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...protoze vétsina
hematologu se venuje
hematoonkologii
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TAKE HOME MESSAGE:

= \/Cas si zavolej pomoc.
= Monitoruj vitalni funkce a krevni ztraty.

= Podavej balancované roztoky, ale vcas zacni s vasopresory
(noradrenalin, fenylefrin).

= Zahaj hemokoagulacni podporu = Exacyl, fibrinogen a teplota!
= Monitoruj laboratorni vysledky (KO, ABR, TEG/ROTEM). CAVE Ca?*

» Pokud je potreba sirsi koagulacni podpora, zvaz podani plazmy
— preferuj octaplas.

= Podavej krevni slozky dle nutnosti, ale bud”spise restriktivni.

‘wzca:cm\mkuu'ul Y 1 eniows
V PRAZE ‘.ﬁb* i

(o)



1. ZAKLADNI VVeHoDISKA

1.1 CHARAKTERISTIKA ZIVOT OHROZUJICIHO

KRVACENI
. . P vl v v s s e ztrata urcitého objemu krve za casovou jednot-
Dlagnosjclka a legbla Z1vot .OhI‘(ZZU_]-lCIhO o Ku. napf.
krvaceniu dOSpElYCh pacientu vintenzivni = ztrata celeho objemu Kkrve v prubehu 24 ho-
a perioperaéni pééi din (u dospélého cloveka ekvivalent cca 10

transfuznich jednotek erytrocyti1) nebo
= ztrata 50 % objemu krve béhem 3 hodin nebo
Blatny J., Blaha J., Cvachovec K., €Cerny V.*, Firment J., Kubisz P., Kvasnicka J., Masopust J., ] pol<raEuj ici krevni ztrata pfesahuj ici Ob] eI
150 ml/min

Ceska spole¢nost anesteziologie, resuscitace a intenzivni mediciny CLS JEP ™ krevni ztrata v lokalizaci VedOUCi k ohrozeni

Ceska spolecnost pro trombozu a hemostazu CLS JEP
Ceska hematologicka spole¢nost CLS JEP
Slovenska spolocnost anestéziologie a intenzivnej mediciny Slovenskej lekarskej spolocnosti

Slovenska spolocnost hemostazy a trombozy Slovenskej lekarskej spolocnosti ® pf’itomnost kliniCk?Eh/laboratorniCh Znémek
Ceska spole¢nost intenzivni mediciny CLS JEP - . R . .
tkanove hypoperfuze v prubehu krvaceni.

Cesko-slovensky mezioborovy doporuceny postup

Penka M., Salaj P., Stasko J., Zdhorec R., Zykova l.

v oe I e b # #

Anest intenziv Med. 2017:28:263-269

1.2 FAKTORY DETERMINUJICI ZAVAZNOST

KRVACENI

primarni pri¢ina/zdroj krvaceni,

stav koagulacniho systému organismu,

rychlost a/nebo velikost krevni ztraty,

pocet podanych jednotek transfuznich priprav-

ki a/nebo krevnich derivati,

e pritomnost klinickych a/nebo laboratornich
znamek tkanové hypoperfuze a/nebo znamek
poruchy organovych funkci.
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Proper Estimation of Blood Loss on Scene of Trauma: Tool or Tale?

Matthias Frank, MD, Uli Schmucker, MD, Dirk Stengel, MD, PhD, Lutz Fischer, MD, Joern Lange, MD,
Rico Grossjohann, Dipl. Phys., Axel Ekkernkamp, MD, PhD, and Gerrit Matthes, MD, PhD

(/ Trauma. 2010;69: 1191-1195)

The Journal of TRAUMA® Injury, Infection, and Critical Care + Volume 69, Number 5, November 2010 Proper Estimation of Blood Loss on Scene of Trauma
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Figure 1. Estimation of blood loss by emergency physicians
and paramedics for stable and unstable patients. Given p
values indicate the statistical significance of the difference to
the actual blood loss of 300 mL.
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Figure 2. Estimation of blood loss by emergency physicians
and paramedics for stable and unstable patients. Given p
values indicate the statistical significance of the difference to
the actual blood loss of 800 mL.

Frank M, et al. J Trauma 2010;69:1191-5
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Figure 3. Estimation of blood loss by emergency physicians
and paramedics for stable and unstable patients. Given p
values indicate the statistical significance of the difference to
the actual blood loss of 1,500 mL.
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Fig. 2 Accuracy at each simulated clinical station: exact
estimation, within 50 mL and over and underestimations
(n = 88).

Buckland P et al. Women and Birth 2007; 20:85-88.
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KRYSTALOIDY neso KOLOIDY?

Theoretical distribution of intravenous fluids on infusion

Sodium
chloride 0.18%
and glucose 4%

Glucose 5%

‘ 1 litre

‘ 1 litre

. o Balanced :
Saline 0.9% crystalloids Colloid

‘ 1 litre ‘ 1litre ‘ 1 litre

22 mlL 94 mL

600mL 328mL

480mL

Intracellular Extracellular
(25 litres) (17 litres)
. volume
% év @ Interstitial h
. I

Bone anq and lymphatic (3 litres)

ﬁ & connective 5l
! 8 |itres)
tissue
(5 litres)

¢ o
¢ ¢
¢ ¢

Cell Membrane

é
é ¢ é é é Transcellular

(1 litre)

6 ¢ 6 o ¢

Capillary membrane

o & & o
o & & o o
o & & & o

70 kg man Electrolyte composition of some transcellular fluids (mmol/L)
42 litres total Fluid Na* K &F HCO>
body water

Sweat 65 8 39 16
Gastric 20-100  5-10 120-160 O
—10 Bile 150 5-10 40—-80 20-40
‘ = 1litre lleal 140 5 105 40

Fig 1 Body fluid compartment volumes and thearetical distribution of intravenous fluids in healthy people

Frost. BMJ 2014;350:97620 doi: 10.1136/bmj.g7620
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JOURNAL OF SURGICAL RESEARCH 185 (2013) 294—299

Initial assessment on the impact of crystalloids versus colloids
during damage control resuscitation

Chrissy Guidry, DO,*" Elizabeth Gleeson, MD, MPH,* Eric R. Simms, MD,*
Lance Stuke, MD, MPH,? Peter Meade, MD, MPH,* Norman E. McSwain Jr, MD,*
and Juan C. Duchesne, MD**

Mortality N (%)
Survival Functions

caod |00
Group

Cumulative Survival

027 A

Mortality N (%)

p =0.004"

T T T T T
2 4 6 8 10

Hospital LOS for 10 day Mortality

P

—
<3L
Crystalloid
3-6L
Crystalloid

Crystalloid

Fig. 1 — KM survivability curve for matched case control. iisd
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Fig. 2 — Kalpan-Meier curve, 10-d mortality, survivability for subgroup quantity analysis.
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Fig 1 Body fluid compartment volumes and theoretical distribution of intravenous fluids in healthy people

Frost. BMJ 2014,;350:97620 doi: 10.1136/bmj.g7620
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JOURNAL OF SURGICAL RESEARCH 185 (2013) 294—299

Initial assessment on the impact of crystalloids versus colloids
during damage control resuscitation Endotel a g |yk0 ka |yX matters !

Chrissy Guidry, DO,*" Elizabeth Gleeson, MD, MPH,* Eric R. Simms, MD,*

Lance Stuke, MD, MPH,? Peter Meade, MD, MPH,* Norman E. McSwain Jr, MD,*
and Juan C. Duchesne, MD**

Hemoragicky Sok

Mortality N (%)
Survival Functions

caloid |57
Y p— I

Crystalloid
W =

" ) @ ¢ f g / ; e T T
RBC  WBC PLATELET SYNDECAN GLYPICAN HYALURONAN _SERUM cay pseecTiv
0.2 A

PROTEINS
ool p =0.004" Mortality N (%)
’ : . Survival Functions

1.0 L Colloid 2 (7.a)

Cumulative Survival
.

Figure 1.

0 H @ 5 s 1o I A) An intact endothelial glycocalyx provides a barrier between the plasma compartment and
N . 1.0
Hospital LOS for 10 day Mortality R o _- the cell membrane and limits RBC, WBC and platelets from contacting the cell surface. The
Fig. 1 — KM survivability curve for matched case control. _ | ! 1‘ / Crystalloid e glycocalyx and associated immobile protein layer overlies the cell junction contributing to
- i - endothelial barrier properties for both water and protein flux. B) During mild to moderate
- 3 . . . . . .
2 \ inflammation, shedding and proteolytic cleavage of the glycocalyx (in this case removal of
3
2" >6L hyaluronan) increases the porosity of the glycocalyx. C) During severe inflammation and
H Syl trauma, breakdown of the glycocalyx exposes ICAM and P-selectin resulting in increased
]
2 " WBC and platelet adhesion, respectively, and propagation of the inflammatory response.
] Note the presence of shed syndecans and heparan sulfates in the plasma that are
0] hypothesized to contribute to auto-heparinization and the coagulopathy of trauma (see text
for detail).
p =0.029"
1 Chignalia. Shock. 2016 April ; 45(4): 338-348
0 1 H i H i)

Hospital LOS for 10 day mortality

Fig. 2 — Kalpan-Meier curve, 10-d mortality, survivability for subgroup quantity analysis.

LTNI
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Management of severe peri-operative bleeding: Guidelines from
the European Society of Anaesthesiology and Intensive Care Hemoragicky $ok

Second update 2022

2.9 Intra-operative transfusion triggers and volume
management

Recommendation 15
We recommend a target
during active bleed)

SERUM
WBC PLATELET SYNDECAN GLYPICAN HYALURONAN PROTEINS ICAM P-SELECTIN

Mikro i makro-hemodynamické
We recommend ( stability Ize s koloidy dosahnout snadnéji

lassestwirhsiSnean a s mensim tkafiovym edémem
based manner. 1B

Figure 1.

A)gAn intact endothelial glycocalyx provides a barrier between the plasma compartment and
the cell membrane and limits RBC, WBC and platelets from contacting the cell surface. The
glycocalyx and associated immobile protein layer overlies the cell junction contributing to
endothelial barrier properties for both water and protein flux. B) During mild to moderate
inflammation, shedding and proteolytic cleavage of the glycocalyx (in this case removal of

/
- . - - hyaluronan) increases the porosity of the glycocalyx. C) During severe inflammation and
(J()mpal‘ed \fV]th Cl‘\/Stall()ldS, mleIO-hElCmDagfnamlC ‘dnd trauma, breakdown of the glycocalyx exposes ICAM and P-selectin resulting in increased
0 . . 0 LTS O . . Py WBC and platelet adhesion, respectively, and propagation of the inflammatory response.
mlcro_hdem()dyndmlc StdblllSdthl’l can be dChle\ ed W lth Note the presence of shed syndecans and heparan sulfates in the plasma that are
less volume Of 1SO-0ONCOotiC COllOidS, and less tissue ?:f:;?;];?cd to contribute to auto-heparinization and the coagulopathy of trauma (see text
- .
Oedemd' (J Chignalia. Shock. 2016 April ; 45(4): 338-348
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Meta-analysis of colloids versus crystalloids in critically ill,
EJ A trauma and surgical patients

Eur J Anaesthesiol 2023; 40:226—-304

| GuoEnes P e ey

Management of severe peri-operative bleeding: Guidelines from

- - - Mortality
the Eu ropea n soc' ety Of An aeSth es'°'°gy a nd IntenSIve ca re Reference Colloids Crystalloids Weight (%) QOdds ratio QOdds ratio
Tetrastarch
Second Upda te 2022 Alavi et al.'® 0 of 32 0of 29 Not estimable
Annane et al.2° 362 of 1290 372 of 1107 185 0-77 (0-65, 0-92) R
Dubin et al.2® 10f9 50f 11 02 0-21 (0:03, 1-38) e
Guidet et al.33 31 of 100 24 of 95 14 1-33 (0-71, 2:47) ——
Gurbuz et al.3* 0 of 100 0 of 100 Not estimable
Haase et al.* 44 of 117 50 of 124 21 0-89 (053, 1-50) —a—
- - -
Hamaji et al. 1of24 0of 24 0-0 7-39 (0-15, 372-38) —_—————>
2.9 Intra-operative transfusion triggers and volume SR S
Hung et al.37 0of 41 0 of 39 Not estimable
m a n ag eme nt James et al.3 12 of 56 60f53 06 2.07 (076, 5:66)  —
Myburgh et al.! 597 of 3315 566 of 3336 351 1-07 (0:95, 1-22) m
Perner et al.? 201 of 398 172 of 400 73 1-85(1-02, 1:78) e
Yates et al.65 5 of 104 20f 98 02 2:28 (051, 10-26) —

Subtotal 1255 of 5600 1199 of 5431 655 1-01 (0-92, 1-10) 4

Recommendation 15 Heterogeneity: y2 = 22-40, 9 d.f., P = 0-008; /2 = 60%

Test for overall effect: Z= 0-14, P = 0-89

T

We recommend a target

Brunkhorst et al.2* 107 of 261 93 of 274 4-6 re—
- * . Magder et al.*? 2of 119 20f 118 01 -
during active bleed . . e 14 Momyroara san e ou -
Mikro i makro-hemodynamické lanwea®  owi sal 61 owDToe B

Veneman et al.®%} 9of 15 50f 16 0-3 3-08 (076, 12:38) E—
Subtotal 136 of 431 111 of 443 57 1-47 (1-08, 2-02) L 2

Heterogeneity: y2 = 2-55, 4 d.f., P = 0-64; 12 = 0%
Test for overall effect: Z=2-41, P = 0-02

We recommend ( stability Ize s koloidy dosahnout snadnéji
losses with isoton a s mensim tkafiovym edémem

Mortality
bz{sed m:’.{nner. 1B Reference Colloids Crystalloids Weight (%) Odds ratio Odds ratio
__—] Gelatin
Compared with crystalloids, macro-haemodynamic and e Soaws sai
. . aqe . . . Soares et al.% 0 of 20 10f 20
micro-haemodynamic stabilisation can be achieved with o cam owm S

Subtotal 188 of 849 383 of 1392 13-0 0-90 (073, 1-11) +
ity 42 — _ -2 _ 5o

less volume of 1so-oncotic colloids, and less tissue L .
- Test for overall effect: Z= 0-99, P = 0-32
Oedema. (:] Total 1874 of 8037 2070 of 8610 100-0 0-99 (0-92, 1-06) »‘

Heterogeneity: 2 = 50-35, 30 d.f., P = 0-01; /% = 40% 1 1 L 1
Test for overall effect: Z = 0-32, P = 075 001 01 1 10 100
Test for subgroup differences: y2 = 9-34, 3 d.f., P = 0-08; /2 = 67-9% Favours colloids Favours crystalloids

Fig. 2 Continued
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Efficacy of fibrinogen and prothrombin complex concentrate
used to reverse dilutional coagulopathy—a porcine model

D. Fries'*, T. Haas3, A. Klingler3, W. Streif* , G. Klima®, J. Martinil,
H. Wagnel‘-Berger2 and P. Innerhofer?

Fig 3 Electron microscopy scan of a x3000 magnified blood clot in (A)
non-diluted state: dense, branched and meshed reticular fibrin network,
(B) blood clot after ~65% haemodilution with 6% HES 130/0.4: clearly
rarefied fibrin network, (¢) blood clot after administration of PCC and
fibrinogen concentrate to compensate for dilutional coagulopathy: in
comparison to (B) the fibrin network is again markedly compact.

Beriplexen 500

e ——)
Pt s s eson

freeflex’ 500 ml

Voluven®
. soiution for nfusion

Br J Anaesth. 2006 Oct;97(4):460-7
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'Haemotherapy-Haemostasis Department, Hospital Clinic, IDIBAPS; *Department of Anaesthesiology, Hospital Clinic, Barcelona, Spain

Impact of experimental haemodilution on platelet function, thrombin generation
and clot firmness: effects of different coagulation factor concentrates

Carolina Caballo', Gines Escolar', Maribel Diaz-Ricart', Irene Lopez-Vilchez!, Miguel Lozano', Joan Cid', Marcos
Pino!, Joan Beltran?, Misericordia Basora?, Arturo Pereira', Ana M. Galan'

Table II - Effect of 60% haemodilution with different crystalloids and colloids on viscoelastic properties of forming clots.

Baseline Saline Ringer lactate Plasmalyte HES 130/0.4 5% Albumin Gelatin
CT (s) 60.9£2.0 88.643.0%* 75.544.3% 70.34£3.2* 163.5£17.1** 111.324.6%* ] 104.34£22.7* i
CFT (s) 79.6+3.6 205.4+16.5%* 202.9+15.4** 210.7£17.1%* 457.9+42.5%* 243.7x16.4** 344.0+63.2%*
A10 (mm) 57.0£1.1 33.7£1.3%* 34311 ** 33.8+1.3%* 23.6+£1.3%* 31.34£1.0%* 28.743.5%*
MCF (mm) 65.0£1.6 42742 3%** 44.7£2.3 ** 41.0£2.1%* 36.5£3.5%* 40.7+1.8%* 40.8+2.3%*

Legend Data are expressed as mean + S.E.M. (n= 8). *: P <0.05; **: P <0.001 vs baseline.

Stasko J., Zahorec R., Zykova I.

(_Zeska' spolec¢nost pro trombdézu a _hemostézu CLS JEP
Ceska hematologicka spolecnost CLS JEP

Ceska spoleénost intenzivni mediciny CLS JEP

Cesko-slovensky mezioborovy doporuéeny postup

Ceské spoleénost anesteziologie, resuscitace a intenzivni mediciny CLS JEP

Slovenska spolo¢nost anestézioldgie a intenzivnej mediciny Slovenskej lekarskej spolo¢nosti
Slovenska spolo¢nost hemostazy a trombézy Slovenskej lekarskej spolocnosti

Diagnostika a lécba zivot ohrozujiciho krvaceni
u dospélych pacientii vintenzivni a perioperacni péci

Blatny J., Blaha J., Cvachovec K., Cerny V.*, Firment J., Kubisz P., Kvasni¢ka J., Masopust J., Penka M., Salaj P.,

Anest intenziv Med. 2017:28:263-269

2.5.3

Pouziti syntetickych koloid{i v tekutinové resuscitaci u pacientii se ZOK doporuc¢ujeme vyhradit
pro situace, kde jsou krystaloidni roztoky povaZovany za nedostacujici k dosaZeni a/nebo udrZeni

hemodynamickych cild resuscitace. (1)§

2.5.4

Pfi pouziti syntetickych koloidli doporu¢ujeme upfednostriovat balancované roztoky zZelatiny. (2)§
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THROMBOEL OMETRY

*EXTEM ML > 5%

~EARLY TREATMENT
(clinical suspicion)
*Tranexamic Acid 1g iv

HYPOFIBRINOGENEMIA

—’»
*FIBTEM A5 < 9mm, "< 8mm HF,

L

+(EXTEM A5 < 35mm)

*OBJECTIVE > 12-15mm

*Fibrinogen concentrate or
cryoprecipitate

THROMBIN GENERATION
DEFICIENCY

*EXTEM CT >80 and or INTEM
CT > 240"

*PCC or plasma / protamine
(Firmness impaired in severe
coagulopathy)

*(Consider AC / HEPTEM-RVV TEST)

“Hf UFH: INTEM CT / HEPTEM CT 2 1.25

THROMBOCYTOPENIA
_— *EXTEM A5 < 35mm
(FIBTEM AS = 9mm*)

*Platelets pool

only EXTEM A5

THROMBOELASTOGRAPHY

o

*Ly30,, > 4% or Ly30,, > 3%

-EARLY TREATMENT
(clinical suspicion)

~Tranexamic Acid 1g iv

HYPOFIBRINOGENEMIA

“MA . < 15mm (A10;, <45mm)

e L LY

*OBJECTIVE 18-20mm
“Fibrinogen concentrate or
cryoprecipitate

DEFICIENCY
@ “Rgy > 9min or R, > 1min
‘A'l"(:uIrﬂ >150"or o . < 45°
*PCC or plasma / protamine
=(Consider AC/ CKH)

| ——

| THROMBOCYTOPENIA

~A10,, <45mm (MA . > 15mm)

| -Piatelets pool

Fig. 2 Viscoelastic parameters of hypocoagulability in severe bleeding as determined using rotational thromboelastometry (left) or thromboe-
lastography (right). CKH: citrated kaolin heparinase, PPC prothrombin complex concentrate, K kinetics, ML maximum lysis, CT clotting time, A5
amplitude at 5 min from CT, AC anticoagulant, Ly30 lysis at 30 min from maximum amplitude (MA), R reactive time, a alpha angle, RW Russell's
viper venom, UFH unfractionated heparin, HF hepatic failure, PPH post-partum haemorrhage, AO aortic surgery. *Special remark: in FIBTEM A5 in
hypofibrinogenemia refers to special pathophysiological conditions and in the case of thrombocytopenia, to take into account and not to consider
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[ Massive Obstetric Haemorrhage - ROTEM guided pathway

[ Have you given Tranexamic Acid 1g?

Order +/- give 4 units RBC
Run FibTEM & EXTEM—send FBC & Coag to lab

[ )

(Ftﬂ&tm] [H;'rsu1z-4&un] [munm] [ Yes J

|
!

' ™
Active or high risk
N Give fibrinogen ot
% of bleeding Do not order FFP i
ORDER FFP On-going

THROMBOELASTOMETRY THROMBOELASTOGRAPHY

HYPERFIBRINOLYSIS HYPERFIBRINOLYSIS f Y

*EXTEM ML > 5% f *Ly30,, > 4% or Ly30_, >3%
— -EARLY TREATMENT -EARLY TREATMENT Repeat Repeat Only give FFP if
(clinical suspicion) . (clinical suspicion) ROTEM ROTEM

e J

“Tranexsmio Acid 1g Iv *Tranexamic Acid 1g iv bleeding on-going
at 10 min at 10 min
HYPOFIBRINOGENEMIA HYPOFIBRINOGENEMIA e
*FIBTEM A5 < 9mm, "< 8mm HF, -MAWF<15mm (A1OCK<l5mm)
e —— b b ——— Rigisets
- *(EXTEM A5 < 35mm) *OBJECTIVE 18-20mm
+OBJECTIVE > 12-15mm -Fibrinogen concentrate or ROTEM in 1
*Fibrinogen concentrate or cryoprecipitate nour if clinically
cryoprecipitate
THROMBIN GENERATION THROMBIN GENERATION needed
DEFICIENCY < DEFICIENCY
*EXTEM CT > 80" and or INTEM *Rcy > 9min or R > 1min
CT > 240" “ATC ;> 150" or 0 . <45°
“PCC or plasma/ protamine < *PCC or plasma / protamine
(Firmness impaired in severe -(Consider AC/ CKH) "
coagulopathy) = L8
*(Consider AC / HEPTEM-RVV TEST) »
*If UFH: INTEM CT / HEPTEM CT 2 1.25 Temp>36°C

Hb >B0g/L

Platelets >75 x 10°/L

{ Firousoorrorena |
—- -EXTEM A5 < 35mm -A10,, <45mm (MA > 15mm)
(FIBTEM AS = 6mm*) | -Platelets pool

*Platelets pool

pH>7.2
Fig. 2 Viscoelastic parameters of hypocoagulability in severe bleeding as determined using rotational thromboelastometry (left) or thromboe- lonised Ca™* >1 mmol/L
lastography (right). CKH: citrated kaolin heparinase, PPC prothrombin complex concentrate, K kinetics, ML maximum lysis, CT clotting time, A5
amplitude at 5 min from CT, AC anticoagulant, Ly30 lysis at 30 min from maximum amplitude (MA), R reactive time, a alpha angle, RW Russell's
viper venom, UFH unfractionated heparin, HF hepatic failure, PPH post-partum haemorrhage, AO aortic surgery. *Special remark: in FIBTEM A5 in
hypofibrinogenemia refers to special pathophysiological conditions and in the case of thrombocytopenia, to take into account and not to consider
only EXTEM A5
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[ Massive Obstetric Haemorrhage - ROTEM guided pathway ]
Anaesthesia2019, 74, 984-991

[ Have you given Tranexamic Acid 1g? ]

Four years’ experience of a ROTEM®-guided algorithm for
. . Order +/- give 4 units RBC
treatment of coagulopathy in obstetric haemorrhage* o i

H.McNamara,' C. Il(enyon,2 R. Smith,> S. Mallaiah' and P. Barclay4 -
Active Bleeding?

1 Consultant Anaesthetist, Liverpool Women's NHS Foundation Trust, Liverpool, UK yes

2 Consultant Anaesthetist, Mid Cheshire Hospitals NHS Foundation Trust, Crewe, UK

3 Consultant Anaesthetist, Chelsea and Westminster Hospital NHS Foundation Trust, London, UK no no

FibTEM AS result
p =0.0007 p <0.0001 p <0.0001 p=0.158 1
327 — T
{th&tm] [msmum] [Fia’l’alﬁ&m] [ Yes J
30 o g i U]
v
28 9 & R
Active or high risk
26 1 -T- - ¥ of bleeding Do not order EEP
= ORDER FFP On-going
24 4 .
Bleeding?
L% vy
22 4 . |
20 1
18 A Repeat Repeat Only give FFR if
un ROTRI ROTEM bleeding on-going
‘c 16 1 at 10 min at 10 min
=2 S
14 4
12 4
ROTEM in 1
10 4 hour if clinically
8 4
64 P 4
4 4 — r 1
2 4 ’ Temp >36°C
0 | : : Hb >80g/L
Shock pack Algorithm Shock pack Algorithm Shock pack Algorithm Shock pack Algorithm Platelets >75 x 10°/L
Total number of blood Fresh frozen plasma Cryoprecipitate Red blood cells REE
components lonised Ca'* >1 mmol/L

Figure 1 Number of units of blood and blood products per patient.
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Original Investigation October 17, 2017

Association of Blood Transfusion From Female Donors With and Without
a History of Pregnancy With Mortality Among Male and Female Transfusion Recipients

Camila Caram-Deelder, MSc'%; Aukje L. Kreuger, MD"2; Dorothea Evers, MD'3; et al » Author Affiliations

JAMA. 2017;318(15):1471-1478. doi:10.1001/jama.2017.14825

Table 1. Transfusion-related risks, modified according to Marcucci and colleagues (1)

Estimate of Current Risk (Infection Rate Per Unit) Male recipients of red blood cell transfusions

18+
Type of Risk High HDI Countries Low HDI Countries —
164 S—
Infections _f —
Viruses s 144 —
HIV ' 1:1,468,000 (53)-1:4,700,000 (10) 1:50 (54)-1:2,578 (55) o e
HBV 1:31,000 (10)-1:205,000 (53) 1:74-1:1,000 (56) = 124
HCV -] 1:1,935,000 (53)-1:3,100,000 (10) 1:2,578 (55) ©
Bacteria 1:2,000-1:8,000 (platelet pools) ? 5 10-
1:28,000-1:143,000 (red cells) (10) =
Parasites L 8-
Malaria 1:4,000,000 (10) =1:3 (57) i Blood donor group
Prions L) Male
vCJD First two cases (4,5) ? E 6+
Immunological reactions > Female
Hemolytic transfusion reactions O 44 Ever pregnant
Acute hemolytic 1:13,000 (10 ?
DT 1.9.000 (1(m) ? 24 Never pregnant
Alloimmunization 1:1,600 (10) ?
Immunosuppression 1:1 (58,59) ? 0 , , ‘ ; , .
T:,‘“.‘LI ) g o ? 0 0.5 1.0 1.5 2.0 2.5 3.0
Mistransfusion 1:14,000-1:18,000 (2) ?
Years
HDI, human development index, an index based on life expectancy, literacy, enrollment in .
scholarly education, and per capita income; HIV, human immunodeficiency virus; HBV, hepatitis B No. at risk by donor group
virus; HCV, hepatitis C virus; vCJID, variant Creutzfeld-Jacob disease; TRALI, transfusion-related acute Male 6189 2408 2102 1833 1624 1421 1236
lung injury. Values in parentheses are reference numbers. Female
Ever pregnant 1190 438 367 305 245 197 163
Never pregnant 1084 3093 331 279 225 177 146

Madjdpour et al. Crit Care Med 2006; 34:5102-S108
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Swanepoel et al. Inflammation (2015)
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Thrombin is necessary
forreaction

isnecessary for
reaction

" Thrombin andCalciumJ

-

T e -

Swanepoel et al. Inflammation (2015)
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= solvent/detergent plazma je farmaceuticky produkt
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= bez protilatek podilejicich se na patogenezi TRALI, e
= a s velmivysokou urovni dekontaminace od infekénich agens
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Witt V, Pichler H, Beiglboeck E, et al. Changes in hemostasis caused by different replacement fluids and
outcome in therapeutic plasma exchange in pediatric patients in a retrospective single center study.
Transfus Apher Sci. 2017;56(1):59-65.

France 2020

A. AOUIFI 1, J-F. CHARBONNEL 2, E. LAPEYRE 3, V. FREBAULT 3 First open label study to investigate the use,
safety and tolerability of OctaplasLG ® in patients blood management in two cardiac surgery centres in
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ANTIKOAGULANCIA

Thrombin lla

Fibrinogen!‘L Fibrin monomer |

=

. Fibrin polymer
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ANTIKOAGULANCIA

ProThrombinovy | i
Komplex

Fibrinogen%‘t—ﬁ Fibrinmonomer |

l

. Fibrin polymer
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ANTIKOAGULANCIA

e — /HEPARIN N

~
-, S . , ,
e HEPARIN / LMWH S | = protamin sulfat /hydrochlorid
/ = specificky antagonista heparinu
/ oo X 1 ml = 10 mg / 1400 IU
| ,/’ ‘\\
\ () QXay , s v
\ Mo\ L u LMWH % 60% ucinek
\ S——
\

, 1 ml = 10 mg / 1000 IU
~ Pyo Thrombinovy a ) />\ /
~~___ Komplex-~

—_— e

Ll

S [
EbrinogéhFI’—# Fibrin monomer | | " ]

10 mL Multi-dose Vial

r ) Wi,
Wi
N
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ANTIKOAGULANCIA

a N
WARFARIN

e —— = vitamin K (pokud je cas >24 hod)

WARFARIN  ~ , .
=~ > = PCC (plna antagonizace do 2 hod)
>4 IX

Xa Vv | = plasma NE!
( I Xa < Vila \ K /
\ ]
WARFARIN
\ e / 092 eauee Oxidized
° VITAMIN K
\ P T h b : / V4 ACTIVE FORM
N ro rO m ln OV Y lla 7/ VITAMIN K of cIottlngl)f(e?t:)t(ors I, VI,
~ and regulatory factors
protein C

\ ’/ reductase/
~ - _Komeplex
]

VITAMIN K

— ) (T
| Flbrmogemgl—ﬁ Fibrin monomer | of loting actora . VI,
_ . IX, X

and regulatory factors
protein C

‘ Fibrin polymer |
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Coagulation and Fibrinolysis

Prothrombin complex concentrates versus fresh frozen plasma for warfarin reversal

A systematic review and meta-analysis PCC FFP Odds Ratio Odds Ratio |
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random. 95% (\qee )
Chatree Chai-Adisaksopha®%; Christopher Hillis"3; Deborah M. Siegal'; Ron Movilla'; Nancy | Fariborz Farsad 2015 0 25 0 25 Not estimable 2
'Department of Medicine, McMaster University, Canada; 2Department of Clinical Epidemi nd Biostatistics, McMaster | | oo 2000 ! 6 ° 5 4w 3951012, 105.82]
partment of Medicine, McMaster University, Canada; “Depa inical Epidemiology and Biostatistics, McMaster Boulis 1999 0 5 3 8  16% 0.14[0.01, 3.47] *
Karaca 2014 120 120 20% 1.00 [0.06, 17.18]
Takahashi 2010 6 24 9 1M1 47% 007[0.01,044) —————
Goldstein 2015 3 90 8 91 76% 0.36 [0.09, 1.39] —_—
Summary o i . i Sarode 2013 6 103 5 109 9.1% 1.29 [0.38, 4.35] —
Urgent reversal of warfarin is required for patients who experience Majeed 2014 32100 19 35 16.9% 040 [0.18, 0.87] —
major bleeding or require urgent surgery. Treatment options include Hickey 2013 15 185 22 149 19.5% 0.58 [0.29, 1.16] "'
L . . Parry-Jones 2015 218 585 172 377 37.1% 0.71[0.54, 0,92
the combination of vitamin K and coagulation factor replacement army-ones [0.54. 0.92]
with either prothrombin complex concentrate (PCC) or fresh frozen Total (95% Cl) 1123 831 100.0% 0.56 [0.37, 0.84] <> M O RT'ALITA
plasma (FFP). However, the optimal reversal strateqy is unclear based L"Lla' e"e”ts_l et 010 5:2 1155t ZSQ{P A , ) , )
. . elerogeneity: Tau® = 0.10; Chi* = 11.55, df = =017} P=31% f T f 1
on clinically relevant outcomes. We searched in MEDLINE, EMBASE Test for overall ffect: Z = 2.7 (P = 0.006) 0.01 FaO\;:;urs Pec] 1 Favours [F"EP] 100

and Cochrane library to December 2015. Thirteen studies (5 randomis-

ed studies and 8 observational fies) were included. PCC use was Figure 2: Forest plot of the all-cause mortality in patients receiving PCC comparing with plasma.

associated with a significant reduction in all-cause mortality com- peC FEp Odds Ratio i Odds Ratio
pared to FFP (OR= 0.56, 95 % Cl; 0.37-0.84, p=0.006). A higher pro- Study or Subgroup __Events Total Events Total Weight M-H, Random, 95%Cl (.. i 4 A-H, Random, 95% Cl g‘ ]
portion of patients receiving PCC achieved haemostasis compared to A ;1-1 Hemostatic achievment ==
.. . - o oldstein 2015 78 90 61 91 46.0% 3.20 [1.51, 6.76] ——
those receiving FFP, but this was not statistically significant (OR 2.00, Sarode 2013 1 103 88 109 54.0% 134 [0.76. 2.36] g
95 % Cl; 0.85—4.68). PCC use was more likely to achieve normalisation Subtotal (95% CI) 193 200 100.0% 2.00 [0.85, 4.68] -
of international normalised ratio (INR) (OR 10.80, 95% CI; L‘;ﬁg;:;gw o 026 c1:§: 230 e :2{‘; 007} 1= 70% 1
6.12-19.07) and resulted in a shorter time to INR comection (mean Test for overall effect Z = 1.59 (P = 0.11) o + OUT c o M E
difference —6.50 hours, 95 %Cl: —9.75 to —3.24). Red blood cell trans-

fusion was not statistically different between the two groups (OR B 3.1.2 Rapid INR reduction

_ = > Cartmill 2000 6 6 18 27% 4767[160,1422.68]
0.88, 95% Cl: 0.53—1.43). Patients receiving PCC had a lower risk of Demeyere 2010 6 15 4 15 115% 1.83 [0.39, 8.57] N B —
pust—transfusinn volume overload mmpared to FFP {UR 0_21 a5 9, c|; Fariborz Farsad 2015 19 25 5 25 14.4% 12.67 [3.31, 48.50] - =
. . ; . . Goldstein 2015 48 90 8 91 284% 11.86 [5.14, 27.34] —a
0.13-0.58). There was no statistically significant difference in the risk Karaca 2014 17 20 6 20 113%  13.22[2.79,6267] S
of thromboembelism following administration of PCC or FFP (OR 0.91, Sarode 2013 61 103 10 100 31.7% 14.38 [6.73, 30.74] —a—
P . Subtotal {95% CI) 259 266 100.0%  10.80 [6.12, 19.07] Eay
95% Cl; 0:44 1.89).In condus!on, as ffompa.rec! to FFP. the use u.i PCC Total events - 5
for warfarin reversal was associated with a significant reduction in all- Heterogeneity: Tau? = 0.11; Chit = §.50, df = 5 (P = 0.26); 2 = 23%
cause mortality, more rapid INR reduction, and less volume overload Testfor overall effect: Z = 8.20 (P < 0.00001)
without an increased risk of thromboembolic events. | ; } |
0.01 01 1 10 100
Thromb Haemaost 2015, 116: 879-890 Favours [FFP] Favours [PCC]

Figure 3: Forest plot of the efficacy outcomes in patients receiving PCC comparing with plasma. A) Haemostatic achievement, B) Rapid INR reduc-
tion.

. XVI. Konference AKUTNE.CZ —BRNO,23. |istopadu-2024 B o | @
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Film-coated tablet
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Ho et al. BMC Health Services Research (2020) 20:279 https://doi.org/10.1186/512913-020-5058-1

Trends in anticoagulant prescribing: a
review of local policies in English primary care Odhadované poéty pacientd uzivajicich FXa inhibitory®

Katherine H. Ho'”'®, Maria van Hove' and Gillian Leng' IMS data, generovéno 2.2.2023
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. ANTIKOAGULANCIA

komplex

_fe

faktor \‘ DOAC \\ X
\

’——--~~

P\’oThrombinov)"(: lla DOA(;\

>

S =

~
Komplex protilétka
I
—
) it - -
4 \ L3 &
.usse DABIGATRAN > idarucizumab ___. XABANY = andexanet alfa
D&% monoklonalni protilatka s 350x vyssi afinitou pro Tl
e dabigantran nez trombin o oo rekombinantni forma aktivovaného proteinu
| O wixanet alfa lidského X, ktera specificky vaze inhibitory FXa

Mraveneus gebruik
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o infusie
*ndexanet alfa
“dexanet alfa

Mravengse Anwendu™
Mraveneus gebruik
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A) substituce pomoci PCC (off-label)
- problematicka farmakokinetika / otazna acinnost

- doporucené 25-50 Ul/kg vs. obvyklé 50-60 Ul/kg davkovani PCC

B) primé antidotum pomoci andexanetu (dle SPC)
- jasna farmakokinetika | dose-dependentni ucinnost
- davkovani dle posledni davky a casu od podani

Doba od posledni davky

N\ 7 \/ N\ /7 N\ 7 A\
Inhibitor FXa Posledni davka < 8 hod. = 8 hod. Kontinualni
/L VAN /L / intravenézni infuze
ST N v
=5mg Nizka Nizka -
Apixaban >5mg 0 Nfzké - 120 r?ninut
Y (480 mg)
- = ~ . 8 i
Ri b = 18 mg Nizka Nizka 12?21/{::;




,Kdyz nemate kecup,
dejte tam hofr¢cici...“

Adexanet alfa ' Idarucizumab
4F-PCC

DOAC
Factor Xa DOAC
Inhibitors Direct Thrombin
Apixaban Inhibitor
Edoxaban Dabigatran
Rivaroxaban
{Kdyi _nevite co ‘s‘ tim, Antiplatelet
lllllll dejte PCC .. Vitamin K Agents
~~~~~~~~~ Antagonist Clopidogrel
Warfarin Prasugrel
Ticagrelor
... ale u intrakranialniho
krvaceni s xabany dejte
ANDEXANET ! Vitamin K Platelet transfusion
4F-PCC _ _ Cytosorb

Akhrass R et al. Emergency Cardiac Surgery in Patients on Oral Anticoagulants and Antiplatelet Medications. Authorea. May 23, 2021
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Types of clinical queries

(1) Which patients should be optimised before the
intervention and how?

(2) How should intra-operative and postoperative bleed-
ing be treated and anaemia be corrected?

l XVI. Konference AKUTNE.CZ —BRNO.—23tistopadu—2024
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Which patients should be optimised before surgery
and how?

1.1 Patients with pre-operative anaemia

Recommendation 1

Pre-operative anaemia in adults and children appears to
be a strong predictor for peri-operative blood transfusion
across various types of conditions, and procedures and 1s
associated with adverse events. A

We recommend that patients at risk of bleeding are
assessed for anaemia well before surgery in order to
permit time for anaemia correction if needed. 1B

We recommend 1.v. iron in preference to oral iron. 1C

We suggest erythropoietin-stimulating agents (ESA) if
pre-operative anaemia 1s present and other causes
(autoimmune, bone marrow dysfunction, nutritional de-
ficiencies) have been excluded or treated. 2A

We recommend against pre-operative RBC transfusion to
mask pre-operative mild-to-moderate anaemia. 1C

(8 XVI. Konference AKUTNE.CZ —BRNO, 23} istopady 2024
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Patient

I Bill Gates Foundation: leading 30 global health problems

no
@

&

o® '
Leading causes 1990 Leading causes 2005 % change % change % change age- Leading causes 2015 % change % change % change age-
number all-age standardised number all-age standardised
of YLDs YLD rate YLD rate of YLDs YLD rate YLD rate
1990-2005 1990-2005 1990-2005 2005-15 2005-15 2005-15
1 Lower back and neck pain 1 Lower back and neck pain 345 9-4 -1-8 1 Lower back and neck pain 186 49 -2-1
2 Iron-deficiency anaemia I/_/ Zetlce oroan diseases 29. 13-4 2.1 2 Sense organ diseases 252 10-8 0:6
3 Sense organ diseases - { 3 Iron-deficiency anacmia 14 -6-6 06 I . 3 Depressive disorders 182 4.5 10
4 Depressive disorders W 32" 8:0 0.6 //“r 4 Iron-deficiency anaemia -3-8 -14.9 -11-6 I
5 Skin diseases 5 Skin diseases 219 -0-8 05 5 Skin diseases 117 =i 0-4
6 Migraine 6 Migraine 29.7 55 -03 6 Diabetes 325 172 5-4
7 Other musculoskeletal disorders 7 Other musculoskeletal disorders || 51-8 234 135 7 Migraine 153 2:0 0-8
8 Anxiety disorders . 8 Diabetes 69-2 376 207 8 Other musculoskeletal disorders || 20-5 6-6 13
[ 9Diabetes | "= 9 Anxiety disorders 261 2.6 -1.5 9 Anxiety disorders 14-8 15 1.0
10 Asthma 10 Asthma 26 -16-5 -155 / 10 Oral disorders 224 82 -02
11 Oral disorders 11 Oral disorders 339 8.9 -1.6 “=-{11 Asthma 9.4 -3-3 =23
12 Falls . 12 Schizophrenia 361 10-7 07 12 Schizophrenia 195 57 03
13 Schizaphrenia “-{13Falls 13-4 7.8 -13.9 13 Osteoarthritis 348 192 39
14 COPD 14 COPD 222 -0-6 -9.8 - 114 COPD 162 2.8 -5
15 Autistic spectrum R 15 Osteoarthritis 53-0 24-4 ) {15 Falls 113 il -8-
Prevalence by GBD Region, 2010
|
—
= |
I
I

AP=Asia Pacific; Cent=central; CKD=chronic kidney

disease; Eur=Europe; G6PD=glucose-6-phosphate
dehydrogenase; hemog=hemoglobinemia; HI=high
income; IDA=iron deficiency anaemia; LA=Latin America;
NA=North America; NA/ME=North Africa/Middle East;
NTD=neglected tropical diseases; South=Southern;
SE=Southeast; SSA=sub-Saharan Africa;
YLD=years lived with disability

GBD 2015 Disease and Injury Incidence and Prevalence

Collaborators. Lancet 2016;388(10053):1545-1602;

Kassebaum et al. Blood 2014;123(5):615-624

+nha(l||

Prevalence (per 100,000 population)
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Kai Zacharowski

ﬁ

20-30% of humans

have anaemia

Malaria
Hookworm
Schistosomiasis

Other infectious
diseases

Other NTD

Sickle cell
Thalassemias
G6PD deficiency
Other hemog

Diabetic CKD
Hypertensive CKD
Other CKD

'/, IDA
2/, other causes

Maternal
hemorrhage

Fibroids

Other gynecological
disorders

Iron-deficiency
anemia

Other endocrine

Gastritis &
duodenitis

Peptic ulcer
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@+§ Preoperative anaemia and postoperative outcomes in non-cardiac
surgery: a retrospective cohort study

Khaled M Musallam, Hani M Tamim, Toby Richards, Donat R Spahn, Frits R Rosendaal, Aida Habbal, Mohammad Khreiss, Fadi S Dahdaleh, Kaivan Khavandi,
Pierre M Sfeir, Assaad Soweid, Jamal | Hoballah, Ali T Taher, Faek R Jamali

Summary
Background Preoperative ia is with adverse after cardiac surgery but outcomes after
non-cardiac surgery are not well established. We aimed to assess the effect of preoperative anaemia on 30-day

postoperative morbidity and mortality in patients undergoing major non-cardiac surgery.

d

Methods We analysed data for patients undergoing major non-cardiac surgery in 2008 from The American College of
Surgeons’ National Surglc:l Quality Improvement Program database (a prospective validated outcomes registry from
211 hospitals worldwide in 2008). We obtained anonymised data for 30-day mortality and morlndny (cardiac,
respiratory, CNS, urinary tract, wound, sepsis, and venous thromboemboli: outcomesj phics, and
preoperative and perioperative risk factors. We used multivariate lugjshc regression to assess the ad]usltrl and
modified (nine predefined risk factor subgroups) effect of anaemia, which was defined as mild (haematocrit
concentration >29—<39% in men and >29-<36% in women) or moderate-to-severe (29% in men and women) on
postoperative outcomes.

Findings We obtained data for 227 425 patients, of whom 69 229 (30 - 44%) had preoperative anaemia. After adjustment,
postoperative mortality at 30 days was higher in patients with anaemia than in those without anaemia (odds ratio [OR]
1.42, 95% CI 1-31-1-54); this difference was consistent in mild anaemia (1-41, 1-30-1-53) and moderate-to-severe
anaemia (1-44, 1-29-1-60). Comp postoperative morbidity at 30 days was also higher in patients with anaemia
than in those without anaemia (adjusted OR 1.35, 1-30-1. 40), again consistent in patients with mild anaemia (1-31,
1:26-1-36) and moderate-to-severe anaemia (1-56, 1-47-1-66). When compared with patients without anaemia or a
defined risk factor, patients with anaemia and most risk factors had a higher adjusted OR for 30-day mortality and
morbidity than did patients with either anaemia or the risk factor alone.

I ia, even to a mild degree, is independently associated with an increased risk of
Jo-day mcrbld.lty and mortality in patients undergoing major non-cardiac surgery.

Musallam et al. Lancet 2011; 378: 1396-407
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Lancet 2011; 378: 1396-407
Published Online

October 6, 2011
DO1:10.1016/50140-
6736(11)61381-0

See Comment page 1362

e _—
No anaemia Mild i d to-severe  Any
(n=158196) (n=57870) anaemia(n=11359) (n=69 229)
Mortality
n 0 (0-78%) 2037 (3-52%) 1155 (10-17%) 3192 (461
ORJ..QJ.M = = L e Faos (a1 612 (5'?3—6'54}
OR.,. Reference 167 (1.54-1-80) 2.40 (2:18-2.65) 1.83 (1-70-1-97)
Surgical subspecialty
General (n=164330) Reference 1-46 (1-32-1-61) 1:54 (1-35-1.75) 148 (1:34-1.63)
Vascular (n=31311) Reference 1-45 (1-24-1-70) 1.42 (116-175) 1-44 (1.24-1.68)
Orthopaedic (n=10758) Reference 145 (1:01-2-55) 1.24(0-81-3.03) 142 (1:02-2-48)
Other* (n=21026) Reference 152 (1-04-2:21) 155 (0-86-2.78) 1:52 (1.05-220)
Urinary tract 675 (0-43%) 882 (1.52%) 403 (3:55%) 1285 (1-86%)
Wound 3219 (2.03%) 2157 (3.73%) 716 (6-30%) 2873 (4-15%)
Sepsis 3214 (2-03%) 3264 (5-64%) 1328 (11:69%) 4592 (6-63%)
Venous thromboembolism 1135 (0.72%) 913 (1:58%) 385 (3:39%) 1298 (1.87%)

Data are n (%) or odds ratio (95% Cl), unless otherwise stated. Mild anaemia was defined as a haematocrit concentration of =29-<39% in men and =29-<36% in women.
Moderate-to-severe anaemia was defined as a haematocrit concentration of s29%. Models were built as described in webappendix pp 1-4. OR ... ... ~unadjusted odds ratio.
OR,,,=odds ratio adjusted with basic adjustment (model 1). OR_, ,=odds ratio with extended adjustment (model 2). *Gynaecclogical, urclogical, neurosurgery,
otolaryngological, plastic, or thoracic. fTransfusion of more than four packed red blood cell units within 72 h preoperatively, any number of units transfused intraoperatively,
or transfusion of more than four units within 72 h postoperatively.

Table 2: Effect of preoperative anaemia on mortality and morbidity at 30 days
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Pilir: Pilir: Pilir: Racionalni
Optimalizace Minimalizace podavani transfuzi
m predoperacni anemie m krevnich ztrat m erytrocytu

Co je anémie Priciny dalSich krevnich ztrat Benefity erytrocytarnich koncentratu

Anémie  oznatuje  nedostatek  Cervenych  krvinek Ztrata krve béhem hospitalizace muze mit rizné pFiciny. Pfi spravném pouziti a spravné indikaci jsou koncentraty
a hemoglobinu prenasejiciho kyslik (Hb), ktery obsahuji. Patfi mezi né také prili éasté odbéry krve k laboratornim cervenych krvinek kazdy den Zivot zachrariujici terapii
Podle definice Svétové zdravotnické organizace (WHO) jsou vydetfenim, krvaceni v dusledku pridruzenych onemocnéni pro tisice pacientti po celém svété.

Zeny s Hb <120 g/l a muzi s Hb <130 g/l anemicti. nebo poruch srazlivosti krve (napf. télesné teploty).

Rizika erytrocytarnich koncentratt
Transfuze koncentratd cervenych krvinek miZe zpusobit

Jak anémie vznika Cile zavazné posttransfuzni reakce. Pokud neni transfuze
Anemii mohou zplsobit dva mechanismy nebo jejich indikovana, neméla by byt podana.

kombinace. Jednak m(ze byt narudena krvetvorba nebo se Minimalizace krevnich ztrat pred, béhem a po
uplatni zvySena krevni zitrata. Nejcastéjsim typem je anemie chirurgickém zakroku.
z nedostatku Zeleza (cca u 30 % pacientt).

Toto je zatim
pouze navrh !

Dilezita opatieni

i o ikace koncentratl ¢ervenych krvinek pouze
Nasledkyanemie Aplikace k ych krvinek p
Béhem chirurgického zakroku je nelééena i mirna anémie Mek“§L°dbé'°“él zkumavv’ky.TE?hnolﬁgmky na zakladé racionalni indikace.
: o : At . okrok pracovat s mensimi objemy krve STy -
e 2 ency et po tecorvdcrvnin et o et sy, Dilezita opatren
poop p 'SP ym poby! napf. EDTA 1,8 ml, citrat 1,8 ml, sérum « Aplikace checklistu transfuzniho triggeru (viz. nize).

v nemachnici a také s vy5si imrtnosti.

cile | Optiméini management réZivost

P . - e | Optimalizaci krevni srazlivosti se podpofi
Optimalni pfiprava pacienta na operaci prostfednictvim ' uzaveni rany a tim se sniZi krevni ziraty.

2,5 ml. Snizi se tak zbyteéné ztraty krve.
* Dokumentace o hodnoté triggeru kazdého
koncentratu éervenych krvinek.

pfedoperaéniho managementu anémie.

Dulezita opatreni Rekuperace krve (cell saver)

* Diagnostika a terapie anémie a také zaji§téni piisunu Rekuperace bdhem operaéniho zakroku Checklist transfuzniho triggeru

. : Al=nl) R Xr Xixpxeot S Ant ; . - si by en
latek nezbytnych pro krvetvorbu (predevéim eleza) uqurﬁUJe sbér, c|'slen| a ;petne podani Trigger pro kazdou tra musi byt stanoven
- 4 AN pacientovy vlastni krve béhem operace a irea e anefl =
pomoci algoritmu. Q =% poni B Vyjimka: masivni transfuzni prevad
< LE

» OdloZit elektivni chirurgické zakroky, dokud nebude
pacient optimalné pfipraven.

Hemoglobin < 60 g/I

B Nez: opnosti kompen:

Hemoglobin 60-80 g/l

W Pfitomnost
h\

Neodkladny Planovany chirurgicky zakrok (> 24 h) |

zakrok

e A PRED operaénim zakrokem
Bravitpacobicel konshog | | S nceL tereia) | B Anamnéza koagulace
W ZvaZ preruseni/preklenuti antikoagulace
W ZvaZ preru$eni protidestickové terapie
BEHEM a PO opera&nim z&kroku
Udrzuj normotermii (télesna teplota > 36 °C)

2t 2130 gn | | IS TEE) |
Anémiel

Ini insuficience, cerebro-
macnéni)

Management hemostazy (pH > 7,2; Ca®* > 1,2)
Zvaz pouziti cell saveru

Zvaz aplikaci tranexamatu / desmopressinu
Zmensi velikost odbérovych zkumavek

Omez odbéry krve

Pouzivej uzaviené systémy na odbér krve

Deficht 2oleza
nepravdépodobny
Anemie 2 jing
piginy

Transfuze erytrocytd pfi Hb > 80 g/l neni
spojena s vy33im benefitem ve srovnani
s riziky.
= Hb >80 g/l
(Indikace pouze v individualnich pfipadech;
nizky stuperi evidence (2C))

A VSEOBECNA FAKULTNI !
4 V PRAZE L

n
(=)
N
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é@;l Pre-operative algorithm V4.0

@‘

‘

Emergency

Planned surgery (next day)

i

Kai Zacharowski

Transfusion probability

-
Transfusion probability

pre-operative anaemia

<10% >10%
A 4
Q 4 Hb 213 g/dﬁ © 4 Hb <13 g/dL
S anagementol | .

!

WPSind dete

[ Iron status j [ I[ron status j

- v v

\

NO iron

Iron deficiency
Transferrin saturation <20%

deficit

or

NO iron

CKD=chronic kidney disease; Hb=haemoglobin; ICU=intensive care unit; I\V=intravenous

(8 XVI. Konference AKUTNE.CZ —BRNO, 23} istopady 2024

optimal Ferritin <100 ng/mL deficit
£ Ferritin <300 ng/mL
1 If heart failure/CKD
1 / l
I
4 [ i ] Further
f IViiron diagnostics of :
g anaemia

»

---------------------------------------------------------------------------------------------
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p<0.001

%Mortality

FFP:PRBC Ratio Groups
Fig. 1. Unadjusted mortality after irauma and massive transfusion,
comparison of FFP:PRBC ratios.

Gunter et al. J Trauma. 2008;65:527-534.

Time matters in 1:1 resuscitations: Concurrent administration
of blood:plasma and risk of death

Stephanie A. Savage, MD, Ben L. Zarzaur, MD, Martin A. Croce, MD,
and Timothy C. Fabian, MD, Memphis, Tennessee

J Trauma Acute Care Surg 2014; Volume 77, Number 6

Hazard Ratios for Mortality in CAT+ Patients

Critical Administration Threshold = 3 TU krve/hod

15

Cim blize 1:1 béhem
prvnich hodin,
tim mensi mortalita!

10 (1.845, 42.034)

Hazard Ratios

(1.115, 22.982)
5 \/
(0.198, 18.035)
o —

25% 1:1 50% 1:1 75% 1:1

VSEOBECNA FAKULTNI L LERASKA
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(8 XVI. Konference AKUTNE.CZ —BRNO, 23} istopady 2024



Reconstructing Deconstructed Blood for Trauma

I hear the train a comin’’
—Jobnny Cash, Folsom Prison
Blues. 1956

rrrary medicine has been,
AV A and continues to be, ar the
forcfront of many important med-
ical developments and innova-
tions. especially in the arca of the
carc of traumatic injury. The ad-
vances made for combar casualty
carc have had important and last-
ing impacts on the carc of civilian
trauma. Included in these have
been the treatment of hemor-
rhagic shock, fluid resuscitation,
and rtransfusion of blood and

ceived as not nceded, while fur-
nishing them for paticnts who do
need them. Although this strategy
has been successful for those cir-
cumstances of a deficiency of one
specific component, the overall cf-

ficacy of this strategy for patients

nceding more than one, or all
components of blood, is question-
able and untested. The almost
ubiquitous scparation of all blood
collected in the United States,
Canada. and Europe into red cells
and plasma (for freczing or further
fractionation) proceeded well be-

yond Cohn's original suggestion,

blood components. In this issuc A e logical question that b3 by e dovclopment of re-

of ANESTHESIOLOGY, Ho er al.” ex-

aminc the cvidence for the in-

creased use of plasma in weating  of fransfused red cells to

major hemorrhage, a practice thar

gional blood centers, rather than

should arise is that if a ratio  individual hospicals, as the major

collectors of blood. The few who

objected cited the additional cost

began in she U.S. milinsysndher plasina of 1:1 is beneficial, »3<fowroumdbucbochpluma

has been embraced in ULS. civilian
practice, as well.

The ability o separace whole  blood, thus reducing substan-

blood into componcnts began

with Cohn's separation of plasma  Hially recipient exposure to

into fractions (“fracrionation™) »
donors?
and his suggestion thar they be
“explored . . . to determine their
This eventually created an entire

possible valuc in therapy.™
fracrionartion industry with the ability ro isolate various “frac-
tions” with significant therapeutic cfficacy for specific disor-
ders. The development of the plastic storage bag and other
technological advances, such as component-specific storage/
presenvation, contributed importandy to the development of
componecnt therapy, as well.* Thus, dlinicians have been able
to provide paticnts with the specific components required,

without simultancously transfusing components that arc per-

graph: J. P

sed for pul

mship with or c

Institutes
Defense (Washi
CSLBehring (King
North ¢

D.C

Inc

Copyrigin © 2012, tiw American Socety of Anestibesiologists. Inc. Lippincott

and packed red cells (PRBC) for

then why not transfuse whole  thosc in necd of whole blood, es-

pecially  for massive  hemor-

rhage.> implying that collection

encics were motivated by aims
other than dinical care.” However,
the need for whole blood was chal-
lenged as unsupported by some at
the Amcrican Red Cross,” the largest collector of donated
blood in the United States. Patients who bleed sufficient
quantitics of whole blood require all components con-
tained therein. For the past several decades this has re-
quired scparate transfusion of PRBCs, plasma, and plate-
lets. Scveral medical specialty socictics, the American
Socicty of Anesthesiologists included, have recommended
that plasma be transfused only when there are clinical
data/diag

coagulation factors.™’

noscs to support the need for augmentation of

Based on database analyses of the combat injured,'® the
U.S. military recommends greater use of plasma®! than has
been recommended previously.” Consequently, in military
in-theater practice the ratio of transfused PRBCs to fresh
frozen plasma (FFP) has approached their recommended 1:1

Editorial View
Dion PW, Yeung
H., Karmakar MK,

vor bias in

M*A*S*H
Zl() o & TH

Williams & Willkins. Ancsthessology 21
Ancsthesiology, V 116 = No 3 518 March 2012
e . V&I A i
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PROC KOMPONENTNI TERAPIE?

CILENA LECBA jednotlivé slozky krve maji rizné Gcely = pouziti dle specifickych potfeb pacienta

DELKA SKLADOVANI rtizné slozky krve maji riiznou dobu Zivotnosti (jejich individualnim
skladovanim Ize efektivneji spravovat zasoby krve a predejit jejich plytvani)

EFEKTIVNOST DARCOVSTVI odbér od jednoho darce Ize vyuzit pro vice pacientt

BEZPECNOST oddélenim slozek krve a jejich individualnim testovanim se snizuje riziko pfenosu
infek¢énich nemoci a riziko imunologickych reakci

VSEOBECNA FAKULTNI LR
V PRAZE i
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PROC PLNA KREV?

PLNA' KREV

FTAMORNA
At I

pr———TY

aEwcStaltia
®

Zvysena schopnost prenaset kyslik pri kratsim skladovani oproti erymase

Zjednodusena logistika a podavani v naléhavych situacich mdze pouziti pIné krve
zjednodusit logistiku a rychlost podani transfuze, protoze odpada nutnost oddélené pripravovat a
podavat vice krevnich slozek + rozdilné pozadavky na skladovani

l XVI. Konference AKUTNE.CZ —BRNO,—23. 1 istopadu-2024 B omoument | @ | CQ



J Trauma Acute Care Surg. 2017 June ; 82(6 ): S41-S49

Hemorrhagic blood failure: Oxygen debt,
coagulopathy and endothelial damage

Nathan J. White, Kevin R. Ward, Shibani Pati, Geir Strandenes and Andrew P. Cap

University of Washington Division of Emergency Medicine and Harborview Medical Center

Michigan Center for Integrative Research in Critical Care and University of Michigan Department
of Emergency Medicine, Ann Arbor, MI USA

Blood Systems Research Institute and the University of California, San Francisco, CA USA

Norwegian Naval Special Operations Command and Department of Immunology and Transfusion
Medicine, Haukeland University Hospital, Bergen, Norway

Coagulation and Blood Research, US Army Institute of Surgical Research, JBSA Fort Sam
Houston, TX USA

Blood Failure

Coagulopathy

Endotheliopathy

Shock

Injury
+
Blood Loss

Figure 1.
Schematic representing the components of hemorrhagic blood failure.

(8 XVI. Konference AKUTNE.CZ —BRNO, 23} istopady 2024

Cellular and Anaerobic
mitochondrial | B Metaboli
dysfunction EEabotism ‘
Cellular and Coagulopath
Oxygen Debt Oxidation Ll GEE] withgrotLol :fis
activation/dysfunction protealyst
& J—
Adrenergic .
Activation =) | Inflammation

Figure 2.
Schematic of key linkages between oxygen debt, cellular dysfunction, and coagulopathy
during hemorrhagic blood failure.

Blood Product PRBC Plasma Cryo Platelets Whole Blood

Oxygen Debt

(Oxygen Content, Cardiac Output

and Delivery)

o “'

(Glycocalyx, Proteolysis, Barrier)

Coagulopathy

(Proteolysis, Factors, Clot Formation)

Figure 3
Schematic summarizing the effects of individual blood products on the three components of
hemorrhagic blood failure. PRBC= packed red blood cells, Cryo= cryoprecipitate

Trauma Acute Care Surg. 2017 June ; 82(6 ): S41-549
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BLOOD IS FOR BLEEDING.

SALTWATER IS FOR

COOKING PASTA.
-SPINELLA 2017

WALKING
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Red blood cell processing methods and in-hospital mortality: 3 ®

atransfusion registry cohort study

Nancy M Heddle, Donald M Arnold, Jason P Acker, Yang Liu, Rebecca L Barty, John W Eikelboom, Kathryn E Webert, Cyrus C Hsia, Sheila F O'Brien,
Richard J Cook

Summary

Background Quality of red blood cells (RBCs) varies depending on the method of processing the whole blood donation,  Lancet Haematol 2016
and the method of processing might affect outcomes in patients transfused RBCs. We aimed to establish whether an  pyblished online
association exists between in-hospital mortality and RBC processing method and duration of storage. March 4,2016

Methods We did a retrospective registry cohort study using data from three a

Canada, and Canadian Blood Services over a 6-year period (2008-14). Adult pati Old red cell filtered |
hospital and who received RBC transfusions were included in the study. All tr:
the method of processing (red cell filtered or whole blood filtered) and storage ag 0Old whole blood filtered P
old 36-42 days). The primary outcome was in-hospital mortality. We used Cox i
J time-dependent stratification variables and fixed stratification variables, and co1 Mid-age whole blood filtered —_-——
LNA K REV ) Fresh red cell filtered -
Findings Between April 1, 2008, and March 31, 2014, 91065 RBC transfusions"
- = included in the analyses. When storage duration was included in the model, i: Fresh whole blood filtered o
- increased with fresh whole blood filtered units compared with the referenc :
iseaXA units (hazard ratio 2-19, 95% CI 1-09-4-42; p=0-033). Differences between Mixed exposure B
—— were not significant. T T T T 1
pr—TTY 0-5 1 1.5 20 3-0 4.5
Interpretation The potential effect of whole blood processing methods on p: Hazard ratio
investigation, since adverse outcomes could be reduced by minor changes to blo
management policies.

Figure 3: Forest plot for in-hospital mortality

Cox regression model for in-hospital mortality for the six categories of red blood
cells exposure compared with the reference category. Hazard ratios >1 are
associated with a higher risk of death.

Transfusion Medicine Reviews 32 (2018) 28-35

Exploring donor and product factors and their impact on red cell
post-transfusion outcomes

5 cuon and zrgrcgsfl’rlgx —
Shuoyan Ning ¢ Nancy M. Heddle *®*, Jason P. Acker ¢ Padlasii

— - dependent on

nine ""uum“w‘w\ tree DNA | ginEV ud(wc:.'oD::wodv& Apneress) |
+ Department of Medicine, McMaster University, Hamilton, ON, Canada Extraceliuiar V;S;;S (c-ONA {ipeceed and Platelets S
¥ Centre for Innovation, Canadian Blood Services, Hamilton, ON, Canada (EY) (mercP “Sourcos: RBC. V/BC & d During Storage
© Centre for Innovation, Product and Process Development, Canadian Blood Services, Edmonton, AB, Canada 1
4 Department of Laboratory Medicine and Pathology, University of Alberta, Edmonton, AB, Canada

After Processing 2"

EV from
\ RBCS

ARTICLE INFO ABSTRACT

Available online 31 July 2017 The impact of donor characteristics, red cell

emerging area of research. Knowledge gener on (Days)
Keywords: to change the way donors are selected and h DI R
Blood transfusion and operational impact. Recently, donor cha : ignificance
N 3 inical s|gnmca
zs“d donors and ethnicity have been shown to affect prods Clinice 2= Jability
rage ) - ) »
Red blood cells chemical and immunological changes that oc:

. reoagul
.inflammation * NYPe" 2l injury p

Outcomes ents after 14 randomized clinical trials. Howeve:

safety of blood stored for a shorter duration.
linked to inferior recipient outcomes when com|
erature suggests that pre-transfusion parameter
units of red cells are quite the same. This review
ating these associations.

.intecion ~ * ©!

(ML
\Warkentin. BHSC MscBMC. C

rocessing, as well 25DV product
(0 its possible harm-

ErinM.
ul. Nlustration Y
could be harmf

age ind P
pothesis why shor-ter™ blood stoF whole blood collection aom‘mw
Fig 1.HY ¢RCCs s afiected by ¢ for ashorter duration may €
he EV and cfDNA content© SDNA and EVsin blood stored for
The "
rations o A
. Higher concen cell free
B extracellular vesicles.

he method of
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PLNA' KREV

S0

| -

Predominance of
Blood Type O+

M 47.0%-856%
W 426%-46.9%
W 37.4%-415%
B 34.0%-37.0%
[] 24.6%-32.2%

https://www.robslink.com/SAS/democd74/blood_type_map.htm
I XVI. Konference AKUTNE.CZ —BRNO, 23} stopadu-2024 B oo | @)

2| Q@



U masivniho krvaceni je fibrinogen prvnim
faktorem, ktery dosahne kriticky nizké hladiny!

JA 3 @
‘ \ o~ Brenni M, et al. Acta Anaesthesiol Scand. 2010;54:111-117
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