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they may be something else



Hidden
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Masked



Unusual
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You might be using 
the wrong tools



Screening tests



Lab 1

Assay Result RR

PT                              (s) 12 10 ï13

APTT                         (s) 35 30 - 40

TT                              (s) 9 9 - 11

Lab 2

Assay Result RR

PT                             (s) 30 12 ï15

PT 50:50 mix             (s) 14 12 - 15

APTT                         (s) 37 32 ï42

TT                              (s) 11 10 - 12

FVII:C                  (iu/dL) 7 50 ï150

FVII  Padua

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



ÅAsymptomatic/mild bleeding tendency

ÅType II defects with variable activity

ÅFVII:Ag normal or near normal



81 year old woman 

Admitted for radiofrequency ablation of renal tumour in June 2017

No bleeding symptoms or history of bleeding ïapparently not anticoagulated

Coagulation screen - June 2017

Assay Result RR

PT/INR 2.3 0.8 ï1.2

PT/INR 50:50 mix 1.4 0.8 ï1.2

APTT                  (ratio) 1.0 0.8 ï1.2

Coagulation screen ïSept. 2017

Assay Result Reference range

PT/INR 2.7 0.8 ï1.2

APTT                 (ratio) 1.2 0.8 ï1.2

Fibrinogen (g/L) 3.1 1.7 ï4.0

Vitamin K epoxide <0.27 µg/L



Beyond 

standard curve

Report as 

>159.5 IU/dL

1-stage FVII assay with recombinant human thromboplastin



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

FII assay

Inhibition abolished & parallelism restored at 1/20

FII = 90.8 IU/dL

Inhibition abolished & parallelism restored at 1/20

FX = 121.6 IU/dL

FX assay



Lupus anticoagulant assays

Assay Units Result RR

dRVVT screen   (ratio) 1.23 0.85 ï1.17

dRVVT confirm  (ratio) 0.91 0.90 ï1.10

% correction (%) 26.0 Ó 10

dRVVT screen 1:1 mix (ratio) 1.37 0.90 ï1.07

dRVVT confirm 1:1 mix (ratio) 0.99 0.98 ï1.10

dAPTT screen (ratio) 1.46 0.80 ï1.20

dAPTT confirm (ratio) 0.99 0.82 ï1.18

% correction (%) 32.2 Ó 10

dAPTT screen 1:1 mix (ratio) 1.38 0.86 ï1.10

dAPTT confirm 1:1 mix (ratio) 0.88 0.88 ï1.12

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



Every haemostasis laboratory needs two thromboplastins (from different species)



56 year old female

Non-consanguineous parents

Asymptomatic

FX Padua reduced activity with FX chromogenic assay & extrinsic assays

normal activity with Russellôs viper venom & intrinsic assays

normal FX:Ag

Lab 1

Assay Result RR

PT                        (s) 22 10 ï13

PT 50:50 mix       (s) 12 10 - 13

APTT                   (s) 38 30 - 40

TT                        (s) 9 9 - 11

FVII:C (IU/dL) 120 50 - 150

LA testing by dRVVT, APTT & dPT Not detected

FX:C (IU/dL) 25 50 - 150

Lab 2

Assay Result RR

PT                        (s) 21 12 ï15

PT 50:50 mix       (s) 13 12 - 15

APTT                   (s) 30 32 ï42

TT                        (s) 11 10 - 12

FVII:C (IU/dL) 117 50 - 150

FX:C (IU/dL) 27 50 - 150



Type I Concordant  reduction in activity and antigen Stuart-like

Type II Inert protein but measurable antigen Prower-like

Type III Dysreactive protein and measurable (higher) antigen

1. Defects in all activity assays except RVV                                    

2. Defects only or predominantly in extrinsic-Xase

3. Defects only or predominantly in intrinsic-Xase

4.     Defects with higher activity levels in chromogenic assays

Friuli-like

Padua-like

Melbourne-like

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

Lab 3

Assay Result RR

PT                                (s) 75 30 ï40

PT 50:50 mix               (s) 45 30 ï40

APTT                           (s) 130 32 ï42

APTT 50:50 mix           (s) 40 32 ï42

TT                                (s) 11 10 - 12

Lab 1

Assay Result RR

PT                                (s) 11 10 ï13

APTT                           (s) 120 30 - 40

APTT 50:50 mix          (s) 38 30 - 40

TT                                (s) 9 9 - 11

FII:C 

FV:C 

FVII:C 

FX:C

(iu/dL)

(iu/dL)

(iu/dL)

(iu/dL)

75

105

55

62

50 ï150

50 ï150

50 ï150

50 ï150

FVIII:C

FIX:C 

FXI:C 

FXII:C

(iu/dL)

(iu/dL)

(iu/dL)

(u/dL)

145

<1

80

89

50 ï150

50 ï150

58 ï120

50 ï150



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 ïdysfunctional molecule

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

Haemophilia BM



23 year old male

Right leg occlusive femoral-popliteal DVT after mild muscular stretching (3 days previously) 

No FH of thrombosis

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

Assay Result RR

PT                        (s) 11 10 - 13

APTT                   (s) 26 30 - 40

TT                        (s) 10 9 - 11

Normal antithrombin, protein C, free protein S & APC-R 

Assay Result RR

PT                        (s) 12 10 - 13

APTT                   (s) 25 30 - 40

Fibrinogen        (g/L) 3.2 2.0 ï4.0

FVIII:C           (iu/dL) 100 50 - 150



Gain of function mutation

Substitution of leucine for arginine at position 338 (FIX-R338L)

X-linked thrombophilia

, father

, mother

, brother

, brother

During warfarin therapy: INR 3.4

FIX:C 160%

FIX:Ag 28%



First reported thrombophilic defect in F8

Described in two Italian families

23.4.kb tandem duplication of proximal portion of F8

Associated with elevated FVIII & VTE

Affects males & females





53 year old male

4 months post cardiac surgery

No bleeding symptoms

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

Antibody to bovine thrombin

Normal thrombin time with human thrombin reagent

Assay Result RR

PT                             (s) 12 10 ï13

APTT                         (s) 36 30 - 40

TT                             (s) >240 9 - 11

Reptilase time           (s) 13 12 ï16

Fibrinogen              (g/L) 4.0 2.0 ï4.0

NOT

CAUSE



49 year old female

Post-op coagulation screen

No other information

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

Effect abolished by adding 3 mmol/L CaCl2 or 2.5% albumin ïnot abolished if hereditary dysfibrinogenemia

Assay Result RR

PT                             (s) 11 10 ï13

APTT                         (s) 50 30 - 40

Fibrinogen              (g/L) 8.3 2.0 ï4.0

TT                             (s) 10 9 - 11

RT                             (s) 24 12 - 16

FVIII:C                (IU/dL) 208 50 - 150

CRP                    (mg/L) 120 0 - 3



TT & RT used to screen for dysfibrinogenemia ïprolonged

Fibrinogen Oslo I associated with thrombosis

Fibrinogen Valhalla associated with bleeding

Both give shortened TT



Factor assays



A normal APTT does not necessarily indicate normal coagulation



Lupus anticoagulant assays (15.05.18)

Assay Result RR

dRVVT screen                                      (ratio) 1.32 0.85 ï1.17

dRVVT confirm                                     (ratio) 1.10 0.90 ï1.10

% correction 16.7 Ó 10

dRVVT screen 50:50 mix                     (ratio) 1.11 0.90 ï1.07

dRVVT confirm 50:50 mix                    (ratio) 0.99 0.98 ï1.10

dAPTT screen                                      (ratio) 0.98 0.80 ï1.20

43 year old male

Renal transplant in 2006

Admitted for renal surgery May 2018

No history of bleeding

Date 

PT/INR APTT ratio APTTr mix TT ratio Fib. g/L

0.8 ï1.2 0.8 ï1.2 0.8 ï1.2 0.85 ï1.15 1.7 ï3.9

04.05.18 1.0 1.4 1.0 0.92 -

05.05.18 1.0 1.3 - - -

07.05.18 1.0 1.1 - - -

08.05.18 1.1 1.0 - - -

10.05.18 1.0 1.2 - - -

13.05.18 1.0 1.3 - - -

14.05.18 1.0 1.5 - - -

15.05.18 1.0 1.2 - 0.95 6.4

FII:C  

FV:C 

FVII:C 

FX:C 

FVIII:C

FIX:C 

FXI:C 

FXII:C

(iu/dL)

(iu/dL)

(iu/dL)

(iu/dL)

(iu/dL)

(iu/dL)

(iu/dL)

(u/dL)

107

149

83

125

536

111

99

27

50 ï150

50 ï150

50 ï150

50 ï150

50 ï150

50 ï150

58 ï120

50 ï150

LA detected by dRVVT but not dilute APTT

Is the LA causing fluctuating elevation of APTT?

FXII deficiency masked by grossly elevated FVIII 

(± high fibrinogen)



Normal APTT



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 FVIII levels in females

ÅExtreme lyonisation in a carrier

ÅHemizygosity (i.e. XO in Turner Syndrome)

ÅType 2N or severe VWD

ÅTrue haemophiliac female

ÅAcquired haemophilia





Assay discrepant non-severe Haemophilia A

Clinically significant discrepancies between 1-stage assay (OSA) & chromogenic substrate assay (CSA)

Approximately 30% of non-severe HA

Classical discrepancy ïhigher OSA result

Unstable FVIIIa heterotrimer and increased A2 dissociation

Clinical severity more in keeping with the lower 2-stage assay result

Reverse/Inverse 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 



FVIIIa formed only in final, rapid stage of clotting assay

Effects of unstable FVIIIa minimised   

Prolonged incubation with FIIa

Higher A2 dissociation rate leads to lower result

Higher dilution further influences high dissociation rate

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:

Åsupraphysiological thrombin & FIX concs

Ålonger incubation

Ådiluted FVIII protein

APTT

Chromogenic

Contact 

activation

Ca++

Intrinsic tenase

Prothrombinase

FIIa

Clot

FIIa + FVIII

FIXa + PL 

+ FVIIIa + Ca++

FX           FXa

Chromogenic 

substrate

Peptide + pNA

Classical discrepancy
(Higher 1-stage)

Inverse discrepancy
(Higher 2-stage i.e. CSA)



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

ÅMore likely to bleed as 2-stage 

assay better reflects clinical severity

ÅDiagnosis could be missed from 

normal APTT &/or normal 1-stage


