
Laboratory Evaluation of 
Haemostatic Disorders

In the name of God



Case Presentations

A 2.5 year olds boy referred to reference IBTO special coagulation lab for 
R/O of hemophilia :

• Full term/ND , 
• H/O circumcision on 40 days old without any problem
• H/O hematomas after minor trauma
• Bruises once he began crawling and cruising
• Lab exam : PT; 13.4” , PTT : 45” 

• He again admitted with severe epistaxis  from one week ago : 
• Hb = 4.1 , Platelet count : 41,000 , PT= 13.3 , PTT = 72 “,
• Marked hematomas in both elbows after venipuncture
• Coagulation factors : FVIII= 14%, FII=91%, F V= 56 %



Clinical History      + Coagulation screening tests

Decision for further  coagulation tests









Coagulation phase: 
• PT
• aPTT
• TT
• Fibrinogen
• Mixing Studies

Primary Screening Tests for Bleeding Disorders

Vascular & PLT phases: 
• PLT Count
• BT
• PFA-100



• Prothrombin Time ( PT)
• Mixed Prothrombin Time ( Mixed PT )
• Activated Partial Thromboplastin Time (aPTT )
• Mixed Activated Partial Thromboplastin Time ( Mixed aPTT )
• Trombin Time (TT)
• Reptilase Time (RT)

• Sensitive PTT (PTT‐ LA)
• dRVVT Screen
• dRVVT Confirm
• Lupus Anti –Coagulant Confirm(STAclot LA)

Special Coagulation Laboratory 
IRANIAN BLOOD TRANSFUSION ORGANIZATION



 Factor  II Assay
 Factor   V Assay
 Factor VII Assay
 FactorVIII Assay
 Factor  IX  Assay
 Factor  X  Assay
 Factor  XI  Assay
 Factor  XII  Assay
 Factor  XIII Deficiency  Screen ( Clot Solubility Test )
 Factor XIII activity test *
 HMWK Assay*
 PK assay

Special Coagulation Laboratory 
IRANIAN BLOOD TRANSFUSION ORGANIZATION

 Inhibitor Titer of all of the Coagulation 
Factors

 Modified Nijmegen F VIII inhibitor.



 Von Willbrand Factor Function ( Ristocetin Co‐ Factor) 
 Von Willbrand Factor Function  ( vWF Collagen Binding  Assay )*          
 Von Willbrand Factor Antigen
 Ristocetin Induced  Platelet Aggregation  (RIPA)

Special Coagulation Laboratory 
IRANIAN BLOOD TRANSFUSION ORGANIZATION



 Clot  Retraction
 Platelet ‐Aggregation (ADP)
 Platelet –Aggregation (Arachidonic Acid)
 Platelet –Aggregation (Collagen)
 Platelet –Aggregation (Ristocetin)
 Platelet secretion
 Platelet  Factor III
 GP Ib / IX (CD 42)
 GP IIb / IIIa ( CD 41/CD61)

Special Coagulation Laboratory 
IRANIAN BLOOD TRANSFUSION ORGANIZATION



Special Coagulation Laboratory 
IRANIAN BLOOD TRANSFUSION ORGANIZATION

• Anti Thrombin Activity 
• Anti Thrombin Antigen* 
• Protein S Activity
• Total  Protein S   Antigen
• Free  Protein S     Antigen
• Activated Protein C Resistance (APC‐R)
• Protein C Activity
• Protein C Antigen 



• Alpha2 Anti Plasmin*
• Tissue Plasminogen  Activator (tPA)*
• Plasminogen Activator Inhibitor (PAI)
• Plasminogen*

Special Coagulation Laboratory 
IRANIAN BLOOD TRANSFUSION ORGANIZATION

• Heparin level ( LMWH)*
• ADAMTS 13 activity*
• ADAMTS 13 inhibitor*
• HIT screening test ( Heparin Induced Thrombocytopenia screen )*



NOTE !



Many misleading results in blood coagulation arise 
NOT from errors in testing, BUT from 

carelessness in the “Pre – Analytical Phase”

NOTE !



• Collection

• Transport

• Processing

• Storage

Pre – Analytical Phase



• Collecting tube

• Anticoagulant

• Venipuncture

3.13 to 3.2% (105-109 mmol/L) of 
dehydrate Trisodium Citrate

SHOULD BE a non-activating 
surface container

Direct specimen collection

Blood/Anticoagulant = 9/1

Citrate concentration adjustment (HCT>55%)

Pre – Analytical Phase

Specimen Collection





Pre – Analytical Phase

Specimen Processing

Clotted, wrong anticoagulant & under/over-filling samples

SHOULD BE REJECTED

≥ 1500 g centrifugation for at least 15’ at room temperatre

Specimen with visible hemolysis should NOT be used

Ictric and lipemic samples (?)



Pre – Analytical Phase

Specimen Storage

PT and aPTT are carried out on fresh samples.

Uncentrifuged or centrifuged 
in Un-opened tube at 18-
24°c tested within 24hrs.

Non-heparinized samples in 
Un-opened tube 18-24°c

tested within 4hrs.



• -70°c: 6 months

• -20°c: 2 weeks

Rapidly thawed at 37° c with gently mixing.

Pre – Analytical Phase

Specimen Storage



Bleeding Time:

- Ivy Method 
- Template Method



Bleeding Time:

• Sensitivity of Ivy’s method:
100% for GT
85% for BSS
68% for PLT secretion defect
63% for vWD

Haemophilia (2008), 14(Suppl. 3), 93‐103



Preliminary Investigations 

Recommendation
(UKHCDO 2004)

BT DOES NOT have a role of screening 
test for vWD.
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Prothrombin Time

Expression of results

► Seconds along with normal reference interval

► INR

► Ratio

INR by different test systems can vary considerably.



CLSI: Coagulation-focused
Guidelines

H47-A2 : PT/APTT testing

H54-A   : INR validation and local PT/INR 
calibration– published 2005



CLSI Document H47-A2 , H45-A

•PT Principle:



Thromboplastin

Tissue Factor(Specific Protein for initiating extrinsic system of Coagulation) +

Phospholipid(necessary for surface assembly of the coagulation complexes)+

Calcium ions( for correct orientation and binding of complexes)

CLSI Document H47-A2 , H45-A

Tissue extraction
Tissue Culture
Genetic technology

Human-Derived
Animal Derived
Genetic technologies



CLSI Document H47-A2 , H45-A

In1983 for correction of this variation in 
responsiveness of reagents, WHO introduced 
INR system of reporting PT results

INR is a calculated value dependent 
International Sensitivity Index

ISI : Responsiveness of the PT reagent.
Determined by comparing the commercial PT reagent 
to a WHO standard.

INR = (PT Ratio)ISI



Prothrombin Time



International sensitivity index (ISI)

shorter clotting timesPatient samples have 
when

reagents are used less responsive
and 

CT longer
With

reagents.more responsive



CLSI Document H47-A2 , H45-A

Limitations of INR system

It generally works very well and is the method of 
choice for lab monitoring of  AVK therapy 

BUT :  Not applying INR/ISI system or
Incorrect ISI  may severely compromise
management of patients on AVK therapy.



International normalized ratio (INR)

anforthatmisconceptionfixedandcommonaisIt
bewillINRthesampleplasmapatient’sindividual

.thromboplastinsdifferentwithidentical



Causes of variation in INR

1- Different sodium citrate concentration  for ISI   
determination compared to that used locally

2-Incorrect determination of MNPT

3- Incorrect ISI value applied locally

4- Others



CLSI Document H47-A2 , H45-A

Optimizing Current PT/INR Test Systems

•Prior to Local Verification or Calibration 

•PT   Citrate concentrations of 0.129 mol (3.8%) should not be used 
for PT tests.

•Mean Normal Prothrombin Time
Geometric mean of the prothrombin times of the healthy adult
population calculated from at least 20 fresh  samples from
healthy individuals, including those of both sexes

PT ratio = PT Patient/LMNPTINR = (PT Ratio)ISI



Description of the Geometric Mean (GM)

CLSI Document H47-A2 , H45-A



CLSI Document H47-A2 , H45-A

ISI value assigned by the Manufacturer

•Generic :
An ISI determined for a thromboplastin that is not instrument specific
Thromboplastins with a generic ISI should never be used clinically 
unless validated locally.

•Instrument Specific/ Instrument-Model Specific/Method-
of-clot-detection-specific

The ISI difference between different brands  (manufacturers) of 
photo-optical or mechanical instruments can be important.
Example: a human placental thromboplastin can have an ISI of 1.20
for one brand of photo-optical instrument, 
but an ISI   of   1.00  for   another   brand



CLSI Document H47-A2 , H45-A

Verification is recommended for all laboratories using 
instrument-specific ISIs

For laboratories using generic  ISIs,  verification  is  mandatory  
and  local  ISI  calibration  is  strongly  recommended

Verification of INR Results



CLSI Document H47-A2 , H45-A

Protocol for Verification Procedure 

•Should use lyophilized or fresh frozen certified plasmas  

•A minimum of three certified plasmas should be used 
with a range of INRs between 1.5 and 4.5

•Should be run in duplicate over at least a two-day period

•The difference between within-day and   between-day duplicates 
should not exceed  10%.



The INRs of the certified plasmas should  be determined using the 
laboratory’s routine thromboplastin with the manufacturer- assigned 
ISI value (if  appropriate) and routine instrument(s)

CLSI Document H47-A2 , H45-A

Protocol for Verification Procedure 

The INR of the certified plasmas using the
local system should compare to the value assigned to 

the certified plasmas by ±15%.



CLSI Document H47-A2 , H45-A

Frequency of Verification

•Verification is mandatory if a reagent with a generic ISI is put into place 
and is highly recommended with the use  of a thromboplastin with an 
instrument-specific ISI

•Verification should take place with any change in:
reagent,
reagent lot number,
instrument, or
following a major instrument repair
Major changes in quality control or major  discrepancies  
in  external  quality  programs

•At a minimum, if no major changes occur, the verification should 
occur at least once per year



CLSI Document H47-A2 , H45-A

If Verification Fails

Clinical results cannot be reported until the discrepancy is 
addressed

local PT/INR calibration should be performed 



CLSI Document H47-A2 , H45-A

Local System Calibration

1-Determination of Local ISI

2-Establishing Direct INR (Locally)



WHO International External Quality 
Assurance for Blood Coagulation  



WHO IEQAS



WHO IEQAS





Reference Interval

Should always be established by each lab.
(literature and manufacture’s information should only be 

used as a guide)

Should be verified with any change
OR

At least ONCE A YEAR



• Reference Interval Determination

Minimum of 20 normal subjects
Age range, Not pregnant, males and females, no
medications or hematologic disorders, 
Not vigorously exercised within the last 18-24h
Test 10 samples in duplicate (intra-assay precision)

• Pediatric range not required

CLSI Document H47‐A2





Activated partial thromboplastin 
time
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aPTT

Screening for intrinsic clotting defects

Detection of lupus anticoagulant

Monitoring of heparin administration 



aPTT

aPTT reagent/instrument combination

Sensitive to 0.35 – 0.40 u/ml deficiency
of F VIII, IX , XI (NCCLS 2004 ≤ 30%)

Responsiveness to therapeutic range of
UFH (0.3-0.7 iU/ml)

Sensitive to LAC

Coagulation 
defect

Inhibitors



aPTT

Deficiency or circulating anticoagulant

PP

NP

Mix PP + NP

37˚-120‘

Incubation

aPTT



aPTT
Table 18.5 Interpretation of the inhibitor screen based on the activated partial thromboplastin time

TUBE CONTENT CLOTIING  TIME

1 Normal plasma  Normal Normal Normal

2 Patient's  plasma  Long Long Long

3 50:50 mixture, patient: 
normal; incubated 2 h 

Normal Long Long

4 50:50 mixture. patient:  
normal; no incubation 

Normal Long Normal

Interpretation Deficiency Immediate 
Acting Inhibitor

Time‐dependent 
Inhibitor



• Factor Sensitivity (Responsiveness)

Level of factor activity at which the APTT (or PT) test result
rises above the upper limit of the established reference

interval

CLSI Document H47‐A2



 7 to 8 plasma dilutions containing various levels of  the specific factor  (Factor deficient plasma + NPP )
 Minimal factors that should be tested : F VIII , IX for aPTT and FV , FVII for PT



Standardized manual tilt tube technique

3 Tilts through 90◦ every 5 seconds

M. AhmadinejadM. Ahmadinejad

WHO/LAB/98.3 WFH lab science committee



• Best performed in glass tubes
• Avoid washing & re-using test tube.
• Duplicate tests ( <10% difference from mean).
• Water bath 37±1°c (base of the test tube 3-4cm

below the surface of water.

Manual Tilt Tube Technique





Guidelines and Recommendations for
Laboratory Detection of Lupus Anticoagulants

• International Society on Haemostasis and Thrombosis (ISTH), 2009 

• British Committee for Standards in Haematology (BCSH), 2012

• The Clinical and Laboratory Standards Institute (CLSI), 2014

Semin Thromb Hemost. 2014 Mar;40(2):163‐71,



Antiphospholipid syndrome (APS)
an acquired autoimmune condition

• clinical features are thrombosis (venous, arterial and 
microvascular) and/or pregnancy complications and failure

• Important to recognize the syndrome in the context of these 
problems and to institute appropriate therapy to reduce the risk 
of recurrence.



Criteria for defining APS

British Journal of HaematologyVolume 157, Issue 1



Summary of commonalities and contrasts between recent 
ISTH, BCSH, and CLSI guidelines for lupus anticoagulant detection
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