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About your hemophilia clinic ?

• How much time per patient ?

• Do you run it jointly with the nurse, physio.. ?

• Do you adopt a holistic approach of the disease ?

• Do you use electronic patients’ records ? 

• Are specific modules / dashboards for hemophilia available ?

• What is your main challenge when running your clinic ?

• Do you use telemedicine ?





Domains that are important to 
cover during the clinic

1. Baseline information

2. Baseline up-date

3. Treatment

4. Inhibitor

5. Bleeding

6. Joint status and pain

7. Co-morbidities

8. Dental Care

9. Physical Activities 

10. Social Participation

11. Quality of Life 

12. Empowerment 



Baseline Information 
(key for registries)

• Date of Birth

• Blood Group

• Diagnosis 

o Hemophilia type and severity 

o Age at diagnosis

o Family history of hemophilia

o Age and location of first bleed 

(specify type of bleed)

o Age of first joint bleed

o Age at first substitution (specify 

type of substitution)

o Genetic variant

o Inhibitor status 

• Ethnicity 

• Age at start of prophylaxis 

• Family history of inhibitors



Baseline up-date
(at each clinic)

• Date of update 

• Replacement therapy

o Recovery and half l i fe of FVIII/FIX

• DDAVP

o Response

• Family history (Family Tree)

o New cases

o New inhibitors

o Carriers

• Infections

o Blood borne

o Other

• Vaccinations

• Major Events since last visits

o Major bleeding 

o Other

• Cumulative exposure to FVIII -FIX 

(EDs)

• Inhibitor screening

o At least every 5 EDs unti l 50 EDs

o At least 2x year unti l 150 EDs

o Annually thereafter



Hemostatic treatment information
Therapy prescribed

Concentrate / Non-factor / other,

Treatment regimen : On-demand

• Dosing 

• Frequency

Annual consumption

Treatment regimen : Prophylaxis

• Dosing 

• Frequency

Annual consumption

Examine Log-Book:

• Dose and time of each infusion / reason / adherence

• Batch number 

Other hemostatic treatments (DDAVP, antifibrinolytic agents,…)

Hospitalisations (reason)

Other medications

Understanding of treatment modalities, awareness of treatment innovations / treatment alternatives / 

Motivation and eligibility for trials



Information on bleeding episodes

• Bleeding pattern is the key parameter to evaluate efficacy of treatment strategy

• Any changes in bleeding frequency or severity should be thoroughly investigated 

and treatment modified as necessary

The ambition is to have ZERO spontaneous joint bleed



Information on bleeding episodes

• Major hemarthrosis

o Number of episodes

o Time, location and reason

• Minor hemarthrosis

o Number

o Time, location and reason

• Other major bleeds 

o Number

o Time, location and reason



Assessment of joint health status 
and pain

• The treatment should aim at preserving the joints

• Objective assessment of joint function and pain is central to maintain joint health

• Assessment should identify target joint(s), problem joint(s), early joint damage

• Painful symptoms should be recorded

Joint assessement requires the involvement of a 

dedicated physiotherapist with expertise in hemophilia



Screening of co-morbidities
(mainly in adult patients)

• Liver disease (HCV) – Long-term 

follow-up required even after 

eradication

• HIV

• Cardio-vascular risk factors or 

diseases ?

• Cancer (prostate ?, other ? )

• Other health problems

• Osteoporosis

• Sexual dysfunction

• Obesity

• Liver steatosis

• ….

Comorbidities should be identified



Dental care

• Last dental assessment ?

• Dental hygiene ?

• Adequate coverage is required prior to, and possibly after, more intensive 

treatments (deep cleaning, removal of heavy plaque / tartar) 



Physical activities 

• Hemophilia Activities List (HAL) – Hemophilia specific self assessment 

questionnaire to assess a patient’s self -perceived functional ability

• 1x year

• Sports activities / Hobbies

o Which sports

o Frequency

o Any regimen of concentrate use before sports

• Occupation 

o Risk factors for bleeding or joint damage

o Limitations of current condition on type of work undertaken



Evaluation of quality of Life 

• QOL measures can help patients and clinicians to decide between different 

treatments, to monitor treatment success from the patients’ perspective and 

increasingly they are being used to support funding and re -imbursement for drugs

• The EQ-5D is simple, short and allows comparisons between different medical 

conditions. 

o However, the EQ-5D is a very general instrument and has been criticised on 

the basis that it was developed in healthy people, asking them to imagine 

a poor health state. 

o So for some circumstances a more hemophilia and age specific tool may be 

desirable



Social participation

• Education

• Employment status

• Marital Status

• Offspring

• Disability Allowance

• Days lost from work or school since last visit

• Review the total days lost annually to assess overall impact 

on patient

• Involvement in a patient organisation / Interactions with NMO, WFH, EHC,…



Patients’ empowerment 

• Understanding of diseases, treatment, innovations

• Acceptance of the disease ? 

• Interactions with NMO,

• Knowledge about WFH, EHC activities / initiatives

• Interest for clinical trials

• Inclusion in registry (WBDR)

• Interactions with other patients



How to improve your clinic: some 
personal tips ? 

• Review patients’ medical records before the clinic

• Short list the priorities / active problems that will require attention

• Contact the patient before the clinic to identify new active problems

• Holistic approach of hemophilia

• Value each clinic as opportunities to improve understanding of the disease, 

adherence, interaction with patients' associations…(patients’ empowerment)

• Run your clinics with the nurse and the physiotherapist

• Avoid patients’ monopoly – share patients with colleagues. 



THANK YOU



Gianluigi Pasta, MD
Chair of WFH MSK Committee

Orthopedic and Traumatology Department 

Fondazione IRCCS Policlinico San Matteo Pavia, Italy

20-Minute MSK Consult: 

What you need to cover



HA and MSK expert



HA and MSK expert



• Pathogenesis

• Diagnosis

• Treatment

HA and MSK expert



Listen to the patient and perform and

adequate physical exam.

Gilbert M, Solimeno L, Caviglia H.

Update from MSK

Musculoskeletal assessment



“ Assessment of impairment and

function is essential in order to monitor

joint status and evaluate therapeutic

interventions in patients with

haemophilia.”

Beeton K et al., Haemophilia 2006

Musculoskeletal assessment



Musculoskeletal assessment



Musculoskeletal assessment



Musculoskeletal assessment



Ultrasound



• Excellent spatial resolution

• Dynamic capabilities (joint 
motion, muscle contraction)

• Clinical examination (US 
performed by physicians!)

• Availability, portability, low cost

• Limited FOV focused 
examination

• Unable to examine relevant 
structures (e.g. bone …) 

• Highly operator dependent long 
learning curve

• Difficult to be interpreted by the 
referring physician

• Reimbursement issues

PROS CONS

Ultrasound



Ultrasound



• Joint bleed

• Joint effusion

• Synovitis

• Cartilage damage

Ultrasound
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fresh haemorrhage can mix with the 
normal subcutaneous and muscle tissue 
➜ inconspicuous to early US examination

the haematoma then starts to liquefy 
forming hypoechoic collections ➜ greater 
precision in the diagnosis

sudden distension of the joint 
cavity ➜ systematic evaluation 
of the recesses

paraarticular soft-tissues may 
appear normal or abnormal

• ➜ reactive edema, coexisting 
extraarticular haemorrhage 

Bleed location



bleeding

arthritis-mediated
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33
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Ultrasound detection threshold for joint effusion

❖ Knee ➜ 4-7ml

❖ Ankle ➜ 2ml

❖ Elbow➜ 1-3ml

Hong et al., Am J Phys Med Rehab 2003

Delaunoy et al. 2003

Jacobson et al., AJR 1998

De Maeseneer et al., Invest Radiol 1998

Sierra Aisa et al. Haemophilia 2014

Doria et al. AJR, 2015

Naredo et al. Ann Rheum Dis 2005

subsynovial fat

cartilage

cartilage

• RA and JIA➜ sensitivity nearly equal to MR 
imaging in detecting joint distension by effusion 
and hypertrophied synovium

• Haemophilic Arthropathy

❖ κ=.839 (knees) -1.000 (ankles)

❖ >92% sensitivity in assessing synovial hypertrophy

Joint Bleed vs. Osteoarthritis



Early stages of a bleeding episode (within 24 hours)
❖ homogeneous echogenic pattern (piles of RBCs)

❖ probe compression ➜ swirling motion, squeezes blood 

away

Knee – suprapatellar recess

suprapatellar

recess

Knee – suprapatellar recess

clot

serum (black)

Later stages ➜ clot formation
❖ fresh clots are echogenic 

❖ clots become hypoechoic with progressive 

lysis of the RBCs

How to distinguish blood

clots from synovium?

Nguyen et al., J Thromb Haemostasis 2017

Intraarticular blood



• Joint bleed

• Joint effusion

• Synovitis

• Cartilage damage

Ultrasound



Diagnosis of synovitis



Musculoskeletal assessment



o Strong correlation between HJHS 2.1 and HEAD-
US for all joints (r=0.88)

o Discrepancies between HJHS 2.1 and HEAD-US 
found in 7% of cases

o 14/76 joints (n=6 elbows, n=2 knees, n=6 ankles) 

showed synovial hypertrophy on HEAD-US without 
signs of swelling on HJHS

Ankle

tibia

talus
*

o HEAD-US detected a higher percentage of 
abnormalities than physical evaluation and was 
concordant with the HJHS score in 73% of joints

Timmer et al., Haemophilia 2017 Altisent et al., Haemophilia 2016

Synovial proliferation



❖ attached to the walls (peripheral)

❖ irregular margins 

❖ some vasculature may be 

detected

❖ detached from the walls (central)

❖ smooth margins 

❖ free of color flow signals at 

Doppler imaging

Main Differential Features

o In joints with preexisting synovitis such 

differentiation may not be straightforward

JOINT VOLUME CHANGE

How to distinguish blood from synovium



Treatment of synovitis

Grade I Grade II Grade III Grade IV

Transitory

synovitis 

Back to normal 

between bleeds

Chronic

synovitis

Does not return to

normal between

bleeds

Chronic

arthropathy,

axial deformities,

rigidity

Bony or fibrous

ankylosis

>3bleeds in 6m

Intervention
Intervention

Caution! 

Unlikely to 

succeed.

Not indicated.

Fernández-Palazzi F. Haemophilia, 1998



• Joint bleed

• Joint effusion

• Synovitis

• Cartilage damage

Ultrasound



subtalar joint

tibia

head

neck
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HEAD

Proximal Distal

Osteochondral damage



tibia

1
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talus

navicular

Proximal Distal

subtalar joint

Osteochondral damage



4mm

o Compared to radiography, HEAD-US has 
demonstrated higher sensitivity to detect early 
damage signs

o Good correlation between ultrasound and MR 
imaging in the evaluation of bone and cartilage 
abnormalities in the elbows, knees and ankles 

Di Minno et al. Haemophilia 2013

Sierra Aisa et al. Haemophilia 2014

❖ n=96 joints (n=20 elbows, n=34 knees, n=42 ankles) 
from 49 patients with haemophilia A (83%) and B (17%)

P
e
tt
e

rs
s
o

n

10 5 1

17%
Activity 19%

Damage 81%

Poonnoose et al. Haemophilia 2016

Pettersson =0 

Osteochondral damage



Small changes in function can produce

enormous joint loading that is not

detectable by clinical and radiological

examination.

Seuser A et al., 2000

Musculoskeletal assessment



Long-term kinematic monitoring has shown

that individual treatment programs can help

to improve internal kinematics and thus help

to preclude joint interventions later on.

Seuser A., 2008

Musculoskeletal assessment



• Costs

• Time

• Space

Musculoskeletal assessment



Musculoskeletal assessment



Musculoskeletal assessment



• Diagnosis

• Treatment

Conclusions



THANK YOU
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I

CONTACT

XII XIIA

XI

XIA

IX

IXA + Ca + VIII:C + PHOSPHOLIPID

PK

HMWK
HMWK

*

X XA + Ca + V + PHOSPHOLIPID

II IIA

IA

FIBRIN POLYMER

*

* Phospholipid from platelet substitute

INTRINSIC PATHWAY EXTRINSIC PATHWAY

TISSUE FACTOR

VII

VIIA

COAGULATION CASCADE: THE “TEXTBOOK VERSION”



Tests the Intrinsic Pathway

• Contact activator will activate     the intrinsic 
pathway by activating FXII onwards with the 
help of phospholipids

Time taken by a recalcified citrated plasma to 

clot in presence of negatively charged       

• Contact activator (Silica, Kaolin, Ellagic 

acid)                                

• Phospholipid (Partial Thromboplastin)

aPTT



Normal range – 27-37 Seconds 

(D i f fe ren t  fo r  d i f fe ren t  reagents )

RESULTING

• Time w i th  Ref  Range

• Rat io  =  Pat ien t  t ime 
Cont ro l  t ime

• >1.2 (6 Seconds more than Control)

R E A C T I O N S  I N V O LV E D  I N  A P T - T I M E

PROLONGED aPTT:  DEF IC IENCY OF  FX I I ,FX I ,F IX ,  FX ,FV,  F I I  

AND F IBR INOGEN

RESULTS



Tests the Extrinsic Pathway: Tissue Factor will 

activate the extrinsic pathway by activating FVII 

onwards.

Time taken by a recalcified citrated plasma to 

clot in presence of Tissue Factor.

Tissue Factor - Thromboplastin with its bound 
negatively charged phospholipid. R E A C T I O N S  I N V O LV E D  I N  A P T - T I M E

PROTHROMBIN TIME



Crit ical for Haemophil ia - APTT

• APTT • PT

PT – for monitoring Vitamin K antagonist by INR – is a more frequently requested than APTT



PLASMA BASED TESTS – PT/INR OR APTT 
MANUAL TUBE TILT METHOD

When PT tests reach 20/month – Semi-automated equipment

Is it difficult to reach this figure?



IT IS A CHALLENGE

LOGISTICAL CONSTRAINTS:

• Trained Personnel

• Reagents

• Good Sample collection 

• Less referrals - testing

• Personnel – motivated to 

develop non-mandated lab 

procedure

LACK OF REAGENTS:

• No supply or supplier or is 

not regular

• Cost 

• Short shelf life

• Short window within which 

most of the tests/assays 

have to be done, 

• Stringent issues of sample 

and reagent storage



• Make do  w i th  what  i s  

ava i lab le

• Max imize supp ly  and 

Min imize was tage 

• Simple  s to rage so lu t ion  

and In -house reagents

• Inc rease re l iab i l i t y  and  

Reduce r i sk  o f  fa i lu re  o f  

d iscont inuat ion  o f  a  tes t

• Good methodo logy  and 

s imp le  bu t  s t r i c t  IQC → 

ga in ing  the  t rus t  o f  the  

re fe r r ing  phys ic ian  

• Inc rease re fe r ra ls

• More  tes ts  → more  

consumpt ion  → busy  

and inc reased burden o f  

work  → automat ion

• Source  s imp le  mater ia l  

and  ins t rumenta t ion

• Simple  bu t  s t r ingent  

s to rage so lu t ions  w i th  

con t inuous  power

STRATEGIES TO OVERCOME VIS-À-VIS 

REAGENTS

• Br ings  in  supp l ie rs



SCREENING TESTS IN LOW-RESOURCE ENVIRONMENT 

• PT/INR and APTT

• Choice of  good reagents

• Not an issue 

• Frequency of  test ing

• Is an issue

• One per week/month to more than one per day

• Thromboplast in Shelf  l i fe and volume 

• One week

• Not less than 3 mL (3000 µL) 

• 1200 µL for manual method and 300 µL for semi-automated



THROMBOPLASTIN REAGENT - MAXIMIZE ON IT AND 
MINIMIZE WASTAGE 



THROMBOPLASTIN REAGENT - MAXIMIZE ON IT AND 
MINIMIZE WASTAGE 



BLEEDERS HEMOPHILIA

• APTT

• Mixing studies

• Factor assays

• Inhibitors

• Infrequent referrals – once a week or once a month

• APTT Reagent – same strategy as PT/INR
• Selec t ion  – must  have h igh  sens i t i v i t y  to  Fac tor  Def ic iency,  modera te  

sens i t i v i t y  to  Hepar in  leve ls  and low sens i t i v i t y  fo r  Lupus  an t i coagu lant



Differentiate if a severe bleeding patient has factor 
deficiency or not when the test is repeated on the 
mixture of patient's plasma and normal plasma

▪Normal pool plasma (where all factors are present in 
normal quantity) – Pooled Normal Plasma (PNP)

▪Which factor is the deficient factor
▪ Is it FVIII (Haemophil ia A) or

▪ FIX (Haemophil ia B) 

CORRECTION STUDIES BY MIXING



• Patient derived

• *Haemophilia A- Deficient in Factor 8

• *Haemophilia B- Deficient in Factor 9

Selective plasmas (Plasma deficient in some factors)

• Adsorbed plasma - adsorb out Vit K dependent factors with Cat ions (Ba++)

• Contains only F VIII, FV, FXII, FXI and Fibrinogen

• Aged Serum – from blood collected in a clot tube from a normal donor which 
has been kept over 48-72 hours

• FII and Fibrinogen is lost in the clot and FVIII and FV are lost in time – FIXa, 
FXa, FXIa

• - Aged Serum Always available in any laboratory

• - Pick up 3 each from different normal individual’s tubes

Contrived/artificial (this can be produced from normal blood sample)

PLASMA/REAGENTS USED FOR MIXING STUDIES



Mixing with 
Aged Serum
To be  done
Thrice each 
With 3 different
Aged serum 



• Using FVIII 
concentrate: a patient 
is in your centre with 
bleeding and has a 
prolonged APTT and 
mixing studies with 
PNP show good 
correction of APTT

Take a used vial of FVIII 
concentrate. Note the dose. It 

is usually 100 U/mL

Dilute it 1:4 with normal 
saline or distilled water

Add 6 µL of the diluted FVIII 
concentrate to 150 µL of the 

patient plasma

Repeat APTT

CORRECTION STUDIES BY REPLACEMENT



• If the APTT is corrected it 
is FVIII deficiency 

• If the APTT remains 
abnormal it is FIX 
deficiency

• Or the sample has high 
levels of FVIII inhibitors

• Inhibitor screen

• FVIII Assay

• Both are a form of Mixing 
studies using materials 
discussed so far

CORRECTION STUDIES BY REPLACEMENT

Take a used vial of FVIII 
concentrate. Note the dose. It 

is usually 100 U/mL

Dilute it 1:4 with normal 
saline or distilled water

Add 6 µL of the diluted FVIII 
concentrate to 150 µL of the 

patient plasma

Repeat APTT



• Normal reference plasma : to draw std graph –

• commercial ( t raceable to SSC/ISTH Std)

• in house (PNP – assigned values traceable to a cal ibrator) .

• Control plasma: Normal & abnormal

• Factor def ic ient plasma: (contents wi l l determine the t ime)

• Imidazole buffer (Owren’s veronal buffer may be used; pH: 7.35-7.4).

• CaCl2.

• APTT reagent .

• Cost and Shelf l i fe

FACTOR ASSAY REAGENTS



• Requiring a Freezer 

• –80oC for up to 1 year 

≈ USD 10,000 – 15,000

• –20oC for up to 1 month 

≈ USD 3,000 – 4,000

STORING REFERENCE AND DEFICIENT PLASMA



• Domestic Freezers

• -180C to -220C

• USD – 250.

• Stand alone with UPS

• Not freezers of domestic Fridge
• Freeze thaw cycles for defrost

• Less time outside the freezer
• Stability noticed up to 3 months

SIMPLE BUT STRINGENT STORAGE SOLUTIONS 
WITH CONTINUOUS POWER



❑Controls
❑2 levels

❑PT/INR & APTT
❑Normal - PNP

❑Abnormal –
❑Harvest remaining plasma from INR 2.0-2.5 into a vial and box it in a freezer

❑When 20-30 – thaw them, pool, aliqout and store for daily use  

❑Factor assay
❑Mix PNP with Factor Deficient plasma ≈ 20%

Once Vo lume goes up – sh i f t  to  commerc ia l  reagents

INCREASE RELIABILITY AND REDUCE RISK OF 
FAILURE WITH STRICT IQC



2 hour 

incubation

APTT (sec) of Incubated – fresh mix > 10 sec: Inhibitor +

You can improve the sensitivity of this test by using a normal plasma with 

50-60% FVIII and a responsive APTT reagent

PNP Patient
Patient

+ 
PNP

Incubated 
Mix

Fresh
Mix

PNP Patient

INHIBITOR SCREENING - APTTS OF :



EQAS

• Whatever the numbers, but for all established tests participation in 
a Proficiency testing program is a must.



MOTIVATED TO DEVELOP NON-MANDATED LAB PROCEDURE

• Not common

• Mandatory

• Transfus ion serv ices

o Haemorrhagic condi t ions

o PPH (Post  Par tum haemorrhage)  

▪ Fibr inogen is  mandatory 

▪ Wil l  requi re s tandard reagent .  

Diff icu l t  in -house

• Trauma

• QC of  products (FFP and Cryo)  

o Fibr inogen

o FVII I

o APTT

PERSONNEL



THANK YOU!



QUESTION & ANSWER

Please submit your questions in the Q&A box
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Chromogenic Assays: 

Why are they useful  in hemophilia
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Measuring factor VIII or factor IX activity

When is clinically important? 

• For diagnosis
– Severity assessment

• For monitor FVIII or FIX therapy
– Prophylaxis for interventions (surgeries)

– Apparent resistance to factor replacement 

– For better prophylaxis outcomes: 

• pharmacokinetic determinants (eg. peaks and trough levels)

Kitchen et al. Haemophilia 2016 Jul;22Suppl 5:72-7

• As a step of others laboratory analysis
– To evaluate the presence of neutralizing antibodies (inhibitors)

• Bethesda-Nijmegen assay



Measuring factor VIII or factor IX activity

How to measure factor VIII and IX activity?

• One-stage (aPTT-based) assay 

– Simple and easy to perform, and more commonly used for monitoring

• Two-stage (IIa generation) assay

– Uncommonly used (replaced by chromogenic assay)

• Chromogenic (Xa generation) assay

Kitchen et al. Haemophilia 2016 Jul;22Suppl 5:72-7

aPTT = activated partial thromboplastin time 



One-stage FVIII/FIX clotting assay - aPTT

• Initiation of coagulation, FVIII activation, and subsequent FXa, thrombin and fibrin generation occurs in 

a “single reaction” thus termed “one-stage” 

• FDA recommends the one-stage clotting assay to assign FVIII and FIX concentrate potency 

aPTT = activated partial thromboplastin time

VWF = von Willebrand factor; PS = phosphatidylserine
Gu et al. Haemophilia. 2014; 20. 593-600

Malar et al., Eur J Haematol. 2020;104:3–14  

aPTT in diluted patient sample with FVIII/IX deficient plasma

• FVIII-deficient plasma (+/- VWF) or FIX-deficient plasma

• Phospholipid 
– Total amount/PS content

• Contact activator
– Ellagic acid/kaolin/micronised silica

❖ Timer starts with the addition of calcium to initiate the reaction and 

stops when reaches a preset increase in one of the following: 
– Turbidity (optical measurement)

– Viscosity (mechanical measurement) Endpoint: Clot time



One-stage FVIII/FIX clotting assay - aPTT

aPTT = activated partial thromboplastin time 
Gu et al. Haemophilia. 2014; 20. 593-600 

Activator Phospholipid Calibrators

Ellagic acid based

Ellagic acid

Polyphenolic acid

Synthetic

Cephalin

Plasma derived standards

Chromogenic standards

Silica based

Colloidal silica

Micronized silica

Silica dioxid

Sulfatides and silica

Soya

Vegetable/Plant

Bovine

Rabbit brain

Concentrate specific standard

Kaolin Porcine/chicken



One-stage FVIII/FIX clotting assay - aPTT

aPTT = activated partial thromboplastin time
Gu et al. Haemophilia. 2014; 20. 593-600 

• Considerable inter- and intra laboratory variation due to

– Different instrument platforms

– Choice and handling of reference material

– Misleading when assaying for potency of rFVlll or rFIX products 

• Large variability due to

– Sources of clotting activators, phospholipids and factor deficient plasma may differ, 

kaolin activators are too dense for optical analyzers 

– Susceptible to interference from preactivation of FVlll or FIX generated during 

venipuncture 

– Interference from anti-phospholipid antibodies 

Limitations



Chromogenic FVIII assay

• Direct determination of FVIII cofactor activity: FVIII mediates FXa generation 

• The European Pharmacopoeia (EMA) recommends use of the chromogenic-based assay to 

assign FVIII concentrate potency 

www.coagulationassays.com Malar et al., Eur J Haematol. 2020;104:3–14 

Endpoint: Colour



Chromogenic FVIII assay

Chromogenic FVIII assay FIXa and FX reagents Manufacturer

Chromogenix kit

Coamatic Factor VIII

Coatest Factor VIII

Coatest VIII:C/4

Bovine Chromogenix a brand of 

Instrumentation Laboratory (US)

HemosIL Electrachrome Factor 

VIII

Bovine Instrumentation Laboratory (US)

Factor VIII Chromogenic Assay Bovine Siemens Healthcare (Germany)

Technochrom FVIII:C Bovine FX

Human FIXa, IIa

Technoclone (Austria)

Biophen FVIII:C Human Hyphen BioMed (France)

www.coagulationassays.com



Chromogenic FIX assay

• FIX is activated by human FXIa with concomitant activation of human FX by generated FIXa

– in the presence of FVIII, calcium ions and phospholipids

www.coagulationassays.com



Chromogenic FIX assay

Chromogenic FIX assay Reagents Manufacturer

ROX FACTOR IX Reagent A: human FVIII, human FX, bovine FV 

Reagent B: human FXIa, human FII, calcium chloride 

and phospholipids

Rossix AB 

(Sweden)

CH9 Chromogenic Factor 

IX Activity Assay

Mayo Medical 

Laboratories (US)

BIOPHEN™ FIX Reagent 1: human FX and human FVIII

Reagent 2: human FXIa, human thrombin, calcium 

chloride, imidazole, synthetic phospholipids

Hyphen BioMed

(France)

www.coagulationassays.com



Factor VIII activity for SHL or EHL FVIII concentrates 

Monitoring SHL FVIII concentrates 

Kitchen et al. Haemophilia 2014;20 (4), 36–42

Kitchen et al. Semin TH. 2017;43(3):331-7

• Differences according to OSA reagents, type of rFVIII 

products, and standards used

– Full-length rFVIII in plasma may result higher level when measured 

by CSA with plasma standards used for calibration

– B-domain deleted rFVIII (BDD-rFVIII) usually shows higher levels 

when measured by OSA

• Chromogenic assays usually show better laboratory 

agreements in field studies

SHL, standard half-life; EHL, extended half-life

OSA, one stage assay; CSA, chromogenic substrate assay

Monitoring EHL FVIII concentrates 

Reagent name 
N8 GP

(Esperoct®)

rFVIIIFc

(Eloctate®)

BAY rFVIII-PEG 

(Jivi®)

Chromogenic assay Yes Yes Yes

One-stage reagents 

STA-PTT A No Yes No

STA-C.K. Prest Yes Yes ?

Actin FS Yes Yes ?

Actin FSL Yes Yes ?

Pathromtin SL ? Yes ?

SynthASil ? Yes ?

SynthAFax No ? Yes

DG Synth Yes ? ?

Cephascreen Yes Yes Yes

APTT–SP No ? No



Factor IX activity for SHL FIX concentrates 

Chromogenic vs. One-stage FIX assays 

Wilmot et al. Haemophilia 2014, 20, 891-7 

Kitchen et al. Haemophilia 2016 Jul;22Suppl 5:72-7

pdFIX rFIX
one-stage clotting 

chromogenic assay 

• Chromogenic FIX activity is around 

70% of one-stage results for rFIX

concentrates

• One-stage FIX activity can be 

affected by the reagents used

SHL, standard half-life

pdFIX, plasma-derived FIX; rFIX, recombinant FIX



Factor IX activity for 

EHL FIX concentrates 

Reagent name 
N9 GP

(Rebinyn/Refixia®)
rFIXFc

(Alprolix®)
FIX-Albumin 
(Idelvion®)

Chromogenic FIX assay Yes Yes Yes

One-stage reagents 

STA-PTT A No Yes Yes 

STA-C.K. Prest No No No

Actin No ? ?

Actin FS No Yes No

Actin FSL No Yes ?

Pathromtin SL No Yes Yes

SynthASil No Yes Yes

SynthAFax Yes ? ?

DG Synth Yes ? ?

Cephascreen Yes Yes ?

APTT–SP No ? ?

Auto APTT ? Yes ?

Platelin L ? Yes ?

DAPTIN Yes ? ?
Kitchen et al. Semin TH. 2017 Apr;43(3):331-7

Malar et al., Eur J Haematol. 2020;104:3–14 

Assays that can be used to monitor 

selected EHL FIX products 

“Yes” means results were within 25–30% of the 

expected result based on labeled potency

“No” means results were more than 30% 

different from expected

“?” means authors are unaware of any data at 

the time of writing this article

EHL, extended half-life



Assay discrepancies for endogenous FVIII or FIX 

Non-severe hemophilia

• Recommendation:

– Consider the bleeding phenotype for severity assignment 

– Patients with non‐severe hemophilia A, both OSA and CSA should be performed

– Not enough information for hemophilia B

Kitchen et al. Haemophilia 2016 Jul;22Suppl 5:72-7

Non-severe hemophilia A

OSA > CSA OSA < CSA

F8 mutations in A1‐A2‐A3 domain 

(destabilization of the FVIIIa heterotrimer)

F8 mutations in VWF or FIXa binding sites, or thrombin cleavage sites

(supraphysiological factor concentrations in CSA)

OSA, one stage assay; CSA, chromogenic substrate assay



Assay discrepancies for endogenous FVIII or FIX 

Gene therapy

3. George et al., N Engl J Med 2017; 377:2215-27

4. Robinson et al., J Thromb Haemost. 2021;00:1–7  

Hemophilia A

BDD-FVIII gene product

Chromogenic FVIII activity is 60% less than one stage1,2

(opposite for BDD-rFVIII Refacto AF®)

Hemophilia B

FIX-Padua gene product

Chromogenic FIX activity is 60% less than one-stage3

One stage vary according to reagents4

1. Rangarajan  et al.  N Engl J Med 2017;377:2519-30

2. Rosen et al., Blood 2020;136:2524-34BDD-FVIII, B-domain deleted factor VIII



FVIII assay in presence of emicizumab

• Emicizumab interferes with clotting‐based assays, such as the aPTT and one‐stage assays 

Malar et al., Eur J Haematol. 2020;104:3–14

Srivastava et al., Haemophilia 2020 Aug;26 Suppl 6:1-158

• Recommendation:

– For FVIII activity measurement and to quantify FVIII inhibitor in presence of emicizumab the 

recommendation is to use of the chromogenic method containing bovine proteins

– To evaluate the expected emicizumab levels, it is possible to use of the modified one stage 

assay method, including an additional pre-dilution and calibration of the assay with an 

emicizumab-specific calibrator

aPTT = activated partial thromboplastin time 



In Summary

• Chromogenic assays may avoid some limitations associated with 

one‐stage assays, but their regulatory status, higher cost, and lack of 

laboratory expertise may influence their use 

• For factor VIII and IX monitoring

– Chromogenic assay suitable for monitoring modified and unmodified FVIII and 

FIX

– Laboratories should have knowledge about which replacement factor the 

patient is receiving and if their current method provides an accurate 

measurement

– Clinicians must be informed about the potential biases (over- or 

underestimating factor activity) and an alternative of measuring accurate 

concentration provided 



Thank you!



Radek Kaczmarek, PhD

Chair WFH CPSSA Committee

Bleeding Disorder Products: 

The long journey of production



Evolution of hemophilia therapy: whole blood -> plasma-> cryoprecipitate -> 

pdCFCs -> rCFCs -> EHL rCFCs -> non-factor products -> gene therapy

Manucci PM, Haematologica, 105(3), 545-553, 2020



Cold ethanol fractionation and 

purification of albumin. 

Proof of concept for large scale 

isolation of therapeutic proteins from 

plasma (1940s). 

Cohn et al, J Am Chem Soc, 68(3), 459–475, 1946

Key early technological leaps (1)



Discovery of high FVIII:C activity in 

cryoprecipitate. 

Cryoprecipitation results from slow 

thawing of whole plasma at 1 to 4ºC. 

Cryoprecipitate consists of FVIII, VWF, 

fibrinogen and FXIII. 

Still used in the developing world for 

treatment of hemophilia; fills a gap 

between patients’ needs and 

affordability.

Key early technological leaps (2)

Pool JG et al, Nature, 203, 312, 1964

Judith Graham Pool

Can be made at local blood 

banks. 

Usually not virally inactivated 

(risk of blood-borne 

infections). 



Plasma fractionation today (1)

Burnouf T, Trans Med Rev, 21(2), 101-117, 2007



Multiple plasma-derived 

products for people with 

bleeding disorders are in the 

clinic today. 

Not all commercially available 

(FV concentrate). 

Burnouf T, Ann Blood, 3, 33, 2018

Plasma fractionation today (2)



Burnouf T, Trans Med Rev, 21(2), 101-117, 2007

Up to 30,000 L plasma 

(120k donations) pooled

FVIII(+/-VWF), 

fibrinogen

PCC FIX

FVII

Plasma fractionation today (3)



Viral inactivation (1)

Burnouf T, Ann Blood, 3, 33, 2018

The HIV epidemic among 

PWBDs caused by viral 

contamination of CFCs 

prompted integration of 

viral reduction (inactivation 

and/or removal) measures 

in the manufacture of 

products. 



Viral inactivation (2)

Burnouf T, Trans Med Rev, 21(2), 101-117, 2007

No HIV, HCV or HBV 

infections via CFCs have 

been reported since the 

introduction of the viral 

reduction measures. 

Unknown risk of new 

infectious agents. 



Recombinant factor concentrates (1)

F9 was cloned in 1982 (Choo et al, Nature, 1982). 

F8 gene was cloned in 1984 (Vehar et al, Nature, 1984; Wood et al, Nature, 1984; 

Gitschier et al, Nature, 1984; Toole et al, Nature, 1984). 

The need for safer treatment products drove efforts to make recombinant clotting 

factor concentrates. 

Viral  or plasmid 

vector encoding the 

protein of  interest

Host cel l  (e.g.  CHO)

Clott ing factor 

release into the 

medium

Protein pur i f icat ion



Recombinant factor concentrates (2)

Burnouf T, Vox Sang, 100, 68-83, 2010

Three mammalian cell lines 

mostly used (CHO, BHK, HEK). 

rFXIII now available and 

manufactured in 

glycoengineered Pichia 

pastoris (yeast). 

Recently approved new rFVIIa

purified from milk of transgenic 

rabbits. 

rVWF now available.



Recombinant factor concentrates (3)

Multiple complex 

posttranslational modifications 

limit the choice of workhorse 

cell lines. 

Kumar SR, Biotechnol J, 10, 995-1004, 2015



Extended half-life factors
Several EHL products approved 

since 2014. 

Half-life extension achieved via 

PEGylation or fusion with Fc 

fragment of IgG or with albumin. 

New technologies under 

development (e.g. FVIII fusion 

with Fc, VWF D’D3 and XTEN). 

Made in CHO or HEK cells.  

Pelland-Marcotte MC et al, Hematol Oncol Clin N Am, 33, 409–423, 2019



The only approved (2017) 

non-factor product is a 

bispecific antibody mimicking 

FVIIIa. 

Non-factor therapies (1)

Butterfield JSS, Hege KM, Herzog RW, Kaczmarek R, et al, Mol Ther, 28(3), 2020



Non-factor therapies (2)

Sampei Z et al, PLoS ONE, 8(2), e57479, 2013

Emicizumab was developed 

via recombination of anti -

FIXa and anti-FX antibodies 

with optimal binding 

properties. 

Made in CHO cells. 



Three anti-TFPI antibodies under 

development (in CHO): 

concizumab (murine mAb, 

humanized, IgG4)

marstacimab (fully human IgG1 

mAb, selected from a phage 

display library of scFvs derived 

from non-immunized human

donors and converted to

IgG1)

MG1113 (murine, humanized, IgG4)

Non-factor therapies (3)

Butterfield JSS, Hege KM, Herzog RW, Kaczmarek R, et al, Mol Ther, 28(3), 2020



Non-factor therapies (4)

Butterfield JSS, Hege KM, Herzog RW, Kaczmarek R, et al, Mol Ther, 28(3), 2020

Fitusiran is a synthetic 

small-interfering (si)RNA 

which knocks down the 

antithrombin transcript. 



Gene therapy

Butterfield JSS, Hege KM, Herzog RW, Kaczmarek R, et al, Mol Ther, 28(3), 2020

Most AAV vectors tested 

in clinical trials for 

hemophilia are made in 

HEK cells or Spodoptera

frugiperda 9 (Sf9) cells 

(insect, lepidopteran). 



THANK YOU



Professor of Haemostasis and Thrombosis

Barts and the London School of Medicine 

and Dentistry

Navigating Rebalancing Agents in Clinical 

Trials

John Pasi, MB ChB PhD



• Next generation coagulation 
factors

o EHL + VI I I  /  IX

o Super IX

• Mimicking clott ing factors

o Bispeci f ic  ant ibody to IX,  X

▪ 2 nd generat ion b ispec i f i c  ant ibody

• Suppressing clot regulators

o RNAi target ing AT 

o Ant i -TFPI 

o APC-Serpin 

• Gene therapy

o AAV Factor  IX 

o AAV Factor  VI I I

Emerging agents for haemophilia



• Haemophil ia is disorder of thrombin generation

• Natural anticoagulants are major regulators of haemostasis

• Opposing or suppressing natural anticoagulants wil l  rebalance 
haemostasis in the absence of factor VIII  or IX

• Subcutaneous administrat ion

Concepts



Dargaud et al., Thromb Haemost 2005; 93:475-480
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M
)

Time (min)

Control

FVIII = 10%

FVIII = 2.7%

FVIII < 1%

Tissue factor = 1 pM

Phospholipids = 4 µM

Thrombin Generation and Haemophilia
Thrombin generat ion corre lates wi th d isease sever i ty



Haemostatic balance, normal



Haemostatic balance

haemophil ia

replacement therapy



Haemostatic balance



Haemostatic balance

haemophilia

anticoagulant focused



Haemostatic balance



Thrombin

VIIIa

Injury

XIa

VIIa

TF

X
Xa

IX IX

IXa

Va

Prothrombin

Fibrinogen FIBRIN

XI

Thrombin 

activation



Thrombin

Injury

VIIa

TF

X
Xa Va

Prothrombin

Fibrinogen FIBRIN

Thrombin 

activation



Thrombin

Injury

VIIa

TF

X
Xa Va

Prothrombin

Fibrinogen FIBRIN

TFPI

AT

AT APC



Chowdhury, Drugs 2018, 78:881-90

Target mediated drug disposition
Daily, biweekly or weekly dosing

Anti-TFPI



Inhibitor Non-Inhibitor By type 

Shapiro et al, Blood 2018, 134:1973-82

Concizumab phase 2 data



Shapiro et al, Blood 2018, 134:1973-82

Concizumab phase 2 data



• Antithrombin (AT) as a defined target

o AT is  key natural  ant icoagulant

▪ Inac t iva tes  Factor  Xa and thrombin

▪ At tenuates  thrombin generat ion

o Human AT def ic iency associated 
wi th increased thrombin generat ion 

o Expressed in l iver

• Co-inheritance of Anti thrombin deficiency 
in haemophil ia

o Associated wi th mi lder  b leeding,  reduced factor  requirements,  fewer 
compl icat ions

AT

FIX

FVIII

FIXa

FVIIa FVII

FVIIIa

FVa FV

FX

FXa

Fibrinogen Fibrin

ThrombinProthrombin

Blood clot

Intrinsic system Extrinsic system 

Hemophilia B

Hemophilia A

FVIII

FIX

AT

Kurnik et al., Haematologica 2007; 92:982-5, Ettingshausen et al., Thromb Haemost 2001; 85:218-20, 

Negrier et al., Blood 1993; 81:690-5, Shetty et al., Br J Haematol 2007; 138:541-4

Antithrombin and haemophilia?



mRNA

mRNA
degradation

dsRNA
dicer

Cleavage

Strand separation

Complementary pairing

Cleavage

(A)n

(A)n

Natural 
Process 
of RNAi

RISC

144

RNA interference



mRNA

mRNA
degradation

Strand separation

Complementary pairing

Cleavage

(A)n

(A)n

Synthetic siRNA

Targeted Gene

Silencing

RISC

145

RNAi technology for gene silencing



• Small RNA molecule

o 23 nucleot ide

o targeted to SERPINC1 transcr ipt

• Attached to N-acetylgalactosamine
(GalNAc) moiety 

o binding to the hepatocyte through the 
asia loglycoprotein receptor  

• Administered SC monthly

• Fixed dosing

Double-stranded 

oligonucleotide

GalNAc residues

Fitusiran
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Some variable d-dimer responses

AT levels with Fitusiran - Phase 2 OLE 



Pasi et al, NEJM 2017, 377:819-28

Thrombin generation



ABR in subjects with inhibitors

Median duration in observation period: 

36 months (range: 5-45 months)

Median duration in observation period: 

28 months (range: 7-36 months)

ABR in subjects without inhibitors
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Overall median ABR of 0.84 during the observation period

Pasi et al, WFH Virtual Summit 2020

Fitusiran Phase 2 OLE : Bleeding Events



Specific design mutant alpha1-antitrypsin
KRK-alpha-AT
Covalent inhibition of APC (not PC)

Polderdijk et al, Blood 2017;129:105, Baglin et al EAHAD 2021

SerpinPC



Baglin et al, EAHAD 2021

55% reduct ion in  b leeds

No e levat ions of  d -d imer

SerpinPC – bleed pattern after a single dose



Safety and 

thrombosis risk

Risk mitigation strategies 



• 3 events

o CVST (mi ld haem A with inhib i tor)

o Ischaemic stroke (severe haem A)

o Retinal  ar tery thrombosis (severe haem A)

• No event occurred in associat ion with concomitant replacement 
therapy

• No associat ion with level BAY1093884 exposure

• Events occurred at lower doses than PKPD predict ions would 
suggest is required for eff icacy

• Programme terminated

Ferrante et al, ISTH 2020

BAY1093884 – thrombotic events



• 3 thrombotic events 

o acute MI,  renal  infarct  and VTE /  PE

o al l  recent ly  t reated wi th replacement therapy (FVII I ,  rVI Ia)

• Issues

o al l  had thromboembol ic  r isk factors

o al l  had concomitant  t reatment for  breakthough bleeds

o al l  had high(est)  levels concizumab exposure

• Risk mit igation

o lowest  dosing for  breakthrough bleeds

o Concizumab exposure level  to be used for  dose adjustment

Seremetis et al, ASH 2020 poster 1796

Concizumab – thrombotic AEs



• ~293 patient-years of exposure

• Incident rate of vascular thrombotic events per 100 patient years vs AT level

• <10%, 5.91

• 10–20%, 1.40

• >20% 0

Vascular 

thrombotic eventc

Patient characteristics Medical history/comments AT 

category
Age range 

(years)

Haemophilia subtype 

and                         

inhibitor status 

Cerebral infarct >60 Haemophilia A patient 

without inhibitor

Well-controlled HIV, HCV, and prostate cancer status-post radical 

prostatectomy with recent prostate-specific antigen within normal limits

<10%

Cerebrovascular 

accident 

30–40 Haemophilia A patient 

without inhibitor

Deep vein thrombosis (not identified at enrollment; a study exclusion 

criterion), diabetes, obesity, HCV and tobacco use

<10%

Spinal vascular 

disorder

20–30 Haemophilia A patient with 

inhibitor

Suspected thrombosis involving a spinal injury <10%

Cerebral venous 

sinus thrombosis

20–30 Haemophilia A patient 

without inhibitor

Concomitant factor use in excess of the current bleed management 

guidelines in fitusiran clinical studies. Event initially diagnosed and treated 

as a subarachnoid haemorrhage and resulted in a fatal outcome

10–20%

Atrial thrombosis 20–30 Haemophilia B patient with 

inhibitor

Concomitant use of BPA in excess of the current bleed management 

guidelines in fitusiran clinical studies

10–20%

Vascular Thrombotic Events

Negrier et al, EAHAD 2021



Based on PK/PD modell ing and clinical data

Start with a SC dose of fitusiran at 50 mg every other montha

Escalate to 50 mg monthly, based on AT levels

Further escalate to 80 mg monthly, based on AT levels

Dose revisions

Negrier et al, EAHAD 2021



• Significant potential for new therapeutic approach in haemophil ia
and rare bleeding disorders

o different iated approach with infrequent,  subcutaneous dosing that could 
change disease management by restor ing haemostasis

o potent ial  to address haemophi l ia A and B, al l  pat ient groups, including 
inhibi tors

o global publ ic health issues and opportuni t ies

o potent ial  s impl ic i ty

• Problems 

o r isk of  thrombosis 

o r isk mit igat ion possible but loss of  s impl ic i ty of  dosing and monitor ing

• Efficacy data needed from new dosing protocols

Conclusions



THANK YOU



QUESTION & ANSWER

Please submit your questions in the Q&A box



This webinar was part of a series. The next sessions will be 

taking place on the following dates:

• Tuesday, July 27, 2021 from 8AM to 10AM ET

• Tuesday, October 12, 2021 from 8AM to 10AM ET

• Thursday, December 16, 2021 from 8AM to 10AM ET

Registration will be open soon. 



Become a member and 
support our global 
community today.

wfh.org/membership



THANK YOU!
¡GRACIAS!

MERCI!

شكرا

СПАСИБО

STAY SAFE!


