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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 %
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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% / wk

« zvysSena destrukce - hemolyza
— defekt erytrocytu
— extraerytrocytarni priciny
- zvysena ztrata
 maldistribuce (hyperslenismus, pooling ve slezing)



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)
— Reticulocytopenia
« defekt erytropoezy




Anémie

1) { produkce
1.1. Aplasticka anémie
1.2. Myelodysplasticky sy
1.3. Nedostatek zeleza

1.4. Anémie u chronickych
chorob

1.5. Nedostatek B12/kys.
listove

2) T ztraty

2.1. Akutni krvaceni
2.2. Chronické krvaceni

3) T hemolyza

A)

Korpuskularni priciny
3.A1 Sférocytoza

3.A2 NocCni paroxysmalni

hemoglobinurie

3.A3 Deficit G6Pdehydrogenazy

3.A4 Srpkovita anémie
3.A5 B- a o-talasemie

Extrakorpuskularni priciny
3.B1 Autoimunni hemolyticka a.
3.B2 Rh inkompatibilita

3.B3 Hem. — Uremicky sy
(Mikroangiopatie)




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)



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 @
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Manifestni anemie

(1% %71%

Latentni lsérové Fe
chybi sérove Fe lsat. transferinu

pro erytropoezu ISTfR

(1)

Y. ] serovy ferritin
CIYRIZasObIILLse TIBC/transferin

lFe (sideroblasty)
v dreni

Prelatentni




Hepcidin




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




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




Zjednodusené schéma vstirebavani vitaminu B12

Jidlo
E12 je pevné vazan
na Fvociing bilkoviny.
Usta

Sliny obsahwi transportnd
bilkowiny, které se navaZou
na witamin B1Z, a v Zaludlm
ho tak ochrand pfed
Faludetnitm koyselinarm.

N,

Zaludek
1. Bilné kyseliny odstépi B12
od Evofinych bilkowin,
2. Stény Zaludku produlayi
latkon mwanow wutind faktor,
leterd pomdaha absorpci B12,

Jatra
60 % B12 je uloZeno
w jatrech, 30 %% we svalech.

Fluénik
Po po#it tuéngch jidel e S N
wylufuje do stfew B12 a 2ud. SPI.'Wka (za zaludlfem)
-. Vylutfuje enzymy, které
rozkdadayi transportnd bilkowiny,

a uvolingi tak B12, ktery se

Jaterni ohéh
Krev transportue Zviny ze stiev
do jater. Timto procesem télo
skdaduje witarin B12, phitems? je
B12 opakované vetiebavan
| auldadan,

Tlusté stievo
Znadné mnoZstei B12 je
wyrahéno halkterierm, ale
neni vstfehano a je
vyloufeno se stolici

ve dvanactnilon navage
| na vtfnd faldor,

Drvanactnik
Zasadité prostiedi na zacatku
tenleého stfeva podporye
navazani B12 na witfnd faldtor.

Eytemik

Konec tenkého stfeva, kde je
kazdych 4-6 hodin wstfebano do
larve 1,5-2 mikrogramu komplezu
B12-vutfnd faltor. Také je zde
vstfebano 1 % volného B12

a B12 je zde znowu vstieban
spolu se Fudi a doprawven do jater

na uskladnéni.



HEMOLYZA

INTRAVASKULARNI

haptoglobin
< 7 - Hb ledviny

EXTRAVASKULARNI

slezina, jatra, kostni dien
(makrofagy)

Shiort
gastric v.

Léft gastroepiploic v. and a.



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.






TESTY HEMOLYZY

Imunitni mechanismy -~ primy Coombsuyv (antiglobulinovy) test

POSITIVE DIRECT COOMBS TEST

Anti-human antibody
(Coombs Reagent) ..,

Hleddme protilatky
proti erytrocytum

Protilatky tridy [gG (tzv.
nekompletni protilatky)
Nikoliv protilatky ABO

-y . Antibody/Antigen l Kb dbeay
Tyto protilatky jsou zodpo- ~ complexonRed, ... binds with Antibody

cell surface attached to Red Cell

védne za hemolyzu Surface = Agglutination



Primy antiglobulinovy
(Coombsuv) test

* Detekce protilatek proti povrchovym
antigenum erytrocytu

* AIHA

* Antiglobulinove sérum je pridano k
vymytym erytrocytum pacienta ------
aglutinace indikuje pritomnost
imunoglobulinu nebo slozek komplementu
navazanych na erytrocyty



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 [



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

 routinni evaluace pacienta, prijem do
nemocnice



Blood loss anemia

 Acute blood loss

— shortly after massive blood loss Hb normal
due to vasoconstriction

— normochromic - normocytic

* Chronic blood loss
— results in iron deficiency
« Excessive hemolysis (RBC destruction)



Excessive hemolysis (RBC

destruction)

reticulocytosis, LDH is increased, unconjugated bilirubin accumulate

Extrinsic RBC defect (normocytic-normochromic RBC )
* Immunologic abnormalities (AIHA, PNH)
* Mechanical injury (trauma, infection)

Intrinsic RBC defect

 Membrane alterations

— congenital (spherocytosis, elliptocytosis)

— Aquired (hypophosphatemia)
» Metabolic disorders (G6PD deficiency)
 Hemoglobinopaties (Sicle cell disease, Thalassemia)



HEMOLYSIS

INTRAVASCULAR

haptoglobin
< > - Hb kidneys

EXTRAVASCULAR

spleen, bone marrow, liver
(macrophages)

Shiort
gastric v.

Léft gastroepiploic v. and a.



SYMPTOMS OF HEMOLYSIS

— loose Hb hemoglobinemia,
l hemoglobinuria
. hemosiderinuria
anemia
BM activation .
damage to the kidneys
reticulocytosis g
Sy
W
¥ extravascular
f % increased prodution of bilirubin

jaundice|(icterus)

A

splénomegaly

Léft gastroepiploic v. and a.



TESTS FOR HEMOLYSIS

immune mechanisms — direct Coombs (antiglobulin) test

Search for antibodies
against proper RBC

Antibodies other than AB(

These Abs are responsible
for hemolysis

POSITIVE DIRECT COOMBS TEST

Anti-human antibody
(Coombs Reagent) "',

B h

Antibody/Antigen Sl b st o
complex on Red ... binds with Antibody
cell surface attached to Red Cell

Surface = Agglutination



Direct antiglobulin (Coombs’

test (DAT)

» Detection of antibodies to erythrocyte
surface antigens

* AIHA

* Antiglobulin serum is added to washed
RBC from the patient ------ agglutination
iIndicates presence of immunoglobulins or
complement components bound to RBC



TESTS FOR HEMOLYSIS

Test of osmeotic resistence
RBC survive only in isotonic surrounding but have some
toleration to its changes

RBC in some hemolytic states have decreased tolerance

Special tests
membrane properties (electrophoresis of proteins)
properties of hemoglobin
genetic tests




Acid hemolysis

Hams’) test

« Diagnostic test for paroxysmal nocturnal

hemoglobinuria (PNH

W

« HCI acidification of blood = hemolysis when

PNH
Currently Flow cytometry analysis for C

29O

and CD59 is more reliable to diagnose PNH

Glycosyl-phosphatidyl-anchor abnorma

ity

caused by the PIG-A gene mutation = clinical
manifestation result from the lack of GPA
dependent proteins on the surface of cells



Acid hemolysis (Hams’) test




Deficient erythropoiesis

* Iron deficiency

— microcytic-anisocytosis, | reticulocytes
 Vitamin B,, or Folate deficiency

— macrocytes-anisocytosis

 BM failure - chronic diseases, aplastic
anemia, myelodysplasia, leukemia
— normochromatosis-normocytosis
— BM hypoplasia



Tests for iron

* jfron concentration in serum (age , sex)
* TIBC (total iron binding capacity for Fe)
 transferrin saturation (N 20-55 %)

* serum ferritin

* serum (solubile) transferrin receptor
(sTfR)



Tests of iron metabolism

Serum iron ( Si)

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

 Low in Fe deficiency and chronic disease

* High in hemolytic syndromes and iron overload
Total iron binding capacity (TIBC)

« 2500 -4500 pg/L , 45-82 umol/L

« High in Fe deficiency

* Low in chronic disease

Serum ferritin (30-300 ng/mL)

* Fe storage glycoprotein

» Closely correlates with total body Fe stores

+ <12 ng/mL Fe deficiency

« Elevated in Fe overload, liver injury, tumors (Acute phase
L i O, T\




Tests for iron metabolism

Serum transferin receptor

* Increase Iin increased erythropoiesis and early Fe
deficiency

RBC ferritin

« storage status over the previous 3 month (Fe
deficiency/overload)

 unaffected by liver function or acute illness
Free RBC porphyrin
 increased when heme synthesis altered




Manifest ancmia

Latent lserum iron

iron deficiency le saturation

erythropoiesis I STfR
Prelatent

serum ferritin
no stores TIBC

liron in BM




Microcytic Hypochromic

Anemia (MCV<83; MCHC<31)

Responsive to iron
IrOr.] i therapy
deficiency
E Unresponsive to iron
_Chronlc | e
inflammation
2 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
Hemoglobi_ Hemoglobin

_ electrophoresis

nopaties




Normal Smear




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<83;

MCHC<31)

EOIGI IrOre 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)

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




Normal Smear

o' Viegaloblastic Anemia
“  B-12 Deﬁciency

.003 ,’




Blood smear

* Morphology of blood elements
— Anisocytosis = variation in size

— Poikilocytosis = variation in shape
(schistocytes=RBC fragments; ovalocytes;
spherocytes)




Various Forms of RBCs

Spherocyte

Loss of central pallor, stains more densely, often
microcytic. Hereditary spherocytosis and certain acquired
hemolytic anemias.

Target cell

Hypochromic with central "target" of hemoglobin. Liver
disease, thalassemia, hemoglobin D, postsplenectomy.

Elliptocyte

Oval to cigar shaped. Hereditary elliptocytosis, certain
anemias (particularly vitamin B-12 and folate deficiency).

Schistocyte

Fragmented helmet- or triangular-shaped RBCs.
Microangiopathic anemia, artificial heart values, uremia,
malignant hypertension.

Stomatocyte

Slitlike area of central pallor in erythrocyte. Liver disease,
acute alcoholism, malignancies, hereditary
stomatocytosis, and artifact.

Sickle cell

Elongated cell with pointed ends. Hemoglobin S and
certain types of hemoglobin C and |.




Sicle Cell Disease



When to do CBC?

hematologic, inflammatory,
neoplastic, or infectious disease

of infants (<1 yr.), pregnant
women, elderly patients, and patients with
nutritional abnormalities

* routine patient evaluation, admission to
hospital



Red blood cell (RBC) count

* F:3.9-5.0x1072 erythrocytes / L
« M: 4.5 -5.7 x 10'2 erythrocytes / L



decrease - anemia
Increase - polycythemia = polyglobulia

Properties of RBC

* membrane
* hemoglobin
* metabolism



ANEMIA

 WHO criteria: Hb < 125 g/L in adults
« US criteria:

—M: Hb <135 g/L

—F: Hb <125 g/L




&




Deleni anémii podle priciny
 Z XX krvetvorby

« ZeTl odbouravani Ery

T



