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* Nemame konflikt zajmu



EE::' Jak nam pomaha ROTEM

* Coje to ROTEM

* Vyznam a limitace
* Moznosti vysetreni
* Aplikace v praxi



'fg::' ROTEM - rotacni tromboelastometrie

» Viskoelasticka POC metoda

* Monitoruje zmeéeny viskoelastickych vlastnosti krve v souvislosti s tvorbou koagula

* Hodnoti srazeni celé krve v realném Case a vSechny faze sekundarni hemostazy

— iniciace, amplifikace, propagace + detekce fibrinolyzy
oscillating axis (+-4,75°)

D< -

detector l

data processor

LED light source
® e

% = Sensor pin
L

cuvette + sample

temperature

controlled

clot formation
cuvette holder

Zdroj: Gorlinger — Rotational tromboelastometry



A1 \iyznam ROTEM

RESEARCH Open Access

VI. Further goal-directed coagulation management
Goal-directed therapy
Recommendation 25 We recommend that resuscitation

The European guideline on management of ®

} bleed:i d | h Cu"“"d“.;.’:f measures be continued using a goal-directed strategy,
major bleeding and coagulopathy guided by standard laboratory coagulation values and/or
following trauma: fifth edition VEM. (Grade 1B)

.';-:-*a.r%:’m;!-*-f._;i:--T !-'ljf').l r:-*".'-..’.x.'_-r.- 'L-.:'""":-a_l"-:".'..:|:'!:':'.'.J::'$ .';-.1-;1-~_T=:'-;1:._J". .'.'-;!.-1.'- 3 ?,‘Y"""’A'.?‘W"" ey L Hurt?, inantly in advanced trauma centres [556] POC VEM
Radko Komadina™, Marc Maegele™, Giuseppe Mardi™, Louks Riddez =, Chares-Marc Samama™, . L .
Jean-Louts Vincent™® and Rof Rossaint®) ‘ may provide more rapid information about the under-
Coageiation S”p_pmt o lying haemostatic deficiencies, including information on
Recommendation 23 We recommend that monitoring . - . T
. o ) which part of the clotting process is disrupted, as well as
and measures to support coagulation be initiated imme- _ _ _ _ }
diately upon hospital admission. (Grade 1B) on the dynamics of clot formation and lysis [557, 558],
thereby allowing optimised and targeted coagulation
therapy according to individual deficits, particularly with
i v respect to the early use of coagulation factor concen-
* Goal-directed therapy ZOK trates (CEC) [544, 547, 559).

» Diagnostika a cilena terapie koagulopatie

* Vyhody: ¢asové dostupnéjsi vysledky (ROTEM 5-10min vs 30-40min u standartnich vyS. koagulace)
snizeni krevni ztraty
snizena spotfeba krevnich pfipravkl a jejich nezadoucich ucinku

snizeni morbidity a mortality pacient(



D Limitace ROTEM:

* nelze zhodnotit antiagregacni terapi
* na zhodnoceni funkce trombocytu nutnost ROTEM Platelet

* nelze zhodnotit funkci endotelu



ROTEM

ROTEM Delta — 4-kanalovy pfristroj
- moznost nastaveni teploty v rozmezi 30-40°C
- diky kombinace EXTEM/FIBTEM i nepfimé zhodnoceni funkce
trombocytu
- specialni modem ROTEM Platelet
- nevyhoda — pipetovani

ROTEM Sigma — nejvysSi stupen automatizace
- 1 cartrige se vSemi reagens

ClotPro — 6 méricich kanalul, specialni ,suché” reagens ve Spicce
- diagnostika vlivu pfimych inhibitort trombinu (ECA-test) a pfimych
inhibitortl F Xa (RVV-test)

Zdroj: matel.org




Amplitude in mm (Fesrtigkeit)

60
40

CT,

Sledované parametry ROTEM

CT (clotting time) — €as od pocatku vySetreni po vznik prvnich fibrinovych viaken

- aktivace koagula¢nich faktoru, tvorba trombinu, iniciace koagulace

CFT (clot formation time) — €as od iniciace srazeni po tvorbu koagula o velikosti 20mm

- kinetika srazeni, polymerizace fibrinu, stabilizace koagula

- s uhlem alfa vypovidaji o propagacni faze koagulace

MCF (maximum clot firmness) — maximalni pevnost koagula, zhodnoceni v 5. a 10. minuté (A5, A10)

LI30 (lysis index) a ML (maximum lysis)— fibrinolyza — rozpad koagula

10

20

30

Gerinnungszeit
Gerinnselbildungszeit
Amplitude 5 min nach CT
Maximale Gerinnselfestigkeit
Maximale Lyse

Lysis Onset Time

50 60
Zeit in min

Coagulation factors, Platelets, Fibrinolytic enzymes,
anticoagulants, FDPs, fibrinogen, fibrinolysis inhibitors,
tissue factor expression F XIll, colloids F X
T10|\min
—— alpha-angle

Clot Firmness [mm)]

Maximum Clot Firmness (MCF) [mm]

Maximum Lysis (ML) [2&]

Clot Lysis Index 30 or 60

i

(CLI30; CLI60) [%]

A5, A10 = Amplitude 5/ 10 min after CT [mm]

g |

=) - Coagulation Time (CT) [s]

#‘ Clot Formation Time (CFT) [s]

Run Time [min]



MOznOStl Vyéet‘feni Normal clot:

EXTEM CT 43-82 s
EXTEM A10  40-60 mm
EXTEM MCF  52-70 mm
« EXTEM - vnéjsi cesta koagulace EXTEM ML < 15%
EXTEM LI60 > 85%

- aktivace koagulace tkaniovym faktorem FIBTEM A0 6-21 mm

- hodnoceni funkce faktor(i VII, X, V, II, I, trombocytd, fibrinolyzy FIBTEM MCF _ 7-24 mm
 FIBTEM - aktivace jako EXTEM + Cytochalasin D — blokator funkce —
trombocytu
- vyS. hladiny funkéniho fibrinogenu a polymerizace fibrinu il N i VB
- hranic¢ni velikost 7-8mm = 1,5 g/l (Téhotné > 12 mm)
- m

Zdroj: rotem.de



« INTEM - vnitrni cesta koagulace -

- aktivace koagulace kontaktni fazi (kys. ellagova)

INTEM

- UCinek heparinu, obdoba APTT CF- 1501s | AS:  l4mm | AME 25mm

MCF: 47 mam ML: o5 Ligde ]

« HEPTEM - aktivace jako INTEM + heparinaza
- detekce pritomnosti heparinu

HEPTEM
CT: 138 AS: 40mm Al 4% mm

MCF: S3mem ML: 14%% Lied: ]



. APTEM — aktivace jako EXTEM + inhibitor fibrinolyzy Aprotinin R —

FICF: HHmMimM MIL: 1 Li & -

- moznost zpozorovat hyperfibrinolyzu jiz po 10min.

CT: 6235 A5 35 mam A0 A4 mum

MCF: S5 mum AL : L L1l &= —



Algorithm for treating bleeding in patients with

trauma-induced coagulopathy

=/ .
Tem||:|3|;r:ture | Optimize preconditions | Tempepr:t:;-ezﬂil .2
Electrolytes Calcium =1 mmol/L
Blood cell count Haematocrit =24% EXTEM m
69s AS5: 35mm A10: 44mm CT: 62s AS5: 35mm A10: 44mm
Severe trauma (IS5 >16]
TXA15-20 kg BW - . . L
b e s iy mg/kg MCF: 48mm ML: 100% MCF: §5mm| ML: 0%

Run ROTEM (ExTEM, INTEM, FIBTEM, APTEM)*

1. Focuson
hyperfibrinolysis

) o Treat fibrinolysis
EXTEM CT = APTEM CT %i TXA 15-20 mg/kg BW*

2. Focuson: Increase FIBTEM CA1l0to 10-12 mm EXTEM ST 18:27 5T 18:29
fibrin deficit | FIBTEM CALD <7 mm — Fibrinogen [:l:ll.'ll:.enlrale 2-6g CT: 73s A5: 2amm A10: 32mm CT: a7s AS: 2mm A10: amm
{Cryoprecipitate, FFP) | MCF:  41mm ML: 0% MCF: 4mm ML: 0%
Later on, repeat ste pd ifnecessary
3. Focuson: TR Treat coagulation factor deficiency
i . - =80 sec 5
thrombin g_e_neratlon = fwith EXTEN CT3 APTEW CT) K PCC 20 U/ke BW
deficit (FFP}
i T LR EXTEM CALO <40 mm Increase platelet count to
. = fwith FIBTEN CA10 >12 mm — 250,000/pI1
platEIEt dEﬁCIt and platelet count <50,000/pL" Platelet concentrate
Treatimmediately TXA 15-20 mg/kg BW* - = 2 sicains
Severe CIOt Fibrinogen concentrate 6—8 g and = 67s AS: 24mm A10: 34mm  CT: 615 AS5: 15mm A10: 16mm
d f- = EXTEM CAL0 <30 mm 1 PCC 20-30 U/kg BW
ericiency {Cryoprecipitate, FFP [high doses]) MCF:  44mm ML: 0% MCF:  19mm ML: 0%
Platelet concentrate (increass platelet count
to250,000/pL"
ROTEM may also identify:
Potential heparin " =
Treat heparin effect
HEPTEM CT < INTEM CT
el % Protamine 1000-2000 U
(e.g. cell-saver blood)
Clot instability y - s1: 12:31 HEPTEM &I 12:32
notrelated to EXTEM ML =15% Consider : : ; . : ;
hvaerfbrinolvsis and APTEM ML >15% Eactor ¥l 1250 U CT: <7409s Ab: __mm A10: __mm CT: 2795 Ab: 18mmA10: 38mm
b Y MCF:  Omm ML: 0% MCF:  48mm ML: 0%
ROTEM-guided treatment algorithm: managing trauma-induced coagulopathy and diffuse Courtesy of Klaus Gorlinger, Tem International

microvascular bleeding (AUVA Trauma Hospital, Salzburg, Austria)



IfSZI Fibrinogen a jeho vyznam

 finalni vysledek a ,klicovy hra¢“ koagulace, agregace trombocytu

« traumaticke krvaceni - zvySena fibrinolyza, nizka hladina fibrinogenu

« doporucena aplikace pfi koncentraci < 1,5¢/l, event. dle ROTEM
« obsah FBG v koncentratu 20mg/m|

v FFP 2mg/ml
* snizeni podani allogennich transfuznich pripravku, redukce

mortality, zvySene 30-ti denni preziti



ibrinogen a jeho vyznam

RESEARCH Open Access

Fibrinogen supplementation

The European guideline on management of @ Recommendation 28 We recommend tr'eatment with
major bleeding and coagulopathy £ fibrinogen concentrate or cr{foprecipitate it major bleed-
following trauma: fifth edition ing is accompanied by hypofibrinogenaemia (viscoelastic
oflowing ’ signs of a functional fibrinogen deficit or a plasma

Dorat R Spahn’, Bertll Boulllon®, Madimir Cemy™**® Jacques Duranteau’, Dankela Fillpescu®, Beverey L Hunt® LS T <1E
Radio Komadina'®, Marc Maegele", Guseppe Nardi™, Louks Riddez", Charles-Marc Samama™, Clauss flbI'lI’lOgEIl level < 1.5 g”") (Gmde ]'C)
Jean-Louis Vincent'* and Roff Rossaint'® We suggest an initial fibrinogen supplementation of

3—4 g. This is equivalent to 15-20 single-donor units of

Injury severity is often inversely correlated with low f£i- cryoprecipitate or 3—4 g fibrinogen concentrate. Repeat

brinogen levels at hospital admission [23, 226, 594, 595].
Rugeri et al. described a median fibrinogen level of 0.9 g/L
[interquartile range (IQR) 0.5-1.5 g/L] in trauma patients
with coagulopathy [29]. Schéchl and co-workers found ap- =
proximately 50% of patients with an admission fibrinogen !
level < 1.5 g/L [587]. Rourke and colleagues reported 40%
of hypotensive trauma patients with a fibrinogen concen-
tration <1.5g/L [536] and Schlimp et al. reported that
54% of patients with a Hb < 120 g/L also had a fibrinogen
concentration < 1.5 g/L, increasing to approximately 75%
with an admission Hb < 100 g/L or progressively negative

ment of fibrinogen levels. (Grade 2C)

WARVER

Yeep out of the reach of children!



kazuistika



Prijem heliport
A  Zaintubovany &, 50 let, 100kg
Kréni limec ’ ’

B Sp0O298%, etCO2 35mmHg
UPV - FiO 0,5, MV 71/m
Poslech symetricky, sliding bilat+

C CRT >> 5s, perif. pulzace 0,
I! eFAST negativni, !! (! RTG neni k dispozici !)
> Fibrinogen 4g (naslepo) SF 120/m (SR), TK 70/30mmHg, NA a# 0,3ug/kg/min

Coted? 2x ERD (ORh-) POCT Hb 969/l
TXA1g ROTEM se nedafi odebrat _
krystaloid 2.000ml, panevni pas,|PDK,PHK,LDK dlaha
koloid 500ml, 2X pvk

D GCS 3, anizokorie (P3,L2)
celotélova fixace - vakuova dlaha

—> Transfuzni pripravky ? analgosedace: midazolam,ketamin,sufentanil
pas, Gly 11.0mmol/I
- CT/Damage control surgery ? E poranéni koncetin viz vySe

castecné rozstrihané oblecCeni

9.8.2022 —>15:30




9.8.2022

CT

Panev:

LDK:

LHK:

vievo:
fr.acetabula + os ilium,
lyze Sl kloubu

hematom m.illiopsoas, svall panevniho dna
dislokace MM a rekta doprava

kominutivni fr. femoru,

kominutivni fr. humeru + predlokti



OP sal

« ZF panve,LDK - femur, bérec, hlezno
SF LHK + P zapésti

« ZajiSténi pacienta
CVK, IBP, NGS, PMK, ATB, ohrey,...
» Progreduje obeéhova nestabilita

NaBiC 8,4% 250ml

ERD 8x,0Octaplas 8x,
krystaloid 4.000ml, koloid 2.000ml
(Aktivovan masivni transfuzni protokol)

- castecna stabilizace obéhu

NA az 1,66 mcg/kg/min, VA 4 1U/h E—

Fibrinogen 4g

Datum odbéru %35',3
Pozn. k odbéru

Krev pro ABR

B-GLUK 19,9
B-LAKT 13,90
B-Ma.. 132
B-K...

BE-Cl.. 103
B-Cal. 1,07
E-KREV_ Arterial
T.Teplota 37,0
--FlO2 0,400
B-HE.. 70,0
B-PH.. 7.034
B-PCO2 599
B-5BC, 10,9
B-SEBE. 7.2
B-PO2, 30,00
B-502.

B-ABE. 7.7
B-TCO2 12,0
B-AKTB 11,4
B-VO2. 4,5
B-AaDd 0,02
B-OXHE 0,966
B-p50 5,05
E-px

B-SHUMN 0,011

..po odrouskovani ozfejmeno krvaceni z rekta

9.8.2022 16:00 — 18:45

Sl
FIBTEM A10 12mm

mirmi

R

20

50

AEIEY  A10 12mm .

g &, 50 let, 100kg

EXTEM CT 83s,
A1041mm
ML 0%

—20

"BEEY  CTYts,

A10 32mm

multidisciplinarné rozhodnuto ML 0%



stum adbé it9s, 3, 50 let, 100kg

19:30
Pozn. k odbéru Menalezen: Wil
B-GLUK . | A
B-LAKT : : - A i
B-Na.. | i i | }EEJE.
: - ‘s w4y B-K... ] A RS I it :"l‘i
* Vlevo: embolizace visceralnich vétvi All e 1|ﬂj§ﬂLJyLﬁﬁ

a ramus pubicus a.epigastrica inf. sin. B-Cal.

(= corona mortis) BKREV_ Arteria]
T.Teplota 35,0

« Vpravo: bez nalezu jasného zdroje krvaceni  -flo? 1.000
) BHE. 23,0

B-PH.. 7,201

B-PCO2 489

B-SBC. 14,3

B-SEE. 12,6

Plazma - Koagulace

PT >300,0 s

8,4-1338

10 S 10,0 - 15,0

Fibrinogen 8g
PCC 1.200 IU

S 22,8 - 34,4

23,0-35,0

ERD 14x, 2x TBSDR, 2x Octaplas
Alb5% 500ml,CaCl2 10% 20ml s
krystaloid 4.000ml, koloid 1.000ml

_ K

0,00 - 0,50

T8 40,9 s lwe

15,0 - 22,0

TEN 17,8

Plazma - Koagulace specialni
9.8.2022 19:00 — 20:45 oy

60,0 - 130,0




Ut 9.8,

Datum odbéru
23:20
coar K odbErs 5 _ 4, 50 let, 100kg
Krewv pro ABR
B-GLUEK 5,4 &l 0
B-LAKT 10,30
B-Na.. 140
BK... 44
B-Cl..
B-Cal. 0,95
B-KREV_ Arteril
T.Teplota 31,0 50 60
—Flo2
B-HE.. 110,0
e i GEEY  A05mm  * - “EEEY  CTioss T
' A10 32mm
B-SBC. 11,0 T
o
i s Fibrinogen 10g, ML 0%
B-PO2. 11,90 PCC 600 IU
B-502. 0,973 Krev - Krevni obraz
B-ABE. 18,2 TXA 1g
LE.- 4,0-10,0
B-TCOZ 11,2 i
B-AKTB 1.2 Octaplas 10x, ERD 6x, ER.. 2,97 10" oSl
o . TBSDR 4
B-AaDO 16,34 X HB.._ 91 e T
B-OXHEB 0,966
& ps0 B HTC. 0,26 s
B-px MCV. 87,3 ..
B-SHUN 0,104
MCH. 30,7 o ss0
MCHC_ 351 s
] , RDW. 13,0 o o2
OP revize panve o
TR" 46 150 - 400
5,6 (]|

6,2-111

v bance dochazi trombocyt. koncentrat MPV:

9.8.2022 21:00 - 24:00




i

* Packing panve + .

zadni stabilizace panve ‘
(svorka na Sl klouby)

- 3, 50 let, 100kg

60

o 20 30 40

« Stabilizace obéhu A10 8mm cT 745,
NA 1 mcg/kg/min -> 0,2 mcg/kg/min oS
ORI RO A A ‘_!
e ooy TIE+ LIVl DR 6xERD, 8xOctaplas oemoctins 105
Pozn. k odbéru
. Yk E2D ™ a0
| Pacient zpét na ARO cR. 176 o . e
e acient zpét na e
X 7 )]l EK.. 4.4
- snaha o normotermii - 7 el "
SR OCTOPLA2174 2 X P XA HTC. 0,16 T BKREV Arteris
- péCe o vnitfni prostredi, Ca++ o et o
o MCV. 89,9 oo . p
c I dw v ProvriRormiEy 2x TBSDR, Fibrinogen 4g - ey oop
| 10x ERD, 8x Octaplas MeH. =i no's ey BPH. a7
o\ A j/ HRE WD coprt s Trp N | P MCHC_ 363 oy ;:;22 :;:
& . . RDW. 13,2 100:52 oo iy
. - Ultimum refugium o eeo2 o
[))]] ' g
rFVIla 10mg (4:00 AM) e v a8 155
k B-TCO2 12,8
821011 B-AKTE 12,7
10.8.2022 00:30 — 02:00 10.8.2022 02:00 — 06:00 Bvo2 58

B-AaDo 22,14
moace

B MY D



47 DSApodruhé =

« embolizace All dx. a a. lumbalis l.sin. - |
+ retroperitonealniho krvaceni : '

Embelizacelpanevnichite

A10 7mm CT 71s,
A10 36mm
ML 0%
Plazma - Koagulace specialni
FXIlI 57,6 % -
f X111 7x 250 1U (17501U), Fibrinogen 4g  Plazma- koaguiace speciain
Desmopressin 15mcg FXIll 84,8 % ol

1x TBSDR, 6xERD

4 10.8.2022 06:30 — 10:00




EE::' Da

Si prubéeh (24-60h od prijmu)

* OP revize DB - kolostomie, tamponada retropubickeho prostoru
» PokraCujeme v Goal-directed individualizované hemoterapii

« rozvoj MODS (ARDS, AKI,...)

- zahajena CVVHD

 CT mozku (areakt.mydriaza) - okcipit.konus, zavedena ZKD

 Normalizace ROTEM
* Hyperkalemie 8.0++

Exitus letalis (+60h od prijmu)

mmmmmm

Drasiik




|f£:| Souhrn

* Priorita C.1 — kontrola zdroje krvaceni
 POCT - goal-directed hemoterapie

- Fibrinogenu - zasadni role, podani naslepo, dostateCna agresivita

- TXA jako prevence fibrinolyzy
- PCC, F XIII

* Masivni transfuzni protokol v.s. ,Plasmafree concept™

- U takto velkého krvaceni nelze vnimat situaci ¢ernobile
- management probiha soucasné

 Pod pora koagulace — korekce vnitfniho prostfedi, snaha o normotermii, Ca++




If,gﬂ Dekujeme za pozornost
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