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Thrombopolesis

bone marrow circulation

megakaryocyte platelets

SCF, IL3, IL6, IL11, TPO
optimal megakaryocyte
development

requires TPO (etc)

Platelets (1,000s) bud off surface of megakaryocyte.
Platelet clearance: removed by liver and spleen after ~ 7 days .



Platelet Production

Average platelet life span is 7-10 days.

Platelets are lost through senescence, activation,
or other processes.

New platelets arise from BM megakaryocytes at
a rate of 1x10*! to 3x10* platelets per day.

This production can increase 10 fold during times
of high demand.

Platelet production is mostly regulated by
hormone TPO & its cellular receptor, c-Mpl.

TPO binds to megakaryocytes & HSCs via c-Mpl
which activates several signaling pathways In
megakaryocytes->megakaryocytes proliferation
and differentiation--> platelet production.




Main molecular mechanisms affected in malignant megakaryopoiesis and platelet function defects.
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Thrombocytopenia

Normalis thr. szam: 150-400 G/L
Verzekenyseg leggyakoribb oka
Veérzes tipusa: purpurdk, bor €s nyh veérzeések
Ok: I. csokkent kepzes

I1. fokozott pusztulas

III. kombinalt ok: csokkent képzes €s
fokozott pusztulas



Thrombocytopathia

* Funkciozavar, szam lehet norm. vagy
csokkent, de akar magasabb 1s

» Velesziiletett (adhesio, aggregatio, secretio
zavara, Bernard-Soulier szindroma,
Glanzmann thrombasthenia, ,,Aspirin-like”
betegseg, Storage pool)

» Szerzett (MPN, gyogyszer, uraemia,
paraprotein, majcirrhosis)

* Tunet: verzékenyseg



A trombocitopéniak okal

Csokkent képzés

Virus fertozes,
Szepszis,

Kémiai anyagok,
Myelodysplasia,
Myelofibrosis,
Aplasticus anémia,

Malignus hematologiai
betegsegek,

Csontvelot infiltraldo malignus
daganatok

Fokozott pusztulas

Immun
ITP

HIT

PTP

Fotalis vagy
ujsziilottkori
trombocitopenia

Nem immun

Hypersplénia
Konszumpcio (DIC, TTP,
HUS)

Dilucié

Passziv alloimmun
trombocitopénia

TTP, HUS



*Csokkent képzés (amegakaryocytas
thrombocytopenia)

Velesziiletett: Fanconi, Wiscott-Aldrich, May-
Hegglin anomalia, Bernard Soulier sy.

Szerzett:

- csontvelOkarosodas (gyogyszerek, sugar,
virusfertozesek, megakaryocyta ellenes antitest

- csontvelOinfiltracid: leukaemia, carcinoma

osteomyelofibrosis

ineffectiv képzes: B12, folsav hiany, MDS, alkohol



« Fokozott pusztulas (megakaryocytas
thrombocytopenia)

Immun mechanizmus:

Autoimmun (ITP), alloimmun (neonatalis,
posttranszfuzios), gyogyszer okozta (heparin,
Kinidin, szulfonamid), secunder (SLE,
Iymphoprolif. bet., AIDS)

Nem immun:

DIC, TTP, HUS, HELLP

hypersplenia, szivmubillentyld (mechanikus),
extrakorporalis keringés (felszin okozta)




 Thrombocytopenia a keépzes €s a pusztulas
egyldeji zavaraval:

Alkoholos majcirrhosis
portalis hypertensio-splenomegalia
alkohol direkt toxikus hatasa

Redistributio, fokozott sequestratio:
splenomegalia (majbetegseg,
myelofibrosis), hypersplenia

Dilucio: massziv transzitizio



Causes of Thrombocytopenia

Pseudothrombocytopenia (artifactual)
¢ Platelet clumping
e Platelet satellitism

Inherited

¢ Thrombocytopenia—absent radii (TAR) syndrome
e Wiskott-Aldrich syndrome

¢ May-Hegglin anomaly

¢ Bernard-Soulier syndrome

e (Gray platelet syndrome

Congenital non-inherited

e |ntrauterine viral infection

e Maternal drugs or medications: thiazide diuretics, oral hypoglycemic agents,
ethanol, steroids, quinine, and quinidine

e Maternal ITP or other immunologic diseases

¢ Neonatal alloimmune thrombocytopenia
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Acquired

Immune:

¢ |diopathic

¢ |nfections: viruses (EBV, CMV, HIV), bacteria, riskettsiae, Mycoplasma, others
¢ Drugs: quinidine, quinine, gold, rifampin, trimethoprim-sulfamethoxazole, others
e |ymphoproliferative disorders

e Autoimmune (collagen vascular) diseases

e Post-transfusion purpura

e (Other

Non-immune:

Infections

Disseminated intravascular coagulation (DIC)

Thrombotic thrombocytopenic purpura (TTP)

Hemolytic-uremic syndrome (HUS)

Preeclampsia/eclampsia and the HELLP syndrome

Massive transfusion

Gestational thrombocytopenia

Platelet sequestration in the spleen
e Hypersplenism: usually associated with anemia and/or leukopenia
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Tunetek

Mucocutaneous verzes
Petechiak,
Purpurak,

Véralafutasok,

Orrverzes,

Foginyvérzes, foghuzast koveto verzes,
Veérzés tonsillectomia utan,

,, Kékiilo™ bar,

Menorrhagia, sziilést kovetd veérzes,

Gasztrointestinalis / hugyuti verzes



Pseudothrombocytopenia

Az 0sszes vérkep vizsgalatok 0.07-0.11%-
ban.
Tobbnyire EDTA-val antikoagulalt vérben.

EDTA —Ca kotés —GPlIb/ll1a
konformadcio valtozas — addig rejtett
epitopok felszinre kertilése — agglutininek
kotddese, keresztkotes a thrombocytak
kozott — aggregatumok létrejotte.

Artalmatlan jelenség, lehet tartds vagy
atmeneti.

Dg.: alternativ antikoagulans (citrat),
periférias kenet



Artifactual thrombocytopenia
(pseudothrombocytopenia)

Causes of pseudothrombocytopenia

» platelet clumping (the most common
cause of pseudothrombocytopenia)

o platelet satellitism around neutrophils
 hereditary giant platelet syndromes
» a clotted specimen, or an old specimen



Figure 11-2 Platelet clumping (pseudothrombocytopenia). Large platelet clumps on the
blood smear from a 21-year-old asymptomatic woman. The hematology analyzer reported a
platelet count <11,000/wL. Specimen anticoagulated with citrate showed a normal platelet
count.



;7 6’; \c. oaoi

Figure 11-3 Platelet satellitism. Platelets adhering to the surface of a neutrophil. 4n this
case, the reported platelet count was only slightly decreased.




Diagnosztika

Anamne¢zis (velesziletett vagy szerzett, akut
vagy kronikus (akut ITP, gyogyszer), eldzetes
fertozes, gyogyszer-anamnezis, terhesseg,
transz{z10)

Fizikalis vizsgalat (bOr, maj-1¢p, nyirokcsomok)
Laborvizsgalatok (vérkép, alvadasi panel, virus
serologia (hepatitis), kivalto betegség keresese
Periférias kenet (thr. szam és morphologia), fvs €s
vvt morphologia

Csontvelo



Pseudothrombocytopenia
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Platelet Count versus Risk of Hemorrhage

Platelet Count®

Risk of Hemorrhage

>100,000/pL
50,000-100,000/pL

20,000-50,000/p.L

10,000-20,000/p.L
<5,000-10,000/puL

None

No risk of spontaneous bleeding; may have bleeding with
major trauma or surgery

May have minor spontaneous bleeding; major bleeding
uncommon except with major trauma or surgery

Minor bleeding likely; some risk of major bleeding

Significant risk of severe life-threatening bleeding
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Investigations in thrombocytosis

ET is a diagnosis of exclusion
» Rule out other causes of elevated platelet count

PLATELET

COUNT OF

1 MILLION/pL
CONDITION ADULTS OR ABOVE CHILDREN
Infection 22% 31% 31%
Rebound thrombocytosis 19% 3% 15%
Tissue damage (surgery) 18% 14% 15%
Chronic inflammation 13% 9% 4%
Malignancy 0% 14% 2%
Renal disorders 5% NS 4%
Hemolytic anemia 4% NS 19%
Postsplenectomy 2% 19% 1%
Blood loss NS 0% NS
Primary thrombocythemia 3% 14% 0%

NS = not specified.



Diagnostic criteria

The 2016 WHO diagnostic criteria of Essential Thrombocythemia (ET) include:

Major Criteria:
- Platelet count > 450 x 109/L.
- BM biopsy showing:

* Proliferation mainly of the megakaryocyte lineage with increased numbers of enlarged,
mature megakaryocytes with hyperlobulated nuclei.

* No significant increase or shift toward immaturity in neutrophil granulopoiesis or
erythropoiesis and very rarely minor (grade 1) increase in reticulin fibers.

- Not meeting the WHO criteria for BCR-ABL1 + CML, PV, PME MDS, or other myeloid
neoplasms.

- Presence of JAK2, CALR, or MPL mutation.

Minor Criterion:
- Presence of a clonal marker or absence of evidence for reactive thrombocytosis.

Diagnosis of ET requires meeting all 4 major criteria or the 1st 3 major criteria & the minor
criterion.




Possible causes of thrombocytosis

Secondary (Reactive) Thrombocytosis:

* Infection.

* Inflammatory and autoimmune diseases.

* Blood loss, hemorrhage.

* Chronic iron deficiency.

* Post-splenectomy.

* Hyposplenism.

* Trauma (particularly brain injury).

* Postsurgical procedures.

* Neoplasms (nonhaematopoietic & non-myeloid
haematopoietic).

* Bone marrow regeneration, rebound following
chemotherapy.



Immun-thrombocytopenia

Definicio

Az Immun-thrombocytopenias purpura (ITP)
autoirmmun mechanizmusu betegség, melyben a
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bocyta ellenes autoantitestek altal okozott
bocyta destructio mertéke meghaladja a
bocyta termelést €s ez a folyamat

vbocytopeniahoz, veérzekenyseghez vezet.

Az antitestekkel fedett thrombocytak a monocyta-
macrophag rendszer altal, elsosorban a 1épben
pusztulnak el.



ITP

Pathomechanizmus

A verlemezkek glicoprotein receptorai ellen (GPIIb-
I11a, GPIb-IX) termelddnek valamilyen kivaltd ok
(infectio, gyogyszer, malignitas, vagy ismeretlen)
miatt autoantitestek.

Az antitestekkel fedett thrombocytak a Iépben
sequestralodnak, elpusztulnak.

Bar a csontvel0 1gyekszik kompenzalni, relativ TPO
(thrombopoetin) hiany van, a képzes nem tud
egyensulyt tartan1 a pusztulassal.



Klinikai megjelenés

* ujonnan diagnosztizalt (< 3 honap)
 perzisztalé (3-12 honap)
* kronikus (> 12 honap)




I TP
* Primer immun-thrombocytopenia
—Izolalt thrombocytopenia
—100 G/1 alatt1 thrombocytaszam
—Nincs nyilvanvalo kivalto teényezo 1lletve
alapbetegseg
—Szerzett immun eredetu betegseg (nem
1diopathias!)
» Szekunder immun-thrombocytopenia



b/ SLE 5%
/ APS 2%
s/ CVID 1%

0,
PRIMARY e
80% _~ Evan's 2%

—  ALPS, post-tx 1%
— — HIV1%
e Hep C 2%
Q WH. pylori 1%
Post vaccine 1%

\ Misc. systemic
infection 2%

Hematology 2010; 377-384
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I TP - Diagnosztika

Nincsen ‘arany-standard’ teszt!
Kizarason alapszik
Anamnezis

— verzeses anamnezis (trauma, fogaszat, sebészet), csaladi
anamnezis

Fizikalis vizsgalat
— ITP-ben norm.status
— laz, fogyas, hepatosplenomegalia, adenomegalia egyéb okra utal
Laboratoriumi vizsgalatok
— verkép (anaemia?)
— periférias kenet
— csontveld vizsgalat:
« 60 éven feliiliek
» a klinika1 kép felveti egyéb folyamat gyanajat
* splenectomia elott



I TP - Terapia
Altalaban >30 G/L nem sziikséges (ha nincs vérzés, sebészeti

beavatkozas vagy trauma )
Nem sziikséges ha nincs tiinet vagy panasz

Tobb tényezdt sziikséges mérlegelni
Ertékelendd tényezok
— verzekenység mérteke
— ¢letkor (a vérzeses riziko a korral no)
— sebeszeti-fogaszati beavatkozasok
— tarsbetegsegek (vérzesre hajlamosito)
— egyeb gyogyszerek (antikoagulans, thrombocytagatlo szerek)
— ¢letmod, foglalkozas
— mellékhatasok tolerancidja
— a kezeleshez ellatashoz vald hozzaférés
— ¢letminOség, beteg preferenciai (pl. esztétikai faktorok)
— felelem €s szorongas a veérzestol



Sebészeti beavatkozasokhoz sziikséges célértékek
« Fogaszati beavatkozas >20-30x10°/L

« Foghuzas (1 fog) >30x10°/L
« Tobbszoros extrakcio >50x10%/L
« Minor sebészet >50x10°/L
« Major sebészet >80x10°/L

Major idegsebészet  >100x10%/L
Spinalis anaesthesia  >75x10°/L
» Csaszarmetszés >50x10°/L



I TP - Terapia
| Keoclisinelyzet  |Terapia |

Elsévonalbeli kezelés ujonnan | Corticosteroidok: dexamethasone, methylprednisolone,
diagnosztizalt ITP-ben prednis(ol)one
Intravénas immunoglobulin, Anti-D (visszavontak az EU-ban)
TPO-RA
Masodik vonal* Azathioprine Fostamatinib
Cyclosporin A Mycophenolate mofetil
Cyclophosphamide Rituximab
Danazol Splenectomia
Dapsone TPO-RA
Vinca alkaloids
Refrakter betegek kezelése A: megfelelo adatokkal alatamasztott terapias lehetéségek
(relapsus az 1. és 2. vonalbeli | Thrombopoietin-receptor agonistak
terapiakkal) B: kevés adattal alatamasztott terapias lehetoségek, potencialis
toxicitassal
Campath-1H
Az els6- és masodikvonalbeli kezelések kombinaciol
Kombinalt kemoterapia
Hemopoietikus dssejt transzplantacio




ITP Kkezelési algoritmus

—
- corticosteronds (less 1s better)

e : .
~-Steroids*

-4 ~[VIg®

-(Anti-D) = Rituximab () =TPO-R agomsts®

- = TPO-R agonists (7) Consider 4 ~Rituximab
= Splenectomy
=Immunosuppressors

| (azathioprine)

= dapsone, danazol, vinka-alkaloids (7)

—

O T * Hp eradication
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Newly-diagnosed TP Persistent I'TP Chronic I'TP => Refractory

12 months

Note : * labelled for ITP



TTP - klintkum

Moschcowitz: 1924

consumptios

thrombocytopenia
microangiopathias
haemolytikus anaemia
fluctualo neuroldgiai tiinetek

vese erintettseg -
veseelégtelenség

laz

pentad: 40 %
triad: 70-80 %

Akut (egy epizodos) TTP
- nincs relapsus

Intermittalo TTP
- szabalytalan 1d0kozokben
jelentkez0 relapsus

Kronikus ciklikus TTP
- szabalyos 1doko6zokben
(21-30 nap) jelentkezo

relapsus



HUS - klinikum

Gasser: 1955
* consumptios thrombocytopenia
* microangiopathias haemolytikus anaemia

o akut veseelegtelenseo

(D+) HUS  (D-) HUS

tipusos atipusos
(90-95 %) (5-10 %)
* verotoxin / shigatoxin Igen nem
 jellegzetes prodromalis fazis van nincs
e epidémias gyakran nem
 jellegzetes ¢letkor <5¢v >5¢v
e mortalitas alacsony magas

 relapsus vese TX utan ritka gyakori



TTP - HUS aetiologia

* 1diopathias
» familiaris/congenitalis
e secunder

—infekciok

— terhesség ¢s postpartum 1d0szak

—autoimmun korképek

— tumorok, kemoterapia

— gyogyszerek
—allogén Ossejtatiiltetes

A Kklinikai kép minden aethiologiai csoportban lehet
TTP és HUS egyarant!



Pathomechanizmus

TTP

— <5 9% ADAMTS13 (kb. 75 %) (von Willebrand factor cleaving protease,
a distintegrin and metalloprotease with eight thrombospondin-1-like
domains

« Inhibitor
« ADAMTSI13 génmutacio
— egyeb

HUS
— D(+) HUS (> 90 %)
« verotoxin / shigatoxin
— D(-) HUS (5-10 %)
* neuraminidase (P-HUS)
* atipusos HUS (aHUYS)
— génmutacio
- CFH, CFI, MCP, CFB
— H faktor ellenes antitest
— egy¢b



Standard terapia: plazmacsere (PEX)

A TTP/HUS diagnozisanak alapos gyantja = PEX
kivéve: gyermekkori D(+) HUS

P-HUS
Kezelés inditasa: lehetbleg azonnal (<24 oOra)
PEX volumen: 40-60 ml/kg/nap
Szubsztiticio: FFP és/vagy KryoFU (50-100 %)

PEX gyakorisaga: naponta

Vegpont: komplett hematologiai remisszio
PEX azonnal nem elérhet6: FFP: 20-30 ml/kg/nap




Velesziiletett thrombocytopathiak-1

Adhézio zavarai:

— Bernard-Soulier sy.

— ‘Platelet type’ VWD

— Kollagén receptor hiany

(GPVI, GPla/lla)

Aggregacio zavara:

— Glanzmann thrombasthenia
Szekrécio zavarai:

— o-granulumok
rendellenességei:

» ‘Gray platelet’ szindroma
* Quebec thrombocytopathia
 Paris-Trousseau sy.

Glanzmann GPIb/V/IX
thrombasthenia

Detective platelet aggregation »
N

Bernard Soulier Syndrome
Defective platelet adhesion
_y Platelet type VWD
L Spontaneous binding of VWF 1o GPIbe

Altered signalling

allbfi3
pathways

Dense granules
/1 Hermanski-Pudiak,
Chediak-Higashi, -SPD

Enzymes
TXA:S, COX

Alpha granules
Gray platelel syndrome,
Quebec platelet
syndrome, Paris-

Collagen receptor defects Trouseenu; ARG o53FD

v Scott Syndrome
Decreased protheambin conversion

Stormorken Syndrome
Platelets with procoagulant properties

Defects in receptors
for soluble agonists
ADP {P2Y12), TXA, (TXA,R)

Blood Reviews, 2008; 22: 155-172



Velesziiletett thrombocytopathiak-2

Szekrécio zavarai:

— Dense granulum hiany:
* Izolalt dense granulum hiany
« Hermansky-Pudlak sy.
» Chediak-Higashi sy.
« Wiskott-Aldrich sy.
 TAR sy.

— Kombinalt a és & granulum
hiany
— ‘Aspirin-like’ betegség:
* Arachidonsav felszabadulas zavara
* COX hiany
* TX szintetdz hiany
* TXAZ2 receptor hidny

— ADP, 02 adrenerg receptor
defektus

— A szignalatvitel zavarai

Glanzmann GPIb/V/IX

thrombasthenia
Detective platelet aggregation »
N

Bernard Soulier Syndrome
Defective platelet adhesion
_y Platelet type VWD
- Spontaneous binding of VWF to GPlbe

Altered signalling  «lIbp3

pathways Dense granules

% A Hermanski-Pudiak
Gi), PLC, Wiskotl- Chediak-Higashi, 5-SPD

Enzymes
TXA:S. COX

Alpha granules
Gray platelet syndrome,
Quebec platslet
syndrome, Paris-

Tr aau, C, 0b-
Collagen receptor defects rousseau, ARC, od-SPD

v Scott Syndrome

Decreased prothcombin conversion
Stormorken Syndrome
Platelets with procoagulant properties

Defects in receptors

for soluble agonists
ADP (P2Y12), TXA, (TXA,R)

Blood Reviews, 2008; 22: 155-172

A thrombocyta prokoagulans
aktivitas zavarai

Scott sy.

Stormorken sy.




Szerzett thrombocytopathia
* Myeloproliferativ neoplaziak
(MPN)

« Uraemia
e Paraproteinaemia

» Gyogyszer okozta — aspirin,
clopidogrel, NSAID-ok



Thrombocytopathiak terapiaja
Kivaltd ok megsziintetése, hatterben allo betegseg

kezeleése

MegelOzes: aszpirin ¢s NSAID-ok kertilese, korrekt
fogapolas

DDAVP (Octostim)

Thrombocyta transzfuzio

rFVlla

Fibrinolizis gatlok (tranexamsav)

Oralis antikoncipiensek

HSCT




Thrombocyta transzfuzio

Indikaciok:

Abszolut: thrombocytopenia mellett verzeés

Relativ:

 PLT<5-10 G/l tiinetmentes, spontan vérzékenyseg
« PLT<10-20 G/1, ha sepsis, lazas allapot

« PLT< 50 G/L, ha miitét, invaziv beavatkozasok

« PLT<100 G/l, nagy verzésveszellyel jaro mitet (1degsebészeti,
szemeszetl mitetek)

Relativ kontraindikaciok:

* ITP (kivéve: vérzes, splenectomia elott)
« TTP, HUS

« HIT

« PTP

* Gyogyszer indukalta, veérzes nelkiili



HIT — HITT

HIT: heparin alkalmazasa mellett vagy akar napokkal a
heparin elhagyasa utan kialakulo thrombocytopenia
illetve a thrombocytaszam > 50%-o0s csokkenese.

HITT: a thrombocytopenia artérids vagy vénas
thrombosissal tarsul (az esetek 50%-ban!).

A HIT kialakulasat befolyasolo tényezok

UFH > LMWH (gyakorisag 13% vs 0-0,8% azok kozt,
akik >5 nap kapnak heparint)

Miitét utan (kardiologiai, ortopédial) > belgyogyaszati
betegek > sziilészeti heparin kezelés

Nok > férfiak




HIT formai
1. Rapid HIT (25-30%): A
thrombocytopenia 24 oran beliil kialakul
(100 napon belul kapott a beteg heparint)

2. Tipikus lefolyasu HIT: 5-10 nap az
antitestek megjelenese €s a
thrombocytaszam csokkenésének kezdete,
/-14 nap a thrombocytopenia megjelenése.

3. Késoi tipusu HIT (3-5%): A napokkal a
heparin elhagyasat kovetoen jelenik meg.



HIT Kklinikai megjelenési formai

e Vénas thrombosis

M¢élyvénas thrombosis: 0j, progredialo, visszatéro
Kumarin indukalta vénas végtagi gangraena
Pulmonalis embolia

Cerebralis sinus thrombosis

Haemorrhagias mellékvese infarktus (egy- vagy kétoldali)
DIC

e Artérias thrombosis

Aorta vagy iliofemoralis thrombosis

Akut ischaemias stroke

Myocardialis infarctus

Sziviiregi thrombosis

Ritka artérias thrombosis (felsd végtag, veseartéria, mesenterialis, gerinc etc.)
Artérias embolizacio

 Egycb

Borléziok (nekrdzis vagy erythematosus plakkok)
Kumarin indukalta bornekrozis (emlo, has, comb etc.)

Akut szisztémas reakcio iv. adas utan, szenzitizalt személyekben: hidegrazas, laz,
tachycardia, tenzidkiugras, fulladas, szivmegallas, hanyinger, hanyas, hasmengs,
tranziens globalis amnézia, fejfajas.



HIT patomechanizmus

’

PF4 felszabadulas a thrombocyta
PF4 kotodése a

aktivacigjakor
thrombocytiahoz
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Schematic cartoon representing the proteins mutated in inherited platelet function disorders.

RECEPTORS AND SIGNALING DEFECTS ADHESION DEFECTS
A \ ’ : Platelet-type vWD
TBXA2R b
REXe \ AR LhAR = Bernard-Soulier syndrome

Collagen response deficiency

/

DEFECTS IN
b, PROCOAGULANT
ACTIVITY

STORAGE
POOL
DISEASES

.- Scott syndrome
(™ (TMEM16F)
Hermansky-Pudlaks : il | DEFECTS IN AGGREGATION
(HPS1, AP381, HPS3-9) % —_— f g |
and Chediak-Higashi C L Ce O Gell = LAD-IIl syndrome

syndromes (LYST) Gl
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Gray platelet syndrome
yP y Glanzmann

(NBEAL2, GFI18) _ | ‘ o
Quebec platelet syndrome (uPA) ' s thrombasthenia-like
— disorder

Elisa Bianchi et al. Blood 2016;127:1249-1259



Platelet function

(DD
Collagen vWf
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GPVI  GPIb-IX-V CPHb/MTa GPIIb/Ila 7

Subendothelium @

Shape change

, , Secretion
Adhesion Primary aggregation  gecondary aggregation

After an injury in the vessel wall, activation of platelets begins to start. It involves its adhesion to the subendothelium surface. Interaction between receptors
like GPIb-V-1X, GPla-lla, and subendothelial compounds like vWf and collagen triggers the release of platelet granule contents accelerating aggregate
formation.



Inherited qualitative disorders of platelet

» Glanzmann thrombasthenia is characterized by severely
reduced or absent platelet aggregation in response to
multiple physiologic agonists because of qualitative or
guantitative abnormalities of platelet glycoprotein I1b
(GPlIb; CD 41) and/or 3 (GPllla; CD61).

« Abnormalities in the receptor result in a failure of platelet
plug formation at sites of vascular injury, leading to
excessive bleeding and bruising.

 Platelet transfusion is the mainstay of therapy for serious
pleeding in Glanzmann thrombasthenia & as prophylaxis
prior to surgery or other major haemostatic stresses.




Glanzmann Thrombasthenia

Autosomal recessive, gene on chromosome 17
(consanguinity).

Quanitative or qualititative defect in GPIllb-111a
complex (flow cytometry).

Poor aggregation with ADP, collagen, epinephrine,
normal ristocetin induced aggregatlon

Morphologically normal platelets & normal count
Absent clot retraction
Prolonged bleeding time

Coags normal, this can help distinguish from
congenital afibrinogenemia (prolonged PT, PTT, TT
and absent fibrinogen) which also has absence of
platelet aggregation.



Glanzmann Thrombasthenia Types

Table 2. Classification of Glanzmann thrombasthenia.

Glycoprotein Fibrinogen Clot
[Ib-Illa  binding retraction
Type 1 <5%  Absent or Absent
severely deficient
Type2  10-20%  Present Normal or

moderately deficient
Variant >50%  Variable Variable




Glansmann Thrombasthenia Treatment

 Localized bleeding can use topical
thrombin or antifibrinolytic agents

* [nvasive procedures use prophylactic
platelet transfusion

* |f platelets don’t work in a patient
bleeding despite platelets because of
alloantibodies then can give rFVlla.

* Menses-hormonal suppression, amicar



Inherited qualitative disorders of platelet

Bernard-Soulier syndrome is an autosomal
recessive. Found In populations with
consanguinity. Gene Is on chromosome 17

Prolonged bleeding time(>20mins), very large
nlatelets, and thrombocytopenia.

Have bleeding because their platelets are unable to
adhere to VWF (acts as a bridge between the
subendothelial matrix & the platelet) and thrombin
In subendothelial matrix because of deficiency of
GPIb-1X complex.

Platelet o or 6 granule defects or release defects




BSS: Diagnosis & Treatment

Diagnosis

— Platelet aggregation response to ADP, epinephrine, thrombin &
collagen are normal & response to ristocetin is decreased or
absent (a feature shared with severe vWD).

— Addition of normal vWT does not restore ristocetin induced

agglutination of platelets because of GPIb deficiency while it
does in VWD.

— Confirm diagnosis with flow cytometry showing decreased
platelet surface GPIb.

Significant bleeding or surgical procedure: platelet
transfusions (leukodepleted platelets & try to keep at
minimal because of iIsoimmunization).

Bleeding despite platelets would try rFVIla.
Menses-hormonal suppression, amicar

Minor mucosal bleeding or as prophylaxis: amicar,
DDAVP



Clinical history of bleeding
'
Screening studies
CBC, Blood smear, PT, PTT
Bleeding time/PFA
!
Abnormal CBC, blood film
PT, PTT abnormal bleeding time/PFA No abnormalities
PTT only prolonged VWD Platelet Disorders: | | FXlll assay
* FVIII, FIX, FXI Congenital or Acquired
PT only prolonged ! frnclytc dorder
°?~N|| VWF antigen | | Platelet count
VWF:RCo Morphology Evaluate for:
PT and PTT prolonged | | FVIII Aggregometry + Connective
*FV, FX VWF multimers | | Electron microscopy | | fissue disorder
prothrombin RIPA » Child abuse
fioinogen Review medications
mmmt Evaluate for other
* Mixing Study systemic disorders

Thrombocytopenia
Morphology: Abnormal

- Shistocytes: microangiopathy
(e.g, TTP, HUS, DIC)
- Blasts: Leukemia

- Microthrombocytopenia
with immunodeficiency:
Wiskott-Aldrich syndrome

- Inclusion granules in WBCs
and albinism:
Chediak-Higashi

- Macrothrombocytopenia:
MYH disorders

Clinical history of bleeding

CBC, platelet count,
blood smear

Thrombocytopenia
Morphology: Normal

-[TP

- Type 2B VWD

- Platelet VWD

- TAR

- AD/AR/X-linked

thrombocytopenia

Suspect qualitative
platelet function
disorder

First Tier Testing
PFA100 +/-, BT +/-
Rule out VWD disease

Second Tier Testing

Platelet aggregometry with ADP,
epinephrine, ristocetin,
arachidonic acid, thrombin

Third Tier Testing

Platelet flow cytometry
Lumiaggregometry

Platelet electron microscopy for
storage pool disorders

Ruleout:
- Mild coagulation factor

deficiencies

- Hypo or afibrinogenemia

- Dysfibrinogenemia

- Child abuse

- Munchausen by proxy

- Connective tissue disorders

- Medications/ herbal remedies

Abbreviations: BT: bleeding time; PFA: Platelet function abnormalities; N: Normal; TTP: Thrombotic thrombocytopenic purpura; HUS:
Hemolytic uremic syndrome; DIC: Disseminated intravascular coagulation; WBCs: White blood cell count; MYH 9: Myosine heavy chain
gene disorders; ITP: Immune thrombocytopenic purpura; VWD: von Willebrand’s disease; TAR: Thrombocytopenia and absent radi;
AD: Autosomal dominant; AR: Autosomal recessive; ADP: Adenosine diphosphate.
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