Zakladni hematologicka
vysetreni

Ustav patologické fyziologie
1.LF UK




Co vysetrujeme?

1. Krev
2. Kostni dren
- aspiracni punkce
- trepanobiopsie
3. Lymitaticke uzliny - extirpace




Prehled metod

FW

Krevni obraz

Koagulace

Cytochemie

Vysetreni metabolizmu Fe
\ysetreni metabolizmu HGB
Imunologie

Prutokova cytometrie

Cytoegenetika a molekularni bioclogie
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Sedimentace erytrocytu (FW)

> Rychlost sedimentace zavisi na tvorbe agregatu
erytrocytt — penizkovateni (suspenzni stabilite)




> Zrychleni - fibrinogen, imunoglobuliny, CRP a
jIné proteiny akutni faze, anemie

> Zpomaleni - albumin, polycytémie

> Metoda Fahreus-Westergrenova (F\WW)

> Norma: 2-5 mm/h u muzu
3-8 mm/h u zen (| ery, 1 fibrinogen)

> Nespecificke vysetreni — screening, sledovani
prubehu (dynamiky) nemoci




Krevnii obraz (KO)

IHemoglobin (HGB) > Pocet trombocytu (PLT)
Hematokrit (HCT) j—Distribuénl’ Sire PLT (PDW)
Pocet erytrocyttl (RBC) Objem PLT (MPV)

Objem RBC (MCV) > Pocet leukocytu (WBC)

Mnozstvi HGB v RBC > Diferencialni rozpocet WBC
(MCH) - segmenty a tyce

Koncentrace HGB v RBC - eozinofily
(MCHC) - bazofily

Distribuéni &ite RBC (RDW)| ~ ororY
: - lymfocyty
Retikulocyty (ret)

kvalitativni vysetreni




> Automaticke stanoveni hematologickymi
analyzatory
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Jak funguje analyzator ?

- Impedancni — pri pruchodu castice mezi elektrodami
vzroste impedance |

- pocet impulzu = pocet castic
- amplituda = objem castice

- opticke — pri pruchodul castice pres fokusovany
svetelny paprsek dojde k rozptylu svetla
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> Klasicky krevni nater

- pri patologickem nalezu na analyzatoru
- Zhodnoceni morfologie bunek
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IHemoglobin

> Stanoveni spektrofotometricky po hemolyze
erytrocytu a preméné na hemiglobinkyanid

> Normalni hodnoty
zeny: 120 — 160 g/l
muzi: 130 - 175 g/l

> Zvyseni: polycytemie, dehydratace

> Snizeni: anémie, hyperhydratace




IHematokrit

> HCT udava procentuelni zastoupeni erytrocytu v
objemové jednotce krve

(analyzator vypocCita HCT z RBC a MCV)

> Normalni hodnoty
zeny: 0,35 - 0,46 35 -46 %
muzi: 0,40 — 0,50 40 — 50 %

> Zvyseni: polycytemie, dehydratace

> Snizeni: anémie, hyperhydratace




Pocet erytrocytu

» udavan v mnozstvi x10%%/| nebo x108/yl

> Normalni hodnoty
zeny: 3,8 — 5,2 x 1014/
muzi: 4,2 — 5,8 x 1014/

> Zvyseni: polycytemie, dehydratace

> Snizeni: anémie, hyperhydratace




MCV — mean cell (corpuscular) volume

o el — hematocrii
> Vypocet: RS  —

poc  ery.

- urcen primo analyzatorem !
> Normalni hodnota: 80 — 99 fi
> Rozliseni - normocyty

- mikrocyty
- makrocyty




MCH — mean cell (corpuscular)
hemoglobin

- - VOH - hemoglobin|g /1]

poc  er|! ! l

> Normalni hodnota: 27 — 33 pg

» RozliSeni - normochromni RBC (normo nebo makrocyty)
- hypochromni RBC (vétSinou mikrocyty)




MCHC — mean cell (corpuscular)
hemoglobin concentration

— hemoelobinle /]
Ilf[ 1:":;[ 1 o I|_1 I

> Vyp°éet: hematorcii

> Normalni hodnota: 33 - 37 %

> Hodnoceni obdobné jako u MCH




RDW — red cell distribution width

> Analyzator vytvori v pameti Priceovu-Jonesovu Krivku, RDW
je sirka distribuce (obdobne se stanovuje PDW)

(RDW je mirou anizocytozy)

norma

— mikrocytarni anémie

makrocytarni anémie




Pocet retikulocytu

Stanoveni z krevniho natéru obarveného
brilantkrezylovou modri (pocet / 1000 RBC)

(analyzatorem — absolutni hodnoty)

Normalni hodnota: 0.5-1,5%

Zvyseni: zvysena tvorba RBC v kostni dreni
(krvaceni, hemolyza)

Snizeni az vymizeni: utlum erytropoezy, utlum
drene







Pocet trombocytu

> Udava se v mnozstvi x10%1 nebo x10°/pul
»> Normalni hodnoty: 150 — 450 x 109/

> Zvyseni: trombocytoza

> Snizeni: trombocytopenie

> Funkcni porucha: trombocytopatie




Pocet leukocytu

» Udava se v mnozstvi x10%/ nebo x103/ul
»> Normalni hodnoty: 4 — 10 x 109/l
> Zvyseni: leukocytoza

» Snizeni: leukopenie




Diferencialni rozpocet leukocytu

> Udava zastoupeni jednotlivych druhu leukocytu v krvi

> Vyjadruje se v relativnim (%) nebo absolutnim poctu

Poruchy:
neutrofilie x neutropenie
eozinofilie x eozinopenie

bazofilie x bazopenie
lymiocytoza x lymiopenie







Anéemie




> 39 leta tehotna zena byla vysetrena pro
progredujici Unavu a zadychavani pri
minimalni zatezi. Klinicke vysetreni az na
blede spojivky V. norme.




> Bylo vysloveno podezreni ha anemii, provedeno
vysetreni krevniho obrazu

HGB 71 g/l (120 — 160 g/l)
HCT 23% (35 -46 %)

RBC 2,5x102  (3,8-5,2x 102/

MCV 74l (80 — 99 fl) mikrocytarni

MCH 22 pg (27 — 33 pg) hypochromni
RDW 17,1% (13 — 15 %) S anizocytozou

ret 0.2% (0,5—1.5 %) hypoproliferativni
WBC 54 x 10° (4 —10 x 109/1)

PLT 450 x 10° (150 — 450 x 109/1)

> Ktery parametr krevniho obrazu diagnostikuje anémii?
> ProC neni anémie definovana hodnotami RBC a HCT?

> Jak lze anémii na zakladé hodnot KO blize charakterizovat’é?8
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Anémie
(patofyziologicka klasifikace)

\ %

4 ) 4 )

hyperproliferativni hypoproliferativni
(zvysené ztraty) (nedostatecna tvorba)

- 4 - 4

nedostatek /nedostatek\ porucha
erytropoetinu faktord krvetvorne

krvaceni hemolyza dulezitych pro tkane
kerytropoezu/




Anémie
(morfologicka klasifikace)

mikrocytarni normocytarni makrocvtarni
(hypochromni) (normochromni) y

anémie
chronickych = krvaceni
chorob

deficit
vitaminu B12

sideropenicka
anémie

anemie TS aplasticka deficit

Chrorl]’lick)t'gch he;n:e!ﬁi;ké anémie kyseliny listové
choro

MDS
talasémie jaterni choroby
hypotyredza




\/ysetreni metabolizmu zeleza

> S-Fe
> S-feritin
> S-transferin
Saturace transferinu
Celkova vazebna kapacita transferinu
> (Soelubilni' transferinovy: receptor)




\/ysetreni metabolizmu zeleza

> Tranzitni pool Fe je stanovovan jako serove zelezo
(veskere zelezo je vazano na transferin) a jako TIBC
(celkova vazebna kapacita) aily Diet

contains
10-20 mg iron
|
J.-"' TRANSFERRIN
Tt (transports iron}
Lose 1-2 mg

3 spzomh ,,irnn.fdayhfrc_:rn
1 -2 mg ——/ desquamation

> Pool Fe v zasobarnach je O‘) iy Bhwpithals

Tﬁ-ﬁ 5-15%

Other
Processes

> stanovovan jako sérovy: feritin {

Hemoglobin/ 0@
Erythropoiesis

FERRITIN
(stores iron in liver & heart)

Mo
Physiologic
Excrefion
Mechanism




\/ysetreni metabolizmu zeleza

> TIBC se zvysuje piil snizenem Fe v seru (vice
neobsazeneho transferinu) a pri zvyseni Seroveho
transferinu

> Saturace transferinu je vypoctena jako S-Fe/ TIBC

> STTR vznika proteolyzou membranoveého TfR, je
neprimym ukazatelem exprese TfR v organismu

=> zvysen u deficitu zeleza a intenzivni erytropoezy

33




from Iron-Deficiency Anemia.*

Table 3. Serum Levels That Differentiate Anemia of Chronic Disease

Anemia of
Variable Chronic Disease
lron Reduced
Transferrin Reduced

to normal
Transferrin saturation Reduced
Ferritin M ormal

to increased

Solubletransferrin receptor N ormal

Ratio of soluble transferrin Low (<1)
receptor to log ferritin

Cytokine levels Increased

Iron-Deficiency

Anemia

Reduced

Increased

Reduced
Reduced

Increased
High (=2)

M ormal

Both
Conditions
Reduced
Reduced

Reduced

Reduced
to normal

M ormal
to increased

High (=2)

Increased

* Relative changes are given in relation to the respective normal values.
T Patients with both conditions include those with anemia of chronic disease

and true iron deficiency.
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Immune effector
mechanisms

Interleukin-&
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phagocytosis of senescent Divalent metal
erythrocytes transparter 1

Erythroid
progenitor cell




mikrocyty
Proc je sideropenicka 1

anémie mikrocytarni? »
mitozy

Y

prodlouzena hemoglobinizace

ProcC je pritomna
anizocytoza? T

nedostatek Fe

Stam cell Committed call

thusu-ma nthesis Hamu obin accumulation | |Ejection of nuclkeus

B @8sss o

Early
Hemocytoblast erythroblast erythroblast Hﬂfﬂ?ﬂhllll Reticulocyte Erythrocyte




» 50 leta zena prichazi pro zhorseni dechu v
nekolika poslednich tydnech. Take si stezuje
na mravenceni prstu na leve noze. Pri
fyzikalnim vysetreni zjistujeme zlute
zabarvene sklery, cerveny a vyhlazeny jazyk.




> Pro podezreni na anemii byl vysetren krevni
obraz:

HGB 65 g/l (120 — 160 g/l)
HCT 19,3% (35 -46 %)

RBC 1,7x10'?% (3,8—-5,2x 102/
MCV 114 fl (80 — 99 fl)

MCH 33 pg (27 — 33 pg)

RDW 22 % (13 =15 %)

ret 0,4% (0,5—-1,5 %)
WBC 2,0x10° (4 -10x 10%)
PLT 140x10° (150 —450 x 1091)

O jaky typ anémie se jedna?




Anémie
(morfologicka klasifikace)

mikrocytarni normocytarni makrocvtarni
(hypochromni) (normochromni) y

anémie
chronickych krvaceni
chorob

deficit
vitaminu B12

sideropenicka
anémie

anemie TS aplasticka deficit

Chrorl]’lick)t'gch he;n:e!ﬁi;ké anémie kyseliny listové
choro

MDS
talasémie jaterni choroby
hypotyredza




> Vysetreni serove koncentrace:

vitaminu B12
kyseliny listove

> ProcC je anemie makrocytarni?




Synthesis of 5,10-Methylenatetra- o
m a k ro cyty nucleotides hydrofolate reductase Cystathioning
1 m Cystathionine p-synthase

T 5 10-Methylene- 5-Methyl- Vitamin B,
tetrahydrofolate tetrahydrafolate

prodlouZena doba mezi "
bb delenimi

Homocysteine
Tetrahydrofolate g ‘\

SAdenosyl-
homocysteing
Folate _
T racsptors Methionine
Folic Acid Methyl- Methylated DNA,

transferases

proteins, and lipids

nedostatek kyseliny .
listové a vitaminu B12 metionine

DNA, proteins, and lipids

Stem cell Committed call Davelopmantal pathway -

Phase 1 Fhase 2 Phase 3
@ B ©—'

Ribosome synthesis Hamuyuhm accumulation | |Ejection of nucleus
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Early Late L
Hemocytoblast Proerythroblast erythroblast erythroblast I'-l-nn'nnhlnt Reticulocyte Erythrocyte



HGB 65 g/l
HCT  19,3%
RBC 1,7 x 102
MCV 1141l
MCH 33 pg
RDW 22 %

ret 0,4%
WBC 2,0 x 10°
PLT 140 x 10°

(120 — 160 g/l)
(35 - 46 %)

(3,8 — 5,2 x 1012/])
(80 — 99 fl)

(27 — 33 pg)

(13— 15 %)
(0,5—1,5 %)

(4 — 10 x 109/1)
(150 — 450 x 109/1)

ProC ma pacientka pancytopenii ?

ProC ma pacientka parestézie?




Serine

Methionine \

p- THF
S-adenosyl
_ PLP methionine
Glycine (SAM)
Methlene- ;
THF
S-adenosyl
homocysteine
FAD (SAH)
Methyl- Homocysteine ‘/(
Formyl- THF '
THF Serine Phosphatidylcholine,
\ myelin, melatonin,
PLP cathecoleamines,
* DNA, and RNA
Thymidine (DNA) Y
' Cystathionine

Purines (RNA, DNA)
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hypochromni mikrocytarni
anémie

S —

makrocytarni anémie
hypersegmentovany neutrofil




Hemolyticke anemie




extravaskularni

intravaskularni
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aminokyseliny bilirubin
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\/ysetreni metabolizmu hemoglobinu

> S-bilirubin — koncentrace odrazi degradaci hemu
(zvysen u hemolytickych anemir)

> S-haptoglobin (vaze hemoglobin)
> S-hemopexin (vaze hem)
(snizeny urhemolytickych anemir)

> Elekiroforeza hemoglobinui — zjisteni abnermalnich
hemoglobinu (hemoglobin S)




\/ysetreni antierytrocytovych protilatek

(— dg. autoimunitnich hemolytickych anémii)

> Primy antiglobulinovy test (Coombsuv)

- prukaz protilatek na povrchu erytrocytu pomoci
antiglobulinoveho seéra

Y

JS X

RBCs with IgG (Y) Incubation with Agglutination

or C3 (C) bound to antibodies to (positive direct

membranea hiuman g ( :}f ) Coombs' test)
and C3 ()

1
QG
»



> Neprimy antiglobulinovy: test

- prukaz volnych protilatek v séru (po inkubaci RBC se
serem se prida antiglobulinove serum)

-

Fatient’s serum Incubation with Binding of any

ith IgG (YY) reagent RBCs IgG to reagent
RBCs

Incubation with Agglutination
antibodies to {positive indirect
human Ig [K} Croombs” test)




Imunologicka vysetreni

> V/ysetreni krevnich skupin

> (Primy antiglobulinovy test)
> (Neprimy antiglobulinovy: test)




The ABO Blood System

Blood Type Type A Type B Type AB Type O
(genotype) (AR, AD) (BB, BO) (AB) (00)
Red Blood | (A)(ALM 0
Cell Surface @ @
Proteins
ot : : :
LI A agglutinogens only | B agglstinogens only | A and B agglutinogens | No agglutinogens
Plasma
Antibodies Mo
(phenotype) WF
b agglutinin anly a agghutinin anby Mo agglutinin a and b agglutinin
I
Type AB (both expressed)
Type O Type A Type B
== Qoo
Gar‘bnhydrates Type A carbohydrate Type B carbohydrate
1
Cell Surface .
Protein rd I
- S-antigen B-antigen
=,
™Phospolipid Membrana




H antigen

A antigen




Vysetreni krevnich skupin

> ABO system
- vysetreni RBC pomoci diagnostickych ser anti-A
a anti-B
- vySetreni serovych aglutininu anti-A a anti-B pomoci
typovych erytrocytu

> Rh(D) system
- vysetreni pomoci anti-Rh(D) sera
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Cytochemie

> Prukaz latek v bunkach pomoci chemickych reakei,
hodnoceni periferni krve | kostni drene

> Reakce na zelezo (Perlsova reakce)

- prukaz zeleza v erytroblastech (sideroblasty),
erytrocytech (siderocyty) a makrofazich (siderofagy)

> Vysetrenil nekterych enzymu (ALP, NE)
- dg. a dif. dg. hematologickych malignit




Prutokova cytometrie (flow cytometry)

> technika umoznujici kvantitativne 1 kvalitativhe
analyzovat Castice — bunky — v suspenzi. Umoznuje
cilene separovat bunky na zaklade jejich fyzikalnich
a chemickych vlastnosti

> FACS (Fluorescence-activated-cell-sorting) - tfideni
bunecné suspenze dle odlisneho rozptylu svetla a
fluorescencni charakteristiky bunky
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> Uziti v hematologii:

iImunofenotypizace myeloproliferaci a lymfoproliferaci
pomoci fluorescencné znacenych monoklonalnich

protilatek
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