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Role of the laboratory in ITIRole of the laboratory in ITI

MagdalMagdalééna Jelna Jelíínkovnkováá

Department of Paediatric HaematologyDepartment of Paediatric Haematology

University Hospital Brno University Hospital Brno 
Czech RepublicCzech Republic

•• Basic equipmentBasic equipment
•• centrifuge centrifuge (generating at least 1(generating at least 15500 g, better 2500 g)00 g, better 2500 g)

•• coagulometer coagulometer (fully automated, semi(fully automated, semi--automated)automated)

–– opticaloptical

–– mechanicalmechanical

•• regulatedregulated water bathwater bath (capable of maintaining temperatures(capable of maintaining temperatures

Coagulation laboratory

•• regulated regulated water bath water bath (capable of maintaining temperatures (capable of maintaining temperatures 
of 37 of 37 ±± 0.5 0.5 °°C)C)

•• refrigerator refrigerator for reagent storage (+2 to +8 for reagent storage (+2 to +8 °°C)C)

•• deep freezer deep freezer (able to maintain at least (able to maintain at least --25 25 °°C, better C, better --70 70 
°°C)C)

•• calibrated automatic pipettescalibrated automatic pipettes

•• stopwatch(es)stopwatch(es)

•• Specialized staff (lab technicians)Specialized staff (lab technicians)

Sample collection

•• 0.109M (3,2 %)0.109M (3,2 %) oror 0.129M (3.8%) 0.129M (3.8%) sodiumsodium citratecitrate
anticoagulantanticoagulant (1 part of anticoagulant : 9 parts of blood)(1 part of anticoagulant : 9 parts of blood)

National Committee for Clinical Laboratory Standards (NCCLS)

•• Sample volume Sample volume –– nominal value nominal value ±± 10 %10 %
(NCCLS)(NCCLS)(NCCLS)(NCCLS)

•• When sampling, use the „second tubeWhen sampling, use the „second tube““ for coagulation!for coagulation!

•• First circa 2 ml First circa 2 ml of drawn blood of drawn blood should not should not be used for be used for 
tests of haemostasistests of haemostasis
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Sample collection

•• HHaaematocrit > 0.60ematocrit > 0.60 and and < 0.25          the volume of < 0.25          the volume of 
anticoagulant is specifically calculated from the formula:anticoagulant is specifically calculated from the formula:

Transport of the sample

•• Up to Up to 2 hours2 hours at room temperature +15 to +25 at room temperature +15 to +25 °°C for C for 
whole blood sampleswhole blood samples

•• Frozen plasma samples at Frozen plasma samples at --20 20 °°C and below can be C and below can be 
stored/transported much longerstored/transported much longer

Pre-analytical variables

•• CentrifugationCentrifugation
–– PPPPPP (platelet(platelet--poorpoor--plasma) plasma) -- at minimum 1at minimum 15500 g for at least 10 min 00 g for at least 10 min 

at room temperature +15 to +25 at room temperature +15 to +25 °°CC
–– Cold activates FVII and system of kalikreinsCold activates FVII and system of kalikreins

–– Refrigerated centrifuge (< +15 Refrigerated centrifuge (< +15 °°C) C) –– specific samples only specific samples only 
( ti X PAI )( ti X PAI )(e.g.anti Xa, PAI,…)(e.g.anti Xa, PAI,…)

–– Some test procedures require the plasma to be centrifuged twice Some test procedures require the plasma to be centrifuged twice 
(e.g. LA)(e.g. LA)

•• Testing of the sampleTesting of the sample
–– Samples should be tested within 4 hours of sample collection when Samples should be tested within 4 hours of sample collection when 

possible possible (it depends on the test procedure (it depends on the test procedure –– e.g. aPTT within e.g. aPTT within 
2 hours, samples with heparin within 1 hour)2 hours, samples with heparin within 1 hour)
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Pre-analytical variables

•• DeepDeep--frozen plasma samplesfrozen plasma samples
–– Better to freeze plasma at Better to freeze plasma at --196 196 °°C („shockC („shock--freezingfreezing““ in liquid in liquid 

nitrogen)nitrogen)

–– Storage at Storage at --70 70 °°C or lower is preferred (some clotting factors C or lower is preferred (some clotting factors 
can be then tested even after 6 months of storage)can be then tested even after 6 months of storage)

–– Storage at Storage at --20 20 °°C (max 1 month)C (max 1 month)

–– Thawing for 5Thawing for 5--1010 minmin at +37at +37 °°C , then mix by reversing the C , then mix by reversing the 
tube gently tube gently 

Quality Control

•• Internal quality control (IQC)Internal quality control (IQC)
–– Intermediate precision (results Intermediate precision (results ±± 2 SD, mean, CV,…)2 SD, mean, CV,…)
–– ReproducibilityReproducibility
–– Commercial QC with target range of acceptable valuesCommercial QC with target range of acceptable values
–– Quality control between instrumentsQuality control between instruments

Quality Control

•• External quality assessment (EQA)External quality assessment (EQA)
–– Is used to identify the degree of agreement between one Is used to identify the degree of agreement between one 

laboratory`s results and those obtained by other centreslaboratory`s results and those obtained by other centres

•• ISO (certification, accreditation of the laboratory)ISO (certification, accreditation of the laboratory)
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Normal reference range

•• Respect age, sex, ABO groupRespect age, sex, ABO group! (F VIII, vWF)! (F VIII, vWF)

•• Follow  Follow  national/international recommendation national/international recommendation 

•• Check Check the literature the literature 

•• Respect Respect manufacturer`s information/recommendationmanufacturer`s information/recommendation

•• You may also rely on your You may also rely on your own laboratory reference own laboratory reference 

rangerange (healthy normal subjects (healthy normal subjects -- reference range reference range 

should include the central 95 % of values)should include the central 95 % of values)

•• Screening aPTT reagent:Screening aPTT reagent:
•• sensitive to defect of factorssensitive to defect of factors

•• sesitive to heparin (UFH)sesitive to heparin (UFH)

•• sensitive to LAsensitive to LA

Activated partial 
thromboplastin time (aPTT)

•• aaPTT reagent for determination of factors, inhibitors:PTT reagent for determination of factors, inhibitors:
•• nonnon--sensitive to LAsensitive to LA

•• sensitive to defects of factorssensitive to defects of factors

Carefully select yourCarefully select your aPTT reagent !aPTT reagent !

aPTT

•• CalibrationCalibration
–– aPTT time for „normal plasmaaPTT time for „normal plasma“ in seconds“ in seconds

(mean of repeated measurements)(mean of repeated measurements)

–– calibrator = „normal plasmacalibrator = „normal plasma“ “ 

(pooled normal plasma (PNP) or commercially provided normal (pooled normal plasma (PNP) or commercially provided normal 
plasma)plasma)plasma)plasma)

•• ResultsResults
–– time (seconds)time (seconds)

–– Ratio (R)Ratio (R)

R = ( tR = ( tpacpac/t/tnormnorm ))
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aPTT

•• Normal reference rangeNormal reference range
AgeAge aaPTT PTT -- RR
0 0 –– 1 m1 m 0,8 0,8 –– 1,51,5
1 m 1 m –– 1 y1 y 0,8 0,8 –– 1,31,3
> 1 y> 1 y 0,8 0,8 –– 1,21,2

Time in seconds is significantly dependent on reagent andTime in seconds is significantly dependent on reagent and–– Time in seconds  is significantly dependent on reagent and Time in seconds  is significantly dependent on reagent and 
instrument used!instrument used!

•• Clinical relevanceClinical relevance
–– Hypo coagulation (prolonged coagulation time) Hypo coagulation (prolonged coagulation time) 

–– Hyper coagulation is not relevantly mirrored in aPTT!Hyper coagulation is not relevantly mirrored in aPTT!

–– shortened aPTT  times shortened aPTT  times –– low sensitivity low sensitivity –– no clinical no clinical 
relevancerelevance (except sampling errors)(except sampling errors)

aPTT

•• Prolonged aPTT:Prolonged aPTT:
–– Defect of factors: VIII, IX, XI, XII, PK, HMWKDefect of factors: VIII, IX, XI, XII, PK, HMWK

–– Defect of factors V, X, II (the common pathway, PT longer too)Defect of factors V, X, II (the common pathway, PT longer too)

–– VWDVWD

–– DysDys-- or afibrinogenemiaor afibrinogenemiayy gg

–– Presence of inhibitors (specific, nonPresence of inhibitors (specific, non--specific)specific)

–– Presence of heparin (UFH)Presence of heparin (UFH)

–– Presence of FDPPresence of FDP

–– Physiologically Physiologically -- newborns (Rnewborns (R == 0,8 0,8 –– 1,6) 1,6) 

–– children up to age 1 yearchildren up to age 1 year (R = 0,8 (R = 0,8 –– 1,3) 1,3) 

–– Sampling errorsSampling errors

Correction (mixture) tests

•• For further investigation of abnormal aPTT (when PT For further investigation of abnormal aPTT (when PT 
is normal) or PT (when aPTT is normal)is normal) or PT (when aPTT is normal)

•• NN (normal plasma)(normal plasma)

PP (patient`s plasma ) (patient`s plasma ) 

MM (mix = N+P (1+1))(mix = N+P (1+1))

•• Determination of aPTT/PTDetermination of aPTT/PT
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Correction (mixture) tests

•• Is the defect in patientIs the defect in patient`̀s plasma corrected s plasma corrected 
adding normal plasma ?adding normal plasma ?

–– YESYES aPTT /PT correction of more than 50 %         aPTT /PT correction of more than 50 %         
factor deficiency factor deficiency is very likelyis very likely

–– ppoor correction or no correction oor correction or no correction inhibitorinhibitor to one to one 
of the clotting factors (specific inhibitor) or nonof the clotting factors (specific inhibitor) or non--specific specific 
inhibitor (e.g. LA)            circulating anticoagulantinhibitor (e.g. LA)            circulating anticoagulant

Correction (mixture) tests

•• normal PTnormal PT

Circulating anticoagulant

•• Identification of timeIdentification of time--dependent / timedependent / time--independent independent 
inhibitor inhibitor 

•• Specific inhibitor (against coagulation factor) Specific inhibitor (against coagulation factor) 

•• Assays based on aPTT/PTAssays based on aPTT/PT

•• Tubes: Tubes: N, P, 4N+1P, 1N+1P, 1N+4PN, P, 4N+1P, 1N+1P, 1N+4P

•• Determination of aPTT/PTDetermination of aPTT/PT

•• Incubation for Incubation for 2 hours at 37 2 hours at 37 °°CC

•• Determination of aPTT/PTDetermination of aPTT/PT
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Circulating anticoagulant

Sample
defect of the 

factor
time‐dependent 

inhibitor
immediate‐acting 

inhibitor

normal plasma 37 37 37

patient`s plasma 90 90 90

P+N (1:1) before
i b ti 41 45 70incubation 41 45 70

P+N (1:1) after
incubation 43 70 72

Time (s)

Incubation for 2 hours at +37 °C

Circulating anticoagulant

Sample
defect of the 

factor
time‐dependent 

inhibitor
immediate‐acting 

inhibitor

normal plasma 37 37 37

patient`s plasma 90 90 90

P+N (1:1) before 
i b ti 41 45 70incubation 41 45 70

P+N (1:1) after 
incubation 43 70 72

Time (s)

Incubation for 2 hours at +37 °C

Circulating anticoagulant

•• CCalculate:alculate:

4N+1P4N+1P:   4 x time (N) + 1 x time (P) / 5:   4 x time (N) + 1 x time (P) / 5

1P+1N:   1 x time (P) + 1 x time (N) / 21P+1N:   1 x time (P) + 1 x time (N) / 2

1N+4P:   1 x time (N) + 4 x time (P) / 51N+4P:   1 x time (N) + 4 x time (P) / 5
time…..time of time…..time of aaPTTPTT ((PTPT)) in secondsin seconds

Identification of inhibitor: Identification of inhibitor: 

Addition of 1/5 pacient`s plasma toAddition of 1/5 pacient`s plasma to 4/5 of4/5 of normal plasma normal plasma 
causes markedly prolonged time of normal plasma causes markedly prolonged time of normal plasma 
sample.sample.
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F VIII (one-stage assay)

•• Activity of the F VIII is determined by modified aPTT test Activity of the F VIII is determined by modified aPTT test 
using correction of  aPTT in FVIIIusing correction of  aPTT in FVIII--deficient plasma by deficient plasma by 
FVIII present in patientFVIII present in patient’’s plasmas plasma

•• FVIIIFVIII deficient plasmadeficient plasma•• FVIIIFVIII--deficient plasma deficient plasma 

–– available commerciallyavailable commercially

–– very low or undetectable level of the FVIII  very low or undetectable level of the FVIII  
(FVIII < 1 %)(FVIII < 1 %)

–– high activity of all other factorshigh activity of all other factors

–– no antino anti--FVIII antibodiesFVIII antibodies

F VIII (one-stage assay)

•• Measurement of the FVIII:Measurement of the FVIII:
–– 1 part of diluted patient`s plasma (1:10 with buffer OVB)1 part of diluted patient`s plasma (1:10 with buffer OVB)

–– 1 part of FVIII deficient plasma1 part of FVIII deficient plasma

–– 1 part of aPTT reagent, incubation1 part of aPTT reagent, incubation

1 t f C Cl1 t f C Cl–– 1 part of CaCl1 part of CaCl22

•• DDetermination of aPTT(in seconds)etermination of aPTT(in seconds)

•• DDerive % FVIII from the calibration curveerive % FVIII from the calibration curve

F VIII – calibration

•• CCalibrator alibrator (calibrated against WHO standard, when possible)(calibrated against WHO standard, when possible)
with defined factor activitywith defined factor activity

•• TThe calibration curve he calibration curve (min. 4 dilutions) (min. 4 dilutions) –– double logarithmic plotdouble logarithmic plot
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F VIII:C 

•• Note!Note!

–– Not all combinations of deficiency plasma and aPTT Not all combinations of deficiency plasma and aPTT 
reagent work equally well !reagent work equally well !

Si ifi t lSi ifi t l•• Significant role Significant role 

–– Quality of the deficient plasmaQuality of the deficient plasma

–– The sensitivity of the aPTT reagent to factor The sensitivity of the aPTT reagent to factor 
deficiencydeficiency

•• F IXF IX
–– TThe same procedure but with F IX deficient plasmahe same procedure but with F IX deficient plasma

F VIII:C – test for low levels

•• FVIII < 10 % FVIII < 10 % (with standard dilution of the sample 1:10)               (with standard dilution of the sample 1:10)               

use lower dilution 1:5 (or 1:2,…)use lower dilution 1:5 (or 1:2,…) depending on the depending on the 
instrument and the calibration curve usedinstrument and the calibration curve used

•• FVIII lowFVIII low––calibration curve used calibration curve used (e.g. < 10 %)(e.g. < 10 %)( g )( g )

F VIII:C – test for low levels

•• FVIII low FVIII low -- calibration curve calibration curve (e.g. < 10 %)(e.g. < 10 %)

–– DDilution of the standard plasma with the FVIII deficient plasmailution of the standard plasma with the FVIII deficient plasma
(recommended for optical coagulomet(recommended for optical coagulometeers)rs)

•• Quality controlQuality control
–– Commercial lyophilized human plasmas with defined factor Commercial lyophilized human plasmas with defined factor 

activity (2 levels: N and P)activity (2 levels: N and P)
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Normal reference range

AgeAge FVIII (%)FVIII (%) FIX FIX (%)(%)

0 0 -- 1d1d 60 60 –– 140140 20 20 –– 7575

1d 1d –– 1m1m 60 60 –– 125125 65 65 –– 110110

11 11 5555 100100 5050 1251251m 1m –– 1y1y 55 55 –– 100100 50 50 –– 125125

1y 1y –– 6y6y 75 75 –– 150150 50 50 –– 110110

6y 6y –– 18y 18y 50 50 –– 150150 60 60 –– 150150

> > 18y18y 50 50 –– 150150 50 50 –– 150150

((ReccomendationReccomendation ofof thethe CzechCzech HaematologyHaematology Society, 2013)Society, 2013)

Defects of F VIII

•• CongenitalCongenital
–– HemophiliaHemophilia AA

•• AcquiredAcquiredAcquiredAcquired
–– Due to acquired inhibitors (antibodies)Due to acquired inhibitors (antibodies)

Chromogenic F VIII assay

•• MMore than 20 % of ore than 20 % of mildmild hemophilia A patients  show hemophilia A patients  show 
discrepancy between activity of F VIII determined by discrepancy between activity of F VIII determined by 
one one ––stage stage assay and assay and chromogenic chromogenic assay assay 

•• PPatients with normal aPTT, normal F VIII (oneatients with normal aPTT, normal F VIII (one--stage stage 
assay) but with assay) but with personal or family history personal or family history with mild with mild 
hemophilia           use hemophilia           use chromogenicchromogenic FVIII assayFVIII assay
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Quantitative measurement 
of FVIII inhibitors

•• TTimeime--dependent inhibitors dependent inhibitors 

•• SShow linear inhibition kinetics (type I)how linear inhibition kinetics (type I)

•• TThe presence of an inhibitor might be suspected from he presence of an inhibitor might be suspected from 
a red ced halfa red ced half life and reco er of FVIIIlife and reco er of FVIIIa reduced halfa reduced half--life and recovery of FVIIIlife and recovery of FVIII

•• Bethesda (BA), Nijmegen, Oxford assayBethesda (BA), Nijmegen, Oxford assay

Quantitative measurement 
of FVIII inhibitors

OneOne BethesdaBethesda unitunit (BU)(BU) isis defineddefined asas thethe amountamount

ofof anan inhibitorinhibitor thatthat willwill neutralizeneutralize 5050 %% ofof FVIIIFVIII presentpresent

inin normalnormal plasmaplasma afterafter 22 hourshours ofof incubationincubation atat ++3737 °°CC..

Quantitative measurement 
of FVIII inhibitors (BA)

•• DDifferent dilutions of the plasma ifferent dilutions of the plasma samplesample with imidazolewith imidazole
buffer (1:2,1:4,1:8,1:16,…1:256)buffer (1:2,1:4,1:8,1:16,…1:256)

•• in case of strong inhibitor, use more titres (1:512, 1:1024,…)in case of strong inhibitor, use more titres (1:512, 1:1024,…)

•• FVIII inhibitor FVIII inhibitor positive controlspositive controls (QC)(QC)

•• CControl mixtureontrol mixture (imidazole buffer)(imidazole buffer)

•• MMix ix the sample the sample with the equal part of with the equal part of normal plasmanormal plasma (pooled plasma) (pooled plasma) 

•• IIncubation for 2 hours at ncubation for 2 hours at ++37 37 °°CC

•• IInhibitors inactivate FVIII nhibitors inactivate FVIII present inpresent in the normal plasmathe normal plasma
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Quantitative measurement 
of FVIII inhibitors (BA)

•• After incubation at After incubation at ++3737 °°C the activity of the FVIII in patientsC the activity of the FVIII in patients’’
samples and control mixtures is determinedsamples and control mixtures is determined

•• CCalculate alculate residual activityresidual activity of the factor (%):of the factor (%):

sampletheinfactortheofactivity

•• CCalculate separately for patientalculate separately for patient’’s samples and positive controlss samples and positive controls

•• DDilution of the patientilution of the patient’’s plasma that gives a s plasma that gives a residual FVIIIresidual FVIII nearest nearest 
to 50 %to 50 % but within the range but within the range 30 30 -- 60 %60 % ((event.event. 25 25 –– 70 %)70 %) is chosen is chosen 
for calculationfor calculation of the inhibitorof the inhibitor

100
______

______
_ x

mixturecontrolinfactortheofactivity

sampletheinfactortheofactivity
activityresidual 

• The inhibitor activity is

calculated from a graph of

residual FVIII activity versus

inhibitor units (BU)

• Derive the inhibitor titre from

the graph and multiply by the 

dilution to give the final titre

Quantitative measurement 
of FVIII inhibitors

•• Normal values:Normal values:

< 0,6 BU/ml < 0,6 BU/ml 

•• Inhibitor:Inhibitor:
< < 55 BU/ml BU/ml LLow responderow responder

> > 55 BU/mlBU/ml HHigh responderigh responder
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The Nijmegen modification

•• UUse se bufferingbuffering the normal plasma with 0.1M the normal plasma with 0.1M imidazoleimidazole buffer at buffer at 
pH 7.4pH 7.4

•• UUse se imunodepletedimunodepleted FVIII deficient plasma FVIII deficient plasma in the control in the control 
mixture and for dilution of the patient samplesmixture and for dilution of the patient samples

AAdvantagedvantage::
•• IIs better at s better at low inhibitor titreslow inhibitor titres (<1 BU) than classical Bethesda (<1 BU) than classical Bethesda 

assay (Bethesda assay can result in false positivity)assay (Bethesda assay can result in false positivity)

•• ISTH recommendation (at least for CCC)ISTH recommendation (at least for CCC)

The Oxford modification

•• UUse a se a concentrate of the FVIII concentrate of the FVIII instead of normal instead of normal 
plasmaplasma

•• UUse se 4 hours 4 hours incubation at incubation at ++37 37 °°CC

•• NNot often used these days…ot often used these days…

Quantitative measurement
of FVIII inhibitors

•• Potential problems (troubleshooting)Potential problems (troubleshooting)
–– DDetermination of the inhibitor during IT treatment etermination of the inhibitor during IT treatment –– interference interference 

of the residual FVIII in the sampleof the residual FVIII in the sample –– false low titrefalse low titre of the of the 
inhibitor orinhibitor or negativitynegativity of the inhibitorof the inhibitorinhibitor or inhibitor or negativitynegativity of the inhibitorof the inhibitor

•• Possible resolutionPossible resolution
–– HHeat the test plasma eat the test plasma at at ++58 58 °°C for 90 min C for 90 min (will destroy all the (will destroy all the 

clotting factors including FVIII, but not the inhibitor clotting factors including FVIII, but not the inhibitor –– it is heat it is heat 
resistant)resistant)
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FVIII inhibitors

• Type  of the inhibitors 

(type I and II) depends on

the kinetics of the inhibitor

Recovery and half-life

•• The sampling points:The sampling points:
–– 0 (baseline), 0 (baseline), 0.25,0.25, 0.5, 10.5, 1, , 3, 63, 6, 9, 9, 12, 24, 12, 24, 28, 32, , 28, 32, 48, 7248, 72 hh

– at lest 5 time-points: patient ≤ 6 years old

• ISTH recommendation

Recovery and half-life

• Recovery
– Ratio of desired and real increase of FVIII/FIX (IU/dl) in patient’s 

plasma after the dose of injected factor (in IU/kg) 

• Given in percentage

• 1 IU/kg of FVIII should increase the plasma level in 2 %,
f %for FIX in 1 %

– Is often calculated from the highest measured  FVIII/FIX plasma 
concentration of FVIII/FIX within the first hour post infusion

– Recovery shall be more than 66 % (hemophilia A)
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Recovery and half-life

• Half-life
– The period of time required for the concentration or amount of drug 

in the body to be reduced to exactly one-half of a given 
concentration or amount

– Half-life greater than 7 hours (hemophilia A)

Recovery and half-life

Thank you for your attention.Thank you for your attention.

Questions welcome! Questions welcome! 

magdalena.jelinkova@fnbrno.czmagdalena.jelinkova@fnbrno.cz


