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HAEMOPHILIA

• Inherited bleeding disorder, 
due to deficiency of clotting 
factor VIII (haemophilia A) 
or FIX (haemophilia B)

• Characterised by joint, 
muscle and soft tissue 
bleeding

• Recurrent joint bleeding can 
cause severe, progressive 
deformity and arthropathy



FACTOR PROPHYLAXIS   

• Aim for trough levels >1%, minimise spontaneous bleeding

• Half life FVIII in plasma(10-12 hrs), FIX(16-18 hrs)

• Prophylaxis with standard half-life(SHL) products is 3-4x/week for 
FVIII, every 3-4 days for FIX

•
• Normal factor levels not consistently restored, reduces but not 

eliminate bleeding, significant variation in levels with peaks and 
troughs

• Need to adapt physical activity (can remove, combine notes 
with biomarin slide)



GOALS OF TREATMENT BASED ON FVIII LEVELS

Se
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Moderate Mild

>10% no joint bleeds

Den Uijl et al. Haemophilia 2011



GENE THERAPY 

To enable endogenous, 24/7 expression of FVIII or 
FIX at levels that protect against further bleeding 
following a one-time, single dose gene transfer





MEASUREMENT OF FVIII

• Evaluation of FVIII activity(FVIII:C) is key to 
diagnose haemophilia A 

• Currently available methodologies to measure 
FVIII:C are:

– one stage clotting assay(OSA)
– chromogenic substrate assay(CSA)



MEASUREMENT OF OSA

Principle of one-stage APTT based factor VIII assay.  Serial dilutions of a citrated test plasma sample are 
added to equivalent volumes of FVIII deficient plasma, incubated for 3-5 min at 37 degrees C together 
with phospholipids(soybean, rabbit or bovine brain, synthetic sources) and a contact activator(silica, 
kaolin, celite, ellagic acid, dextran sulfate).  Clotting is initiated by addition of calcium.  The time required 
for clot formation(measured as APTT) is proportional to extent of factor deficiency.  

Adcock, DM et al. Int J Lab Hem 2018 ;40:621-29 



MEASUREMENT OF CSA

Principle of chromogenic substrate FVIII assay.  Test plasma is added to mixture containing appropriate 
co-factors, FX, FIXa, thrombin/prothrombin, Ca and phospholipids.  This mixture is then incubated which 
generates activated FVIII(FVIIIa) which then triggers production of FXa.  This reaction is then stopped, 
with amount of FXa generated proportional to the FVIII in test plasma.  The second stage involves 
addition of a FXa specific peptide/chromogenic substrate(p-nitroaniline) which is cleaved by FXa
generated previously.  This produces coloured p-nitroaniline which can be detected by a 
spectrophotometer by absorbance at 405 nm.  The colour intensity is proportional to FXa and hence FVIII. 

Peyvandi F et al. J Thromb Haemost 2015 ;14:248-61 



FVIII ASSAYS 

• Results of OSA and CSA can be affected by many 
variables, including pre-analytical aspects such as blood 
collection techniques and sample handling.  

• OSA can be impacted by different sources and 
compositions of activators and phospholipids in APTT 
reagants. 

• CSA may be affected by different FVIII mutations as assay 
protocols differ in aspects important for FVIII activation 
and stability. 



FVIII ASSAYS 

Adcock, DM et al. Int J Lab Hem 2018 ;40:621-29 



FVIII STRUCTURE  



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

• Discrepancy arises with different FVIII:C results 
between OSA and CSA, where the higher value 
is at least 1.5-2x the lower value 

• Usually there is no discrepancy in FVIII:C between 
OSA and CSA in mild haemophilia A 
patients/carriers



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

• Typically, discrepant haemophilia A(DHA) is 
diagnosed if OSA is higher than CSA, i.e. CSA 10 
IU/dL; OSA 30 IU/dL. 

• Inverse DHA occurs if CSA is higher than OSA, i.e. 
OSA 20 IU/dL, CSA 40 IU/dL. 

• Pooled prevalence of DHA was around 33%.  



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

Location of mutation Impact of mutation on 
laboratory measurement

Typical DHA
(OSA>CSA)

Interfaces of A1,A2, A3 
domain

Reduced stability of FVIII 
and FVIIIa, especially 
dissociation of A2 subunit; 
greater effect on CSA in 
view of longer incubation 
time 

Inverse DHA
(CSA>OSA)

Close to/within thrombin 
cleavage, FIX-binding or 
VWF binding sites(A1,A2, 
A3, C1 domains)

Altered thrombin cleavage  
impacts OSA; excess 
thrombin, FIX in CSA 
allows longer FVIII 
activation and higher 
FVIII:C levels 

Al-Huniti A et al., Am J Clin Pathol 2020;154:78-87
Peyvandi F et al. J Thromb Haemost 2015 ;14:248-61 



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

Typical DHA 29/95 (31%)



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

• Up to 10% of patients with mild haemophilia A 
showed FVIII:C within the normal range with one 
type of assay, but lower FVIII activity in another.  
Diagnosis would have been missed with reliance 
of one assay.  

• Up to 10% of patients of mild haemophilia may 
be incorrectly classified.  



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

• Studies inconclusive as to which assay correlated 
better with bleeding phenotype.

• Clinical bleeding phenotype most correlated 
with lower results of either assay.  

• There are exceptions to this, i.e. p.Tyr365Cys 
mutation, bleeding phenotype correlates with 
higher results of either assay. 



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

Al-Huniti A et al., Am J Clin Pathol 2020;154:78-87 



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

Kizilocak H, et al. Blood 2022;140:Suppl 1.  



CLINICAL CASE 

• 48 year old man, routine blood tests performed 
pre-L5 microdiscectomy for back pain

• INR: 1.0; PT: 13.7 secs; APTT: 40 secs

• FVIII:C OSA: 26 IU/dL  

• Referred to HTC for further investigation and 
management 



CLINICAL CASE 

• FVIII:C OSA: 30 IU/dL; FVIII:C CSA: 101 IU/dL

• VWF Ag: 104 IU/dL; VWF RiCoF: 105 IU/dL; VWF 
CBA: 116 IU/dL 

• FVIII binding capacity: 93%

• FVIII inhibitor: negative



CLINICAL CASE 

DIAGNOSIS: 

Reverse discrepant haemophilia A, with FVIII:C 
CSA in normal limits



CLINICAL CASE 

BLEEDING HISTORY: 

• nil significant bleeding with appendicectomy or 
colonoscopy + polypectomy

• nil significant bleeding with multiple dental extractions
• nil significant bleeding with trauma post MVA
• nil spontaneous bleeding 

Surgeon requested factor support for neurosurgical 
procedure; 30U/kg given prior to surgery; 15U/kg given 
after surgery and D1 post

Nil bleeding complications with patient promptly 
discharged 



CLINICAL CASE 

GENETIC TESTING:  

• This patient is hemizygous for a previously 
reported pathogenic variant in the F8 gene.  A 
missense variant was detected (p. Tyr365Cys).  



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

Bowyer A et al. B J Haem 2011;154:618-25



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

• Common mutation associated with reverse DHA 
in the UK, up to 5% of patients with mild 
haemophilia A 

• 79% of patients had FVIII:C CSA/OSA ratio of ≥2.0 

• Mean FVIII:C by OSA was 28 IU/dL; mean FVIII:C 
by CSA was 83 IU/dL 

• Affected individuals had minimal/absent 
bleeding, better correlation with higher CSA 

•



Basic mechanisms for inducing GPVI shedding in vitroDISCREPANT MILD HAEMOPHILIA A 

• Recommends checking CSA FVIII:C in patients 
with this mutation 

• Recommends no correction of reduced FVIII:C 
OSA for surgery if there is no history of excessive 
bleeding with previous surgeries.  

• If there is no documented haemostatic 
challenge, recommend no correction of 
reduced FVIII:C OSA for surgery; desmopressin 
given only if clear excessive bleeding



Basic mechanisms for inducing GPVI shedding in vitroMUTATIONS AND FVIII DOMAINS IN DHA 



Basic mechanisms for inducing GPVI shedding in vitroMUTATIONS AND FVIII DOMAINS IN DHA 



DISCREPANT HAEMOPHILIA A  

• Patient does not have a bleeding phenotype

• Does not need factor support for surgeries as 
better correlation of bleeding risk with CSA (100 
IU/dL) rather than OSA in patients with his 
mutation (p. Tyr365Cys).





SUMMARY  

• Up to 1/3 of patients with mild haemophilia A 
have DHA

• DHA can be typical DHA(OSA>CSA), or reverse 
DHA(CSA>OSA). 

• Laboratories should aspire to perform both 
FVIII:C OSA and CSA to:

– reduce likelihood of missing patients with  
haemophilia A

– Reduce likelihood of misclassifying haemophilia A. 
This has important treatment implications.



SUMMARY  

• Proper assessment requires incorporating 
bleeding phenotype, OSA, CSA and 
genotyping. 

• Subgroups of patients with DHA do not have a 
significant bleeding phenotype and are unlikely 
to require further intervention prior to 
surgery/procedures.  
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