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příčiny?

- multifaktoriální
- akutní/chronický zánět

- uvolnění hepcidinu, cytokinů

- manifestní/okultní krvácení

- snížená produkce erytropoetinu

- časté/nadměrné krevní odběry

- hemolýza u extrakorporálních metod

- …

Meybohm. Intensivmedizin up2date 2017; 13 (3): 291–307



iatrogenní anémie na ICU

- krevní objem u dospělých: cca 70-80 ml/kg

- cca 5 litrů u 70 kg pacienta

- životnost erytrocytů cca 120 dní
- kostní dřeň produkuje denně cca 
1% objemu krve (asi 50ml)

- diagnostické krevní odběry až 70 ml/d (500 ml/týden)
- odhaduje se, že 39-44% ICU pacientů dostanou
alespoň 1 EBR kvůli krevním odběrům

Corwin, Crit Care Med 2004;32:39-52



Riessen, PloS One 2015;10:e0138879



prevence:

- „bundle“ 

- uzavřený arteriální systém

- individualizace odběrů

- minimalizace odběrů

- 1 ml pro Astrup; 2,7 ml (místo 5,5 ml) Monovetten

Riessen, PloS One 2015;10:e0138879



outcome?

- mean blood loss per ICU day decreased 
from 43.3 ml to 15.0 ml  (P < 0.001)

- observation days with recorded Hb < 9 g/dl
decreased from 21.2% to15.4% (P = 0.01)

- transfused EBR decreased from 7 to 2.3 (P < 0.001)

- ICU LOS decreased from 13.0 to 9.9 (P = 0.014)

- mean number of ventilation days was 
7.1 days vs 7.5 days (P = NS)

Riessen, PloS One 2015;10:e0138879



nedostatek
železa









iron
vs

infection?



iron

- is required for host immunity and pathogen replication

- in health is tightly regulated by the hepcidin
- inflammation triggers a process of withholding free 
iron from invading pathogens (nutritional immunity)

Shah, JAMA Network Open. 2021;4:11.



iron

- i.v. iron increases the levels of circulating 
non–transferrin-bound iron

- increased levels of non–transferrin-bound iron are
associated with impaired T-cell and neutrophil function

- it may be promoting pathogen growth

- conversely, preexisting iron deficiency or restriction can
impair T-cell, B-cell, and neutralizing antibody 
responses to infection

Shah, JAMA Network Open. 2021;4:11.



benefit vs risk

- i.v. iron decreases the severity of anaemia

- improves clinical outcomes in non– critically ill patients

- iron therapy was safe and improves haemoglobin
in critically ill patients (and maybe improves outcome?)

- is there an association between 
intravenous iron and infection?

- if so, does this association increase
morbidity and mortality?

Shah, JAMA Network Open. 2021;4:11.



JAMA Network Open. 2021;4:11.



JAMA Network Open. 2021;4:11.



prevence:

- review and meta-analysis of 154 RCTs (32.762 pts)

- i.v. iron was associated with an increased 
risk of infection (moderate certainty of evidence)

- there was substantial variation and inconsistency
in how infection was defined and reported

- i.v. iron remained associated with improved Hb levels 
and reduced RBC transfusion requirements

- we observed no differences in mortality
or hospital length of stay

JAMA Network Open. 2021;4:11.







Rapid Systematic Review With Meta-Analysis:
- the efficacy and safety of i.v. iron therapy for 
treating anaemia in critically ill adults admitted to ICU

- 1198 pts in 8 RCTs

main findings from this review:
- i.v. iron continues to demonstrate improving of Hb 
at intermediate follow up of 10 to 30 days

- i.v. iron appears to be safe with no evidence 
of an effect on infection or mortality



tolerance
anémie





the use of iron in ICU

- to improve erythropoiesis and prevent RCC transfusion:

- 41% of respondents use iron as a monotherapy

- 17% of respondents use iron in combination 
with erythropoietin

- 12% of respondents use erythropoietin
as a monotherapy

de Bruin, Critical Care. 2019;23:309.



The use of transfusion triggers in addition to a Hb threshold



hepcidin



hepcidin

- peptid (25 aminokyselin), charakter hormonu

- izolován v r. 2000 z lidské moči

- syntéza v játrech (hep-) + antibakt. vlastnosti (-cidin)

- snižuje absorpci železa v enterocytech

- snižuje export železa z enterocytů a makrofágů

- snížení erytropoezy (vzniká anémie)

- ukrytí železa před bakteriemi

- stanovení hladiny jako alternativa feritinu?

Park, J. Biol. Chem. 2001;276(11):7806-10









jak
substituovat?



jaké železo?

- ferric carboxymaltose

- ferumoxytol

- iron sucrose

- ferric derisomaltose

- sodium ferric gluconate

- iron dextran

Frigstad, Gastroenterol Res Pract. 2017;4585164.
LaVallee, Journal of Blood Medicine. 2022;13:133-42.







Landesklinikum
Baden bei Wien



terapie železem

- po zvládnutí nebo nepřítomnosti floridní infekce

- u anémie při poklesu Hb cca pod 10 g/dl

- Ferinject 1000 mg i.v. á 7 dní (celkem 2 dávky)

- EPO 30.000 IU s.c. á 3 dny

- zvl. u odmítající transfúzi, CNI, vzácná krevní skupina…

-



Eporatio 30.000 IU s.c. á 3d    (17.1. – 11.5.2017)

celkem 1.170.000 IU

Ferinject 500 mg i.v. á 7d        (17.1. – 18.4.2017)

celkem 7.000 mg 



with permission



with permission



summary

- the potential impact of iron therapy for treating anaemia
in survivors of critical illness remains unclear

- i.v. iron continues to improve Hb 
without any clear signal of harm

- recent trials have suggested that there may be 
an improvement in long-term morbidity

- ferric carboxymaltose should be prefered

- iron should not be given in acute severe infection

- iron therapy should be a part of PBM

Geneen. Transfusion Medicine Reviews.: 2022;18:37.





…děkuji Vám za pozornost
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