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ABNORMAL BLEEDING

= Defined as spontaneous bleeding or prolonged bleeding after trauma
= Caused by abnormality in:

= 1) platelets

= 2) clotting factors

= 3) blood vessels — endothelial cells
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FRAGILE BLOOD VESSELS
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= Patients develop spontaneous petechiae and ecchymoses in skin and mucous - €x.
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DISSEMINATED INTRAVASCULAR
COAGULATION (DIC) — Emerguncy | patrants are of visk oF
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= Systemic activation of coagulation system in the body > Smal wpillarces & arterioles wo¥

= Formation of myriads of thrombi in the microcirculation, may cause ischemia and large
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= Followed by activation of fibrinolysis — Ji¢slvin g thrambi in the body

= Then patients become at risk of severe bleeding (consumed platelets and clotting
factors) s Aud thats why DTC is also referred to os “Comsumphive Caoua,p-latsal'ha_?
= Patients develop thrombocytopenia, anemia and schistocytes
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PATHOGENESIS

Couses of DTC:
= 1) Release of tissue factor into the circulation (activates extrinsic pathway)

= 2) Widespread endothelial damage (causes release of tissue factor and expose the

subendothelial von W111ebl{§rlcz.dfligtir)—a Comses platelek oug,%_rga,:l-iau

= 3) Release of negatively charged substances in the circulation (activates intrinsic

pathway) — ..y in cases of pkésc'CaL[ Aamag_f_ of Fissuwes, e_jfpe.cfo.“.a_ Yhe brain
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= From placenta, in obstetric complications E ,
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= From certain cancer cells (acute promyelocytic leukeémia, adenocarcinoma)
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= Bacterial sepsis, bacterial toxins activate TF on monocytes, also monocytes secrete

tumor necrosis factor and IL-1 that stimulate expression of TF on endothelium and

inhibit thrombomodulin 5 By relense ERTT :
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WIDESPREAD ENDOTHELIAL DAMAGE

[m/d'o immun_ Arseases)

= Deposition of antigen-antibody complexes (systemic lupus erythematosus,
vasculitis)

= Severe heat exposure (heat stroke, burn injury) — the potient cour develep DIC
= Snake venom — Direct ,lamag_p_ to YW eydofhelral cells

= Certain infections (meningococci, rickettsiae, COVID19), this condition is called
systemic inflammatory response syndrome — con jeod to DTC 3§ cevere
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(ACTIVATION QF INTRINSIC PATHWAY

Pessocladeol with 9”12-5‘64[ AMo-ze of the tHissue

= Massive tissue damage (trauma, surgery)
= Head injury

= Brain substance and collagen are negatively charged particles that are released in
blood
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CLINICAL AND LABORATORY FINDINGS
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= Acute DIC (e.g. obstetric complication) shows ecchymosis, severe hemorrhage into
body cavities —; chark & desdh (& eetechine) slew Wemorrinecye
= Chronic DIC (e.g.cancer related) shows recurrent thrombosis — Potients suffer Frow
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—|= Waterhouse-Friderichsen syndrome: meningococcous sepsis - DIC - adrenal — Vecr@sis

hemorrhage - acute adrenal failure (no steroids, hypotension) — fstol | caunsol by the
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__ = Sheehan syndrome: complicated labor - DIC - severe hemorrhage - pituitary infection
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THROMBOTIC THROMBOCYTOPENIC PURPURB
(TTP) & HEMOLYTIC UREMIC SYNDROME (HUS)

= Widespread formation of platelets-rich thrombi in microcirculation — ¢fwilow }, OIC bt

with ifPerent
= NO activation of clotting factors (normal PT and PTT)— cle Fhiug Mo aiswm

Sgsfw« is

= Leads to thrombocytopenia and tendency for bleeding ¢ preterved. Cin contrest te 01c)

= Clinically: fever, thrombocytopenia, microangiopathic hemolytic anemia, renal

failure and neurologic symptoms (the latter not present in HUS)
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ITP

= Congenital or acquired
= Deficiency in metalloproteinase ADAMTS1 3, normally negatively control vWF

= ADAMTS13 normally cleaves the precursor of vWF (large multimer molecule) into
vWE.This multimer is capable of binding multiple platelets causing thrombosis

A
AR AMTS IS oLeFI'ciench,L

J’ ADAMTS13 is a circulating metalloproteinase synthesized primarily by the
liver that cleaves ultra-large multimers of von Willebrand factor (VWVF),
thereby preventing excessive platelet aggregation. Inherited or acquired

(VW 'F W.U\H'i wey b €. comaes deficiencies of ADAMTS13 (the latter caused by autoantibodies) may lead
GL to thrombotic thrombocytopenic purpura (TTP). This assay reports
: 4 ADAMTS13 activity as a percentage of the activity seen in healthy
smiveut in tl blood individuals.
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HUS

= Caused by E. Coli O157:H7 bacterial infection

= Food borne

= Bacteria secretes toxin that activates complement system and causes endothelial
damage, mainly in kidneys —s wot eesis like m DILC




VON WILLIBRAND FACTOR - v-srs. prescnt i P cirentasen

= Endothelial cells are normally the major source of vWF
= It is also present in platelets granules and subendothelial area
= Facilitate platelets adhesion to damaged blood vessels

= It also stabilizes factor VIII — Yree  cirew la{—ima_ vaF{
: . Cevere absence of A/ WF will
= Precursor of vWF is a large multimer molecule

Conries Foetor

Activity f YWF is *ffect He amount of fockor Y/

Examined by ristocetin aggregation test (ristocetin enhances vWF binding to
platelets), if no aggregation - vWF deficiency
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VON WILLIBRAND DISEASE

Most Po'ol' ieads have Hie htevo ZWms JJ e oSt

: F HO"“?—Z-Q-O“S disease s very. Common, even wsfe thown
- Autosomal dominant— |, .."59 = a il
= Most common inherited bleeding disorder (1% of population in US)
= Affects platelets function (dominant symptom) and coagulation (factor VIII) - Rt uet

= Patients present with ecchymosis, easy bleeding and menorrhagia platelet cowut

= In homozygous disease, factor VIII deficiency becomes severe enough to resemble
hemophilia A disease —» B[f_wtmg_ i Hre body cavities wok ouly in e skin

= Type 1: most common, modest reduction of vWF level

= Type 2A: the precursor of vWF is not synthesized too > abuovially h}wmc{-‘vc

= Type 2B: the precursor of vWF is unstable with very short half—llfe capable of ‘
binding to multiple platelets causing thrombocytopenia as well —» Reoluwcetion of wWFE Leve
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« X-linked disease —» offects males were than Pences

- Most common cause of inherited serious bleeding — wore serious +han VW discase

= Deficiency in factor VIII (prolonged PTT)— Rub +Hht ©T (¢ vorueel

= 70% have a family history, 30% appears as a new mutation

= Severe disease occurs when the level of factor VIII drops to 1% of normal level
(spontaneous bleeding)_ lth-l'h.rf_m‘f,nrmat N ovkurallyy )\L
= Mild deficiency: bleeding occurs after trauma or surgery

)  Elests \ huge resewe of foctor TIIT
= In 10% of patients: normal level but abnormal function T, .. .1 oY wth

vftme A

= Bleeding occurs in body cavities (Jomts abdomen, chest), no petechiae Spuptows appear
nor Lcchygmasis whun Hae level oF

= Hemophilia B: identical to hemophilia A, less common, factor IX deficiency £ocby ST

= roave re bel
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THROMBOCYTOPENIA

= Defined as platelets count below 150,000 cell/ul, —s It is nat o weos teudiency
= Increased risk of bleeding occurs when count drops below 50,000
= Spontaneous bleeding: <5,000

= Bleeding occurs in superficial parts of body (skin, mucous membranes), called

petechiae and ecchymosis l-_):l-h.r booly cavities ove wsually preseried
= Larger hemorrhage occurs in brain fu wwd\;cal thromboeyto penia

= Thrombocytopenia may occur in the setting of increased platelets destruction
(bone marrow shows increased megakaryocytic activity) or decreased production
from bone marrow

P
= HIV infection causes thrombocytopenia (both increased destruction and decreased
megakaryocytic survival)
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= Acute ITP is seen in children after viral infection (self-limited) spleen

= Chronic ITP is commonly seen in middle-age women — equives threrapy
= Formation of autoantibody (IgG) against glycoprotein lib/Illa or Ib/IX complexes 3

= Splenic histiocytes remove coated platelets and destroy them Oetected in goy of
= Splenomegaly is NOT prominent, but patients benefit from splenectomy potients

= Bone marrow shows proliferating megakaryocytes
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HEPARIN-INDUCED THROMBOCYTOPENIA

APFects the
(HITT ) ’—)co“gmld-fou
Sostem
= Moderate to severe thrombocytopenia affects 5% of patients receiving heparin
after 1-2 weeks of therapy Tt is wiknown haw |, Doesw't afFect +He
eXactl g plodelefs

= Formation of IgG antibody that binds factor-4 in a heparin-dependent manner,
resulting in platelets activation and thrombosis (consumptive thrombocytopenia) l

* Mostly seen in high-molecular weight heparin Y\, _ .. =~ . waless iw HIT
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