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Summary

The mechanisms underlying the onset and progression of vasculitis remain poorly under-
stood. This condition is characterized by damage to the vascular wall, recruitment of inflam-
matory cells, and subsequent structural remodeling, which are hallmarks of vasculitis. The
histopathological classification of vasculitis relies on the size of the affected vessel and the
predominant type of inflammatory cell involved — neutrophils in acute cases, lymphocytes
in chronic conditions, and histiocytes in granulomatous forms. Pathological changes prog-
ress in every context, and a single vasculitic pattern can be associated with various sys-
temic conditions. Conversely, a single causative agent may lead to multiple distinct clinical
and pathological manifestations of vasculitis. Moreover, many cases of vasculitis have no
identifiable cause. A foundational understanding of the normal structure of the cutaneous
vascular network is crucial. Similarly, identifying the cellular and molecular participants
and their roles in forming the “dermal microvascular unit” is propedeutical.

This review aims to elucidate the complex mechanisms involved in the initiation and pro-
gression of vasculitis, offering a comprehensive overview of its histopathological classi-
fication, underlying causes, and the significant role of the cutaneous vascular network
and cellular dynamics. By integrating the latest insights from studies on NETosis and the
implications of lymphocytic infiltration in autoimmune diseases, we seek to bridge gaps
in current knowledge and highlight areas for future research. Our discussion extends to
the clinical implications of vasculitis, emphasizing the importance of identifying etiological
agents and understanding the diverse histopathological manifestations to improve diag-
nostic accuracy and treatment outcomes.

Key words: vasculitis pathogenesis, vasculitis histopathology, dermal microvascular unit,
leukocytoclastic, NETosis

Definition and classification of vasculitis

Vascular wall damage, inflammatory cell recruitment and subsequent
structural remodelling define a vasculitic process '. This sequence of
events underscores the pathology of the disease, highlighting the pro-
gressive nature of the vascular damage and its systemic implications.
The histopathological classification of vasculitis is based primarily by
the size of affected vessels and the predominant type of inflammatory
cells involved 2. Neutrophils are typically associated with acute forms of
vasculitis, while lymphocytes are more commonly seen in chronic condi-
tions 2. In granulomatous forms of vasculitis, histiocytes are the predom-
inant cell type 2. It is important to note that acute forms of vasculitis are
generally the most common pattern observed in these diseases °.

The dermal microvasculature consists of two parallel networks: a deep
network and a superficial one, each consisting of paired arterioles and
venules *.
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These networks run parallel to the epidermal surface.
Arterioles and arteries that cross the subcutaneous
septa contribute to the formation of the deep arteri-
olar plexus. Venules from this deep vascular plexus
subsequently drain into larger veins located within the
subcutaneous layer 57.

The vertical vessels, which serve as crucial connec-
tors between the superficial and deep plexuses in the
skin, are strategically oriented 7. They often run along-
side the excretory ducts of sweat glands, illustrating a
sophisticated integration of different skin structures 7.
In the deeper layers of the skin, the capillaries of the
deep vascular plexus form collateral networks around
pilosebaceous units and the erector muscles of hair
follicles, known as vasa muscolorum 57. Additionally,
it is noteworthy that the venular components of the
papillary capillaries exhibit a higher permeability to in-
flammatory cells %7. Alterations observed at this level
of microvasculature are typically not categorized as
vasculitis. Instead, they are more accurately described
within the framework of dermatitis, reflecting their role
in inflammatory skin conditions. This distinction is im-
portant for understanding the specific changes that
occur in various skin disorders and their implication
for skin health and disease.

Cellular players

Recent literature has been shedding light on the com-
plex pathophysiology of the cellular components of
the vessel wall, emphasizing the importance of under-
standing the “dermal microvascular unit” in the context
of vasculitis.

The concept of the “dermal microvascular unit” is use-
ful in the understanding of vasculitis process. This unit
is characterized by distinct cellular elements that not
only express common antigens, but are also spatially
interconnected and perform integrated functions. In-
terestingly, these cells have the potential to transdif-
ferentiate from one form to another, underscoring the
dynamic nature of the dermal microvascular unit &,
The dermal microvascular unit includes a variety of
cell types, each playing a vital role in its overall func-
tion: endothelial cells, pericytes, veil cells/dendritic
cells, dermal dendrocytes, mast cells, macrophages,
neutrophils, eosinophils, T and B lymphocytes and
plasma cells. The collaborative interaction among
these cells is essential for the normal functioning of
the microvascular system and becomes particularly
significant in the context of vasculitis and other related
pathologies &%,

Endothelial cells

Endothelial cells (ECs) play a crucial role in regulating
the transport of macromolecules and oxygen to or-
gans and tissues, while also preventing the formation
of fibrin. Although there is no universally recognized
marker to differentiate between their subsets, and it is
important to understand that ECs are not a homoge-
neous population of cells. Instead, they exhibit signifi-
cant diversity, with distinct characteristics varying both
between and within organs. This heterogeneity makes
them variably responsive to specific stimuli, such as
inflammatory cytokines and effector immune cells, as
well as to damaging factors 213,

For example, ECs interaction with natural killer cells
(NKc) is different in renal, lung and skin vascula-
ture 15,

The glycocalyx (GCX), a component of the apical
surface of ECs, plays a pivotal role in regulating the
movement of cells across the vascular wall. It serves
as a mechanotransducer, converting mechanic stimu-
li through the cytoskeleton into biochemical response
(mechanotransduction) . Although studies have es-
tablished a link between shear stress and the inflam-
matory processes involved in atherogenesis "7, the im-
pact of these mechanisms in the context of cutaneous
vasculitis remains less clear 151618,

The remodeling of intercellular adhesion molecules
(ICAMs) is a critical process in various inflammato-
ry conditions and is significantly influenced by shear
stress 1920,

This remodeling may alter the dynamics and efficien-
cy of diapedesis, the passage of blood cells through
the intact walls of capillaries, accommodating the traf-
fic of immune cells across the vascular barrier 2'. Ad-
ditionally, these changes can impact the phenotype of
ECs, affecting their function and behavior in response
to inflammatory signals 2.

Neutrophils and ECs interact to form synapse-like
structures, enabling the direct transfer of myeloper-
oxidase (MPO) into the cytoplasm of the ECs. This
mechanism significantly contributes to vascular dam-
age. Moreover, ECs that detach during this process
circulate in the bloodstream and are characterized as
inflammatory ECs, serving as a potential biomarker
for disease activity. The cells exhibit increased expres-
sion of vascular-adhesion protein-1 (VAP-1) and MHC
class I-related chain A (MICA), which are crucial for
their adhesion and signaling roles in the inflammatory
process.

ECs exhibit a heightened sensitivity to vascular en-
dothelial growth factor (VEGF), a pivotal regulator of
several vital processes including angiogenesis, vas-
cular permeability, chemotaxis, cell migration, pro-
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duction of interstitial collagenase, release of von Wil-
lebrand factor, procoagulant activity and the remod-
eling of the extracellular matrix. Given that a diverse
array of cell types, including activated T lymphocytes,
activated platelets, activated neutrophils, epidermal
cells, monocytes, dermal fibroblasts, eosinophils, can
produce VEGF, is not wrong to say that this molecule
plays a key role in modulating immune responses,
maintaining vascular permeability, and sustaining in-
flammatory conditions 232°.

Furthermore, genetic polymorphisms in VEGF genes,
may predispose certain ethnic groups to the devel-
opment of vasculitis 2. An illustrative case of this is
leukocytoclastic (hypersensitivity) vasculitis, where
VEGF expression is significantly increased 22°.
High-mobility group box-1 (HMGB1), a nonhistone
nuclear protein that binds with DNA, regulates tran-
scription and shapes chromosomal architecture. It
is recognized as a key mediator in the inflammatory
pathways common to various forms of vasculitis *.
Transendothelial migration of monocytes activated
by immunocomplexes in lupus is regulated by cellular
signalling involving HMGB1-RAGE axis 3'.

ECs are thought to originate from hemangioblasts,
which serve as a common precursor for hematopoie-
tic and ECs lines. The process of endothelial-to-mes-
enchimal transition (EndMT) is a critical cellular trans-
formation wherein ECs lose their characteristic mark-
ers, such as CD31 and vascular endothelial cadherin
(VE-cadherin) and express mesenchymal markers
including procollagen-1, fibroblast-specific protein-1,
and alpha-smooth muscle actin (a-SMA.) 3234 This
transition is intricately regulated by inflammatory cy-
tokines, notably fibroblast growth factor (FGF) and
transforming growth factor-beta (TGF-B), suggesting
a significant role in the fibrotic phase that follows an
active vasculitis process %234,

Microvesicles (MVs), encompassing both microparti-
cles (MPs) and exosomes, are released by activated
ECs and serve as carriers for inflammatory molecules
within the vascular system. These vesicles mediate the
spread of endothelial damage, activate the complement
system, and promote the generation of thrombin .

Pericytes

Pericytes (PCs), a type of stromal cells, are strate-
gically situated around ECs, bearing a functional re-
semblance to the glomerular podocytes found in the
kidneys. These cells are characterized by their elon-
gated cytoplasmic processes that reach out towards
the endothelial surface, facilitating close cellular in-
teractions. Notably, ultrastructural alterations in both

PCs and ECs have been observed in conditions such
as allergic vasculitis and erythema elevatum diutinum
(EED), indicating their involvement in these diseas-
es 36,37.

The phenomenon of pericyte wrapping, or lamination,
around the vessel wall is indicative of chronic damage
and serves as an important diagnostic marker for lym-
phocytic vasculitis 2.

Furthermore, in cases of leukocytoclastic vasculitis
triggered by herpesvirus infection, electron micro-
scopic studies have revealed the presence of viral in-
clusion in both pericytes and ECs, highlighting a direct
viral impact on these cellular components 3.

Veil cells/dendritic cells

Veil cells, encircling vessels completely, share a struc-
tural similarity with fibroblasts in their ultrastructure.® It
is theorized that the abnormal collagen production by
these veil cells is a key factor contributing to perivas-
cular fibrosis observed in conditions such as collagen-
ous vasculopathy 103941,

Dermal dendrocytes

Dermal dendrocytes (DCs) are spatially related to mi-
crovessels, possessing unique laminar cytoplasmic
extension knowing as membranous flaps that envelop
neighbouring cells and structures to varying extents “2.
This anatomical and functional proximity suggests
that these cells are integral to the vascular inflamma-
tory response, acting as key components within the
dermal microvascular unit. DCs are critical for the in-
duction of primary immune responses “.

Specifically, in the context of EED, a condition charac-
terized by leukocytoclastic vasculitis followed by a fi-
brotic process, an increased number of FXllla-positive
dermal dendritic cells has been observed, indicating
their significant involvement in the pathogenesis of
the disease *.

Additionally, the phenomenon of dendrocytoclasis, the
fragmentation of perivascular dendrocytes, has been
noted in Henoch-Schonlein purpura (HSP), further
highlighting the contribution of DCs alongside neutro-
phils to the formation of nuclear fragments and the
overall inflammatory cascade *®.

CD1a+ Langerhans-like cells, a subset of dendritic
cells, not related to other DCs populations, have been
observed to accumulate in the perivascular dendritic
meshwork during pathological conditions, notably in
the advanced stages of leukocytoclastic vasculitis and
in lymphocytic vasculitis “6.
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These cells are implicated in the immune response
mechanisms, potentially by presenting antigens de-
rived from neutrophil cytoplasm to T cells. This anti-
gen presentation process may play a pivotal role in
sustaining and exacerbating the inflammatory vicious
cycle inherent to the vasculitic process #.

Mast cells

Mast cells (MCs) serve as vital histamine reservoirs,
contributing to the development and preservation of
the endothelium and small blood vessels, which are
essential components of the vascular unit 4849,

These cells are intricately associated with DCs, par-
tially enveloped by DC membrane extensions in a ball
and socket arrangement “2,

In conditions such as leukocytoclastic vasculitis, acti-
vated MCs contribute to enhancing vascular perme-
ability and facilitating the migration of leukocytes. An
increased perivascular presence of MCs has been
demonstrated in skin lesions characteristic of cutane-
ous allergic vasculitis and in urticarial vasculitis asso-
ciated with systemic sclerosis %05,

In drug-induced vasculitis, MCs may be directly ac-
tivated by the offending drug, functioning as key ef-
fectors cells alongside neutrophils, lymphocytes, and
macrophages *2. Moreover, in experimental models
of anti-neutrophil cytoplasmic antibody-associated
vasculitis (AAV), activated MCs have been shown to
mitigate inflammatory responses and protect against
glomerular damage by IL-10 dependent mechanism.

Macrophages

Macrophages (MPs) differentiate from blood mono-
cytes, which are recruited into inflamed tissue. Upon
arrival, they undergo a transformation characterized
by the loss of myeloperoxidase (MPO) and proteinase
3 (PR3), rendering them insensitive to activation by
anti-neutrophil cytoplasmic antibodies (ANCA). MPs
main task is to engulf and remove apoptotic neutro-
phils and neutrophil extracellular traps (NETs) that
accumulate around vessels in vasculitis, a process
known as efferocytosis (from the latin term effero, “to
carry to the grave’, or “to bury”) %,

MPs express Fc gamma receptors Ill and | (FcyRI-
Il and FcyRl), enabling them to recognize and bind
immune complexes associated with hypersensibility
vasculitis 5.

In certain forms of vasculitis, an inductive microenvi-
ronment promotes the formation of granulomas which
are highly organized structures that facilitate interac-

tions between T cell and MPs, leading to reciprocal
activation. Within these granulomas, aberrant Th1 and
Th17 cells can occur, contributing to systemic inflam-
mation and the perpetuation of the disease process .

Neutrophils

Neutrophils (NPs), the most abundant white blood
cells (WBCs), originate from bone marrow and are pri-
marily known for phagocytosis. However, their ability
to undergo NETosis, forming neutrophil extracellular
traps (NETs), has gained significant interest in the last
decade. NETosis consist in expelling DNA and nuclear
proteins, mainly histones, as a trap for pathogens 5657,
While beneficial against infections, in autoimmune or
autoinflammatory conditions, spontaneous NETs for-
mation and impaired clearance can lead to autoanti-
bodies formation consequent to cryptic antigen expo-
sition %85° and amplification of inflammatory response.
In vasculitis, NETs, induced by activated ECs contrib-
ute to the pathology, including procoagulant activities
exacerbating vascular damage. Dysregulated neutro-
phils abnormally interacting with T lymphocytes are
responsible of disease progression in Giant Cell Arte-
ritis (GCA) despite immunosuppression 062,

Due to their antigenic content NETs are implicated
in the pathogenesis of ANCA-associated vasculitides
(AAV) 63,64

Eosinophils

Eosinophils, known for their cytoplasmic granules
filled with protein pool with toxic activity, are primarily
regulated by IL-5, which is influenced by Type2 innate
lymphoid cells (ILC2) near blood vessels.

In eosinophilic granulomatosis with polyangiitis EG-
PA), overproduction of IL-5 by Th2 lymphocytes mobi-
lizes and activates eosinophils 65,

Eosinophils, triggered by IL-5, IFN-y, LPS, eotax-
in, complement factor 5a (C5a) or infection with
Gram-negative bacteria, rapidly release extracellular
traps. Eosinophils are represented in various propor-
tions in many cutaneous vasculitis forms: drug related
leukocytoclastic vasculitis, eosinophilic vasculitis, urti-
carial vasculitis, granuloma faciale (GF), EED, EGPA,
and granulomatosis with polyangiitis (GPA) 68, They
also significantly contribute to plasma cell survival fac-
tors APRIL and IL-6, aiding in plasma cell niche for-
mation ©°.

Testing for gene mutation in PDGFRA helps to distin-
guish systemic vasculitis-associated eosinophilia from
clonal hypereosinophilia .
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Lymphocytes

In the superficial dermis, T cells are represented
mainly by CD4+ lymphocytes with an effector memo-
ry phenotype (CD45RA-; CD45RO, CCR7), primarily
found near dermal blood vessels, integrating into the
microvascular unit. These T cells engage in a unique
interaction with the endothelial barrier, a process not
fully understood involves “tenertaxis” where T cells ex-
tend invadosome-like protrusions (ILPs) towards and
into endothelial cell surface, facilitating their passage
through the vascular barrier °. T cell-mediated im-
munity is implicated in various forms of vasculitis .
A significant aspect of this immunological landscape
in vasculitis is the dysfunction of regulatory T cells
(Tregs) or an imbalanced ratio between Th17 cells
and Tregs 7.

This imbalance or dysfunction has been consistently
observed in several vasculitis conditions, including
GPA, Kawasaki disease (KD), GCA, Churg-Strauss
syndrome (CSS), and AAV 7378,

Additionally, a distinct population of CD4+ T cells re-
sistant to Treg-mediated suppression has been de-
scribed 78,

Natural killer (NK) cells, as components of the innate
immune system, have the capability to recognize dif-
ferent organ-specific endothelial cells .

This recognition ability is particularly noted in the con-
text of AAV, where an increased expression of Toll-like
receptors (TLR) on NK cells has been documented,
suggesting a significant role in enhancing immune re-
sponse °.

B lymphocytes, commonly considered only as plas-
ma-cell precursors, have shown a broader range of
functions in immune regulation. For example, a novel
population of B cells characterized by long dendrites,
not committed to the formation of follicular structures,
has recently been identified in GPA .

Plasma cells

Plasma cells represent a heterogeneous population
of antibody-producing cells derived from different sub-
classes of B lymphocytes, capable of generating ei-
ther short-lived or long-lived plasma cells. The latter
are particularly resilient to immunosuppressive thera-
pies, thriving in survival niches formed within inflamed
tissues, by stromal cells 8.

Plasma cells play a significant role in certain forms of
small-vessel neutrophilic vasculitis characterized by
patterned fibrosis, such as GF and EED, and are also
observed in a subset of patients with GPA and GCS.?
In the context of GPA, the production of self-reactive B

lymphocytes is enhanced due to elevated levels of B
cell-stimulatory factors such as B cell activation factor
(BAFF) and an increased number of T follicular help-
er cells (TFH). These B lymphocytes can mature into
long-lived plasma cells which secrete ANCA, implicat-
ing them in the disease’s pathogenesis 884,
Furthermore, plasma cells may be involved in the
pathogenesis of some specific subtypes of cutaneous
vasculitis, such as IgA vasculitis (Henoch-Schonlein
purpura, HSP), although they may be not always be
detectable in histological samples.

Histopathology

ACUTE VASCULITIS

Acute vasculitis, characterized by leukocytoclastic in-
flammation, is a histological pattern frequently associ-
ated with numerous systemic conditions .

Acute vasculitis represents a highly dynamic patho-
logical process, wherein the timing of evaluation plays
a crucial role in accurately assessing the inflammatory
component. Lesions that have persisted for 18 to 24
hours typically display the most diagnostic character-
istics, underscoring the importance of timely examina-
tion for effective diagnosis .

In acute vasculitis, the small venules, particularly
postcapillary venules within the superficial dermal
vascular plexus, are primarily affected. Neutrophils
dominate the cellular response, with endothelial cells
exhibiting swelling and signs of degeneration. These
neutrophils are prominently visible within the lumen,
traversing a thickened vascular wall to extend into the
perivascular zone and interstitial dermis in varying
degrees. The presence of nuclear dust is a hallmark
of leukocytoclasis (Fig. 1), indicating the breakdown
of neutrophils. However, leukocytoclasis itself is not a
definitive marker for acute vasculitis and must be in-
terpreted within the appropriate context. For example,
leukocytoclasis is commonly observed beneath cuta-
neous ulcers.

Fibrin deposition serves as a significant indicator of
vascular injury in acute vasculitis, detectable within
the vascular lumen, in the wall, and the surrounding
perivascular area. Thrombosis may also occur under
specific conditions. Additionally, the vasculitic process
often leads to marked dermal edema, which can re-
sult in the formation of vesiculobullous lesions, further
complicating the clinical presentation .

In lesions that have persisted for an extended period,
eosinophils and lymphocytes, along with a presence
of plasma cells, may become evident, indicating a
more chronic inflammatory phase.
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Some additional clues, when present, may indicate
specific conditions:
* Presence of neutrophils within the dermal papil-
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Figure 1. Leukocytoclastic vasculitis: a postcapillary ven-
ule in the mid dermis present degenerative changes of en-
dothelial cells. A subtle rim of fibrin is visible. Neutrophils

infiltrating the vessel wall and the perivascular stroma are
associated with nuclear dust (leukocytoclasis).

Less common described changes include epidermal
lichenoid changes, signs of ischemic damage, squa-
mous sialometaplasia, apoptosis, necrosis, and basal
cell hyperplasia.

Interstitial macrophages increase in late lesions when
neutrophils decrease (Fig. 2). A mild increase in in-
terstitial acid mucopolysaccarides can also be docu-
mented &,

trophils are barely visible. Histiocytes with intracytoplasmic
nuclear fragments can be documented. Insert: perivascular
dermis gains a “busy” aspect.

lae can serve as an indicative clue for dermatitis
herpetiformis, in the appropriate clinical context,
which may occasionally co-occur with leukocyto-
clastic vasculitis, thereby suggesting a complex
interplay of underlying pathologies °.

The presence of eosinophils, as illustrated in Fig-
ure 3, may be associated with the intake of certain
medications, suggesting a potential drug-induced
etiology .

The detection of IgA deposits can serve as a ro-
bust indicator of potential renal pathology °'. Fur-
thermore, IgA deposits have been identified across
a diverse array of conditions, including respiratory
tract infections, Wegener’s granulomatosis, inflam-
matory bowel diseases, and various malignancies,
highlighting their significance in a broad spectrum
of clinical scenarios.

The Henoch-Schénlein purpura (HSP) variant of
leukocytoclastic vasculitis is distinguished by the
presence of IgA deposits in its early lesions. De-
spite its histological similarities to general leuko-
cytoclastic vasculitis, the diagnosis of HSP relies
on a careful clinical-pathological correlation. The
European League Against Rheumatism (EULAR),
along with the Pediatric Rheumatology Internation-
al Trials Organization (PRINTO) and the Pediatric
Rheumatology European Society, has established
diagnostic criteria for HSP. These include the pre-
dominance of purpura and petechiae on the lower
limbs, accompanied by at least one of the follow-
ing: abdominal pain, histopathological evidence of
IgA deposition in vessels, arthritis or arthralgia,
or evidence of renal involvement. The immune re-
sponse triggered by the SARS-CoV-2 vaccine or
infection may contribute to the onset of HSP, sug-
gesting a potential link between the immune sys-
tem’s reaction to the virus and the development of
this specific form of vasculitis .

Eosinophilic vasculitis is characterized by a pre-
dominance of eosinophils within the affected tis-
sues. This condition can occur as an idiopathic
phenomenon or in association with other medical
conditions, such as connective tissue diseases,
hypereosinophilic syndrome, or HIV infection.
Granulomas are a hallmark feature of EGPA, pre-
viously known as Churg-Strauss disease. Howev-
er, granulomas are often not observed except in
more mature lesions. Typically, EGPA manifests
as a small vessel vasculitis, which may or may
not include eosinophils. Myeloperoxidase-ANCA
(MPO-ANCA) antibodies are detected in 40 to 60%
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induced case.

of EGPA patients 9. The diagnosis of EGPA is
established through a combination of clinical pres-
entation and laboratory findings, emphasizing the
necessity of a comprehensive assessment for ac-
curate identification.

e The involvement of larger blood vessels is a recog-

nized complication in rheumatoid vasculitis, often
seen in the context of rheumatoid arthritis or other
autoimmune diseases *.
The clinical manifestations of this condition are di-
verse, ranging from digital gangrene and cutane-
ous ulcers to digital nail fold infarctions, palpable
purpura, and neuropathy, the latter occurring when
the vasa nervorum are affected. There is also a
potential for histological overlap with polyarteritis
nodosa (PAN) when vessels in the lower dermis
are preferentially or exclusively targeted.

» Significant edema is observed in the upper layer
of the skin, accompanied by a reduced presence
of neutrophils, a variable count of lymphocytes,
and some eosinophils in the initial stages. These
findings are clinically aligned with the appearance
of urticarial wheals and/or angioedema, serving
as indicators of urticarial vasculitis. This condition
is distinguishable from common urticaria by the
longer-lasting nature of the wheals, which tend
to resolve leaving bruise-like patches. The skin
manifestations are more widespread, showing no
particular preference for the lower legs. The pres-
ence of lowered complement levels (hypocomple-
mentemia) signals a risk for renal failure. Urticarial
vasculitis is also associated with several systemic
diseases .

Figure 4. Neutrophilic urticarial dermatosis.

e The presence of hyaline deposits within blood ves-
sels, although not consistently observed, serves
as a valuable indicator for the diagnosis of mixed
cryoglobulinemia .

In the differential diagnosis of acute leukocytoclastic

vasculitis, secondary vasculitis manifests at the base

of ulcers or within significant neutrophilic dermal infil-
trates, necessitating a thorough examination for ves-
sel alterations beyond the ulcer areas. Conversely,
neutrophilic urticaria features neutrophils surrounding
dermal vessels without the presence of leukocytocla-
sis, endothelial harm, or fibrin accumulations, as de-
picted in Figure 4 7.

SEPTIC VASCULITIS

Septic vasculitis, a specific form of acute vasculitis, oc-
curs in conjunction with various septicemic conditions.
It is characterized by endothelial swelling, focal necro-
sis, fibrinoid changes, and mild leukocytoclasis in der-
mal vessels. It is crucial to meticulously document the
presence of occlusive thrombi, which are aggregates
of platelets, fibrin, red blood cells, and neutrophils.
Additional manifestations may include perivascular
hemorrhage, degenerative changes in the skin ap-
pendages, subepidermal swelling, and pustule forma-
tion, as illustrated in Figure 5. In the context of chronic
meningococcal or gonococcal septicemia, arterioles
may also be affected. Furthermore, the histopatho-
logical features of leukocytoclastic vasculitis can be
identified in Osler nodes or small, purple-pink, painful
lesions typically found on the fingertips, indicative of
endocarditis.

RA-ASSOCIATED VASCULOPATHY
The term “RA-associated] as proposed by Magro
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Figure 5. A necrotic vessel is present in the deep dermis.
The lumen is obliterated by fibrin cellular debris and nuclear
dust. A V shaped ulcer with granulation tissue is present
downstream as the result of ischemia. A septicaemic state
was documented clinically in this case.

and Crowson %, encompasses a broad range of in-
flammatory patterns, including active vasculopathy,
lymphocyte-dominant inflammation, neutrophil-rich
inflammation, and granulomatous vasculitis. Addi-
tionally, this term covers a variety of changes linked
to autoimmune diseases, such as extravascular pal-
isading granulomatous inflammation, interstitial and/
or subcuticular neutrophilia, pauci-infammatory vas-
cular thrombosis, glomeruloid neovascularization, fol-
liculocentric vasculitis, benign cutaneous polyarteritis
nodosa (PAN) types, and occlusive intravascular his-
tiocytic foci.

ERYTHEMA ELEVATUM DIUTINUM

EED is an uncommon dermatosis characterized by
persistent red, violaceous, and yellowish papules,
plaques, and nodules. These lesions are typically
symmetrically distributed on acral locations, particu-
larly on extensor surfaces and the buttocks. EED pre-
sents a unique blend of acute histological features
alongside chronic alterations, paralleled by a persis-
tent clinical trajectory.

Early EED lesions prominently feature a perivascular
neutrophil infiltrate, accompanied by leukocytoclasis,
which is readily identifiable but requires meticulous ex-
amination in later stages. In advanced lesions, fibrosis,
which concentrically surrounds the vessel lumen, be-
comes more dominant (Fig. 6). Overlooking neutrophilic
vasculitis foci in later stages can lead to an incorrect
diagnosis, mistaking it for a purely fibrosing condition.

Figure 6. Erythema elevatum diutinum: concentric fibrosis
predominates in late lesion. A careful search for nuclear dust
(insert) must be done.

Conversely, the early stages of EED may show a sig-
nificant overlap with neutrophilic dermatoses, such as
Sweet’s syndrome, rheumatoid neutrophilic dermato-
sis, bowel-associated dermatosis—arthritis syndrome,
and Behget’s disease, due to the prominent neutro-
philic infiltrate. Additionally, the potential involvement
of IgG4 in EED has been explored, placing EED as a
mimic when applying stricter criteria for IgG4-related
disorders, in comparison to conditions like Granuloma
faciale 1%,

GRANULOMA FACIALE

Granuloma Faciale (GF) is a rare dermatosis distin-
guished by solitary or multiple brown-red plaques,
nodules, or occasionally papules '°'. While the face is
the preferred site, it is not the only possible location
for these lesions.

Histologically, GF is characterized by mild concen-
tric perivascular fibrosis alongside a mixed cellular
infiltrate that includes eosinophils, plasma cells, his-
tiocytes, and neutrophils. The presence of leukocy-
toclasis and hemosiderin deposits may vary and is
time-dependent, similar to other forms of vasculitis.
In the context of diagnosing and understanding GF,
inclusion criteria for IgG4-related sclerosing diseas-
es have been identified in a notable portion of GF
cases within certain case series, suggesting a poten-
tial overlap or association *. However, no correlation
between GF and IgG4 levels was found in another
study, indicating variability in the disease’s expres-
sion and its association with 1gG4-related sclerosing
diseases 2.
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Figure 7. Necrotizing vasculitis in the upper hypodermis as-
sociated with subendothelial fibrin deposition in a smaller
vessel in deep dermis in a MPO-ANCA+ patient.

MiCROSCOPIC POLYANGIITIS

Microscopic polyangiitis belongs to the spectrum of
ANCA-associated vasculitis, which also includes GPA
and EGPA, all sharing a commonality in systemic in-
volvement. The specificity of organ involvement acts
as a key diagnostic criterion, indicating a typically pro-
gressive clinical trajectory, though cases limited to the
skin have been observed. The presence of Anti-Neu-
trophil Extracellular Trap (NET) antibodies (ANETA) in
certain cases correlates with a more limited clinical
manifestation, highlighting the significant role of NETs
in exacerbating the inflammatory response ',
Histologically, microscopic polyangiitis is character-
ized by a necrotizing vasculitis, often accompanied
by neutrophilic leukocytoclastic vasculitis and spo-
radic fibrinoid degeneration of the vessels, primarily
affecting arterioles (Fig 7). Changes in capillaries and
postcapillary venules are typically observed. Positivity
for p-ANCA antibodies is a hallmark of microscopic
polyangiitis, and represents a differential diagnostic
criterion with polyarteritis nodosa. Both conditions are
indeed characterized by patchy fibrinoid degeneration
of the vessel wall.

POLYARTERITIS NODOSA

PAN affects the skin in a relatively small proportion of
cases, more commonly presenting as a systemic con-
dition that impacts multiple organs, including the kid-
neys, liver, gastrointestinal tract, and nervous system.
Notably, a chronic, relapsing form of PAN that is con-
fined to the skin has also been documented. Its patho-
genesis is multifaceted, with a significant focus on the

role of immune complexes '°. It primarily targets small
and medium-sized muscular arteries located at the
junction between the dermis and hypodermis.

In patients with vasculitis, although lesions may appear
asynchronously, a four-stage progression of the disease
has been characterized '%. This progression begins with
endothelial loss and the formation of fibrin thrombi ac-
companied by neutrophil infiltration, yet without signifi-
cant disruption to the internal elastic lamina or medial fi-
brinoid necrosis. This phase is followed by the presence
of mixed cell infiltrates, which exhibit a distinctive intimal
target-like fibrinoid necrosis (as illustrated in Fig. 8), with
fibrinoid material leaking through disrupted areas of the
internal elastic lamina into the media. Subsequently, the
disease enters a reparative stage, marked by intimal
fibroblastic proliferation and perivascular neovasculari-
zation, with histiocytes and lymphocytes being the pre-
dominant infiltrating cells. The final, or healed, stage is
characterized by minimal cellular inflammation, result-
ing in occlusive intimal thickening, signifying the resolu-
tion of active inflammation.

A potential diagnostic challenge involves distinguish-
ing between vasculitis and superficial thrombophlebi-
tis 1%. The differentiation can be nuanced and relies
on the identification of a ‘checkerboard’ pattern, char-
acterized by muscle fibers interspersed with collagen
within the muscular layer of the vein. In contrast, the
presence of a concentric arrangement of smooth
muscle fibers is instrumental in identifying arterial
structures, particularly in cases of PAN. While the as-
sessment of the internal elastic lamina may provide
some insights, it is considered a less definitive histo-

Figure 8. Polyartheritis nodosa: an arteriole in the deep
dermis is involved. A complete fibrin ring push endothelial
lining narrowing the lumen. Mononuclear cells infiltrate arte-
rial wall and periarterial space. Some nuclear dust is visible.
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Figure 9. Macular artheritis: more limited vessel wall dam-
age than in polyarthritis nodosa.

logical characteristic for distinguishing between veins
and arteries.

Macular arteritis is described as a localized, slow-pro-
gressing form of deep arteritis, notable for its hyper-
pigmented, asymptomatic macules that do not exhibit
a tendency to progress %,

It is considered a latent form of cutaneous PAN 07
marked by an exceptional clinical manifestation and
a histological pattern associated with later stages of
PAN 108,

The differentiation of macular arteritis and lymphocytic
thrombophilic arteritis from cutaneous PAN is facilitat-
ed by the absence of disruption in the elastic lamina,
as illustrated in Fig 9.

Furthermore, the term “lymphocytic thrombophilic
arteritis” is used by some researchers to describe a
clinically more severe variant, characterized by livedo
racemosa and infiltrated plaques 107109,

LymMPHOCYTIC VASCULITIS

Lymphocytic vasculitis (LV) is characterized by a dom-
inant lymphocytic infiltration within the walls of blood
vessels and the surrounding tissues.? The presence
of fibrin extravasation is not a requisite criterion for
its diagnosis. The occurrence of lymphocytes within
the muscular layer of blood vessels is a significant
indicator of lymphocytic vasculitis, given that the mi-
gration of lymphocytes (diapedesis) into the muscular
layers of arteries or veins is not a normal physiological
process. To date, no evidence has been established
to demonstrate a physiological interaction between
smooth muscle cells and lymphocytes. Conversely,
endothelial cells may actively recruit T lymphocytes in

Figure 10. Lupus tumidus. Lymphocytic vasculitis is de-
fined by a heavy sleeve shaped perivascular lymphocytic
infiltrate involving the superficial and deep plexus. Lympho-
cytes are present trough the vessel wall and in contact with
plump endothelial cells. Subtle involvement of perieccrine
connective and interstitial mucin are diagnostic clues (in-
serts).

response to damage or the presence of viruses and
bacteria. Instances of vasculitis induced by the COVID
vaccine may exhibit patterns characteristic of lympho-
cytic vasculitis "0,

For practical diagnostic purposes, lymphocytic vascu-
litis should be considered within a temporal context,
and additional histological indicators must be sought
(Figs. 10, 11). The simultaneous involvement of both
superficial and deep vascular plexuses is character-
istic of collagen vascular diseases. Furthermore, a li-
chenoid tissue reaction pattern is commonly observed
in conjunction with conditions such as chilblain lupus,
pityriasis lichenoides, drug-induced reactions, and
persistent viral infections. This pattern underscores
the necessity of a comprehensive histological exam-
ination to accurately diagnose and differentiate be-
tween these conditions.

The presence of CD123+ plasmacytoid dendritic cells
around blood vessels can serve as a significant diag-
nostic marker for cutaneous lupus "2. Furthermore, lym-
phocytic vasculitis (LV) has been identified as a poten-
tial variant of urticarial vasculitis, wherein wheals typi-
cally manifest as a clinical symptom in such cases "%,
During the resolution phase of acute vasculitis, the in-
flammatory response often shows a marked decrease
in neutrophils, with a predominance of mononuclear
cells becoming evident "4,

Paraneoplastic vasculitis has been observed both
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Figure 11. Lymphocytic vasculitis in lichen sclerosus: intra-
mural lymphocytic infiltrates in large muscular vessels as-
sociated with classic pathological changes at the junctional
level.

2SN e A EY

Figure 12. Leukemia cutis with a lymphocytic vasculitis-
like pattern. Co-expression of CD20 and CD5 in small lym-
phocytes is a diagnostic clue for chronic lymphocitic leuke-
mia.

during and after the treatment of myeloid leukemia .
Instances of vasculitis characterized by infiltration
with leukemic cells have been identified in a case se-
ries "¢, Additionally, the occurrence of chronic lympho-
cytic leukemia presenting with a vasculitis-like mani-
festation, akin to leukemia cutis, is rare yet feasible, as
demonstrated in Figure 12.

Conclusions

Currently, the initiation and progression of vasculitis
remain enigmatic for the complex and dynamic inter-
action between cellular players and a changing mi-
croenvironment.

Classification of vasculitis according to the dimension
of vessels represents a pragmatic method in histo-
logical evaluation although many clinical entities may
present with the same histological pattern during their
course. With the advent of extensive research, outdat-
ed paradigms are being challenged, highlighting the
importance of understanding the pathophysiology to
make recognition and therapy more effective.
Dermatopathologists must be aware of this interest-
ing and evolving field of medicine as skin biopsy is
more easily to achieve compared with kidney and lung
biopsies and can be the first step in detecting and
categorizing a vasculitis process. Clinico-pathological
correlation is always mandatory when a vasculitic pro-
cess is identified in a skin biopsy and must support
the therapeutic decision.
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