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9 year old boy
Non-consanguineous parents

Mild bleeding tendency: easy bruising, occasional epistaxis, bled excessively after tonsillectomy
some paternal relatives, including father, had mild bleeding tendency

A

12 107 13
APTT (s) 35 30-40
TT (s) 9 9-11

we

30 121 15
PT 50:50 mix (s) 14 12-15
APTT (s) 37 327 42
TT (s) 11 10-12

FVII:C (iu/dL) 7 507 150
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Table 2. Factor VII:C Activity of Different Homozygous FVII Defects
According to Girolami et al.?’

FVII Tondabaya-
FVII Padua FVIl Nagoya  shi or Shinjo
(Arg304GIn) (Arg304Trp) (Arg79GiIn)

Mean FVII:C (rabbit 6% 5% 7% A Asymptomatic/mild bleeding tendency
brain - A Type Il defects with variable activity
thromboplastin)

Mean FVII:C (human 34% 16% 48% A FVII:Ag normal or near normal
recombinant )=
thromboplastin) Factor V11 Padua,: Another Factor VII

Mean FVII:C (ox brain rl 01% 60% 109% A b lactin activation and o

Complex Hereditary Pattern

thromboplastin)
FVI |Ag = >100% 100% 93% By A. Girolami, G. Cattarozzi, R. Dal Bo Zanon, G. Calla, and . Toffanin

L b]OOd Blood, Vol. 54, No. 1 (July), 1979




81 year old woman
Admitted for radiofrequency ablation of renal tumour in June 2017

No bleeding symptoms or history of bleeding i apparently not anticoagulated

Coagulation screen - June 2017

N T
PT/INR 273 0.87 1.2
PT/INR 50:50 mix 1.4 0.871 1.2
APTT (ratio) 1.0 081 1.2

Coagulation screen i Sept. 2017

PT/INR 27 0871 1.2
APTT (ratio) 1.2 0871 1.2
Fibrinogen (g/L) 3.1 1.771 4.0

Vitamin K epoxide <0.27 pg/L



[ 1-stage FVII assay with recombinant human thromboplastin ]
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20
5 75 10 25 50 75 100
510?%1 Lin[Dilution Ratio%] 2 = o sl LnDRson fesas]
Detai | Detail
0000. 0000.0000 Dilution Ratio was Changed. 0000. 0000. 0000 Dilution Ratio was Changed.
Inhibition abolished & parallelism restored at 1/20 Inhibition abolished & parallelism restored at 1/20
MDA Point MDA Point -
Replications Dil. Ratio — I % Replications Dil. Ratio sec ¥
1 11 23.1 95.7
1 . .7
1 }j; §; ; ;(1, ; 1 1/2 28.3 120.8
1 1/4 0.4 9.9 1 1/4 38.2 122.4
Mean 844 Mean 113.0

APTT-based one-stage FIX assay was normal and without interference



Lupus anticoagulant assays
sy s | Reut | RR |

dRVVT screen

dRVVT confirm

% correction

dRVVT screen 1:1 mix
dRVVT confirm 1:1 mix

dAPTT screen

dAPTT confirm

% correction

dAPTT screen 1:1 mix
dAPTT confirm 1:1 mix

(ratio)
(ratio)
(%)
(ratio)

(ratio)

(ratio)
(ratio)
(%)
(ratio)

(ratio)

1.23
0.91
26.0
1.37
0.99

1.46
0.99
32.2
1.38
0.88

0.851 1.17
0.907 1.10

O 10
0.907 1.07
0.981 1.10
0.8071 1.20
0.827 1.18

O 10
0.861 1.10
0.887 1.12

However, these are not extrinsic pathway-based assays so how do we know it was the LA affecting the PT?

Rabbit brain thromboplastin
INR 1.0

Optimization of the dilute prothrombin time for the detection of | | Low frequency of elevated prothrombin times in patients with
the lupus anticoagulant by use of a recombinant tissue lupus anticoagulants when using a recombinant

thromboplastin

BRITISH JOURNAL OF HAEMATOLOGY 1994 67 04.69

thromboplastin reagent: implications for dosing and
monitoring of oral anticoagulant therapy
W Moore @5 ¢ ¢ .




Every haemostasis laboratory needs two thromboplastins (from different species)




56 year old female

Non-consanguineous parents

Asymptomatic

I T
PT (s) 21

T T R

PT (s) 292 107 13 127 15
PT50:50 mix  (s) 12 10-13 PT50:50 mix  (s) 13 12 -15
APTT (s) 38 30 - 40 APTT (s) 30 327 42
T (s) 9 9-11 TT (s) 11 10-12
FVII:C (IU/dL) 120 50 - 150 FVII:C (IurdL) 117 50 - 150
LA testing by dRVVT, APTT & dPT Not detected
FX:C (Iu/dL) 25 50 - 150 FX:C (IU/dL) 27 50 - 150
FX Pad ua reduced activity with FX chromogenic assay & extrinsic assays
nor mal activity with Russell s viper v

normal FX:Ag



Haemophilia

assays even in the molecular biology era

A. GIROLAMI, S. VETTORE, P. SCARPARO and A. M. LOMBARDI

Persistent validity of a classification of congenital factor X
defects based on clotting, chromogenic and immunological

Haemophilia (2011), 17, 17-20
Type | Concordant reduction in activity and antigen Stuart-like
Type Il Inert protein but measurable antigen Prower-like
Type llI Dysreactive protein and measurable (higher) antigen
1. Defects in all activity assays except RVV Friuli-like
2. Defects only or predominantly in extrinsic-Xase Padua-like
3. Defects only or predominantly in intrinsic-Xase Melbourne-like
4. Defects with higher activity levels in chromogenic assays
Type IV | Defect associated with other clotting factor deficiencies i.e. FVII & chromosome 13 abnormalities




8 day old boy given vitamin K at birth - severe bleeding after circumcision

PT (s) 75 307 40 PT (s) 1 107 13
PT 50:50 mix (s) 45 307§ 40 APTT (s) 120 30 - 40
APTT (s) 130 32171 42 APTT 50:50 mix (s) 38 30-40
APTT 50:50 mix (s) 40 32i 42 TT (s) 9 9-11
TT (s) 11 10- 12

FII:C (iu/dL) 75 501 150 FVIII:C (iu/dL) 145 501 150
FV:.C (iu/dL) 105 5071 150 FIX:C (iu/dL) <1 5071 150
FVII:C (iu/dL) 55 5071 150 FXI:C (iu/dL) 80 581 120
FX:C (iu/dL) 62 5071 150 FXII:C (u/dL) 89 5071 150




Haemophilia B,

Markedly prolonged PT with bovine (ox)-brain thromboplastin
May have mildly prolonged PT with other thromboplastins

Can be accompanied by genuine, mild FVII deficiency

FIX Deventer

FIX Milano

FIX Novara

FIX Bergamo

FIX Hilo

FIX Lake Elsinore

FIX:Ag normal T dysfunctional molecule

Studies on the Prolonged Prothrombin Time
in Haemophilia By
Svsax Evropt

hrombos. Diathes. haomorrh, (Stuttg.), 1973, 29, 247

Comparison of the Behavior of Normal Factor IX and the
Factor IX BM Variant Hilo in the Prothrombin Time Test
Using Tissue Factors From Bovine, Human, and
Rabbit Sources

Jerry B. Lefkowitz, Dougald M. Monroe, Carol K. Kasper, and Harold R. Roberts

American Journal of Hematology 43:177-182 (1983)

Hemophilia B with associated factor VII deficiency: A
distinct variant of hemophilia B with low factor VII
activity and normal factor VII antigen

Inhibitory effect of abnormal FIX in bovine brain PT of TF-dependent FX activation

An investigation of three patients with Christmas Incidence, significance, and subtypes of hemophilia By, Factor IX Deventer-Evidence for the Heterogeneity
disease due to an abnormal type of factor ix in a large population of hemophilia B patients of Hemophilia By,
K. W. E. DENSON, ROSEMARY BIGGS, AND P. M. MANNUCCI A Girolami, R, Dal Bo Zanon, P, Saltarin, V. Quaino, G. Altinier, T. Ripa, A Marchetti & D. Stocco R. M. Bertina and |. K. van der Linden
J. clin. Parh. (1968), 21, 160-165 Blut 44, 41-49 (1982) Thromb Haemostas (Stuttgart) 47 (2) 136-140 (1982)




23 year old male
Right leg occlusive femoral-popliteal DVT after mild muscular stretching (3 days previously)
No FH of thrombosis

posy [ reoit | rn o [ Reut | R
PT (s)

PT (s) 11 10-13 12 10-13
APTT (s) 26 30-40 APTT (s) 25 30 - 40
TT (s) 10 9-11 Fibrinogen (g/L) 3.2 207 4.0
Normal antithrombin, protein C, free protein S & APC-R FVII:C (iu/dL) 100 50 - 150
Causes of shortened APTT: difficult venepuncture leading to activated sample spurious result
analytical error spurious result
overfilled sample spurious result
natural statistical outlier genuine result
elevated FVIII (innate, acquired) genuine result

elevated fibrinogen genuine result



| The NEW ENGLAND JOURNAL of MEDICINE |

X-Linked Thrombophilia with a Mutant . ) .
Factor IX (Factor IX Padua) Gain of function mutation

Paolo Simioni, M.D., Ph.D., Daniela T , M.D., Ph.D., Giulio Tognin, M.D., H H H .- 11
" Sabrina Gavasso, Ph.D., Cristana Bulato, Ph.D. Nicholas P. lacobell B, Substitution of leucine for arginine at position 338 (FIX-R338L)
Jonathan D. Finn, Ph.D., Luca Spiezia, M.D., Ph.D., Claudia Radu, Ph.D.,
and Valder R. Arruda, M.D., Ph.D.

X-linked thrombophilia

Table 1. Clinical Characteristics and Laboratory Data from the Family Members.*

Activated Partial-
Age Thromboplastin Time Factor IX Antigen Factor IX Activity  Factor IX Activity-

Subject Sex (yr) (sec)t (% of normal level) (% of normal level)  to-Antigen Ratio
lI-1, proband M 23 @ 8.4
I-1 , father M 53 35.2 105 127 1.2
12, mother  F 46 Qsz) <\94 ) <\337) 3.5
lI-2, brother M 21 334 116 123 1.0
lI-3, brother M 11 @ @ 8.6
T The normal range for activated partial-thromboplastin time is 30 to 40 seconds.
During warfarin therapy:  INR 3.4

FIX:C  160%
FIX:Ag  28%



First reported thrombophilic defect in F8

Partial F8 gene duplication (factor VIII Padua) associated Described in two Italian families

with high factor VIII levels and familial thrombophilia o : .
. S% J pF ) 23.4.kb tandem duplication of proximal portion of F8
aolo Simioni,’ Stefano Cagnin,?# Francesca Sartorello,' Gabriele Sales,? Luca Pagani,”* Cristiana Bulato,' Sabrina Gavasso,' Francesca Nuzzo,*

Francesco Chemello,? Claudia M. Radu,' Daniela Tormene," Luca Spiezia,' Timan M. Hackeng,” Elena Campello,' and Elisabetta Castoldi® ASSOCiated With elevated FVI II & VTE

® blood® 29 APRIL 2021 | VOLUME 137, NUMBER 17 2383

Affects males & females

Table 1. Clinical characteristics and laboratory data of the family members

Age at Additional
Age, Thrombotic first aPTT, FVII:C, FVII:Ag, VWF:Ag, thrombophilic
Participant Sex y events VTE, y PT/INR s* %t %% %8 defects
Family A
11-3, F 53l DVT and PE 31 2.889 26.59] 422 432 165 No
proband
-4 F | 77 DVT and PE 49 100 |1 269 296 144 No
I1-6 M | 45 SVT and DVT 43 098 |C21.1) 416 372 60 No
11-1 M 26 No — 1.11 29.3 132 152 144 No
I-2 M 22 No — 1.1 27.2 323 368 112 No
Family B
I1-1, M 41 DVT and PE 21 3.19 409 264 273 78 Heterozygous FV
proband Leiden
-2 F | 66 DVT 24 0.93 @ 508 457 68 | Heterozygous FV
Leiden
-1 F 19 No — 1.07 26.2 295 270 113 Heterozygous FV
Leiden
*Normal range, 26 to 34 seconds. $Normal range, 64% to 156%. lIAge at death.

TNormal range, 58% to 162%. §Normal range, 52% to 178%. VKA treatment.






53 year old male -5_

4 months post cardiac surgery  FT 12 Lo e

No bleeding symptoms APTT (s) 36 30-40
TT (s) >240 9-11
Reptilase time (s) 13 127 16
Fibrinogen (g/L) 4.0 2071 4.0
UFH APTT normal
LMWH would not elevate TT that high
Dysfibrinogenemia Clauss fibrinogen too high
Elevated D-dimers would affect reptilase time to some extent
Paraprotein would likely affect reptilase time
Dabigatran would affect APTT at that level

CAUSE Antibody to bowne; thrombm

Normal thrombin time with human thrombin reagent



49 year old female Assay | _Resut | ___RR____

Post-op coagulation screen ~ PT (s) 11 107 13

No other information APTT (s) 50 30 - 40
Fibrinogen (g/L) 8.3 2071 4.0
TT (s) 10 9-11
RT (s) 24 12 - 16
FVIII:C (Iu/dL) 208 50 - 150
CRP (mg/L) 120 0-3

Elevated Fibrinogen in an Acute Phase Reaction Prolongs
the Reptilase Time but Typically Not the Thrombin Time

Elizabeth M. Van Cott, MD,! Eve Y. Smith,! and Dennis K. Galanakis, MD?

Am J Clin Pathol 2002;118:263-268

Reptilase Time (seconds)
N
5
.+.,... .
o’+4 o
DIEE
P

Normal 400-700 700-1,000 >1,000
Fibrinogen (mg/dL)

? acute phase reaction generates fibrinogen with increased sialic acid &/or phosphorous content

Effect abolished by adding 3 mmol/L CaCl, or 2.5% albumin i not abolished if hereditary dysfibrinogenemia



TT & RT used to screen for dysfibrinogenemia i prolonged

Fibrinogen Oslo | associated with thrombosis
Fibrinogen Valhalla associated with bleeding

Both give shortened TT
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International Journal of Laboratory Hematology

r———L THE SENSITIVITY OF TWO NEW APTT REAGENTS TO FACTORS
The responsiveness of different APTT reagents to mild VIII, IX AND XI
factor VIII, IX and XI deficiencies A. Bowyer, S. Kitchen and R. Maclean g L%ggggmzjég

A. BOWYER*"", S. KITCHEN®, M. MAKRIS*"" Department of Coagulation, Sheffield Haemophilia and Thrombosis Centre, UK

Int. Jnl. Lab. Hem. 2011, 33, 154-158

International Journal of Laboratory Hematology E’
Hematalog

Determination of APTT factor sensitivity — the misguiding
guideline

A.S. LAWRIE®, S. KITCHEN', M. EFTHYMIOU®, 1. 1. MACKIE*, 5. J. MACHIN*

L dnl. Lab. Hem. 2014, 35, 652-657

YT T . Mi i ili
Investigation of sensitivity for coagulation factor Yumizen G APTT 4 'cm::iﬁ s 40.9 26.8 433
deficiency in APTT and PT: how to perform it?
o ) Yumizen G APTT Liq 4 EA, RB PL 37.4 29.7 48.9
Els N. Dumoulin, Lisse Fiers and Katrien M.). Devreese*
Clin Chem Lab Med 2016; 54(5): e169-e172 EA
Actin FS . . 67.3 25.5 49.3
International Souraal of Laberatery Hematology purified soy phosphatides
In vitro sensitivity of different activated partial thromboplastin Actin FSL = ) 46.7 22.6 28.3
time reagents to mild clotting factor deficiencies soy/RB phosphatides
P. TOULON**, Y. ELOIT*, M. SMAHI®, C. SIGAUD', D. JAMBOU", F. FISCHER', A. APPERT-FLORY" SI|IC3
Int. Jnl. Lab. Hem. 2016, 38, 389-3% APTT SP . 38'4 15'9 35'6
synthetic PL
An Analysis of the Sensitivity of the Activated STA-PTTA Silica, RB PL 47.6 29.0 35.7
Partial Thromboplastin Time (APTT) Assay, as Used o EA
i i Synthafax 62.8 27.5 55:2
inaLarge ‘La?borz'itory Network, to Coagulation y synthetic PL
Factor Deficiencies Sili
Louis Do, BAppSc, MBBS &=, Emmanuel Favaloro, PhD, FFSC, Leonardo Pasalic, MBBS, PhD SynthaSIl llica 315 361 49 0
American Journal of Clinical Pathology, Volume 158, Issue 1, July 2022, Pages 132-141, Synthetic PL ’

: A normal APTT does not necessarily indicate normal coagulation

NS ¥ FUINI




- 43 year old male
Date

|
] Renal transplant in 2006

04.05.18 1.0 14 1.0 0.92
SeloEs 10 13 Admitted for renal surgery May 2018
07.05.18 1.0 11 ] ; ] No history of bleeding
08.05.18 1.1 1.0
LA detected by dRVVT but not dilute APTT
10.05.18 1.0 1.2 - - - 2 ) . .
13.05.18 10 13 )] Is the LA causing fluctuating elevation of APTT?
14.05.18 1.0 1.5 .
FXII deficiency masked by grossly elevated FVIII
15.05.18 -
1.0 1.2 0.95 6.4 (+ high fibrinogen)
=T - i
; iu/dL 107 5071 150
A TR T | p ..
dRVVT screen (ratio) 1.32 0.8571 1.17 FV:C (IUIdL) 149 501 130
. . ) FVII:C (iu/dL) 83 5071 150
dRVVT confirm (ratio) 1.10 0.907 1.10 ) .
, . FX:C (iu/dL) 125 5071 150
% correction 16.7 O 10 . 3
FVIII:C (iu/dL) 536 5071 150
dRVVT screen 50:50 mix (ratio) 1.11 0.907 1.07 . .
FIX:C (iu/dL) 111 5071 150
dRVVT confirm 50:50 mix (ratio) 0.99 0.9871 1.10 EX|:C (IU/dL) 99 587 120
dAPTT screen (ratio) 0.98 0.807 1.20 FXII.C (u/dL) 27 o071 150




© blood

Bleeding in carriers of hemophilia

Iris Plug, Eveline P. Mauser-Bunschoten, Annette H. J. T. Brocker-Vriends, Hans Kristian Ploos van Amstel, Johanna G. van der Bom,
Joanna E. M. van Diemen-Homan, José Willemse, and Frits R. Rosendaal

Blood. 2006;108:52-56

N
N
*x

Clotting factor activity (IU/mL)
D

1.2
1.0

04 =

N= 225 143
carrier noncarrier

Carrier status

Figure 1. Clotting factor level in relation to carrier status shown for participants
for whom clotting factor level is known. This box-whisker plot shows the median
and the interquartile range of clotting factor activity levels in carriers and noncarriers.
The box is marked by the first and the third quartile; the whiskers indicate the range.
The stacked asterisks indicate two extremes (2.09 and 2.19 1U/mL).

Vumizen G APTT 4 M"'“:::‘: sea 09 268 433

Yumizen G APTT Lig 4 EA, RBPL 374 297 489
EA

Actin F§ 67.3 255 493
" purified soy phosphatides
EA

LR soy/RB phosphatides | &) B [ N or mal APTT

Silica
APTTSP 384 159 356
synthetic PL

STA-PTTA Silica, RB PL 76 20 357
Synthafa R 628 278 55.2
e synthetic PL : g

Silica
synthasil s 381 490

synthetic PL

Table 3. Bleeding tendency of both carti
according to decreasing clotting f:

poﬁng factoyfevel

More thaﬁ, Between 0.41 0.40 IU/mL
0.601U/mL  and 0.60 IU/mL or below P for trend

noncarriers

Small wounds < .01
Event/total (%) 28/233 (12) 25/64 (39) 11/60 (18)
RR (Cl) 1 3.3 (2.0-5.2) 1.5 (0.8-2.9)
Joint bleeds .06
Event/total (%) 12/241 (5) 9/65 (14) 6/62 (10)
RR (Cl) 1 2.8 (1.2-6.3) 1.9 (0.8-4.9)
Tonsillectomy .06
Event/total (%) 21124 (17) 6/26 (23) 11/31 (35)
RR (Cl) 1 1.4 (0.6-3.0)  2.1(1.1-3.9)
Tooth extraction <.01
Event/total (%) 18/139 (13) 14/51 (27) 15/36 (42)
RR (Cl) 1 1.8(1.0-3.0) 2.5(1.5-4.2)
Operations <.01
Event/total (%) 18/139 (13) 14/49 (29) 15/36 (42)
RR (Cl) 1 2.2 (1.2-4.1) 3.2 (1.8-5.7)
Bleeding score 2 or
above, RR (Cl) 1 3.0 (1.5-5.8) 4.0 (2.1-7.7) <.01

Women who ever received treatment with clotting factor concentration, tranex-
amic acid, or desmopressin before tooth extraction, tonsillectomy, or operations were
excluded from the analysis.



Haemophilia in females

Some carriers have sufficient reduction in FVIII/FIX to have bleeding
symptoms and may require treatment prior to invasive procedures or
after major trauma

Reduced FVIll levels in females

(&
A Extreme lyonisation in a carrier O 8 @
A Hemizygosity (i.e. XO in Turner Syndrome) - L?C

A Type 2N or severe VWD
A True haemophiliac female

A Acquired haemophilia







Assay discrepant non-severe Haemophilia A

ot s
\Cu'
HOOCW A3 E light chain

VWF
VWF

Clinically significant discrepancies between 1-stage assay (OSA) & chromogenic substrate assay (CSA)
Approximately 30% of non-severe HA

Classical discrepancy 7 higher OSA result
Unstable FVllla heterotrimer and increased A2 dissociation
Clinical severity more in keeping with the lower 2-stage assay result

Reverse/lnverse discrepancy - higher CSA result
Impaired activation of FVIII by thrombin

Clinical severity more in keeping with the higher 2-stage result (bleeding rare)

FVIII:Ag often normal or near normal



Classical discrepancy APTT
(Higher 1-stage) e
-
R
FVllla formed only in final, rapid stage of clotting assay """}
Prothrombinase
Effects of unstable FVIlla minimised !
Flla
!

Clot

Chromogenic

Flla + FVIIl

Prolonged incubation with Flla

Higher A2 dissociation rate leads to lower result cor .

substrate

Higher dilution further influences high dissociation rate  repide + pna

Inverse discrepancy

(Higher 2-stage i.e. CSA)

Impaired activation of FVIII by thrombin
Variants activated by thrombin but at a slower rate

Short FVIII activation period leads to reduced result

Impaired thrombin cleavage compensated by:
A supraphysiological thrombin & FIX concs

A longer incubation

A diluted FVIII protein



Prevalence, biological phenotype and genotype in moderate/
mild hemophilia A with discrepancy between one-stage and
chromogenic factor VIII activity

M. TROSSAERT,* P. BOISSEAU,t A. QUEMENER,} M. SIGAUD,* M. FOUASSIER,* C. TERNISIEN,*
A. LEFRANGCOIS-BETTEMBOURG, " C. TESSON,T C. THOMAST and S. BEZIEAU T

J Thromb Haemost 2011; 9: 524-30.

Mutation

Most patients with reverse discrepancy
will have an elevated APTT

BUT

Rarely bleed because 2-stage assay
better reflects clinical severity

Many patients with classical
discrepancy will have a normal APTT

BUT

A More likely to bleed as 2-stage
assay better reflects clinical severity

A Diagnosis could be missed from
normal APTT &/or normal 1-stage

Family HAMSTeRS HGVS

Low ratio
A Phe2127Ser p.Phe2146Ser
B Phe2127Ser p.Phe21468Ser
C Phe2127Ser p.Phe2l46Ser
D Phe2127Ser p.Phe2146Ser
E Phe21278er p.Phe21468er
F ND ND
G le369Thr p.11e388Thr
H Phe2127Ser p.Phe2146Ser
I Glu720Lys p.Glu739Lys
J Phe2127Ser p.Phe2146Ser
K ND ND
L Glu720Lys p.Glu739Lys

High ratio
M
N
0
P
R

His281Asn
Arg531His
Argl749His
Phel785Leu
Pro264Leu

p.His300Asn
p-Arg550His
p.Argl 768His
p.Phel1804Leu
p.Pro283Leu




