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Hemophilia

A Anatomic bleeding caused by congenital
single-factor deficiencies

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

A 14% factor IX deficiency

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

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

deficiencies
T Prothrombin, V, VII, X, Xl
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Hemophilia A Inheritance

A Sex-linked recessive, 1/10,000i 20,000
A 251 30% spontaneous mutations

Carrier Normal
Mother Father
XX ' XY
XX | | XX

XY | XY

Normal Carrier Normal Hemaophilia
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Hemophilia A Symptoms

Spontaneous anatomic (soft-tissue) bleeds

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

T 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%
6-30% VIII|  1-5% VIII <1% VI

Bleed after] Bleed after| Spontaneou
major traumaminor traumia bleeding

%)
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Other Complications

A Lifestyle

A Economic
A Vocational
A Neurologic
A Psychological

A Lack of insurance

A Narcotics addictions
A Social: Russian revolution, for example
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Hemophilia A Genetics

A 186 kb gene on X chromosome

i Deletions, stop codons, missense and nonsense point
mutations

257130% spontaneous mutation
Predominantly quantitative deficiency
Male hemizygotes are affected

emophilia A in females is rare
Acquired anti-coagulation factor VIII
Autosomal hemophilia or VWD type N (Normandy)
Random excess Lyonization
Hemophilic father, carrier mother

,
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VIII/VWE Interaction with Platelets

VWEF binding
site
GP Ib/IX/V
CD 424l [ M
— U mmmmsean TE
e RS SMC: Smooth muscle cell
i‘,".,‘ FB: Fibroblast

o Lines: Collagen
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Factor VIII

Glycoprotein Cofactor
A 285,000-D heterodimer ¢ ¥

T Translated from the X chromosome

A Cleaved by thrombin, leaving a Ca**-
dependent portion that detaches from VWF
and binds factor 1Xa and phospholipid

AStabilizes | Xa in th
A Deficiency slows thrombin production

i))] A In vitro, deteriorates 5%/h at 18i 24 C
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Vascular injury
TF

1n Vitre

Fibrin polymer |

( XIIIa)

| Crosslinked fibrin

@U@Cﬁﬂ

Vllla: thrombiactivated calcium
dependent heterodimer detaches
from VWF to bind phospholipi
and factor | X
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PT and PTT Test Results

Fibrin polymer | PT PTT Single Factor Deficiengy
( XIIIa) Long Normal Wi
| Crosslinkedibrin | Long Long X, V, I, and fibrinogen
Normal Long VIIL, 1X, XI

IPT and PTT prolong only when fibrinogen i <
mg/dL
2Contact factor deficiencies (XII, PK, HMWK] ¢
prolong PTT, but do not cause bleeding

The Fritsma Factor
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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 CaCl,, record interval to clot formation
A Compare result in seconds to dilution curve

Seconds

Factor VIII Activity Reference Curve

Percent Activity

Factor VIII Assay Dilutions
Parallelism Indicates No Inhibitor

Plasma Dilution Seconds Raw Factor VIlIComputed Factor V|
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 undilutedparaltel, implies inhibitor

.
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Factor VIII, IX, XI Assays at Four
Dilutions: Lupus Anticoagulant

Plasma Dilution F VIl FIX F XI
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-panaitel

A Proceed to lupus anticoagulartraind
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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Hemophilia A Therapy

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

A Recombinant factor VIII concentrates for

PUPs (Recombinate, Kogenate)
T Also B-domain-deleted factor VIl
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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:
i Blood volume (mL) = weight (kg) x 70 mL/kg
A Use 60 for obese, BMI 25-30, 50 for BMI > 30

T Plasma volume (mL) = blood volume (mL) x (100%-
HCT%)

A Determine units of factor required:

T Units of factor required =
(desired factor level in units/mL - initial units/mL) x
plasma volume (mL)

Example Factor Dosage for
Factor VIII, IX, or VWF

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

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

x(100%1 40% = 60%) = 3360 mL
A Determine units of factor required:
i Wish to reach 80% factor | e
i Units of factor required =(
= 2688 (2700) U
M AL i Typical factor vial provides 1000 U

6‘ A Apply formula to conserve therapeutics

4
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If Factor Assay not Available

A When factor assay not available and timing
i's critical, assume I

A The PTT may be correlated to factor levels

40% 35s
30% 50s
20% 65s
10% 90s
1% 120 s

Example only, do not use
A Draw specimen and freeze, assay later

.. A Maintain patient database

A\
P
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Hemophilia A & B Inhibitors

A Assay factor VI or IX
T 30% of treated boys
I Some dose and severity response
T If > 30% factor VIII, no inhibitor is present
T 3% of factor IX deficiencies

A Perform Bethesda titer

T Reciprocal of patient titer that neutralizes 50% of factor
VIIl or IX in normal plasma

‘ The Fritsma Factor
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Factor VIII Assay Dilutions
non-Parallelism Indicates Inhibitor

Plasma Dilutioﬂ1 Seconds

Raw Factor VI[IComputed Factor V|

Activity Activity § dilution)*
1:10 (undiluted) 80s 10% 10%
1:20 93s 8% 16%
1:40 107 s 5% 20%
1:80 108 s 4% 32%

* < 10% difference from undiluted implies parallelism;
> 10% difference from undilutedparatel, implies inhibitor

o - ST
'
'
4.1
\
The Fritsma Factor

Factor VIII Inhibitor Therapy

A Factor IX complex, activated prothrombin
complex concentrate (PCC), prepared by

extraction

i FEIBA, Autoplex are activated PCCs

i Thrombosis (DIC) potential
A FEIBA dosage

i 50 U/kg/12 h standard
T 70 U/kg/8 h hemorrhage

DIC

T Cannot monitor in laboratory

,
A ¢
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Recombinant Vila Concentrate

A Effective dosage: 90
ny/kg

A Cannot monitor in
laboratory

A Repeat full dosage
every 3i6 h
T 6h factor VII half-life

A $0.83/ny

A For a 75 kg patient, one
dosage = $5600
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IssDocumented Bl ee

2rdcentury: Talmudic rulir@adfoi Judah the
Patriarcexempts a womari%s8n from circumcisio
if two elder brothers had died of bleeding after
circumcision

2rdcenturyRabbi SimdrenGamalidbrbade a boy
to be circumcised after sons of his mother's thre
sisters had died after circumcision

11hcentury: Arabic surg@tivucasidescribes
vill age males who bl e

Ingram GIC. The history of haemophilia. J Clin Pathol 1978, 29: 469

The Fritsma Factor

10/22/2009

12



Hemophilia: Rasputin to Recombinants 10/22/2009

1791- 1803: British & American Families

A 10001 800: Several refe

A 1791 (Britain), Zoll: 6 brothers bled to death &
minor injuries
i Halisiblings by a different mother were unaffected
A1803 (Phi | mhdnerhgyitidisps)tion
existing in certain fandlies

i Recorded males in his own family with symptoms and recog
transmission through asymptomatic women

i Traced pedigree to a woman named Smith in Plymid@h, 17:

Otto quoted in Bulloch W, Fildes P. Treasury of human inheritance, pe
V & VI, section XIVa, Haemophilia, 1911.

The Fritsma Factor

18001 28: Documented Names

Bleeding disease

Haemorrhoea

Idiosyncrasia haemorrhagica
Hereditary haemorrhagic diathesis

1828: first use of "haemophilia"-{blaag)
appears in the title of a treatisejijat
University of Zurich

To o o o I

Hopff F. Cited by Uniteédse®s:at ecs
Hemophilia, 1828.

. \ . .
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Bulloch and Fildes

Bulloch W, FildesTiPeasury 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
200 pedigrees

A

A ldentified haemophilia adisk&d, but carrier
status not understood

A

Meticulously traces the current spread of the
mutation throughout

The Fritsma Factor

Alexandrina Victoria;
May 24, 18191 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
progress.

www.fritsmafactor.com 14
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Queen Victoria

A Presumed spermatogenesis mutation in
father; Edward, Duke of Kent, who was in
his 50s when Victoria was conceived

AVi ctoriadés seventh ¢
hemophilic
i Stigmatized as a fAweako inv
T Married at 29
i Died of cerebral hemorrhage following a fall at 31

A Two daughters, Alice (2"9) and Beatrice
(8) were carriers

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

The Fritsma Factor

Queen Victoria and Family
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8 Alfcnso X 121 11 13 16 14 15 Anne 15
9 Juan = Sarah 16
William Harry

Victoria Eugenie (Ena) Battenberg

ABeatriceds daughter, 2 h

A Alfonso Xl of Spain married her in 1906
i Warned by Spanish Embassy, but trusted his luck

A Alfonso XIV b. 1907 bled from circumcision
i Alfonso blamed Ena, grew to despise her
T Jaime, deaf-mute; Gonzalo, hemophilic
i Spaniards blamed the British

A Juan b. 1913, normal

i Son Juan Carlos is current King

A 1931, royal family in exile in Rome
i Alfonso was too ill to appear

T 1933, marries Cuban commoner and
abdicates

The Fritsma Factor
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The Romanovs: Tsar Nicholas I, Alexandra
(Alix, granddaughter of Victoria) and Family

Alexis
Nikolaevich [
Aug 12, 1904

The Fritsma Factor

Prince Alexis, 1912
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