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Hemophilia Hemophilia A Inheritance

A Anatomic bleeding caused by congenital A Sex-linked recessive, 1/10,000i 20,000
single-factor deficiencies

A 85% factor VIII deficiency (hemophilia A)
7 1in 10,000 male births

A 14% factor IX deficiency

i Hemophilia B or Christmas disease
7 1in 30,000 male births

A 1% XI (autosomal, Rosenthal syndrome)
A Rare autosomal recessive single factor

deficiencies
il i Prothrombin, V, VII, X, XIII
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A 25i 30% spontaneous mutations

Hemophilia A Symptoms
Spontaneous anatomic (soft-tissue) bleeds

A Bleeding at umbilical stump, circumcision
A Delayed bleeding following injury

i Joints, muscles, body cavities, Gl, soft tissue, tongue,
kidney, testicles, CNS

A Often spontaneous, especially joints
A Inflammation, hematomas, hemarthroses

Mild Moderate| Severe
15% 15% 70%
630% VIl | 1-5% VIl | <1% VIl

ZN Bleed after| Bleed after] Spontaneous
s ] major traumiaminor trauma bleeding

Hemarthroseq
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Other Complications

A Lifestyle
A Economic
A Vocational
. Cerebral
A Neurologic

A Psychological
A Lack of insurance

A Narcotics addictions
A Social: Russian revolution, for example
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VII/VWE Interaction with Platelets

VWEF binding
site
GP Ib/IXIV

TR SMC: Smooth muscle cell

4\ FB: Fibroblast
. Lines: Collagen
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Vaescular injury
T

1n Vitre

Vllla: thrombiactivated calcium
dependent heterodimer detaches
from VWF to bind phospholipid|
and factor | Xa
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Hemophilia A Genetics

A 186 kb gene on X chromosome
i Deletions, stop codons, missense and nonsense point
mutations
i257130% spontaneous mutation
i Predominantly quantitative deficiency
i Male hemizygotes are affected
A Hemophilia A in females is rare
i Acquired anti-coagulation factor VIII
i Autosomal hemophilia or VWD type N (Normandy)
i Random excess Lyonization
i Hemophilic father, carrier mother
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Factor VIlI j
Glycoprotein Cofactor Al

2

A 285,000-D heterodimer

i Translated from the X chromosome

A Cleaved by thrombin, leaving a Ca**-
dependent portion that detaches from VWF
and binds factor IXa and phospholipid

AStabilizes I Xa in th
N WS A Deficiency slows thrombin production
' }1 A In vitro, deteriorates 5%/h at 18i 24 C
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PT and PTT Test Results
in Inherited Coagulopathies

l Fibrin polymer ‘ PT PTT Single Factor Deficiendy

[ Xllla ) Long Normal Vil
Crosslinkedibrin Long Long X, V, Il, and fibrinoge!
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Normal Long VI, 1X, X1
1PT and PTT prolong only when fibrinogen ig <
mg/dL

o™

2Contact factor deficiencies (XIl, PK, HMWK]
prolong PTT, but do not cause bleeding
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Factor VIII, IX, or XI Assay

A Dilute plasma 1:10, add factor-depleted
reagent plasma 1:1

A Add PTT reagent, incubate 3 minutes
A Add CacCl,, record interval to clot formation
A Compare result in seconds to dilution curve

Factor VIl Activity Reference Curve

Seconds

\ ot
.
Percent Activity
The Fritsma Factor

Factor VI, IX, XI Assays at Four
Dilutions: Lupus Anticoagulant

Plasma Dilution F VIII FIX FXI
1:10 (undiluted)| 17 % 20 % 5%
1:20 26 % 22% 6%

1:50 50 % 30 % 12%

1:100 74 % 32 % 17%

A 10% change between dilutions-ganaitel
A Proceed to lupus anticoagularsrend
phospholipid antibody profiles

Kasper CK. Laboratory diagnosis of factor VIl inhibitors. In Kessler C, Garvey
MB, Green D, Kasper C, Lusher J. Acquired Hemophilia 2" Edition. Excerpta
Medica 1995
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Calculating Factor Dosage for
Hemophilia A, B, or VWD

A One unit of factor = amount of activity in 1
mL normal plasma, same as 100%

A Determine plasma volume:
1 Blood volume (mL) = weight (kg) x 70 mL/kg
A Use 60 for obese, BMI 25-30, 50 for BMI > 30
1 Plasma volume (mL) = blood volume (mL) x (100%-
HCT%)
A Determine units of factor required:
1 Units of factor required =
(desired factor level in units/mL - initial units/mL) x
plasma volume (mL)
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Factor VIl Assay Dilutions
Parallelism Indicates No Inhibitor

Plasma Dilution Seconds| Raw Factor VI|IComputed Factor V}II
Activity Activity ¢ dilution)

1:10 (undiluted) 90s 20% 20%

1:20 104 s 10% 20% (parallel)*

1:40 107 s 5% 20% (parallel)

1:80 110s 2.5% 20% (parallel)

* < 10% difference from undiluted implies parallelism;
> 10% difference from undilutedparaliel, implies inhibitor
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Hemophilia A Therapy

A Monoclonally purified VIII concentrates
available from many distributors
7 (Monarch M, Monoclate-P, Hemofil M)

A Recombinant factor VIII concentrates for
PUPs (Recombinate, Kogenate)
i Also B-domain-deleted factor VIII

' - n:;_—_wimw.
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Example Factor Dosage for
Factor VIII, IX, or VWF

A Patient: 80 kg, HCT 40%, O factor level

A Determine plasma volume:
T Blood volume (mL) = 80 kg x 70 mL/kg = 5600 mL
T Plasma volume (mL) = blood volume (5600 mL)

x(100%1 40% = 60 %) = 83360 mL
A Determine units of factor required:

T Wish to reach 80% factor | e

iUnits of factor required =(

= 2688 (2700) U
Typical factor vial provides 1000 U

T\

w‘ A Apply formula to conserve therapeutics
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If Factor Assay not Available Hemophilia A & B Inhibitors
A When factor assay not available and timing A Assay factor VIII or IX
is critical, assume ( i 30% of treated boys
A The PTT may be correlated to factor levels i+ Some dose and severity response

i If > 30% factor VIII, no inhibitor is present

i 3% of factor IX deficiencies
40% 35s

30% 50 A Perform Bethesda titer

20% 65s i Reciprocal of patient titer that neutralizes 50% of factor
10% 90s VIl or IX in normal plasma

1% 120's

Example only, do not use

y A Draw specimen and freeze, assay later

B A Y . N . R e %
‘. A Maintain patient database A
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Factor VIl Assay Dilutions Factor VIII Inhibitor Therapy

non-Parallelism Indicates Inhibitor A Factor IX complex, activated prothrombin

complex concentrate (PCC), prepared by

Plasma Dilution Seconds| Raw Factor VIjIComputed Factor Vil extraction
Activit; Activity ¢ dilution)*

- y ty ¢ ) i FEIBA, Autoplex are activated PCCs
1:10 (undilutedy 80s 10% 10% i Thrombosis (DIC) potential
1:20 93s 8% 16% A FEIBA dosage
140 107s 5% 20% i 50 U/kg/12 h standard
1:80 108 s 4% 32% i 70 U/kg/8 h hemorrhage
* < 10% difference from undiluted implies parallelism; i Limit 200 U/kg/24 h to avoid ES=E
> 10% difference from undilutedparaitel, implies inhibitor bic =

i Cannot monitor in laboratory

Recombinant Vlla Concentrate 1ssDocumented BIl ee
A Effective dosage: 90 2dcentury: Talmudic rulir@aifbi Judah the
my/kg Patriarckxempts a womari%s8n from circumcisio
A Cannot monitor in if two elder brothers had died of bleeding after
laboratory circumcision
A Repeat full dosage 2dcenturyRabbi SimdrenGamalidbrbade a boy
every 3i6 h to be circumcised after sons of his mother's thre
i 6h factor VIl half-life sisters had died after circumcision
A $0.83/ny

11hcentury: Arabic surgédimucasidescribes
A For a 75 kg patient, one village males who bl ec
dosage = $5600 >
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Ingram GIC. The history of haemophilia. J Clin Pathol 1978; 29: 469
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1791- 1803: British & American Families 1800i 28: Documented Names

A 10001800: Several refe

A 1791 (Britain), Zoll: 6 brothers bled to death &
minor injuries
1 Halfsiblings by a different mother were unaffected

A 1803 (Phi | ahdnerthgibdismstign e N g
existing in certain fandlies 1828: first use of "haemophilia”{bloog)

i Recorded males in his own family with symptoms and recoc appears_ in the tlt_le ofa tl'eatlbblhﬁit
transmission through asymptomatic women Unlversny of Zurich
i Traced pedigree to a woman named Smith in Plymicgh, 172

Bleeding disease

Haemorrhoea

Idiosyncrasia haemorrhagica
Hereditary haemorrhagic diathesis

Do Do Do Do I

h 3 . . Hopf f F. Cited by Unitedsefsates
Otto quoted in Bulloch W, Fildes P. Treasury of human inheritance, pe Hemophilia, 1828.

V & VI, section XIVa, Haemophilia, 1911.

‘The Fritsma Factor ‘The Fritsma Factor

Bulloch and Fildes

Bulloch W, FildesTieasury of human inheritance
parts V and VI, section XIVa, haemophilia

Published as Eugenics Laboratory memoirs XII, Francis
Laboratory for National Eugenics, University of London;
Dulau and Co, 37 Soho Square, London.

A 1000 references and case reports

A 200 pedigrees

A Identified haemophilia adisked, but carrier
A

Alexandrina Victoria;
May 24, 1819i Jan 22
1901, was Queen of the
United Kingdom of Great
Britain and Ireland from
June 20, 1837 until her
death, altogether 63
years and 7 months. The
Victorian era was a time
of UK industrial, political,
imperial, and military

status not understood progress.
Meticulously traces the current spread of the
mutation throughout ‘

Queen Victoria Queen Victoria and Family

A Presumed spermatogenesis mutation in
father; Edward, Duke of Kent, who was in
his 50s when Victoria was conceived
AVictoriabébs seventh ¢
hemophilic
i Stigmatized as a fiweako inv
i Married at 29
7 Died of cerebral hemorrhage following a fall at 31
A Two daughters, Alice (2"%) and Beatrice
(8™) were carriers

Massie RK. Nicholas and Alexandra. (1968). Gollancz, London.

‘The Fiitsma Factor ‘The Fritsma Factor
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QO Normal Femae (:\'TD m Noma Mate [
Victoria | Edward

© Carice Femae o0 Homophitac vate M Victoria Eugenie (Ena) Battenberg
Victoria | Albeet

S [ jJ ABeatriceds daughter, 2 h
\ < \ . . .
2|10  |Lsopdd  Bearce |  Helena A Alfonso XIII of Spain married her in 1906
|j | i Warned by Spanish Embassy, but trusted his luck
- fiwj{] 715 & A Alfonso XIV b. 1907 bled from circumcision
Al ] rl‘“’] """"" r“J i Alfonso blamed Ena, grew to despise her
Q‘l‘{:] | fam| ﬁ ‘ @ i Jaime, deaf-mute; Gonzalo, hemophilic
aliana Ansstida 9 i Spaniards blamed the British

\ Victoria ] @ 4) O ] A Juan b. 1913, normal
- ‘E""a"’ vil I O D_‘[‘_@ ) t] 3 "":" C,a""s i Son Juan Carlos is current King
3 lrene Alexandra 10 . . . .

ge all assassnated []] O Os Charles 11 A 1931, royal family in exile in Rome

Fhilp | Elizabeth |1 An[.ma 1" i Alfonso was too ill to appear
® O D E: Eof:::; 12 g i 1233, marries Cuban commoner and
8 12| 11 13 16 14 15 Anne 15 abdicates
9 Juan r Serah 16
O
William Harry ‘The Fritsma Factor
The Romanovs: Tsar Nicholas Il, Alexandra Prince Alexis. 1912
(Alix, granddaughter of Victoria) and Family !

Alexis
Nikolaevich
Aug 12, 1904
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Grigori Yefimovich Rasputin .
y Rasputin
~ 1869i 1916
B . T A 1869, Pokrovskoye, Siberia
' A Two sibs drowned
A 1887: three months in
Verkhoturye Monastery
A 1901: strannik (pilgrim) wan-
dered through Greece, Jerusalem
A 1903: Saint Petersburg, starets (holy
man) with healing & prophetic powers

A 1905: Alexandra introduced by Anna
Vrubova to get help for 1 YO Alexis
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A Calming influence?

i 1912 in Spala, Poland "Don't let the
doctors bother him too much;
l et him restid (b

i Distraction, causing Alexis to relax?
A Faith healer, hypnotism?
A Leeches?
A Aspirin?
Alexandra believed God spoke through Rasputin,
and he became the czaros
gatekeeper, used his power for financial gain and
debauchery, and was increasingly hated by the

Russian nobles, though loved as a prophet by
many of the peasants.

The Fritsn Factor

Rasputin and Admirers, 1914

Maj. Felix Yusupov: Dec 16, 1916

8
ax figures;
] The Fritsma Factor (W g )
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The Romanovs in 1912

Pierre Gilliard, Al ex i s 6 Thaiillness of thev r
Tsarevich cast its shadow over the whole of the
concluding period of Tsar Nicholas II's reign. Without
appearing to be, it was one of the main causes of his
fall, for it made possible the phenomenon of Rasputin
and resulted in the fatal isolation of the sovereigns
who lived in a world apart, wholly absorbed in a
tragic anxiety which had to be concealed from all
eyes. 0

Historians have since disputed the contribution of
Alexis' hemophilia to Russian politics, but the strain
on the royal household is clear enough.
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Yusupov Moika Palace, St. Petersburg

Poisoning Rasputin

Cyaniddaced
cakes

\
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