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Terapie na ICU:
transfuzni pripravky a krevni derivaty

e akutni indikace — krvaceni

e “neakutni” indikace
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Storage lesions

We recommend that RBCs up to 42 days old should be
transfused according to the first-in first-out method in, the
blood services to minimise wastage of erythrocytes. 1C



Old blood is just as good as fresh for
blood transfusions: Canadian study

By Carmen Chai and Kathlene Calahan Global News
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Review Article

Transfusion of fresher vs older red blood cells in hospitalized patients:
a systematic review and meta-analysis

Paul E. Alexander,' Rebecca Barty,” Yutong Fei," Per Olav Vandvik,*® Menaka Pai,”® Reed A. C. Siemieniuk,®
Nancy M. Heddle,” Neil Blumberg,'® Shelley L. McLeod,"" Jianping Liu,® John W. Eikelboom,” and Gordon H. Guyatt'

"Health Research Methods (HRM), Health Sciences Building (HSB), Department of Clinical Epidemiology and Biostatistics, McMaster University, West
Hamilton, ON, Canada; 2McMaster Transfusion Research Program, McMaster University, Faculty of Health Sciences, Department of Medicine, Hamilton,
ON, Canada; *Centre for Evidence-Based Chinese Medicine-Beijing, University of Chinese Medicine, Beijing, China; *Faculty of Medicine, University of
Oslo, Norway; *Norwegian Knowledge Centre for the Health Services, Oslo, Norway; ®Department of Medicine, Innlandet Hospital Trust-division, Gjevik,
Norway; "Department of Medicine and ®Department of Pathology and Molecular Medicine, McMaster University Thrombosis and Atherosclerosis Research
Institute (TaARI), McMaster University, West Hamilton, ON, Canada; *Department of Medicine, University of Toronto, Toronto, ON, Canada; "*Clinical
Laboratories, University of Rochester Medical Center, Rochester, NY; and ''Schwartz/Reisman Emergency Medicine Institute, Department of Family and
Community Medicine University of Toronto, Toronto, ON, Canada

Conclusions

Our systematic review and meta-analysis provided no support for blood
rransfusion services implementing limits, or instituting preferential
utilization, of RBC units that are fresh or stored for shorier periods. The
consistent results across studies suggest that the impact of blood age
does not differ across patient groups, nor that very fresh vs fresh RBCs,
or old vs very old red RBCs, differ in their effects. Large ongoing
studies may, however, challenge these results. It is more likely that they
will show consistent results that further narrow the confidence intervals
around key outcomes—and particularly mortality—and establish
definitively that there is no need to change blood transfusion practices
to ensure the use of younger or the freshest RBCs.



Transfusion of labile blood products
We recommend that all countries implement national
haemovigilance quality systems. 1C

We recommend a restrictive transfusion strategy which is
beneficial in reducing exposure to allogeneic blood pro-

ducts. 1A

We recommend photochemical pathogen inactivation
with amotosalen and UVA light for platelets. 1C

We recommend that labile blood components used for
transfusion are leukodepleted. 1B







Preoperative correction of anaemia
We recommend that patients at risk of bleeding
are assessed for anaemia 4-8 weeks before surgery.

1C

If anaemia 1s present, we recommend identifving the
cause (1ron deficiency, renal deficiency or inflammation).

1C

We recommend treating iron deficiency with iron supple-
mentation (oral or intravenous). 1B

If iron deficiency has been ruled out, we suggest treating
anacmic patients with erythropoietin-stimulating agents.

2A

It autologous blood donation 1s performed, we suggest
treatment with ervthropoietin-stimulating agents in order
to avoid preoperative anaecmia and increased overall
transfusion rates. 2B



Cost implications

Bleeding and transfusion of allogeneic blood products
independently increase morbidity, mortality, length of
stay in ICU and hospital, and costs. B

Lysine analogues (tranexamic acid and g-aminocaproic
acid; EACA) reduce perioperative blood loss and trans-
fusion requirements; this can be highly cost-effective in
several settings of major surgery and trauma. A



Transfusion triggers
We recommend a target haemoglobin concentration of
7-9gdl™" during active bleeding. 1C
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Main results:

Atotal of 31 trials, involving 12,587 participants, across a range of clinical

concentration used to define the restrictive transfusion group. About half of
them used a 7 g/dL threshold, and the other half used a restrictive transfusion

0.81to 1.16, 1> =37%; N = 10,537; 23 trials; moderate-quality evidence) or any of
the other outcomes assessed (i.e. cardiac events (low-quality evidence),
myocardial infarction, stroke, thromboembeolism (high-quality evidence)).
Liberal transfusion did not affect the risk of infection (pneumonia, wound, or

bacteraemia).




Key results

We identified a total of 31 relevant trials, which inveolved 12,587 participants. All of
the studies compared different policies for blood transfusions. We found that
participants who were assigned to receive blood at lower blood counts were 43%
less likely to receive a blood transfusion than those who were given blood at higher

whether the participants received transfusion at lower or higher blood counts. We
also evaluated harmful events that occurred after participants received, or did not
receive, blood transfusions, including infection (pneumonia, wound infection, and
blood poisoning), heart attacks, strokes, and problems with blood clots, and found
that there was no clear difference in the instance of these events between the group
that received transfusions at lower blood counts and the group that received
transfusions at higher blood counts.



Authors conclusions

We concluded that it was not harmful to the participants' health status to give blood
at lower or higher blood counts. If a policy of giving blood only at lower blood counts
were followed routinely in clinical practice, it would reduce the amount of blood
transfusions unnecessarily, as transfusions can have harmful effects. Additional
studies are needed to establish the blood count at which a blood transfusion is
needed in patients who have suffered a heart attack, brain injury, or have cancer.



Haemoglobin
Recommendation 10 We recommend that a low ini-
tial Hb be considered an indicator for severe bleeding
associated with coagulopathy. (Grade 1B)

We recommend the use of repeated Hb measure-
ments as a laboratory marker for bleeding, as an initial

Hb wvalue in the normal range may mask bleeding.
(Grade 1B8)



Main results:

Atotal of 31 trials, involving 12,587 participants, across a range of clinical

concentration used to define the restrictive transfusion group. About half of
them used a 7 g/dL threshold, and the other half used a restrictive transfusion

0.81to 1.16, 1> =37%; N = 10,537; 23 trials; moderate-quality evidence) or any of
the other outcomes assessed (i.e. cardiac events (low-quality evidence),
myocardial infarction, stroke, thromboembeolism (high-quality evidence)).
Liberal transfusion did not affect the risk of infection (pneumonia, wound, or

bacteraemia).




Intensive care unit/septic shock — Restrictive transfusion appears to be safe in medical patients in an intensive care unit (ICU), with the possible
exception of patients with ischemic heart disease/acute coronary syndrome.

The use of a threshold of 7 g/dL in hemodynamically stable patients in the ICU is supported by data from the Transfusion Requirements in Critical Care
(TRICC) trial [3E]. This trial randomly assigned 838 critically ill, euvolemic patients with a hemoglobin less than 9 g/dL within 72 hours of admission to
an intensive care unit to a restrictive transfusion strateqy (RBCs transfused for hemoglobin concentration <7 g/dL and hemoglobin maintained at 7 to 9
g/dL) or a liberal strategy (RBCs transfused for hemoglobin <10 gf/dL and hemoglobin maintained at 10 to 12 g/dL). The mean age was 58, and B2
percent were on mechanical ventilation.

Compared with liberal transfusion, 30-day mortality favored the restrictive strategy but was not statistically significant (23 percent in the liberal group
versus 19 percent in the restrictive group). However, 30-day mortality rates were lower with the restrictive strategy in two predefined subgroups:

» Patients who were less severely ill (APACHE Il score <20; mortality 9 versus 16 percent)
e Patients <55 years of age {mortality & versus 13 percent)

In contrast, in patients with ischemic heart disease, there was a reversal in the trend in 30-day mortality, with 30-day mortality in the restrictive strategy
arm slightly higher than in the liberal strategy group (26 versus 21 percent) [37].

The use of a threshold of 7 g/dL was also shown to be safe in patients with septic shock. The Transfusion Requirements in Septic Shock (TRISS) trial
randomly assigned 998 patients with septic shock and a hemoglobin level less than 9 g/dL to a restrictive or a liberal transfusion strategy (transfusion
at a hemoglobin <£7g/dL or £9 g/dL, respectively) [38]). Consensus criteria for sepsis were used (eg, infection, systemic inflammatory response,
hypotension). Transfusions were given as single units of prestorage leukoreduced RBCs. Mortality at 90 days was similar in those transfused with the
restrictive and the liberal strateov (43 versus 45 nercent: relative risk. 0.94 95%, CI 0.7R-1.09). Othe mes (ea. ischemic events. fransfiision
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Zlastic tests [213, 214]. More
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Antiplatelet agents

Recommendation 31 We suggest administration of
platelets in patients with substantial bleeding or
intracranial haemorrhage who have been treated with
antiplatelet agents. (Grade 2C)

We suggest the measurement of platelet function
in patients treated or suspected of being treated with
antiplatelet agents. (Grade 2C)

We suggest treatment with platelet concentrates if
platelet dysfunction is documented in a patient with
continued microvascular bleeding. (Grade 2C)



Holcomb Critical Care 2010, 14:162
http:feeforum. com/content/14/3/162
© CRITICAL CARE

COMMENTARY

Traditional transfusion practices are changing

lohn B Holcomb™®

See related research by Schochl er al, hitpuiccforum com/dcantent/14/2/R55

It will be nice to only transfuse what is needed,
based on level I data, finally balancing risk and
benefit in data-driven fashion for the benefit of
our patients.

Active, Personalized, and Balanced Coagulation
Management Saves Lives in Patients with
Massive Bleeding Anesthesiology 2010; 113:1-1
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Antifibrinolytic agents
Recommendation 24

#€r administration of the first dose of
acid en route to the hospital. (Grade 2C)



CRAS

Effects of tranexamic acid on death, vascular occlusive
events, and blood transfusion in trauma patients with
Blta i koiiadln s significant haemorrhage (CRASH-2): a randomised,

Antifibrinolytic in Significant Haemorthage & ~ placebo-controlled trial

More than 20.000 patients were randomized to receive either
tranexamic acid or placebo
10.060 patients received 1g tranexamic acid, initially followed by
an infusion of 1g over 8 hours. 10.067 received placebo.

Data are number (%), unless othenwise indicated. RR=relative risk. * Includes myocardial infarction, stroke, and pulmonary embalism.

Tranexamic acid (n=10 060) Placebo (n=10067) RR (95% C1) p value (two-sided)
Any cause of death 1463 (14.5%) 1613 (16.0%) 0.91(0.85-0.97) 0.0035
Bleeding 489 (4.9%) 574 (57%) 0-85(076-0-96) 0-0077
Vascular occlusion® 33(0:3%) 48 (0.5%) 060 (0-44-1.07) 0-096
Multiorgan failure 2009 (21%) 233(23%) 0-90 (0-75-1.08) 0-25
Head injury 603 (6.0%) 621(6-2%) 0.97 (0.87-1.08) 0-60
Other causes 120 (1.3%) 137 (1-4%) 094 (0.74-1.20) 0.63

Table 2: Death by cause




Effects of tranexamic acid on death, vascular occlusive
c R AS events, and blood transfusion in trauma patients with
Bliea] Ranlanisathon afan significant haemorrhage (CRASH-2): a randomised,
Antifibrinolytic in Significant Haemorthage & ~ placebo-controlled trial

A further analysis of the CRASH-2 data [323] showed that early treatment (=1 h from

injury) significantly reduced the risk of death due to bleeding [198/3747 (5.3%) events TXA
vs. 28673704 (7.7%) placebo; relative risk (RR) 0.68, 95% CI 0.570.82; P<0.0001].
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Calcium

Recommendation 25

We recommeng
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Plasma
Recommendation 26
We recommend the jp#

1 that plasma transfusion be avoided in
s without substantial bleeding. (Grade 1B)



Initial coagulation resuscitation
Recommendation 24 In the initial management of pa-

tients with expected massive haemorrhage, we rec-
ommend one of the two following strategies:

e Plasma (FFP or pathogen-inactivated plasma) in a
plasma—RBC ratio of at least 1:2 as needed. (Grade
1B)

e Fibrinogen concentrate and RBC according to Hb
level. (Grade 1C)



Y 4

Inicialni resuscitace

We define “initial resuscitation” as the period between
arrival in the emergency department and availability
of results from coagulation monitoring (coagulation
screen, fibrinogen level and/or viscoelastic monitoring
and platelet count). There are still conflicting opin-
ions about use of plasma as the initial strategy to
support coagulation, and several authors, mainly in
Europe, strongly disagree with the initial transfusion
of patients based on an empirical ratio rather than
guided by concurrent laboratory data (goal-directed
therapy) [388]. In the absence of rapid point-of-care
coagulation testing to facilitate goal-directed therapy,
initial treatment with blood components in a fixed ra-
tio may constitute a reasonable approach. If concurrent

coagulation results are available, they should be used to
guide therapy.



O Trauma indukovanou
koagulopatii rozviji Y4 az ) vsech
pacientl s traumatem

0 V pripadé masivni krevni ztraty,
dosahuje hladina fibrinogenu
kritickych hodnot drive nez ostatni
prokoagulacni faktory nebo
trombocyty.

Brohi K, Singh J, Heron M, Coats T: Acute traumatic coagulopathy. J
« Trauma 2003, 54(6):1127-1130.

. + Maegele M, Lefering R, Yucel N, Tjardes T, Rixen D, Paffrath T, Simanski C,
Neugebauer E, Bouillon B: Early coagulopathy in multiple injury: an
analysis from the German Trauma Registry on 8724 patients. Injury 2007,
38(3):298-304.



Podani jiz pri podezreni na

deficit fibrinogenu
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Guidelines on the management of severe

perioperative bleeding

fibrinogen
dosazeno drive nez je nutne
podavat PRBC




4 g fibrinogenu ...vzestup o

1g/l fibrinogenu

4 g fibrinogenu nebo 16 x FFP




Dalsi resuscitace

VI. Further resuscitation
Goal-directed therapy

Recommendation 26 We recommend that resuscita-
tion measures be continued using a goal-directed
strategy guided by standard laboratory coagulation
values and/or viscoelastic tests. (Grade 1C)



Fresh frozen plasma
Recommendation 27 If a plasma-based coagulation
resuscitation strategy is used, we recommend that
plasma (FFP or pathogen-inactivated plasma) be ad-
ministered to maintain PT and APTT <1.5 times the
normal control. (Grade 1C)

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



ANEBO

Fibrinogen and cryoprecipitate

Recommendation 28 If a concentrate-based strategy
is used, we recommend treatment with fibrinogen
concentrate or cryoprecipitate if significant bleeding
15 accompanied by viscoelastic signs of a Iunctional
fibrinogen deficit or a plasma fibrinogen level of less
than 1.5-2.0 g/l. (Grade 1C)

We suggest an initial fibrinogen supplementation
of 3—4 g. This is equivalent to 15-20 single donor
units of cryoprecipitate or 3—4 g fibrinogen concen-
trate. Repeat doses must be guided by viscoelastic

monitoring and laboratory assessment of fibrinogen
levels. (Grade 2C)



agregometrie

Antiplatelet agents

Recommendation 31 We suggest administration of
platelets in patients with substantial bleeding or
intracranial haemorrhage who have been treated with
antiplatelet agents. (Grade 2C)

We suggest the measurement of platelet function
in patients treated or suspected of being treated with
antiplatelet agents. (Grade 2C)

We suggest treatment with platelet concentrates if
platelet dysfunction is documented in a patient with
continued microvascular bleeding. (Grade 2C)



Prothrombin complex concentrate
Recommendation 33 We recommend the early use of
prothrombin complex concentrate (PCC) for the

emergency reversal of vitamin K-dependent oral anti-
coagulants. (Grade 1A)

We suggest the administration of PCC to mitigate
life-threatening post-traumatic bleeding in patients
treated with novel oral anticoagulants. (Grade 2C)

Provided that fibrinogen levels are normal, we sug-
gest that PCC or plasma be administered in the bleed-
ing patient based on evidence of delayed coagulation
initiation using viscoelastic monitoring, (Grade 2C)



Prothrombin complex concentrate

Recommendation 31

We recommend the early use of prothrombgs . c\
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Thromboelastometry appears to be a useful tool to guide

in patients with traumatic coagulopathy
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Crit Care. 2010 Apr 7;14(2):R55. [Epub ahead of print]
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traumatic brain injury, the difference in mortality was 14% observed versus 27.8% predicted by
TRISS and 24.3% predicted by RISC.



A = viskolelastické metody

B = koncentraty koagulaénich faktoru

A+B=
rychlejsi vysledky

casnejsi terapie



Algorithm for treating bleeding in patients with
trauma-induced coagulopathy
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Zivot ohrozujici krvaceni = pritomnost
anesteziologa

Trauma tym

Operaéni saly

Porodnické krvaceni

Urgentni pfijem

Rotem je umistén na ltizkové stanici ARO

(2 pristroje a Platelet)

Vzorky jsou pfinaseny na ARO z celé

nemochnice
Vsichni Iékafi na ICU provadéji

vySetreni a analyzu krivek

s doporucenim dalsi terapie
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ﬁ Traumacentrum KN Liberec a.s.

Organizace urgentniho traumatologického prijmu KNL

Triage pozitivni pacient

Standardni postup
15 minut (ATLS)

Diagnostika a terapie
Vylouceni Ci vyfeSeni Zivot ohroZujicich stavu

Dychaci cesty

Zdroje velkého krvaceni: hemothorax, hemoperitoneum,
nestabilni panev, fraktury dlouhych kosti, zevni krvaceni
Tenzni pneumothorax

Tamponada srdecni

Obeéhove stabilni x nestabilni pacient

! Zést‘ krvaceni:
CT v rezimu polytrauma OR, AG,...




kasuistika prvni
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koncetiny

béhem vyprostovani komunikuje

po vyprosténi vzhledem k potrebeée
analgosedace zaintubovan

hypotenzni, sinusova tachykardie
volumoterapie

prijezd na urgentni prijem v 21:52
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Urgentni pri
prijezd na urgentni prijem v 21:52

prijem v rezimu polytrauma - trauma tym
zaintubovany, analgosedace
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00:00 - 00:10

Hb 100 g/i
provedeny odbery




vysledky KO a koagulace budou
za 30 - 40 minut ......

Hbmetr: Hb 100 g/l

pacient hypotenzni, tachykardicky

Podan Exacyl 1g
‘ 00:05
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Hbmetr: Hb 100 g/l
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Vysledky z laboratore nejsou ale mame
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* Fibrinogen 4 g (celkem 6 g)

- PCC 2000 jednotek



* po inicialnim zajisteni provedeno
celotelove CT:
fraktura panve, mnohocetne

fraktury praveé dolni
koncetiny

 pacient na operacni sal



konecne:...vysliedek odberu

o ym

pri prijmu
Hb 101 g/l
Htc 0,29
jiz
Trombo 227 000/l vyreseno
©
INR 1,4

APTT ratio 0,9

Fibrinogen 1,2 g/l
00:40
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Perioperacni kontrola
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FIBTEM
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Hb 118 g/i
Htc 0,34 vyreseno
©

Trombo 113 000/ul

INR 1,5
APTT ratio 1,4

Fibri 0,9 g/l
rhrinogen B2 9 03:00 po piijmu
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Hb 104 g/i, Htc 0,29
Trombo 128 000/ul

FIBTEM 2014-11-02 07:39 | 2: 2014-11-02 0738 | 2:
APTT t' 1 o CT:  37s CFT: - o 74° CT: 51s CFT: 131s a:  64°
ra Io , A5: 12mm AlO: 13mm MCF: 14mm A5: 33mm Al0: 43mm MCF: 54mm

Fibrinogen 2 g/i
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 opakovaneé prevazy poranéni PDK
4. den extubace
* 9. den prekiad



Algorithm for treating bleeding in patients w
trauma-induced coagulopathy

Temperature
BGA

| Optimize preconditions |

Temperature > 34°
pH=7.2

Electrolytes
Blood cell count

Severe trauma (15S>16)
and / or severe shock

2. Focuson:
fibrin deficit

Later on, repeatstep2 if necessary

FIBTEM CA10 <7 mm

3. Focuson:

EXTEM CT > 80 sec

thrombin generatlon (with EXTEM CT=APTEM CT)

deficit

4. Focuson: _| EXTEM CA10 < 40 mm
£ - ith FIBTEM CA10 » 12
platEIEt deficit ali!‘glplatetet count < 50,00[;?&':

Treat immediately

Severe clot

- EXTEM CA10 < 30 mm
deficiency

Calcium > 1mmol/L
Haematocrit > 24%

TXA 15-20 mg/kg BW

Run ROTEM extem, ntem, Fetem, aptem™

1. Focuson:

Treat fibrinolys
TXA 15-20 mg/kg

Increase FIBTEM CA10 tO™TU=
Fibrinogen concentrate 2-6
(Cryoprecipitate, FFP)

Treat coagulation factor defici
PCC 20 U/kg BWS
(FFP)

Increase platelet count to

] > 50,000/pLT

Platelet concentrate

TXA 15-20 mg/kg BWH
Fibrinogen concentrate 6-8 g agg 1
PCC 20-30 U/kg BW
(Cryoprecipipitate, FFP [high dosi
Platelet concentrate (increasepisteiet
to 50,000fuL)

ROTEM may also identify:

Potential heparin

exposure = HEPTEM CT<INTEM CT _ =

(e.g. cell-saverblood)

Clotinstability EXTEN Tl > 15%

and APTEM ML > 15%

notrelatedto
hyperfibrinolysis

Treat heparin effect
Protamine 1000-2000 U

Consider

1 Factor XIll 1250 U

Optimalizace podminek
Hyperfibrinolyza

Fibrinogen
PCC pri prodiouzeni

iniciace

Tezka porucha

koagulace
FXIII







A = viskolelastické metody

B = koncentraty koagulaénich faktoru

A+B=
rychlejsi vysledky

casnejsi terapie






