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Platelet activation. Platelets can undergo activation
ough stimulation by soluble agonists such as thrombin or by contact
{adherence) to the subendothelial matrix. Activation changes the
platelet from a disk to a sphere with pseudopods. Activation is followed
secretion of granular contents, aggregation and rearrangement of
mbrane phospholipids, resulting in potentiation of phospholipid-
endent procoagulant activity. Reproduced with permission
om George N, Shattil S]. The clinical importance of acquired

Bnbnorrnaljties of platelet function. N Engl ] Med. 1991;324:27-39.
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Model of normal hemostasis depicting essential role
of tissue factor—factor VIla in initiating thrombin generation and
subsequent key interaction of factors XI, IX and VIII on the surface
of the platelet with resultant larger thrombin burst. Adapted from
Hoffman M, Monroe DM, 111, Roberts HR. Activated factor VII
* activates factors 1X and X on the surface of activated platelets: thoughts
on the mechanism of action of high-dose activated factor VIL. Blood
coagulation and fibrinolysis. 1998;9(51):561-564.
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SCREENING TESTS FOR EXAMINATION OF PRIMARY HEMOSTASIS:
bleeding time (Duke test) — up to 3 minutes,
thrombocyte count — 150.0 — 400.0 x 109/I,
clot retraction — 0.3 — 0.4 / 44 — 66%,
thrombocyte adhesiveness — 40 — 50%,
ristocetin platelet aggregation — 10seconds.

SCREENING TESTS FOR EXAMINATION OF BLOOD COAGULATION:
partial thromboplastin time (activated ) — 37 — 50 seconds,
plasma prothrombin time — 16 — 18 seconds,
plasma thrombin time — 28 — 32 seconds,
fibrinogen assay — 2 — 4 g/l
coagulation time — 8 — 12 minutes,
fibrin degradation product assay — 0 — 5 pg/ml,
antithrombin lll assay — 80 — 125%,
autocoagulation test — 9 — 11 seconds,
fibrinolytic activity — 30 — 40 minutes,
prothrombin assay — 95 — 100%.
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TYPES OF HEMORRHAGIC SYNDROME:
1. Petechiae and ecchymoses occur in thrombocytopenias
and some coagulation disorders (factor Il,V, X deficiencies);
2. Hematomas, hemarthroses are usually seen in hemophilias;

3. Petechiae, ecchymoses and hematomas (mixed type) are
characteristic for von Willebrand disease, factor Il, V, X

deficiencies, DIC, overdosage of anticoagulants;
4. Vascular purpura occurs in infectious and immune vasculitises;

5. Angiomatous type usually is registered in telangiectasias,
hemangiomas.

CLASSIFICATION HEMOSTASIS DISORDERS:
l. Disorders of primary hemostasis:
thrombocytopenias, platelet functional disorders
(platelet disfunctions), vascular diseases;
Il. Disorders of secondary hemostasis (coagulation):
coagulation factor deficiencies (hemophilias, etc.)
lll. Mixed disorders: von Willebrand disease, DIC. /
IV. Fibrinolytic disorders.
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CLASSIFICATION OF THROMEECYTOPENIAS:

1. Deficient platelet production may result from any of a number of processes:

aplastic anemia, marrow injury by myelosuppressive drugs or irradiation, bone marfow

involvement in neoplastic diseases, vitamin B,,—deficiency anemia, folic acid deficieAcy

anemia, etc.

- 2. Accelerated platelet destruction is the most common cause
thrombocytopenia. When the rate of platelet destruction exceeds the compensato
increase in platelet production thrombocytopenia develops. Platelet destruction may result
from both intracorpuscular defects (hereditary thrombocytopenia, such as Wiskott-Aldrich
syndrome) and extracorpuscular abnormalities (immunologic destruction, mechanical
damage in patients with massive splenomegaly, prosthetic heart valves,
hemangioendotheliomas, microangiopathies).

Trombocytopenias caused by immunologic platelet destruction include autoimmune,
heteroimmune, alloimmune, and transimmune thrombocitopenic purpuras.

3. Consumption of thrombocytes occurs in disseminated intravascular
coagulation, thrombotic thrombocitopenic purpura, massive thromboses.

4. Platelet abnormal pooling may result from spleen disorders, hypothermia/
dilution of platelets with massive transfusions.

i
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AUTOIMMUNE THROMBOCYTOPENIC PURPURA (AITP) is believed to occur
—when platelets undergo premature destruction as a result of autoantibody or immune
——complex deposition on their membranes. The site of destruction is usually the
. reticuloendothelial system of the spleen and less commonly the liver.

— In many instances, the underlying disorder responsible for the formation of platelet
antibodies is known (malignant lymphomas, chronic lymphocytic leukemia, liver cirrhosis,
chronic hepatitis). These are commonly called secondary autoimmune
thrombocytopenias. In other instances, there are no known etiologic factors and the
disorder is called idiopathic thrombocytophenic purpura.

AITP mainly affects females. According to the data of Mdller-Eckhardt (1976), the
incidence of AITP is 4.5 males and 7.5 females per 100 000 population.




PATHOGENESIS. AITP is caused by platelet-specific autoantibodies that bindito

autologous platelets which are then rapidly cleared from the circulation by the

‘mononuclear phagocyte system via macrophage Fc receptors. Antibodies may bind

the same antigens on megakaryocytes. In the majority of cases (85%) the increase
guantities of 1IgG have been demonstrated on the platelet surface. Platelet membran
glycoprotein llb/llla (CD 41) is a dominant antigen. Antiplatelet autoantibidies bind to
many of the major platelet membrane glycoproteins through the Fab portion of the
molecule.

Data from patients with AITP suggests that T lymphocytes demonstrate
phenotypic and functional abnormalities. Autologous mixed lymphocyte reaction—
Induced suppressor function is impaired. There is evidence of light chain restriction of
autoantibodies which suggests clonal B—cell expansion in patients with AITP. Splenic
sequestration accounts for the shortened platelet survival in most patients. Two major
pathogenic roles of the spleen have been demonstrated: antiplatelet antibody production
and macrophage-mediated platelet destruction. AITP leads to the disturbances of
primary vascular—thrombocytic hemostasis.
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(ASH evidence-base

Complete response (CR) A platelet count = 100 > 108L measured on 2
occasions = 7 days apart and the absence of
bleeding.

Response (R) A platelet count = 30 = 10%/L and a greater than
2-fold increase in platelet count from bassline
measurad on 2 occasions = 7 days apart and the
absence of bleeding.

Mo response (MR) A platelet count < 30 = 10°/L or a less than 2-fold
increase in platelet count from baseline or the
presence of bleeding. Platelet count must be
measured on 2 occasions more than a day apart.

Loss of complete A platelet count < 100 x 105%L measured on 2
response occasions more than a day apart and/or the
presence of bleeding.
Loss of response A platelet count < 30 x 10°/L or a less than 2-fold

increase in platelet count from baseline or the
presence of bleeding. Platelet count must be
measured on 2 occasions more than a day apart.

*Based on the recommendations of the International Working Group.”
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NOMENCLATURE AND SYNONYMS
OF COAGULATION FACTORS:

Roman
numeral

Preferred descriptive name

Synonyms

Fibrinogen

Prothrombin

Tissue factor

Thromboplastin

\'

Calcium ions

Vv

Proaccelerin

Labile factor,
accelerator globulin

Vi

Accelerin

Abrogated

Vil

Proconvertin

Stable factor,
serum prothrombin
conversion accelerator

Vil

Antihemophilic factor A

Antihemofilic globulin

Plasma thromboplastin component

Christmas factor,
antihemofilic factor B

Stuart factor

Prower factor

Xl

Plasma thromboplastin antecedent

Antihemofilic factor C

Xl

Hageman factor

Contact factor

X

Fibrin stabilizing factor

Fibrinase,
Laki-Lorand factor

Prekallikrein

Fletcher factor

HMW Kininogen

High molecular
weight kininogen,
Fitzgerald factor
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—irvune'l'y-cf-actrvators—may-convert plasmlnogen to plasmin, which then degrades.
_.._HBQ—h.cs#dme_nch_glycoprotem EACA = epsilon aminocaproi




FIBRINOGEN
mw 340,000

J\—-— BS 1-42 fragment

(D) :E: {D)
o/
FRAGMENT X
mw 270,000

—©®
FRAGMENTY FRAGMENT D
mw 165,000 ) mw 85,000

FRAGMENT E
mw 55,000

I

is of fibrinogen produces a variety of smaller-mole Jlar-w
fragment Y, fragment E, fragment D
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TAFL Thrombin activatable fibrinolysis inhibitor




Tissue plasminogen

activator (tPA)
T N_‘ASMINDGEN
Plasminonen activator < Factor Xla, Xlla
’ l Fallikrein

nhibitor 1 & 2

L PLASMIN
Urokinase ‘i\ Co-antiplasmin
b J

FIBRIN 2% FIBRIN DEGRADATION
T PRODUCTS

THROME N ——» Thrombin-activatable
fibrinolysis inhibitor

Cio-macroglobulin
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AUSES OF 1 FRAT >12)
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~Hemophilia (inherited FVIII or FIX deficiency)

von Willebrand disease (| FVIII due to reduced vWF carrier function)
Factor XI deficiency

Acquired deficiency of Fll, FV, FVIII, FIX (e.g. consumption in DIC)
Acquired hemophilia (autoantibody to FVIII or FIX)

Contact factor deficiencies

Phospholipid-dependent (‘lupus’) inhibitors

Unfractionated heparin (UFH)

CAUSES OF 1 TT (>3S >CONTROL):

Afibrinogenemia
Hypofibrinogenemia
Dysfibrinogenemia
Inhibitors of fibrin polymerization: paraproteins, fibrin—fibrinogen
degradation products (FDPs)

- Heparin (unfractionated)

Iutmhi|




L

REDULIDO Ur

FOR SEL|

ATTON, DDS)

Screening Laboratory Test

Platelet
Bleedng Disorder Count PTINR aPTT BT
Thrombocytopansa 4 N N T
| sukermia
F VI, D X deficiency N N T N
H . . lats
F N, V, X defcwency N T T N
Vitarnn K defciency
Intestinal malabsorption
F V1l deficiency N T N N
o : . ot
Lrver dssase
wvon Willebrand s dasase N. L N NT T
DiC N | T T T
Severe Iwer dsease
F XIll deficrency N N N N
Vascular wall defect N N N T

aPTT = actvated partial thromboplastn tmme: BT = bleeding time; DIC = dissems-
nated intravascular coagulaton: INA = ntemational nomalized ratio; M = nomal:
PT = prothwombin tme; T = roreased. 4+ = decreased.




HEMOPHILIA

HEMORPHILIA is a most frequent (96 - 98% of cases) and severe hemorrhagic
diathesis that affects the male children of certain families. The term hemophilia A (8
-85%) is synonymous with factor VIII deficiency, hemophilia B (15 - 20%) is known

factor IX deficiency or Christmas disease, and hemophilia C — as factor Xl deficiency (1
3%).

PATHOPHYSIOLOGY. The hemostatic abnormality in hemophilias is a deficiency %
or abnormality of a plasma protein. Hemophilia is a X-linked recessive trait. The affected
male will not transmit the disorder to his sons, because his Y chromosome is normal. All
of his daughters will be carriers of the trait. The female carrier will transmit the disorder
to-half of her sons and the carrier state to half of her daughters.

Factor VIl is an essential cofactor for factor [Xa-catalyzed conversion of factor X
to-factor Xa. In hemophilic patients, without adequate factor VIII activity, there is
delayed clot formation that results from delayed thrombin generation.

CLINICAL FEATURES. Hemophilia A is clinically identical to hemophilias B and
C. Hematomas and hemarthroses are highly characteristic of the disease. Hematomas
are hemorrhages into subcutaneous connective tissue or into muscle. The severity of
hemophilia is related to the blood level of factor VIII or IX. The disease has been
classified as mild (6 - 60% of normal factor VIII or IX level), moderate (2 - 5% of normal

factor level), severe (1 - 2% of normal factor level), and very severe (< 1% of normal
factor level).
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TREATMENT. The principal treatment for hemobhilia is replacement therapy,
———the—-intravenous-—-administration of the required factor in the form of blood product
______recombinant coagulation proteins. The objective of replacement therapy is to obtai

concentration of the required factor at the bleeding site such that coagulation may become
——hemostatically effective.

Fresh-frozen plasma is usually preferred for therapeutic purposes. Both the rate o
————administration and the total dose of plasma are limited by the possibility of acute of chranic
—0verload. The daily dosage constitutes 20 - 30 ml/kg. Doses are administered every 6 - 8

hours, because the factor VIl initial (diffusion) and subsequent (biologic) half-lives are %
approximately 6 and 12 hours, respectively. The factor VIII level of 5% of normal usually is
sufficient for treatment of hemarthroses and hematomas.

Cryoprecipitate can be used to attain normal levels of factor VIIl. The dosage is 30 - 40
units /kg/day. Cryoprecipitate is sufficiently potent to achieve and sustain even minimal
hemostatic levels of factor VIII without significant expansion of the plasma volume.

Several commercial lyophilized factor VIII concentrates (Koate-HP, Humate-P, AHFM,

Hemophil M, Monoclate-P) and recombinant factor VIII (Helixate, Bioclate) are now available

for clinical use. The risk of virus transmission has been greatly diminished by serologic testing
————of-the plasma for viruses and by sterilization of the concentrate by solvent-detergent
treatment, monoclonal antibody purification or heat sterilization. To raise the factor VIII level to
100%, that is, 1 unit/ml, the dose of factor VIII required would be 50 units/kg body weight,
assuming that the patient’s baseline factor VIl level is less than 1% of normal. For some minor
bleeding manifestations a single dose of 10 to 15 units/kg of factor VIII usually suffices. ¢




—Aconcentrated preparation of the vitamin K-depended factors (prothrombin a
———faetors-VH, IX, and X, and proteins C and S), named PPSB contains small but significant
———afounts of activated coagulation factors that may be thrombogenic when administere

—inlarge doses.

Recombinant factor IX Benefix is also available for clinical usage in hemophilia B.
——Many hemophiliacs (15 - 20%) develop antibodies (inhibitors) to factor VIII. This
—complication is less common in patients with hemophilia B (2 - 5%) and other inherited
coagulation disorders. Such antibodies may seriously complicate the treatment of these
patients. Recombinant factor Vila Novo Seven is being studied primarily for treatment of
bleeding episodes in patients with hemophilia with inhibitors. Its daily dose range from 6

to 120 pg/kg.

X-ray treatment at a total dosage of 2.5 — 5 Gy and 5 — 10 Gy has been
successful in acute and chronic hemarthroses, respectively.

Synovectomy is effective in reducing the frequency of hemartrosis that cannot be
eontrolled by replacement therapy.

For treatment of hematuria, patients may require replacement therapy
(cryoprecipitate, recombinant factor VIII ) and prednisone at a dosage of 20 - 30 mg/day.
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LOGICAL USE OF THE CLOTTING SCREEN AND PRETEST PROBABILIT

A 66-year-old male bled for 48 h after surgery. Excess bleeding was noted from

surgical drains and as a wound hematoma. Pretest probability of a bleeding

disorder (from history and examination)

— . = high

Platelet count = 245 x 109/l

APTTr 1 (1.9) corrects with 50 : 50 normal plasma.

INR and TT normal.

~. There is a deficiency (it corrects) of one or more factors tested only
by the APTT: a contact factor, or clotting factors VIII, IX or XI.

Pretest probability suggests FVIII, FIX or FXI deficiency: all can
cause excess bleeding after surgery. Contact factor deficiencies do not cause
excess bleeding.

Specific activity assays of these factors are performed, starting
with FVIII-C (the commoner of the two potentially severe deficiencies).

Result: FVIII:C = 190 1U/dIl (normal 50—-150 1U/dI)

FIX:C = 13 IU/dl (normal 50-150 1U/dI)

. The patient has mild hemophilia B (Christmas disease). This may
not become manifest as bleeding until a major surgical challenge occurs,
perhaps for the first time in later life. In the context of surgery no hemophilia is
‘mild’.

=~ therapy is needed to raise the FIX level
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