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Things aren’t always what they seem



they may be something else



Hidden

http://wallpaper-download.net/wallpapers/animal-wallpapers-funny-kitten-hiding-wallpaper-33757.jpg


Masked



Unusual



…. or unable to manifest



You might be using 
the wrong tools



Screening tests



Lab 1

Assay Result RR

PT                              (s) 12 10 – 13

APTT                         (s) 35 30 - 40

TT                              (s) 9 9 - 11

Lab 2

Assay Result RR

PT                             (s) 30 12 – 15

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

APTT                         (s) 37 32 – 42

TT                              (s) 11 10 - 12

FVII:C                  (iu/dL) 7 50 – 150

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



• Asymptomatic/mild bleeding tendency

• Type II defects with variable activity

• FVII: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 – apparently not anticoagulated

Coagulation screen - June 2017

Assay Result RR

PT/INR 2.3 0.8 – 1.2

PT/INR 50:50 mix 1.4 0.8 – 1.2

APTT                  (ratio) 1.0 0.8 – 1.2

Coagulation screen – Sept. 2017

Assay Result Reference range

PT/INR 2.7 0.8 – 1.2

APTT                 (ratio) 1.2 0.8 – 1.2

Fibrinogen (g/L) 3.1 1.7 – 4.0

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 – 1.17

dRVVT confirm  (ratio) 0.91 0.90 – 1.10

% correction (%) 26.0 ≥ 10

dRVVT screen 1:1 mix (ratio) 1.37 0.90 – 1.07

dRVVT confirm 1:1 mix (ratio) 0.99 0.98 – 1.10

dAPTT screen (ratio) 1.46 0.80 – 1.20

dAPTT confirm (ratio) 0.99 0.82 – 1.18

% correction (%) 32.2 ≥ 10

dAPTT screen 1:1 mix (ratio) 1.38 0.86 – 1.10

dAPTT confirm 1:1 mix (ratio) 0.88 0.88 – 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



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 Russell’s viper venom & intrinsic assays

normal FX:Ag

Lab 1

Assay Result RR

PT                        (s) 22 10 – 13

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 – 15

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

APTT                   (s) 30 32 – 42

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 – 40

PT 50:50 mix               (s) 45 30 – 40

APTT                           (s) 130 32 – 42

APTT 50:50 mix           (s) 40 32 – 42

TT                                (s) 11 10 - 12

Lab 1

Assay Result RR

PT                                (s) 11 10 – 13

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 – 150

50 – 150

50 – 150

50 – 150

FVIII:C

FIX:C 

FXI:C 

FXII:C

(iu/dL)

(iu/dL)

(iu/dL)

(u/dL)

145

<1

80

89

50 – 150

50 – 150

58 – 120

50 – 150



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 – dysfunctional 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 – 4.0

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 – 13

APTT                         (s) 36 30 - 40

TT                             (s) >240 9 - 11

Reptilase time           (s) 13 12 – 16

Fibrinogen              (g/L) 4.0 2.0 – 4.0

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 – not abolished if hereditary dysfibrinogenemia

Assay Result RR

PT                             (s) 11 10 – 13

APTT                         (s) 50 30 - 40

Fibrinogen              (g/L) 8.3 2.0 – 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



TT & RT used to screen for dysfibrinogenemia – prolonged

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 – 1.17

dRVVT confirm                                     (ratio) 1.10 0.90 – 1.10

% correction 16.7 ≥ 10

dRVVT screen 50:50 mix                     (ratio) 1.11 0.90 – 1.07

dRVVT confirm 50:50 mix                    (ratio) 0.99 0.98 – 1.10

dAPTT screen                                      (ratio) 0.98 0.80 – 1.20

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 – 1.2 0.8 – 1.2 0.8 – 1.2 0.85 – 1.15 1.7 – 3.9

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 – 150

50 – 150

50 – 150

50 – 150

50 – 150

50 – 150

58 – 120

50 – 150

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

• Extreme lyonisation in a carrier

• Hemizygosity (i.e. XO in Turner Syndrome)

• Type 2N or severe VWD

• True haemophiliac female

• Acquired 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 – higher 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:

• supraphysiological thrombin & FIX concs

• longer incubation

• diluted 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

• More likely to bleed as 2-stage 

assay better reflects clinical severity

• Diagnosis could be missed from 

normal APTT &/or normal 1-stage



Platelets



21 yr old Zimbabwean woman admitted with GI bleed requiring transfusion

Long history of epistaxis, haematemesis & menorrhagia; bled after appendectomy at 9 yrs old - multiple transfusions

Previous presumptive diagnosis of ITP but poor response to corticosteroids 

VWF:RCo, VWF:Ag & VWF:CB all normal

Platelet count: 69 x 109/L       

Aggregometry: normal with ADP, epinephrine, collagen, TRAP, U46619

markedly reduced with ristocetin

CD42a/GpIXCD42b/GpIbα
Flow cytometry

Macrothrombocytopenia



Homozygous for c.488C>A substitution (p.Ala163Asp) within exon 3 of GP9

Low frequency polymorphism restricted to sub-set of African population

Only heterozygous individuals reported previously (not presenting as BSS)

Normal quantitative expression of GpIb-IX-V complex

Functional defect leading to identical phenotype to classical BSS



Thrombophilia



30 year old male

Unprovoked DVT

Local hospital antithrombin activity (FXa inhibition): 75% (RR: 80 – 125%)

Reference lab. antithrombin activity (FXa inhibition): 28% (RR: 85 – 120%)

Local lab. heparin-binding incubation period: 3 minutes

Reference lab. heparin-binding incubation period: 30 seconds 



Progressive antithrombin assay

Heparin-Antithrombin Binding Ratio

2-dimensional crossed immunoelectrophoresis



36 year old male

Proximal DVT after trauma and immobilisation, previous DVT & PE after long distance flight at age 31

Aunt with history of DVT

Assay Result RR

Antithrombin activity                         (IU/dL) 105 80 - 120

Protein C activity                               (IU/dL) 106 75 - 125

Free protein S antigen                      (IU/dL) 115 72 - 130

APC-R (Modified APTT)                    (ratio) 2.9 2.0 – 3.5

Assay Result RR

Antithrombin activity                         (IU/dL) 101 79 - 124

Protein C activity                               (IU/dL) 49 70 – 140

Protein C antigen                              (IU/dL) 120 60 - 125

Free protein S antigen                      (IU/dL) 97 76 - 129

APC-R (Modified APTT)                     (ratio) 3.1 <2.0

Type 2b PC deficiency
Reduced activity

Normal antigen



Agkistrodon contortrix protein C activator

Anticoagulate clotting test

Protein C activity assays

RVVT

Protein C

APC

Cleave 

chromogenic 

substrate



Chromogenic assay Clotting assay

Reliable assays

Not affected by other coagulopathies

Detects abnormalities of: protein C activation

enzymatic active site

FVa & FVIIIa binding

protein S binding

phospholipid binding

Interferences: coagulopathies, LA & high FVIII

therapeutic anticoagulation

activated protein C resistance

Detects abnormalities of: protein C activation

enzymatic active site

Southern copperhead

(Agkistrodon c. contortrix)





Inhibitors



Diabetic 66 year old female

Recent ciprofloxacin & penicillin for painful, oozing leg ulcers

Presented with melena: Hb 60 g/L

INR >10 APTTr 4.0 FII:C very low (!)

Patient denies taking warfarin - given vitamin K but no correction (yet)

Assay Result RR

PT/INR on photo-optical analyser (recombinant human thromboplastin) >10 0.8 – 1.2

PT/INR manual with mechanical clot detection (rabbit brain thromboplastin) 7.0 0.8 – 1.2

APTT on analyser                                                                                          (ratio) >10 0.8 – 1.2

APTT (manual)                                                                                              (ratio) 4.8 0.8 – 1.2

TT                                                                                                                   (ratio) 1.15 0.80 – 1.23 

Fibrinogen                                                                                                        (g/L) 3.0 2.0 – 4.0

Assay Result RR

Plasma warfarin         (mg/L) < 0.12 0.70 – 2.30

Vitamin K1                  (µg/L) 11.0 0.15 – 1.55

Vitamin K epoxide      (µg/L) <0.12 0.00 – 0.12



All one-stage PT & APTT based assays flat-lined at dilutions of 1/10, 1/20, 1/40 

+ + +

FVIII by CSA

399 IU/dL



Sample dilutions

1/80

1/160

1/320

inhibition almost abolished at high dilutions

>102 IU/dL

inhibition abolished at high dilutions

144.2 IU/dL

inhibition not fully abolished at high dilutions

>86.4 IU/dL
inhibition almost abolished at high dilutions

>115.4 IU/dL

FII

FXFIX

FVII



Sample dilutions

1/80

1/160

1/320

Sample dilutions

1/320

1/640

1/1280

inhibition not fully abolished at high dilutions

? >66.3 IU/dL (beyond standard curve)
FXI

inhibition almost abolished at high dilutions

? >30.1 IU/dL (beyond standard curve)
FXII

ostensibly still flatlining

level rising with dilution (beyond std curve)FV
? inhibition being diluted ? dilution too high

level rising with dilution (beyond std curve)FV



Antiphospholipid antibodies

? extremely potent lupus anticoagulant due to dAPTT mixing tests

..…yet dRVVT confirmatory tests overwhelmed

LA assays RR

dRVVT (ratio) No clot 0.86 – 1.19

dRVVT confirm                                      (ratio) No clot 0.83 – 1.13

dRVVT screen 50:50 mix                      (ratio) 7.52 0.90 – 1.10

dRVVT confirm 50:50 mix                     (ratio)                                                                    No clot 0.94 – 1.13

dAPTT (ratio) No clot 0.81 – 1.23

dAPTT confirm                                      (ratio) No clot 0.81 – 1.13

dAPTT screen 50:50 mix                      (ratio) 4.98 0.86 – 1.15

dAPTT confirm 50:50 mix                     (ratio)                                                                    4.24 0.85 – 1.09

% correction of screen by confirm 14.9 <10%

Solid-phase assays

IgG aCL (GPL U/mL) 2.6 >7.0

IgM aCL (MPL U/mL) 1.4 >7.0

IgG antiprothrombin antibodies           (U/mL) 3.5 >6.0

IgM antiprothrombin antibodies           (U/mL) 2.8 >5.0 



Assay Result RR

Taipan snake venom time   (ratio) 1.29 0.91 – 1.11

Ecarin time                           (ratio) 0.96 0.92 – 1.08

% correction 25.6 <10

FV Bethesda assay 307 BU/mL

Snake venom 

prothrombin activators

Coastal Taipan
(Oxyuranus scutellatus)

Indian saw-scaled viper
(Echis carinatus carinatus) Venom fraction Co-factor requirements

Oscutarin C Phospholipid

Ca2+

Ecarin None



Sample dilutions:

1/80

1/160

1/320

+ +

Although activity apparently rises with dilution, each clotting time is effectively a blank



• Thrombocytopenia rarely severe enough to cause bleeding

- except CAPS, DIC

• Lupus anticoagulant hypoprothrombinemia syndrome

• Normotest contains rabbit brain thromboplastin

adsorbed bovine plasma

• Even if Normotest result abnormal, bovine FV provides 

compensatory effect relative to plain thromboplastin



16 yr old girl and her 41 yr old father

She bled profusely after surgery

Father history of haematoma development 

after trauma (began at 14)

Looks like UFH but not anticoagulated

dRVVT might suggest LA 

Why the incoagulable thrombin times?

There is certainly an inhibitor

Assay Daughter Father RR

PT                              (s)                              19.2 17.2 11.5 – 15.5

PT 50:50 mix             (s) 13.9 13.6 11.5 – 15.5

APTT                         (s)        >180 >180 28.0 – 43.5

APTT 50:50 mix         (s) 99.9 73.2 28.0 – 43.5

TT                              (s) >240 >240 11.0 – 19.0

TT 50:50 mix             (s) >240 >240 11.0 – 19.0

Reptilase time           (s) 16.0 15.9 11.0 – 19.0

Fibrinogen              (g/L)      3.9 2.9 2.0 – 4.0

dRVVT                       (s) 99.8 102.3 27.0 – 41.0

dRVVT 50:50 mix      (s) 53.5 57.6 27.0 – 41.0

D-dimers            (µg/mL) 0.01 0.07 <0.2



Looks like another pan-inhibitor  - greater influence on APTT-based assays

Remember incoagulable thrombin time but normal reptilase time and fibrinogen

? significance of high antithrombin & reduced thrombin-induced platelet aggregation

α1-antitrypsin Pittsburgh

Assay (%) Daughter Dad RR

FII 77 88 50 – 150

FV 95 76 50 – 150 

FVII 93 98 50 – 150

FVIII Normal with increased dilutions Normal with increased dilutions 50 – 150 

FIX Normal with increased dilutions Normal with increased dilutions 50 – 150

FX 36 41 50 – 150 

FXI 2 12 50 – 150

FXII 20 36 50 – 150 

Antithrombin (FIIa inhibition) 200 190 89 – 130

Protein C                                (chromogenic) 0 0 69 – 151

Protein S                                           (APTT) Normal with increased dilutions Normal with increased dilutions 52 - 139

Maximal platelet aggregation:            ADP 10µM 62 51 50 – 100

Maximal platelet aggregation:           FIIa 3 U/mL 9 10 60 - 100



α1-antitrypsin is a SERPIN that inhibits a wide variety of proteases

Protects tissues from enzymes of inflammatory cells, especially neutrophil elastase

Acute phase protein – further elevation limits damage by activated neutrophils

Deficiency leads to chronic, uninhibited tissue breakdown, especially in lungs

Leads to emphysema & COPD

α1-antitrypsin Pittsburgh

Bleeding occurs after trauma - acute phase response elevates levels of mutant protein

α1-antitrypsin Pittsburgh has increased anti-thrombin activity

α1-antitrypsin Pittsburgh has strong affinity for protein C leading to increased turnover 

and low circulating levels – maintains balance other than in trauma

α1-antitrypsin 



If test results 

don’t fit the 

clinical 

picture, look 

for the same 

thing in a 

different way

Look beyond 

the obvious



Ever wondered 

what a normal 

PT or APTT 

really tell you
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FVII deficiency that cannot manifest in every PT

FXII deficiency masked by elevated FVIII

Isolated elevated PT expected to be FVII deficiency but was FX deficiency Haemophilia A hidden by normal APTT due to nature of mutant molecules

Haemophilia A carriers with bleeding tendency, FVIII 40-60%, normal APTT 

Ever wondered 

what a normal 

PT or APTT 

really tell you
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Thank you for your attention


