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Abstract
Introduction  Vaccine-induced thrombotic thrombocytopenia (VITT) has been identified as a rare but serious adverse event 
associated with coronavirus disease 2019 (COVID-19) vaccines.
Objectives  In this study, we explored the pre-pandemic co-occurrence of thrombosis with thrombocytopenia (TWT) using 
17 observational health data sources across the world. We applied multiple TWT definitions, estimated the background rate 
of TWT, characterized TWT patients, and explored the makeup of thrombosis types among TWT patients.
Methods  We conducted an international network retrospective cohort study using electronic health records and insurance 
claims data, estimating background rates of TWT amongst persons observed from 2017 to 2019. Following the principles of 
existing VITT clinical definitions, TWT was defined as patients with a diagnosis of embolic or thrombotic arterial or venous 
events and a diagnosis or measurement of thrombocytopenia within 7 days. Six TWT phenotypes were considered, which 
varied in the approach taken in defining thrombosis and thrombocytopenia in real world data.
Results  Overall TWT incidence rates ranged from 1.62 to 150.65 per 100,000 person-years. Substantial heterogeneity exists 
across data sources and by age, sex, and alternative TWT phenotypes. TWT patients were likely to be men of older age with 
various comorbidities. Among the thrombosis types, arterial thrombotic events were the most common.
Conclusion  Our findings suggest that identifying VITT in observational data presents a substantial challenge, as implement-
ing VITT case definitions based on the co-occurrence of TWT results in large and heterogeneous incidence rate and in a 
cohort of patints with baseline characteristics that are inconsistent with the VITT cases reported to date.
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Key Points 

Our findings suggest that identifying vaccine-induced 
thrombotic thrombocytopenia (VITT) in observational 
data presents a substantial challenge.

Implementing VITT case definitions based on the co-
occurrence of thrombosis with thrombocytopenia results 
in large and heterogeneous incidence rates in a cohort 
composed of patients with baseline characteristics that 
are different to the VITT cases reported after the corona-
virus disease 2019 (COVID-19) vaccines.

We advise that further refinement of the case definition 
is needed before observational data can be reliably used 
to generate unbiased population-level effect estimates for 
VITT safety surveillance.

1  Introduction

Vaccine-induced thrombotic thrombocytopenia (VITT) has 
been reported after vaccination with adenovirus-based coro-
navirus disease 2019 (COVID-19) vaccines [1, 2]. VITT is 
characterized by exposure to one of the aforementioned vac-
cines 4–30 days prior to presentation, followed by thrombo-
sis, mild-to-severe thrombocytopenia, and a positive platelet 
factor-4 (PF4)-heparin enzyme-linked immunosorbent assay 
(ELISA) [3]. Thrombotic events can include either venous 
or arterial thrombosis, and often involves atypical locations, 
including cerebral venous thrombosis and splanchnic vein 
thrombosis [3, 4].

Multiple conditions are associated with both thrombosis 
and thrombocytopenia, including heparin-induced throm-
bocytopenia (HIT), antiphospholipid syndrome, thrombotic 
thrombocytopenic purpura (TTP), disseminated intravascu-
lar coagulation (DIC), and some malignant tumors. How-
ever, the term VITT today (also termed thrombosis with 
thrombocytopenia syndrome [TTS]) [5] refers specifically 
to the syndrome associated with COVID-19 vaccines and 
is considered a new clinical syndrome. As such, there is 
currently no standard case definition for VITT accepted for 
use by all countries. On April 3, 2021, the British Soci-
ety of Haematology published its Updated Guidance on 
Management (Version 1.0) with a case definition for pos-
sible, probable, and definite cases for VITT [6]. Addition-
ally, the Brighton Collaboration drafted and published an 
interim case definition for possible, probable, and definite 
(level one) VITT cases oriented towards identification and 
treatment of cases [7]. Both definitions require a platelet 

count of less than 150,000 per microliter to identify throm-
bocytopenia, and definite case (level one) criteria require 
confirmed thrombosis through laboratory, imaging, surgi-
cal, or pathology findings. In addition, the British Society 
of Haematology definition requires that antibodies to PF4 
have been identified in an absence of heparin exposure. The 
Brighton definition further classifies the case into 1–3 “H” 
level depending on history of heparin exposure within 100 
days. While the above case definitions provided guidance for 
health providers to identify and treat VITT patients, there 
is yet no consensus (or a clear guidance) on how to identify 
VITT cases in observational health data including claims 
and electronic health records (EHR).

There is a consensus that VITT is a new clinical phenom-
enon; however, estimates of the historical background rate 
of the co-occurrence of thrombosis with thrombocytopenia 
(TWT) are still needed to contextualize VITT safety signals. 
Specifically, estimating the number of patients that may have 
a co-occurrence of TWT that would typically be observed 
in the absence of vaccinations is required to understand the 
risk. More importantly, properly identifying cases from his-
torical data provides an idea about the profile of patients 
who had TWT in the past. This can help inform a considera-
tion of whether the profiles of individuals with VITT after a 
vaccination against COVID-19 differ from those of individu-
als who have historically had similar events.

Retrospective observational data can also be used to 
estimate the historical frequency at which patients with a 
thrombotic event have platelet counts measured (before the 
emergence of VITT as a phenomenon). Establishing this 
background frequency can help measure and account for 
the surveillance bias that is likely to occur when estimat-
ing the relative risk of VITT. Exploring TWT definitions 
in real world data can provide insight into whether such 
definitions can be used as a proxy for VITT case identifica-
tion, for conducting observational safety outcome research, 
for case finding in the context of safety surveillance activi-
ties and epidemiological studies, and for accurate historical 
background rate estimation.

In this study, we implement the VITT Brighton Col-
laboration case definitions as standardized cohorts that can 
be applied across disparate observational data sources to 
empirically examine alternative TWT definitions (pheno-
types). As illustrated in Fig. 1, we address the following 
questions: (1) What is the estimated background rate of 
TWT and how does it vary across alternative TWT defini-
tions? (2) What are the baseline characteristics of TWT 
identified patients and how comparable are they with 
known VITT patient profiles? (3) What specific events 
make up thrombosis among the TWT cohorts (deep venous 
thrombosis [DVT], myocardial infarction [MI], splenic 
thrombosis, etc.)? (4) How do we capture thrombocy-
topenia across various data sources (for example, using 
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diagnosis code or using platelet measure value)? And 
finally, (5) What is the background frequency of platelet 
count measures among patients with new thrombosis? All 
analyses were run across data sources within the Obser-
vational Health Data Sciences and Informatics (OHDSI) 
program [available from: https://​www.​ohdsi.​org/] and 
European Health Data & Evidence Network (EHDEN) 
[available from https://​www.​ehden.​eu/], including admin-
istrative claims and EHR sources across the United States 
(US), Europe, and Asia-Pacific regions.

2 � Methods

2.1 � Study Design

We conducted an international network cohort study using 
routinely collected primary care and hospital patient 
records from across the US, Australia, Japan, and Europe. 
Data were previously mapped to the Observational Medi-
cal Outcomes Partnership (OMOP) Common Data Model 
(CDM) [8, 9], which allowed for the study to be run in 
a distributed manner, with common analytic codes run 
by each site without the need to share patient-level data 
between sites.

2.2 � Data Sources

We included 17 data sources (Table 1) from ten countries, 
of which four were administrative health claims, one was 
a biobank registry, and the rest were EHR data sources.

The EHR data sources were:

•	 IQVIA® Australia Longitudinal Patient Data (IQVIA_
Australia), general practitioner (GP) data from Aus-
tralia.

•	 Integrated Primary Care Information (IPCI) [10] GP data 
from the Netherlands.

•	 IQVIA® Disease Analyser Germany (IQVIA_Germany), 
GP and medical center data from Germany.

•	 Information System for Research in Primary Care (SID-
IAP), primary care records linked to hospital admissions 
of Conjunt Mínim Bàsic de Dades d’Alta Hospitalària 
from Catalonia, Spain.

•	 Clinical Practice Research Datalink (CPRD), GP data 
from the United Kingdom (UK).

•	 Columbia University Irving Medical Center (CUMC), 
hospital records from New York-Presbyterian Hospital/
Columbia University Irving Medical Center in the US.

•	 Optum® de-identified Electronic Health Record Dataset 
(Optum_EHR), an EHR repository derived from dozens 
of healthcare provider organizations in the US.

Fig. 1   Research questions and thrombosis with thrombocytopenia (TWT) outcome definitions; schematic of the research questions addressed in 
the article and the TWT definitions considered in the analysis

https://www.ohdsi.org/
https://www.ehden.eu/
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•	 Health Data Warehouse of Assistance Publique—Hopi-
taux de Marseille (APHM), a hospital-based EHR data 
from France.

•	 Information System of Parc Salut Mar Barcelona 
(FIMIM-IMASIS), a hospital-based EHR from Barce-
lona, Spain.

•	 University Clinical Center of Serbia (CC_Serbia), a hos-
pital-based EHR data from Serbia.

•	 Health Informatics Centre (HIC) from the University 
of Dundee, an EHR database from Scotland, contain-
ing laboratory measurements from both primary and 
secondary care. The biobank registry data source was 
UK Biobank [11], a large longitudinal biobank study 
of 500,000 middle aged adults from the UK (England, 
Scotland and Wales) and with extensive health outcome 
linkages established to primary care, hospitalization, 

Table 1   Data sources type, country, and data element availability

APHM Health Data Warehouse of Assistance Publique—Hopitaux de Marseille, Biobank_UK UK Biobank, CC_Serbia University Clinical 
Center of Serbia, CCAE IBM® MarketScan® Commercial Claims and Encounters Database, CPRD Clinical Practice Research Datalink, CUMC 
Columbia University Irving Medical Center, EHR electronic health records, FIMIM-IMASIS Information System of Parc Salut Mar Barcelona, 
GP general practitioner, HIC Health Informatics Centre from University of Dundee, IPCI Integrated Primary Care Information, IQVIA_Aus-
tralia IQVIA® Australia Longitudinal Patient Data, IQVIA_Germany IQVIA® Disease Analyser Germany, JMDC Japan Medical Data Center, 
MDCD IBM® MarketScan® Multi-State Medicaid Database, MDCR IBM® MarketScan® Medicare Supplemental and Coordination of Bene-
fits Database, Optum_EHR Optum® de-identified Electronic Health Record Dataset, Optum_Extended_DoD Optum® De-Identified Clinformat-
ics® Extended Data Mart Database—Date of death, SIDIAP Information System for Research in Primary Care

Data source Country Type Explicit 
observation 
period

Inpatient 
diagnosis

Outpatient 
diagnosis

Inpatient 
measure-
ments

Outpatient 
measure-
ments

Outpatient 
drug

Inpatient drug

CCAE USA Claims Available Available Available Not Avail-
able

Partially 
available

Available Not Available

Optum_
Extended_
DoD

USA Claims Available Available Available Not Avail-
able

Partially 
available

Available Not Available

MDCD USA Claims Available Available Available Not Avail-
able

Not Avail-
able

Available Not Available

MDCR USA Claims Available Available Available Not Avail-
able

Partially 
available

Available Not Available

Optum_
EHR

USA EHR Not Avail-
able

Available Partially 
available

Available Partially 
available

Partially 
available

Available

CUMC USA Hospital 
EHR

Not Avail-
able

Available Partially 
available

Available Available Partially 
available

Available

CPRD UK GP records Available Not Avail-
able

Available Not Avail-
able

Available Available Not Available

Biobank_
UK

UK Registry Available Partially 
available

Available Not Avail-
able

Available Available Not Available

HIC Scotland Hospital 
EHR

Available Available Available Available Available Available Not Available

IPCI Netherlands GP records Available Not Avail-
able

Available Not Avail-
able

Available Available Not Available

APHM France Hospital 
EHR

Available Available Not Avail-
able

Available Available Not Avail-
able

Available

SIDIAP Spain EHR Available Available Available Not Avail-
able

Available Available Not Available

FIMIM-
IMASIS

Spain Hospital 
EHR

Available Available Partially 
available

Available Not Avail-
able

Not avail-
able

Available

IQVIA_Ger-
many

Germany GP records Not Avail-
able

Not Avail-
able

Available Not Avail-
able

Partially 
available

Available Not Available

CC_Serbia Serbia Hospital 
EHR

Not Avail-
able

Available Available Available Available Not avail-
able

Available

IQVIA_
Australia

Australia GP records Not Avail-
able

Not Avail-
able

Available Not Avail-
able

Available Available Not Available

JMDC Japan Claims Available Available Available Not Avail-
able

Not Avail-
able

Available Available
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cancer registration and death EHR sources (Biobank_
UK).

The claims-based data sources were:

•	 The Japan Medical Data Center (JMDC) [12] and four 
US administrative claims data sources

•	 IBM® MarketScan® Commercial Claims and Encounters 
Database (CCAE)

•	 IBM® MarketScan® Medicare Supplemental and Coor-
dination of Benefits Data source (MDCR)

•	 IBM® MarketScan® Multi-State Medicaid Data source 
(MDCD)

•	 Optum® De-Identified Clinformatics® Extended Data 
Mart Data source—Date of death (Optum_Extended_
DoD)

All data sources vary in their time duration, patient cov-
erage, and density of lab measurement records and results. 
EHR data sources cover lab measurement results that 
occurred in a particular setting (inpatient or outpatient), 
while claims data sources have either partial or no lab meas-
urements. A detailed description of the data sources can be 
found in Appendix Table 1 (see the electronic supplemen-
tary material). Table 1 summarizes the availability of data 
elements by data source.

2.3 � Study Participants and Time at Risk 
for Background Incidence Rate Estimates

The study cohort consisted of individuals present in a data 
source as of January 1, 2017, 2018, or 2019. These dates 
were used as the index date for all study participants. Indi-
viduals were required to have a minimum of 1 year of history 
available in the data source prior to their index date. Time 
at risk was defined as 365 days (from 0 days to 365 days fol-
lowing the index date January 1). Patients contributed time 
at risk from the index date until the earliest of 365 days after 
the index, their observation period end date, or the start date 
of a TWT event. Persons with prior thrombosis or throm-
bocytopenia events did not begin to contribute time at risk 
until the 365-day clean window requirement was satisfied for 
thrombosis and 90 days for thrombocytopenia.

2.4 � TWT Outcome Definitions (Phenotypes)

Following the principles of existing VITT clinical defini-
tions, TWT was defined as patients with a diagnosis of 
embolic or thrombotic arterial or venous events and a diag-
nosis or measurement of thrombocytopenia within 7 days 
(thrombocytopenic events can occur 7 days before or after 
the thrombotic event). Figure 1 illustrates the TWT outcome 
definitions that were considered.

Based on the approach used to define thrombosis and 
thrombocytopenia, six alternative TWT definitions were 
considered. The occurrence of thrombosis was identified 
using diagnosis codes (Supplemental Table 1, see the elec-
tronic supplementary material) with a broad set of codes 
(that included thrombophlebitis and other generic venous 
thrombosis codes) representing a more sensitive approach 
and a narrow set representing a more specific approach. The 
additional set of concepts that were part of the broad set but 
not in the narrow set is summarized in Supplemental Table 2 
using the Systematized Nomenclature of Medicine‐Clinical 
Terms (SNOMED CT) and the corresponding ICD-10-CM 
and Read codes. The occurrence of thrombocytopenia was 
defined as follows: (1) having a measurement of ≤ 150,000 
platelets per microliter of blood regardless of the presence/
absence of a diagnosis code, (2) having a measurement of ≤ 
120,000 platelets per microliter regardless of the presence/
absence of a diagnosis code, or (3) having a diagnosis code 
or a platelet measurement of ≤ 150,000 per microliter. The 
combination of these three alternatives to define thrombo-
cytopenia and the two alternatives to define thrombosis led 
to six different TWT phenotypes (yellow matrix in Fig. 1). 
To implement the requirement of “new” thrombosis and 
thrombocytopenia in observational data, we required a clean 
window of 365 days for thrombosis (of any kind) and 90 
days for thrombocytopenia in all six TWT definitions. In all 
TWT definitions, patients enter the study population (i.e., 
classified as having the TWT event) at the date of the new 
thrombotic event.

2.5 � Specific TWT Subtypes

As represented in the dark blue box in Fig. 1, we explored 
13 additional specific TWT phenotypes based on throm-
bosis type as follows: (1) DVT using a broad version (i.e., 
sensitive) that includes phlebitis diagnosis codes and other 
generic venous thrombosis codes; (2) DVT using a nar-
row version (i.e., specific); (3) pulmonary embolism (PE); 
(4) MI; (5) ischemic stroke; (6) hemorrhagic stroke; (7) 
hepatic thrombosis; (8) splenic thrombosis; (9) intestinal 
infarction; (10) portal/visceral or mesenteric thrombosis; 
(11) other intra-abdominal thrombosis (vena cava throm-
bosis, iliac artery, abdominal aorta, and trunk thrombosis 
and others); (12) cerebral venous sinus thrombosis (CVST) 
using a broad version that includes phlebitis of intracranial 
sinuses; and (13) CVST using a narrow version that did 
not include phlebitis diagnosis codes. As summarized in 
Supplemental Table 2 (see the electronic supplementary 
material), the concepts that were contained in the broad 
DVT definition but were omitted from the narrow were as 
follows: “thrombophlebitis,” “thrombophlebitis migrans,” 
“phlebitis of the femoral vein,” “thrombophlebitis of lower 
extremities,” “venous thrombosis” and “thromboembolism 
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of vein.” Similarly, “phlebitis and thrombophlebitis of 
intracranial sinuses,” “cerebrovascular and spinal vascular 
disorders” and “postoperative phlebitis and thrombophle-
bitis of intracranial sinuses” were contained in the broad 
CVST definition but omitted in the narrow.

For simplicity, in all specific TWT subtype cohorts 
presented in this paper; we identified thrombocytopenia 
using a diagnosis code or a measurement of ≤ 150,000 
per microliter. We also required a clean window of 365 for 
thrombosis (of any kind) and 90 days for thrombocytope-
nia in all 13 TWT subtypes.

Supplemental Table 1 provides the list of included diag-
nosis codes for all types of thrombosis and thrombocyto-
penia using SNOMED CT vocabulary. All study outcomes 
were identified using code lists reviewed by a panel of 
epidemiologists and clinicians (AS, PR, DPA, GR, AO, 
EM). A previous version of this code list had been used in 
previous published studies [13] and reviewed by a hema-
tologist and a neurologist. These definitions were reviewed 
using the aid of the CohortDiagnostics R package [14] so 
as to identify additional diagnosis codes of interest and to 
remove those highlighted as irrelevant based on feedback 
from regulators (e.g., puerperium and pregnancy-related 
disease) through an iterative process during the initial 
stages of analyses. A detailed description of the definitions 
used to identify the outcomes of the study is provided at 
https://​data.​ohdsi.​org/​Covid​19Vac​cineA​esiDi​agnos​tics/. 
This application summarizes the codes used to identify 
outcomes and their frequency in the data sources used in 
the study, the overlap between cohorts in the data sources, 
and a detailed summary of the profiles of all the individu-
als with a code of interest in each of the data sources.

2.6 � Cohort Characterization

We applied the definitions described above across the 17 
data sources using all available historical data and sum-
marized the following characterizations:

1.	 The index event breakdown: To explore what event 
makes up thrombosis among TWT patients, we provide 
the distribution of the clinical events—thrombosis diag-
nosis codes—that were observed on index and qualified 
individuals for cohort entry.

2.	 Cohort characterization: The distribution of baseline 
characteristics including demographics, clinical con-
ditions, and heparin and other drug use. We identified 
medical conditions in the data sources present 1 year 
before or at the index date, using inpatient and outpatient 
diagnosis codes. We report drug use in the last 30 days 
before and including index.

All descriptive analysis was done through CohortDiagnos-
tics R package [14].

2.7 � Statistical Methods

The profiles of the study cohorts and those with an outcome of 
interest were summarized, with median and interquartile range 
(IQR) used for continuous variables and counts and percent-
ages used for categorical variables. Incidence rates (IR) were 
tabulated as the number of outcomes, divided by the person-
time at risk, and summarized per 100 person-years. The rates 
were also calculated by stratifying by age decades and gender. 
Incidence proportions are additionally reported and were cal-
culated as the number of persons with the outcome, divided by 
the number of persons with time-at-risk, summarized per 100 
persons. Age- and gender-specific rates are reported

The proportional difference (% change) in incidence of 
two cohort definitions A and B is computed as (incidence of 
A—incidence of B) divided by incidence of B. For example, 
the % change in overall IR of TWT when thrombocytopenia 
is defined using a measurement of ≤ 120,000 platelets per 
microliter of blood compared to when thrombocytopenia is 
defined using measurement of ≤ 150,000 per microliter was 
calculated as (overall IR using measurement of ≤ 120,000—
overall IR using measurement of ≤ 150,000)/overall IR 
using measurement of ≤ 150,000.

The incidence proportion of platelet measures was cal-
culated as the number of patients with new diagnosis of 
thrombosis who had a new platelet measurement (that is of 
any value) within 7 days divided by the number of persons 
with a new diagnosis of thrombosis (of any kind). We also 
report the incidence proportion of patients with low plate-
let by dividing the number of patients with new diagnosis 
of thrombosis who had a new platelet measurement that is 
≤ 150,000 per microliter within 7 days by the number of 
patients with new diagnosis of thrombosis who had a new 
platelet measurement (that is of any value). For these calcu-
lations, we identified thrombosis using the narrow version 
(not including phlebitis). In keeping with the intent of this 
descriptive characterization analysis, no formal statistical 
tests of comparisons between definitions or outcomes were 
performed.

All analytical codes used for the analysis are open source 
and have been made publicly available at https://​github.​
com/​ohdsi-​studi​es/​Covid​19Vac​cineA​esiIn​ciden​ceRate and 
https://​github.​com/​ohdsi-​studi​es/​Covid​19Vac​cineA​esiDi​
agnos​tics.

https://data.ohdsi.org/Covid19VaccineAesiDiagnostics/
https://github.com/ohdsi-studies/Covid19VaccineAesiIncidenceRate
https://github.com/ohdsi-studies/Covid19VaccineAesiIncidenceRate
https://github.com/ohdsi-studies/Covid19VaccineAesiDiagnostics
https://github.com/ohdsi-studies/Covid19VaccineAesiDiagnostics
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3 � Results

Results are openly available through https://​data.​ohdsi.​org/​
Covid​19Vac​cineA​esiDi​agnos​tics/.

3.1 � Background Incidence Rate of TWT Events

Figure 2 summarizes the age- and gender-specific IRs of 
TWT, defined as patients with a new diagnosis of throm-
bosis (identified using the narrow set of diagnosis codes) 
and a new diagnosis of thrombocytopenia (identified either 
by a diagnosis code or a platelet measurement ≤ 150,000 
per microliter) within 7 days. Age- and gender-specific IRs 
generated using the remaining five different TWT phenotype 
variants are summarized in Fig. 3 (fourth row). As illustrated 
in Fig. 2, the overall TWT IR ranged from 1.62 (in CPRD) 
to 150.65 (in MDCR) per 100,000 person-years. Figure 1 
illustrates substantial heterogeneity across data sources and 
by age group and sex within the same data source. How-
ever, similar age and sex trends were observed in most data 
sources, where higher rates of TWT were observed among 
men of older age groups.

Figure 3 summarizes the age- and gender-specific IRs 
of TWT subtypes. The most common TWT subtypes were 
as follows: DVT with thrombocytopenia (IR ranged from 
0.53 to 34.31 per 100,000 person-years), hemorrhagic stroke 
with thrombocytopenia (IR ranged from 0.06 to 18.46 per 
100,000 person-years), ischemic stroke with thrombocyto-
penia (IR ranged from 0.05 to 49.85 per 100,000 person-
years), and MI with thrombocytopenia (IR ranged from 
0.39 to 56.17 per 100,000 person-years). On the other hand, 

CVST with thrombocytopenia was only observed in nine 
data sources, where the IR ranged from 0.01 to 0.20 per 
100,000 person-years. Splenic thrombosis (IR ranged from 
0.05 to 1.09 per 100,000 person-years) and hepatic thrombo-
sis (IR ranged from 0.01 to 0.24 per 100,000 person-years) 
were also very rare.

3.2 � Proportional Difference (% Change) of TWT 
Incidence Rate by Phenotype

Supplementary Figures 1–3 reports the proportional differ-
ence (% change) in IR across alternative TWT definitions 
(see the electronic supplementary material).

As illustrated in Supplementary Fig. 3, using a broad ver-
sion of diagnosis codes to identify thrombosis led to a minor 
(less than 5%) change in the estimated TWT IR across most 
data sources. The highest % change was observed in IQVIA_
Germany data, with a 44.8% increase in overall TWT IR 
when using the broad version of thrombosis compared to 
the narrow.

Due to a lack of or incomplete laboratory data, relying 
on platelet measurements only to define thrombocytopenia 
was not at all possible in some data sources, such as MDCD 
and JMDC. This also led to artificially small IRs in others, 
such as CCAE, Optum_Extended_DoD, and Biobank_UK 
(Supplementary Fig. 1).

When measurements are available, using a lower thresh-
old of 120,000 per microliter to define thrombocytopenia 
led to a large reduction in IR compared to that estimated by 
using a threshold of 150,000 per microliter. As illustrated 
in Supplementary Fig. 2, the % change in TWT IR was over 

Fig. 2   Age- and gender-specific incidence rates of thrombosis with 
thrombocytopenia (TWT); we report the incidence rate per 1000 
person-years for TWT, defined as patients with a new diagnosis of 
thrombosis (identified using the narrow set of diagnosis codes) and 

a new diagnosis of thrombocytopenia (identified either by a diagno-
sis code or a platelet measurement ≤ 150,000 per microliter) within 
7 days

https://data.ohdsi.org/Covid19VaccineAesiDiagnostics/
https://data.ohdsi.org/Covid19VaccineAesiDiagnostics/
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50% when using 120,000 compared to 150,000 platelets per 
microliter in most data sources.

3.3 � Baseline Characteristics

Table 2 illustrates selected baseline characterization of 
patients with TWT—defined as patients with a new diag-
nosis of thrombosis (identified using the narrow set of 
diagnosis codes) and a new diagnosis of thrombocytopenia 
(identified either by a diagnosis code or a platelet meas-
urement ≤ 150,000 per microliter) within 7 days. The full 
sets of distributions of 1325 characteristics among all TWT 
cohorts can be found at https://​data.​ohdsi.​org/​Covid​19Vac​
cineA​esiDi​agnos​tics/.

TWT patients across all data sources were likely to be 
men of older age with various comorbidities. Specifically, 
less than 8% of TWT patients were less than 40 years old 

and only around 39.22% were females (ranged from 27.8% 
in IQVIA_Australia to 49.4% in MDCD). An average of 
66.65% had heart disease at baseline (ranged from 36.1% 
in CPRD to 70.8% in CC_Serbia and MDCD). Around 
50% of the patients had hypertensive disorder in almost all 
data sources. Chronic liver disease ranged from 1.3% in 
CPRD to 15.1% in MDCD. Renal impairment ranged from 
3.5% in IQVIA_Australia to 48.9% in Optum_Extended_
DoD. Malignant neoplastic disease ranged from 8.3% in 
IQVIA_Australia to 36.50% in Biobank_UK. Finally, hep-
arin use in the last 30 days ranged from 0% in Biobank_
UK to 54.7% in Optum_EHR.

Similar trends were observed when alternative TWT 
definitions were examined. Covariant distribution using 
all 1325 characteristics were comparable when thrombo-
cytopenia is defined using a measurement of ≤ 150,000 
platelets per microliter of blood compared to when 

Fig. 3   Age- and gender-specific incidence rates of thrombosis with 
thrombocytopenia (TWT) subtypes and alternative definitions. In the 
first three rows, we report the incidence rate per 1000 person-years 
for TWT subtypes, defined as patients with a new diagnosis of a 
given thrombosis subtype (such as myocardial infarction, deep venues 

thrombosis, hepatic thrombosis) and a new diagnosis of thrombocyto-
penia (identified either by a diagnosis code or a platelet measurement 
≤ 150,000 per microliter) within 7 days. In the last row, we report on 
the incidence rate per 1000 person-years for TWT alternative defini-
tion

https://data.ohdsi.org/Covid19VaccineAesiDiagnostics/
https://data.ohdsi.org/Covid19VaccineAesiDiagnostics/
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Table 2   Baseline characteristics of thrombosis with thrombocytopenia patients

We report the proportion (%) of selected based-line characteristics for patients with a new diagnosis of thrombosis (identified using the narrow 
set of diagnosis codes) and a new diagnosis of thrombocytopenia (identified either by a diagnosis code or a platelet measurement ≤ 150.000 per 
microliter) within 7 days
APHM Health Data Warehouse of Assistance Publique—Hopitaux de Marseille, Biobank_UK UK Biobank, CC_Serbia University Clinical 
Center of Serbia, CCAE IBM® MarketScan® Commercial Claims and Encounters Database, CPRD Clinical Practice Research Datalink, CUMC 
Columbia University Irving Medical Center, FIMIM-IMASIS Information System of Parc Salut Mar Barcelona, HIC Health Informatics Centre 
from University of Dundee, IPCI Integrated Primary Care Information, IQVIA_Australia IQVIA® Australia Longitudinal Patient Data, IQVIA_
Germany IQVIA® Disease Analyser Germany, JMDC Japan Medical Data Center, MDCD IBM® MarketScan® Multi-State Medicaid Data-
base, MDCR IBM® MarketScan® Medicare Supplemental and Coordination of Benefits Database, Optum_EHR Optum® de-identified Elec-

Characteristic CCAE Optum_
Extended_
DoD

MDCD MDCR Optum_EHR CUMC CPRD Biobank_UK HIC

Age group (years)
 0–19 2.50% 0.50% 3.50% 0.00% 1.00% 4.60% 0.00% 0.00% 0.20%
 20–39 10.80% 2.60% 11.00% 0.00% 5.10% 5.90% 4.20% 0.00% 4.20%
 40–59 53.50% 14.10% 37.70% 0.50% 22.00% 20.50% 18.10% 17.30% 13.50%
 60–79 33.00% 52.00% 35.90% 54.80% 48.80% 44.00% 49.60% 80.40% 45.00%
 80 + 0.00% 30.90% 12.00% 44.70% 23.50% 24.90% 27.50% 1.80% 37.20%

Gender = female 39.40% 41.00% 49.40% 40.30% 37.60% 41.70% 34.70% 39.10% 39.00%
Medical history
 Chronic liver disease 11.10% 8.50% 15.10% 5.00% 6.00% 6.10% 1.30% 5.20% 1.60%
 Diabetes mellitus 26.80% 38.30% 35.00% 34.10% 29.50% 15.90% 3.00% 15.50% 14.90%
 Hyperlipidemia 40.00% 63.90% 36.90% 51.50% 47.70% 18.40% 0.80% 21.40% 3.60%
 Hypertensive disorder 55.60% 76.90% 65.20% 72.40% 60.40% 35.70% 3.60% 46.50% 24.10%
 Renal impairment 27.30% 48.90% 42.90% 38.00% 37.00% 20.90% 8.20% 27.70% 20.00%
 Heart disease 66.00% 79.90% 73.40% 83.90% 74.50% 69.60% 36.10% 55.70% 59.40%
 Obesity 16.40% 17.50% 15.10% 7.80% 16.30% 4.10% 0.50% 6.30% 1.40%
 Malignant neoplastic disease 23.50% 26.80% 17.90% 30.70% 15.80% 14.90% 15.00% 36.50% 14.50%
 Heparin use in the last 30 days 8.60% 8.10% 6.80% 5.00% 54.80% 28.70% 9.40% 0.00% 1.20%
 Anti-platelets (platelet aggregation inhibitors 

excluding heparin) use in the last 30 days
4.90% 8.00% 5.00% 11.20% 54.00% 31.60% 30.30% 9.90% 20.10%

 Clopidogrel use in the last 30 days 3.30% 6.60% 2.10% 9.30% 15.20% 9.8% 5.6% 0.018% 4.70%
 Aspirin use in the last 30 days 1.00% 0.60% 3.00% 1.00% 51.00% 30.00% 32.00% 9.00% 16.00%

Characteristic IPCI IQVIA_Germany SIDIAP FIMIM-IMASIS IQVIA_Australia JMDC CC_Serbia APHM

Age group (years)
 0–19 0.00% 0.00% 0.70% 0.00% 7.00% 9.80% 0.00% 6.00%
 20–39 >5.2% 3.70% 2.10% 2.60% < 10.5% 13.60% 3.30% 11.60%
 40–59 19.6% 17.40% 15.70% 16.50% 17.50% 43.10% 18.50% 27.10%
 60–79 43.90% 52.00% 44.80% 48.70% 54.20% 33.60% 56.20% 39.30%
 80 + 34.90% 26.40% 36.80% 32.10% < 20.8% 0.00% 21.20% 18.70%

Gender = female 32.30% 30.00% 32.70% 36.10% 27.80% 41.50% 36.60% 37.30%
Medical history
 Chronic liver disease > 2.6% 4.30% 6.10% 7.70% < 3.5% 14.90% 2.30% NA
 Diabetes mellitus 18.00% 24.10% 22.90% 25.90% 6.30% 41.10% 13.30% NA
 Hyperlipidemia 4.80% 25.10% 34.20% 27.20% 20.80% 39.60% 10.60% NA
 Hypertensive disorder 18.00% 48.80% 44.50% 45.50% 33.30% 58.60% 49.60% NA
 Renal impairment 6.9% 14.40% 26.70% 19.70% 3.50% 20.20% 15.40% NA
 Heart disease 45.50% 60.60% 58.70% 63.90% 83.30% 64.10% 63.00% NA
 Obesity > 2.6% 9.30% 12.00% 5.40% < 3.5% 0.90% 1.10% NA
 Malignant neoplastic disease 13.80% 16.40% 16.50% 12.10% 8.30% 30.80% 10.30% NA

Heparin use in the last 30 days 9.50% 6.10% 4.50% 15.00% 0.00% 2.40% 60.80% 2.00%
 Anti-platelets (platelet aggregation 

inhibitors excluding heparin) use in 
the last 30 days

20.60% 16.80% 30.50% 10.10% 6.10% 11.80% 0.90%

 Clopidogrel use in the last 30 days 3.20% 3.60% 6.10% 5.20% 0.038% 2.40% 0
 Aspirin use in the last 30 days 18.00% 14.00% 25.70% 9.00% 5.00% 11.00% 1.00%
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thrombocytopenia is defined using a diagnosis code or a 
platelet measurement of ≤ 150,000 per microliter (Supple-
mentary Fig. 4, see the electronic supplementary material). 
Comparable covariate distribution was also observed when 
thrombosis is defined using a broad version of diagnosis 

codes compared to when thrombosis is defined using a 
narrow version of diagnosis codes.

tronic Health Record Dataset, Optum_Extended_DoD Optum® De-Identified Clinformatics® Extended Data Mart Database—Date of death, 
SIDIAP Information System for Research in Primary Care
NA Not avialable

Table 2   (continued)

Fig. 4   The distribution of thrombotic events among thrombosis 
with thrombocytopenia, defined as patients with a new diagnosis of 
thrombosis (identified using the narrow set of diagnosis codes) and 
a new diagnosis of thrombocytopenia (identified either by a diagno-
sis code or a platelet measurement ≤ 150,000 per microliter) within 
7 days, by data source. The thrombotic events are represented by sin-
gle SNOMED CT concept and grouped by thrombosis subtypes. A 
single SNOMED CT concept is indicated by specific different color 
on each histogram, and each histogram represents a specific throm-
bosis subtype. For example, in Optum_Extended_dod, the color dark 
purple in the first histogram (myocardial infarction) is the SNOMED 
CT concept “Acute non-ST segment elevation myocardial infarction.” 
The length of each bar represents how common one type of throm-
bosis was compared to the other (for example, myocardial infarction 

and cerebral infarction are more common than abdominal thrombo-
sis). The diversity of the SNOMED CT concepts (representing diag-
nosis codes) occurring in each thrombosis type is represented by the 
variation of colors in each bar. For example, in IPCI and IQVIA_Ger-
many, most thrombosis subtypes are driven by one or two SNOMED 
CT concept, while in IQVIA_Australia and CUMC, each thrombo-
sis subtype is composed of a diversity of SNOMED CT concepts. 
CUMC Columbia University Irving Medical Center, IPCI Integrated 
Primary Care Information, IQVIA_Australia IQVIA® Australia Lon-
gitudinal Patient Data, IQVIA_Germany IQVIA® Disease Analyser 
Germany, Optum_Extended_DoD Optum® De-Identified Clinformat-
ics® Extended Data Mart Database—Date of death, SNOMED CT 
Systematized Nomenclature of Medicine‐Clinical Terms



Phenotype Algorithms for the Identification and Characterization of Vaccine-Induced Thrombotic Thrombocytopenia

3.4 � Makeup of Thrombosis Events Among TWT 
Patients

Figure 4 illustrates the distribution of thrombotic events 
among TWT patients. The thrombotic events are represented 
by a single SNOMED CT concept and grouped by throm-
bosis subtypes.

Despite variation in coding practices and granularity of 
medical terms used across different data sources the most 
common thrombotic events among TWT patients were con-
cepts related to MI, ischemic and hemorrhagic strokes, DVT, 
and PE. For example, Optum_EHR MI-related diagnoses 
accounted for over 30% of TWT patients, while in APHM, 
cerebral infarction diagnoses accounted for over 20% of 
TWT cases and MI accounted for around 5%. In MDCR, 
MI- and PE-related diagnoses accounted for around 20%, 
followed by cerebral infarction, DVT, and hemorrhagic 
stroke (around 15%).

3.5 � Background Incidence Proportion of Platelet 
Measures and Low Platelet Values

Table  3 illustrates the incidence proportion of platelet 
measures among patients with thrombotic events and the 
frequency of low platelet value among those with a platelet 
measure. In hospital EHR data sources, 26–88% of patients 
with thrombotic events had a platelet measurement within 7 
days and 11–23% of those had a value that was 150,000 or 
less. In GP data sources, only 4–19% were recorded to have 
a platelet measurement within 7 days and 2–13% of those 
had a value of 150,000 or less.

4 � Discussion

VITT has been identified as a rare but serious adverse 
event associated with some COVID-19 vaccines, and fur-
ther research is required to better characterize and under-
stand this new phenomenon. Observational healthcare data 
offer the opportunity for such research, but this research is 
predicated on reliable phenotyping of the outcome. In this 
study, we explored the historical trend of the co-occurrence 
of TWT using 17 observational health data sources across 
the world. We applied multiple phenotypes of TWT defini-
tions, estimated the background rate of TWT, characterized 
TWT patients, and explored the makeup of thrombosis types 
among over 75 million TWT patients. Our findings highlight 
important limitations on the use of TWT definitions in real 
world data as a proxy for VITT.

While TWT was overall a rare event, considerable het-
erogeneity in background rates was observed across data 
sources. The observed magnitude of heterogeneity across 
sources within age and sex subgroups suggests that residual 
differences are present. The remaining heterogeneity may 
be related to differences in healthcare systems, setting, data 
capture processes, or true differences in subpopulations 
or individual patients. These differences may also be due 
to systematic error, selection bias, or differential outcome 
measurement error between data sources [15].

Using different TWT case ascertainment definitions 
led to different background rate estimates. Most notably, a 
lower incidence proportion is estimated when using a lower 
platelet measure of 120,000 per microliter of blood to iden-
tify thrombocytopenia. Also, our results suggest that TWT 

Table 3   Incidence proportion of platelet measures among patients with thrombotic events and the frequency of a platelet measurement 
≤ 150,000 per microliter among those with a platelet measure

Biobank_UK UK Biobank, CC_Serbia University Clinical Center of Serbia, CPRD Clinical Practice Research Datalink, CUMC Columbia Uni-
versity Irving Medical Center, FIMIM-IMASIS Information System of Parc Salut Mar Barcelona, HIC Health Informatics Centre from Univer-
sity of Dundee, IQVIA_Australia IQVIA® Australia Longitudinal Patient Data, IQVIA_Germany IQVIA® Disease Analyser Germany, Optum_
EHR Optum® de-identified Electronic Health Record Dataset, SIDIAP Information System for Research in Primary Care

Data source Thrombosis events
N

Any platelet measure
N

Proportion of plate-
let measures (%)

Platelet < 
150,000/µl
N

Proportion of platelet < 150,000/
among any platelet measure (%)

FIMIM-IMASIS 27,841 24,545 88.16 4787 19.50
HIC 64,231 49,851 77.61 5464 10.96
CUMC 234,584 134,499 57.34 31,439 23.37
Optum_EHR 3,684,392 1,781,677 48.36 322,018 18.07
CC_Serbia 19,236 5079 26.40 1179 23.21
IQVIA_Australia 18,272 3523 19.28 133 3.78
SIDIAP 414,458 79,106 19.09 10,625 13.43
IQVIA_Germany 395,295 28,072 7.10 1553 5.53
CPRD 412,313 27,621 6.70 1401 5.07
Biobank_UK 39,305 2182 5.55 53 2.43
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phenotypes that strictly rely on observed measurements of 
platelet count without considering the clinical diagnosis of 
thrombocytopenia are not feasible for many available obser-
vational data sources. Due to the lack of completeness of 
lab measurements in most real world data sources, relying 
on platelet count to possibly improve the specificity of the 
definition is likely to lead to very low sensitivity. As we 
observed notable differences in IRs by phenotype and/or 
data source, caution is needed when IRs are compared or 
interpreted across time or population.

Few studies have reported on the IR of TWT across dif-
ferent populations. Bhuyan et al. reported a TWT back-
ground rate of 3.75 (3.51–4.00) per 1 million persons per 14 
days in a US data source, which is within the range reported 
in this study [2]. In a similar analysis across six European 
countries, Burn et al. reported that TWT background rates 
varied by data source and ranged from 0.5 to 4.4 per 100,000 
person-years across different types of thrombosis [13]. Con-
sistent with our findings, the authors found that the incidence 
of TWT was higher among men of older age, with those 
affected typically having more comorbidities and greater 
medication use than the general population.

VITT cases reported after the adenovirus COVID-19 vac-
cines were likely to be healthy women of reproductive age 
[5, 16, 17]. Our data suggest that the patient profiles of the 
captured TWT cases (using any of the proposed phenotypes 
and across all data sources) are not consistent with such a 
profile. In contrast, TWT patients in this study were likely to 
be men of older age with a high prevalence of comorbidities. 
In addition, the majority of the TWT patients identified in 
this study had one of the common thrombosis events such as 
MI, strokes, PE or DVT. This is not consistent with the type 
of thrombosis observed in VITT cases after the adenovirus 
COVID-19 vaccines, where rare events such as CVST and 
splenic and hepatic thrombosis were also observed [16, 17].

A consistent outcome definition that can be applied 
in observational health data is necessary for conducting 
research studies as well as clinical case detection activi-
ties. Our data suggest that the current definitions for TWT 
are likely to capture cases that are not a true representation 
of the new emerging clinical phenomena of VITT, but are 
merely a coincidental co-occurrence of two common clini-
cal events (thrombosis and thrombocytopenia). As such, the 
co-occurrence of thrombosis and thrombocytopenia among 
some patients can be explained by the presence of comorbid-
ities such as malignancies and liver disease. Consequently, 
applying any of the current definitions of TWT to identify 
VITT cases is likely to lead to considerable levels of false 
positives. Further research is needed to quantify the associ-
ated misclassification error. Observational studies that rely 
on the co-occurrence of diagnosis codes of thrombosis and 
thrombocytopenia to investigate the association between 
exposures and VITT [18, 19] need to be carefully assessed 

for the effect of measurement bias associated with captur-
ing VITT cases. Statistical approaches may be utilized to 
account and check for balance on possible confounders and 
factors that may indicate differential measurement error such 
as malignancies, liver disease, and others.

Another challenge that may face future observational 
research on VITT is surveillance bias. Given the emerging 
awareness of VITT as a phenomenon, clinicians are more 
likely to request a platelet count (or other related diagnostic 
workup) for patients presenting with thrombosis, especially 
among patients exposed to the vaccines. We found a con-
siderable heterogeneity in the observed incidence of platelet 
measures among patients with thrombosis and in the propor-
tion of measurements that are low. Given this heterogeneity, 
surveillance bias may be difficult to avoid or control for in 
related observational studies. Quantification of VITT risks 
may be extremely difficult in situations when surveillance 
bias is likely, and scientists and readers of scientific texts 
should be aware of such problems in observational studies 
[20].

The primary limitation of this study is that all TWT 
definition outcomes are subject to measurement error. All 
definitions were based on the presence of diagnosis codes 
and measurement values and were not validated further. 
While we utilized multiple case definitions, all our analysis 
relied on data from 2017 to 2019 using a target population 
of all people in each data source with more than 365 days 
of observation indexed on 1 January, 365 days of time at 
risk, and 365 days of outcome-specific clean windows for 
thrombosis and 90 days for thrombocytopenia to allow for 
recurrent events.

Some limitations relate to the use of each data source. 
None of the data sources used have full coverage of all diag-
nosis and measurement data occurring in both inpatient and 
outpatient settings. For example, information on hospital 
admission was not available in the primary care datasets 
used (CPRD GOLD in the UK, IQVIA in Germany and Aus-
tralia, and IPCI in the Netherlands) and events that happened 
during inpatient visits were not included. On the other hand, 
the EHR data sources were subject to incomplete capture of 
medical events and measurements recorded in other health-
care institutions. The bias of incomplete information was 
partially mitigated by including only those patients who had 
at least 1 year of continuous observation. The administrative 
claims data sources offered reliable data capture but lacked 
measurement lab data.

In conclusion, our research across 17 data sources sug-
gests that identifying VITT in observational data presents 
a substantial challenge, as implementing VITT case defini-
tions based on the co-occurrence of TWT results in large 
and heterogeneous IRs in a cohort composed of patients with 
baseline characteristics that are inconsistent with the VITT 
cases reported to date. Thrombosis and thrombocytopenia 
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each independently are relatively commonly occurring con-
ditions, and as such, the temporal co-occurrence of the two 
is not uncommon and cannot be assumed to be negligible. 
Our characterization of TWT highlights that thrombosis, 
when defined to include common venous and arterial events, 
is largely driven by background rates of deep vein thrombo-
sis, MI, and ischemic stroke, and underscores that thrombo-
cytopenia, when defined by platelet measurements, can be 
highly variable based on the source data capture process. 
Considering these findings, we caution against using any of 
the current TWT phenotypes in observational data as a basis 
for estimating background rates for VITT safety surveillance 
and advise that further refinement of the case definition is 
needed before observational data can be reliably used to gen-
erate unbiased population-level effect estimates. Individual 
case reviews may potentially provide insights that can sug-
gest further phenotype definition refinements. Finally, addi-
tional research is needed to fully assess the potential of using 
the co-occurrence of thrombosis with thrombocytopenia in 
observational data to capture VITT patients for safety and 
epidemiological studies. Most importantly, the associated 
measurement error and its variance need to be accurately 
estimated and incorporated in relevant studies and findings.
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