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Case Presentations
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Clinical History + Coagulation screening tests

N/

Decision for further coagulation tests
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Table 1. Bleeding score

SYMPTOMS
{up to the time of
diagnosis)

Epistaxis

Cutaneous

Bleeding from minor
wounds

Cral cavity

Gl bleeding

- more than 10
minutes

For bruises 5 or
more (= 1cm) in

exposed areas

- = Slyear
or
- more than 10
minutes

Present

Present (not
associated with
ulcer, portal
hypertension,
hemorrhoids,
angiodysplasia)

SCORE

Consultation only*

Conzultation only*

Consultation only*

Consultation only*

Consultation only*

Packing or cauterization or
antifibrinolytic

Extensive

Surgical hemostasis

Surgical hemostasis or
antifibrinolytic

Surgical hemostasgis,
antifibrinolytic

Blood transfusion or replacement
therapy (use of hemostatic blood
components and rFvila) or
desmopressin

Spontaneous hematoma requiring

blood transfusion

Blood transfusion, replacement
therapy, or desmopressin

Blood transfusion, replacement

therapy or deamoprassin

Blood transfusion, replacement
therapy or desmopressin



SYMPTOMS
(up to the time of
diagnosis)

Hematuria

Tooth extraction

Surgery

Menorrhagia

Post-partum
hemorrthage

Muscle hematomas

Hemarthrosis

CHNS bleeding

Other bleedings®

Moftrivial

Noiftrivial or
none done

Noiftrivial or
none done

Moftrivial

Noiftrivial or
no deliveries

Mever

Present
(Mmacroscopic)

Reported in <25%
of all procedures, no
intervention**

Reported in =25%
of all procedures, no
intervention*

Consultation only*
or
- Changing pads
more frequenthy
than every 2 hours
or
- Clot and flooding
or
- PBAC score>100"

Consultation only*
or
- Use of syntocin
or
- Lochia > 6 weeks

Post trauma, no
therapy

Post trauma, no
therapy

Prezent

SCORE

Consultation only*

Reported in =25% of
all procedures, no
intervention**

Reported in =25% of
all procedures, no
intervention*™

- Time off
work/school = 2iyear
or
- Requiring
antifibrinclytics or
hormonal or iron
therapy

- Iron therapy
or

- Antifibrinolytics

Spontaneous, no
therapy

Spontaneous, no
therapy

Consultation only*

Surgical hemostasis,
iron therapy

Resuturing or packing

Surgical hemostasis or
antifibrinohytic

- Requiring combined
treatment with
antifibrinclytice and hormonal
therapy
or
- Present since menarche
and = 12 months

- Requiring blood transfusion,
replacement therapy,
desmopressin
or
- Requiring examination
under anaesthesia and/or the
usze of uterin balloon/package
to tamponade the uterus

Spontaneous or traumatic,
requiring desmopressin or
replacement therapy

Spontaneous or traumatic,
requiring desmopressin or
replacement therapy

Subdural, any intervention

Surgical hemostasis,
antifibrinohytics

S S

Blood transfusion, replacement
therapy or desmopressin

Blood transfusion, replacement
therapy or desmopressin

Blood transfusion, replacement
therapy or desmopressin

- Acute menorrhagia requiring
hospital admission and
emergency treatment
or
- Requiring blood transfusion,
Replacement therapy,
Desmopressin,
or
- Requiring dilatation & curretage
or endometrial ablation or
hysterectomy)

- Any procedure requiring critical
care or surgical intervention (e.g.
hysterectomy, internal iliac artery
legation, uterine artery
embwolization, uterine brace
sutures)

Spontaneous or fraumatic,
requiring surgical intervention or
blood transfusion

Spontaneous or fraumatic,
requiring surgical intervention or
blood transfusion

Intracerebral, any intervention

Blood transfusion or replacement
therapy or desmopressin



Primary Screening Tests for Bleeding Disorders

Coagulation phase: Vascular & PLT phases:
* PT - PLT Count

. aPTT . BT

. TT . PFA-100

* Fibrinogen
* Mixing Studies



Special Coagulation Laboratory
IRANIAN BLOOD TRANSFUSION ORGANIZATION

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)

Fibrinogen
Fibrinogen/ Fibrin Degradation Products (FDP)
D-dimer

Sensitive PTT (PTT- LA)

dRVVT Screen

dRVVT Confirm

Lupus Anti —Coagulant Confirm(STAclot LA)



Special Coagulation Laboratory
IRANIAN BLOOD TRANSFUSION ORGANIZATION

Factor Il Assay

Factor V Assay

Factor VIl Assay
FactorVIll Assay

Factor IX Assay

Factor X Assay

Factor XI Assay

Factor Xll Assay
Factor Xlll Deficiency Screen ( Clot Solubility Test )
Factor XIll activity test *
HMWK Assay*

PK assay

Inhibitor Titer of all of the Coagulation
Factors
Modified Nijmegen F VIl inhibitor.



Special Coagulation Laboratory
IRANIAN BLOOD TRANSFUSION ORGANIZATION

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 Il

GP Ib / IX (CD 42)

GP IIb / llla ( CD 41/CD61)



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



Special Coagulation Laboratory
IRANIAN BLOOD TRANSFUSION ORGANIZATION

Alpha2 Anti Plasmin*

Tissue Plasminogen Activator (tPA)*
Plasminogen Activator Inhibitor (PAI)
Plasminogen*

Heparin level (LMWH)*

ADAMTS 13 activity*

ADAMTS 13 inhibitor*

HIT screening test ( Heparin Induced Thrombocytopenia screen )*



NOTE !

Coagulation lab has a vital role in the

diagnosis and management of patients with
familial and acquired hemorrhagic and
thrombotic disorders



NOTE !

Many misleading results in blood coagulation arise
from errors in testing, BUT from
carelessness in the “Pre — Analytical Phase”



Pre — Analytical Phase

Collection
Transport
Processing

Storage



Direct specimen collection

e

—_, SHOULD BE a non-activating
surface container

 Collecting tube

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

/dehydrate Trisodium Citrate

 Anticoagulant
\Blood/AnticoaguIant =9/1

Citrate concentration adjustment (HCT>55%)
C = (1.85 x 10?)(100-HCT)(Vgio0a)

° Venipu ncture 19- to 21-gauge needles are 1deal



Anticoagulant solution (ml)
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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

@ndre carried out on fresh samples.

\4

Uncentrifuged or centrifuged  Non-heparinized samples in

In Un-opened tube at 18- Un-opened tube 18-24°
24°c tested within 24hrs. tested within 4hrs.



Pre — Analytical Phase

Specimen Storage

¢ -70°°: 6 months

o -20°°: 2 weeks

Rapidly thawed at 37°° with gently mixing.




- Template Method
% _;‘T"' .




Bleeding Time:

e 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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Thromboplastin

e

Common
PL

X
Vv

Prothrombin
Fibrinogen

Prothrombine Time

Stypven Time

Thrombin Time

Fibrin



Prothrombin Time

» Seconds along with normal reference interval

> INR

» Ratio



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:
The prothrombin time (PT) 1s the most frequently performed coagulation assay.

It is commonly used tomonitor antivitamin K (AVK) therapy

The responsiveness of commercial PT reagents (thromboplastins) to reduced coagulation factor
activities varies significantly, resulting in a wide range of PT results on identical patient samples




Thromboplastin

Tissue Factor(Specific Protein for initiating extrinsic system of Coagulation) =+
Phospholipid(necessary for surface assembly of the coagulation complexes)—+

Calcium 1oNns( for correct orientation and binding of complexes)

Tissue extraction Human-Derived
Tissue Culture Animal Derived
Genetic technology Genetic technologies



IN1983 for correction of this variation in
responsiveness of reagents, WHO introduced
INR system of reporting PT results

INR = (PT Ratio)ISI

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.



Prothrombin Time

LABORATORY TECHNIQUES IN THROMBOSIS — A MANUAL

WHO International Reference Materials for Thromboplastins

1st International Reference Preparation
human, combined 67/40 (1976)

1stIRP, !Jovin; 1st IRP, rabbit, plain
combined 70/178 (1978)
68/434 (1978) }
z“aﬁimm 2nd IRP, human, plain| 2nd IRP, rabbit, plain
OBTIT9 (1983) BCT/253 (1983) RBT/79 (1982)
7 £

3rd ISI, recombinant . .
human, plain 3rd IRP rabbit, plain

rTF/95 (1996)

RBT/90 (1995)




International sensitivity index (1S])e

Patient samples have shorter clotting timese
whene
less responsive reagents are used
and e
longer CT »
Withe
more responsive reagents. e




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 ISl _may severely compromise
management of patients on AVK therapy.




International normalized ratio (INR)

//’V

It iIs a common and fixed misconception that for an
Individual patient’s plasma sample the /INR will be
identical with different thromboplastins.




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

INR = (PT Ratio)ISI PT ratio = PT Patient/LMNPT




CLSI Document H47-A2 , H45-A

Description of the Geometric Mean (GM)

The GM is calculated by the following equation:

GM =%/X1+ X2 X3...0 Xn .

Taking the logarithm of both sides yields:
log(GM) = [log(X1) + log(X2) + log (X3) + ... + log(Xn)]/n.
Taking the antilog of both sides yields:

GM = antilog {[log(X1) + log (X2) + log(X3) + ... + log(Xn)]/n}.




ISI value assignhed by the Manufacturer

Generic :
An ISl determined for a thromboplastin that is not instrument specific
Thromboplastins with a generic ISl 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 of INR Results

For laboratories using generic ISls, verification is mandatory
and local ISl calibration is strongly recommended

Verification is recommended for all laboratories using
instrument-specific 1SIs




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%.




Protocol for Verification Procedure

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)

e True value + (15% multiplied by the true value):; and
e True value — (15% multiplied by the true value).

The INR of the certified plasmas using the
local system should compare to the value assigned to
the certified plasmas by +15%.



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 1ISI

*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 H47/7-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 ISl

2-Establishing Direct INR (Locally)




WHO International External Quality
Assurance for Blood Coagulation

Test PT/INR
Sample no. 09/04
Your reagent STA Neoplastin CI Plus

Your INR result 3.9 C—

Reference group using your reagent
number of labs.

median INR -

Your % deviation -

Overall reference group results
number of labs. 435

median INR 3.19

Your % deviation 22.3

Your results are assessed against™® overall

Your performance QOutwith consensus
Your previous % deviation (Survey 44) 309

Your interpretation Overdosed

Reference group interpretation (%)

Underdosed 19.6

-

Adequate

I
]

Overdosed




Test

PT/INR

Sample no.

16/04

Your reagent

STA Neoplastin CI Plus

Your INR result 4.4
Reference group using your reagent
number of labs. 5
median INR 4.1
Your % deviation 7.3
Overall reference group results
number of labs. 491
median INR 4.39
Your % deviation 0.2
Your results are assessed against™® Overall

Y our performance

Within consensus

Your previous % deviation (Survey 46) 22.3
Your interpretation Overdosed
Reference group interpretation (%)
Underdosed 0.5
Adequate 3.5
Overdosed 96.0

| 1



WHO I1EQAS

Test PT/INR
Sample no. 01/05
Your reagent STA Neoplastin CI Plus
Your INR result 2.99
Reference group using yvour reagent
number of labs. | 6
median INR : 2.8
Your % deviation 6.8
Overall reference group results
number of labs. 478
median INR ¢ 2.64
Your % deviation 13.3
Your results are assessed against* . Overall
Your performance Within consensus
Your previous % deviation (Survey 47) 0.2
Your interpretation adequate

Reference group interpretation (%)

Underdosed 2.6
Adequate 92.2
Overdosed 5.2

| |




Test Result Unit Reference Interval
Factor IT 102 % 71-116
Factor V H 137 % 79-127
Factor VIII L <% % 30-142
Factor X % % 3§-116
It is recommended to repeat coagulation tests for confirmation of
factor VIl deficiency .
Bleeding Tume (IVT) 230" MR 2-7
RPTT patient H 1195 Sec -4
aPTT control 39 Sac
Moed aPTT 41 fec
P.T. ( Patient) 127 Sar 125-147
PT Contral. 139 fec
: = Confirmed by Repeated Amalweiz HeHish L=Low




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

At least ONCE A YEAR




e Reference Interval Determination

subjects
, Not pregnant, , 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



Lab.Mo Raceived Cala Rapxtad [3la File No

| F-3115 Ml A A L Eh i 2 —
Coagulation

T g Raguli Lings Reference Range

aPTT Patienl 36.0 Sac 285425

PT patient 1268 C T T1B- 145

PT canlral. 13.3 Sac

Factar Ville 38 Y B0-160

Factar % 108 % 60-150

WWF activity[RCa) 78 e g

WY antigen a0 " Bo-100

Mote * Rechecked
- Fllic ghacked an fwo separale samphas wih same resuls,
- Bugiest repeat tasts after fow manthe f clinically mdicaied



Activated partial thromboplastin Thromboplastin

time
& /
2,
D
(e

Contact Activation

Vi

Prothrombine Time

Stypven Time

Thrombin Time

Fibrin



aPTT

»Screening for intrinsic clotting defects

»Detection of lupus anticoagulant

»Monitoring of heparin administration



aPTT

aPTT reagent/instrument combination

Coagulation Sensitive to 0.35 - 0.40 u/ml deficiency
defect ™™ of F VIII, IX , XI (NCCLS 2004 < 30%)

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

Inhibitors\

Sensitive to LAC



aPTT

Deficiency or circulating anticoagulant

Sy Al 0)

Incubation
' \MiX‘PP + NP
' 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 Long Long

normal; incubated 2 h

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

Interpretation Deficiency Immediate Time-dependent
Acting Inhibitor Inhibitor



CLSI Document H47-A2

e 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
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20 30 40 50 60

Factor Level (%)

= 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

*% 'I/! X3 0 ;

1
/
-~ N’

Water

Tilt 3 times every 5 seconds

WHO/LAB/98.3 WFH lab science committee



Manual Tilt Tube Technique

Best performed in glass tubes
Avoid washing & re-using test tube.

Duplicate tests ( <10% difference from mean).
Water bath 37+1°° (base of the test tube 3-4°™

below the surface of water.
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Recent Guidelines and Recommendations for
Laboratory Detection of Lupus Anticoagulants

Gary W. Moore, BSc, DBMS, CSci, FIBMS, CBiol, MSB, CertMHS'

| Department of Haemastasis and Thrombosis, GSTS Pathology, Guy's  Address for correspondence Gary W. Moare, BSc, DBMS, C5ci, FIBMS,
E 5t Thomas' NHS Foundation Hospitals Trust, London, England (Biol, MSB, CertMHS, Diagnostic Haemastasis & Thrombaosis

Laboratories, ath Floor North Wing, St Thomes' Hospital, Westminster
Semin Thromb Hemast 2014;40:163-171. Bridge Road, London SE1 7EH, England (e-mail: gary.moore@igsts.com),



Guidelines and Recommendations for
Laboratory Detection of Lupus Anticoagulants

* International Society on Haemostasis and Thrombosis (ISTH), 2009
e 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

Table I. Research criteria for defining the antiphospholipid syndrome. Adapted from Miyakis et al (2006). With permission, John Wiley & Sons,
Inc. © 2006 International Society on Thrombosis and Haemostasis.

Clinical criteria

1. Vascular thrombosis
One or more clinical episodes of arterial, venous or small vessel thrombosis
2. Pregnancy morbidity
{a) One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th week of gestation
{b) One or more pre-term births of a morphologically normal neonate before the 34th week of gestation because of: (i) eclampsia or
severe pre-eclampsia or (i) recognized features of placental insufficiency
{c) Three or more unexplained consecutive spontaneous miscarriages before the 10th week of gestation, with maternal anatomic or
hormonal abnormalities and paternal and matemal chromosomal causes excluded

Laboratory criteria

1. Lupus anticoagulant (LA) present in plasma, on two or more occasions at least 12 weeks apart
2. Anticardiolipin {aCL) antibody of immunoglobulin (Ig)G and/or IgM isotype in serum or plasma, present in medium or high titre
(Le. =40GPL units or MPL units, or > the 99th centile), on two or more occasions, at least 12 weeks apart
3. Anti-f2-glycoprotein [ antibody of Igl and/or IgM isotype in serum or plasma (in titre >the 99th centile), present on two or more
occasions at least 12 weeks apart
Antiphospholipid antibody syndrome (APS) is present if at least one of the clinical criteria and one of the laboratory criteria are met

GPL units, IgG antiphospholipid units; MPL units, [gM antiphospholipid units.

British Journal of HaematologyVolume 157, Issue 1



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

Area of recommendation

ISTH 2009

BCSH 2012

CLSI 2014

Sample preparation

Double centrifugation

Double centrifugation

Double centrifugation




l:l BLEEDING DISORDERS IN WHICH THE RESULTS
k) OF PRIMARY SCREENING TESTS MAY BE NORMAL

g

von Willebrand disease

Hereditary hemorrhagic telangiectasia
Allergic and other vascular purpuras
ay-plasmin inhibitor deficiency
Elevated levels of plasminogen activator



*Internal Quality Control

‘External Quality Assessment






