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Critical Value

Test Report Name Age Critical Critical Units
Low  High
HEMATOLOGY
Activated Partial Thromboplastin Time, >150 sec
Plasma
Fibrinogen <60 - mg/dl
INR (International Normalizing Ratio) - >6.0

Platelets, Blood <40 >1000 10(9)/L

D-dimer Positive
FDP Positive

Hematology Low High
Platelet count (adult) <40,000/cu mm >1,000,000/cu mm

Platelet count (pediatric) <20,000/cu mm >1,000,000/cu mm
aPTT None >78 secs

PT None >30 secs or
>3xcontrol level

Fibrinogen <100 mg/dI >700 mg/ dL




COAGULATION COMPETENCY
EVALUATION FORM

LABORATORY SAFETY AND INFECTION CONTROL DATE EVALUATOR
PERFORMED SIGNATURE

1. IDENTIFIES LOCATION OF SAFETY DEVICES -
A.  Fire Exfinguishers _—
B. Fire Alarms _—
C. Fire Blankets _—
D._Eye Washes I

E. Emergency Exit -
F. _Safety Showers o
G. First Aid Kit

H.Incident Repors I

2. REVIEWS DEPARTMENT'S PROTOCOL FOR HANDLING BLOOD & BODY FLUIDS




QUALITY CONTROL DATE EVALUATOR
PERFORMED  SIGNATURE

PERFORMS APPROPRIATE (C PROCEDURES ACCORDING TO PROTOCOL: ]
A, Refrigerators _—
. B Bew 0
C. Incubators _—
D. Reagents used for Coagulation Testing _—

ECounl R |
. F Coifee 0

G. Aumnmm Pipettes
H. Methods of Daily Maintenance
[ Methods of Calibration




COAGULATION PROCEDURES

AND PROTOCOLS

Identifies location of the standard operating procedure manual

Reviews all protocol for specimen collection and management in hemostasis
Reviews protocol for all routine coagulation testing

Reviews all protocol for secondary hemostasis workup

Reviews all protocol for primary hemostasis workup

Reviews all protocol for qualitative platelet disorders workup

Reviews all protocol for factor deficiency workup

Reviews all protocol for fibrinolysis workup

9. Reviews all protocol for circulating inhibitor workup

10. Reviews all protocol for hypercoagulable states workup

11. Reviews all protocol for all automation used in the coagulation laboratory
12. Reviews all protocol for alarm values

13. Observes protocol for calibration

14. Observes protocol for troubleshooting

15. Reviews protocol for the use of the Laboratory Information System. Demonstrates ability to
enter, review and refrieve data.

el A B Bl Bl Bl R
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COMMENTS:




COAGULATION TEST SKILLS

Disposes of hazardous waste according to protocol

Decontaminates work area and spills according to protocol

Uses gloves appropriately

Prepares all coagulation reagents according to protocol

Prepares all coagulation controls according to protocol

Organizes workload in appropriate priority order

S

Records test results accurately and legibly

Routine Coagulation Testing - Minimum # of tests = 100

1. Performs routine coagulation testing according to protocol

A, PT

APTT

c. TIT

. Interprets test results of routine coagulation testing accurately

. Recommends appropriate follow-up testing

. List all other routine coagulation tests performed:

A,

B.

1 =None of the Time 2 = Some of the time 3 = Most of the time

4 = All of the time




COAGULATION TEST SKILLS (Cont'd)
Fibrin and Fibrinolysis Testing - Minimum # of Tests = 25
1. Performs tests according to protocol
A. Fibrinogen assay
B. Fibrin/Fibrinogen Degradation Products
C. D-Dimer
D. Clot Lysis
2. Interprets all test results accurately
3. Recommends appropriate follow-up testing
4. List all other Fibrin or Fibrinolytic tests performed:
A,
B.

Platelet and Vascular Function Testing - Minimum # of tests =5
1. Performs testing according to protocol
. Platelet Count
. Bleeding Time
. Platelet Aggregation
. Clot Retraction
2. Interprets all test results accurately
3. Recommends appropriate follow-up testing
4. List all other Platelet Function Testing performed




1. Arrives at the laboratory at the designated time
2. Adheres to the dress code of the facility

3. Presents a neat and clean professional appearance

4. Begins work promptly

5. Completes all assigned work

6. When confronted with an error, understands the error, repeats the test and
avoids making the same error again.

7. Makes optimum use of available time by seeking assignments, offering
assistance to others and reading relevant instructional aids

8. Accepts criticism without resentment and attempts to improve

9. Is respectful of others' feelings

10. Maintains professional composure

11. Exhibits a genuine interest in clinical laboratory sciences

12. Understands the concept of patient confidentiality

COMMENTS:

1 = None of the Time 2 = Some of the time 3 = Most of the time

4 = All of the time




What is the Mean Normal
Prothrombin Time, MINPT?

It 1s geometric mean of PT of reference
sample group

MNPT is the denominator used for
calculation of INR

MNPT 1s a must for any lab doing
coagulation studies



How do you do MNPT?

Collect citrated plasma of apparently
healthy individuals (20 Donors: F&M)
Do PT & aPTT of all these 20 cases.
Take a mean, Do +/- 2SD to establish
Normal range of PT

PT 1s reported in form of INR

INR= (Test/MNPT)"!



MNPT

The correct MNPT is vital to the accuracy of the
INR determination

The PT values in a normal population are
skewed to the right

Therefore arithmetic mean will be
disproportionately higher than the true MNPT
value.

The skewness can be compensated for by
determining the geometric mean of normal PTs.
The geometric mean is usually lower than
arithmetic mean & similar to median



MNPT

The Geo-Mean is determined by:
Transforming each data point to the log
value
Determining the mean of the log values
Transforming the result back to the
original units
The equation for Geo-Mean is

Log(PT)

X=Antilog ) -

N



Reference Interval

Age- and sex-specific reference intervals
(normal values) must be verified or established
by laboratory.

For example, a reference interval can be
validated by testing samples from 20 healthy
representative individuals; if no more than 2
results fall outside the proposed reference
interval, that interval can be considered
validated for the population studied



How do you prepare pooled
normal Plasma?

Collect citrated plasma from minimum 6
healthy donors

Pool them in plastic container, mix and
centrifuge at 1500 g for 10 min at RT



How do you prepare pooled
normal Plasma?

Estimate PLT (<10000/ul), check PT and PTT
value(should be within normal range)

Aliquot and store at -80°C

Thaw immediately, analyze with every
batch(as a QC sample)

Monitor with successive run

New lot of pooled plasma should be analyzed
parallel with older lot

Range, mean, +/- 25D should be calculated
after 20 successive reading



What 1s Mixing Study or Test?

When the PT and/or APTT are abnormal, further
testing may be done to identify the specific
abnormality.

Mixing studies are performed to differentiate a
factor deficiency from a circulating inhibitor
The coagulation test with the abnormal result is
repeated using several different dilutions of the
patient's plasma and normal plasma.

The testing is performed immediately and after
incubation at 37°C (2 hours).

If the abnormal result is corrected by the addition of
normal plasma, a factor deficiency is indicated,
whereas no correction of the abnormal result
indicates the presence of a circulating inhibitor.



Results, Mixing Study

The clotting times for the various dilutions and
time intervals are compared to determine if the
patient's clotting time has been corrected.
Clotting times will tend to increase with time due
to the loss of labile factors; therefore, it is
important to compare the patient's diluted
sample results with the result obtained from the
normal control plasma (Tube #1).

A clotting time is considered prolonged if it is
longer than the normal control plasma's clotting
time (Tube #1).

If correction is observed, a factor deficiency is
indicated.

A circulating inhibitor is indicated by no
correction of the prolonged test.



Results, Mixing Study

The performance of the test after incubation
reveals the time and temperature dependency
of the inhibitor.

Factor VIII inhibitors are time- and
temperature-dependent.

Inhibitors that are time- and temperature-
dependent will exhibit correction
immediately;

however, on incubation, the result will become
prolonged.

Lupus anticoagulants tend to act immediately;
however, they may exhibit time dependency.



If you receive a questionable sample
(EDTA or Citrated Plasma) what do you
do?

When the sample matrix is unknown or in doubit,
performance of sodium, potassium and calcium
assays on the sample can be undertaken to help
determine the sample matrix.

Samples collected in sodium citrate tend to have
high sodium and low calcium values while
samples collected in potassium EDTA will have
elevated potassium levels with undetectable
calcium values



What 1s your criteria for Platelet Poor
Plasma, PPP for coagulation tests?

platelet poor plasma containing < 10 x 10°
platelets/L.

In order to ensure appropriate removal of
platelets for some particularly sensitive tests
including LA, a process of double
centrifugation is recommended .

This is especially important if the plasma will
be frozen prior to testing.



How many controls you use for
IQC and when?

IQC material generally includes ‘normal’ and
‘abnormal’ sample controls with results plotted
using a Levy-Jennings chart.

This process is performed for each analyte tested
(i.e., PT, APTT, etc), and using a time-frame suited
to each test performed.

For example, for continuous test systems such as
APTT, it might be appropriate to perform testing
every two, four or so hours.

For tests performed in batches, it might be
appropriate to perform controls at the start,
middle and end of the test run.



What about quality control specifications

for routine coagulation tests?

Test (abbreviation)

Level 1 control target

Level 2 control target

Optional/ additional controls and
comments

Routine coagulation
tests (i.e., PT, INR,

Midpoint of normal
reference range

Midpoint of therapeutic
(anticoagulant therapy) range

High end of therapeutic or abnormal
range

APTT, TT). (high level)

Fibrinogen Low end or midpoint of Midpoint of abnormal (low level) High end control if thrombosis-risk is
normal reference range range being assessed.

D-dimer Low end or midpoint of Midpoint of abnormal (positive) High end for quantitative assays,

normal (hegative) reference
range (negative control)

range (positive control)

especially if DIC is being ‘'monitored’

Factor assays
(FIIL, FV, FVII, FVIII,

Low end or midpoint of
normal reference range

Midpoint of abnormal (low level)
range (i.e.,, 20-40%)

Factor deficient plasma to identify
lower assay limit; high-end control

FIX, FX, FXI1, FXIl) (i.e., 20-100%) (2150%) for quantitative assays if
thrombosis-risk is being assessed.
FXII Normal plasma (negative FXIIl deficient plasma (positive
control) control)
VWF assays Low end or midpoint of Midpoint of abnormal (low level) VWF deficient plasma to identify lower
normal reference range range (i.e., 20—-40%) assay limit; high-end control (=150%) for
(i.e., 90-100%) quantitative assays if thrombosis-risk
is being assessed; qualitative (Type 2
VWD-like) control.
PC, PS, AT Low end or midpoint of Midpoint of abnormal (low level)
normal reference range range, or heterozygous pattern
control
APCR Low end or midpoint of Midpoint of abnormal (low level)
normal reference range range, or heterozygous pattern
control
LA Negative control Positive control (weak positive Positive control (moderate or strong

near assay cut-off)

positive)




When PT or PTT clot 1s not detected &
fibrinogen is less than 25 mg/dl, what do
you do?

When a clot 1s not detected during PT and
aPTT testing and,

Where the fibrinogen level 1s <25 mg/dl,
it should be suspected that the sample is
actually serum.



Case |

28 year old woman, previously healthy,
who comes in with sudden onset of
petechial rash and heavy menses; No
medications.

Platelet count in ER 2,000/microliter; Hgb
12.5 g/dl, WBC:12000/cumm, slightly Left
Shift in Neutrophilic series

BMA: Increased Megakaryocytes , The
majority are non-Platelet Producer



Case 2

48 year old man, Hx diabetes,
hypertension, drug abuse, admitted with
3 days of fever & confusion.

Bloods in ER show Hgb 7.5 (normal 14.5
for him), platelets 12,000; Coombs
negative. Blood smear shows

: creatinine 1.6, LD 540, Bil1 4.5/0.8



PBS reveals



http://www.emedicine.com/cgi-bin/foxweb.exe/makezoom@/em/makezoom?picture=/websites/emedicine/emerg/images/Large/966966HUS.jpg&template=izoom2

Von Willebrand Factor, vWF

« VWF is synthesized by ECs,
megakaryocytes and platelets

« The constitutive secretion pathway is
active only in ECs. The storage granules
found in cells that synthesize vWF are the
Weibel- Palade body in ECs and the a-
granule in megakaryocytes and
platelets.



Von Willebrand Factor, vWF

» Mature vWF 1s composed of identical
disulphide-linked subunits,

» Two subunits joined at the C-termini form
dimers that are the building blocks of
larger multimers ranging in size from
approximately 500 kDa to in excess of 10
000 kDa.

e The ultra-large vWF multimers secreted
by ECs may appear as thin filaments that
are several microns long or as globular
molecules.



« These ultra-large vWF multimers can only
be detected transiently in normal plasma
because they are cleaved by a plasma
metalloproteinase ( ).

A Disintegrin And Metalloprotease with
ThromboSpondin type 1 motifs, formerly
VWF cleaving protease

. results 1n
accumulation of ultra-large vWF multimers
in plasma, leading to enhanced

: this 1s
responsible for the microvascular
thrombosis seen in patients with thrombotic
thrombocvtopenic purnura



CLOTED ADAMTS-13 Protease

| -
- HEHE
|Binds VWF A2 Domain | Thrombospondin Repeats

(a9
| Cleaves Tyr-Met Bond |

Sadler JE. J Thromb Haemost 2005;3:1702-8.

“ ADAMTS-13 is specific for von Willebrand Factor (VWF) and
appears to be resistant to "all” plasma protease inhibitors

« ADAMTS-13 gene is mapped to chromosome 9q34
— Gene spans 37kb and contains 29 exons

“ Precursor polypeptide composed of 1427 amino acid residues

« Synthesized in liver and endothelial cells as a zymogen and
becomes activated upon propeptide cleavage

® Highly glycosylated (apparent mass of 180 kDa)

® Plasma concentration is ~ 1 pg/mL

“ Plasma half-life is ~ 2-3 days

“ Protease activity is dependent on both Zn*2 & Ca*? ions




CLOT Thrombotic Thrombocytopenic Purpura

TTP is a life-threatening disseminated thrombotic microangiopathy of

which the pathologic hallmark is platelet-rich microthrombi in the
small vessels of multiple organs

In the high shear stress
environment of the microcirculation,
presence of UL MWM (due to
decrease in ADAMTS-13) leads to

platelet clumping

Thrombocytopenia, and ischemic
neurological, renal & other organ
dysfunction as well as red blood

cell fragmentation in partially
S O — occluded arterioles and capillaries

UL MWAM = Unusually Largs Moleculer Weight (VIWVFE) Maltimears




. ADAMTS-13 and TTP

& Congenital TTP (Upshaw-Schulman Syndrome)

— Caused by homozygous or compound heterozygous
mutations in the ADAMT75-13 gene

— ADAMTS-13 is non-functional (activity <5-10%) or absent
& Acquired idiopathic TTP

— Occurs in patients with no apparent pre-existing or
concurrent illness

— Caused by autoantibodies (either inhibitory or non-
neutralizing) to ADAMTS-13

& Acquired non-idiopathic TTP

— Associated with pregnancy, autoimmune disease, HIV
Infection, bone marrow stem cell transplantation, cancer,
or particular drugs

— Autoantibodies to ADAMTS-13 may or may not be present




So What's the Point?

“« Differentiate between hereditary and
acquired TTP

#« Discriminate between inhibitory and non-
inhibitory autoantibodies

“« Aid in determining appropriate therapies

ADAMTS-13
Assays

Healthy Donors
(Reference)

Hereditary
TTP

Acquired TTP (Idiopathic or Non-idiopathic)

Inhibitory AB
{Only in ldicpathic TTP)

Non-inhibitory AB
{In Idicpathic or
Non-idiopathic TTP)

No AB

{In ldiocpathic or
MNon-idiopathic TTP)

Activity
(FRETS-VWFT73)

Mormal (= 50%)

<5-10%

< 10%:

10% - 50%

10 % - 50%

Neutralizing
Activity

iModified FRETS-
VIWFT3 for Inhibitor)

Negative
(Test plasma blocks
= 30% of proteolytic

cleavage of
substrates by NPP}

Negative

Positive

Nepgative

Megative

Anti-ADAMTS-13
I0G (ELISA)

Megative
(=12 UW'mL)

Megative

Positive

Positive

Megative

ADAMTS-13
Antigen (ELISA)

Mormal
{350 -730 ng/mL)

Low to

Undectable

Moderately

Decreased

MNormal

Borderline Normal

Adaptedlhlm:lif-ie-d from Shelat, et al. J Thromb Hasmaost 2006:4:1707-17.

Legend: AS =ADAMTS-13 0

wicantiboedy; NFF = Normal Fooled Flasma




Thank you




