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Abstract

Patients with anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) have a two- to threefold greater risk of
developing venous as well as arterial thrombotic events. Although such thrombotic events are more commonly seen during phases
of active AAYV, they are also recognized to occur during AAV in remission. Endothelial injury is a key pathogenic event in AAV.
Endothelial injury can be caused by neutrophil activation and release of thrombogenic tissue factor into the circulation. Neutrophil
activation further results in the formation of neutrophil extracellular traps (NETs). NETs contribute to thrombosis by expressing
tissue factor. NETs have also been detected in cutaneous thrombi from patients with AAV induced by hydralazine. Activated neu-
trophils in AAV patients release thrombogenic microparticles loaded with tissue factor which further enhances clotting of blood.
Antiphospholipid antibodies (APLs) have been detected in up to a third of AAV and might also be induced by drugs such as cocaine
adulterated with levamisole and propylthiouracil, which are known to trigger AAV. Such APLs further drive the thrombosis in AAV.
Once thrombogenesis occurs, the homeostatic mechanisms resulting in clot dissolution are further impaired in AAV due to anti-
plasminogen antibodies. The ongoing pandemic of coronavirus disease 2019 (COVID-19) is associated with endothelial injury and
NETosis, mechanisms which are in common with AAV. Reports of new-onset AAV following COVID-19 have been described in
the literature, and there could be shared mechanisms driving these processes that require further evaluation.

Keywords Anti-neutrophil cytoplasmic antibody-associated vasculitis - Antiphospholipid antibodies - Deep vein
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The association of anti-neutrophil cytoplas-
mic antibody (ANCA) and ANCA-associated
vasculitis with thrombosis

Anti-neutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) refers to a group of systemic diseases
pathogenetically linked by small vessel vasculitis, present-
ing with myriad clinical features involving the lungs, kid-
neys, peripheral nerves, and other internal organs [1]. When
AAV was first recognized, they were associated with early
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mortality in nearly 90% patients [2]. Over the past three dec-
ades, the recognition of cyclophosphamide and rituximab as
potent therapies for remission induction in AAV has mark-
edly improved the outlook, with long-term survival in nearly
90% patients [2, 3]. Longer survival in patients with AAV
has brought into focus the impact of comorbid conditions on
these individuals [4, 5]. Increasing attention has focused on
the higher risk of venous and arterial thromboses in AAV.
The risk of venous thrombotic events [deep venous
thrombosis (DVT), pulmonary thromboembolism (PTE)]
as well as arterial thrombotic events (ATE) leading on to
cardiovascular disease (CVD) or coronary artery disease
(CAD) is increased in patients with AAV, summarized in
Table 1 [6-11]. These findings have been observed across
population-based observational cohorts as well as in patients
recruited for participation in clinical trials of AAV. Some
studies have reported a greater risk of thrombotic events in
those with renal involvement due to AAV [8, 9]. This risk
might be driven in part by the loss of anti-thrombotic factors
in urine of patients with renal involvement, although this is
more common with nephrotic syndrome rather than with the
glomerulonephritis usually seen in AAV [12]. While most
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Table 1 Risk of thrombotic events in patients with ANCA vasculitis

Reference number, location Type of study n

Key findings

[6] Germany
[7] North America

Retrospective cohort

[8] USA, Netherlands Clinical trial of rituximab in AAV

[9] Europe

[10] UK Retrospective cohort

[11] Russia Retrospective cohort

Population-based cohort 58

105 - 13 VTE episodes (2 fatal due to PTE)

- Over 6.5-year median follow-up, HR (95% CI) for CVD adjusted
for age, gender, and time of recruitment to the cohort was 3.15
(1.51-6.57). HR increased when traditional CVD risk factors were
adjusted for (HR 4.62, 95% CI 1.87-11.42)

- HR for VTE was 3.26 [6.25 for DVT and 1.33 for PTE; increased
HR for VTE and PTE not statistically significant]. Highest risk for
CVD in the first 2 years following diagnosis

197 - VTE in 8.1% individuals. Occurred early [median 1.5 (range 1-2.75)

months following enrollment]

- Factors associated with VTE risk on multivariable-adjusted analy-
ses:

e Cardiac involvement (HR 21.84, 95% CI 2.56-185.81)

o Pulmonary hemorrhage (HR 3.91, 95% CI 1.45-10.52)

o Urinary red cell casts (HR 16.46, 95% CI 3.61-75.08)

e Anti-PR3 antibody positive AAV (HR 9.12, 95% CI 1.16-71.84)

Clinical trials of AAV by the EUVAS 417 -VTE in 9.8%

- Factors associated with VTE risk on multivariable-adjusted analy-
ses:

o Increasing CRP levels

e Cutaneous or gastrointestinal involvement

o Impaired renal function at baseline

204 - Follow-up 1088 person-years

- Incidence of ATE of 2.67 [CAD 1.56, stroke 1.1] per 100 person-
years and VTE of 1.47 [DVT 0.83, PTE 0.64] per 100 person-years

- AAV had 15 times higher risk of CAD, 11 times greater risk of
stroke and 20 times greater risk of VTE versus the general popula-
tion

- The risk of vascular thrombotic events was highest in the first year
following diagnosis

- ATE (but not VTE) associated with more risk of mortality

357 - VTE in 8.4% patients

- Most occurred in the first year following diagnosis

95% CI, 95% confidence intervals; AAV, ANCA-associated vasculitis; ANCA, anti-neutrophil cytoplasmic antibody; ATE, arterial thrombotic
events; CAD, coronary artery disease; CRP, C-reactive protein; CVD, Cardiovascular disease; DVT, deep venous thrombosis; EUVAS, Euro-
pean Vasculitis Society; HR, hazard ratio; PR3, proteinase 3; PTE, pulmonary thromboembolism; VTE, venous thrombotic events

studies report an increased risk of venous thromboembolism
(VTE) during active disease and early on during the course
of AAV, studies have reported increased thrombogenic
potential in peripheral blood of AAV in remission also [13].

A systematic review of observational studies confirmed
the increased risk of CVD events [risk ratio (RR) of 1.65,
95% CI 1.23-2.22] in AAV [14]. Another systemic review
reported an incidence of VTE in 12.4% (95% CI 8.8-17.2)
AAV patients at a mean follow-up of 5.2 years, pooled
across 21 studies. Of these VTE, 63.4% were DVT and
26.3% PTE. Repeated episodes of VTE were reported in
10% patients. On meta-regression, greater risk of VTE was
seen with anti-myeloperoxidase (anti-MPO) ANCA but not
anti-PR3 ANCA. Increased baseline disease activity meas-
ured by the Birmingham Vasculitis Activity Score (BVAS)
and renal involvement portended greater risk of VTE. A
longer duration of follow-up also associated with increased
VTE [15].
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Venous thromboses might be presenting features of AAV
[16, 17]. The presence of ANCA also increases the risk of
thrombosis in other vasculitides such as Behcet’s disease
and thromboangiitis obliterans [18, 19]. Understanding the
pathogenic factors driving the heightened risk of arterial and
venous thromboses in AAV may help identify newer thera-
peutic approaches to ameliorate such risk. In this article, we
overview the mechanisms underlying thrombosis in AAV.

Search strategy

The literature search was conducted in line with recom-
mendations for comprehensive and systematic bibliographic
searches for narrative reviews [20]. The Scopus database
and MEDLINE/PubMed were searched through using the
terms “thrombosis” and “ANCA vasculitis” on March 3,
2021. We retrieved 246 documents. These references were
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manually searched to identify relevant original articles and
case reports discussing the epidemiological and pathophys-
iological aspects of thrombosis in AAV. Reference lists
of notable review articles were also screened to identify
additional relevant articles. Forty-one such articles were
retrieved and reviewed in context. Cross-references to these
articles were searched for clarification wherever the same
was required. Additional articles were also selected based
in the prior knowledge of the authors. The information was
synthesized under the headings described below.

Neutrophil extracellular traps associate
with both disease activity and thrombosis
in AAV

Neutrophil activation has been recognized as a key patho-
genic feature of AAV [21]. Neutrophils in AAV, particu-
larly when they are primed by inflammatory cytokines like
tumor necrosis factor alpha (TNF), increasingly express
proteinase-3 (PR-3) and myeloperoxidase (MPO) granules
on their surface. These granules are recognized by anti-PR3
or anti-MPO antibodies and result in neutrophil degranu-
lation [21]. In the past decade, the generation of neutro-
phil extracellular traps (NETs) following de-condensation
of chromatin has been recognized as a key pathological
feature in renal biopsies from patients with glomerulone-
phritis associated with AAV [22]. These NETs serve as
a persistent source of autoantigens, i.e., proteinase-3 and
myeloperoxidase, enabling their presentation to myeloid
dendritic cells [23, 24]. Increased NETosis has been identi-
fied in patients with active AAV compared to inactive AAV
[25]. NETosis has been identified as a pathological feature
in drug-induced AAV triggered by exposure to cocaine
[26] and hydralazine [27]. NETs have been identified in
post-mortem venous thrombi of patients with AAV. His-
tone citrullination is a key step driving the generation of
NETs by causing unfolding of chromatin. NETs were more
abundant in post-mortem examination of venous thrombi
derived from AAV as opposed to those from patients with
sepsis or other causes of pulmonary thromboembolism, and
these NETS also demonstrated increased histone citrullina-
tion [28]. Thus, NETs might play a role in the thrombosis
associated with AAV [29].

Endothelial cell injury and triggering
of coagulation cascade in AAV

The endothelial lining is critical towards homeostasis
that prevents circulating blood from clotting. The intact
endothelial lining separates circulating blood from tissue
factor (TF) [30]. The damaged endothelium releases von

Willebrand factor (VWF), which in turn initiates platelet
activation and thrombosis [31]. Exposure to tissue factor
further initiates activation of clotting cascade via factor
VIla. In inflammatory states, circulating tissue factor may
be further expressed on monocytes, platelets, and possibly
neutrophils and eosinophils in disease states. The cellular
sources of TF also release this into the circulation in the
form of microparticles containing tissue factor [30]. The
measurement of tissue factor pathway inhibitor, which is
an anticoagulant response of the body following the acti-
vation of tissue factor, might indicate activation of tissue
factor pathway (and thereby thrombosis) [32]. The activa-
tion of circulating factors like factor VIII further drives
the coagulation cascade [33]. The cleavage of prothrom-
bin to thrombin by factor Xa is a critical step driving the
conversion of fibrinogen of fibrin, which forms the bulk of
the clot. The prothrombin fragments generated during this
step therefore indicate cleavage of prothrombin to throm-
bin. Higher levels of plasma fibrinogen denote greater
thrombogenic potential [34]. The endogenous thrombin
generation potential of plasma indicates potential for
thrombogenesis [35]. Clot formation is normally followed
by fibrinolysis, driven by conversion of plasminogen to
plasmin by the enzyme tissue plasminogen activator (tPA)
in the presence of fibrin [36]. Fibrinolysis is indicated by
circulating levels of D-dimer [37].

Anti-endothelial cell antibodies (AECA) have been iden-
tified in various disease states, including in AAV. Circulating
AECA were detectable in 10/11 patients with propylthiou-
racil-induced AAV during active disease but in only 3/10
patients from the same cohort during remission. Interest-
ingly, such AECA were not detectable in individuals with
propylthiouracil-induced ANCA without clinical features of
vasculitis or in healthy controls, suggesting that they might
have a role in driving AAV in this situation [38]. In another
study involving 6 patients with GPA who were positive
for anti-PR3 ANCA, AECA were not detected. However,
anti-PR3 ANCA from the serum of such individuals was
able to bind in vitro to human umbilical vein endothelial
cells (HUVEC). Such binding was noted despite the lack of
expression of proteinase-3 on HUVEC, suggesting interac-
tion of the anti-proteinase 3 antibodies with other antigenic
targets in the HUVEC. When endothelial cells were lysed
from the HUVEC culture and treated with anti-proteinase 3
antibodies, no such binding was observed. This denoted that
the antigens on the endothelial cells which were bound to
by anti-proteinase 3 antibodies were only expressed during
the native conformation of endothelial cells [39]. Thus, the
binding of ANCA to endothelial cells has the potential to
cause endothelial injury, which might activate the coagula-
tion cascade. In another experiment, in vitro exposure of
HUVEC to neutrophils primed by anti-proteinase 3 antibod-
ies and TNF induced endothelial injury and cell death, which
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was ameliorated by inhibition of myeloperoxidase [40].
These studies indicate the potential for endothelial injury in
patients with AAYV, both due to ANCA and other circulating
antibodies such as AECA, which might be the first step trig-
gering thrombogenesis in these individuals.

The activation of coagulation cascade is detectable in
patients with AAV even without clinically apparent throm-
botic events. A study compared 21 patients with renal AAV
with 20 control subjects with mild renal injury and another
20 with more severe renal injury without AAV. The levels of
prothrombin fragments in plasma as well as D-dimer were
higher in patients with active AAV than those in remission.
These parameters negatively correlated with the estimated
glomerular filtration rate. Furthermore, in both active AAV
and AAV in remission, the levels of factor VIII activity,
VWEF antigen, as well as VWF activity were elevated. When
compared with disease controls, plasma prothrombin frag-
ments, D-dimer, fibrinogen, VWF antigen, and VWF activ-
ity were elevated in AAV compared to those controls with
either mild or severe renal disease. Factor VIII activity was
elevated in individuals with AAV compared to those with
mild renal disease only [41].

Patients with AAV in remission also have increased
thrombotic risk. Increased endogenous thrombin generation
potential in platelet poor plasma was noted in 27 patients
with AAV in remission when compared with 36 healthy
controls. In the same cohort, elevated factor VIII activity
and increased levels of tissue factor pathway inhibitor were
noted in AAV in remission than in healthy controls, sug-
gesting pro-thrombotic potential in AAV in remission also.
On follow-up, four individuals from this cohort developed
VTE, despite persistent remission during VTE in 3/4 indi-
viduals [13].

Aberrant tissue factor activation is one of the mechanisms
driving thrombosis in AAV. Neutrophils from patients with
AAV have been found to express tissue factor as well as
release microparticles containing tissue factor. Furthermore,
the NETs generated from such neutrophils have been found
to contain tissue factor. Increased circulating levels of tis-
sue factor—containing neutrophil microparticles and higher
levels of circulating deoxyribonucleic acid (DNA, which
indicates ongoing aberrant NETosis, have been found in
active but not in those with inactive AAV. When neutro-
phils isolated from healthy individuals are treated in vitro
with either serum from AAV patients of immunoglobulin
G fraction derived from such serum, they are activated to
form NETs which express tissue factor, as well as release
tissue factor—containing microparticles. Such microparti-
cles resulted in elevated levels of thrombin—antithrombin
complex in serum, indicating the activation of the coagula-
tion cascade [42]. In another study, the tissue factor activity
in circulating microparticles in 12 patients with AAV with
VTE was elevated when compared with 29 patients with
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AAV without VTE and 70 healthy controls. However, the
levels of microparticles containing tissue factor did not dif-
fer between AAV patients with active disease or remission.
Tissue factor expression on leukocytes is associated with
significantly increased hazard of VTE both in patients with
active AAV as well as in remission. This study had serial
samples of AAV patients enrolled in the cohort, and the
investigators were able to identify increased levels of tissue
factor—containing microparticles in plasma in the months
preceding VTE [43]. Thus, tissue factor—expressing micro-
particles derived from neutrophils appear to influence VTE
risk in active AAV as well as AAV in remission.

Defective fibrinolytic activity might aid clot
persistence in AAV

The fibrinolytic activity is also defective in patients with
AAV. Anti-plasminogen antibodies have also been detected
in AAV and associate with increased risk of VTE in AAV
patients in remission [43]. While anti-proteinase 3 antibody
is well recognized in AAV, another antibody commonly
found in such individuals recognizes the protein derived
from the complementary strand of the ribonucleic acid
encoding proteinase 3 (anti-cPR3 antibody). This antibody
binds with plasminogen and, in vitro, delays the process of
fibrinolysis, resulting in persistence of the clot [44]. A study
identified elevated levels of anti-plasminogen antibodies in
patients with anti-PR3 (but not anti-MPO AAV) when com-
pared with healthy individuals or those with DVT without
AAV. In this particular study, five out of nine patients who
developed future VTE had anti-plasminogen antibodies
along with anti-PR3 antibodies [44].

Antiphospholipid antibodies associate
with thrombotic risk in AAV

Antiphospholipid antibodies (APL) include anticardiolipin
antibodies (ACLA), antibodies to beta-2 glycoprotein 1, and
lupus anticoagulant (LAC). Individuals with APLs or with
antiphospholipid antibody syndrome have a greater risk of
thrombotic events. The prevalence of antiphospholipid anti-
bodies in AAV is variable. In a large North American cohort
of patients with multiple autoimmune diseases, ACLA
were detectable in 3.8% patients with AAV [45]. In another
cohort of 116 AAV patients from the UK, persistent LAC or
ACLA or a diagnosis of concomitant antiphospholipid anti-
body syndrome was noted in nearly a third of patients. Such
patients accrued greater vascular damage in the longer term
when compared to other patients in the cohort [46]. Another
Korean cohort of 138 AAV patients reported APLs in 13%
patients. Patients with persistently detectable APLs in the
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context of AAV had 2.9 times greater hazard of developing
venous thrombotic events than those without [47]. APLs
have also been identified in patients with AAV or ANCA
triggered by cocaine/levamisole [48] or propylthiouracil
[49]. Thus, APLs might be a contributory factor towards
thrombosis in AAV. Increasingly, NETosis is being recog-
nized to play a role in the pathogenesis of antiphospholipid
antibody syndrome [50, 51], and this might form a common
link between APLs and AAV.

Hypertrophic pachymeningitis, AAV,
and cortical venous sinus thrombosis

A rare manifestation of AAV is hypertrophic pachymeningi-
tis. This disorder might be associated with the development
of cortical venous sinus thromboses. The mechanism driving
such thrombosis is unclear. It has been proposed that vascular
inflammation in the region adjoining the area of hypertrophic
pachymeningitis might drive such thrombosis [52-54].

Thrombosis in drug-induced AAV

Various drugs are known to induce circulating ANCA as
well as AAV [55]. Cocaine adulterated with levamisole
(cocaine/levamisole)-induced vasculitis is characterized
by retiform purpura and cutaneous necrotic lesions with
demonstrable vascular thrombi in skin biopsies [56-58].
Lupus anticoagulant positivity has been identified in

Fig. 1 Immunothrombosis
in COVID-19 and ANCA-
associated vasculitis: shared
mechanisms

Immunothrombosis ‘

nearly one-half patients, and IgM ACLA have been
identified in about two-thirds of patients with cocaine-/
levamisole-induced AAV. The presence of APLs might
be one of the mechanisms driving vascular thrombosis in
this setting [48]. Propylthiouracil is another drug associ-
ated with AAV. Cutaneous necrosis accompanied by vas-
cular thromboses, cerebral infarcts, as well as DVT has
been reported in such patients. ACLA and LAC have also
been detected in such individuals [59, 60]. Hydralazine is
another cause of drug-induced AAV. Cutaneous vascular
thromboses have been identified in hydralazine-induced
AAV. Demonstrable NETS in such thrombi possibly indi-
cate a role for NETosis in driving vascular thromboses in
this setting [27].

Infections triggering thrombosis
and endothelial activation and AAV

Patients with AAV on immunosuppressive therapy have a
greater predisposition to develop opportunistic infections
such as with cytomegalovirus. Cytomegalovirus infection
directly causes endotheliitis by replicating in the endothelial
cells, which might trigger vascular thrombosis resulting in
DVT and PTE [61]. Infective endocarditis is another trigger
of endothelial injury which might be associated with detect-
able anti-neutrophilic cytoplasmic antibodies, particularly to
proteinase-3 [62, 63]. Such presentations might mimic AAV
and, however, need to be carefully distinguished to avoid
immunosuppressive therapy which might result in flare-up
of bacterial endocarditis.

ANCA-associated vasculitis
following COVID-19

‘ Common pathophysiologic processes ‘
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Immunothrombosis in the context
of COVID-19 and AAV: is there
arelationship?

In the context of the ongoing coronavirus disease 19
(COVID-19) pandemic, thrombotic manifestations occurring
as a consequence of endotheliitis have been well recognized
[64]. One of the mechanisms driving such thrombosis in
COVID-19 is the activation of neutrophils resulting in the
formation of NETs [65, 66]. Case reports of AAV occur-
ring after diagnosis of COVID-19 have also been reported
in the literature [67-72]. Although demonstrable vascular
thromboses could not be identified in any of these reports, it
is known that vascular thromboses might follow diagnosis of
AAV. Therefore, it is possible that the mechanisms driving
immunothrombosis might be similar to those driving the
induction of AAV in these individuals (Fig. 1).

Conclusion

Increased risk of venous as well as arterial thrombosis
has been seen in patients with AAV, both during active
disease as well as during periods of quiescence. The cir-
culatory milieu in patients with AAV is pro-thrombotic.
Endothelial injury, a key pathogenic feature of AAYV, also
aids thrombogenesis. The presence of antiphospholipid
antibodies further contributes towards thrombotic risk in
a subset of AAV, particularly in secondary AAV follow-
ing exposure to cocaine/levamisole. The presence of anti-
plasminogen antibodies further retards the dissolution of
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formed clots in AAV, thereby perpetuating the persistence
of clot. Platelets are known to play a role in thrombo-
genesis and elevated platelet counts as well as increased
platelet—lymphocyte ratio associate with disease activity
in AAV [73, 74]. However, there is little direct evidence
to link platelets with increased thrombotic risk in AAV.
Figure 2 summarizes the mechanisms driving thrombosis
in the setting of AAV. Understanding the mechanisms of
thrombogenesis in AAV might aid clinical management
of these patients. However, clinical guidance for man-
aging thrombosis in AAV is sparse. The authors opine
that in active AAV, disease activity should be controlled
with immunosuppressive agents, with anticoagulation
administered until clot dissolution has been documented.
In quiescent AAV, pro-thrombotic milieu is more likely
to be the cause of any untriggered thrombotic event, in
which case a search for APLs should be conducted. Such
patients might possibly require a longer duration of anti-
coagulation. Data to guide the role of antiplatelet agents
in this setting is sparse.
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Anti-neutrophil cytoplasmic antibody; APLs, Antiphospholipid
antibodies; ATE, Arterial thrombotic events; cPR3, Complemen-
tary Proteinase-3; CAD, Coronary artery disease; CRP, C-reactive
protein; COVID-19, Coronavirus disease 2019; CVD, Cardiovascular
disease; DVT, Deep venous thrombosis; EUVAS, European Vasculitis
Society; GPA, Granulomatosis with polyangiitis; HR, Hazard ratio;
HUVEC, Human umbilical vein endothelial cells; LAC, Lupus anti-
coagulant; MPA, Microscopic polyangiitis; MPO, Myeloperoxidase;
NETs, Neutrophil extracellular traps; PE, Pulmonary embolism; PTE,
Pulmonary thromboembolism; PR3, Proteinase-3; RAVE, Rituximab
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