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Thrombocytopenia with Thrombosis

• Thrombotic microangiopathy (TMA) -

Microangiopathic hemolytic anemia (MAHA)

– DIC

– TTP/HUS

– Eclampsia, HELLP

• APLA

• HIT

• VITT

Brass. Arterioscler Thromb Vasc Biol, 2003;23:388-96



• Health care workers who were 32 to 54 years of age. 

• Presented with venous thrombosis in unusual sites and 
thrombocytopenia 7 to 10 days after receiving the first dose of the 
ChAdOx1 nCoV-19 adenoviral vector vaccine against Covid-19. 

• Because the 5 cases occurred in a population of more than 130,000 
vaccinated persons, … we refer to as vaccine-induced immune 
thrombotic thrombocytopenia – VITT (WHO: Thrombosis with 
Thrombocytopenia Syndrome -TTS).

This article was published 
on April 9, 2021, at 
NEJM.org.

five patients 



• 9 women, median age of 36 years (22 to 49). 

• One or more thrombotic events, with the exception of 1 patient, who 
presented with fatal intracranial hemorrhage Beginning 5 to 16 days after 
vaccination with ChAdOx1 nCov-19.

• 9 had cerebral venous thrombosis, 3 had splanchnic-vein thrombosis, 3 
had pulmonary embolism, and 4 had other thromboses; of these patients, 
6 died. 

11 patients

This article was 
published on April 9, 
2021, at NEJM.org.



• 6 patients

• Cerebral Venous 
Sinus Thrombosis 
with 
Thrombocytopenia
after Receipt of the 
Johnson & Johnson 
COVID-19 Vaccine

• women aged 18–
48 years. 

• interval from 
vaccine receipt to 
symptom onset 
ranged from 6–13 
days. 

• One patient died



COVID-19 vaccines types

• WHOLE VIRUS

– Sinovac-CoronaVac

– Bharat Biotech

• PROTEIN SUBUNIT

– Novavax

• VIRAL VECTOR

– AstraZeneca - ChAdOx1 nCoV-19

– Janssen/Johnson & Johnson - Ad26.COV2.S

– Sputnik V

• NUCLEIC ACID

– Pfizer-BioNTech - BNT162b2

– Moderna - mRNA-1273





"Mounting evidence suggests Sputnik COVID vaccine is safe and 
effective". 
Nogrady B (6 July 2021). Nature. 595 (7867): 339–340. doi:10.1038/d41586-021-01813-2.

Palestinian 
health workers 
unload boxes of 
the Sputnik V
vaccine from a 
truck in the Gaza 
Strip.
Credit: Said 
Khatib/AFP/Getty
Nature NEWS, 06 July 
2021, 595, 339-340, 
doi.org/10.1038/d41586-
021-01813-2



What is this VITT?

• Thrombocytopenia

• venous thrombosis in unusual sites:

– cerebral venous thrombosis, splanchnic-vein thrombosis, 
PE

• Young age

• Women

• High mortality rate

• After adenovirus based covid-19 vaccination

?

• It resembles a bit HIT but in most cases no exposure 
to heparin!



HIT - Mechanisms of Thrombosis

Arepally GM , Blood 2017, 129:2864–72.



Spontaneous HIT 

• Not associated with antecedent 

heparin exposure

• A true autoimmune 

manifestation caused by 

autoantibodies to PF4/ heparin-

like glycosaminoglycans

(GAGs) complexes

Theodore E. Warkentin et al. Blood 2014;123:3651-3654

A. Clinical course. 
B. Thrombotic occlusion at internal carotid artery 
terminus.
C. Flow re-established to MCA.
D Re-occlusion at origin of MCA (the unusual 
problem of 5 rapid re-thromboses may have been related 
to heparin administration during the mechanical 
thrombectomies).
E. Flow re-established to MCA and anterior 
cerebral artery (after TPA).
APTT, activated partial thromboplastin time; ASA, 
acetylsalicylic acid; IU, international units; IV, 
intravenous; SC, subcutaneous; t-PA, tissue plasminogen 
activator; U, units; UFH, unfractionated heparin.



HIT is a misdirected bacterial host defense

• PF4 binds to bacteria and thereby exposes the epitope recognized by 
anti-PF4/heparin antibodies, which enhance phagocytosis of bacteria.

• Normal individuals have anti-PF4/heparin antibodies in their plasma, 
likely induced by minor bacterial inflammation, such as periodontal disease.

• Under normal conditions, the pathologic-activating capacities of these 
antibodies are likely quenched by scavengers but when the capacity of 
these proposed scavengers is overloaded, for example, after major 
surgery and treatment with heparin, strong activation of platelets, 
monocytes, and endothelial cells result in a prothrombotic situation

Greinacher A, Krauel K, Jensch I. Blood 2012;120:931-2



A Greinacher et al. N Engl J Med 2021;384:2092-2101.

Reactivity of VITT Patient Serum on Platelet-
Activation Assays and Immunoassays.

Panel A shows the results of platelet-activation assays in serum 
samples obtained from the first 4 patients with VITT who were 
assessed in the study. The four colors in each experiment indicate the results 
obtained in the four samples; values are expressed as means, with 𝙸 bars 
indicating standard errors. The platelet-activation assay is performed by adding 
20 μl of patient serum to 75 μl of washed platelets per well of a microtiter plate 
that contains the other reagents as indicated. Reactivity is expressed 
semiquantitatively as reaction time, with a shorter reaction time indicating 
stronger platelet-activating levels. A reaction time of more than 30 minutes 
indicates background or clinically insignificant reactivity. The asterisk indicates 
the reactivity of the outlier serum, which was strongly positive on subsequent 
retesting along with platelets of other volunteers in the presence of platelet 
factor 4 (PF4). 

Panel B shows the results of platelet-activation assays in serum 
samples obtained from an additional 24 patients with clinical VITT. 
The reactivity pattern resembles that observed in the 4 patients who were initially 
investigated. The serum caused variable platelet activation in the presence of 
buffer, which for most samples was inhibited in the presence of low-molecular-
weight heparin but was strongly enhanced in the presence of PF4; in contrast, 
high levels of unfractionated heparin inhibited the reaction in all but one serum 
sample. 

Panel C shows the results of PF4–heparin and PF4 immunoassays of serum 
obtained from patients with VITT (including all 28 samples represented in 
Panels A and B) that showed PF4-dependent platelet activation. The results, 
which were obtained with the use of a microplate reader with a 450-nm filter, 
include all 28 PF4–heparin enzyme-linked immunosorbent assay (ELISA) 
experiments (with the addition of 100 IU per milliliter of heparin in 19 
experiments) and the results of 10 PF4 ELISA experiments. 

The cutoff for a negative result is 0.50 optical-density units. 

LMWH denotes low-molecular-weight heparin, UFH unfractionated heparin, and 
IVIG intravenous immune globulin.



NH Schultz et al. N Engl J Med 2021;384:2124-2130.

Platelet-Aggregating 
Potential of VITT Serum 
in Functional Testing 
(whole-blood impedance 
aggregometry).

Aggregation of donor platelets after incubation 
with serum from the patients was measured by 
whole-blood impedance aggregometry. The 
measurements were performed in the presence 
of low or high heparin concentrations and in 
the absence of added heparin (saline). Serum 
from a healthy donor and serum from a patient 
with typical heparin-induced thrombocytopenia 
(HIT) are also shown. The red and blue lines 
represent duplicate measurements. AU denotes 
arbitrary units, and AUC the area under the 
curve.



Cross-reactivity between anti–SARS-CoV-2 and anti-
PF4 antibodies?

Panel A shows the anti–platelet factor 4 (PF4)–heparin antibody 
optical density (OD) levels and anti–SARS-CoV-2 IgG levels against 
spike trimer, receptor-binding domain (RBD), subunit 1 (S1) 
domain, subunit 2 (S2) domain, and nucleocapsid protein in the 
healthy controls, the patients without vaccine-induced immune 
thrombotic thrombocytopenia (VITT), and the patients with 
confirmed VITT. Panel B shows the correlation analysis between 
the level of anti–PF4–heparin antibodies and the level of anti–
SARS-CoV-2 IgG antibodies against spike trimer, RBD, S1 domain, 
S2 domain, and nucleocapsid protein in the healthy controls, the 
patients without VITT, and the patients with confirmed VITT. Anti–
PF4–heparin antibodies were quantified with the use of an 
enzyme-linked immunosorbent assay. Anti–SARS-CoV-2 IgG 
antibodies were quantified with the use of a bead-based assay 
(Luminex). Each dot in the figure represents an individual person, 
and the numbers of persons tested is shown in Panel A. The 
dashed lines in Panel A indicate the cutoff values, and the solid 
lines in Panel B indicate the correlation coefficient (r). TE denotes 
thrombotic event.

• anti–PF4–heparin antibodies and 
anti–SARS-CoV-2 antibodies in 
vaccinated health care workers 
(healthy controls) and in vaccinated 
patients with clinically suspected VITT

• No Correlation between Anti-PF4 and 
Anti–SARS-CoV-2 Antibodies after 
ChAdOx1 nCoV-19 Vaccination

Uzun g et al. N Engl J Med 2021; 385:1334-1336

Antibody Levels and Correlation Analysis



Anti–platelet factor 4 antibodies causing VITT do not 
cross-react with SARS-CoV-2 spike protein

Greinacher A et al, Blood (2021) 138 (14): 1269–77.

• VITT antibody specificity as affinity-
purified anti-P4 antibodies do not 
bind SARS-CoV-2 spike proteins

• anti-PF4 antibodies do not arise in 
COVID-19 and therefore are not 
contributing to risk of thrombosis

• SARS-CoV-2 spike protein is unlikely 
to be the antigenic culprit in VITT 
and that additional protein 
candidates should be investigated.



Pavord S et al. N Engl J Med 28-October 2021;385:1680-89

Phenotypes of VITT in 220 patients in the UK
Prospective cohort study



Type of VITT Description

Definite VITT All five of the following criteria:
•Onset of symptoms 5–30 days after vaccination against SARS-CoV-2 (or ≤42 
days in patients with isolated deep-vein thrombosis or pulmonary embolism)
•Presence of thrombosis
•Thrombocytopenia (platelet count <150,000 per cubic millimeter)
•D-dimer level >4000 FEU
•Positive anti-PF4 antibodies on ELISA

Probable VITT D-dimer level >4000 FEU but one criterion not met (timing, thrombosis, 
thrombocytopenia, or anti-PF4 antibodies) or D-dimer level unknown or 
2000–4000 FEU and all other criteria met

Possible VITT D-dimer level unknown or 2000–4000 FEU with one other criterion not met, 
or two other criteria not met (timing, thrombosis, thrombocytopenia, or 
anti-PF4 antibodies)

Unlikely VITT Platelet count <150,000 per cubic millimeter without thrombosis with D-
dimer level <2000 FEU, or thrombosis with platelet count >150,000 per cubic 
millimeter and D-dimer level <2000 FEU, regardless of anti-PF4 antibody 
result, and alternative diagnosis more likely

Case Definition Criteria for VITT 

Pavord S et al. N Engl J Med 28-October 2021;385:1680-89

ELISA denotes enzyme-linked immunosorbent assay, FEU fibrinogen-equivalent unit, PF4 platelet factor 4, and 
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2.



Sites of Disease in 220 Patients with Definite or 
Probable VITT.

Pavord S et al. N Engl J Med 28-October 2021;385:1680-89



Predilection of CVT in VITT – why?

A. Coronal section of the formalin-fixed brain. Extensive hemorrhagic 
infarction (red arrows) in both hemispheres and major hemorrhage with 
communication to the brain surface and ventricular system. 

B. Posterior sagittal sinus with a white thrombus. 

C. Formalin fixed dura. Sagittal sinus with thrombus formation (arrow). 

D. Cross-section of formalin fixed right transverse sinus with white thrombus 
(arrow).

Wiedmann M et al. Front. Neurol., 30 July 2021 | https://doi.org/10.3389/fneur.2021.721146

Autopsy findings



Pavord S et al. N Engl J Med 28-October 2021;385:1680-89



https://covid19-sciencetable.ca/sciencebrief/vaccine-
induced-immune-thrombotic-thrombocytopenia-vitt-
following-adenovirus-vector-covid-19-vaccination/. 
Approched 02-November-2021

Decision Tree for Diagnosing and Ruling Out VITT -
Ontario

VIPIT - Vaccine-Induced 
Prothrombotic Immune 
Thrombocytopenia (VIPIT)



Evaluation of lab assays for anti‐platelet factor 4 
antibodies after ChAdOx1 nCOV‐19 vaccination

JTH 2021, 19: 2007-13, First published: 10 May 2021, DOI: 10.1111/jth.15362 

•Immunoglobulin-G-specific and polyspecific enzyme-linked immunosorbent assays 
(ELISAs) showed acceptable sensitivity to anti-PF4 antibodies in VITT.

•Rapid methods showed poor sensitivity for anti-PF4 antibodies in VITT.

•No single ELISA method detected all cases of VITT.

Patients with possible and probable VITT were tested using eleven commercially 
available immunoassays.

Solid circles, VITT 
possible or probable; 
empty circles, VITT 
unlikely; solid black 
line, assay‐specific 
cutoff for assay



Laboratory screening for VITT

Rauova L & Poncz M. Blood 2021, 138:285–6.

• Low-titer PF4/polyanion
antibodies occur after 
vaccination with ChAdOx1 
nCoV-19 and BNT162b2.

• These PF4/polyanion antibodies 
do not activate platelets and 
may have little relevance for 
the diagnosis of VITT.



Uzun g et al. Blood 2021, 138:992–6. Greinacher A et al. N Engl J Med 2021;384:2092-101.

Therapeutic Strategies for Management of VITT

• All lab reactions were blocked by monoclonal antibody IV.3 and immune 
globulin at a dose of 10 mg per milliliter, which indicated that platelet 
activation had occurred through platelet Fcγ receptors

• Emerging experience in the treatment of severe autoimmune heparin-
induced thrombocytopenia in which high-dose intravenous immune globulin 
has resulted in rapid increases in platelet count and de-escalation of 
hypercoagulability

Five cases (A-E) of VITT after severe acute 
respiratory syndrome coronavirus 2 vaccination 
were identified. Patients were treated with non-
heparin anticoagulation (argatroban, green blocks; 
danaparoid, lavender blocks; direct oral 
anticoagulants, orange blocks) combined with IVIG. 
Patients receiving therapeutic anticoagulation with 
platelet counts below 50 × 10<sup>9</sup>/L 
(dashed line) were considered to be at enhanced 
risk for major hemorrhage. 

CSVT, cerebral sinus vein thrombosis; DVT, deep vein 
thrombosis; PE, pulmonary embolism; PLT, platelet



1. IVIG 1 g/kg daily for two days. patients with new clots arising post-IVIG have 
been reported; patients should be carefully monitored even after treatment has 
begun, and initiation of anticoagulation coincident with IVIG is recommended.

2. Non-heparin anticoagulation:
1. Parenteral direct thrombin inhibitors (argatroban or bivalrudin), OR

2. Direct oral anticoagulants, OR

3. Fondaparinux, OR 

4. Danaparoid

Low fibrinogen or bleeding should not absolutely preclude anticoagulation, particularly if 
platelets are >20,000/μL or rising following IVIG initiation. Concurrent replacement of 
fibrinogen in patients with bleeding and/or very low values should be considered. 

3. Avoid platelet transfusions based on similarities to HIT. However, risk/benefit 
assessment in individual patients with serious bleeding and/or need for surgical 
intervention may favor platelet transfusion following initiation of IVIG, non-
heparin anti-coagulation, and fibrinogen replacement.

4. Corticosteroids have been administered along with IVIG in some cases, with no 

consensus or data to date on their role.

5. Additional therapies: Plasma exchange, eculizumab

ASH - Management of VITT

https://www.hematology.org/covid-19/vaccine-induced-immune-thrombotic-thrombocytopenia, 03-11-21



VITT: what we know and do not know



The SSC platelet immunology register of VITT and VIITP 
Toward standardization of laboratory and clinical parameters

Journal of Thrombosis and Haemostasis, Volume: 19, Issue: 8, Pages: 2094-2095, First published: 02 June 2021, DOI: (10.1111/jth.15402) 

Using our own ISTH REDCap server [https://redcap.link/VITT-VIITP], we are launching an 
online registry collecting de-identified data for the purposes of understanding the range of 
presentations, identifying successful strategies, and comparing outcomes. Human research 
ethics approval has been obtained for this international collaborative activity. We are asking 
providers to report all of their cases of VITT and VIITP in this registry. We expect the reporting 
of a case to take approximately 5 to 10 minutes.



VITT (TTS)
a new entity of thrombosis with 

thrombocytopenia


