
Heliyon 10 (2024) e30615

Available online 1 May 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Review article 

Thrombosis in vasculitis: An updated review of etiology, 
pathophysiology, and treatment 

Kai Zhu a, Feng Lv a, Xiangqian Hou a, Feng Wang a, Linbin Pang a, Miqian Zhong b,* 

a Department of Vascular Surgery, Qilu Hospital of Shandong University Dezhou Hospital, Dezhou City, 2530000, China 
b Department of Hematopathology, Qilu Hospital of Shandong University Dezhou Hospital, Dezhou, 2530000, China   

A R T I C L E  I N F O   

Keywords: 
Thrombosis 
Vasculitis 
Pathophysiology 
Treatment 

A B S T R A C T   

Introduction: Thromboembolic disease is a complication of many vasculitides. A common obser
vation is that thromboembolic events coincide with the period of vasculitic disease, but the 
mechanism by which this occurs remains unclear. Inflammatory thrombosis is now recognized as 
a symptom of arteritis rheumatic, and vasculitides such as Behçet’s syndrome (BS), and anti- 
neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis (AAV) or giant cell arteritis 
(GCA). This systematic review aimed to explain recent findings related to etiology, pathophysi
ology, and treatment methods for BS, AAV, and medium/large-vessel vasculitis. 
Methods: A comprehensive literature search on English sources from PubMed, Scopus, MEDLINE, 
Science Direct, ProQuest, AIM, CINAHIL, and ELDIS databases was used to find the relevant ar
ticles and reports. The relevant papers (having full text) were obtained until June 2023. Two 
independent reviewers screened the titles and abstracts of the obtained articles, and a third 
arbitrator resolved disputes between the reviewers. 
Results and conclusion: It is becoming increasingly clear that certain systemic inflammatory dis
eases, like vasculitis, are linked to a higher risk of both venous and arterial thrombosis. An 
increased incidence of thromboembolic disease in AAV has been noted, particularly during times 
of active disease. Growing evidence supports the use of immunosuppression in the management of 
venous thrombosis in vasculitis. These patients also have a higher risk of developing ischemic 
disease.   

1. Introduction 

Vein thrombosis is a medical problem that occurs when a blood clot forms in a vein, and usually develops in the lower leg, thigh, or 
pelvis, but can also occur in arms [1]. This health problem can cause serious illness, disability, and in some cases, death. It can be 
appropriately treated with early diagnosis [2]. A common observation is that thromboembolic events coincide with the period of 
vasculitic disease, but the mechanism by which this occurs remains unclear [3]. Thrombosis is a common health problem, and 600,000 
thrombosis events annually occur in the United States. Pulmonary embolisms occur when a clot breaks and reaches to the lungs 
through blood circulation [4]. The risk of thrombosis increases in the period of infection/inflammation and after major injuries and 
surgeries. Furthermore, lack of movement can raise the likelihood of blood clotting. Inflammation and serious infection also increase 
the risk of blood clots and subsequently thrombosis [5]. Infection thrombosis is taken into consideration to be a function of systemic 
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autoimmune illnesses that include systemic lupus erythematosus, rheumatoid arthritis, or Sjögren Syndrome. Moreover, both venous 
thrombosis and arterial thrombosis represent a widely recognized manifestation of Behçet syndrome (BS) [6,7]. Recent reports have 
shown an increase in thromboembolic events during infection, particularly anti-neutrophil cytoplasmic antibodies (ANCA)-associated 
vasculitis (AAV) and large vasculitis [8,9]. These findings have important implications for management and clinical practice; for 
example, BS requires more anti-inflammatory drugs, whereas, in AAV or large vessel vasculitis (LVV), an aggressive anti-inflammatory 
treatment during surgery should specifically treat the artery [10,11]. 

There are many studies evaluating and discussing the etiology, pathophysiology, and treatment of thrombosis [3,11–14]. However, 
there is a need to provide a review study for gathering the important findings and discussing the previous results. As there is not any 
new review study on this subject, we tried to evaluate and explain recent findings related to etiology, pathophysiology, and treatment 
methods for the BS, AAV, and medium/large-vessel vasculitis along with the related venous/arterial involvements. 

2. Search strategy 

To conduct this review, a comprehensive literature search on English sources from PubMed, Scopus, MEDLINE, Science Direct, 
ProQuest, AIM, CINAHIL, and ELDIS databases was used to find the relevant articles and reports. The chosen keywords for searching 
were “Thrombosis”, “arterial thrombosis”, “Vasculitis”, “Behçet Syndrome”, “BS”, “ANCA”, “Antineutrophil Cytoplasmic Antibody”, 
“anti-neutrophil cytoplasmic antibodies”, “anti-neutrophil cytoplasmic antibodies-associated vasculitis”, “Vessel Vasculitis”, 
“Vasculitis and Thrombosis”, “venous thrombosis”. 

The full texts and abstracts of the published articles were reviewed. All human studies with patients having thrombosis diseases 
were included in this review. Animal, case series and reports, expert opinion, and non-English studies were removed. Included studies 
must have been published in peer-reviewed journals. To minimize extraneous variables, validity, and reliability studies were excluded. 
The relevant papers were obtained until June 2023. 

Two independent reviewers screened the titles and abstracts (through keywords in the relevant databases) of the obtained articles. 
Finally, a third arbitrator resolved disputes between the reviewers. Furthermore, an additional search was performed in order to 
include all the eligible articles. 

3. Results 

3.1. Behçet’s syndrome (BS) 

BS is an unprecedented situation of unknown etiology, usually with mucocutaneous and ocular symptoms. BS is thought to be a 
type of thrombosis that occurs as a result of an immune system attack, rather than a heart disease that causes thrombosis [6]. Nerve 
involvement, usually in the skin and deep muscles, can be seen in up to 50 % of patients with BS [15]. Thrombosis is shown in 14–39 % 
of BS patients and venous involvement accounts for 75 % of all vascular complications. The abnormal pathogenesis directly determines 
the method of treatment, and the treatment and secondary prevention of thrombosis often rely on anti-inflammatory drugs rather than 
anticoagulant drugs [16]. 

In the Leiden Thrombosis Study, high VIII levels were associated with an increased risk of vascular thrombosis [17]. Patients with 
class VIII activity ≥150 IU/dL have a 5 to 6 times greater risk of developing venous thrombosis compared with individuals with class 
VIII activity ≥100 IU/dL [18]. Factor VIII levels in bipolar disorder patients are higher than in controls and in some cases associated 
with thrombosis, other studies have found similar results [19]. However, unlike other studies, the clinical trial noted that factor VIII 
level returned to normal after retesting, and the increase was due solely to the response to pain. This may explain the lack of association 
between thrombosis and elevated VIII levels in patients [20]. This is because level VIII varies with disease activity; acute phase re
actants cannot predict thrombotic risk unless clinical studies show high levels [21]. In addition, studies examining factor VIII as a risk 
factor for venous thrombosis in idiopathic deep-vein-thrombosis (DVT) populations have shown that this factor is frequently present 
(up to five years in some cases) and is affected by different protein levels. Thus, the differences in VIII expression levels can be 
explained in part by different genes expressed in the literature that occur in different species [17]. Factors that contribute to the 
increased risk of thrombosis in BS include endothelial dysfunction (abnormal functioning of the cells lining the blood vessels), hy
percoagulability (increased tendency for blood clotting), and inflammation of the blood vessels. These factors can disrupt the normal 
balance of clotting factors, including factor VIII. However, it’s important to note that the involvement of factor VIII in BS -related 
thrombosis is not well-studied or understood. The relationship between factor VIII levels and the risk of thrombosis in BS is complex 
and may vary among individuals. Other clotting factors, such as factor V and factor XII, have also been suggested to play a role in the 
increased clotting risk associated with BS [20,22,23]. 

P-selectin has been detected in the blood of BS patients [24]. Several studies have also reported high levels of platelet activation 
markers, such as platelet microparticles [25]. In addition, many studies have shown that BS patients with a history of thrombosis have 
higher plasma homocysteine levels [26,27]. Conflicting data on the role of some procoagulants in BS suggest that they may be one of 
the reasons cause thrombosis in some individuals [28,29]. Patients with BS have higher lipoprotein levels, which may be involved in 
thrombus formation by inhibiting fibrinolysis. In addition, higher blood levels of thrombin-activated fibrinolytic inhibitors, which may 
reduce the thrombolytic process, have been reported in patients with BS [3,30,31]. 

3.1.1. Types of involvement and clinical manifestations 
Aneurysms are the most common cause of arterial manifestations in patients with BS [32,33]. Arterial occlusion and venous 
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thrombosis may occur in the same patient, associated with aneurysms. Therefore, the combination of thrombus and aneurysm is a 
unique feature of BS. Overall, cardiovascular events in patients with BS are rare, with an incidence of 1 %–6 %, mainly intracardiac 
thrombosis and heart disease [34]. The deep veins of the lower extremities are the most common site of venous thrombosis [35]. In 
addition, acute venous thrombosis in the legs often precedes the involvement of other large vessels. BS patients with lower extremity 
vein thrombosis (LEVT) had higher vascular outcomes and clinical severity scores compared to patients without BS. In addition, LEVT in 
patients with BS tends to be more bilateral [36,37]. 

Superficial thrombophlebitis (STM), usually involves the inferior vena cava (IVC) [38,39]. The STM includes the large and small 
muscles of the lower extremities, especially the large arteries. Histological examination showed that the thrombus was in the vessel 
lumen. On the other hand, intermediate vasculitis and septal panniculitis are present in the histopathological pattern of erythema 
nodosum [40]. 

Superior vena cava thrombosis (SVC), is manifested by swelling of the face and back, swollen jugular veins, and absence of a pulse 
[41]. The incidence of deep vein thrombosis was lower than in patients with IVC. Although there are concerns about the presentation, 
SVC thrombus in BS generally has a good course and a good prognosis [42]. 

Hepatic vein thrombosis is a rare complication of BS but has a high mortality rate [43]. Dural sinus thrombosis is an important 
contributing factor for juvenile patients, and has the highest prevalence of the parenchyma type, which is more common in males [44, 
45]. 

Pulmonary artery involvement (PAI), is rare and its reported prevalence is about 5 %. PAI can be serious and fatal, and is most 
commonly diagnosed on computed tomography (CT) imaging as a pulmonary aneurysm and less frequently as an “in situ” pulmonary 
artery thrombosis. Thrombosis is often a complication of underlying systemic vasculitis [46,47]. Venous thromboembolism (VTE) is 
the least common cause of pulmonary thromboembolism in BS [43]. Intracardiac thrombosis, is a rare event in BS and is associated with 
PAI [48,49]. Peripheral artery aneurysms (PAA), are aneurysms that affect arteries other than the aorta or the brain and are also fatal 
due to the risk of rupture [50]. The most common complication stemming from a peripheral aneurysm is the formation of blood clots 
that may block blood flow through an artery. In a study by Tüzün et al., 24 patients with abdominal aortic or peripheral aneurysm were 
identified, and the reported mortality rate was 17 % [51]. 

3.1.2. Management and treatment 
Currently, the treatment of vascular thrombosis in BS patients relies on anti-inflammatory drugs to reduce vascular disease. Anti- 

inflammatory therapy (Azathioprine, Corticosteroids, cyclophosphamide, or cyclosporine A) will provide rapid and effective treatment 
of vascular lesions and prevent thrombus enlargement and recurrence [32]. The European League Against Rheumatism (EULAR) 
recommends the use of anti-inflammatory drugs such as Azathioprine and cyclosporine as the first treatment choice for DVT and 
superficial-venous thromboembolism (SVT) along with low dose Corticosteroids [52–54]. Some authors recommend the use of anti
biotics alone or in combination with corticosteroids for CNS venous thrombosis [35]. The pathophysiology of thrombosis in BS 
supports the prothrombotic state of the body causing infection, dense thrombus formation in the arterial wall, low embolism rate, 
inconsistent information about coagulation abnormality, and the possibility of PAA and thrombus [55]. 

Thrombosis and other complications of BS are sometimes resistant to conventional antibiotics and therefore other treatment 
methods are needed. Based on the premise that inflammatory cells and proinflammatory cytokines, such as necrosis factor-alpha 
(TNFα) and γδT cells, significantly contribute to thrombosis; numerous reports suggest that utilizing anti-TNFα medications yields 
better outcomes in individuals with BS who have neurological and gastrointestinal symptoms [56,57]. However, there is a simpler 
method to check neurological complications in BS patients; the evaluation and management of neurological complications are pro
vided in the guidelines of the “Japanese National Research Committee for Behçet’s Disease” [58]. In this recommendation, an algo
rithm for the management of acute and chronic progressive types of this disease was established as a useful flowchart. This tool has 13 
recommendations based on the results of uncontrolled evidence from open trials, retrospective cohort studies, and expert opinions, 
providing solutions for the optimal management of these patients. The strength of each recommendation was established based on the 
evidence level as well as the rate of agreement. These recommendations can be used for international studies, although future 
controlled clinical trials are required for validation of the recommendations [58]. 

In the last few years, success has been reported with anti-TNFα drugs in patients with vascular Behçet’s disease resistant to anti- 
inflammatory drugs. However, experience with anti-TNFα drugs in the treatment of coronary artery disease is limited to the case 
reports [59]. A recent review of 369 patients treated with anti-TNFα drugs was published, but it was found only a small proportion of 
BS patients with vascular complications received anti-TNFα therapy [60]. 

3.2. Anti-neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis (AAV) 

A group of autoimmune diseases known as AAV have an unidentified cause and are characterized by vascular necrosis and in
flammatory cell infiltration [61,62]. Nasal crusting, nasal congestion, epistaxis, uveitis, upper respiratory tract infections, and renal 
involvement are the symptoms of granulomatosis with polyangiitis [63]. Patients with microscopic polyangiitis typically have more 
advanced kidney disease and experience symptoms like rash and neurological symptoms [64]. One-third of patients experience a 
diagnosis delay of more than 6 months due to the relative rarity and non-specificity of AAV, which makes diagnosis difficult [65]. 

A thorough history and physical examination are necessary, and laboratory tests should assess inflammatory markers, kidney 
function, and serology [66]. These tests should also evaluate urine output, red blood cell counts, and urea and electrolytes. A diagnosis 
of endocarditis should be considered and excluded after the infection has been ruled out. More thorough examinations of the chest, 
brain, orbits, and otolaryngology may require the use of X-rays, CT scans, or magnetic resonance imaging (MRI) [67]. 
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Biopsy should always be taken into consideration for suspected cases. In contrast, the start of treatment shouldn’t be postponed 
pending the outcome of the blood test [68]. Vasculitis scores, such as those from the Birmingham Vasculitis Activity Scale (BVAS), can 
serve as crucial reminders. The BVAS should be used to measure disease activity, but its application needs to be explained [69]. The 
risk of ANCA testing may be higher in patients whose ANCA increases by more than fourfold or remains unchanged [70]. It is generally 
agreed that testing should be conducted more frequently as opposed to just being directed to ANCA testing. Patients with AAV are at 
risk for complications related to their condition and treatment [71,72]. 

3.2.1. Mechanism of thrombosis in AAV 
Neutrophil activation has been identified as a key pathogenic factor of AAV. Neutrophil extracellular traps (NETs) are associated 

with thrombosis in AAV. In AAV, neutrophils produce more proteinase 3 (PR3) and myeloperoxidase (MPO) granules, particularly 
when inflammatory cytokines like tumor TNF are present [73]. Anti-PR3 or anti-MPO antibodies detect these granules, which leads to 
neutrophil degranulation. In the past ten years, it has become clear that the development of NETs following chromatin decondensation 
is a significant pathological feature in kidney biopsies from patients with glomerulonephritis caused by AAV [74]. Patients with active 
AAV have higher rates of NETosis than those with inactive AAV [75]. 

Endothelial cell injury AAV: endothelial cells (ECs) are important for homeostasis preventing blood from clotting. Damaged ECs 
release von Willebrand factor (VWF), causing platelet activation and thrombus formation. Exposure to other tissues initiates the 
coagulation cascade via factor VIIa [76,77]. 

Increases in coagulation factors such as factor VIII increase the coagulation cascade [78]. Prothrombin is converted by factor Xa to 
thrombin, a crucial step in the process of turning fibrinogen into fibrin, which is what makes up the majority of blood vessels [79]. The 
ability to produce endogenous thrombin in the blood indicates the ability to form a thrombus. Fibrinolysis usually occurs after 
vascularization, and in the presence of fibrin, tissue plasminogen activator (tPA) initiates fibrinolysis by converting plasminogen to 
plasmin. Fibrinolysis is indicated by D-dimer levels [80,81]. 

Defective fibrinolytic activity in AAV: in a study by Chen et al., it was reported that 10 of 11 patients with propylthiouracil-induced 
AAV had circulating AECA, but only 3 of them were in remission [82]. The anti-endothelial cell antibodies (AECA) were not found in 
AAV patients who had propylthiouracil-induced ANCA or in healthy controls who had untreated [83]. Another study with six patients 
who had anti-PR3 ANCA-positive granulomatous polyangiitis (GPA) did not find any AECA. However, anti-PR3 ANCA antibodies 
obtained from the sera of these individuals can bind to human vascular ECs (HUVEC) in vitro [84]. 

The endothelial damage and cell death caused by in vitro exposure of HUVECs to anti-proteinase 3 antibody and TNF-triggered 
neutrophils were alleviated by inhibiting myeloperoxidase in a different experiment [85]. These studies suggest that other anti
bodies, such as ANCA and AECA, may be responsible for endothelial damage in AAV patients, which may be the precursor to thrombus 
formation [86]. 

Antiphospholipid antibodies in AAV: activation of the coagulation cascade can be detected in AAV patients even without thrombotic 
symptoms [9]. In one study, 20 patients with renal failure, 20 patients with renal failure but no AAV, and 21 patients with renal AAV 
were compared. Plasma prothrombin fragment and D-dimer levels are higher in AAV-positive patients than in AAV-negative patients 
[76]. AAV patients, even in the remission phase, had high levels of factor VIII, VWF antigen, and VWF activity. AAV had higher levels 
of plasma prothrombin fragments, D-dimer, fibrinogen, VWF antigen, and VWF activity compared to controls who had mild or severe 
nephropathy [87,88]. Patients with AAV had higher factor VIII activity than those with only mild kidney disease. In platelet-negative 
plasma, there was a higher endogenous thrombin-producing capacity in 27 AAV patients in remission compared to 36 healthy controls. 
AAV in remission also has prothrombotic potential, as evidenced by the same group’s increased activity VIII level and tissues in 
comparison to uninfected controls [89]. Four members of this group experienced VTE during follow-up, but 3/4 of them were in 
remission at the time. In patients with AAV, fibrinolytic activity is also elevated [90]. In patients with AAV in remission, anti
plasminogen antibodies have also been found, and they are linked to a higher risk of VTE. While anti-protease 3 antibodies are well 
known in AAV, other antibodies found in these people are known as anti-cPR3 antibodies, and they are capable of recognizing proteins 
derived from the ribonucleic acid sequence encoding protease 3 [91]. 

A third of 116 AAV patients in a different cohort from the UK were identified as having lupus anticoagulant (LAC), anticardiolipin 
antibody (ACLA), or combined antiphospholipid antibody syndrome. When compared to other patients in this group, these patients 
had a higher amount of severe vessel damage [92]. Thirteen percent of 138 AAV patients in a different Korean cohort were found to 
have antiphospholipid antibody (APL). The rate of venous thrombotic events was 2.9 times higher in patients with a persistent 
diagnosis of APL. Additionally, APL has been noted in patients with cocaine/levamisole- or propylthiouracil-induced AAV or ANCA 
[93]. As a result, APL may play a significant role in AAV thrombosis. It is becoming more widely acknowledged that NETosis con
tributes significantly to the creation of antiphospholipid antibodies that can connect APL and AAV [94]. 

Thrombosis in drug-induced AAV: many drugs are known to cause ANCA and AAV inhibition. Levamisole (cocaine/levamisole) has 
necrotic lesions with vasculitis, reticulitis and vessel thrombosis, which is important in skin biopsies [73]. Nearly two-thirds of patients 
with drug- or levamisole-induced AAV received recommendations for lupus anticoagulants, and IgM ACLA was detected in the 
remaining patients [95]. In this case, the presence of APL may be one of the mechanisms causing vascular thrombosis. One more 
medication linked to AAV is a propylthiouracil. These patients have been reported to have vascular thrombosis, cerebral infarction, 
and skin necrosis due to DVT [96]. AAV caused by hydralazine has been linked to cutaneous vein thrombosis. The presence of large 
NETs in these thrombi may then suggest that NETosis is the root cause of vascular thrombosis [97]. 

Infections triggering thrombosis and AAV: AAV patients receiving antiviral therapy are more likely to develop a viral infection such as 
cytomegalovirus, which directly causes endothelial inflammation, and leads to vascular thrombosis [98]. ANCA may be linked to 
endocarditis and cause another sign of endothelial damage [99]. 
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3.2.2. Pathogenesis of thrombosis in AAV 
Immune system: neutrophils (produced by TNF and ANCA) and ECs may interact and cause oxidative stress that can result in 

atherosclerosis and thrombosis [100]. Endothelial dysfunction is a significant contributor to AAV. 
Neutrophils release NETs with high levels of TF (tissue factor) expression when AAV is active, and NETs can also aid in the for

mation of thrombi by inhibiting TF pathway inhibitors and attracting platelets. A startling in vivo model that supports the involvement 
of NETs in AAV was recently presented [101]. In this model, NET-producing dendritic cells can trigger the production of ANCA in mice. 

Coagulation system: studies have revealed that certain diseases are associated with elevated levels of soluble thrombomodulin and 
plasma endothelin C receptor in patients with GPA [88]. Patients with GPA did not illustrate an increase in thrombotic disorders (such 
as the V Leiden phenomenon) and mutations in the prothrombin gene, although they did show an increase in anticardiolipin (aCL), 
which was associated with thrombosis. The incident was not reported in relation to the incident. 

The pathogenesis of AAV involves a complex interplay of immune dysregulation, genetic factors, and environmental triggers. In 
recent years, research has highlighted the significant role of the complement system in the development and progression of AAV [102]. 
The complement system is an essential component of the innate immune system, responsible for detecting and eliminating pathogens 
and damaged host cells. It consists of a cascade of proteins and receptors that can be activated through three main pathways: the 
classical, lectin, and alternative pathways [103]. Dysregulation of the complement system has been implicated in various autoimmune 
and inflammatory diseases, including AAV. One of the key players in AAV pathogenesis is the alternative complement pathway. In 
AAV, the alternative pathway is often activated excessively, leading to the generation of complement activation products, such as C3a 
and C5a, which can recruit inflammatory cells and trigger proinflammatory responses [103]. Additionally, complement activation can 
result in the formation of the membrane attack complex, which can directly damage blood vessel walls. The lectin pathway of the 
complement system has also been implicated in AAV [104]. Mannose-binding lectin (MBL), a pattern recognition molecule that ac
tivates the lectin pathway, has been found to be associated with AAV susceptibility. Elevated levels of MBL may contribute to the 
initiation of complement activation and inflammation in AAV. Furthermore, recent studies have highlighted the role of complement 
regulatory proteins, such as factor H and I, in controlling complement activation in AAV [105]. Genetic variations in these regulatory 
proteins may affect their ability to control complement activation, leading to increased disease susceptibility and severity [106]. 

3.2.3. Types of involvement 
Arterial: AAV arterial involvement estimates range from 3 to 18 percent [107,108]. It was reported that cardiovascular events (CVE) 

increased in the group of 113 patients with AAV when compared to those with chronic kidney disease in a retrospective study. The 
three most powerful predictors of CVE were a history of heart disease, dialysis, and smoking [107]. 

Venous thrombosis: there is evidence that venous thrombotic events in AAV have become more frequent in recent years. Between 5 
and 30 percent of AAV patients have venous thrombosis, depending on the case. Efficacy data from the WGET study (Wegener’s 
Granulomatosis Etanercept Trial) were published in 2005. In this study, 180 GPA patients were followed for more than 2 years, and 
VTE was particularly noted during infection [109]. The prevalence of thrombotic events in patients with AAV, particularly in the early 
and active stages of the disease, has been confirmed by later studies. The incidence of VTE (typical and atypical sites) and pulmonary 
embolism was reported in a recent study of Australian patients with eosinophilic GPA [110]. In a recent retrospective study conducted 
at a tertiary referral center in Denmark, it was reported that patients with GPA have a high risk of VTE at both early and late follow-up 
(mean 7.2 years) as well as across multiple institutions embolism of the lungs and deep vein thrombosis [111]. 

3.2.4. Treatment 
In vitro models have shown that simvastatin can inhibit ANCA-induced neutrophil degranulation, and has an important therapeutic 

role. There is currently no data on the use of antiplatelet drugs and/or anticoagulants in AAV [112,113]. Below, we will explore the 
latest advancements in the treatment of AAV. 

Immunosuppressive therapy: historically, the cornerstone of AAV treatment has been immunosuppressive therapy. Drugs like 
cyclophosphamide and azathioprine were commonly used to dampen the immune system’s hyperactivity, reducing inflammation and 
the risk of organ damage. Recent advances have led to the development of more targeted immunosuppressive agents, such as ritux
imab, which specifically targets B cells responsible for producing ANCA antibodies. Rituximab has demonstrated high efficacy for 
remission induction in AAV patients with less toxicity compared to traditional therapies [114,115]. 

Glucocorticoid minimization: glucocorticoids, like prednisone, were once a primary component of AAV treatment regimens. While 
effective at reducing inflammation, they can lead to a range of adverse effects, including weight gain, bone loss, and increased infection 
risk. Recent treatment strategies emphasize on early initiation of immunosuppressive agents like rituximab to minimize the use of 
glucocorticoids. This approach aims to reduce the long-term side effects [97,116]. 

Plasma exchange: in severe cases of AAV, plasma exchange (also known as plasmapheresis) can be employed for rapidly removing 
ANCA antibodies and inflammatory mediators from the bloodstream. Plasma exchange is often used in conjunction with immuno
suppressive therapy to achieve disease control more rapidly [117,118]. 

Monoclonal antibodies: emerging monoclonal antibody therapies are showing promise in the treatment of AAV. Belimumab, for 
instance, is being investigated as a potential treatment option. This monoclonal antibody targets B-cell activating factor (BAFF), a 
molecule involved in B-cell survival and antibody production. By inhibiting BAFF, belimumab aims to reduce ANCA antibody pro
duction and disease activity [119,120]. 

Personalized medicine: researchers are exploring biomarkers and genetic factors that can predict disease progression and response 
to specific treatments. This tailored approach holds the potential to optimize treatment strategies and improve treatment outcomes for 
AAV patients [121,122]. 
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3.3. Medium and large vessel vasculitis 

Vasculitis is a type of vascular disease that is usually defined by the size of the vessels affected: small, medium, large, or abnormal. 
The 1994 and 2012 Chapel Hill International Consensus Conferences defined and coined the term vasculitis [123]. The term “great 
artery” refers to the aorta and its major branches; “middle” refers to the main arteries and veins and their branches; “small vessels” 
refers to veins, arteries, parenchymal vessels, venules, and fragments [124]. 

3.3.1. Pathogenesis of medium and large vessel vasculitis 
Immune system: different problems of blood vessels due to inflammatory damages can result in aneurysm formation. In moderate 

and extensive vasculitis, repair of the vessel wall begins with the adventitia layer. Cell infiltration will be produced mainly by activated 
Th1/Th17 lymphocytes in dendritic cells and macrophages will produce proinflammatory cytokines (such as IL1β and IL6); the cause is 
intrinsic and layered macrophages for the creation of growth factors that cause intimal hyperplasia, such as platelet-activating factor 
and platelet-derived growth factor [125]. 

The coagulation system with thrombophilia does not appear to play a role in patients with GCA. There is no correlation between the 
number of antiphospholipid antibodies and the state of the blood vessels. Studies of patients with polymyalgia rheumatica (PMR) and 
GCA have reported elevated homocysteine levels that may be associated with corticosteroid treatment [126]. 

3.3.2. Types of involvement 
Venous thrombosis: few studies evaluated left ventricular venous thrombosis. An extensive cohort of 909 GCA patients showed a 

high risk of VTE (DVT and PE), especially in the first year following diagnosis [127]. 
Arterial involvement: there is a large literature on LVV disease. According to a recent study involving about 3500 patients with GCA, 

there is a higher risk of SVO, especially in the first month following diagnosis [128]. However, this study only included data from 
several hospitals and lacked anatomical information [129]. The effect of DHA (docosahexaenoic acid) on cardiovascular diseases has 
not been determined, but a retrospective study from Spain reported several risk factors for atherosclerosis at diagnosis [130]. In 
another study of 287 DHA patients, it was discovered that 3 % of the LLV patients experienced a stroke, usually within a month of their 
diagnosis. The majority of these patients are men with high blood pressure, smoking histories, and DHA [131]. 

3.3.3. Treatment 
A recent meta-analysis unequivocally establishes that corticosteroid therapy is superior to the use of antiplatelet/anticoagulant 

medications in primary prevention, without bleeding risks [132]. However, it was also reported that neither anticoagulants nor 
corticosteroids/immunosuppressants and antiplatelet medications prevent CVEs [132]. It’s interesting to note that a recent academic 
study using data from the World Health Organization suggests a connection between statin use and the prevalence of PMR [133]. Some 
of the latest developments in the treatment of medium and large vessel vasculitis were noted briefly in the following. 

Glucocorticoids and immunosuppressive agents: traditionally, glucocorticoids (steroids) have been the first line of treatment for 
medium and large-vessel vasculitis. They are effective at reducing inflammation and controlling symptoms. However, their long-term 
use can lead to severe side effects such as osteoporosis, diabetes, and hypertension. To mitigate these side effects, physicians are 
increasingly adopting a “steroid-sparing” approach. This involves combining glucocorticoids with immunosuppressive agents like 
methotrexate or mycophenolate mofetil. These medications help reduce the reliance on high-dose steroids and their associated risks 
[134,135]. 

Biologic therapies: monoclonal antibodies, such as tocilizumab and rituximab, have shown remarkable efficacy in reducing 
inflammation and maintaining remission in patients with GCA and Takayasu’s Arteritis. Tocilizumab, an interleukin-6 receptor in
hibitor, has demonstrated rapid and sustained remission in GCA patients, allowing for faster tapering of glucocorticoids. Rituximab, 
which targets B cells, has shown promising effects in refractory cases as a steroid-sparing option [136,137]. 

Targeted therapies: researchers are actively investigating new therapies that target specific pathways involved in medium and large- 
vessel vasculitis pathogenesis. For example, Janus Kinase inhibitors are being studied as potential treatment options. These drugs 
interfere with the signaling pathways that drive inflammation, offering a targeted approach to managing medium and large-vessel 
vasculitis [138,139]. 

Medium and large vessel vasculitis is a heterogeneous group of diseases, and patients can present with varying clinical features and 
disease activity. Tailoring treatment plans to each patient’s unique needs is becoming increasingly important. This individualized 
approach considers factors like disease severity, organ involvement, and response to previous treatments [140,141]. 

3.4. Other systemic vasculitis 

Takayasu arteritis is an idiopathic inflammatory condition that primarily affects the aorta and its major branches [142]. Men, 
women, and children can all be affected, but women under the age of 40 are most commonly affected. In the second or third year of life, 
this disease typically manifests. Takayasu arteritis in patients older than 40 has however continued to be reported [143]. 

The association of Takayasu arteritis with various populations’ human leukocyte antigen (HLA) alleles raises the possibility that 
genetic factors contribute to pathogenesis [144]. HLA-B52 and B39 are linked to Takayasu arteritis in Japan, whereas patients from 
Mexico and Colombia are more likely to carry the HLA-DRB1*1301 and HLA-DRB1*1602 alleles. However, no link between HLA 
alleles and Takayasu arteritis was discovered in the United States [138]. 

Corticosteroids are the first-line therapy for Takayasu arteritis, and about 50 % of patients benefit from them. Prednisolone should 
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be started at 1 mg/kg/day for at least one month before being tapered off. Antibiotic therapy is typically required as the infection 
recurs. In patients with glucocorticoid resistance, methotrexate has been demonstrated to be a potent and effective medication for 
disease control [145]. The effects of azathioprine, cyclophosphamide, motimidate, leflunomide, and TNF inhibitors have also been 
reported [145]. Patients with refractory disease have been evaluated for tocilizumab and rituximab, with encouraging outcomes. In 
patients with Takayasu arteritis, antiplatelet therapy lowers the risk of ischemic events, especially cerebrovascular and cardiovascular 
events [146]. It has been established that in Takayasu arteritis, arterial bypass and reconstructive surgery are safer options than 
percutaneous transluminal coronary angioplasty [147,148]. 

Polyarteritis nodosa (PAN) is a vasculitis that affects small and medium-sized [149] vessels but not arteries [150]. PAN may be 
idiopathic or associated with an infectious disease (usually hepatitis B virus/HBV) [151]. Although the most common age is 40–60 
years, it can be seen in all age groups, especially in children, after streptococcal disease [152]. The annual incidence of PAN is 6–9 cases 
per 1,000,000 individuals [153]. As a result of vaccination and appropriate antiretroviral therapy, HBV infection decreased and 
accordingly the incidence of PAN decreased. Other viruses associated with PAN include HIV, cytomegalovirus, parvovirus B19, human 
T-lymphotropic virus type I (HTLV-I), and HCV [154]. 

Kawasaki disease is a self-limiting chronic vasculitis that mostly affects the central nervous system in children under five years 
[155]. Kawasaki disease has three stages of progression: acute, subacute, and terminal. If left untreated, the pain from this disease can 
last up to 12 days. However, long-term complications such as coronary aneurysm, heart failure, myocardial infarction, and cardiac 
arrhythmias cause morbidity [156]. It is estimated that bacteria can enter the body through the respiratory or intestinal tract and are 
carried by lymphoid tissue in these organs [157]. Treatment of Kawasaki disease is important because up to 25 percent of untreated 
children develop permanent damage. Intravenous immune globulin (2 g/kg twice in a day) combined with ASA [80–100] reduces fever 
(i.e., severe disease stage). Despite advances in treatment, patients with Kawasaki disease should be followed for a long time to 
determine their risk of developing cardiovascular and vascular problems [158,159]. 

Cryoglobuilinemic vasculitis (CGV): Cryoglobulins released from the vessel wall result in CGV [160]. Only 7 %–15 % of people 
with cryoglobulin experience symptoms [160]. Three different types of cryoglobulin antibodies are recognized by cryoglobulinemia. 
When symptoms are present, Type I cryoglobulinemia frequently results in hyperviscosity and is linked to blood disorders like multiple 
myeloma and Waldstrom macroglobulinemia. Type II and type III cryoglobulinemias are referred to as mixed [161]. Up to 10 % of 
patients with mixed cryoglobulinemia have no underlying cause, which is referred to as primary cryoglobulinemia. The most frequent 
cause of cryoglobulinemia, however, is chronic hepatitis C virus (HCV) infection, as HCV RNA can be found in up to 95 % of patients 
with mixed cryoglobulinemia [162]. HIV and HBV are two other uncommon causes of cryoglobulinemia. Rarely do other diseases 
co-occur with cryoglobulinemia. The emergence of mixed cryoglobulinemia is also linked to autoimmune diseases, especially Sjögren’s 
syndrome. Systemic lupus erythematosus, rheumatoid arthritis, and other autoimmune illnesses are uncommon [163]. The underlying 
illness or autoimmune disease, as well as the severity of the symptoms, determine the course of treatment for cryoglobulinemic 
vasculitis. In patients with acute glomerulonephritis, intestinal ischemia, central nervous system involvement, or alveolar hemorrhage, 
cryoglobulinemia should be taken into consideration [164–166]. 

4. Conclusion 

A growing body of evidence suggests that the pathways of inflammation and hemostasis interact extensively. While the mechanisms 
underlying the hypercoagulable state seen in systemic vasculitis are still not fully understood, there are probably shared pathways. In 
BS, vascular thrombosis-particularly venous thrombosis-is frequent. Although there is debate over the function and duration of 
anticoagulation, there is strong evidence to support the use of systemic immunosuppression with drugs like glucocorticoids, azathi
oprine, cyclophosphamide, and cyclosporine A in the treatment and prevention of DVT in BS. Anticoagulation should be closely 
monitored, and screening for pulmonary artery aneurysms should be done because DVT in BS can be linked to pulmonary artery 
aneurysms. The anti-inflammatory treatments used for systemic vasculitis have a direct effect in limiting the rate of thrombosis. Both 
venous and arterial thrombosis seem to be highly correlated with disease activity in small vessel vasculitis. 
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[44] M.H. Sorgun, S. Rzayev, M.A. Kural, S. Erdoğan, C. Yücesan, Cerebral venous thrombosis in Behcet’s disease patients compared to other causes of cerebral 

venous thrombosis: a retrospective study, Arch Rheumatol 31 (3) (2016) 248. 
[45] E. Timer, S. Charsouei, N. Bebek, B. Baykan, B. Bilgiç, P.A. Sabancı, et al., Neurosurgical treatment of nonconvulsive status epilepticus due to focal cortical 

dysplasia, Epilepsy Behav Case Rep. 10 (2018) 4–7. 
[46] O. Harmanci, T. Kav, B. Peynircioglu, Y. Buyukasik, C. Sokmensuer, Y. Bayraktar, Long-term follow-up study in Budd-Chiari syndrome: single-center 

experience in 22 years, J. Clin. Gastroenterol. 47 (8) (2013) 706–712. 
[47] Y. Yang, Y. Yu, C. Sun, M. Jiang, J. Lin, Ischaemic heart disease in Behcet’s syndrome: a systematic review and meta-analysis, Clin. Exp. Rheumatol. 40 (2022) 

1497–1503. 
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