrine) se podavaji u
srdecni dysfunkce, ktera muze byt po kontuzi srdce,
erikardialni efuzi nebo sekunddrne k intrakraniadlni

ypertenzi pri poranéni mozku

» pokud neni mozné vysetreni srdec¢nich funkci nebo
cardiac output monitorovani, je vhodné podani inotropik
pri chudé odpovédi na tekutiny a noradrenalin



Temperature management

16 We recommend early application of measures to reduce heat loss and warm the
hypothermic patient in order to achieve and maintain normothermia. (Grade 1C)

We su?ges‘r that hypothermia at 33 to 35°C for »48 h be applied in patients with TBI
once bleeding from other sources has been controlled. (6rade 2C)

* hypotermie je nezavisly faktor pro krvdceni a
smrt

* prevence: odstranéni mokrého odévu, zakryfti,
zvyseni okolni teploty, aktivni zahrivani, teplé
roztoky, extrakorporalni technika

* u pacientl bez TBI se snaZime hypotermii
zabranit

+ u pacientld s TBI: do 3 hod po traumatu,
preferovat selektivni cerebradlni chlazeni

chlazenim hlavy a krku, udrzovat alespon 48 hod,
ohrivat 24 hod a udrZovat CBP>50 mmHg



Erytrocyty

17 We recommend a target haemoglobin (Hb) of 7 to 9 g/dl. (6rade 1C)

- neni zadnd studie, kterad by prospektivné srovnala
restriktivni a liberdlni transfuzni strategii u traumat

cilovy Hb 7 az 9 g/dl plati i pro kraniotraumata



IV. Rapid control of bleeding

. Early abdominal bleeding control

18 We recommend that early bleeding control of the abdomen be achieved using _ packing,
direct surgical bleeding control and the use of local haemostatic procedures. In the
exsanguinating patient, aortic cross-clamping may be employedas an adjunct. (6rade 1C)

19 We recommend that patients with pelvic ring disruption in haemorrhagic shock undergo
immediate pelvic ring closure and stabilisation. (Grade 1B)

Packing, embolisation and surgery

20 We recommend that patients with ongoing haemodynamic instability despite adequate pelvic
ring stabilisation receive earlyc}aregeri‘roneal packing, angiographic embolisation and/or
surgical bleeding control. (6rade 1B)

21 We recommend that damage control surgery be employed in the severely injured patient
presenting with deep haemorrhagic shock, signs of ongoing bleeding and coagulopathy.
(6rade 1B) Other factors that should trigger a damage control approach are severe
coagulopathy, hypothermia, acidosis, an inaccessible major anatomic injury, a need for time-
consuming procedures or concomitant major injury outside the abdomen. (Grade 1C)

We recommend primary definitive surgical management in the haemodynamically stable
patient and in the absence of any of The factors above. (Grade 1C)

Local haemostatic measures

22 We recommend the use of topical haemostatic agents in combination with other surgical
measures or with packing for venous or moderafe arterial bleeding associated with
parenchymal injuries. (6rade 1B)



V. Management of bleeding and coagulation

Coagulation support
23 We recommend that monitoring and measures to support coagulation be initiated as
early as possible. (Grade 1C)
Antifibrinolytic agents
24 We recommend that tranexamic acid be administered as early as possible to the trauma

patient who is bleeding or at risk of significant hemorrhage at a loading dose of 1 g infused
over 10 minutes, followed by an intravenous infusion of 1 g over 8 h. (6rade 1A)

We recommend that tranexamic acid be administered to the bleeding frauma patient within
3 h afterinjury. (6rade 1B)

We suggest that protocols for the management of bleeding patients consider administration
of the first dose of tranexamic acid en route to the hospital. (Grade 2C)

» kyselina tranexamovad se poddva co nejdrive,
inicidlni davka je 1 g/10 min, ddle infuze 1 g/8 hod



Calcium, plasma

25 We recommend that ionised calcium levels be monitored and maintained within the normal
range during massive transfusion. (6rade 1C)

* Pro vhodné kardiovaskuldrni a koagulaéni d¢inky by
meéla byt udrzovana hladina ionizovaného kalcia >0.9
mmol/|

26 We recommend the initial administration of plasma (fresh frozen plasma (FFP)or pathogen-
inactivated plasma) (Grade 1B) or fibrinogen (Grade 1C) in patients with massive bleeding.

If further plasma is administered, we suggest an optimal plasma:red blood cell ratio of at
least 1:2.(Grade 2C)

We recommend that plasma fransfusion be avoided in patients without substantial bleeding.
(Grade 1B)

» U masivniho krvaceni je doporuc¢eno poddni CZP nebo
fibrinogenu, pri dalsim podavani je optimdlni pomer
CZP: EBR = 1:2, u pacientl bez vyznamného krvdceni
by neméla byt poddvdna



Fibrinogen a kryoprecipitat

27 We recommend treatment with fibrinogen concentrate or cryoprecipitate in the continuing
management of the patient if significant bleeding is accompanied by thromboelastometric
signs of a functional fibrinogen deficit or a plasma fibrinogen level of less than 1.5 to 2.0 g/|.
(Grade 1C)

We suggest an initial fibrinogen concentrate dose of 3 to 4 g or 50 mg/kg of
cryoprecipitate, which is approximately equivalent to 15 o 20 single donor units in a 70 kg
adult. Repeat doses may be guided by viscoelastic monitoring and laboratory assessment of
fibrinogen levels. (Grade 2C)

» Indikace podani fibrinogenu nebo kryoprecipitdtu je
krvaceni s deficitem funkéniho flbrmogenu (teg) nebo
hladina fibrinogenu v plazmé nizsi nez 1,5-2 g/I

+ Uvodni ddvka Je 3-4 g (50 mg/kg), opakuje se dle
viskoelastického monitorovani ¢i laboratornich hladin
fibrinogenu



Platelets

28 We recommend that platelets be administered to maintain a platelet count above 50 x 109/I.
(Grade 1C)

We suggest maintenance of a platelet count above 100 x 109 /I in patients with ongoing
bleeding and/or TBI. (Grade 2C)

We suggest an initial dose of four to eight single platelet units or one aphaeresis pack.
(Grade 2C)

» Hladina trombo by méla byt udrZzovdna nad 50 x 10+/I,

u kraniotraumat a pokracujiciho krvaceni pak nad
100 x 10/



Antiplatelet agents

29 We suggest administration of platelets in patients with substantial bleeding or intracranial
hemorrhage who have been treated with antiplatelet agents. (Grade 2C)

If the patient has been treated with acetylsalicylic acid alone, we suggest administration of
desmopressin (0.3 pg/kg). (Grade 2C)

We su%ges‘r the measurement of platelet function in patients treated or suspected of being
treated with antiplatelet agents. (Grade 2C)

If platelet dysfunction is documented ina ]Pa‘rien‘r with continued microvascular bleeding, we
suggest treatment with platelet concentrates. (6rade 2C)

+ pokud je pacient IéCen samotnou kyselinou
acetylosalicylovou a krvdci, je doporuceno podani
desmopressinu, je-li pfitomna dysfunkce desticek a
pacient ma pokracujici mikrovaskuldrni krvdceni, je
indikované podani tfrombo

* Nedavno byla popsdna Uspésna perioperacni lécba
pacienta na aspirinu a clopidogrelu, kiery vyZadoval
urgentni operaci, 2 jednotkami desticek z aferézy



Desmopressin

30 We suggest that desmopressin (0.3 pg/kg) be administered in patients treated with platelet-
inhibiting drugs or with von Willebrand disease. (6rade 2C)

We do not suggest that desmopressin be used routinely in the bleeding trauma patient.
(Grade 2C)

+ Desmopressin by nemél byt poddvdn rutinné u
krvdcejicich trauma pacientd, jen k I€Cbé von

Willebrandovy choroby a u pacientid medikujicich
antiagregancia



Prothrombin complex concentrate

31 We recommend the early use of prothrombin complex concentrate (PCC) for the emergency
reversal of vitamin K-dependent oral anticoagulants. (6rade 1B)

If a concentrate-based goal-directed strategy is applied, we suggest that PCC be
administered in the bleeding patient with thromboelastometric evidence of delayed
coagulation initiation. (Grade 2C)

» Koncentrat protrombinového komplexu se doporucuje
pro zvrdceni G¢inkd ordlnich antagonisti vitaminu K



Nova antikoagulancia

32 We suggest the measurement of substrate-specific anti-factor Xa activity in patients
treated or suspected of being treated with oral antifactor Xa agents such as rivaroxaban,
apixaban or endoxaban. (Grade 2C)

If bleeding is life-threatening, we suggest reversal of rivaroxaban, apixaban and endoxaban
with highdose (25 to 50 U/kg) PCC. (Grade 2C)

We do not suggest the administration of PCC in patients treated or suspected of being
treated with oral direct thrombin inhibitors, such as dabigatran. (Grade 2B)

* U novych antikoagulancii je vhodné mérit akftivitu anti
Xa, u ZOK je doporucené podani vysokych ddvek
koncentratu protrombinového komplexu 25 - 50 U/kg,
heni doporucen u ordlnich primych inhibitort trombinu
(dabigatran) - v sou¢asné dobé neexistuje doporuceni



Recombinant activated coagulation factor

VII

33 We suggest that the use of recombinant activated coagulation factor VII (rFVIIa) be
considered if major bleeding and traumatic coagulopathy persist despite standard attempts
to control bleeding and best-practice use of conventional haemostatic measures. (Grade 2C)

We do not suggest the use of rFVIIa in patients with intracerebral hemorrhage caused by
isolated head trauma. (Grade 2C)

+ rFVIIa se poddvad po vyCerpdni konvencni terapie
krvdceni

» Neni doporucen u ICH pri izolovaném poranéni hlavy



Thromboprophylaxis

34 We suggest mechanical thromboprophylaxis with intermittent pneumatic compression (IPC)
and/or anti-embolic stockings as soon as possible. (Grade 2C)

We recommend pharmacological thromboprophylaxis within 24 h after bleeding has been
controlled. (6rade 1B)

We do not recommend the routine use of inferior vena cava filters as thromboprophylaxis.
(Grade 10)

+ Co nejdrive se doporucuje mechanicka
tromboprofylaxe, farmakologickd za 24 hod po
kontrole krvdceni. Nedoporucuje se rutinni pouziti
vena cava filtra.



VI. Treatment pathwa

35 We recommend that each institution implement an evidence-based treatment algorithm for
the bleeding trauma patient. (Grade 1C)

36 We recommend that treatment checklists be used to guide clinical management. (Grade 1B)

37 We recommend that each institution include an assessment of adherence to the institutional
algorithm in routine quality management. (Grade 1C)

- Lécebny algoritmus, kvalita 1€¢by
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Lé¢ba traumat vyzaduje mezioborovou spoluprdci a rozvijeni
znalosti kazdého jednotlivého oboru prispivaji k dobrému
spole¢nému vysledku




