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Leukémie apod
(onkologicka — lymfo-
a myeloproliferativni
onemocnéni)
Chronicka myeloidni
leukémie

Poruchy srazlivosti

Primarni hemostaza
Sekundarni hemostaza

Krvacivé stavy/ trombo-

embolické stavy



Klinické priznaky hematologického
onemocheéni

Anemie
— znamky hypoxie — unava, slabost, pocit nedostatku dechu
— znamky nizke hladiny hemoglobinu - bledost
— kardiovaskularni symptomy — palpitace

Polycytéemie — hyperviskozita krve — riziko trombozy

Krvaceni, spontanni krvaceni, neustavajici krvaceni

Tromboza — embolie — symptomy zavisi na lokalizaci —
DVT - HZT, plicni embolie

Casté infekce




Anéemie

+ Hb
M: < 135 g/L
F: <120 g/L
 Hct
M: <40 %
F: <37 %
* Ery
M: <43 *10'2 /L
30 " 0/

Zakl. kritérium: Hb< 120 g/L




Patofyziologie anemie

malo hemoglobinu == bledost

!

Spatna dodavka kysliku do tkani

!
tkanova hypoxie
!
unava, dyspnoe,
palpitace, hyperkineticka cirkulace
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Priciny hypoxie

Vyskova hypoxie — nedostatek O, ve
vdechovaném vzduchu = nizky pO,

Respiracni selhani — hypoxicka hypoxie

Nedostatek hemoglobinu — transportni =
anemicka hypoxie

Porucha cirkulace — cirkulacni hypoxie

Porucha oxidace v mitochondriich —
histotoxicka hypoxie



Laboratorni vysetreni

« Zakladni:
— Krevni obraz

* Doplnkova:
— testy na metabolismus zeleza
— hladina Erytropoetinu

— Detekce protilatek proti vlastnim krvinkam —
Coombsuyv test

— Test osmotické rezistence erytrocytu

— Hamuv test (rezistence na kys. prostredi)
— Mikroskopické zhodnoceni krevniho natéru
— Sternalni punkce- aspirace kostni drene



Rozdéleni anémii dle morfologie
(KO)

* podle MCV
— mikrocytarni - pr. nedostatek zeleza
— normocytarni - pr. krvaceni
— makrocytarni (megaloblastove) - perniciozni

« podle MCHC (barvy)

— hypochromni — nedostatek zeleza
— normochromni



SRRV ‘ kmenove bunky, riistové faktory
KOSTNI DREN .
erytropoetin
déleni bunck, syntéza DNA: vitamin B,,, k. listova
v
syntéza hemoglobinu: globin, porfyrin, Fe
jin¢ faktory
‘ v
hemolyza
LB
LIRS ERYTROCYTY -KO
hemoglobin, pocet B-Ery,
- y hematokrit
krvaceni

MCV, MCH, MCHC
tvar etc.



Rozdéleni anémii podle priciny

* shizena produkce
— porucha kmenovych bunék a diferenciace
— porucha syntézy DNA
— porucha syntézy hemoglobinu

— nedostatek erytropoetinu

« kompletni ztrata erytropoezy ma za vysledek pokles poctu
erytrocytu 10% za tyden

« zvySena destrukce erytrocytl - hemolyza
— defekt erytrocytu
— extraerytrocytarni priciny
« zvysene ztraty krve - krvaceni
 maldistribuce (hyperslenismus, pooling ve slezine)



Pocet retikulocytu

* Denni nahrada erytrocytu
— 0.5 — 1.5% celkoveho poctu
— Dozravaji behem 1 dne v periferni krvi

* Kriterium aktivity kostni drene —
* rozliseni anemii dle priciny
— Reticulocytoza

» odpoved na ztratu krve (hemolytické anémie, vazné
krvaceni)

« odpoved na terapii anemie (napr. defic. B12 nebo Fe)
— Reticulocytopenie
« defekt erytropoezy




Anémie ze ztrat krve

 Akutni ztrata krve

— Kratce po masivnegjsi ztrate krve je Hb
normalni kvuli vazokonstrikci a faktu, ze
ledviny jesté nezacaly nahrazovat ztraceny
objem retenci vody a solutt

— Poté normochromni — normocytarni anémie
* Chronicka ztrata krve

— Vede k nedostatku zeleza a anémii z
nedostatku zeleza



Zvysena hemolyza (destrukce
erytrocytu)

retikulocytoza, LDH zvySeno, akumulace nekonjugovaného
hemoglobinu

y 7 n

Extraerytrocytarni priciny (normocytarni —-normochromni
erytrocyty )
 Imunologické abnormality (AIHA, PNH, polékova)
* Fyzikalni a chemické poskozeni erytrocytl (trauma, infekce malarie,
uméla chlopen, popaleniny, hadi jedy)
Erytrocytarni priciny
» Alterace membrany
— kongenitalni (sférocytéza, elipso)
— ziskané (PNH — paroxyzmalni noCni hemoglobinurie)

« Metabolické enzymatické poruchy (nedostatek G6PD - neni
glutathion)

* Hemoglobinopatie (Srpkovita anémie, talasemie)



Mechanisms of extravascular and intravascular hemolysis

# paroxysmal nocturnal
7o hemoglobinuria (PNH) and

autoimmune hemolytic
anemia (AIHA)

INTRAVASCULAR

EXTRAVASCULAR

Tick-over



SYMPTOMY HEMOLYZY

intravaskularni

— volny Hb hemoglobinémie,
l Pokles haptoglobinu
hemoglobinurie

anemia o 5 el
hemo&Termune

v

Aktivace kostni drené % . k
l Poskozeni levz

retikulocytoza

Zvysenalprodukce bilirubinu

O | 4 14
¥ ' extravaskularni
C
@ N .
Zloutenka (ikterus)

A

splénomegalie

Léft gastroepiploic v. and a.



TESTS FOR HEMOLYSIS

Blood sample from a patient with
immune mediated haemolytic anaemia:
antibodies are shown attached to
antigens on the RBC surface.

Recipient's serum
is obtained,
containing
antibodies (Ig's).

Donor's blood sample is
added to the tube with
serum.

The patient's washed
RBCs are incubated with
antihuman antibodies
(Coombs reagent).

lobulin test

Positive test result Legend

Antigens on the
red blood cell's
surface

Y Human anti-RBC
antibody

Y Antihuman
antibody

(Coombs reagent)

RBCs agglutinate: antihuman

antibodies form links between
RBCs by binding to the human
antibodies on the RBCs.

Positive test result

24

Recipient's Ig's that target Anti-human Ig's Agglutination of red blood
the donor's red blood cells (Coombs antibodies)  cells occurs, because

form antibody-antigen are added to the human Ig's are attached to
complexes. solution. red blood cells.

200¢

Lad

A\ria



Testy hemolyzy

Testy osmotické rezistence
Erytrocyty prezivaji pouze v izotonickém prostredi ale
maji jistou toleranci ke zménam tonicity.

Erytrocyty u nékterych hemolytickych stavii maji snize-
nou toleranci ke zménam osmotického tlaku

Specialni testy
membranove vlastnosti (electrof «....= " —

)
nu:,': ::

Spectrin

vlastnosti hemoglobinu
genetické testovani

s [



Paroxysmalni nocni hemoglobinurie

A

Complement decay-accelerating factor
CDs5 D59

X chromosome .
protectin

FiGA

—a MNo hemaolysis

¥ chromosome

FIGA

—= Thrombosis

PIGA-PNH RBC Hemolysis

C

Chromosome 20

A

—= Thrombosis?
Autoinflammation

PIGT-PMNH RBC



Alternative Pathway
[spontaneocus, microbes)

Lectin Pathway
(mannose, microbes)

Classic Pathway
(immune complexes)

Factor B, Factor D, Properdin

Cc2,Ca ﬂ

C3 “Tickover” convertase

Ciq, C1r, Cls
Cc2,C4 C2aCab = C?. convertase

C3bBbP = amplification
loop C3 convertase

CZaCtlbcsbBbP C5 convertase

“ Terminal complement cascade

Intravascular hemolysis

Stroke

Fatigue (80% patients) =

Bone marrow failure
(peripheral cytopenias,
overlap with AA and MDS)

Dyspnea (66% patients)
\_(g‘_'_’ )
Chest pain (12% patients) ‘
N
Abdominal pain (45% patients) .
Dysphagia

Cardiac ischemia

Pulmonary embolism

pig Y
W P

Renal insufficiency

)
C)

Dark urine
Erectile dysfunction DVT

Thrombosis
(40-50% of patients, the
main cause of death)

Budd—Chiari (17% patients)

Paroxysmalni
nocni
hemoglobin-
urie

From: Fattizzo B, Serpenti F, Giannotta JA,
Barcellini W. Difficult Cases of Paroxysmal
Nocturnal Hemoglobinuria: Diagnosis and
Therapeutic Novelties. J Clin Med.
2021;10(5):948. Published 2021 Mar 1.
doi:10.3390/jcm10050948



PNH treatment

Eculizumab is humanized therapeutical antibody that binds
C5 complement and prevents its cleavage by C3b. It is used
to treat paroxysmal nocturnal hemoglobinuria (PNH),
atypical hemolytic uremic syndrome (aHUS), and
neuromyelitis optica.

Eculizumab @

@& G

(@
Pegcetacoplan

I | 't
An—lla—Cys—Val—Trp(Ma)—GIn—Asp—Trp—GIy—Ala—His—Alg—Cys—Thr—AEEA—H ; . .
\;)LNHP. C3 and its activation fragment C3b

I
Ac—|le—Cys—Val-Trp{Ma)—Gin— Asp—Trp—Gly—Ala—Hia—Arg—Cys —Thr—AEEA—H NH
B 2

» Pegcetacoplan binds to complement protein

F‘\/\/n\(o « regulating the cleavage of C3 and the
] generation of downstream effectors of
®  complement activation

WH



NedostateCna erytropoeza

« Sideropenie — nedostatek zeleza
— mikrocytarni- anizocytoza, | retikulocyty
 Megaloblastova aneémie — nedostatek
vitaminu B,, nebo Folatu
— macrocytarni-anizocytoza
« selhani kostni drené - aplasticka anéemie,
myelodysplasticky syndrom, leukemie
— normocytarni, normochromni
— hypoplazie kostni drene



Iron metabolism

Iron is an essential bioelement for most forms of
life, from bacteria to mammals due to its ability to
mediate electron transfer.

Fe?* (ferrous state) «—— Fe3+ (ferric state)

Because of its toxicity, free soluble iron is kept in low
concentration in the body

Protein Plasma
bound transferrin 4
(myoglobin) mg
0.4g 0%
8%
Blood 2.5g

51%
Intracellular

ferritin2 g
41%

Structure of Heme b



Iron transport

absorption of dietary iron is relatively low (5-35%)
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* there is no physiologic regulatory mechanism for excreting iron

absorption from diet is enhanced
in the presence of vitamin C and
diminished by excess calcium,
zinc, or manganese

heme carrier

enterocytes synthesize more
Dcytb, DMT1 and ferroportin in
response to iron deficiency



Cellular iron homeostasis

Alternatively,div

alent iron can Hepcidin causes the

enter the cell ” ® ° internalization of ferroportin,
directly via Fe** ¢ ° ® ® decreasing iron export.
DMT1, ZIP14 o heme and Fe-S

mitochondrion ~ biosynthesis

Hp \‘ ) hepcidin

iron exporter

Fe?* ferroportin Fpn
® ® STEAP2 P P
SDR2
® th
¥
®
® @
- L
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ZIP14 @ [ ] ® ] -_/J—FPN mMANA
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labile iron pool ® /_J TFR1 mRNA
~000‘mM . . . ;\ /_!_ DMT1 mRNA
@ b translational control
? @ ferritin\
7 %o
4 .
@ endosome hemosiderin iron-responsive element-

binding proteins, also known
as IRE-BP, IRBP, IRP and IFR

IRPs

Cellular uptake primarily through receptor-mediated re (Iﬂ?
endocytosis via transferrin receptor TFR1, TRF2 and GAPDH 5 e 2AANS,




HIF-PHI {Roxadustat) HIF-3

| 2
§ 4 HIF-a - . tEPO, EPOR;
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HEPCIDIN

(-

Macrophage

@)

\| SMAD1/5/8 STAT3
pathway pathway

Hepcidin
producing
Adenoma

Enterocyte Macrophage

D Iron

& Deficiency
g@ Anemia

Ineffective
Erythropoiesis

e

\E nterocyte

Erythroid
precursors

SMAD1/5/8
pathway

Iron
Overload

@ " Anemia

o0

protein hormone
encoded in humans by
the ERFE gene.
Erythroferrone is
produced by
erythroblasts

Macrophage



Ukazatele hladiny zeleza

 koncentrace zeleza v séru (age , sex)

* TIBC (total iron binding capacity Fe)

= hladina transferinu

« saturace transferinu (N 20-55 %)

« serovy ferritin

» serovy (solubilni) transferinovy
receptor (sTfR)



Ukazatele zeleza

Télo - bunka Krevni plazma
ke TIBC
. Sérové
Ferritin - A
zasobarna W
Transferin

Ferritin v séru

C @




Ukazatele metabolismu zeleza

Sérove zelezo ( Sl)

« F:600-1400 pg/L, 11-25umol/L; M: 750-1500 ng/L, 13-
27umol/L

« Snizeno pri nedostatku Fe a chronickych chorobach

« Zvyseno pri hemolytickych anemiich a hemochromatoze
Celkova vazebna kapacita zeleza (TIBC)

« 2500 -4500 pg/L , 45-82 umol/L

« Zvysena u nedostatku Fe

« Snizeno pri chronickych chorobach

Seérovy ferritin (30-300 ng/mL)

* Velmi blizce reflektuje celkove zasoby Fe v organismu

* snizeni <12 ng/mL - nedostatek Fe

« zvySeni pfi pretizeni Fe, poSkozeni jater, tumorech (protein
akutni faze)




Ukazatele metabolismu zeleza

Sérovy transferinovy receptor

« Zvysuje se pri zvyseni erytropoezy a v casné fazi
nedostatku Fe

Erytrocytarni ferritin

« Stav zasob v prubéhu poslednich 3 mésicu (Fe
deficit/pretizeni)

* neni ovlivnen akutni nemoci nebo funkci jater

Volny erytrocytarni porfirin

* zvyseny pri poruchach syntezy hemu




Manifestni anemie

Latentni lsérové Fe
chybi sérové Fe lsat. transferinu
pro erytropoezu ISTfR
Prelatentni sérovy ferritin
CIYRIZasObIILLse TIBC/transferin
lFe (sideroblasty)

v dreni



Priciny anemie

Anémie Anémie z Myelodys-
chronickych nedostatku plasticky
chorob zeleza syndrom
Serove Fe ||]| W T
Transferin/ || L1 i
TIBC
Ferritin i 1F oy ™1
Kostni dferi |[Fe++ v M® |Chybi Fe | Ckrouhle
sideroblasty —
zasoby Fe 1
Dg_ voditka | 4£akladni Priznaky | Fe Dyshemato-
onemocneni ?krvaceni? poeza




Krevni nater

* Morfologie krevnich elementu
— Anizocytoza = rozdily ve velikosti

— Poikilocytoza = rozdily ve tvaru (schistocyty
=fragmenty erytrocytu; ovalocytes; sférocyty)




Normal Smear




Normal Smear

o' Viegaloblastic Anemia
“  B-12 Deﬁciency

.003 ,’




Srpkovita anemie



Rluzné tvary erytrocytu

Sférocyty

Ztrata centralniho projasneni, barvi se tmaveéji, casto
mikrocytarni. Hereditarni sférocytoza-a nekteré ziskane
hemolytické anémie

TercCikovité bunky

Hypochromni s centralnim "terCikem® hemoglobinu.
Choroby jater, thalasémie, hemoglobin D,
postsplenectomii

Eliptocyty

Ovalné az doutnikovité. Hereditarni elliptocytdza, nékteré
anémie (zvlasté nédostatek vitaminu B-12 and folatu).

Schistocyty

Fragmentované pfilbovité nebo trojuhelnikovité.
Microangiopatické anémie, umélé srdecni chlopne,
urémie, maligni hypertenze.

Stomatocyte

Erytrocyty maji stérbinovitou oblast centralniho projasnéni.
Choroby jater, akutni alkoholizmus, malignity, hereditarni
stomatocytéza, and artefakt

Srpky

Podlouhlé buriky se zaspi¢atélymi konci. Hemoglobin S a
nékteré typy hemoglobinu C a l.




Krevni obraz — kdy?

hematologické, neoplasticke,
zaneétlivé nebo infekéni onemocnéni

kojencu (<1 yr.), téhotnych,
starSich pacientu a pacientu s hematolog.
abnormalitami

* rutinni evaluace pacienta, prijem do
nemocnice



Microcytic Hypochromic

Anemia (MCV<83; MCHC<31)

Responsive to iron
IrOr.] i therapy
deficiency
E Unresponsive to iron
_Chronlc | e
inflammation
- Reticulocytosis and
Thallassemla indirect bilirubinemia
major

Thalassemia
minor

Elevation of fetal
hemoglobin, target
cells, and
poikilocytosis

Basophilic stippling

Lead . of RBCs
poisoning

s * | Ring sideroblasts in
Sideroblasti| "°°
C

. Hemoglobin

HemO.glObl- electrophoresis
nopaties




Microcytic Hypochromic Anemia

(MCV<83; MCHC<31)

Total Iron-
Serum Iron Bmd"]g BonaTMatrgw Comment
Capacity Iron
(TIBC)
Ceadpoisoning Basophitic
N N ++ stippling of
RBCs
Sideroblastic Ring
' N ++++ sideroblasts in
marrow
Hemoglobinopaties N N ++ Hemoglobin

electrophoresis




Microcytic Hypochromic Anemia (MCV<83fL;

MCHC<31pq)

FOrg]Iron Bone Marrow
Serum Iron Binding /5N Comment
Capacity (TIBC)
Iron deficiency l ' 0 Responsive to
iron therapy
Chronic l l ++ Unresponsive to
inflammation iron therapy
Thalassemia Reticulocytosis
major t N ++ 4+ and indirect
bilirubinemia
Thalassemia Elevation of A of
minor N N ++ fetal

hemoglobin,
target cells, and
poikilocytosis




Macrocytic Anemia (MCV,
>95 fL)

Deficiency of vitamin B-12

Deficiency of folic acid

Megaloblastic

bone marrow Drugs affecting DNA synthesis

Inherited disorders of DNA synthesis

Liver disease

Hypothyroidism and hypopituitarism

Nonmegaloblastic Accelerated erythropoiesis (reticulocytes)

bone marrow
Hypoplastic and aplastic anemia

Infiltrated bone marrow




Absorpce vit. B12

Salivary Glands

Haptocorrin (HC)

Parietal Cells
HCI Intrinsic
Factor (IF)
Large _
Intestine | Pancreas
Pancreatic

Proteases (PP)

Transcobalamin (TC)

Terminal
lleum



The role of vit. B12 and folate

Folic acid
Nucleus )
H, folate Methylmalonic
acid
T
el MethimalonyIECoA
il folate
Thymidi i
ymidine Methyl_Blz (AdenOSY'. 312)
o Methylmalonyl-CoA
Deoxyuridine  Methylene- Folate hethloniine mutase

H,-folate cycle Syl

\ Methyl-

Dietary folate —> H -folate

Succinyl-CoA

l

Methionine
cycle
C TCA cycle )

Homocysteine Methionine

\ Mitochondrion
S-adenosyl- S-adenosyl-
homocysteine methionine
~—

Cytopl
A Methylation



lLack of vit. B12 - causes

* Not enough ingestion — strict vegans if
they do not take care

* Autoimmune inflammation of gastric
mucosa (atrophic gastritis) leading to
deficiency in intrinsic factor

* Diseases of terminal ileum (celiac disease,
Crohn disease)



