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Pathophysiology

HIT is an immune complication of hepa-
rin therapy caused by IgG antibodies to
complexes of platelet factor 4 (PF4) and
heparin. These antibodies bind to the Fc
receptor of the platelet surface, leading to
platelet activation. Activation of platelets
results in platelet aggregation and consump-
tion, which results in thrombocytopaenia
and thrombosis (Figure 1).

Incidence

Approximately 0.2% of patients exposed
to heparin develop HIT. The incidence is
higher with unfractionated heparin (UFH)
compared with low molecular weight
heparin (LMWH), and HIT is also more
common among surgical patients than
medical patients (Jevtic 2012). HIT is
very uncommon in patients who receive
prophylactic doses and rare in pregnant
women. Patients undergoing cardiac surgery
and vascular surgery and patients on
haemodialysis have high rates of HIT
compared to the general medical hospital
population.
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Heparin-Induced Thrombo-

cytopaenia

Heparin-induced thrombocytopaenia (HIT) is an immune complication of heparin
therapy. This review discusses the pathophysiology, incidence, clinical manifesta-
tions, diagnostic approach, and management of patients with HIT.

Clinical Manifestations

HIT should be suspected in a patient who
develops thrombocytopaenia that is usually
associated with thrombosis 5 to 10 days
after heparin administration. In these
patients, the platelet counts are decreased
more than 50% from baseline, but severe
thrombocytopaenia (< 20,000 x 10°/L) is
infrequent. Despite the thrombocytopaenia,
bleeding is not classically associated with
HIT. Moreover, as many as 70% of patients
with HIT develop thrombosis of any vascu-
lar bed. Thrombosis may affect the venous
and arterial circulation, and conditions,
such as deep vein thrombosis, pulmonary
embolism, cerebral dural sinus thrombosis,
adrenal haemorrhagic infarction, arterial
thrombosis of the upper limb, lower limb,
mesenteric, renal and spinal arteries, acute
thrombotic stroke, and myocardial infarc-
tion, can occur. Venous thrombosis occurs
more often than arterial thrombosis, with
lower limb deep venous thrombosis and
pulmonary embolism being the most
common. Uncommon presentations of
HIT are necrotic skin lesions, either at the
injection site or distant sites, and acute
systemic anaphylactoid reactions.

Diagnosis

The basic clinical feature of HIT is a platelet
count decrease beginning 5-10 days after
heparin exposure with or without throm-
bosis. In patients with suspected HIT, the
American Society of Hematology (ASH)
guideline panel recommends using the
4Ts score to estimate the probability of
HIT (Table 1). The 4Ts score estimates
the pretest probability of HIT compared
with other causes of thrombocytopaenia
while considering 1) platelet count, 2)

timing of the onset of the decrease in the
patient’s platelet count, 3) thrombosis or
other sequelae, and 4) the presence of
other causes of thrombocytopaenia. A
score from 0 to 2 is given for each category.
The maximum score is 8. A score of 6-8 is
indicative of a high probability of HIT. A
score of 4-5 is indicative of an intermediate
presence of HIT, and a score of 0-3 is a
low possibility of the presence of HIT. If
HIT is suspected because the patient has
an intermediate or elevated possibility of
HIT based on the 4Ts score (4 to 8 points),
the laboratory will assist the physician in
making an accurate diagnosis. This can
be accomplished by several assays that
usually fall into two classes: immunological
and functional. For immunological tests,
immunoassays (ELISA) are used to detect
antibodies against the heparin/PF4 complex
and show an excellent negative predictive
value but a low positive predictive value.
The detection of antiheparin-PF4 anti-
bodies by ELISA does not confirm HIT,
but a negative ELISA result makes HIT
highly unlikely. If positive, a confirmatory
functional assay, which may include the
serotonin release assay (SRA) or heparin-
induced platelet activation (HIPA), should
be ordered, as they have high specificity;
however, they require a highly specialised
laboratory and are not widely available. In
patients with acute HIT without clinically
apparent thrombosis, the ASH guideline
panel suggests bilateral lower extremity
compression ultrasonography to screen for
asymptomatic proximal deep venous throm-
bosis (DVT).If an upper extremity central
venous catheter is present, the ASH guide-
line panel suggests ultrasonography of the
limb with the catheter to screen for
subclinical DVT.
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Figure 1. Pathophysiology of HIT. Heparin bi
production of an IgG antibody against the he
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nds to platelet factor 4 [PF4) leading to the
parin-PF4 complex, activating platelets and

producing platelets aggregation, thrombocytopaenia and thrombosis

Differential diagnosis includes infec-
tions, drug-induced thrombocytopaenia
disseminated intravascular coagulation,
liver disease, immune thrombocytopaenia,
thrombotic thrombocytopaenic purpura,
and haemolytic-uremic syndrome.

Vaccine-induced immune thrombotic
thrombocytopaenia (VITT) is a distinct
syndrome that consists of an uncommon
complication of adenoviral vector COVID-
19 vaccines. In VITT, there is a propen-
sity for (1) cerebral and splanchnic vein
thrombosis, (2) laboratory features showing
consumptive coagulopathy with thrombo-
cytopaenia, low fibrinogen, and elevated
D-dimer, and (3) anti-PF4 seropositivity.
(Arepally 2021). VITT appears to be similar
to heparin-induced thrombocytopaenia
(HIT), with both disorders associated with
thrombocytopaenia, thrombosis, and the
presence of autoantibodies to PF4. Based

on the initial reports, female sex and age
younger than 60 years were identified as
possible risk factors for VITT (Siegler
2021). The mechanism underlying the
development of the prothrombotic state
and its association with the vaccine are
still only partially known because multiple
converging prothrombotic pathways may
be involved in the pathogenesis (Cines
2021). Treatment consists of therapeutic
anticoagulation with non-heparin antico-
agulants and prevention of the formation
of autoantibody-PF4 complexes, the latter
being achieved by the administration of
high-dose intravenous immunoglobin
(IVIG). Steroids, plasma exchange and
monoclonal antibodies may be used.

Management
Cessation of all heparin-containing products
and the initiation of alternative non-heparin

4Ts 2 points

1 point 0 point

Thrombocytopaenia | Fall > 50% or platelet

nadir >20 x 10° /L

Fall 30-50% or platelet
nadir 10-20 x 10° /L

Fall < 30% or platelets
nadir < 10 x 10°/L

Onset of platelet
count fall (time)

Onset between 5-10 days
after starting heparin

Onset > 10 days or
timing is unclear

Onset < 4 days

New thrombosis & skin
thrombosis

Thrombosis

Progressive or No thrombosis

recurrent thrombosis

Other causes of
thrombocytopaenia

None apparent

Another possible Definite another cause

cause

Table 1: The 4T scoring system. Based on their score, patients are categorised in 3 differ-

ent groups: low risk (0-3 points), intermedia

te (4-5 points), and high risk (6-8 points)

anticoagulation are the cornerstones of HIT
management (Joseph 2019). It is crucial
to avoid all heparin-containing products,
including catheter locks, heparin flushes,
heparin-coated catheters or dialysers,
and any heparin-containing medications.
LMWH should also be avoided in suspected
or confirmed HIT cases, as it cross reacts
with HIT antibodies (Davenport 2009).
The use of an alternative anticoagulation
is mandatory even in those patients with
no clinical evidence of thrombosis, as the
risk of thrombosis in patients with HIT is
high (Warkentin 1996).

The ASH published updated HIT
management guidelines in 2018. The initial
decision to start non-heparin anticoagulants
is guided by the 4Ts score and the risk of
bleeding. When confirmatory HIT test
results are available, the management plan
should be revisited. Regarding the thera-
peutic agent choice, the ASH suggests the
use of argatroban, bivalirudin, danaparoid,
fondaparinux, or a direct oral anticoagulant
(DOAC) (Cuker 2018). Factors guiding
the decision of therapeutic agent choice
are mainly related to the drug, the patient,
and the centre experience. A meta-analysis
found similar rates of platelet recovery,
thromboembolic events, haemorrhage,
and mortality among the aforementioned
anticoagulants (Nilius 2021).

Alternative non-heparin anticoagulation
Argatroban is a synthetic thrombin inhibi-
tor that exerts its anticoagulation effect
by reversibly binding thrombin both in
the soluble form and within a throm-
bus. Therefore, in addition to preventing
further thrombosis, it also carries an added
benefit of targeting older clots. No renal
adjustment is required as the drug is
hepatically excreted. Moreover, no drug-
induced antibodies have been reported
with argatroban. No antidote is available;
however, aPTT normalises within 2-4
hours of stopping the infusion in patients
with no liver impairment. In the absence
of liver impairment, the recommended
initial infusion dose is 2 mcg/kg/min with
dose adjustments according to the aPTT
that is checked 2 hours after initiation of
the infusion. The target aPTT is 1.5 to 3
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times the baseline. The maximum recom-
mended infusion rate is 10 mcg/kg/min.
In patients with liver impairment, a lower
initial dose is recommended. Activated
clotting time (ACT) can also be used to

HEPARIN THERAPY

an IV bolus followed by an infusion. The
Danaparoid-specific anti-Xa target level is
0.5-0.8 U/mL (Cuker 2018; Linkins 2012)
(Table 2).

Fondaparinux is a synthetic penta-

Suggested bolus dose <60 kg = 1,500 U
60-75 kg > 2,250 U
75-90 kg = 3,000 U

>90 kg > 3,750 U

Suggested infusion dose

Accelerated infusion 400 U/h for4 h
Followed by 300 U/h for 4 h
Maintenance infusion 200 U/h IV

In patients with normal renal function
150 U/h IV in patients with renal impairment
Adjusted subsequently according to danaparoid-specific anti-Xa levels (target, 0.5-0.8 U/mL)

Table 2: Recommended danaparoid dosing (Cuker 2018; Linkins 2012).

monitor the argatroban anticoagulation
effect (the target ACT is 400-600 s).
Bivalirudin is a hirudin analogue and
a bivalent direct thrombin inhibitor that
acts by binding both the thrombin catalytic
site and fibrin binding site. It also leads to
the breakdown of von Willebrand factor,
thus inhibiting platelet aggregation. It has
a short half-life of approximately 25 min.
It is primarily enzymatically metabolised
and is excreted renally. The initial recom-
mended dose is 0.15-0.2 mg/kg/hr with a
target aPTT of 1.5-2.5 times the baseline
value (Linkins 2012). Dose reductions
are recommended in patients with renal
or hepatic impairment (Marcucci 2021).
Bivalirudin use is not associated with
antibody formation (Warkentin 2004).
Danaparoid is a low molecular weight
heparinoid that consists of a mixture of
sulphated glycosaminoglycans isolated
from porcine mucosa. It indirectly inhibits
both factor Xa and factor II via its inhibi-
tion of AT. It also enhances the detach-
ment of PF4 from the platelet surface and
disrupts immune complex formation in
HIT (Greinacher 2017). The cross-reactivity
of danaparoid with PF4 antibodies is low.
Its half-life is 24 hours, which may be
convenient for dosing but challenging in
cases of bleeding. Routine coagulation
testing is not needed; however, in cases of
renal impairment, anti-factor Xa testing
should be performed in addition to dose
reduction (Acostamadiedo 2000). The
2012 American College of Chest Physi-
cians and the 2018 ASH guidelines suggest

saccharide that inactivates factor Xa by
selectively and strongly binding AT. Two
hours after subcutaneous administration,
its bioavailability reaches 100%. It is renally
excreted, and its half-life ranges between 17
and 21 hours in healthy volunteers. It can
be used for thromboembolic prophylaxis
and treatment. It has been studied in obese
patients, pregnant patients, cancer-related
thrombosis patients, and thrombophilic
patients (Nagler 2012). While the drug does
not generally react with HIT antibodies
in vivo or in vitro, there are rare cases in
the literature of HIT antibodies isolated
from patients who received fondaparinux.
A systematic review that aimed to study
the efficacy of using fondaparinux in
HIT treatment showed that the risk of
thrombosis was similar to that of the
approved medications for HIT treatment.
As fondaparinux is renally excreted, it
should be used with caution in patients
with renal impairment (Linkins 2018).
Fondaparinux can be self-administered
subcutaneously, which decreases hospi-
talisation length. Transitioning to oral
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anticoagulation can be performed in the
outpatient setting. Additionally, monitoring
of the patient’s blood tests are not indicated
with fondaparinux, which is different
compared to argatroban and bivalirudin.
A cost effectiveness analysis showed that
fondaparinux is a viable alternative to
argatroban and should be considered in
the treatment of HIT (Tuleja 2022). The
recommended dose of fondaparinux is 5
mg (body weight < 50 kg), 7.5 mg (body
weight 50-100 kg) or 10 mg (body weight
> 100 kg) by subcutaneous injection once
daily.

DOAC:s prevent new and recurrent
thrombosis in most cases with minimal
bleeding complications (Barlow 2019)
(Table 3). Compared to other non-heparin
anticoagulants, the advantages of DOAC
include oral administration, fixed dosing,
and the availability of antidotes (idaruci-
zumab and andexanet alfa).

Traditional treatment is a non-heparin
anticoagulant with a transition to vitamin
K antagonists (VKA) such as warfarin,
upon platelet recovery (platelets > 150 x
109/L). More recently, the ASH guidelines
have suggested the use of DOACs over
vitamin K antagonists (VKA) (Cuker
2018). Compared to VKA, DOACs carry
a decreased risk of bleeding, have fewer
drug-drug interactions, require minimal
dietary restrictions, allow for the achieve-
ment of anticoagulation rapidly, and are not
associated with the need for routine labora-
tory testing. The initiation of warfarin in
patients with acute HIT is contraindicated,
as warfarin inhibits protein C, leading to
a net procoagulant state that can lead to
further thrombosis, skin necrosis, and limb
gangrene. In patients who are on warfarin
prior to HIT diagnosis, reversal of warfarin

Agent Dose Indication
Rivaroxaban | 15 mg BID x 21 days HITT
20 mg daily
15 mg BID until platelets recovery Acute HIT
20 mg daily
Apixaban 10mg BID x 7days HITT
5 mg BID Acute HIT
Dabigatran 150 mg BID proceeded by 5 days of parenteral anticoagulation | HITT
150 mg BID Acute HIT

Table 3: Recommended DOACs dosing in patients with HITT and acute HIT without throm-
bosis. HITT = HIT with thrombosis (Barlow 2019)
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with vitamin K and the concurrent use of
alternative anticoagulation are advised.

Platelet transfusion

Even with profoundly low platelet counts,
the risk of bleeding in untreated HIT
patients is not high. Previous reports have
described thrombosis and delayed platelet
recovery in patients with HIT who received
platelet transfusions. The ACCP and ASH
guidelines recommend against platelet

ORGAN SUPPORT

transfusion in patients with an average
risk of bleeding. Platelet transfusion may
be considered in patients who are actively
bleeding, in patients who are at high risk of
bleeding, or in preparation for an invasive
procedure (Cuker 2018; Linkins 2012).

IVC filter

Based on several studies, the ASH guidelines
recommend against using inferior vena
cava filters in patients with HIT.

Suspected HIT

4T score

|

Continue heparin

G Sy
[ |

Intermediate
or high (>4)

l

therapy

Stop heparin
Start non-heparin anticoagulant

l

PF4 [heparin immunoassay |

/\

I Negative |

| Positive |

l

HIT excluded

Consider functional assay |

/N

| Negative |

| Positive |

l !

| HIT excluded | | HIT |

Figure 2. Algorithm approach for HIT guidelines

References

Acostamadiedo JM, lyer UG, Owen J (2000) Danaparoid sodium.
Expert Opin Pharmacother. 1(4):803-14

Arepally GM (2017) Heparin-induced thrombocytopenia.
Blood. 129(21):2864-2872

Barlow A, Barlow B, Reinaker T, Harris J (2019) Potential Role
of Direct Oral Anticoagulants in the Management of Heparin-

induced Thrombocytopenia. Pharmacotherapy: The Journal
of Human Pharmacology and Drug Therapy. 39(8):837-853

Cines DB, Bussel JB (2021) SARS-CoV-2 Vaccine-Induced
Immune Thrombotic Thrombocytopenia. N Engl J Med
384(23):2254-2256

Cuker A, Arepally GM, Chong BH et al. (2018) American Society
of Hematology 2018 guidelines for management of venous
thromboembolism: heparin-induced thrombocytopenia. Blood

Stepwise Approach

The ASH strongly recommends avoiding
the use of alternative non-heparin antico-
agulation in patients with suspected HIT
and a low 4Ts score. In patients with inter-
mediate- or high-risk 4Ts scores, cessation
of heparin and the use of an alternative
anticoagulant are recommended initially.
In the case of a negative immunoassay,
discontinuation of the alternative anti-
coagulant is recommended, and heparin
may be used if still indicated. In patients
with high 4Ts scores, additional testing
may be indicated. In patients with inter-
mediate or high 4Ts scores and a positive
immunoassay, heparin should be avoided,
and non-heparin anticoagulation should
be continued. When available, a confirma-
tory activation test is required when the
patient has a positive immunoassay test
(Figure 2) (Cuker 2018). The duration of
anticoagulant use is 4 weeks in patients
with isolated HIT and 3 months for HIT
with thrombosis.

Conclusion

HIT is a potentially life-threatening compli-
cation of heparin exposure. The diagnosis
may be challenging and relies on clinical
suspicion followed by stepwise testing. It
is paramount to stop all forms of heparin
if HIT is strongly suspected and to start
alternative anticoagulation. Since many
centres rely predominantly on an anti-PF4
enzyme-immunoassay (EIA) to diagnose
HIT, there is a potential for overdiagnosis,
that might lead to increased cost, risk of
bleeding, and unnecessarily delayed medi-
cal interventions (Warkentin 2011). The
optimal management of HIT is based on
multidisciplinary collaboration between
intensivists and haematologists and the
development of protocols.
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