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Objectives

» After attending this session, the attendees should be
able

» Review the epidemiology and incidence of heparin induced
thrombocytopenia

» Discuss approaches for laboratory and clinical diagnosis of
heparin induced thrombocytopenia

» Formulate an appropriate treatment plan for a patient
who develops heparin induced thrombocytopenia
consistent with clinical practice guidelines




Heparin Induced
Thrombocytopenia (HIT)

» Serious immune-mediated pro-thrombotic disease
induced by heparin

» Defined by a falling platelet count during or following
heparin treatment, with or without thrombotic
complications

» Paradoxical hyper-coagulable state that can potentially
lead to new thrombosis, amputation, and death

» Patient receiving any type of heparin at any dose by any
route of administration may be at risk of developing
HIT, making it difficult to diagnose

H, et al. Hematol Oncol Clin North Am. 2007;21(1):65-88. Warkentin TE. Hematology Am Soc Hematol Educ Program. 2006;40
tion. 2005;111(24):2671-2683.




Heparin binds to AT via a specific pentasaccharide sulfation
sequence contained within the heparin polymer

Native heparin is a polymer with a molecular weight ranging from 3 to 30 kDa,
although the average molecular weight of most commercial heparin preparations is in
the range of 12 to 15 kDa.l>

*Highly charged linear Glycosaminoglycan
(GAG)

*Binds to anti-thrombin 3 and enhances its
ability to inactivate thrombin and factor
Xa.
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https://en.wikipedia.org/wiki/Molecular_weight
https://en.wikipedia.org/wiki/Atomic_mass_unit
https://en.wikipedia.org/wiki/Heparin#cite_note-Francis-54

UFH

Unfractionated Heparin: Mechanism of Action

Unfractionated Heparin is a highly Sulfated Gycosaminoglycans with a
molecular weight range of 4 to 30 kD.!4

(Widely used as an injecable antlcoagulant and highest negatlve charge denS|ty of any known blologlcal
molecules. It can be used to form an inner antlcoagulant surface on varlous experimental and med|cal
deV|ces)

Iit's ahtic'bagulation effect is mediated'by'fhe activation of Antithrombin III-,
which then inactivates with relatively equal potency the coagulation
enzymes Thrombin (factor lla) and factor Xa . =

Ot'h,er' ant.ithrombdtjc' effects incIUde'inhibition of platelet.aggregatipn and
additional antithrombin lll-independent mechanisms.

The partial thromboplastin time APTT may be elevated because of
“inactivation of thrombin. Heparin has a short halfllfe in plasma (tl,z =30 min
to” 1.5 hours) '

and has varlable and extenswe blndlng to plasma protelns and cells.




LMWH vs. UFH

More predicable Pharmacological response
Consist of only short chains of Polysaccharide, less
than 8 KD

Subcutaneous Injection

No lab monitoring requires ( except pregnant or
obese patient ) Chromogenic Anti Xa activity or
inhibition testing )

No dose adjustments requires

Expensive

Very low HIT incidence




New Oral Anticoagulants (WOACs)

XI 3 1. DIRECT inhibitors of coagulation
Xl —3 2. SINGLE SITES of action
ay = Oral Xa inhibitors

rivaroxaban (Xarelto)
apixaban (Eliquis)
edoxaban (Savaysa)

Vil
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o " Oral lla inhibitors
i dabigatran (Pradaxa)
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Unfractionated heparin Low-molecular-weight heparin
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HIT Pathophysiology
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Laboratory Monitoring of Heparin Therapy
Recommended Laboratory Test:

Currently, the Activated Partial Thromboplastin
Time (aPTT) is the laboratory test most commonly
used to monitor UNFRACTIONATED HEPARIN UFH
THERAPY.

« However, some patients receiving heparin but not
demonstrating an adequate aPTT prolongation may
require further laboratory evaluation for heparin

resistance. The Anti Xa Assay can quantitatively

determine the plasma level of Unfractionated
Heparin UFH as well as Low Molecular Weight
eparin LMWH



http://www.utmb.edu/LSG/Pages/ACTIVATED_PARTIAL_THROMBOPLASTIN_TIME.aspx

aPTT Therapeutic Range:®0LD DAYS

Historically, the laboratory has recommended an aPTT
prolongation of 1.5 - 2.5 times the MEAN NORMAL
REFERENCE INTERVAL. (The MEAN NORMAL value is
recalculated with each change in reagent lot number,
approximately once per year.) The current MEAN NORMAL
is reported with each patient test result.

Example: aPTT MEAN NORMAL = 30 s
Therapeutic Range = 45 - 75 seconds (1.5 - 2.5 x MEAN
NORMAL)

1. The therapeutic range for
standard weight based heparin
drip infusion performs with each
new lot and posted in LIS.

2. No range is established for low
molecular weight heparin.




Recent method of determining the Heparin®

*Therapeutic Range was developed utilizing a procedure derived
from Brill-Edwards, et al, in which aPTT values and heparin levels
are obtained from patients actually receiving heparin. Using
linear-regres);ion, a graph is prepared that correlates the aPTT in
seconds to the heparin Anti-Xa units. The ranges established, are
the time in seconds equivalent to 0.1 to 0.3 and 0.3 to 0.7 Anti-Xa
units of heparin.
Therapeutic Range :

0.1 Unit Anti -Xa 47 sec APTT
0.3 Unit Anti-Xa 64 Sec APTT
0.7 Unit Anti -Xa 98 Sec APTT

UFH Therapeutic range:

e The heparin therapeutic range is:
0.3-0.7 IU/mL

. Prophylactic ranges of heparin are as
follows : 0.1-0.4 1U/mL




Validation of heparin sensitivity of aPTT using an
Assay of Heparin procedure

This can be done by simultaneous determining the aPTT
(second) and heparin concentration (U/mL) using samples from
patients receiving unfractionated heparin for the treatment of
thromboembolism. A dose —response curve can be calculated
from the data using regression analysis and the aPTT range

corresponding to a heparin concentration of 0.3-0.7 U/ml(by a
factor Xa inhibition assay) can be derived.

This is not required if Cumulative
Summation is performed and does not
show remarkable changes as mentioned
in the following procedure




Mean new | Diff (New-Old
lot )
(sec) (sec)

Mean old lot
(sec)

IN(2001) s N ) (1 73.9 (2) -4.7 -4.7 Accept
2a .
(20020 48.3 41.7 -6.6 -11.3 Reject

2b
(2002) 47.6 (2) 53.6 (3) +6.0 +1.3 Accept
3 (2003) waK’ 3) 72.3 (4) +0.4 +1.7 Accept
4a ;
(2004) 62.0 71.2 +9.2 +10.9 Reject
4b(2004) KYR:] (4) 60.3 (5) -2.5 -0.8 Accepted
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Cardiac Heparin Protocol

Flowsheet
Q Cardiac Heparin Protocol
Flowsheet

Patient Weight:

Heparin Heparin Time Time New Rate Nurse
Date Time PLT APTT Bolus units/hour | Held Restart | units/hour Initials
Verification

Use cardiac dosing chart for initial bolus and infusion rate. Refer to cardiac protocol for change in dosage
based on aPTT values.
Notify Physician for:
- 2 consecutive aPTT’s less than 35
- 2 consecutive aPTT’s greater than 110
- Platelets 50% below baseline




Patient Weight:: kg

Initial bolus, infusion rate, and rebolus dosage chart - Identify patient’s weight on chart and
follow row to right to determine dosage for initial bolus and initial infusion rate. All Heparin
solutions Heparin 25,000 units in £500ml_(50 units/ml)

Initial infusion rate:
12 units/kg/hr
(Max dose 1,000 units/hr)

Re-bolus 60 units/kg

Initial Bolus 60 (Max dose 5,000

units/kg
(Max dose 5,000 units)

Heparin 25,000 units

Re-bolus 30 units/kg

units)

/500ml
Weight Heparin 10,000 Heparin 10,000 Heparin 10,000
(in kg) units/ml Heparin 50 units/ml. units/ml units/ml

30-35 2000 units = 0.2 ml 350 units/hr = 7 ml/hr 1000 units = 0.1 ml. 2000 units = 0.2 ml
36-45 2000 units = 0.2 ml 500 units/hr = 10 ml/hr 1000 units = 0.1 ml 2000 units = 0.2 ml
46-55 3000 units = 0.3 ml 600 units/hr = 12 ml/hr 2000 units = 0.2 ml 3000 units = 0.3 ml
56-65 4000 units = 0.4 ml 700 units/hr = 14 ml/hr 2000 units = 0.2 ml 4000 units = 0.4 ml
66-75 4000 units = 0.4 ml 850 units/hr = 17 ml/hr 2000 units = 0.2 ml 4000 units = 0.4 ml
76-85 5000 units = 0.5 ml 950 units/hr = 19 ml/hr 2000 units = 0.2 ml 5000 units = 0.5 ml
86-95 5000 units = 0.5 ml 1000 units/hr = 20 ml/hr 3000 units = 0.3 ml 5000 units = 0.5 ml
96-105 5000 units = 0.5 ml 1000 units/hr = 20 ml/hr 3000 units = 0.3 ml 5000 units = 0.5 ml
106-115 5000 units = 0.5 ml 1000 units/hr = 20 ml/hr 3000 units = 0.3 ml 5000 units = 0.5 ml
116-125 5000 units = 0.5 ml 1000 units/hr =20 ml/hr 4000 units = 0.4 ml 5000 units = 0.5 ml
126-135 5000 units = 0.5 ml 1000 units/hr =20 ml/hr 4000 units = 0.4 ml 5000 units = 0.5 ml
136-145 5000 units = 0.5 ml 1000 units/hr =20 ml/hr 4000 units = 0.4 ml 5000 units = 0.5 ml
146-150 5000 units = 0.5 ml 1000 units/hr = 20 ml/hr 5000 units = 0.5 ml 5000 units = 0.5 ml

Weights over 150kg, use 150kg dosing




Cardiac Protocol: Utilize aPTT result to determine rebolus or rate changes
Document Heparin rebolus, and rate changes, and lab orders on physician orders sheets

APTT (sec) Rebolus Hold? Rate Change Next APTT
Less than 35 sec 60 units’lkg No Increase 250 units/hr=5 ml/hr. 6 hours
35-45 sec 30 units/kg No Increase 150 units/hr=3 mi/hr. 6 hours
46-54 sec No No Increase 100 units/hr=2 ml/hr. 6 hours
55-70 sec No No No Change 12 hours
71-83 sec No No Decrease 100 units/hr=2 ml/hr. 6 hours
84-96 sec No 30 min. Decrease 150 units/hr=3 ml/hr. 6 hours
97-109 sec No 1 hr. Decrease 250 units/hr=5 ml/hr. 6 hours

Greater than 110 secNo 1 hr. Decrease 300 units/hr=6 ml/hr. 6 hours




Epidemiology

» More than 12 million patients are exposed to heparin
each year in the United States

» Estimated that 600,000 new cases of HIT occur each
year

» As many as 300,000 patient develop thrombotic
complications

» As many as 90,000 patients die
» HIT occurs in
» 1-5% of patients receiving unfractionated heparin (UFH)

» 0.2-0.8% of patients treated with low molecular weight
heparin (LMWH)

H, et al. Hematol Oncol Clin North Am. 2007;21(1):65-88. Arepally GM, et al. N Engl J Med. 2006;355:809-17. Levine RL, et al. Chest. 2005;127:
2012;141:e24S-43S. Rice L. Arch Intern Med. 2004;164:1961-4.



Incidence of HIT According to Patient Population
and Type of Heparin Exposure

Patient population (minimum of 4d Incidence of
exposure) HIT, %

Postoperative patients

Heparin, prophylactic dose 1-5
Heparin, therapeutic dose 1-5
Heparin, flush 0.1-1
LMWH, prophylactic or therapeutic dose 0.1-1
Cardiac surgery patients 1-3
Medical

Patients with cancer 1

Heparin, prophylactic or therapeutic 0.1-1
dose

LMWH, prophylactic or therapeutic dose 0.6

Intensive care patients 0.4
Heparin, flushes <0.1
Obstetrics patients < 0.1

LA, et al. Chest. 2012;141:e495S-530S.



Risk of HIT

Bovine > porcine heparin
Surgical patients > medical patients
Female > male

Recent heparin exposure - rapid onset HIT

vV v v v Vv

Minimized by use of LMWH over heparin in surgical
patients




‘Thrombocytopenia itself is not usually
of clinical significance. However, a
subset of affected patients develop
arterial or venous thrombosis, which
can be life-threatening.

*HIT is still a major cause of morbidity
and mortality in patients treated with
heparin..

*HIT occurs in 1-5% of patients given

unfractionated heparin for 5 days or
longer.



HIT

» Definition: HIT is a serious immune-
medicated syndrome where heparin
administration is associated with

» Thrombocytopenia

» The generation of heparin-dependent
antibodies (typically 1gG)

» A high risk for thrombosis causing
significant morbidity and mortality




HIT

» Clinical presentation: following heparin

» Thrombocytopenia observed 5-14 days
later; or may occur sooner with
previous heparin exposure

» Platelet count < 100,000/uL or

» Platelet count 50% of baseline (pre-
heparin value)

» 30-50% of patients with HIT will have a
thrombotic complication within 30 days

rkentin TE, et al. Am J Med. 1996;101:502-7 «



Terminology Relating to HIT

» Heparin-induced thrombocytopenia (HIT)

» Also known as HIT type Il, white clot syndrome, and
heparin-associated thrombocytopenia (HAT)

» Denotes demonstrable role of heparin in “inducing”
thrombocytopenia (i.e. heparin-dependent
antibodies are detectable)

» Non-immune heparin-associated thrombocytopenia (non-
immune HAT)

» Also known as HIT type |, HAT

» Denotes absence of heparin-dependent antibodies
and the potential role for other factors in causing
thrombocytopenia




HIT: Pathophysiology

» Presence of IgG antibodies that recognize
PF4/heparin complexes on platelet
surfaces and vascular walls

» Binding of IgG to PF4/heparin complexes
on platelets

» Antibody activates platelets via the Fc
receptor

» Activated platelets release microparticles
with prothrombotic activity







Figure 1
Heparin-induced Thrombocytopenia
Patient receives heparin
5-10 days

IgG antibodies form against




Differences Between HIT and
Non-immune HAT
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Clinical Features

» 85-90% of patients experience thrombocytopenia (plt < 150 x
10°/L

» 90-95% of patients has 30-50% fall in platelet count with
nadir remains above 150 x 10°/L

» Characteristic onset 5-10 days after heparin initiation
» Rapid onset
» Exposure within past month to as long as 100 days
» Thrombocytopenia can occur within 24 hours
» Delayed onset

» Thrombocytopenia occur as long as 3 weeks after
cessation of therapy

» Venous thrombosis occur in 17-55% of untreated patients
» Arterial thrombotic events occur less often

» 25% patient with HIT develop thrombosis preceding
thrombocytopenia

tin TE, et al. N Engl J Med. 2001;344(17):1286-92. Lubenow N, et al. Chest. 2002;122(1):37-42.



Temporal Patterns of
Thrombocytopenia in HIT

Heparin (re) exposure
|
|
v

Typical onset HIT
Mean day 9
(5-14 days)

Day 5 Day 14

THROMBOCYTOPENIA ( + THROMBOSIS)

, et al. Hematol Oncol Clin North Am. 2007;21(1):65-88.
LA, et al. Chest. 2012;141(2suppl):e4955-e530S.



Consequences of HIT

» The thrombo-embolic complications of HIT contribute to
high morbidity and mortality

» Approximately 9-11% require amputation

» Approximately 17-30% mortality rate

» Without appropriate treatment, patient with
thrombocytopenia caused by HIT have an ~50% chance
of developing a new thrombosis within days to weeks
following heparin cessation

» If left untreated, risk of thrombosis persists even after
platelet counts have returned to normal

» Approximately 5-10% increased risk per day immediately
following discontinuation of heparin

» Total risk of 38-76% at 1 month

, et al. Hematol Oncol Clin North Am. 2007;21(1):65-88. Hirsh J, et al. Arch Intern Med. 2004;164(4):361-369. Jang IK, et al. Circulation. 200




Less Common Manifestation

» Venous limb gangrene
» HIT with DVT acutely treated with warfarin

» Necrotizing skin lesions at heparin injection sites
» Adrenal hemorrhagic necrosis

» Acute systemic reaction within 30 minutes of an IV
heparin bolus injection

» Disseminated intravascular coagulation

» Petechiae or signs of bleeding are rarely seen




Thromboembolic Disorders Associated with
HIT: Consequences

» Venous thrombosis
» Deep vein thrombosis (DVT)
» Venous limb gangrene
» Pulmonary embolism (PE)
» Cerebral sinus thrombosis
» Arterial thrombosis
» Limb gangrene
» Cerebrovascular accident
» Myocardial infarction
» Miscellaneous end-organ thrombosis
» Other complications
» Adrenal hemorrhagic infarction
» Heparin induced skin lesions (at injection site)
» Acute systemic reaction (post IV heparin bolus)
» Disseminated intravascular coagulation (DIC)




Skin Necrosis

Used with permission from Warkentin TE. S o Hagmafar. 1985, 82:494—-497,




Venous Limb Gangrene

Used with permissian from Warkentin TE, Elavathil LJ, Haywerd CPM, Johnston MA, Russett J, Katen JG. Ann
Miam had, 1997 127804812




Diagnosis of HIT

» Normal platelet count before commencement of
heparin therapy

» Onset of thrombocytopenia typically 5-14 days after
initiation of heparin therapy but can occur earlier

» Exclusion of other causes of thrombocytopenia (e.g.
sepsis)

» Occurrence of thromboembolic complication during
heparin therapy

» HIT is a clinical-pathologic diagnosis




HIT Type Il = Clinic- pathologic Diagnosis

CRITERIA: 4Ts Pre-Test Clinical scoring System AND HIT-Antibody Test res

1. Thrombocytopenia :>50% Platelet fall from baseline or<100,000/ml

2. Time to Onset (varies):

A: “Typical Onset “ : Day 5-10 of UFH exposure

B: “Rapid Onset “ : <1 day of UFH re-exposure if exposure
prior 100 days

C: “Delayed Onset” : Up to 40 days after UFH exposure

3. Thrombosis, Skin necrosis , etc

4. No oTher cause identified

5. Lab Test results : presence of Antibodies to complexes of
Heparin /PF4



Calculate Pre-Test Probably for HIT Using
the 4T Score

Thrombocytopeni  Platelet count fall > 50% AND  Platelet count fall 30-50% OR platelet  Platelet count fall <
a platelet nadir > 20 x 10°/L nadir 10-19 x 10%L OR > 50% platelet 30% OR platelet nadir
AND no surgery within fall but surgery within preceding 3 <10 x 10%L
preceding 3 days days
Timing of platelet  Clear onset between day 5 Consistent with day 5-10 fall, but not  Platelet count fall < 4
count fall form and 10 of first exposure OR clear (e.g. missing platelet counts) days AND no heparin
initiation of within 1 day of re-exposure OR onset after day 10 OR within 1 exposure within the
heparin after prior exposure within 30  day of re-exposure after prior last 100 days
days exposure 30-100 days ago
Thrombosis or New thrombosis (confirmed) Progressive or recurrent thrombosis ~ Thrombosis
other sequelae OR skin necrosis at heparin OR non-necrotizing (erythematous) suspected, not
injection sites OR acute skin lesions OR suspected confirmed
systemic reaction after thrombosis (not proven)
intravenous heparin bolus
Other causes for  None apparent Possible Definite
thrombocytopeni

a

Low probability: < 3
Intermediate probability: 4-5
High probability: > 6

, et al. J Thromb Haemost. 2006;4(4):759-65.




Case 1

Thrombocytopenia  Platelet count fall > 50% AND Platelet count fall 30-50% OR platelet Platelet count fall <
platelet nadir > 20 x 10%/L AND nadir 10- 19 X 109/L OR > 50% platelet 30% OR platelet nadir

no surgery within preceding 3 3 reces <10 x 109L

days

Platelet count fall < 4
days AND no heparin
exposure within the

Timing of platelet ~ Clear onset between day 5and ~ Consistent with day 5-10 fall, but not
count fall form 10 of first exposure OR within 1 clear (e.g. missing platelet counts) OR
initiation of heparin  day of re-exposure after prior onset after day 10 OR within 1 day of re-

exposure within 30 days exposure after prior exposure 30-100 last 100 days
days ago
Thrombosis or New thrombosis (confirmed) OR  Progressive or recurrent thrombosis OR hrombosis
other sequelae skin necrosis at heparin injection  non-necrotizing (erythematous) skin suspected, not

sites OR acute systemlc reaction lesions OR suspected thrombosis (not confirmed

us-heparin bolus proven)

Other causes for Possible Definite

thrombocytopenia

None apparent

4T’s score = 3 Low probability




Clinical Conditions/Causes of
Thrombocytopenia

» Increased platelet destruction

» Non-immune
» Septicemia/inflammation
» Disseminated intravascular coagulation

» Thrombotic thrombocytopenic purpura

» Immune

» Autoimmune: idiopathic or secondary immune
thrombocytopenia

» Alloimmune: post-transfusion purpura

» Drug-induced: prothrombic (heparin), prohemorrhagic
(quinine, quinidine, gold, sulfa antibiotics, rifampin,
vancomycin, NSAIDs, many others)




Thrembocytopenia in a patient

receiving heparin or LIMWH®

Apply clinical scoring
Ly tem

high climical suspicion Intermediate (4T s=4-5) Low clinical suspicion for
(4T s=6-5) R R HIT (4T's<3)

=411
Dhscaontnue heparn: stan

19G

lack of plateiet
activating
antibodies

decreasa HIT
likalihoad

Ipoas-test proba ity
Bl

2 2. Diagnostic algorithm. Shown is our diagnostic approach for HIT using clinical and laboratory eveluafion. *Based on Pouplerd et al **
«d on Mellen et gl 3 .



Heparin-induced thrombocytopenia (HIT) suspected

ATs score =4 ATs score =3

High or intermediate clinical probability Low clinical probability

* URCERTAINTY ABOUT SCORE * #’ WO UNCERTAINTY ABOUT SCORE

STOP HEPARIM IMMEDIATELY CONTINUE HEPARIN
+ start nonheparin anticoagulant
}
HIT ANTIGEN ASSAY HIT ANTIGEN ASSAY
} } ' '

positive negative positive necative
‘ .

OPTICAL DENSITY OPTICAL DENSITY

¢ ‘ } ¢

high titer high titer

' b

HIT HIT
COMFIRMED EXCLUDED

CONFIRM WITH
FUNCTIONAL
ASSAY
(if available)

CONFIRM WITH
FUNCTIONAL
ASSAY
(if available)

HIT
EXCLUDED




Laboratory
Testing of HIT

HIT is a clinical pathologic diagnosis and lab results
must be interpreted in conjunction with clinical
information!!




There are 2 categories of
laboratory methods used to
identify HIT antibodies:

» Diagnosis of HIT may involve a variety of lab tests

» Assays/Immunoassays (screening)

» Antigen Assay class consists of the solid-phase enzyme-linked
immunosorbent assay (ELISA)

» The liquid-phase Particle Immuno-Filtration Assay (PIFA®)
which determine the presence or absence of HIT antibodies

» Functional/Activation Assays and Antigen (confirmatory)
» C-14 Serotonin Release Assay (SRA)
» Platelet Aggregation Test (PAT)




TEST

Principle

Advantage

Disadvantage

% Sen/Speci

PIFFA
PLUSS
PF4

The PIFA PLUSS™ PF4 is
based upon principles of the
Particle ImmunoFiltration
Assay (PIFA®). BLUE,
microparticle-based
reagents, coated with
purified Platelet Factor 4
(PF4) protein derived from
platelet-rich plasma
obtained from human
sources

provide the visual signal for
the results of the assay. The
inability of matrixed
microparticles, or the ability
of non-matrixed particles, to
move through a filtration
medium is the measure of
the reactivity/nonreactivity
of the test sample.

A: 100 % negative predict

value to rule out HIT.

B: VERY Short TAT 30min

C:Reduce send outs

D: Easy and standard
technology

E: Help Anticoagulant
budget

A: Lower Specificity
causeing False Positive
results

B: Qualitative results
as Positive and
Negative

C: Screening test

D: handling specimen

Senivity %

:more than
99% (100%)
Specifity %:

85% -90%




Rapid Testing
Method

Proves useful in real-time determination of HIT




~

a PIFA
Particle ImmunoFiltration Assay®

PLATFORM
PIFA Heparin/PF4  PIFA PLUEL) PF4

* On-Demand, anti-Heparin/PF4 Antibody Testing facilitates
quicker HIT Rule-Out or Diagnosis

* Results in Less Than 10 Minutes

* Helps Reduce Send-Out Costs, Manage Anticoagulant Budget

* FDA-Cleared, Moderate Complexity, Easy to Cross-Train

Mare than 99% Negative predictive Value for HIT




/ HFAPLUé‘PF4 Operating Principles
4 serasTar

BELODOD CELL SEPARATOR e p—

Extracts and delivers a measured volume

of the liquid fraction of Whole Blood
into an assay device within 5 minutes

Selective filtration of microparticles in
response to antibody binding

.



Hmpwé-pm

Specimen Collection, Preparation, and Storage
Collection
FRESH, anticoagulated blood samples MUST be collected with
EDTA or Sodium Citrate collection tubes

Preparation

* MUST use seraSTAT® blood cell separator |

* Patient specimens that remain at room temperature after collection must
be introduced to seraSTAT® within a Maximum of 2 hours from the draw

Storage
Anticoagulated whole blood specimens that cannot be tested immediately,
MUST be stored refrigerated (2 to 8°C; 36 to 46°F) for Maximum of 24 hours.

Note: Any refrigerated serum should reach an ambient temperature prior to
performing the test. ",'.'-1




*ELISA , or rapid Immunoassay to detect Heparin/Pf4
antibodies are the usual first line tests.

* As stated previously , a NEGATIVE ELISA combined with low
or moderate pre-test probability has good negative
predictive value , making a diagnosis of HIT unlikely .

» Rare False -Negative has been reported with Immunoassay
testing with patient HIT with Ab s directed against Ag rather
than hep/pf4 complex , such as ILK-8 or Neutrophil -
activating peptide-2 .

Strong Positive ELISA result in a high -probability patient is
strong suggestive of HIT .



TEST Principle Advantage Disadvantage
ELISA | Complexof Heparinor | A:96% negative Predictive value (very | A:Detectall
Heparin like Sub , and | confident for ruling out the HIT due to the high | ¢!ass of Ab 19G
pf4 are immobilized to Sensitivity . , IgM , IgA (low
the ELISA plate and Specificity )
binfj to Fhe patient's B: Specificity% can be increased by higher _ Spec:
antibodies . Optical density , and higher values are more | B: Nigh TAT %85 0

likely to represent pathologic antibodies .

C: New procedure to increase % specificity
and just detect the IgG
High concentration Heparin procedure

C: expensive

D: Positive with

out Clinical HIT

less les




TEST Principle Advantage Disadvantage | % Sen/Speci
Functional Evaluate the ability of Heparin/PF4 A: A: expensive A: Specificity more than

antibodies to activate the platelets. | ndar 2t
Assay , or Th toni | p. Iq GO.d Sfa dardfor B: need fresh PLts B: Sensivity :
Confirmatory e serotonin re eae assay is a go ruling in HIT et I -

standard function assay .Washed | Specifity =higher . Raaloacuvity B Secifiny fnaeess by

Donor Plts labeled by 14C —Serotonin han 96.5% D: Lack of Standard higher % of Serotonin
SRA in the presence of both Low and High il e d results (stronger)
Serotonin heparin consternations .Patient serum B: procedure
Releasing must be heat-inactivated to destroy ) E: time consuming
Assay residual Thrombin , which is potent plt Cut off of 20% F: Borther line cut off

activator . At low heparin i

. i releasing due presence of

Concentration , positive sera cause plt SEroIom D

activation and degranulation, autoimmune

detected by releasing radioactivity in antibodies or other .

to supernatant . This plt activation is - . 3

i antibodies directed

inhibited in the presence of excess

heparin against targets other

than Heparin /PF4

HPLC High performance Liquid

Chromatography

Flow Cytometry

Detect plt activation markers




Serotonin release assay (SRA)

¢ %, Radiolabeled serotonin released
*®°  from platelets

PF4/heparin enzyme-immunoassay (EIA)

Patient serum or plasma is Add alkaline phosphatase-
added to microtiter plates conjugated goat Add COLOR
coated with PF4 and heparin antihuman IgG substrate

PF4 —» complex (from serum or plasma) conjugeted goat

heparin —,, PE4/heparin HIT-IgG Alkaline phosphatase-
antihuman IgG




Laboratory Diagnosis

= Eliza PF4-heparin antibody test. (Immunoassay)
= Positive predictive value range: 10-93%
= Negative predictive value is high: >95%

= Functional assays

= Positive predictive value: 89-100%
= Negative predictive value: 81%

A\



A HIT Antibodies after Cardiac Surgery
Antigen vs Activation Assay
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Indication of Confirmatory
Test (SRA)

» Patients with ELISA- Positive who have only
intermediate clinical probability

» Patients with ELISA - Negative or weak Positive in whom
the clinical suspicion is HIGH

IF the SRA or functional assay results are borderline or
don’t make clinical sense, clinical re-evaluation is
necessary and testing may need to be repeated
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Platelet count (x 10/L)

Pseudo-HIT

400 —, Orthopedic
surgery
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® Assess clinical probability of HIT
# Reassess clinical features
throughout testing process

Intermediate

Lab testing often
rnot necessary
MNegative immunc-
assay has good
negative predictive
value

Perform
immunoassay
Negative-HIT unlikely

Positive~Consider
strength of result,
perfarm functional
assay 1o help ex-
cludte or confirm
HIT

Perform
immunoassay
Negative-Perform
functional assay
to help exclude or
canfirm HIT
Positive-Consider
strength of result,
diagnose HIT




Incidence of HIT antibody formation and risk of HIT varies
among different patient population

HIT-associated
Thrombosis \
Thrombocytopenia SRA positive EIA positive
{(washed platelet (PF4-dependent
activation assay) antigen assay)

Schematic iceberg

B
0,
1% 3% 0.5%
2% ¥
20%
50% Medical
; Orthopedic g LW E
Orthopedic LM\[;JH UFH
: J UFH
Cardiac
T |
1 1
Surgical patients Medical patients

Figure 4. Iceberg model of HIT. Top, A: schematic iceberg. Bottom, B: multiple iceberg model of HIT. There is a variable frequency of HIT
antibody formation and of clinical HIT (thrombocytopenia with or without associated thrombosis), depending on the type more than
and the patient population receiving heparin therapy (surgical medical). For unknown reasons, the risk of developing clinical HIT is hig
postoperative orthopedic patients compared with cardiac surgery patients, even though the frequency of HIT antibody formation is k
cardiac surgery patients. Reprinted (with modifications) from Lee and Warkenti with permission

tin. Brit J Haematol. 2003;121:535.



Laboratory Assays to Confirm HIT Following Initiation

of Therapy
Assay Component Advantages Disadvantages
measured
Serotonin- 14 C-serotonin  Highly sensitive  Costly, time-consumi

release assay
(SRA)

Heparin-induced
platelet
aggregation
assay (HIPA)
Enzyme-linked

immunosorbent
assay (ELISA)

release from
platelet

Platelet
aggregation

Presence of
heparin-
dependent
antibodies

RIFA
Heparin/PF4
Rapid Assay

(>85%) and
specific

Highly specific,
easy, fast to do

Highly sensitive,
easy, rapid
turnaround time

and technically
demanding (involves
radioisotopes)

Low sensitivity (30-80%)
and technique-
dependent

Low specificity (false
positives), high cost,
10% false negative test

Presence of
PF4 antibodies

Highly sensitive
and specific,
easy and rapid
turnaround time

Fairly new with limited
clinical history, positive
and negative controls
not provided

There is no gold standard in diagnostic
testing. HIT requires a clinical diagnosis!!




Post Cardiac Surgery

» Approximately 50% of patients undergoing cardiac surgery will develop
HIT antibodies

» 1-2% will develop clinical HIT
» General platelet trend:

» Approximately 38% fall immediately after cardiopulmonary bypass
and continues to decline fir the first 1-2 postoperative days before
platelets rebound to pre-operative level

» Possible HIT if:

» Fall in platelet count that begins more than 4 days post-operatively
(day of surgery = day 0)

» Thrombocytopenia that persists for more than 4 days after surgery

» Majority of thrombotic events are arterial

tin TE, et al. Blood. 2000;96(5):1703-8. Louét, LL, et al. J Thromb Haemost. 2004;2(11):1882-8.



» Ill. Diagnostic and Initial Treatment

» Algorithm

» Adapted from Cuker et al., Blood 2012;119:2209. OD,
optical density.




Intrinsic pathway

Damaged surface

|

Kininogen

« DTI = argatroban, dabigatran, and bivalirudin.

s —Xabans = direct factor X_ inhibitors (rivaroxaban, apixaban).

= Heparin and LMWHSs act on same factors but anti-X_:anti-lla

ratio is more in LMWH.

» \Warfarin does not directly inhibit any factor but inhibits the
synthesis of vitamins-K dependent factors Il, VII, IX, and X.
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Case 1

67 year old mechanical mitral valve patient with hematemesis.
positive with platelet dropping ~50% in 1 day of heparin infusion.

Warfarin stopped

()

o

o
|

. Heparin infusion

w

Day

—_— N

o o

o o o
| |

Platelet Count
(K/cmm)

Argatroban infusion 0.5 mcg/kg/min started on day 4 for the
suspected HIT (HIT Ab positive)

aPTT remained between 50.7 to 69.9 seconds
MM: SRA ordered on 10/1/14, returned negative on 10/2/14




Case 2

IB is a 65 year old female admitted to the hospital for shortness c
breath. Patient has a history of hepatitis, cirrhosis, diabetes, hep
encephalopathy, seasonal allergic rhinitis, anxiety, COPD, depressio
hyperlipidemia. Patient on SQ heparin for DVT prophylaxis and
heparin flush for CRRT

300 - Heparin infusion started

cm
N
Ul
o

!

Heparin SQ and flushes stopped

2 200 -
= 208
€ 150 -
S 100 -
114 114
50 - HIT Ab result:

positive 73 70

Platelet




Case 2

» All heparin discontinued and bivalirudin started on day
s

» SRA sent for confirmation on day #4

» SRAreturned “intermediate” on day #9

Range Value
UFH Serotonin Result: Negative Indeterminate (A)

Comments:

Results obtained with this patient's serum did not
show inhibition with high dose unfractionated
heparin (UFH). There may be other non-heparin
dependent antibodies present (i.e. Class | HLA
antibodies - test code 16288) which may cause
platelet activation. The SRA has a sensitivity
(88-100%) and specificity (89-100%) for Heparin
Induced Thrombocytopenia (HIT) (Ortel, Thomas,
Hematology Am Soc Hematol Educ Program. 2009;

225-232).

UFH Low Dose, 0.1 IU/mL % Relesss
UFH Low Dose, 0.5 IU/mL % Relesse
UFH High Dose, 100 [U/mL % Relesss

Comments:




Prevention of HIT

» Obtain medical history regarding previous sensitization
to heparin; earlier monitoring may be required if
patient previously received heparin

» Limit heparin duration whenever possible to < 5 days
» Avoid heparin flushes

» Use warfarin early to minimize the length of heparin
administration in patients requiring longer-term
anticoagulation, except when HIT is diagnosed

» Routinely initiate oral anticoagulation at start of
heparin therapy in patients who need longer-term oral
anticoagulation

» Use LMWH if possible




Case 3

DM is a 67 year old male who was transferred from another hospital
treatment of Gl bleed. Patient has a history of alcohol abuse, Gl ble
pylori gastritis, syncope, and intestinal metaplasia. The patient was
intubated and transferred to the ICU for possible angio embolization.
Patient was placed on enoxaparin for DVT prophylaxis when hemaglobin
stable. Ultra sound of RUE showed basilic and partially occlusive cephali
thrombus, heparin infusion started.

450 - Enoxaparin DVT
| prophylaxis started ¢
E 400 Enoxaparin stopped 421
o 350 - Heparin VTE protocol started
2 300 - —
£ 250 -
3200 - 248 256
Y150 - 186
% 100 - HIT Ab result: \ SRA
5 58 . positive<" 3 ordered
(a T T T T T T T T T 1




Case 3

67 year old male with Gl bleed. HIT Ab positive with
platelet dropping >50% in 1 day of heparin infusion in
addition to 3 days of enoxaparin for DVT prophylaxis.

» Fondaprinux 7.5mg SQ daily started on day 4 (HIT Ab
positive)

» Warfarin started on day 6 when platelet rebounded to
186

» Fondaparinux and warfarin were overlapped for 5 days
prior to patient discharged from facility

» SRA ordered on day 6, returned positive on day 14




Treatment of Non-Immune
HAT

» Heparin should be continued if still indicated

» Patients with non-immune HAT are asymptomatic
platelet counts should return to normal during
continuation of heparin therapy

» No additional risk of thrombosis

Note: It may sometimes be difficult to distinguish between immune
HIT and non-immune HAT on clinical grounds alone.




Treatment of HIT

» Once HIT with or without thrombosis is suspected

» Immediately stop all heparins

» Include all flushes, LMWH, heparin coated catheters, other sources
» Begin administration of direct thrombin inhibitor
» Heparin cessation alone is not sufficient

» 6% combined event rate per patient-day of death, a new thrombotic e
or limb amputation prior to starting a direct thrombin inhibitor (DTI)

» Not appropriate to watch and wait

» Consider treating even if thrombosis absent (high risk of thrombosi
patients with isolated HIT

Avoid prophylactic platelet transfusion
Do not give warfarin (risk of venous gangrene)

Levy JH, et al. Hematol Oncol Clin North Am. 2007;21(1):65-
88.

Jang IK, et al. Circulation. 2005;111(24):2671-2683.

Hirsh J, et al. Arch Intern Med. 2004;164(4):361-369.

Greinacher A, et al. Blood. 2000;96(3):846-851.




Management of Suspected HIT
The 6 “A’s”

» Avoid and discontinue all heparin products (flushes,
LMWH, heparin coated products)

Administer non-heparin anticoagulant
Anti-PF4/heparin antibody test for confirmation

Avoid platelet transfusions

vV v v v

Await platelet count recovery before initiation of
warfarin

» Assess for lower extremity thrombosis

Care Med 2006;34:2898-2911.



Treatment of HIT

Initiate non-heparin anticoagulant for suspected or confirmed HI

or without thrombosis o
Not FDA indicated for
FDA indication for HIT HIT

» Lepirudin
» Argatroban gen —

Bivalirudin (Angiomax®) DTI

» Danaparoid
Enoxaparin (Lovenox®) LMWH

Fondaparinux (Arixtra®) Factor Xa inhibitor

Warfarin (Coumadin®) Vitamin K antagonist



Direct Thrombin Inhibitors

» Argatroban

» Indicated for prophylaxis or treatment of thrombosis in
patients with HIT

» ACCP recommendations
» 2 mcg/kg/min

» 0.5-1.2 mcg/kg/min for heart failure, multiple organ system failure,
anasarca, post CV surgery

» Q2h aPTT monitoring for dose adjustment
» Target aPTT 1.5-3 x patient’s baseline

» Do not use if baseline aPTT > 100 seconds
» Renal impairment
» Conflicting data
» Hepatic impairment

» 0.5 mcg/kg/min (Child Pugh score > 6 or total bilirubin > 1.5
mg/dL)

» Obesity
» Dose based on total body weight




Argatroban - Efficacy

ARG-911 study (n=304)

Prospective, historical controlled study evaluating efficacy and safety of
argatroban. Patients with isolated HIT and HITTS received 2 mcg/kg/min |
argatroban was compared to historical control.

Primary efficacy: composite of all-cause death, all-cause amputation, or ne
thrombosis

50% -

43Y% w Historical

Control

S

:§40% n 34%
& 30% -

20% -
10% -

Percent of

0% -
Composit All-Cause All-Cause
Endpoint Mortality Amputation

is BE, et al. Circulation. 2001;103;1838-43.



Argatroban - Efficacy

100%
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80%
70%
60%
50%
40%
30%
20%
10%

0%

Percent of Patients (%)

is BE, et al. Circulation. 2001;103;1838-43.
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Argatroban - Efficacy

ARG-915 study (n=418)

Prospective, historical controlled study evaluating efficacy and safety of

argatroban. Patients with isolated HIT and HITTS received 2 mcg/kg/min |

argatroban was compared to historical control.

Primary efficacy: composite of all-cause death, all-cause amputation, or ne

thrombosis
50% -

43.2% w Historical

(%2}
@ 40% - Control
& 30% -
Y

o (o)
2 20% -
10% -

Perce

0% -

Composit All-Cause Thrombosis Amputati
Endpoint Mortality Death

is BE, et al. Arch Intern Med. 2003;163;1849-56.



Argatroban - Efficacy

Anticoagulati

Platelet Recovery (7 days)

» Adequate
®01 5 Wir- control Grow anticoagulatio
@ HIT: Argatroban Group achieved in > 8
1 | O HITTS: Control Group ] . .
o 21 | o e Astabn oot /,,3:::. of patients with
= %l/ 4-5 hours
= 150- @
E /-f » aPTT remaine
= fiff' steady during
= ' infusion (1.5-3x
2 baseline)

90 1

is BE, et al. Arch Intern Med. 2003;163;1849-56.



Lepirudin (Refludan®)

» Removed from the market March 2012 due to
manufacturer ceased production

» Recombinant herudin indicated for anticoagulation in
patients with HIT and associated thromboembolic
disease in order to prevent further thromboembolic
complications

:/ /www.hrsa.gov/opa/programrequirements/manufacturerletters/2012/reflud



http://www.hrsa.gov/opa/programrequirements/manufacturerletters/2012/refludan05312012.pdf

Danaparoid (Orgaran®)

» Factor Xa inhibitor
» Dosing:
» Bolus
> <60 kg: 1500 units
» 60-75 kg: 2250 units
» 75-90kg: 3000 units
» > 90 kg: 3750 kg
» Accelerated initial infusion
» 400 units/hour x 4 hours, then 300 units/hour x 4 hours
» Maintenance infusion
» SCr<2.5mg/dL: 200 units/hour
» SCr>2.5mg/dL: 150 units/hour
» Currently unavailable in the US due to shortage of drug substance




Direct Thrombin Inhibitors
| Lepirudin | Argatroban | Bivalirudin (Angiomax@) |

Half life 80 minutes 40-50 25 minutes
minutes
Elimination Renal hepatobiliary Enzymatic (80%); renal
(20%)

Approved for Treatment Treatment/P PCl/cardiac surgery
patients with Cl
HIT
Method of 1V, SQ vV vV
administration
Monitoring aPTT aPTT aPTT

High dose: ECT ACT High dose: ACT or ECT
Effect on INR + +++ ++
Immunologic 40-60% lepirudin None Potentially cross-reactive
feature Ab with anti-lepirudin Ab
Antidote No No No
available

Cross placenta Unclear Unclear Unclear



Bivalirudin (Angiomax®)

» ACCP recommendation
» No bolus
» Infusion: 0.15-0.2 mg/kg/hour
» Studied dosing (non-FDA labeled for non PCI HIT)
» CrCL> 60 mL/min  0.15-0.2 mg/kg/hr
» CrCL 30-60 mL/min 0.08-0.1 mg/kg/hr
» CrCL<30mL/min  0.03-0.05 mg/kg/hr
» CRRT 0.03-.05 mg/kg/hr

ins LA, et al. Chest. 2012;141(2)(Suppl):e495S-530S.
r TH. Pharmacother. 2008;28:1115-24. Dang CH. Pharmacother. 2006;26:461-




2012 ACCP Guideline
Recommendations

» For patients with HITT and isolated HIT

» Use of non-heparin anticoagulants: lepirudin, argatroban
and danaparoids (Grade 1C)

» Renal insufficient patients: argatroban (Grade 2C)

» Administer vitamin K if patient has already been started
on warfarin when diagnosed with HIT (Grade 2C)

» Prevention of limb gangrene

AMERICAN COLLEGE OF

EICIHHEST

P H YA SERL G IRNA SN S

The Global Leader in Clinical Chest Medicine

ins LA, et al. Chest. 2012;141(2)(Suppl):e4955-530S.



2012 ACCP Guideline
Recommendations

» Monitoring platelet count when receiving heparin

» Risk of HIT > 1%: g2-3 days from day 4-14 or until heparin
is stopped (Grade 2C)

» Risk of HIT < 1%: not recommended (Grade 2C)

» Platelet transfusion only if bleeding or during invasive
procedure with high risk of bleeding (Grade 2C)

ins LA, et al. Chest. 2012;141(2)(Suppl):e4955-530S.

AMERICAN COLLEGE OF

EICIHHEST

P H YA SERL G IRNA SN S
The Global Leader in Clinical Chest Medicine



Direct Thrombin Inhibitor
Induced INR Elevation

» Drug lab interaction

» Argatroban significantly increase INR

» INR prolongation: argatroban > bivalirudin

» Differing effect related to different molar concentration
in plasma

ma MM, et al. Thromb Haemost . 2005;94:958-64.



2012 ACCP Guideline
Recommendations

Warfarin initiation

» Restart low dose warfarin when platelets have
substantially recovered (plt > 150 x 10°/L) (Grade 1C)

» Maximum warfarin dose = bmg

» Continue non-heparin anticoagulant until (Grade 1C)
» Platelet count recovers
» INR within target range

» Overlap with warfarin for minimum of 5 days (Grade 1C)

ins LA, et al. Chest. 2012;141(2)(Suppl):e4955-530S.

AMERICAN COLLEGE OF

EICIHHEST

P H YA SERL G IRNA SN S
The Global Leader in Clinical Chest Medicine



Conversion to Oral Anticoagulant Therapy

Use expected warfarin dose (no loading dose)
Reduce argatroban dose to 2 mcg/kg/min 4-6 hours prior to

me

l ﬂeasure |HE I
> ?ailv <€

| |
! INR < 4 continue I g
concomitant Rx Stop argatroban infusion

epea -6 hours
later

warfarin alone,
continue warfarin




2012 ACCP Guideline
Recommendations

» Cardiac surgery patients
» Urgent surgery: bivalirudin (Grade 2C)

» Non-urgent surgery: delay the surgery until HIT resolved and antibodies are
negative (Grade 2C)

» Percutaneous coronary interventions

» Bivalirudin (Grade 2B)

» Argatroban (Grade 2C)
» Renal replacement patients

» Argatroban or danaparoid (Grade 2C)

» History of HIT who require ongoing dialysis: regional citrate (Grade 2C)
» Pregnancy

» 1t line: Danaparoid (Grade 2C)

» 2" line: Lepirudin or fondaparinux (Grade 2C)

AMERICAN COLLEGE OF

EICIHHEST

P H YA SERL G IRNA SN S

The Global Leader in Clinical Chest Medicine

ins LA, et al. Chest. 2012;141(2)(Suppl):e4955-530S.



2013 Clinical Practice
Guideline on the
Evaluation and
Management of

Adults with Suspected
Heparin-Induced
Thrombocytopenia (HIT)

Adam Cuker' and Mark A. Crowther?
'University of Pennsylvania, Philadelphia,
PA; 2St. Joseph's Hospital and McMaster
University, Hamilton, ON, Canada

Presented by the American Society of
Hematology, adapted in part from: Treatment
and prevention of heparin-

induced thrombocytopenia:

American College of Chest

Physicians Evidence-Based

Clinical Practice Guidelines

(9™ Edition)

Argatroban

Danaparoid

Bivalirudin

Fondaparinu
X

2 mcg/kg/min

Liver dysfunction (T.bili >
1.5 mg/dL), HF, post
cardiac surgery, anasarca
=0.5-1.2 mcg/kg/min

Bolus dose = weight
specific

Accelerated infusion =
400U/hr x 4 hours, then
300 U/h x 4 hrs
Maintenance infusion =

0.15 mg/kg/hr
Dose reduction with
Renal/hepatic
insufficiency

Weight based dosing
Contraindicated CrCL < 30
mL/min

Adjust dose to aPTT of
1.5-3 x pt’s baseline.
Monitor aPTT qg4hrs
during dose titration.

Adjust dose to
danaparoid-specific
anti-Xa level of 0.5-0.8
U/mL

Adjust dose to aPTT of
1.5-2.5 x pt’s baseline

Some expert
recommend adjusting
dose to peak anti-Xa
activity of 1.5
fondaparinux specific
U/mL; others do not
recommend routine

Lepirudin is removed from the guidelin"éoalﬁgr}:%gavailability
Not endorsed until available supporting data

NOACs



Factor Xa Inhibitors

Danaparoid Fondaparinux
(Arixtra®)

Half life 24 hours 17-20 hours

Elimination Renal Renal

Approved for Treatment No

patients with HIT

Method of IV, SQ SQ

administration

Monitoring Anti-Xa level Anti-Xa level

Effect on INR 0 0

Immunologic feature 5% cross-reactivity May cause HIT
with HIT Ab

Antidote available No No

Cross placenta No Yes

Dialyzable Yes 20%




Fondaparinux (Arixtra®)

Advantages Disadvantage

> Does not cause true HIT »  Does not inhibit circulating thrombin
»  Anti-PF4 antibodies observed during » Indirect acting Factor Xa inhibitor
adm1n|strat]0n Of fondaparmux prevents productlon of thromb]n
» Do not bind well to PF4 in vitro in :
presence of fondaparinux > Long half-life
»  Platelet count recovery in patients » 17-20 hours
observed during administration of
fondaparinux in patients with HIT > No antidote
Does not elevate INR when co-administered NS
g with warfarin »  Renal elimination
»  Allows more consistent anticoagulation »  Contraindicated if CrCL < 30 mL/min
treatment/less interference when . o
transition to warfarin therapy »  Weak published data supporting it’s use
in HIT

> Less expensive than DTls

. . . > Most are case reports
> Can be used in outpatient setting

. L »  Minimal patients used
»  Minimal laboratory monitoring

requirements »  Limited information on dosing

entin TE. Expert Rev Hematol 2010;3(5):567-81.



Fondaparinux Dosing

» ACCP recommendations
» Weight based
» Less than 50 kg: 5 mg SQ daily
» 50-100 kg: 7.5 mg SQ daily
» Greater than 100 kg: 10 mg SQ daily




Study Outcomes
| loboetal. | Grouzietal.

DTI Fondaparinux Lepirudi Fondaparinu

n X
Limb 1/10 associated 1/7 after 2/20 1/24
amputation with limb unsuccessful

gangrene thrombectomy
Venous limb 4/10 associated 0/7 2/20 1/24
gangrene with warfarin

e ) All occurred prior to
TNSESIIE [pIlel? initiation of therapy
to platelet

recovery

Bleeding 5/10 3/7 None

complication
(> 2g/dL Hgb
drop)

None

B, et al. Thromb Haemost. 2008;99:208-14.
Zi E, et al. Clin Appl Thromb Hemost. 2010;16(6):663-7.



Considerations When Using
Fondaparinux for HIT

» 2008 Chest Guideline

» If HIT is unlikely (4Ts score 0-3), can continue therapeutic
dose heparin for patients with “treatment” indication, or
give fondaparinux 2.5mg for patients with “prophylaxis”
indication

» 2012 Chest Guideline

» Grade 2 recommendation: In patients with past history of
HIT who have acute thrombosis (not related to HIT) and
normal renal function, we suggest the use of fondaparinux
at full therapeutic dose until transition to a VKA can be
achieved




NOACs for the Treatment of
HIT

» Little available clinical results with the use of NOACs for
HIT

» In vitro data indicated

» Rivaroxaban did not cause platelet activation or aggregation in
presence of HIT antibodies, and did not release of PF4 from
platelets or interact with PF4

» Dabigatran and rivaroxaban prevented formation of immunogenic
PF4/heparin complexes

» Case studies

» Rivaroxaban: 3 cases without thrombotic event or bleeding
complications; monitoring drug level through anti-Xa assay
calibrated for rivaroxaban may be used to guide efficacy and
safety

» NOACs following short course of argatroban administration is safe
and effective in prevention of thrombosis and normalization of
platelet count

enga JM, et al. Br J Haematol. 2008;143(1):92-9.
el K, et al. Thromb Hemost. 2012;119(5):1248-55.
ifi M, et al. Thromb Res. 2015; http://dx.doi.org/10.1016/j.thromres.2015.01



Management of Patients with
Past History of HIT

» Transient properties of HIT antibodies
» Median time to antibody negativity: 50-80 days

» HIT does not appear to demonstrate typical amnestic immune
response on re-exposure to heparin

» Sensitization does not occur with less than 4 days of exposure
» Level of response is not stronger than with initial episode

» Rapid onset HIT patients retain residual HIT antibodies in blood
from initial heparin exposure

» Suggest it may be possible to re-expose patient with a previous
history of HIT to heparin for less than 4 days without precipitating
a second episode of acute HIT

» Varied outcomes reported after re-exposure of heparin
» Cardiac or vascular surgery: no episodes of recurrent HIT
» Registry: likelihood of thrombocytopenia ~91% on day 15



Management of Patients with
Past History of HIT

» Avoid heparin in situation with well defined alternative
anticoagulant choice

» Rechallenge may be needed for cardiac or vascular
surgery

» Negative SRA or HIPA with negative ELISA is required prior
to heparin re-exposure

» Heparin use should be restricted to time of surgery

» Avoid heparin exposure pre- and post-procedure

entin TE, et al. Chest. 2008;133(6 suppl):3405-80S.




2012 ACCP Guideline
Recommendations

» Past history of HIT with antibody absent
» Cardiac surgery: short term heparin (Grade 2C)

» Cardiac catheterization or PCl: bivalirudin (Grade 2B) or
argatroban (Grade 2(C)

» Past history of HIT with antibody present
» Cardiac surgery: bivalirudin (Grade 2C)

» Past history of HIT with current acute thrombosis (not
related to HIT)

» Normal renal function: therapeutic fondaparinux transition
to warfarin (Grade 2C)

ins LA, et al. Chest. 2012;141(2)(Suppl):e4955-530S.



Summary

» Significant morbidity and mortality

» Diagnosis of clinical symptoms and confirmed with lab
results

» Consequences (gangrene)...

» Lab

» Screening test (PIFA) has ~100% predictive negativity, but
due to low specificity, false positive are common

» A 4T Score should be used to determine if confirmation
testing is necessary

» DTIl/guideline




® Assess clinical probability of HIT
# Reassess clinical features
throughout testing process

Intermediate

Lab testing often Perform Perform
not necessary immunoassay immunoassay
Negative immuno- Negative-HIT unlikely Negative-Perform
assay has good Positive~Cansider functional assay
negative predictive strength of result, to help exclude or
value perfarm functional confirm HIT
assay 1o help ex- Positive-Consider
cludte or confirm strength of result,

diagnose HIT




SOME EXTRA

BUT

INTERESTING SLIDES

HIT




HIT: A Clinicopathologic Syndrome

Clinical

*Thrombocytopenia >95%

*Thrombosis (35-75%)

*Venous (ie, DVT, PE, venous limb gangrene,t
adrenal hemorrhagic necrosis,t and cerebral vein
thrombosis)

*Arterial thrombosis (limb artery stroke
myocardial

infarction other sites)

*Microvascular thrombosis

*Heparin-induced skin lesions (10-20%)8
*Acute systemic reactions (25%)
*Decompensated disseminated intravascular
coagulationf|

Pathologic

*Anti-PF4/heparin, platelet-acti
antibodies (95%)#

*Washed platelet activation assays
SRA

*Heparin-induced platelet activation assay
*Platelet-derived microparticles**
*PF4-dependent EIA (solid-phase)
*PF4/polyvinyl sulfonate

*PF4/heparin

*PF4-dependent fluid-phase immunoassay
*PF4 particle-gel immunoassay

*Platelet aggregation studies using citrated
platelet-rich plasmatt



Case Study

A 70 year-old cardiothoracic surgery patient
developed Thrombocytopenia during Heparin
therapy .

His physician ordered ELISA test for Heparin
Induced Platelet Antibodies .

Quantitative ELISA results just exceed the
cutoff for POSITIVITY

Question : Does patient has developed HIT ?
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