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Abstract 41 

This is a Brighton Collaboration case definition of thrombosis and thromboembolism to be used 42 

in the evaluation of adverse events following immunization, and for epidemiologic studies for the 43 

assessment of background incidence or hypothesis testing. The case definition was developed by 44 

a group of experts convened by the Coalition for Epidemic Preparedness Innovations (CEPI) in 45 

the context of active development of SARS-CoV-2 vaccines. The case definition format of the 46 

Brighton Collaboration was followed to develop a consensus definition and defined levels of 47 

certainty, after an exhaustive review of the literature and expert consultation. The document 48 

underwent peer review by the Brighton Collaboration Network and by selected expert reviewers 49 

prior to submission. 50 

  51 
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1. Preamble 52 

A thrombus is a localized homeostatic plug or clot of blood at the site of injury. Thrombosis is 53 

defined as a blockage in the blood vessels due to a foreign body. A thrombus can cause partial or 54 

complete blood flow obstruction either in larger vessels such as arteries or veins, or smaller 55 

vessels collectively termed as microcirculation. Deep venous thrombosis (DVT) refers to a blood 56 

clot involving non-superficial, i.e., ‘deep’ veins. By far the most common site is in lower limbs 57 

and DVT is generally considered synonymous with this location. Throughout this document DVT 58 

will be used to designate lower limb deep venous thrombosis. Other anatomic sites will be 59 

specified, as appropriate to the discussion. Thromboembolism is a thrombus that has dislodged 60 

and traveled to another location in the body. Venous thromboembolism most commonly goes to 61 

the lungs, i.e., pulmonary embolism. Arterial thromboembolism most commonly involves the 62 

heart, causing myocardial infarction, or the brain, causing ischemic stroke.  63 

There are currently no universally accepted definitions of thrombosis and thromboembolism 64 

as adverse events of special interest. The use of a harmonized case definition would allow data 65 

comparability across trials and surveillance systems, and thus facilitate data interpretation and 66 

promotion of scientific understanding.  67 

The purpose of this document is to provide a concise overview of the epidemiology, etiologies 68 

and diagnosis of the most common presentations of thrombosis and thromboembolism and to 69 

propose a standard case definition for use in vaccine safety settings and related activities. 70 

Thrombosis with thrombocytopenia syndrome (TTS) will be covered in a specific case definition 71 

and therefore is not included here. The most current draft of the TTS case definition (available at 72 

www.brightoncollaboration.us) shares many of the features of thrombosis or thromboembolism 73 

as defined here. 74 
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2. Thrombosis and thromboembolism: epidemiology and risk factors 75 

2.1. Epidemiology of thrombosis and thromboembolism 76 

Thrombosis and thromboembolism (TE) can affect virtually any vessel and is a complex, 77 

multifactorial disease, involving interactions between acquired or inherited predisposition to 78 

thrombosis (e.g., thrombophilia) and environmental exposures (e.g., smoking) [1-8]. The 79 

estimated average annual incidence rate of overall venous thromboembolism (VTE) among 80 

persons of European ancestry ranges from 104 to 183 per 100 000 person-years [9-19]. In the 81 

United States (US), overall VTE incidence may be higher in African-Americans [20-22] 82 

compared with Asians [23], and Native-Americans [24]. Large epidemiological studies have 83 

estimated an age-standardized rate for ischemic stroke at 114.3 per 100 000 population (95% CI, 84 

108.5/100 000–122.3/100 000) [25]. 85 

2.2. Risk factors for thromboembolism 86 

The incidence of TE increases exponentially with age in both men and women. Incidence rates 87 

for VTE are moderately higher in women during childbearing years, while incidence rates are 88 

higher in men aged over 45 years [8]. Risk factors for TE include immobility, trauma, surgery 89 

and acute medical illness, obesity, hypertension, dyslipidemia, glucose intolerance, and inherited 90 

predisposition (Table 1). 91 
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Table 1 Risk factors for arterial or venous thromboembolism [26, 27] 92 

 Thromboembolism 

Risk factor Arterial  Venous 

Age (40+)  ✓ 

Smoking ✓ ✓ 

Atrial fibrillation ✓ ✓ 

Cancer/chemotherapy ✓ ✓ 

Congenital heart diseases ✓ ✓ 

Diabetes ✓  

Dyslipidemia ✓  

Hypertension ✓  

Infections ✓ ✓ 

Inflammation ✓  

Pregnancy or recent birth ✓ ✓ 

Sickle cell disease ✓ ✓ 

Thrombophilia*  ✓ 

Estrogen-based medications** ✓ ✓ 

Immobility/critically ill patients  ✓ 

Indwelling devices ✓ ✓ 

Trauma/surgery  ✓ 

* Inherited or acquired, e.g., Factor V Leiden mutation, protein C and S deficiency, antithrombin III deficiency, 93 
hyper-homocystinuria; **E.g., Oral contraceptives or hormone replacement therapy. 94 
 95 

3. Etiology of thromboembolism  96 

Thromboembolic events are multifactorial events that can be caused by patient-related factors 97 

and underlying disease states. The mechanisms involved in TE can vary depending on the 98 

location. Endothelial injury due to various causes (e.g., hypertension, inflammation, endotoxins, 99 

plaque formation, reactive oxygen radicals) is a dominant factor in the majority of thrombotic 100 

mechanisms [12]. Virchow provided a simplified explanation of risk factors for venous 101 

thromboembolisms in his famous triad [28]. It has been suggested that hypo-fibrinolysis is also a 102 

potential major contributing risk factor (Figure 1) [29]. In arterial thrombosis, the typical 103 

initiating event is the release of atherosclerotic plaque content. Due to the shear force and speed 104 

of blood flow, platelet aggregation and subsequent activation of coagulation factors contribute to 105 

arterial thrombosis. 106 
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Thrombosis in micro vessels such as arterioles, capillaries and venules can cause significant 107 

organ injury. Various disease processes such as sepsis, disseminated intravascular coagulation 108 

(DIC), thrombotic thrombocytopenic purpura (TTP) and antiphospholipid syndrome (APS) can 109 

cause microvascular thrombi. The pathophysiology is not well characterized, but often involves 110 

endothelial injury in small vessels leading to organ dysfunction.  111 

 112 

Figure 1 Virchow proposed a triad of three key elements in the development of thrombosis 113 

(A). Hypo-fibrinolysis can be an additional element (B); PAI-1 = plasminogen activator 114 

inhibitor 1. (This figure was reproduced/used with permission from [30], copyright, Texas 115 

Children’s Hospital, 2019.) 116 

 117 

3.1. Thromboembolism following infection 118 

3.1.1. Thrombosis after acute bacterial and viral infections 119 

Acute bacterial and viral infections are associated with a transient increased risk of VTE and 120 

microvascular thrombosis [31]. Hospitalization with infection is a strong trigger for VTE even in 121 

non‐immobilized patients. VTE can occur following influenza-like illness, varicella and other 122 

infectious diseases [32-34]. Varicella infection is a known risk factor for arterial thrombosis, due 123 

to vasculopathy. Data support a hypercoagulable state leading to deep vein thrombosis (DVT) 124 

and other thromboembolic sequelae following varicella-induced autoantibodies to natural 125 

anticoagulants in children as well as adults [35]. Individuals infected with human herpes viruses 126 

(DNA viruses) and HIV have an increased risk of thrombosis, which for chronic HIV infection 127 

has been reported to be up to a 10-fold increase, including the risk for cerebral venous thrombosis 128 
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(CVT) [36-39]. The incidence of microvascular thrombosis following infection is unknown and is 129 

likely to vary by infectious disease state.  130 

3.1.2. Thrombosis after severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) 131 

infection  132 

Thrombotic complications and coagulopathy are frequent in coronavirus disease 2019 133 

(COVID-19) [40]. The risk of VTE is 2- to 6-fold higher in patients with COVID-19 disease 134 

than in patients without, despite use of standard anticoagulation prophylaxis in patients with 135 

COVID-19. The risk for arterial thrombosis is also increased and occurs in younger 136 

individuals. Microvascular thrombi have been identified in the lung tissue of patients who 137 

died from COVID-19 [41-43]. Disseminated intravascular coagulation (DIC) has also been 138 

reported to be associated with increased mortality [44, 45]. Bleeding complications are less 139 

frequent in SARS-CoV2 infection, and they are usually associated with preexisting lesions 140 

(e.g., duodenal ulcer) in the setting of coagulopathy from DIC or anticoagulation [46].  141 

The rates of DVT and pulmonary embolism (PE) associated with COVID-19 infections 142 

differ based on differences in baseline risk, comorbidities, use of prophylactic antithrombotic 143 

agents and severity of infection. The observed risk for VTE in COVID-19 is variable across 144 

studies but remains high, particularly in intensive care unit (ICU) patients (13-31%) [47, 48]. 145 

In patients with COVID-19 infection, two unusual sites for venous thrombosis, CVT and 146 

portal vein thrombosis (PVT), have been described and they seem to develop generally within 147 

two weeks of the infection. CVT is a rare form of stroke accounting for 0.5–1% of all strokes 148 

[49]. The incidence is about 5–16 cases per 1 million people per year and CVT generally 149 

occurs in patients aged less than 50 years, and predominantly in women [50, 51, 49]. The 150 

incidence of CVT in patients with COVID-19 infection is estimated to be low and seems to be 151 

more frequent in patients under the age of 30. In a recent literature review of nine studies, 14 152 

cases were identified after COVID-19 infection [52]. The prevalence of PVT is about 1% in 153 



Thrombosis and Thromboembolism_BC_CD_VERSION FINAL FOR REVIEW 07APR2022 

9 

the general population with an increasing prevalence in certain subgroups such as those with 154 

cirrhosis [53, 54]. In a recent study, the estimated incidence of PVT following COVID-19 155 

infection was estimated to be about 392 events per million patients [55]. 156 

The cumulative incidence rate of acute ischemic stroke was reported to be between 2% and 157 

3.7% in ICU adult patients with COVID-19 infection and about 2% in non-ICU patients [56, 47, 158 

57]. The cumulative incidence rate for peripheral arterial thrombosis in patients with COVID-19 159 

admitted to ICU was 4.4% [58]. SARS-CoV-2 infection is reported to increase the pro-160 

thrombotic state through various mechanisms, which can explain the extent of the thrombotic 161 

complications contributing to the severity of the disease (Figure 2) [59].  162 

 163 

Figure 2 164 

Possible mechanisms for thrombosis in coronavirus disease 2019 (COVID-19) and clinical 165 

consequences. (A) Injury to the endothelium initiated by severe acute respiratory syndrome 166 

coronavirus 2 (SARS-CoV-2) entry into cells via the angiotensin-converting enzyme 2 (ACE2) 167 

receptor is thought to lead to diffuse endotheliitis. The endothelial damage may result in an 168 

inflammatory host response characterized by excessive immune activation and cytokine storm, 169 

which promotes hypercoagulability and thrombosis. (B) Possible venous and arterial thrombotic 170 

complications associated with COVID19.  171 

Abbreviations: DVT = deep vein thrombosis, FVIIa = factor VIIA, IL-6 = interleukin 6, PE = 172 

pulmonary embolism, TF = tissue factor, TNF = tumor necrosis factor α. Original illustration by 173 

freelance medical illustrator Gail Rudakevich. (Figure and footnote reproduced from [60]). 174 

 175 
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3.2. Thrombosis and thromboembolism after vaccination 176 

3.2.1. Venous thromboembolism following vaccination 177 

Two post-licensure monitoring studies from the US identified a possible risk of DVT and VTE 178 

following quadrivalent human papillomavirus (HPV4) vaccination based on spontaneous reports 179 

from passive surveillance systems [61, 62]. More than 90% of reported cases with VTE had other 180 

risk factors for VTE. Subsequently, a self-controlled risk interval study which included 650 000 181 

females aged 9-26 years found no increased risk of VTE following HPV vaccination [63]. 182 

A review of vaccine adverse event reports to the VSD database in the US concluded that there 183 

was no evidence that inactivated influenza vaccine was associated with VTE in adults aged 50 184 

years and over, although an increased risk was found among current smokers in a post-hoc 185 

analysis [33].  186 

3.2.2. Thrombotic thrombocytopenia syndrome 187 

Cases of VTE associated with thrombocytopenia, known as thrombotic thrombocytopenia 188 

syndrome (TTS) have occurred following vaccination with the CHaDOx1 nCov-19 189 

(AstraZeneca) and the Ad26.COV2-S (Johnson & Johnson) vaccines with extremely low 190 

incidence [64-66]. This is known as vaccine-induced immune thrombotic thrombocytopenia 191 

(VITT). VITT is characterized by thrombosis, often at unusual sites, mild to severe 192 

thrombocytopenia, and positive PF4-heparin polyanion complexes without recent exposure to 193 

heparin that develops between 4 to 30 days post-vaccination. If TTS is not recognized or treated 194 

promptly, the outcome can be fatal.  195 

3.2.3. Ischemic stroke following immunization  196 

Published case reports have described ischemic stroke after influenza vaccination, potentially 197 

due to the inflammatory and immunological responses to the vaccine, although no causal 198 

relationship has been demonstrated [67-69]. An increased risk of stroke after vaccination with a 199 

live varicella vaccine is biologically plausible since natural infection is a risk factor for stroke and 200 
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the vaccine mimics infection. There have been isolated case reports of ischemic stroke after 201 

varicella vaccination, but a retrospective study using data from >3 million children aged 11 202 

months to 17 years in the US Vaccine Safety DataLink reported no association between stroke 203 

and varicella vaccine in the 12 months following varicella vaccination [70]. Similarly, a 204 

population-based cohort study in Canada reported no increased risk of arterial ischemic stroke in 205 

the 12 months following varicella vaccine for children vaccinated between 11 and 23 months of 206 

age, compared with non-vaccinated children [71]. Another study reported a decrease in the risk of 207 

stroke in persons aged 66 years and above following live attenuated zoster vaccine [72].  208 

4. Diagnosis of thrombosis and thromboembolism  209 

4.1. General considerations 210 

4.1.1. Pathologic diagnosis  211 

The definitive method for the diagnosis of thrombosis and thromboembolism is pathologic, 212 

which can include histopathology of tissue recovered by biopsy or autopsy or recovery of a 213 

thrombus by surgical or a catheterization procedure, such as thrombectomy.  214 

4.1.2. Imaging modalities 215 

When pathologic diagnosis is not possible, as is often the case, imaging modalities are 216 

crucial for the diagnosis of both thrombus and thromboembolism. More details of the 217 

appropriate imaging modalities are presented in Section 4.2 below, organized by the type of 218 

thrombus or thromboembolism. Table 2 provides a summary of the gold standard and 219 

alternative imaging tests for the diagnosis of thrombosis and thromboembolism and their 220 

limitations. 221 

4.1.3. Laboratory tests for diagnosis of thromboembolism 222 

Results from laboratory tests can provide supportive evidence for the presence of 223 

thromboembolism. Only laboratory tests that have been extensively studied in literature are 224 

included here.  225 
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The D‐dimer test can be used for the triage and diagnosis of DVT, PE, and DIC. It has high 226 

sensitivity (80-100%) but low specificity (23-63%) [73]. Normal D-dimer levels help to rule 227 

out DVT and PE in patients with a low risk for DVT or PE but not in patients who have a 228 

high risk [74]. Despite its widespread use as a biomarker, the D-dimer test has several 229 

limitations. There is marked variability in the methodology used, making it difficult to have a 230 

reference standard. In patients older than 50 years, an age-adjusted threshold should be used 231 

as normal D-dimer levels increase with age [73].  232 

Although biomarkers of cardiac dysfunction, such as troponin and B-type natriuretic 233 

peptide (BNP), are often used for PE diagnosis, they are not specific for VTE. 234 

4.1.4. Clinical scoring systems 235 

Even when the clinical history and examination is suggestive of the presence of TE, this may 236 

be misleading. The most used scoring systems to estimate the probability of VTE and guide the 237 

choice of investigation are the Wells score and the revised Geneva score [75, 76]. 238 

 239 

 240 
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Table 2 Gold standard and alternate techniques for diagnosing thrombosis and thromboembolism, by location 241 

Location Gold standard  Limitations of gold standard Alternate technique(s) Limitations of alternate technique 

Deep vein thrombosis Compression ultrasonography 

Results operator-dependent  

Variable methodology 

between institutions 

CT venography Radiation exposure 

Pulmonary embolism 

CT pulmonary angiography 

(sensitivity 83%; specificity 

96%) 

 

1. V/Q scan (still preferred over CT if renal 

failure, hypersensitive to contrast medium, 

or pregnant) 

2. Contrast-enhanced MR angiography 

(sensitivity varies by embolus location: 

proximal 97.77-100%; segmental 68-

91.7%; sub-segmental 21.4-33.3%) 

3. Angiography (digital-subtraction or 

conventional) 

1. Some radiation exposure 

2. Requires hemodynamic stability and 

ability to hold breath for 13-17 seconds. 

3. Requires IV contrast administration and 

ability to hold breath for ≥20 seconds 

Stroke and ischemic  

stroke 

Contrast CT (sensitivity 64%, 

specificity 85% for identifying 

infarction within 6 hours of 

presentation) – can distinguish 

ischemic stroke from 

intracranial bleed 

Cannot differentiate viable 

from irreversibly damaged 

brain tissue 

Insensitive for detecting small 

cortical/subcortical infarctions, 

especially in posterior fossa 

1. CT angiography (92-100% sensitivity, 

82-100% specificity for detecting large 

vessel stenosis 

2. MRI (91% sensitivity) 

3. MR angiography (86-97% sensitivity, 

62-91% specificity to identify large vessel 

stenosis) 

1. Requires IV contrast administration so 

can’t be used in allergic or renal failure 

patients 

2 and 3. Cannot be used in patients with 

pacemakers, metallic implants, severe 

claustrophobia or contraindications to 

contrast agents (allergy, renal failure) 

Cerebral venous thrombosis 
MR venography (83% 

sensitivity, 100% specificity) 
 CT venography 

Only a small study to support the use of 

this technique 

Portal vein thrombosis 

Abdominal ultrasound with 

Doppler (sensitivity and 

specificity range between 60 

and 100%) 

 
1. CT scan with contrast 

2. MRI 
 

Microcirculation thrombosis 
Pathologic diagnosis based on 

biopsy or autopsy samples 
   

CT – computed tomography; V/Q – ventilation/perfusion; MR – magnetic resonance 242 
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4.2. Site Specific Considerations 243 

4.2.1. Diagnosis of lower limb deep vein thrombosis (DVT) 244 

4.2.1.1. Ultrasonography 245 

Compression ultrasonography is the first-line imaging test for the diagnostic management 246 

of patients presenting with clinically suspected DVT [77]. The criteria for acute DVT include 247 

non-compressibility of the vein in combination with at least one of the following: enlarged 248 

vein, hypoechoic vein lumen, or the absence of significant collateral veins. Although this test 249 

is relatively frequently available, the results are highly operator-dependent. Furthermore, the 250 

approaches used, e.g., two-point vs serial, can vary between institutions.  251 

4.2.1.2.Computed tomography venography  252 

Computed tomography (CT) venography was considered the gold standard for diagnosis of 253 

DVT as it visualizes both distal and proximal veins of the lower extremities. The criteria for 254 

acute DVT are a complete or partial central filing defect. Acute DVT should be differentiated 255 

from chronic DVT which is suggested by thick eccentric walls, recanalization, and 256 

calcification. Concerns about radiation exposure and the technological advances in ultrasound 257 

have contributed to compression ultrasonography now being considered equivalent to CT 258 

venography [78].  259 

4.2.2. Diagnosis of pulmonary embolism (PE) 260 

4.2.2.1.CT pulmonary angiography  261 

Chest CT pulmonary angiography is the current gold standard for the diagnosis of PE. In 262 

the Prospective Investigation of Pulmonary Embolism Diagnosis 2 (PIOPED II) study, its 263 

sensitivity and specificity for PE were 83% and 96%, respectively [79]. Its findings for acute 264 

PE include a central filling defect within a vessel surrounded by contrast material, eccentric or 265 

mural filling defect rendering an acute angle with a vessel wall or complete occlusion of a 266 

dilated vessel by a filling defect. This imaging test can also provide evidence of right heart 267 
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strain, clot burden and lung perfusion, as well as significant additional information related to 268 

alternate diagnoses, which is a clear advantage over ventilation-perfusion (V/Q) scans. 269 

4.2.2.2.Ventilation-perfusion scanning 270 

V/Q scanning was widely used for PE diagnosis before the widespread availability of CT 271 

pulmonary angiography. Although V/Q scanning uses radioactive materials, the level of 272 

exposure to radiation is low. The V/Q scan result provides the probability of PE as high, 273 

intermediate, low or normal scan, where a normal scan essentially excludes a diagnosis of PE 274 

[80, 81]. V/Q scan is the preferred modality of diagnosis in patients with renal failure or with 275 

history of hypersensitivity to contrast medium. Its use in pregnant women is debated because 276 

V/Q scan has higher maternal radiation but lower fetal radiation whereas the opposite is true 277 

for CT [82].  278 

4.2.2.3.Contrast-enhanced magnetic resonance angiography  279 

Pulmonary contrast-enhanced magnetic resonance angiography is an effective alternative 280 

tool for the primary diagnosis of PE but has limitations as patients need to be 281 

hemodynamically stable and to hold their breath for 13 to 17 seconds. Current magnetic 282 

resonance imaging technology demonstrates high specificity and high sensitivity for proximal 283 

PE but has limited sensitivity for distal PE [83]. 284 

6.2.2.4 Digital subtraction angiography and conventional angiography 285 

Digital subtraction angiography and conventional angiography are two of the oldest tools 286 

for PE diagnosis. They have been largely replaced by modern CT pulmonary angiography. 287 

Both techniques require intravenous administration of contrast agents and patients must hold 288 

their breath for up to 20 seconds or more, which is not ideal when patients are already 289 

dyspneic from a PE [84, 85]. 290 
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4.2.2.4.Supportive modalities for diagnosis of pulmonary embolism 291 

4.2.2.4.1. Chest radiography 292 

Chest radiography should not be used routinely for the diagnosis of PE as the findings do 293 

not always allow PE to be diagnosed. However, the presence of a wedge-shaped opacity 294 

indicative of infarct, pleural effusion, or prominent proximal pulmonary artery with reduction 295 

in peripheral vessel markings would be suggestive of PE [86, 87].  296 

4.2.2.4.2. Electrocardiogram 297 

Electrocardiogram (ECG) is not a diagnostic tool for PE but it can provide corroborative 298 

evidence. The most common ECG signs for PE are sinus tachycardia, atrial fibrillation, or 299 

signs of right heart strain, e.g., anterior precordial T-wave inversions, and either inferior or 300 

anterior precordial ST-segment elevation [88].  301 

4.2.2.4.3. Transthoracic echocardiography 302 

Transthoracic echocardiography is not a diagnostic tool for PE, but like ECG, it can 303 

provide corroborative evidence. It is generally performed in patients who have hemodynamic 304 

instability and are unable to undergo CT angiography. The structure and function of the right 305 

ventricle can be assessed. Right ventricular abnormalities can include right heart dilation, 306 

tricuspid regurgitation, interventricular septal compression and right ventricular hypokinesia 307 

[89, 90].  308 

4.2.3. Diagnosis of stroke and ischemic stroke 309 

4.2.3.1.Magnetic resonance imaging 310 

Brain magnetic resonance imaging (MRI) protocols for acute ischemic stroke include T1- 311 

and T2-weighted sequences, fluid attenuated inversion recovery (FLAIR) sequence, 312 

perfusion-weighted imaging (PWI), and diffusion weighted imaging (DWI) [91]. The 313 

sensitivity for DWI is 91% compared with 61% for non-contrast CT [92]. The combination of 314 

DWI and PWI is often used to evaluate the extent of irreversible tissue damage and therefore 315 
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inform decision about reperfusion strategies [93, 94]. Similar to CT, an MR angiography can 316 

be performed to identify large vessel stenosis with a sensitivity of 86% to 97% and specificity 317 

of 62% to 91% [95]. The major disadvantage of MRI is that it cannot be used in patients with 318 

pacemakers, metallic implants, and in those with contraindications to MR contrast agents, 319 

e.g., the risk that gadolinium contrast agents induce nephrogenic interstitial fibrosis in patients 320 

with renal dysfunction is significant. It is also not suitable for patients with severe 321 

claustrophobia.  322 

4.2.3.2.Non-contrast computed tomography 323 

Non-contrast CT remains the most common first-line imaging tool used in the diagnosis of 324 

acute stroke [96]. It can be used to distinguish intracranial hemorrhage from ischemic stroke, 325 

thereby enabling specific interventions, such as reperfusion strategies, to be initiated. This 326 

tool can identify early signs of infarction (within six hour of presentation) with a specificity of 327 

85% and a sensitivity of 64% and can also identify thrombosis in vessels [97, 98]. However, it 328 

cannot be used to differentiate reliably between viable brain tissue and irreversibly damaged 329 

brain tissue, which limits its usefulness in patients with unknown time of symptom onset. It is 330 

also relatively insensitive for detection of acute or small cortical or subcortical infarctions, 331 

especially in the posterior fossa [99].  332 

CT angiography and CT perfusion imaging are important modes of contrast CT. CT 333 

angiography enables the intracranial vasculature to be visualized, and it can identify the exact 334 

location and extent of vascular occlusion. For example, it has a sensitivity of 92% to 100% 335 

and a specificity of 82% to 100% to detect large vessel stenosis [95]. However, it requires 336 

administration of a contrast agent and, therefore, cannot be used in patients with contrast 337 

allergies and abnormal renal function.  338 
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4.2.4. Diagnosis of cerebral venous thrombosis 339 

Magnetic resonance venography is a useful tool for central venous thrombosis diagnosis. 340 

Although various techniques exist, contrast-enhanced MRI has high sensitivity and specificity 341 

(83% and 100%, respectively) [100, 101]. CT venography is another possible tool for 342 

diagnosing cerebral venous thrombosis, but this is based on a small study in which 3 343 

reviewers reviewed the results for 13 patients and 20 controls [102]. If contrast cannot be 344 

used, magnetic resonance venography without contrast can be used. 345 

4.2.5. Diagnosis of portal vein thrombosis 346 

CT scan with contrast and MRI are the gold standard and are extensively used in higher-347 

income countries to diagnose portal vein thrombosis [103]. An abdominal ultrasound with 348 

Doppler is often the investigation of choice to detect portal vein thrombosis with a sensitivity 349 

and specificity ranging between 60% and 100% [104].  350 

4.2.6. Microcirculation thrombosis 351 

Microvascular thrombosis is difficult to detect and requires high clinical suspicion. 352 

Definitive diagnosis can be made through pathological studies such as organ biopsies. 353 

Imaging modalities are not useful for the diagnosis of microcirculatory thrombosis. 354 

Laboratory tests suggestive of microcirculatory thrombosis include markers of hemolysis, 355 

e.g., high lactate dehydrogenase, low haptoglobin and elevated free plasma hemoglobin, and 356 

markers of microangiopathy, e.g., such as anemia, thrombocytopenia and presences of 357 

schistocytes in peripheral blood smears. Microcirculation thrombosis may lead to organ 358 

dysfunction or damage and can therefore present as laboratory abnormalities related to that 359 

organ, e.g., elevated creatinine for renal dysfunction [105].  360 
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5. Methods for the development of the case definition and guidelines for data 361 

collection, analysis, and presentation  362 

The Brighton Collaboration Thrombosis and Thromboembolism Working Group was formed 363 

in September 2020 following the process described on the Brighton Collaboration website [106]. 364 

The group members included clinical, public health, pharmacovigilance and vaccine safety 365 

experts. A literature search was performed using established databases and search engines. The 366 

Working Group met regularly to review the results from the literature search and develop the case 367 

definition and guidelines based on expert consensus supported by evidence in the reviewed 368 

published literature. 369 

5.1. Rationale for selected decisions about the case definition of thrombosis and 370 

thromboembolism as an adverse event following immunization 371 

The case definition of thrombosis and thromboembolism is shown in Table 4. The working 372 

group agreed that it was important to consider and distinguish the arterial system from the venous 373 

system for this case definition.  374 

The case definition was formulated using three levels of diagnostic certainty with Level 1 375 

being highly specific. As maximum specificity usually means a loss of sensitivity, two additional 376 

diagnostic levels were included in the definition, offering a stepwise increased sensitivity from 377 

Level 1 down to Level 3, while retaining an acceptable level of specificity at all levels. This 378 

approach should ensure that all cases of thrombosis and thromboembolism can be captured with a 379 

level of certainty of between 1 and 3. These levels of certainty reflect the diagnostic certainty and 380 

should not be misunderstood as reflecting different grades of clinical severity (Appendix A. 381 

Supplementary material). 382 
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5.2. Rationale for individual criteria or decision made related to the case definition 383 

5.2.1. Clinical presentation 384 

The Working Group agreed that DVT, and PE represent typical venous events, and that stroke 385 

and myocardial infarction represent typical arterial events. While rarer than DVT and PE, there 386 

are several other recognized venous thrombosis syndromes involving abdominal veins, cerebral 387 

veins, cerebral venous sinuses and retinal veins. As an AESI, thrombosis and thromboembolism 388 

may be actively ascertained in the setting of research projects (e.g., to measure population-based 389 

incidence or to test for a causal association with a vaccine) and also may be the subject of 390 

passively generated adverse event reports submitted to pharmacovigilance systems. Both settings 391 

could involve medical diagnoses of specific thrombosis or thromboembolism syndromes, such as 392 

DVT, PE, CVT or ischemic stroke or could involve a list of non-specific symptoms and signs that 393 

were part of the clinical illness. The Working Group agreed that both should be included in the 394 

definition but only at a lower degree of certainty (i.e. Level 2 or 3) since clinical symptoms may 395 

support the diagnosis of thrombosis or thromboembolism, but are insufficient to support a Level 396 

1 of diagnostic certainty in the case definition.  397 

General non-specific signs and symptoms vary depending on the location of the event and may 398 

include swelling, localized pain, shortness of breath or neurologic abnormalities. A full list is 399 

given in Table 4. 400 

5.2.2. Pathologic and histopathologic findings 401 

When available, pathologic and histopathologic findings of thrombosis or 402 

thromboembolism in tissue biopsy or autopsy evaluation provide a definitive diagnosis, and 403 

are considered sufficient to achieve a Level 1 of diagnostic certainty. However, pathologic 404 

and histopathologic findings are not always available and a definitive diagnosis can be 405 

established in their absence.  406 
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5.2.3. Imaging study findings 407 

Findings from imaging tests can be used for an accurate, definitive diagnosis of a case of 408 

thrombosis or thromboembolism, and can be sufficient to achieve a Level 1 of diagnostic 409 

certainty. Depending on the location of the thrombus, and the occurrence in the arterial or venous 410 

system, various modalities are considered acceptable confirmatory tests. These include Doppler 411 

ultrasound, CT perfusion imaging, CT angiography, magnetic resonance venography or 412 

arteriography, echocardiograms, perfusion V/Q scans, and conventional or digital angiography. 413 

The choice of the appropriate modality for arterial or venous events should be based on clinical 414 

criteria, the sensitivity of the test, availability in various settings, and expertise in the 415 

interpretation of the results.  416 

5.2.4. Laboratory findings 417 

Abnormal laboratory results are not required for diagnostic confirmation as they can be 418 

normal in the presence of thrombotic and thromboembolic events. Coagulation markers are often 419 

obtained, but normal results do not rule out an arterial or venous thrombosis or thromboembolism 420 

event. When abnormal results are obtained, an elevated D-dimer is the most specific test and can 421 

be used to support the diagnosis (Table 4 Level 2 diagnostic certainty). No other of the other 422 

markers, e.g., shortened prothrombin time (PT) or partial thromboplastin time (PTT), or elevated 423 

fibrinogen that can be associated with arterial and venous thrombotic events are specific. Results 424 

from coagulation markers and fibrinogen assays may be supportive in some cases, but they are 425 

less specific and thus were not included in the CD.  426 

The working group did not include an increased international normalized ratio (INR) as it is 427 

not exclusively associated with thrombosis and could be associated with DIC or treatment 428 

interventions. Newer testing modalities, such as rotational thromboelastography (ROTEM), a 429 

viscoelasticity test, used as a marker of increased fibrinogen and platelet activity, may be 430 
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available in some clinical or research settings, but these are not widely utilized. Bleeding or 431 

clotting times are considered less reliable because there are no agreed standards. 432 

5.2.5. Non-inclusion of treatment and treatment responses in the case definition 433 

The Working Group decided against using medical treatment or treatment response in the case 434 

definition. A treatment response or its failure is not in itself diagnostic of thrombosis or 435 

thromboembolism, and may depend on variables, such as time to treatment, and other clinical 436 

parameters.  437 

5.2.6. Timing post immunization 438 

It is unknown when thrombosis and thromboembolism events may occur following 439 

immunization. While a temporal association would increase the likelihood of an association 440 

between immunization and the occurrence of a thrombotic or thromboembolic event, the 441 

Working Group agreed that a definition designed to be a suitable tool for testing potentially 442 

causal relationships requires ascertainment of the outcome independent from the exposure. 443 

Further, the definition should be applicable to studies done to determine background incidence of 444 

thrombosis and thromboembolism in various populations. Therefore, to avoid selection bias, a 445 

restrictive time interval from immunization to onset of thrombosis or thromboembolism should 446 

not be an integral part of the case definition. Instead, where feasible, the details of this interval 447 

should be reported and assessed as described in the data collection guidelines (Appendix A. 448 

Supplementary material). The Working Group acknowledged that it may be impossible to obtain 449 

a clear timeline if the event occurred in settings outside the controlled environment of a clinical 450 

trial or hospital, particularly in rural settings and LMICs.  451 

5.2.7. Differentiation from other (similar/associated) disorders 452 

Levels 2 and 3 of the case definition require either the reported diagnosis of a thrombosis or 453 

thromboembolism syndrome, or one or more typical but non-specific symptoms or signs reported 454 

[107-134]. Both Level 2 and 3 also require that there is no alternate etiology that could explain 455 
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the clinical illness. Table 3 provides a list of possible alternate etiologies for each of the 456 

syndromes and their associated symptoms or signs. Absence of an alternate etiology was not 457 

included as a criterion for Level 1, because this level requires proven presence of thrombus or 458 

thromboembolism by pathology, thrombus recovery or an appropriate imaging technique. 459 

 460 
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Table 3: Summary of clinical syndromes that should be differentiated from most common thrombosis and thromboembolism 461 

Clinical thrombotic 

syndrome 

(non-specific 

symptoms) 

Possible alternative etiologies 

General categories Specific diagnoses 

DVT [107-110] 

(calf pain, ankle 

edema, absent pulses 

in lower leg/ankle) 

Physical trauma 

• Calf muscle or Achilles tendon tear  

• Calf muscle hematoma 

• Fracture of tibia or fibula 

Cardiovascular disorder 

• Superficial thrombophlebitis; 

• AV fistula and congenital vascular abnormalities;  

• External compression of major veins  

• Vasculitis  

Other conditions 

• Ruptured Bakers cyst,  

• Cellulitis 

• Lymphatic obstruction 

• Dependent edema,  

• Septic arthritis,  

• Cirrhosis,  

• Nephrotic syndrome  

• Compartment syndrome  

Pulmonary embolism 

[111-124] 

(chest pain) 

Respiratory conditions 

• Pneumothorax or pneumomediastinum) 

• Pneumonia 

• Acute bronchitis 

• Acute exacerbation of asthma, COPD or chronic lung disease 

Cardiac injury 

• Acute coronary syndrome 

• Acute HF 

• Dissecting or rupturing aortic aneurysm 

• Unstable angina / MI 

• Pericarditis 

Musculoskeletal chest pain 

Gastroesophageal reflux disease (GERD) 
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Clinical thrombotic 

syndrome 

(non-specific 

symptoms) 

Possible alternative etiologies 

General categories Specific diagnoses 

Stroke [125-132] 

(headache) 

Toxic/metabolic disturbances 
• Hypoglycemia 

• Drug and alcoholic toxicity 

Conditions causing dizziness, disturbed balance 
• Syncope 

• Labryinthine disorders: Vertigo, Meniere’s, labrynthitis 

Neurologic conditions 

• Seizure 

• Migraine with aura 

• Demyelination (MS) 

• Peripheral neuropathies (Bell’s palsy) 

• Spinal epidural hematoma 

Systemic or local infection CNS abscess, encephalitis, sepsis 

MI [133, 134] 

(chest pain, peripheral 

edema) 

Cardiac/major vessel injury 

• Myocardial ischemia (heart attack) without thrombotic coronary blockage; could be due to: 

o Coronary atherosclerosis with dislodging of a plaque that results in coronary occlusion; 

o Coronary artery spasm; 

o Electrolyte imbalance (especially potassium); 

o Trauma resulting in tear(s) or rupture(s) of the coronary artery(ies); 

o Air embolism. 

• Acute congestive heart failure 

• Arrhythmias 

• Myocarditis 

• Pericarditis / cardiac tamponade 

• Dissecting thoracic aneurysm 

Respiratory disease 
• Pneumothorax 

 462 

 463 
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5.3. Guidelines for data collection, analysis and presentation 464 

The case definition is accompanied by guidelines for data collection, analysis and presentation 465 

(Error! Reference source not found.). Both the case definition and guidelines were developed to 466 

improve data comparability and are not intended to guide or establish criteria for management of 467 

ill infants, children, or adults. 468 

5.4. Periodic review 469 

As for all Brighton Collaboration case definitions and guidelines, it is planned to review the 470 

definition with its guidelines on a regular basis or as needed. 471 

  472 
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6. Case definitions for thrombosis and thromboembolism 473 

Table 4 Case definition and Levels of diagnostic certainty for venous and arterial 474 

thrombosis and thromboembolism  475 

Level of certainty 1 (definitive case) 

 Pathologic or imaging study findings consistent with thrombosis and thromboembolism 

  Imaging studies include any of the following, depending on the location of the 

lesion  

• Ultrasound – doppler 

• CT scan – contrast angiography 

• MRV or MRA 

• Echocardiogram 

• V/Q scan 

• Conventional angiography or digital subtraction angiography 

    

  OR  

    

  Procedure that confirms the presence of a thrombus e,g., thrombectomy 

    

  OR  

    

  Pathologic findings (biopsy or autopsy) consistent with thrombosis or 

thromboembolism 

Notes: 

• LOC 1 classification is independent of clinical findings or presence of risk factors. 

• Most appropriate imaging test depends on the location of the lesion. Any of the tests 

listed may be used, as available. Echocardiogram used to detect thromboembolisms in 

a heart chamber. Diagnosis is based on radiologist/expert interpretation. See Table 2 

for more details 

 476 
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Level of certainty 2 (probable case) 

 Clinical presentation consistent with thrombosis or thromboembolism event, including: 

  Reported diagnosis of ≥1 specific clinical syndromes:  

• DVT of lower or upper limbs; abdominal VT; cerebral venous thrombosis 

(CVT); cerebral venous sinus thrombosis (CVST); retinal vein thrombosis 

• Pulmonary embolism (PE) 

• Non-hemorrhagic stroke 

• Myocardial infarction 

• Other arterial thrombosis 

    

  OR  

    

  ≥1 non-specific clinical signs and symptoms, including, but not limited to: 

• Extremity: swelling, pain, redness, warmth, absent pulses (‘DVT’) 

• Sudden onset of shortness of breath, pleuritic chest pain (‘PE’) 

• Crushing central chest pain, or sudden unexpected death (‘MI’) 

• Sudden onset headaches which could be severe and persistent; focal 

neurologic abnormalities, seizure; blurred vision or facial paralysis 

(stroke, CVT, CVST) 

• Sudden painless loss of vision (retinal vein thrombosis) 

• Sudden onset of acute abdominal pain (abdominal vein thrombosis) 

   

 AND   

    

 ≥1 supporting imaging finding, suggestive of thrombosis or thromboembolism 

  • Chest radiograph suggestive of PE: wedge shaped opacity suggestive of 

pulmonary infarction or pleural effusion or prominent proximal pulmonary 

artery with reduction in peripheral vessel markings; 

• Echocardiogram suggestive of PE: transthoracic echo showing right heart 

dilation or tricuspid regurgitation or interventricular septal compression or 

right ventricular hypokinesia 

• Non-contrast computed tomography: similar findings as those for chest 

radiograph above. 

   

  OR  

    

  D-dimer, elevated above the upper limit of normal for age 

   

 AND   

    

 No alternative diagnosis 

Notes:  

• LOC 2 classification when the gold standard imaging study or pathologic findings are 

not available. 

• Abnormal laboratory results are not required for confirmation as they can be normal in 

the presence of thrombotic or thromboembolic events. When present, D-dimer elevated 

above the upper limit of normal for age can be supportive of diagnosis. 

 477 
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Level of certainty 3 (possible case) 

 Clinical presentation consistent with thrombosis or thromboembolism event, including: 

  Reported diagnosis of ≥1 specific clinical syndromes (same as Level 2) 

    

  OR  

    

  ≥1 non-specific clinical signs and symptoms (same as Level 2) 

   

 AND   

    

 No alternative diagnosis 

Notes:  

• LOC 3 Lower Level of certainty based on clinical findings. 

• Abnormal laboratory results are not required for confirmation as they can be normal in 

the presence of thrombotic or thromboembolic events. When present, a D-dimer 

elevated above the upper limit of normal for age can be supportive of diagnosis. 

 478 

Level 4 – Insufficient information available to confirm a possible, probable or definitive 

case of venous thrombosis or thromboembolism 

 479 

Level 5 – Sufficient information to determine that it is NOT a case of venous thrombosis 

or thromboembolism 
 

Abbreviations. CT: computed tomography; DVT: deep vein thrombosis; INR: international normalized 

ratio; LOC: Level of certainty; MRA: magnetic resonance arteriography; MRV: magnetic resonance 

venography; PT: prothrombin time; PTT: partial thromboplastin time; V/Q: ventilation-perfusion scanning;  

 480 

 481 



Thrombosis and Thromboembolism_BC_CD_VERSION FINAL FOR REVIEW 07APR2022 

30 

Figure 3 Brighton Collaboration case definition and Levels of diagnostic certainty for 482 

thrombosis and thromboembolism 483 

 484 

 485 
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