FYZIOLOGIE KRVE




FUNKCE KRVE

. HOMEOSTATICKA FUNKCE (pufrovémi, termoregulace)
. TRANSPORT LATEK (plyny, Ziviny, metabolity, vitaminy, elektrolyty.. )

. HUMORALNI RIZENI ORGANISMU (hormony)

. TERMOREGULACE (transport tepla)

. OBRANA ORGANISMU (imunitni funkce)

. SRAZENI KRVE (hemostiza)



ZAKLADNI CHARAKTERISTIKY KRVE

*Suspenzni charakter

*6 - 8% celkove telesné hmotnosti

*55% - tekuta faze (plazma)

*45% - formovana slozka (krvinky a desticky) . & e

FADAM.

*Sérum: vznika z plazmy pfi srazeni krve (po zkonzumovani fibrinogenu)



KOSTNI DREN

Velikost (1600-3000 gramu), aktivita.

Cervena kostni dief, Zluta kostni dief.

Pluripotentni kmenové bunky

Unipotentni (determinovan¢) kmenovée bunky — diferencované bunky
Extramedularni hematopoeza (mimodienova krvetvorba) — jatra,
slezina - DETI

Medularni hematopoeza (dieniova) — DOSPELI

Vysetieni kostni dfen€ — punkce.
Onemocnéni kostni diené.
Darcovstvi kostni dfené.




(a) The bone marrow, hidden within the bones of the skeleton, is (b) Marrow is a highly vascular tissus, filled
easily overlooked as a tissue, although collectively it is with blood sinuses, widened regions
nearly the size and weight of the liver! lined with epithelium.
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(c) Bone marrow consists of blood cells in different stages of development
and supporting tissue known as the stroma {mattress}.

Mature blood cells squeeze
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Silverthorn, D. U. Human Physiology — an Integrated
Approach. 6th. edition. Pearson Education, Inc. 2012.

The stroma is composed of
fibroblast-like reticular cells,
collagenous fibers, and
extracellular matrix.

Section of yellow bone marrow.
This bone marrow is yellow in its
fresh state because of the
abundance of yellowish adipocytes
present. The hemopoietic (*)
tissue is comparatively less
abundant than in red bone
marrow. The adipocytes, or fat
cells, (Ad) appear as large circular
clear spaces in this field. A
megakaryocyte (M) and venous
sinuses (S) are also labelled.
Source:
http://audilab.bomed.mcgill.ca/HA/ht
ml/blood_7_E.html

This bone marrow is referred to
as red marrow because it
contains few adipocytes, or fat
cells, among an abundance of
hemopoietic cells. It is difficult to
identify the individual precursors
of red and white blood cells
because they are closely packed
and condensed during the fixation
of the tissue (*).

The following elements are
identified: a megakaryocyte (M),
which is a very large polyploid
cell responsible for the production
of blood platelets one adipocyte
(Ad) two blood sinuses (S).

The walls of these vessels are
the sites where newly formed
erythrocytes and leukocytes pass
from the connective tissue into
the blood circulation.
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Figure 1 | Bone marrow anatomy. Haematopoietic stem cells (HSCs) reside
mainly within bone marrow during adulthood. Bone marrow is a complex
organ, containing many different haematopoietic and non-haematopoietic
cell types, that is surrounded by a shell of vascularized and innervated bone. a,
Minute projections of bone (trabeculae) are found throughout the metaphysis

such that many cells in this region are close to the bone surface. b, The interface

of bone and bone marrow is known as the endosteum, which is covered by
bone-lining cells that include bone-forming osteoblasts and bone-resorbing
osteoclasts. Arteries carry oxygen, nutrients and growth factors into the bone

marrow, before feeding into sinusoids, which coalesce as a central sinus to form

the venous circulation. Sinusoids are specialized venules that form a reticular
network of fenestrated vessels that allow cells to pass in and out of circulation.
There is a particularly rich supply of arterioles, as well as sinusoids, near the

Periosteum

endosteum. ¢, Three-dimensional reconstructed photomicrograph from the
bone marrow towards the endosteal surface (blue) from 50 pm below the
surface, revealing the rich network of vessels (red) (image courtesy of C. Lin,

. Spencer and J. Wu). Smaller arteriolar vessels (white arrows) become larger
sinusoidal vessels. The field of view is 350 pm % 350 pm. d, A cross-sectional
view of blood vessels that run along the endosteal surface (EV) and that
transition (white arrow) into sinusoids (S) that then course towards the central
sinus (adapted with permission from ref. 31). ¢, The bone marrow is cellularly
complex with CD150"CD48”CD41 lineage” HSCs (arrow) residing in close
contact not only with vascular and perivascular cells (¥, sinusoid lumens) but
also megalaryocytes (large yellow cells) and other haematopoietic cells (image
adapted with permission from ref. 125). In the enlargement on the right,
CD150 is shown in red and CD48, CD41 and lineage are shown in green.

Morrison SJ, Scadden DT: The bone marrow niche for haematopoietic stem cells.

Nature 2014, 505(7483):327-334.
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long-term haematopoietic stem cell (LT-HSC) resides at the apex of ~ and differentiation of H5Cs.
the hierarchical haematopoietic system and can undergo self-renewal
or sequential multilineage differentiation to produce all the special-
ized blood cells in the body. The LT-HSC first differentiates into the
shart-term haematopoietic stem cell (ST-HSC), which yields one of
twio types of multlpntem progenitors {MFPF): the common myeloid
pragenitor {CMP) or the lymphoid multipotent progenitor (LMPP).
Downstream, these progenitor cells gradually become more restricted
in their potential to differentiate into cells of other lineages. Eventu-

ally, the committed progenitors granulocyte-macrophage progenitr—— Ho MSH, Medcalf RL, Livesey SA, Traianedes K: The dynamics of

(GMP), megakaryocyte—erythrocyte progenitor (MEF) and common

lymphoid progenitor (CLF), can only give rise to one lineage and adUIt haematOPOieSis in the bone and bone marrow enVironment. Br
produce mature blood cell J Haematol 2015, 170(4):472-486.
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Figure 3 | Haematopoietic stem cells (HSCs) and restricted haematopoietic
progenitors occupy distinct niches in the bone marrow. HSCs are found
mainly adjacent to sinusoids throughout the bone marrow™**"**, where
endothelial cells and mesenchymal stromal cells promote HSC maintenance
by producing SCF*, CXCL12 (refs 17, 33, 62) and probably other factors.
Similar cells may also promote HSC maintenance around other types of blood
vessels, such as arterioles. The mesenchymal stromal cells can be identified
based on their expression of Lepr-Cre®, Prx1-Cre®, Cxcl12-GFP* or Nes-GFP
transgenes® in mice and similar cells are likely to be identified by CD146
expression in humans™, Perivascular stromal cells, which probably include
Cxcl12-abundant reticular (CAR) cells™, are fated to form bone in vivo,
express Mx-1-Cre and overlap with CD45/Ter119 PDGFRa*Sca-1* stromal
cells that are highly enriched for mesenchymal stromal cells in culture®. It is
likely that other cells also contribute to this niche, these probably include cells
near bone surfaces in trabecular-rich areas. Other cell types that regulate HSC
niches include sympathetic nerves’*, non-myelinating Schwann cells (which
are also Nes*)™, macrophages™ and osteoclasts”. The extracellular matrix**'*!
and calcium™ also regulate HSCs. Osteoblasts do not directly promote HSC
maintenance but do promote the maintenance and perhaps the differentiation
of certain lymphoid progenitors by secreting CXCL12 and probably other
factors'"**, Early lymphoid restricted progenitors thus reside in an
endosteal niche that is spatially and cellularly distinct from HSCs.

GCSF mobilizes HSCs by causing
. ’ the release of proteolytic enzymes
Mobilization like elastase, cathepsin G, MMP-
2, and MMP-9 from neutrophils...

Neutrophil

Vascular

...which inactivate SDF-1
by cleaving its NH,-
terminal signal sequence.

Homing

CXCR4+ HSCs are f 4 [Y Presentation of ECM-tethered
chemoattracted to the ! ' 1 SDEF-1 induces transendothelial
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) | guidance system.

FIGURE 3. Simplistic model
for hematopoietic stem cell
mobilization and homing
GCSF, granulocyte colony-stimulat-
ing factor; HSC, hematopoietic
stem cell; HPC, hematopoietic
progenitor cell; SDF, stromal cell-
derived factor; ECM, extracellular
matrix.

Kopp HG, Avecilla ST, Hooper AT, Rafii S: The bone marrow
vascular niche: Home of HSC differentiation and
mobilization. Physiology 2005, 20:349-356.

Morrison SJ, Scadden DT: The bone marrow niche for haematopoietic stem cells.

Nature 2014, 505(7483):327-334.



Regulac¢ni funkce megakaryocytu (MKs)!

- kontrola homeostazy kostni diené

- mesenchymalni kmenové bunky (MSCs) -

regulace funkce MKs pies produkci cytokint

a rozpustnych faktor

- role MKs v modulaci replikace a diferenciace

osteoklastii a osteoblasti =

kosti a reorganizace kostni matrix

regulace rlstu

- MKs predstavuji dilezity rezervoar aktivnich

hematopoetickych a angiogennich faktort

- MKs muzou piimo regulovat hematopoeticke

kmenove bunky (HSCs)

a dalsi

hematopoetické bunky (zeyména pies IL-6)

- Mks se podili na angiogenezy
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Malara A, Abbonante V, Di Buduo CA, Tozzi L, Currao
M, Balduini A: The secret life of a megakaryocyte:
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roles in bone marrow homeostasis

control. Cellular and Molecular Life Sciences 2015,
72(8):1517-1536.



KOSTNI DREN OBSAHUJE PREKURZORY ENDOTELIALNICH BUNEK

BONE MARROW-DERIVED ENDOTHELIAL CELLS H35
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Fig. 1. Some possible differentiation pathways for endothelial cells (ECs) derived from hemangioblasts of bone marrow origin. Data to date have not clearly
defined the pathwayis) through which hemangioblasts differentiate into ECs or even whether the process begins before or only after they leave the bone marrow.
However, “final” differentiation into bone marrow-derived ECs (bmdECs) does not occur until cells have left the bone marrow and probably not until they enter
the vessel wall. Whereas the progenitors may proliferate in the blood or bone marrow, it is likely that the bmdECs proliferate only in the vessel wall since their
numbers are low in the circulation. As shown in the left-hand pathway, hemangioblasts may first produce a differentiated progeny, an angioblast, which is itself
a stem cell. The angioblast stem cell might then produce progenitors (e.g., myeloid progenitors), which could differentiate into one or more fully differentiated
progeny, including ECs. Alternatively, as suggested by the central pathway, hemangioblasts could undergo asymmetric cell division, producing a stem cell and
an EC as daughters. Yet another possibility is that hemangioblasts produce angioblast progenitors (e.g., myeloid progenitors), which in turn differentiate into ECs
and possibly other cell types. These pathways are not mutually exclusive, and this diagram does not include all possible mechanisms through which bone
marrow-derived hemangioblasts may ultimately produce ECs.

Schatteman GC, Dunnwald M, Jiao C:. Biology of bone marrow-derived endothelial cell
precursors. American Journal of Physiology-Heart and Circulatory Physiology 2007,
292(1):H1-H18.



FORMOVANE ELEMENTY KREVNI

Burika Bunky/pl Normalni Procento z celkového poctu
(pramér) rozmezi leukocyti
Leukocyty 9000 3600 - 9600 : DR ;
(celkem) Diferencialni bily obraz krevni
Granulocyty 5400 3000 - 6000 42 -5
Neutrofily
Eozinofily 275 150 - 300 1-4
Bazofily 35 0-100 0,4
Agranulocyty 2750 1200 - 3400 20 -50
Lymfocyty
Monocyty 540 110 - 590 1,7—-9,3
Erytrocyty 4254 .10°
zeny
muzi 4,5-6,3.10°
Trombocyty 300 000 140000 — 440000




CERVENE KRVINKY (ERYTROCYTY)

Muzi Zeny
Hematokrit (Hct) 47 42
(“0)
Erytrocyty (RBC) 4,5 -6,3 x10° 4,2-5,4x106
(108/pul)
Hemoglobin (Hb) 140 - 180 120 - 160
(gD
Priumérny objem =Hct x 10/ RBC (105/ul) 82 -97 82 -97
ery (MCV) (1)
Pramérny obsah Hb =Hb x 10 / RBC (105/ul) 27 - 33 27 - 33
very (MCH) (pg)
Primérna = Hb x 100 / Hct 32 -36 32-36
koncentrace Hb
v ery (g/100ml)
Stiedni primér ery 7,5 7,5
(MCD) (pm)

Funkce erytrocyti: prenos kysliku a oxidu uhli¢itého




CERVENY OBRAZ KREVNI

. Pocet erytrocyti
normocytémie
erytrocytopenie (oligocytémie)
polyglobulie (polycytémie)

— primarni/sekundarni (EPO)

— | Perfuze tkani
. Koncentrace hemoglobinu
anémie

. Hematokrit



TVAR A VELIKOST CERVENYCH KRVINEK

Tvar: bikonkavni disk

OPTIMALNI POMER POVRCHU K OBJEMU!!!

O 30% vétsi povrch nez stejné velkd bunka kuloviteho tvaru!!!
Anizocitoza — fyziologicka, patologicka. Kiivka Price-Jones.

Velikost: 7,5 um v priméru, 2 um tloustka — normocyty.
Mikrocyty (-oza): primér pod 6 um, objem pod 80 fl
Makrocyty (-oza), megalocyty: prumér nad 8.2 um, objem nad 95 fl

Barevnost: hypochromie (pod 27 pg Hb/ery), normochromie,
hyperchromie

Deformovatelnost. Fahracus-Lindqvistav efekt.
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Gallagher PG:
Abnormalities of the
Erythrocyte Membrane.
Pediatric Clinics of North

America 2013, 60(6):1349-
+.

1. Transportni

proteiny
2. Adhezivni

proteiny
3. Strukturni

proteiny

Glycophorin A Glycophorin B Glycophorin A Glycophorin ¢/D

Band3|'!-;- Band 3 1 1 ”."@@,ﬁl@@ﬂl
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Fig. 1. The erythrocyte membrane. A model of the major proteins of the erythrocyte mem-
brane is shown: «- and B-spectrin, ankyrin, band 3 (the anion exchanger), 4.1 (protein 4.1)
and 4.2 (protein 4.2), actin and glycophorin. (From Perrotta S, Gallagher PG, Mohandas N.
Hereditary spherocytosis. Lancet 2008;372:1412; with permission.)

- Glykoforiny AaB - Spektrin
- Hlavni sialoglykoproteiny - Jeden z nejdulezitéjSich komponentd Ery
- determinanty MN a Ss (dvé izoformy - a,B; tetramer)
krevnich skupin  (MNS - Interakce S membranou Ery
systém) prostfednictvim ankyrinu

- Ankyrin pfedstavuje misto interakce dalSich
proteind (glykoforin C, aktin, band 4.1,
adducin)

- 1 Mechanismus udrzeni tvaru Ery



Transportni proteiny

- Band 3 — prouzek 3 (Diego Blood group)
- Vyména chloridu (CI~) za hydrogenkarbonat (HCO;")
- Aquaporin 1 (Colton Blood Group)
- GLUT1
- Jk antigen
- aka human urea transporter 11- HUT11 or UT-B1
- Rh-associated glykoprotein (RHAG) (Rh Blood Group)
- Na*/K*-ATPase
- Ca*-ATPase
- Na-K-Cl kotransportér
- Na-Cl symportér
- CI-K symportér
- Potassium intermediate/small conductance calcium-activated channel
(Gardos channel)

Adhezivni proteiny

- ICAM-4 (Landsteiner and Wiener Blood System)
- BCAM = Basal cell adhesion molecule (Lutheran blood group)



Strukturalni proteiny

* Vazby s cytoskeletem/proteiny cytoskeletu

* Regulace koheze
— Makromolekularni komplex na bazi ankyrinu

— Makromolekularni komplex na bazi proteinu 4.1R
* Protein 4.1 (Beatty's Protein)
» Glykoforiny C a D (Gerbich Blood Group)
« XK (Kell blood group precursor) (Kell Blood Group)
 RhD/RhCE (Rh Blood Group)
« Duffy antigen/chemokine receptor (DARC)
« Alfa-adducin
* Dematin



Zvlastnosti erytrocytu

Postradaji organely
 ZAadna produkce ATP v oxidativni fosforylaci

« ZAadna schopnost nahradit poskozené lipidy a proteiny (nizka metabolicka
aktivita, nulova schopnost syntetizovat proteiny de novo)

Vystaveni volnym radikalim
» Autooxidace hemoglobinu (uvolnéni O,*)

Bunécna membrana bohata na polynenasycené mastné kyseliny (lipidova
peroxidace)

Deformace v tenkych kapilarach; ztrata iontt zapojenych v katalytickych
reakcich (priCina lipidové peroxidace)



Metabolismus erythrocytu

Oxidizing Destroyed
agent oxidizing
>__< agent
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TRENDS in Endocrinology & Metabolism

Figure 1. Cascade of events initiated by the entrance of erythrocytes into a tissue region (dashed oval) in which oxygen demand exceeds oxygen supply. [For clarity, a
single erythrocyte (RBC) is enlarged along with the associated vascular cells to show the events that occur following the entrance of an erythrocyte into the region of tissue
with high oxygen demand.] When oxygen supply does not meet oxygen demand, tissue oxygen tension (PO) decreases. This decrease in tissue PO, causes the
hemoglobin oxygen content of the erythrocytes that perfuse the tissue region to decrease proportionally. This decrease in oxygen content initiates a series of e'venls
resulting in the release of ATP from the erythrocyte. The ATP then diffuses to the endothelium (Endo) where it binds to purinergic (P2, ) receptor ing in the prod

of vasoactive mediators, either within the endothelium or the smooth muscle (SMC), which initiate dilati This dilation is (dashed arrow) in a
retrograde fashion increasing flow and thus oxygen supply to the tissue region in need.
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TRENDS in Endocrinology & Melabolism

Figure 2. Proposed pathway for regulated ATP release from erythrocytes in
response to passage of these cells through areas of increased oxygen demand in
skeletal muscle. The increase in oxygen demand leads to oxygen release from
hemoglobin within the erythrocyte. Conseguently, hemoglobin oxygen content
decreases resulting in activation of the heterotrimeric G protein, Gi, leading to ATP
release. ATP released from the erythrocyte can bind to purinergic receptors (P} on
the vascular endothelium resulting in the release of vasodilators and, ultimately, an
increase in blood flow {oxygen delivery). Abbreviations: Gi and Gs = heterotrimeric G
proteins - i =inhibitory, s = stimulatory; ATP = adenosine 5'-triphosphate; cAMP =
3'68'-cyclic adenosine monophosphate; Hb = hemoglobin; PKA = protein kinase A;
CFTR = cystic fibrosis transmembrane conductance regulator; ?=an as yet
unidentified mechanism; P2, = P2, purinergic receptor; + = stimulation.

Sprague RS, Stephenson AH, Ellsworth ML: Red not dead: signaling in and from
erythrocytes. TRENDS in Endocrinology and Metabolism 2007, 18(9):350-355.



MORFOLOGICKE ODCHYLKY CERVENYCH KRVINEK

Poikilocyty — hruskovité nebo kapénkovite erytrocyty
Schizocyty — fragmentované erytrocyty

Sférocyty — objem normalni, primeér mensi, tloust’ka vétsi
Eliptocyty — elipsoidni tvar

Leptocyty — tenke, uprostred nakupeni hemoglobinu
(u thalaseémie, po splenektomii)

Akantocyty — ostnate vybeézky
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Fig. 2. Peripheral blood smears in hereditary spherocytosis. (A) Typical hereditary spherocy-
tosis. Characteristic spherocytes lacking central pallor are seen. (B) Severe, recessively
dense spherocytes and bizarre erythrocyte
morphology with anisocytosis and poikilocytosis associated with severe hemolysis are seen.

inherited spherocytosis. Numerous small,

Table 1
Classification of hereditary spherocytosis
Moderate Severe
Carrier Mild Spherocytosis  Spherocytosis  Spherocytosis®

Hemoglobin (g/dL) Normal 11-15 8-12 6-8
Reticulocytes (%) <3 3-6 >6 >10
Bilirubin (mg/dL) 0-1 1-2 >2 >2
Spectrin content 100 80-100 50-80 40-60

(% of normal)
Peripheral smear Normal Mild spherocytosis Spherocytosis Spherocytosis
Osmotic fragility Normal Normal or slightly Distinctly Distinctly

fresh blood increased increased increased
Incubated blood Slightly Distinctly increased  Distinctly Distinctly

increased increased increased

? Values in untransfused patients.

From Eber SW, Armbrust R, Schroter W. Variable clinical severity of hereditary spherocytosis: rela-

tion to erythrocytic spectrin concentration, osmotic fragility, and autohemolysis.
1990;117:409-16.

J Pediatr

Gallagher PG: Abnormalities
of the Erythrocyte
Membrane. Pediatric Clinics
of North America 2013,
60(6):1349-+.



FRAGILITA CERVENYCH KRVINEK

Hemolyza — rozpad membrany Cervenych krvinek.

Druhy hemolyzy:

a) fyzikalni

b) chemicka

c) osmoticka

d) biologicka (toxicka)
¢) imunologicka

Sférocytoza

(poruchy cytoskeletu odpovédné za tvar a pruznost erytr. membrany — aktin, ankyrin,
spektrin).

Poruchy gluk6zo-6-fosfat-dehydrogenazy.

Délka Zivota erytrocytii: 120 dni, uloha sleziny (dvoji krevni obéh), splenektomie.
Retikulocyty.



SEDIMENTACE ERYTROCYTU

Sedimentacni rychlost je nepfimo imérna suspenzni stabilité krve.

Metoda Fahraeus-Westergren (FW) — penizkovaténi Ery, rychlejsi
sedimentace, vliv proteint krevni plasmy (fibrinogen, gama-

globuliny)

Fyziologicke hodnoty: muz — Zena (2-5 mm/3-8 mm / min)
Vyjadieni: mm/10min, 1 hod, 2 hod, 24 hod

PriCiny fyziologicky zvySené sedimentace. el e
Pfi¢iny patologicky zvysené sedimentace. e A ]
Vi
feta Pur.-n.f.«'u.fmﬁ_usc o : -_|- ++ +m

Figure 3 — Schematic representation of zeta potential. Erythrocytes
(negative charges) in suspension causing a rearrangement of charges
through the formation of two ionic layers that generate a electric
potential difference between them. called the Zeta potential (Modified
from Pollack & Reckel, 1977 and Fouger & Salmon, 1981).0412




THE BLOOD COUNT

This table lists the normal ranges of values.

A A ‘ MALES FEMALES |

| Hematocrit | | |

Hematocrit is the percentage of total blood volume 40-54% 37T-47%
that is occupied by packed (centrifuged) red blood cells.

‘ Hemoglobin (g Hb/dL* whole blood) | | I

~58% The hemoglobin value reflects the oxygen-carrying 1417 12-16
plasma capacity of red blood cells. (*1 deciliter (dL) = 100 mL)
volume

‘ Red cell count (cells/pL) | | I

A machine counts erythrocytes as they stream through 4,565 %103 3.9-56 x 102
a beam of light.

100% N Total white count (cells/pL) | | I
A total white cell count includes all types of 4-11 x 103 4-11 x 102
leukocytes but does not distinguish between them.

<1%
white — ‘ Differential white cell count | | |
cells A
The differential white cell count presents estimates of the
relative proportions of the five types of leukocytes in a
thin blood smear stained with biclogical dyes.
Neutrophils 50-70% 50-70%
p:ﬁ:’;d Eosinophils 1-4% 1-4%
red cell Basophils <1% <1%
volume Lymphocytes 20-40% 20-40%
Monocytes 2-8% 2-8%
‘ Platelets (per pL)
Platelet count is suggestive of the blood’s ability 150-450 x 102 | 150450 x 103
V to clot.
M Fig. 16.3

Silverthorn, D. U. Human Physiology — an Integrated Approach. 6th. edition. Pearson Education, Inc.
2012.



Table 2. Factors causing false changes in Erythrocyte Sedimentation Rate

Factors causing false increases Factors causing false decreases
Increased fibrinogen, globulin, cholesteral levels Cachexia
High room temperature (oagulation of the blood sample
Macrocytic anemia Increase in bile salts
Menstruation Increase in phospholipids
Pragnancy Making the sedimentation sample wait more than twe hours

Tilting or lying dewn of the ESR tube

Drugs: Dextrane, methyldopa, methysergide, penicillamine, procainamide,
teaphylline, trifluoperidole, vitamin A

Increase in adrenal steroids
Hypofibrinogenemia
Hypenglycemia
Hyperalbuminemia
Leukacytosis

Micracytic anemia

Drugs: ACTH, cortisone, ethambutal, quinine, salicylates

(Adapted from A Textbook of Natural Medicine, Pizzorno and Murray, 1992)

Table 3. Factors affecting Erythrocyte Sedimentation Rate (ESR)

Increased ESR

Decreased ESR

Acute Heavy Metal Poisoning
(ollagen Vascular Disease
Carcinomas

Cell or tissue injury

Gout arthritis

Infections

Inflammatory disorders
Leukemia

Myocardial infarction
Nephritis

Syphilis

Congestive heart failure
Polycythemia
Sickle Cell Anemia

(Adapted from A Textbook of Matural Medicine, Pizzorne and Murray, 1992)



HEMOGLOBIN

"Ceiveny pigment pienaiejici kyslik.

Protein, 64 450, 4 podjednotky.

Hem — derivat porfyrinu obsahujici zelezo, konjugovany
s polypeptidem (globinem).

Embryonalni hemoglobin: Gower I a Gower II (122, a2¢2),
Portland

Fetalni hemoglobin: Hb F, 32y2, nizsi vazba 2,3-DPG = v&tsi
vazebna kapacita pro O,

Adultni hemoglobin: Hb A, o232 (141/146)/Hb A, (5 %, 0202)

Formy hemoglobinu:

oxyhemoglobin - kyslik
karbaminohemoglobin — oxid uhli¢ity
methemoglobin — tromocné Zelezo v hemu
karboxyhemoglobin — oxid uhelnaty




HEMOGLOBIN

(b) Each heme group consists of a porphyrin ring
with an iron atom in the center.

(a) A hemoglobin molecule is composed of four protein globin chains,
each centered around a heme group. In most adult hemoglobin,
there are two alpha chains and two beta chains as shown.

[ —_— 1
| | N ° N : —— Porphyrin
| — | ring

‘\fﬂ/

R = additional C, H, O groups

() Hemeglobin and iron

Iron (Fe) ingested
from the diet.

Bone
Marrow

Transferrin protein

transports Fe in
plasma.

Bone marrow uses Fe to make
hemoglobin (Hb) as part of RBC synthesis.

—» Fe —» Heme —» Hb — RBC synthesis

» Festransferrin

.
Spleen l
Intestine Plasma J— @
Spleen destroys RBCs live about
old RBCs and 120 days in the
converts Hb to blood.
) bilirubin.
Liver |
é Liver stores Hb
F .
as fomtin. B Silverthorn, D. U.
| Human Physiology —
Liver metabolizes @ Birubin and metabolites Kidney an Integrated
bilirubin and »| are excreted in urine and
<« Bilo<—| excretes itin bile. feces. Appro ach. 6th
1 .
| edition. Pearson
Bilirubin metabolites Bilirubin metabolites Education, Inc. 2012.

in feces

in urine
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Abnormality tvorby hemoglobinu

*hemoglobinopatie (abnormalni struktura fetézcu)
*thalasemie (menSi produkce normalnich fetézcu)

srpkovita anémie (Hb J)

Syntéza a odbouravani hemoglobinu

Hem: glycin a succinyl-CoA
Globin: AMK
Hem - globin: biliverdin, bilirubin (lumirubin — fototerapie), zluc.



Klinické aspekty - glykosylovany hemoglobin (HbA,)

Vznika pri vysokych hladinach glukozy v krevni plasmeé
Neenzymova glykosylace (glykace)
Fyziologicka hladina HbA - 5%

Kc()jncgntrace HbA, je proporC|onaIn| glykémii v predchozim obdobi; vyznam
— diabetici

Sugar CHO + NH, CH, Protein

Sugar CH u CH,  Protein
Schiff base
Amador/ reaction
Sugar __CH, ___ CH,  Protein

Glycosylated protein



METABOLISMUS ZELEZA

Celkem: 45 — 60 mmol (3,5-5 gramul)

Zelezo funkéni (hemové ) a Zelezo transportni a zasobni.
60 —70% v Hb

10 — 12% funk¢ni zelezo
16 — 29% zasobni zelezo (feritin, hemosiderin).

Resorpce Zeleza z potravy:

* difuzi - zelezo v hemu aj. lipofilnich latkach
e aktivné - sliznici tenkého stfeva (volné Fe?")



. Ztraty krve
Zelezo ) Erytropoeza - RAEasni
v potrave - menstruace
' AT L RE bunka
Ruzné T i Erytrocyt. - :
- ransferrin f . , 4
thkane 'y Hemoglobin == Fagocytéza_ Ferritin
/ - (Fe™)
Cytochromy
Enzymy : T ——
i : o Jatra .
1 Myoglobin # " Hemosiderin -
. Sérovy
| Hemosiderin ferritin
Transferrin Transferrin
2+ Intestinalni
8 epitel
% Transf+errin
> Tl = R (FE€"™)
- - Feroxidaza " ;
i " ; eskvamace
10-15% (ceruloplasmin) R Moé Pot Sk
absorbovano | |
(@ vit. C)
v Ztraty zeleza

Feces



Predpoklady pro resorpci:

- Kyselina chlorovodikova Zaludecni Stavy (uvolnuje Fe
z komplexi, podporuje resorpci Fe’™ na zacatku duodena)

- nabidka Fe?" (pfi neutralnim pH 1épe rozpustné nez Fe**)

- Vyznam askorbatu!, Fe’* reduktaza

- gastroferin (glykoprotein zalude¢ni §tavy, vaze Fe’™)

- Prebytek se skladuje ve vazbé na feritin enterocytu.

Transport Zzeleza v plazmé€: apotransferin — transferin
(=apotransferin + Fe), max. 0,2mmol. Nebezpeci
predavkovani Fe!!!

Receptory pro transferin: erytroidni bunky dfené,
syncitiotrofoblast



Skladovani Zeleza v organismu

Feritin (strevo, slezina, jatra, myokard, kosterni svalstvo,
kostni dren...). Lautberger, 1936. Stanoveni seérového
feritinu.

Hemosiderin — pomalu vyuzitelna rezerva

Ztraty zeleza: denni vnitini vyména asi 35 — 38 mg, ztraty
0,5-1,5 mg

Reutilizace. Deskvamace enterocyti, menstruace,
téhotenstvi, porod, traumaticka a jina krvaceni.

Pottfeba zeleza:
Odpovida ztratam — 18mmol/den. Menstruace, téhotenstvi,
porod.



o - Anémie
- Zan¢t Hypoxie
_ k4 ki F ) oy
Vysoka koncentrace Fe - Nizka koncentrace Fe

+ -

Heme transporter

Hem oxygenaza-1 :

= Duodenal /

Hepcidin
/ Liver

Ferroportin 1

FOOD
IRON

Fe?+

Nonheme . cytochrome B 9
iron %
N F83+
o o >
Fe?+

Hephaestin Plasma
transferrin

Mucosal
ferritin

Erythroid
marrow

Lost by shedding
of epithelial cells




ERYTROPOETIN

Glykoprotein, 39 000, a.2-globulin.

Rekombinantni erytropoetin.

Malé mnozstvi v plazmé, moci, lymfte, fetalni krvi.

Inaktivace: jatra

Vznik: ledviny (85-90%) — endotelové bunky peritubularnich kapilar
ledvinné kiiry, jatra (10-15%)

Stimulace vyplaveni: tkanova hypoxie libovolneho puvodu (ledviny),
alkaloza, soli kobaltu, androgeny, katecholaminy ([3-receptory)
U¢inky:

Kmenova burika citliva na erytropoetin (erythropoetin responsive cell)
— diferenciace do erytroidni fady:

*zvyseni syntézy nukleovych kyselin

*zvySeni resorpce Zeleza v erytroidnich bunkach

stimulace uvolnovani bunék z dien€ do obehu

Aklimatizace — adaptace na vysokou nadmortskou vySku



Osteoblasty — dalsi bunecny

zdroj erytropoetinu (EPO)

Signalizace HIF (hypoxia-inducible factor) v osteoblastech reguluje
produkci EPO v kostech za fyziologickych 1 patofyziologickych
podminek.

Zda se, ze EPO ma popfii regulaci erytropoé¢zy taky regulacni ulohu
pi1 rustu a reparaci kostni tkané.

Source Model Phenotype Reference
Osteoblast (OSX-  Remodeling Increased trabecular bone volume associated with increased angiogenesis and Rankin et al.
VHL) (mouse) erythropoiesis.
EPO (4500; 6,000  Remodeling Increased bone volume in neonatal and adult mice associated with increased osteoblasts and  Shiozawa et al.
U/Kg) (mouse) erythropoiesis.
EPO (300 U/Kg) Remodeling Modest decrease in bone volume. Singbrant et al.
(mouse)

EPO (5000 U/Kg)
EPO (40 ng)

EPO (1000 L1y

EPO (500 IU)
EPO (500 IE/Kg)

EPO (500 U/Kg)
EPO (250 IU/Kg)

EPO (900 IU)

EPO (900 IU)

Repair (mouse)  Increased torsinal stiffness, callus density, and mineralized bone.

Repair (mouse)  Increased cartilaginous callus formation and bone healing associated with increased
angiogenesis.

Repair (mouse)  Increased BMP-2 induced bone regeneration in a cranial defect model associated with
enhanced angiogenesis.

Repair (mouse)  Increased bone volume in an bridging calvarial defect model.

Repair (mouse)  Increased bone volume and repair in an femoral segmental defect model associated with
increased angiogenesis.

Repair (mouse)  Increased callus formation in a closed femoral fracture model.

Repair (rabbit)  Increased bone fusion in a posterolateral spinal fusion model associated with enhanced
angiogenesis.

Repair (porcing)  Modest increase in bone formation in a calvarial defect model.

Repair (porcine)  Increase in bone formation when combined with bone marrow concentrate in a
osteochondral defect model.

Holstein et al.

Wan et al.
Sun et al.

Nair et al.

Holstein et al.

Garcia et al.

Rolfing et al.
(2011)

Rolfing et al.
(2013)

Betsch et al.

EPO erythropoietin

Wu C, Giaccia AJ, Rankin EB:
Osteoblasts: a Novel Source of
Erythropoietin. Current Osteoporosis
Reports 2014, 12(4):428-432.
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FIGURE 2 | Effects of EPO in skeletal muscle.., actieted by EPO. X,
not activated by EPOL ?, contradictory results. fn witro, EPO trestment
increases mouwss, but mot rat or human myoblast proliferation. EPO
treatment decreases differentiation and fusion of mouse, but not rat or
humen myoblesis. EPO trestment protects ageinst apoptosis in mouss
but mot in ret myoblasts. In rodents, EFD treatment increases musde
regeneration and angiogenesis following injury. In humans, EPO

?

4 (Onadative capacity

treatrnent increases skeletel muscle hypertrophy end angicgenssis in
disessed conditions (chronic rensl feillure and Friedreich staxia,
respectively], but hes no effect in healthy muscle. In both rodent and
humen studies, EPO has been shown to increase or have no effect on
muscle oxidative capacity. Mote that it i presently unknown if the
gffects of EPD treatment chserved in rodent and human skelstsl
muscle are direct or indirect.

Lamon S, Russell AP: The role and regulation of erythropoietin (EPO) and its
receptor in skeletal muscle: how much do we really know? Frontiers in Physiology
2013, 4.



EPO AMOZEK

Table 1. Functions of Epo

Function Deseription Refe.

Neuroprotection Infusion of soluble EpoR into the brain of gerbils, subjected to a mild form of ischemia, caused neu- 95
ronal death in the hippocampus.

Meurotrophic factor  Regeneration of septal cholinergie neurons in adult rats, which had undergone fimbria-fornix transections. 107

Promotion of the survival and differentiation of dopaminergic precursor neurons in vitro. 107
Microglia Neurogenesis Hypoxia-induced Epo production acts directly on neuronal stem cells in the forebrain. o9
|ndiretﬂy b:.r inducing BDNF expression. 113
Arti-inflammation Reduced production of inflammatory mediators leading to: 112
Cerebral ischemia: smaller infarcts.
Multiple scleresis: protection.
Optic neuritis: improved survival of retinal ganglion cells. 2, 96
M Angiogenesis Mitagenic action on:
}\l’\' Human umbsilical vein. 4
Adrenal capillary endothelial eells. 4
Brain capillary endothelial cells. 121

Angiogenic action on:

= == £ Rat aortic rings. 19
Mouse endometrium. 123
Chick embrye chorisallantanic membrane. 90

FIGURE 1. Expression pattern of Epo/EpoR in the brain
Whereas Epo expression is restricted to astrocytes and neurons, EpoR is expressed on - B . . . - - -
the surface of endothelial cells, microglia, astracytes, cligodendrocytes, and neurons. Vascular permeability I vitro: BEE protection against VEGF-induced increase in vascular permeability 75

Epo is thought to act in an autocrine as well as paracrine manner.

BDMF, brain-derived neurotrophic factor; BEB, blood-brain barrier; VEGF vascular endothelial grewth factor.

Rabie T, Marti HH: Brain Protection by Erythropoietin: A Manifold Task. Physiology 2008, 23(5):263-274.
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Figure 1. How high levels of circulating recombinant EPO may result in suppression of endogenous EPO
synthesis secondary to a decrease in intrarenal exygen consymption, by intrinsic renal effects

(1) EFO decreases reabsorption of sodium and fluid in the prowimal tubube, thereby directly reducing the
Majer oxygen-consuming process in the kidrey, {2) increase in end-proximal tubular delivery to the macula
densa decreases renin rebease and subsequent angiotensin ll= and aldosterone-dependent reabsorption in mone
distal nephron segments; (3) decreased proximal tubular reabsorption activates the tubuloglomerular feed-
back mechanism producing a fall in GFR and reduction of the filtered load; (4) the resuling increase in renal
oxygen partial pressure in the environment of interstitial fibreblast-like cells down-requlates the hypoxia-inducible
factor-2-dependent production of endogenous EPO.

Lundby C, Olsen NV: Effects of

recombinant human
erythropoietin in normal
humans. Journal of

Physiology-London 2011,
589(6):1265-1271.



ERYTROPOEZA

Latky ovlivilujici erytropoezu

Potreba medi

Ceruloplazmin — vazebny protein (a2-globulin) s ferroxidazovou aktivitou.
Oxidace Fe?* na Fe’* je nutna pro vazbu zeleza na transferin.

Potreba kobaltu

Soucast molekuly vitaminu B12.

Vitamin B12 (cyankobalamin)

Produkovan bakteriemi GIT.

Zdroj: jatra, ledviny, maso, mlécné vyrobky...

Resorpce: nutny tzv. vnitini faktor (intrinsic factor) secernovany parietalnimi bunkami
fundu a téla zaludku.

V krvi vazan na transkobalaminy.

UlozZen v jatrech, pankreatu, ledvinach, mozku, myokardu.

Funkce: syntéza nukleovych kyselin, kofaktor pfi konverzi ribonukleotidi na
deoxyribonukleotidy, tvorba metabolicky aktivni formy kyseliny listové

POTREBA PRO NORMALNI{ DELEN{ A ZRANT ELEMENTU CERVENE KREVNI RADY.
Projevy anémie az po letech!!!

Perniciozni anemie.






Kyselina listova (pteroylglutamova)

Produkovana vyS$Simi rostlinami a mikroorganismy.

Zdroj: listova zelenina, drozdi, jatra, ledviny...

Funkce: soucast koenzymiu pii syntéze DNA, tcast pii bunécném
déleni a diferenciaci

Karence: nevhodna strava, 1écba cytostatiky (metotrexat)
Projevy anémie jiZ po nékolika mésicich!!!

Makrocytarni hyperchromni anémie.

Ostatni vitaminy

Vitamin B6 (pyridoxin) — metabolismus aminokyselin, syntéza
hemu

Vitamin B2 (riboflavin) — soucast flavoproteinovych enzymi —
erytrocytarni reduktazy (normalni funkce a pteziti erytrocyti).
Normocytarni anémie se snizenym poc¢tem retikulocytu.
Vitamin C (kyselina askorbova) — nespecificka funkce

v erytropo¢ze.

Hormonalni viivy
Androgeny, estrogeny, hormony S§titné Zlazy, glukokortikoidy,
ristovy hormon.



ANEMIE

chorobny stav, pro ktery je zakladnim a charakteristickym rysem
snizen¢ mnozstvi hemoglobinu a zpravidla 1 hematokritu a poctu
cervenych krvinek v 1 litru krve pod dolni fyziologickou hodnotu

KLASIFIKACE ANEMII

MORFOLOGICKE TRIDENI
Hodnoceni objemu erytrocyttu a koncentrace Hb v erytrocytech.

1.Anémie normocytove
2.Mikrocytove
3.Makrocytove

1.Anémie normochromni
2.Hypochromni



TRIDENI DLE MECHANIZMU VZNIKU

Anemie z nedostatecné krvetvorby
eané¢mie sideropenicke — z nedostatku zeleza
*a. megaloblastové — z nedostatku vitaminu B, nebo kyseliny listové
eanémie z Utlumu krvetvorby
eanémie u chronickych onemocnéni a symptomatické anémie
talasémie

Aneémie ze zvySenych ztrat
eanémie hemolytické — ze zvySené destrukce erytrocytu
echronicka posthemoragicka anémie
eakutni posthemoragicka anémie



ANTIGENNI VYBAVA KREVNICH ELEMENTU

1) Historie krevnich transfizi.

2) Potransfuzni reakce: aglutinace, hemolyza (okamzita nebo opozdéna), zivot ohrozujici
komplikace (Zloutenka, poskozeni ledvin, anurie, smrt — pfi podani plné krve nebo erytrocytarni
masy, u podani plazmy — nafedéni aglutininti!!!)

Autoimunitni onemocnéni. Testy paternity, prip. darcovstvi organii.

3) Antigenni vybava krevnich elementi:

a) 30 hojné rozsifenych antigennich systémii (ABO, Rh, MNSs, Lutheran, Kell, Kidd, Lewis,
Diego, P, Duffy...)

b) stovky dalSich —,,slabych* — antigenu (vyznam: urCovani otcovstvi, transplantace organi)

4) Aglutinogen: antigen povrchové membrany bunék

- komplexni oligosacharid

- erytrocyty, slinné 7Zlazy, pankreas, jatra, ledviny, plice, varlata
- sliny, sperma, amniova tekutina, mléko, moc

5) Aglutinin: protilatka proti aglutinogenu, y-globulin (IgM — systém ABO, IgG — systém Rh),
produkovan stejnym zplisobem jako ostatni protilatky

- po narozeni témér nulovy titr

- zacatek produkce aglutinini (2-8 mésicli po narozeni): antigenni stimulace - antigeny
podobné aglutinogeniim - v potravé, u stievnich bakterii

- maximalni titr protilatek dosaZen v 8-10 letech, s vékem postupné klesa



SYSTEMY KREVNICH SKUPIN

I1SBT Nel'l & System name 4 | System symbol & Epitope or carrier, notes 4 Chromosome #
001 ABO ABO Carbohydrate (N-Acetylgalactosamine, galactose). A, B and H antigens mainly elicit Ighi antibody reactions, although anti-H is very rare, see the Hh antigen system (Bombay phenotype, ISBT #18).  9q34.2
002 MNS MNS GPA / GPB (glycophorins A and B). Main antigens M, N, S, s. 4q31.21
003 P P Glycolipid. Three antigens: Py, P, and PX 22q13.2
004 Rh RH Protein. C, ¢, D, E, e antigens {there is no "d" antigen; lowercase "d" indicates the absence of D). 1p36.11
005 Lutheran LU Protein (member of the immunoglobulin superfamily). Set of 21 antigens. 19913.32
006 Kell KEL Glycoprotein. Ky can cause hemolylic disease of the newborn (anti-Kell), which can be severe. 7934
0o7 Lewis LE Carbohydrate (fucose residue). Main antigens Le? and LeP — associated with tissue ABH antigen secretion. 19p13.3
oos Duffy FY Protein (chemokine receptor). Main antigens Fy? and Fy®. Individuals lacking Duffy antigens altogether are immune to malaria caused by Plasmodium vivax and Plasmodium knowlesi. 1g23.2
0og Kidd JK Protein (urea transporter). Main antigens Jk2 and JkP. 18g12.3
010 Diego DI Glycoprotein (band 3, AE 1, or anion exchange). Positive blood is found only among East Asians and Native Americans. 17921.31
011 Yt YT Protein (AChE. acetylcholinesterase). 7q22.1
012 XG XG Glycoprotein. Xp22.33
013 Scianna sC Glycoprotein. 1p34.2
014 Dombrock Do Glycoprotein (fixed to cell membrane by GPI, or glycosyl-phosphatidyl-inositol). 12p12.3
015 Colton co Aquaporin 1. Main antigens Co(a) and Co(b). 7p14.3
016 Landsteiner-Wiener LW Protein (member of the immunoglobulin superfamily). 19p13.2
017 Chido CH C4A C4B (complement fractions). 6p21.3
018 Hh H Carbohydrate (fucose residue). 19q13.33
019 XK XK Glycoprotein. Xp21.1
020 Gerbich GE GPC / GPD (Glycophorins C and D). 2q14.3
021 Cromer CROM Glycoprotein (DAF or CDS5, regulates complement fractions C2 and C35. attached to the membrane by GPI). 1g32.2
022 Knops KN Glycoprotein (CR1 or CD35, immune complex receptor). 1g32.2
023 Indian IN Glycoprotein (CD44 adhesion function?). 11p13
024 Ok oK Glycoprotein (CD147). 19p13.3
025 Raph RAPH Transmembrane glycoprotein. 11p15.5
026 JMH JMH Protein (fixed to cell membrane by GPI). Also known as Semaphorin 7A or CD108. 159241
027 li 1 Branched (I) / unbranched (i) polysaccharide. 6p24.2
028 Globoside GLOB Glycolipid. Antigen P. 3q26.1
029 GIL GIL Aquaporin 3. 9p13.3
030 Rh-associated glycoprotein | RHAg Rh-associated glycoprotein. 6p21-gter
031 Forssman FORS Globoside alpha-1,3-N-acetylgalactosaminyltransferase 1 (GBGT1) 9q34.13
032 Langereis!¥ LAN ABCB6. Porphyrin transporter 2036
033 Juniort4! JR ABCG2. Multi-drug tfransporter protein 4q22
034 Vel Vel Human red cell antigens 1p36.32
035 CD59 CD39 11p13




SYSTEM A-B-O

Genotyp Krevni skupina Aglutinogen  Aglutinin

00 0 (H) anti-A a
anti-B
OA nebo A A anti-B
AA
OB nebo B B anti-A
BB
AB AB AaB -

Objeven pocatkem 20. stoleti Landsteinerem (1901, 1930 — Nobelova cena).
Jansky (1906).

Cetnost vyskytu jednotlivych skupin v systému ABO:

0 47% (38%)
A 41% (42%)
B 9% (14%)

AB 3% (6,5%)

Podskupiny v krevni skupin€ A a B.
A, (1 milion kopii antigenu na 1 ery), A, (250 tisic kopii).

Dé&di¢nost: A 1 B se dédi dominantné, mendelovsky (heterozygot, homozygot)



Rh SYSTEM

Opice Maccacus rhesus.
40. léta 20. stoleti, Wiener a Landsteiner.
Cetnost vyskytu: 85% - Rh*, 15% - Rh-.

Antigeny D, C, E, d, c, e. Pfitomny pouze na erytrocytech.

D — nejsilné€jsi antigen: Rh — pozitivni, Rh — negativni jedinec (tvori
anti-D aglutinin pfi kontaktu s D-erytrocyty).

Tvorba aglutininti: pouze po kontaktu s D-erytrocyty (transfize,
fetalni erytroblastdza).
Vysoky titr anti-D protilatek pretrvava 1 po 1étech!!!



HEMOLYTICKA ZLOUTENKA NOVOROZENCU

Rh-negativni matka x Rh-pozitivni plod.

Prvni tehotenstvi — imunizace matky béhem porodu (nebo interrupce Ci potratu!!!).
Dalsi tehotenstvi — prechod anti-D aglutinint (IgG) do plodu pies placentarni obéh.
Poskozeni plodu: asi u 17% druhych a dalSich téhotenstvi

Hemolyza krvinek plodu — hemolytickd nemoc novorozence (erythroblastosis fetalis):

sanémie

Zloutenka

sotoky — aZ hydrops fetalis

sposkozeni CNS (jadrovy ikterus) — prechod Zlucovych barviv do mozku (neni hematoencefalicka
bariéral)

codumfeni plodu in utero

Prevence poskozeni plodu:
1) podavani malych mnozZstvi anti-D protilatek matce béhem téhotenstvi

2) podani jedné davky anti-D protilatek v poporodnim obdobi

Uspéch terapie: az 90%.



1 \ Newborn (RhD +) Coombs test of

mother for anti-D Abs

1st PI'E‘QI"I ancy Rh_ (D) lg therapy to mother to
prevent sensitization to RhD
Mother (RhD -) Mother (RhD - )
Fetus (RhD +) (sensitized to RhD antigen)
Fetal-maternal
blood transfer
during labor 2 \ Next Pregnancy
(RhD+ fetus)
Father is D/d or D/D
Increased bifirubin, CNS Mild anemia,
damage (kemicferus), death jaundice

Repeat encounter with
Severe ﬁ &1 Mild case fetal RhD antigen

Fetal or Newborm Hemolytic Anemia

Maternal IgG anti-D
crosses placenta

lgG anti-D attaches to fetal <: Rapid production of
RBCs & marks them for destruction lgG anti-D by mother
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TRANSFUZNI PRIPRAVKY

Cela krev: plna krev smiSend s antikoagula¢nim ptipravkem

»wdilikonovana“ krev: odebrand do nadob s vnitinim povrchem upravenym do nesmacive
podoby pomoci vrstvy silikonu. Doba expirace: max. 2 dny

Erytrocytova masa (,,erymasa*): hematokrit 0,7-0,75. Nejvhodné&;si pro aplikaci u vétSiny
diagnoz.

Proprané erytrocyty: zbavené proteint (3 x promyte fyziologickym roztokem). Doba
expirace: do 24 hodin.

Heparinizovana krev: pro pouziti v mimotélnim obéhu. Doba expirace: do 24 hodin.
Konvertovana krev: odebrana do ACD roztoku, do heparinu a do calcium chloratum 10%
Trombocytova suspenze a koncentrat: ziskava se pomalou a postupnou centrifugaci
cerstvé odebrané pln¢ krve, negmeéné 4-5 konzerv. Doba expirace: 24-48 hodin
Leukocytova suspenze: piiprava pomoci separatoru, aplikuje se alespon 4 dny po sob¢
Tekuta plazma: ziskava se separaci krve nebo plazmaferesou. Slouzi k ndhradé ztracen¢ho
objemu krve. Doba expirace: 1 rok.

10) Cerstvé zmrazena plazma: do 4 hodin po odbdru se zmrazi, uZiti pro substituci faktort

srazeni krve (f. VIII u hemofilie A). Doba expirace: 6 mésicu

11) SuSena plazma: doba expirace je 5 let
12) Albumin

13) Imunoglobuliny

14) Fibrinogen



VypocCet mnozstvi erytrocytarni masy k upravé hodnoty hemoglobinu:

pozadovana hodnota Hb (g/l) — skutecna hodnota Hb (g/l) x télesna hmotnost (kg) x 0,3

VypocCet mnozstvi erytrocytarni masy k upravé hodnoty hematokritu:

pozadovany hematokrit (%) — skute€na hodnota hematokritu (%) x télesna hmotnost (kg) x 10

Pfi pouziti celé krve musime konecny vysledek nasobit dvéma.




BEZPECNOST TRANSFUZE

1) Spravna diagnoza

2) Spravny vybér piipravku

3) Spravné urceni krevnich skupin

4) Zkouska slucitelnosti (kiizovy pokus)

5) Biologicka zkouska (rychly pfevod asi 20 ml, 3 x opakovat)

Kontrola pacienta pred transfizi, béhem ni 1 po skonceni.
Vzorky po transfuzi se uchovavaji po dobu 7 dni.

Urgentni pripady: bud’ stejnoskupinova transfize nebo transfuze konzervy od tzv. univerzalniho darce
(0 Rh) — jen ve vitalnich indikacich.

Autotransfuze: transfize autologni krve, odbér 1-1,5 litru béhem 2-3 tydnii, doba uskladnéni max. 3
tydny (nelze mrazit erytrocyty!).

Vyhody: Zadna imunizace ptijemce, nulové riziko potransfuznich komplikaci, nulové riziko pfenosu
infekci

Nevyhody: nelze pouZzit u akutnich stavi, u pacientil s hypotenzi a nizkymi hodnotami hemoglobinu
nelze krev odebirat (muz: pod 130g/1, Zena: pod 110 g/l)



KOMPLIKACE A REAKCE PRI LECBE KRVI

1) Hemolyticka reakce: pfi inkompatibilnim prevodu

2) Reakce vyvolané protilatkami proti leukocytiim a trombocytim: pii opakovanych
transfuzich, opakovanych téhotenstvich

3) Alergické reakce: protilatky anti-IgA, vzacné

4) Aloimunizace: protilatky proti antigentim jinych skupin
5) Reakce z pretizeni obéhu

6) Vzduchova embolie

7) Prenos infekénich onemocnéni transfuzi: nejCastéji hepatitidy (A, B, non-A, non-B),
cytomegalovirosa, toxoplasmosa, infekéni mononukleosa, herpes, pohlavni choroby, AIDS)



