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Abstract: Drug-induced or associated vasculitis is a prevalent form of vasculitis that resembles
primary idiopathic antineutrophil cytoplasmic autoantibody (ANCA) vasculitis (AAV). Cocaine is
a diffuse psychostimulant drug and levamisole is a synthetic compound used to cut cocaine. Their
abuse may result in a spectrum of autoimmune manifestations which could be categorized into
three overlapping clinical pictures: cocaine-induced midline destructive lesion (CIMDL), levamisole-
adulterated cocaine (LAC) vasculopathy/vasculitis, and cocaine-induced vasculitis (CIV). The mech-
anisms by which cocaine use leads to disorders resembling AAV are not well understood. Cocaine
can cause autoimmune manifestations ranging from localized nasal lesions to systemic diseases,
with neutrophils playing a key role through NETosis and ANCA development, which exacerbates
immune responses and tissue damage. Diagnosing and treating these conditions becomes challenging
when cocaine and levamisole abuse is not suspected, due to the differences and overlaps in clinical,
diagnostic, therapeutic, and prognostic aspects compared to primary idiopathic vasculitides.

Keywords: vasculitis; cocaine; levamisole; antineutrophil cytoplasmic autoantibody; ANCA; cocaine-
induced midline destructive lesion; CIMDL; cocaine-induced vasculitis; CIV; levamisole-adulterated
cocaine; LAC vasculopathy/vasculitis

1. Introduction

Vasculitides are a group of rare, heterogeneous diseases that primarily affect vessel
walls. They can be either primary (idiopathic) or secondary to triggers such as infections,
drugs, or toxins, or may occur as part of another inflammatory disorder or cancer. Clinical
manifestations and organs affected vary, depending on type and size of blood vessels
involved. The Chapel Hill Consensus definitions, first published in 1994 and updated in
2012, established names and definitions for the most common forms of vasculitis based on
the typical distribution of vessel involvement, categorizing them into large-vessel vasculitis,
medium-vessel vasculitis, and small-vessel vasculitis [1]. Antineutrophil cytoplasmic
autoantibody (ANCA) vasculitis (AAV) is a systemic autoimmune disorder characterized
by small-blood-vessel necrotizing inflammation. AAV is associated with the presence
of autoantibodies directed against proteinase 3 (PR3) and myeloperoxidase (MPO). The
clinicopathologic variants of AAV include microscopic polyangiitis (MPA), granulomatosis
with polyangiitis (GPA), eosinophilic granulomatosis with polyangiitis (EGPA), and renal-
limited vasculitis [1].

Many conditions, including infections, vasculopathies, and non-inflammatory dis-
orders like atherosclerosis, can closely mimic vasculitis. It is crucial to monitor patients
diagnosed with vasculitis vigilantly, particularly those who do not respond to immuno-
suppressive therapy. Careful differentiation between these mimics and true vasculitis
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is essential to prevent misdiagnosis [2,3]. Recent studies have shown that an increasing
number of drugs are linked to the development of AAV, with its clinical features closely
resembling those of primary AAV [3]. To date, the drugs that are most frequently identified
as causing small-vessel vasculitis are hydralazine, minocycline, propylthiouracil, cocaine,
levamisole, allopurinol, sulfasalazine, D-penicillamine, and gold [4,5].

With the increasingly widespread illicit use of cocaine, a broad spectrum of local and
systemic disorders related to this drug abuse is emerging, involving both cocaine and lev-
amisole [6]. The spectrum of cocaine and levamisole-induced autoimmune manifestations
could be summarized into three overlapping clinical pictures: cocaine-induced midline
destructive lesion (CIMDL), levamisole-adulterated cocaine (LAC) vasculopathy/vasculitis,
and cocaine-induced vasculitis (CIV).

This review offers a detailed review of diseases induced by cocaine and levamisole. It
highlights their distinct pathogenesis, clinical features and treatment options, and provides
guidance for clinicians in managing affected patients.

1.1. Cocaine

Cocaine, a highly potent and addictive drug, is the most commonly used psychostim-
ulant in Europe, and is extracted from the leaves of the coca plant (Erythroxylum coca) [7].
Cocaine raises the amount of dopamine in the synaptic cleft of the central nervous sys-
tem by stopping its presynaptic reuptake and stopping the presynaptic reabsorption of
noradrenaline and serotonin [7]. This causes changes in behavior and mental health.

The 2022 United Nations Office on Drugs and Crime reported that in 2021, 22 million
people worldwide had used cocaine in the previous year, a figure growing year by year [8].
In the European Union, cocaine is the second most used drug after cannabis, indicating its
prevalence in drug consumption patterns. In 2021, an estimated 7500 individuals received
treatment for cocaine use [9].

Snorting or sniffing cocaine crystals through the nose is the primary method of ad-
ministration [10,11]. Detection of cocaine in urine can be achieved by screening for its
metabolite, benzoylecgonine, which persists for 48 to 72 h post-consumption and can linger
for up to 2 weeks in frequent users [12,13] Cocaine is detectable in blood and saliva for less
than 48 h, in sweat for several weeks, and in hair for several months [14,15].

1.2. Levamisole

Levamisole is a synthetic compound derived from imidazothiazole, originally used as
an anti-helminthic agent in veterinary medicine and previously employed in humans for
the treatment of cancer and various autoimmune diseases, due to its immunomodulatory
characteristics [14,16]. In 1999, reports of severe neutropenia led to the withdrawal of the
drug from the human market [17]. Approximately 70–80% of cocaine is contaminated with
levamisole, which is added to enhance its volume and stimulating properties [7,14,16].
Levamisole is used for this purpose because it has a similar white powdery texture to
cocaine and cannot be detected in common impurity tests like the ‘bleach test’, a popu-
lar street test for cocaine purity. In addition, levamisole enhances the addictive effects
of cocaine by acting as a nicotinic antagonist, prolonging and increasing the release of
glutamate [16–18]. Its quantification can only be performed in specialized laboratories
using liquid chromatography coupled with mass spectrometry on serum and urine samples.
Additionally, levamisole is difficult to detect, due to its limited renal excretion and relatively
short half-life of 5.6 h [7,19–21].

2. Pathogenesis of Cocaine- and Levamisole-Related Disorders

The mechanisms linking cocaine use to AAV remain poorly understood, and the role
of autoimmunity in cocaine-induced vasculitis is still under investigation. Three distinct
mechanisms can be identified in the pathogenesis, which may overlap and differ in their
presence among patients. Cocaine use results in nasal trauma and vascular ischemia,
directly contributing to localized nasal lesions. Additionally, cocaine triggers immune
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system activation through the formation of neutrophil extracellular traps (NETs), further
driving inflammation and tissue damage. Finally, this process can culminate in pronounced
autoimmune responses, characterized by ANCA production, which exacerbates immune
reactions and can lead to systemic disease.

A summary of the proposed pathogenesis is described in Figure 1.
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Figure 1. A model of the immunopathogenesis underlying damage to local nasal structures and au-
toimmune reactions in cocaine and levamisole-induced vasculitis (Created with www.app.biorender.
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2.1. Direct Nasal Trauma and Vascular Ischemia

The pathogenesis of local nasal destructive lesions induced by cocaine is not well
understood, but involves factors such as local ischemia, inflammation, trauma, recurrent
nasal infections and cell apoptosis [10,22,23].

Cocaine users often experience local nasal symptoms due to direct mucosal trauma
caused by the high-velocity insufflation of cocaine crystals, drug adulterants, nose-picking,
and superficial necrosis. However, in some habitual users, damage extends to the under-
lying osseous and cartilaginous structures of the nose, leading to extensive destructive
nasal lesions that often spread with a centrifugal pattern [10,24]. Factors contributing to the
development of midline lesions may include local decongestant treatments, smoking habits,
diabetes mellitus history and an individual predisposition to bacterial superinfections of the
damaged nasal mucosa, influenced by personal nasal hygiene and antibiotic usage [10,25].
Different patterns of cocaine use, in term of frequency and duration, do not appear to
correlate with the extent of the lesions [24].

Vascular ischemia is the primary mechanism driving local destructive nasal lesions
attributed to direct endothelial damage, an induced prothrombotic state [26] and, most
notably, cocaine’s vasoconstrictive effects, which involve the stimulation of the sympathetic
nervous system and endothelial cells [27,28]. In addition, cocaine induces significant dose-
and time-dependent apoptosis of nasal mucosal cells, respiratory epithelial cells, and
inflammatory cells within the nasal cavity [29]. This phenomenon has been confirmed
in vitro and in animal studies [30–32], and is also correlated with cocaine’s ability to induce
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the expression of genes involved in oxidative stress response and DNA damage [29,33], as
well as those related to apoptosis, autophagy/lysosomal activity, tissue regeneration, cell
proliferation and collagen integrity [34]. Moreover, necrosis and apoptosis, the massive
vasodilatation that occurs as part of the healing process during the waning effects of cocaine,
leads to frequent bleeding, scab formation and extensive crusting, which obstruct breathing
and prompt their removal, causing further damage [35]. Repeated exposure extends
mucosal damage also to nasal cartilaginous structures [36–40]. Bacterial superinfection
with Staphylococcus aureus, documented in the nasal swabs of nearly all patients, along with
cocaine-induced reduction in nasal mucociliary clearance, may further contribute to local
damage [27,41].

2.2. Immune-System Dysregulation via Neutrophils and NETs

The exact mechanisms underlying the development of autoimmunity following the
use of cocaine and levamisole remain unclear, but neutrophils are crucial contributors
to immune dysregulation and are inducers of tissue damage. Recent evidence suggests
that the activation of the immune cascade and the loss of self-tolerance are driven by the
formation of NETs [42]. Similar to observations in systemic lupus erythematosus, aberrant
NET formation and defects in NET clearance are considered significant sources of exces-
sive circulating DNA and autoantigens [43]. Different authors have demonstrated that
cocaine and levamisole can activate neutrophils and induce the formation of NETs [42,44]
through a mechanism dependent on M3 muscarinic receptors and the activation of in-
tracellular pathways, including NOX, AKT, and RAF-MEK-ERK [42,45]. Moreover, NET
formation has been observed both in vitro and in skin tissue samples from patients with
levamisole/cocaine-associated vasculitis [44,45].

Activated neutrophils extrude NETs containing double-stranded DNA, histones and
granules. These granules include classical AAV antigens, such as MPO and PR3, as well as
other proteins like human neutrophil elastase (HNE), cathepsin G and lactoferrin, against
which atypical perinuclear ANCAs (p-ANCAs) are formed [46]. NETs induced by cocaine
and levamisole are particularly enriched in HNE, which, together with B-cell Activating
Factor (BAFF), promotes the survival and differentiation of HNE-reactive B cells. Addition-
ally, antibodies can bind NETs, increasing their immunogenicity and further potentiating
their pro-inflammatory property while protecting them from degradation, similar to mech-
anisms described for anti-NET antibodies in systemic lupus erythematosus [44]. Lastly,
NETs, cocaine, and levamisole activate the alternative complement pathway, resulting
in the deposition of complement C5b-9 complex and the formation of blood clots. This
mechanism plays a direct role in thrombotic microangiopathy [26,45,47,48].

The proinflammatory environment, along with the presence of autoantibodies, leads to
a feedback loop of persistent neutrophil hyperactivation and amplifies immune responses,
resulting in small-blood-vessel inflammation and further tissue damage [15,48].

2.3. Production of Autoantibodies

The detection and prolonged persistence of autoantibodies, such as ANCAs and anti-
HNEs, in blood tests of patient with cocaine- and levamisole-induced disorders, but not in
unaffected cocaine abusers, suggests a role for loss of tolerance and autoreactivity in the
pathogenesis of both local and systemic manifestations, although this role is not yet fully
elucidated [49].

Environmental factors, possibly including levamisole and infections such as Staphylo-
coccus Aureus, likely through by superantigens [50], may stimulate the adaptive immune
response, inducing neutrophil priming and activation. This leads to the generation of
NETs and release of various antigens, including MPO and PR3. In predisposed subjects,
antigen-presenting cells may present ANCA antigens to T cells, produce pro-inflammatory
cytokines and generate ANCAs and other autoantibodies in situ, contributing to their long-
term persistence [11,51,52]. This mechanism resembles the pathogenetic events described
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in GPA and MPA [53]. The normalization of autoantibody titers after discontinuing cocaine
and levamisole may confirm their direct effect on NETosis and ANCA development [19,49].

Conversely, anti-HNE antibodies do not seem to directly affect enzyme activity or
its ability to bind to natural inhibitors [54], but they may significantly enhance the local
inflammatory response to injury by promoting inflammation and necrosis [20,55,56]. This
effect is achieved by disrupting the non-inflammatory clearance of apoptotic cells by
macrophages. In vitro studies suggest that this mechanism may involve opsonization,
which increases the production of inflammatory cytokines by phagocytosing macrophages
and reduces the expression of phosphatidylserine, the recognition signal for macrophages,
on the surface of pre-apoptotic cells [57].

A number of studies have shown that the presence of high titers of different ANCAs
and/or the presence of anti-HNE in the blood of patients can be strong indicators of expo-
sure to levamisole and cocaine. This “dual positivity” is rarely found in other autoimmune
diseases or vasculitis, and anti-HNEs are never present in patients with GPA and MPA,
nor in subjects exposed to cocaine without autoimmune manifestations [11,49,58,59]. Some
studies speculated about the significance and role of anti-HNE in these individuals. Since
HNE is a component of neutrophil granules, it might present a perinuclear ANCA (p-
ANCA) or atypical pattern in indirect immunofluorescence (IIF). Moreover, HNE shares
sequence and structural homology with PR3, which can also lead to a cytoplasmatic ANCA
(c-ANCA) pattern in IIF [48,60]. The presence of the HNE antigen and anti-HNE antibodies
may provide an explanation for the widespread “dual positivity” observed in these pa-
tients. In laboratories where enzyme immunoassays for HNE antigen are unavailable, the
discordance between a high titer of perinuclear ANCA and a low titer in the MPO-ANCA
immunoassay can be a useful indicator of cocaine and levamisole exposure [19,49,60–62].

3. Clinical Presentation of Levamisole- and Cocaine-Induced Disorders
3.1. Cocaine-Induced Midline Destructive Lesion (CIMDL)

Long-term insufflated cocaine use can lead to a syndrome known as CIMDL, charac-
terized by extensive damage to the osseocartilaginous structures of the midface.

Although the prevalence of CIMDL is not known, data from the 1998 report of the
United States Department of Health and Human Services shows that 4.8% of cocaine
abusers are affected by an isolated nasal septum perforation, which is the most common
clinical presentation of CIMDL [52].

3.1.1. Clinical Features

The symptoms of CIMDL are related to the destruction of the sinonasal district. Ini-
tially, patients may experience nasal obstruction, epistaxis, hyposmia or anosmia, nasal
crusting, sinusitis, severe oral–facial pain and altered sensitivity. If the lesions extend to the
middle and superior turbinates, lateral nasal wall, and hard and soft palate, causing perfora-
tions, symptoms can include dysphagia, oronasal reflux, regurgitation, hypernasal speech,
excessive sniffing and halitosis [10,63]. In cases where superinfections propagate the dam-
age, some patients may develop diplopia, proptosis, pseudotumor and headache [27,63].
Patients do not present with systemic symptoms, such as fever, malaise, weight loss,
arthralgia or myalgia, or with the involvement of another specific organ [63].

The most common signs, detectable by nasal endoscopy, are diffuse necrotizing ulcera-
tive lesions, extensive crusting and nasal septal perforation. In more severe cases, external
features like nasal deformity, saddle nose, loss of nasal projection, hard and/or soft palate
perforations, erosion of middle and superior turbinate and sphenoid bone erosion may be
observed (Figures 2 and 3) [10].

Other rare manifestations include pharyngeal wall ulcerations (Figure 3) [64,65], na-
solacrimal duct obstruction and destruction of the orbital bony walls, which can lead to
secondary orbital cellulitis [66]. In these cases, damage could range from dehiscence of the
lamina papyracea or of the orbital floor without visual symptoms to more severe conditions,
such as chronic orbital inflammation, double vision, reduced visual acuity, ocular motility
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impairment, pseudotumor and optic neuropathy. Additionally, erosion of the anterior skull
base can cause cerebrospinal fluid leak, encephalocele or acute diffuse pneumocephalus,
associated with altered mental status, severe headache, anxiety, confusion, cerebritis and
meningitis, or panhypopituitarism in the case of pituitary gland damage [10]. Brain damage
caused by the spread of vasculitic lesions or tumor-like growths from the nose has also
been reported [67,68].
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Figure 3. (A) Nasal endoscopy with a 30-degree endoscope shows a large hard- and soft-palate defect
with evidence of oral cavity and laryngopharyngeal structures such as oral tongue, base of the tongue
with hypertrophic lingual tonsils, free margin of the epiglottis, laryngeal vestibule, arytenoids, and
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visible. (B) Endoscopic view with a 30-degree endoscope from the oral cavity in the same patient
revealed an anterior hard-palate fistula, and a larger hard- and soft-palate defect.

Other signs related to the nasal route of administration include manifestations of facial
and external structures, with external cutaneous ulcers on the nose and surrounding area,
along with lip swelling and phymatoid enlargement of the nose [10].

3.1.2. Histopathology

Multiple biopsy specimens, especially of the nasal mucosa, should be taken from
the margins of the lesions, avoiding the necrotic center, which is unlikely to provide any
diagnostic information [69].

There are no pathognomonic histopathological features for CIMDL. Histopathology
may reveal a vasculitis-like granulomatous pattern, which shares many features with
GPA, including micro-abscesses in vascular walls, leukocytoclastic vasculitis, mixed acute
and chronic inflammatory infiltrates, perivenulitis, vascular microthrombotic changes and
fibrinoid necrosis. However, granulomatous inflammation has not been described [10,27].
A distinctive feature of CIMDL might be massive apoptosis, which is not observed in
healthy subjects or in patients with nasal polyposis or GPA. It can be detected using tools
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like the commercially available in situ terminal deoxynucleotidyl transferase-mediated
dUTP-digoxygenin nick end labeling (TUNEL) cell-death detection kit [29].

3.1.3. Laboratory Findings

Positive ANCA tests are often detected in CIMDL [10,27,49,54,70]. In IIF, the pre-
dominant pattern observed is p-ANCA, as confirmed in ELISA through single or dual
ANCA positivity. This is attributed to the presence of anti-HNE, observed in up to 84%
of CIMDL cases, or PR3-ANCA, noted in up to 57% of cases. Moreover, the presence of
p-ANCA in IIF, may be associated with a low titer of anti-MPO antibodies, as observed also
in CIV and LAC vasculopathy/vasculitis [10,27,49,54,70]. Additionally, PR3-ANCA with
c-ANCA in IIF can be found in about 50% of ANCA-positive CIMDL patients [49,54]. Some
patients may be negative in both IIF and solid-phase assays [49,54]. Studies comparing
ANCA-positive and ANCA-negative CIDML patients have found no significant differences
in presentation, symptoms, laboratory tests, radiological and histological findings, type of
treatment and disease severity [11].

3.1.4. Imaging

Magnetic resonance imaging (MRI) and computed tomography (CT) scans with and
without contrast agent are used to assess the presence and extent of midline destructive
lesions, though these imaging techniques lack specificity for diagnosing CIMDL. High-
resolution CT scans of the head reveal cartilage and/or bone reabsorption in the sinonasal
area, with the affected structures displaying a progressively centrifugal pattern over time
(Figure 4). Other common findings include the opacification of the paranasal sinuses and
mucoperiosteal thickening of the nasal cavity and paranasal cavities [71]. MRI with and
without contrast agent, often the preferred initial choice, is used to evaluate soft-tissue ero-
sion and mucosal inflammatory lesions, which appear hypointense on T2-weighted images
with reduced or nonhomogeneous enhancement [10,69,72]. Additional MRI findings in
cocaine abusers may include radiographic signs of otitis media [72] and diffuse swelling
of palatine and pharyngeal tonsils, often accompanied by small fluid collections within
lymphatic tissue [27].

Based on the localization pattern, Nitro and colleagues proposed a radiological classi-
fication of CIMDL. They divided the sinonasal district into four progressively less-involved
areas, starting with the nasal septum and extending to the neurocranial structure. This
suggests that the nasal septum is the starting point of the process, with lesions potentially
spreading centrifugally across the sinonasal compartment [24].

This radiological classification is reported in Table 1.

Table 1. Radiological classification of CIMDL according to Nitro et al. [24].

Classification Grade Localization Patients in the Nitro et al. [24]
Systematic Review

1
(middle) Nasal septum 126 (99.2%)

2 A
(inferior third of the
sinonasal complex)

Grade 1 + inferolateral district
(inferior turbinate and

Maxillary-sinus medial wall,
nasolacrimal duct)

75 (59%)

2 B
(inferior third of the
sinonasal complex)

Grade 1 + palate
(nasal floor) 38 (29.9%)

3
(middle third of the
sinonasal complex)

Grade 2 + ethmoid bone, middle
turbinate and

superior turbinate
29 (22.8%)

4
(neurocranial structures)

Grade 3 + neurocranium
(lamina papyracea, orbit base or

skull base)
10 (7.9%)
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Figure 4. CT scan of a patient with a history of cocaine abuse, showing in the axial scans (A,B) a
complete erosion of the nasal septum and bony limits of the paranasal sinuses, with right paralatero–
nasal fistula and hyperostosis of the residual left maxillary-sinus bony walls. This is more evident in
the coronal scan (C), where an oronasal fistulation of the hard palate is visible. The ethmoidal cells
are obliterated, as well as the frontal and sphenoid sinuses (D).

3.2. Cocaine-Induced Vasculitis (CIV)

Active cocaine use can also induce systemic vasculitis. Several case reports and series
have described cases that resemble the classic presentation of primary idiopathic AAV,
particularly GPA, but occurring in the context of cocaine abuse [61,62,73–77]. Other types
of CIV have also been documented, including cases of IgA vasculitis, EGPA and isolated
central-nervous-system vasculitis [62,78–83].

3.2.1. Clinical Features

Almost all patients experience nasal symptoms, similar to those seen in individuals
with local cocaine-snorting damage or GPA [62,77,84]. Systemic involvement includes skin
rashes, joint involvement, pauci-immune crescentic glomerulonephritis (GN) and other
specific organ manifestations [60,62,75,85]. Additionally, renal complications such as renal
infarction, thrombotic microangiopathy, and acute kidney injury from rhabdomyolysis are
also associated with cocaine abuse [75].

3.2.2. Histopathology

The skin biopsy reveals leukocytoclastic vasculitis, affecting small and medium-sized
dermal vessels, characterized by fibrinoid necrosis of the vessel walls and a neutrophil
infiltrate with nuclear debris. Direct immunofluorescence of the small vessels shows
large deposits of Immunoglobulin M (IgM), along with smaller amounts of IgG, IgA and
C3 [77,84]. Renal pathology can manifest in various forms, most commonly as pauci-
immune necrotizing GN, but also as membranous nephropathy, focal segmental glomeru-
losclerosis, C3-associated GN, mesangialproliferative/IgA-associated GN, and immune
complex-mediated GN [75,84].
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3.2.3. Laboratory Findings

The majority of patients, up to 90%, test positive for ANCAs [62]. These patients typi-
cally show positive PR3 antibodies on ELISA and p-ANCA on IIF or, less commonly, dual
positivity for both PR3- and MPO-ANCA [49,84]. As mentioned earlier, this non-congruent
and dual positivity is common among cocaine abusers [60,62,86]. Some studies have re-
ported a higher prevalence of MPO positivity compared to other types of ANCAs [62,87].
A minority of CIV patients may be ANCA-negative [60,88].

3.3. Levamisole-Adulterated Cocaine (LAC) Vasculopathy/Vasculitis

LAC vasculopathy/vasculitis is a complex systemic syndrome that primarily affects
the skin and leukocytes, where the inflammatory vascular effects of cocaine and levamisole
exposure converge. The first two reports of vasculopathy/vasculitis induced by levamisole-
contaminated cocaine were published in 1978 [89,90]. This condition is more commonly
found among middle-aged women [21,58].

3.3.1. Clinical Features

LAC causes a clinical syndrome primarily characterized by skin involvement (91% of
cases) and can also affect other organs such as the nose, kidneys, lungs, liver and brain [7,16].
The cutaneous presentation includes retiform or stellate purpura, skin rash, necrotic ulcer,
painful hemorrhagic blisters, and pyoderma gangrenosum-like lesions. The most common
feature is retiform purpura with central necrosis and an erythematous edge, typically
localized to the ears, cheeks, zygomatic arch and lower extremities, while sparing the trunk
and neck. Skin involvement is usually bilateral [15,21,61,91–96]. Some authors identified
four different stages of retiform purpura, beginning with livedo reticularis or racemosa and
progressing to purpura without necrosis. The condition worsens through an intermediate
stage characterized by purpuric macules and plaques with hemorrhagic vesicles, eventually
leading to extensive confluent purpura with ulceration and necrosis [59,97,98].

Constitutional symptoms, such as arthralgias, fever, weight loss, myalgia and sweats
are very common in LAC vasculopathy/vasculitis, as are midline destructive lesions due to
cocaine insufflation and sinonasal involvement. Musculoskeletal involvement is also highly
prevalent, with some case series reporting a prevalence of up to 90%. Arthritis, present in
30% of cases, typically manifests as acute inflammatory arthritis, though a small proportion
of anti-MPO-positive patients develop chronic erosive arthritis [95]. Less frequent features
include pulmonary involvement, leukoencephalopathy and GN [16,19,21,58,60,61,95]. Pul-
monary involvement most commonly includes alveolar hemorrhage, but can also present as
bronchitis and bronchiolitis, interstitial pneumonia, hypersensitivity pneumonitis and sub-
centimeter pulmonary nodules [87,99]. Leukoencephalopathy, first observed in individuals
treated with levamisole, is an autoimmune reaction that leads to progressive mental-status
deterioration, ataxia, and other neurological symptoms [19,100]. Renal involvement occurs
in up to 10% of cases, often at disease onset, and may manifest as proteinuria and hematuria,
with or without renal failure [21,58,59].

In some cases, LAC vasculopathy/vasculitis can take a fulminant course, leading
to a fatal outcome due to the severity of skin lesions or the involvement of multiple
organs [19,58].

3.3.2. Histopathology

Cutaneous histological findings are characterized by thrombotic vasculopathy, leuko-
cytoclastic vasculitis or a combination of both [7,16]. Superficial and deep small dermal
vessels are involved and show mixed inflammatory cell infiltrates, characterized by a
prominence of neutrophils and sometimes eosinophils. Fibrinoid necrosis of vascular walls
is often observed and frequently extends into the adjacent perivascular connective tissue.
Extravasation of red blood cells and the presence of intravascular thrombi are also common
findings. Direct immunofluorescence may reveal mixed antibody (IgM, IgG and IgA) and
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C3 deposition in vessel walls [17,87,101]. Interestingly, more than half of the patients with
vasculopathy on biopsy tested positive for antiphospholipid antibodies [58].

The most common kidney histological pattern is pauci-immune GN, which may or
may not include cellular crescents and fibrinoid necrosis, similar to most primary AAVs.
Membranous GN, with or without anti-phospholipase A2 receptor antibodies, is also
relatively common [21,88,102].

3.3.3. Laboratory Findings

Hematological abnormalities, such as leukopenia, neutropenia, agranulocytosis, hemolytic
anemia and thrombocytopenia are common, occurring in about 60% of cases [7,16,19,61,94].
Agranulocytosis, characterized by an absolute neutrophil count of less than 0.5 × 109 cells/L,
occurs in 6 to 13% of patients currently taking levamisole. It typically develops 1–2 weeks
after the initial exposure to levamisole or immediately following re-exposure [16]. The exact
mechanism by which some patients develop levamisole-associated agranulocytosis and neu-
tropenia is not fully understood, but is not a feature of cocaine-linked autoimmunity. Some
studies suggest that individuals carrying the human leukocyte antigen (HLA)-B27 haplo-
type are more likely to develop agranulocytosis when exposed to levamisole [16,103–105].
Common features of levamisole-induced agranulocytosis include the presence of plas-
macytoid lymphocytes in peripheral blood, increased plasma cells and megakaryocytic
hyperplasia in bone marrow [105].

ANCA positivity occurs in up to 90% of cases [58,87]. LAC vasculopathy/vasculitis
may be associated with p-ANCA and/or c-ANCA or both, with multiple antigenic speci-
ficities [58,87]. High titers of atypical p-ANCA, directed against HNE, cathepsin G and
lactoferrin, are the most frequent pattern. Anti-MPO antibodies are typically identified
at lower levels compared to those seen with p-ANCA on IIF. Other case series report
that many patients with p-ANCA and/or anti-MPO also exhibit positivity for the PR3
immunoassay [16,19,54,58,60,106].

Antiphospholipid antibodies, such as lupus anti-coagulant, IgM anti-cardiolipin anti-
body and IgM anti-β2 glicoprotein-1 antibody, are also very common, occurring in nearly
70% of cases. Additionally, about the same percentage of patients have low complement
levels (C3, C4 or both). In some cases, antinuclear antibodies (ANAs), anti-double-stranded
DNA antibodies and anti-C1q antibodies are also present [16,19,58,60,107].

4. Differential Diagnosis

Distinguishing between the three described clinical pictures, as well as differentiating
idiopathic vasculitis from other vasculitis mimickers, can be challenging. Confirming
substance abuse through patient history or laboratory tests is valuable but not always
feasible in routine clinical practice.

Midfacial osseocartilaginous destruction can result from various conditions beyond
cocaine abuse, including autoimmune diseases, chemical exposure or trauma [10]. Mi-
crobiological and histopathological assessments help differentiate among infections (e.g.,
tuberculosis, tertiary syphilis, mucormycosis), malignancies (lymphoma, squamous cell car-
cinoma) or granulomatosis lesions (e.g., GPA, sarcoidosis and Immunoglobulin G4-related
disease) [15,22,23,108,109]. Notably, Immunoglobulin G4-related disease (IgG4-RD) can
involve midline structures with mass-forming lesions and nasal or palatal erosion, although
this is rarely reported [110]. The specific histology of IgG4-RD aids in distinguishing it from
CIMDL [15,109]. Differentiating CIMDL from GPA with limited ear–nose–throat (ENT)
involvement is particularly challenging, as nasal manifestations are present in 50–90% of
GPA cases and ANCA testing is not always definitive [74,111–113]. A histologically defini-
tive diagnosis of GPA requires the identification of pathognomonic lesions, such as stromal
granulomas with giant cells and deep necrosis, which occur in approximately 50% of GPA
patients with nasal involvement [27,63,69,114,115]. While up to 83% of GPA patients test
positive for ANCA, this percentage is lower in localized sinonasal disease [52,116]. Most
GPA patients have c-ANCA with anti-PR3 positivity, whereas a minority have p-ANCA
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with anti-MPO positivity or are ANCA-negative [69]. A c-ANCA/anti-PR3 pairing sug-
gests GPA, while a positive p-ANCA, and negative anti-MPO, with or without anti-PR3,
warrants further testing for anti-HNE. A positive anti-HNE or an ANCA directed against
multiple antigens may indicate a cocaine-induced etiology [11,69]. Midline facial destruc-
tion is typically more severe in CIMDL, with centrifugal involvement and reduced or
non-uniform enhancement in the nasal septum and turbinate mucosa being more frequent
in CIMDL than in GPA [27]. Trimarchi and colleagues suggest that palate perforation,
which is reported only in CIMDL patients, could be a useful clinical marker. [22]. Inves-
tigating cocaine use should be considered at the initial presentation of isolated midline
destructive lesions or when treatment failure in GPA occurs [117].

CIMDL can be distinguished from CIV by its lack of systemic involvement. Differenti-
ating CIV from idiopathic autoimmune vasculitis, however, is more challenging [10,112].
Clinical manifestations and histological findings often do not exclude idiopathic forms of
vasculitis [16,62]. Dual antibody positivity, high-titer atypical p-ANCA, or the presence of
anti-HNE are useful “red flags”. The resolution of vasculitis symptoms upon cessation of
cocaine use, along with the persistence of symptoms despite standard treatment, should
raise suspicion of cocaine abuse [14,61,118].

Differentiating LAC vasculopathy/vasculitis from idiopathic AAV can be difficult, but
some differences exist. Clinically, purpura is more prevalent and severe in LAC vasculopa-
thy, often requiring surgical management, unlike in AAV [7,58,59,119]. Additionally, the
variability and location of skin involvement differ, particularly with facial lesions, which
typically do not require surgical intervention in AAV [58,59]. Biologically, the presence of
dual-positive ANCA tests and/or antiphospholipid antibody tests in AAV patients can be
major “red flags” for levamisole abuse [58]. Furthermore, LAC vasculopathy frequently
causes neutropenia, which is uncommon in AAV [19,105]. Lastly, relapses of LAC vas-
culopathy/vasculitis are closely linked to re-exposure to levamisole, unlike AAV, where
relapses occur unpredictably [58].

For a comprehensive overview of the hallmarks and distinctions among CIMDL, LAC
vasculopathy/vasculitis, and CIV, please refer to Table 2 and Figure 5.

Table 2. Differentials in clinical, laboratory, histological and treatment characteristics of CIMDL, LAC
vasculopathy/vasculitis and cocaine-induced vasculitis.

CIMDLs LAC Vasculopathy/Vasculitis CIV

Disease
localizations ENT (midline structures) Local (cutaneous) and

systemic Multi-organ and systemic

Disease
manifestations

Diffuse necrotizing ulcerative lesions,
nasal crusting, nasal-septum

perforation, palatal perforation, nasal
deformity

Retiform purpura,
constitutional symptoms,

midline destructive lesions,
glomerulonephritis,

pulmonary involvement,
leukoencephalopathy,

arthritis

Skin rashes, joint involvement,
pauci-immune crescentic

glomerulonephritis, alveolar
hemorrhage

ANCA IIF pattern Perinuclear or cytoplasmatic Atypical perinuclear Perinuclear

ANCA specificity Anti-HNE, PR3-ANCA, ANCA
negative

MPO-ANCA, PR3-ANCA,
anti-HNE

PR3-ANCA, MPO-ANCA,
ANCA negative

ANCA
double positivity HNE and PR3 c-ANCA and p-ANCA PR3 and p-ANCA

Other biomarkers -
APL, low complement levels,
ANAs, anti-dsDNA, anti-C1q,

cryoglobulin
-

Systemic
inflammation Rarely Common Common
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Table 2. Cont.

CIMDLs LAC Vasculopathy/Vasculitis CIV

Hematological
abnormalities None

Common (leukopenia,
neutropenia, agranulocytosis,

hemolytic anemia,
thrombocytopenia)

-

Histology
Not specific except
for cell apoptosis

and extensive necrosis

Thrombotic vasculopathy,
leukocytoclastic vasculitis

Leukocytoclastic vasculitis,
commonly pauci-immune

necrotizing
glomerulonephritis

First approach Cessation of
cocaine abuse

Cessation of
cocaine abuse

Cessation of
cocaine abuse

Immunosuppressive
treatment

Rarely required, only in case of
systemic inflammation

Required in case of severe
systemic inflammation or
life-threatening symptoms

Controversial

Local and surgery
treatment

Conservative local treatment,
prosthetic and reconstructive surgery

Supportive local therapy and
plastic surgery -

ANAs: anti-nuclear antibodies; ANCA: anti-neutrophil cytoplasmatic antibody; anti-dsDNA: anti-double-
stranded DNA antibody; APL: antiphospholipid antibody; c-ANCA: cytoplasmatic-ANCA; CIMDLs: cocaine-
induced midline destructive lesions; CIV: cocaine-induced vasculitis; ENT: ear, nose and throat; HNE: human
neutrophil elastase; IIF: indirect immunofluorescence; LAC: levamisole-adulterated cocaine; MPO: myeloperoxi-
dase; p-ANCA: perinuclear-ANCA; PR3: proteinase 3.
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Figure 5. The abuse of cocaine may result in a “spectrum of autoimmune manifestations” in pre-
disposed individuals, ranging from localized to systemic effects. These manifestations, which may
partially overlap, can ultimately be classified into three clinical entities: cocaine-induced midline
destructive lesion (CIMDL), levamisole-adulterated cocaine (LAC) vasculopathy/vasculitis, and
cocaine-induced vasculitis (CIV). AAV: ANCA-associated vasculitis; ANCA: anti-neutrophil cyto-
plasmatic antibody; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; HNE: human
neutrophilic elastase; MPO: myeloperoxidase; p-ANCA: perinuclear-ANCA, PR3 proteinase 3.

5. Treatment

No standardized therapeutic guidelines have been established [62]. The corner-
stone of treatment remains the discontinuation of cocaine use, as the effectiveness of
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any therapeutic approach depends heavily on sustained abstinence from cocaine and/or
levamisole [58,62,69]. In the initial stages, all three conditions may gradually normalize
with the cessation of cocaine and levamisole use, highlighting the crucial role of substance
cessation in the management [58,62,72]. Antibodies typically revert to negative within 2 to
14 months after discontinuation of cocaine use [11,60,62,120].

In cases of local nasal destructive lesions, treatment options include medical ther-
apy and prosthetic or reconstructive surgery, both of which require stable lesions and
a period of abstinence. Some authors recommend confirming cocaine abstinence with
toxicological tests [121–123] and suggest a full rehabilitation period of 6 to 24 months before
surgery [38,72,120], based on the high incidence of relapses within the first 12 months [124].
Conservative local treatments, such as debridement of necrotic tissues and crusts, regular
saline douches, and local or systemic application of antibiotic therapy are recommended to
slow lesion progression, though they cannot reverse established damage [72]. Intranasal
steroids may help control nasal symptoms and infections [125]. Prosthetic closure of
oronasal fistulas, septal perforation, and skull-base defects are common procedures for
prosthetic surgery [35,72,121,126–129]. Obturator prostheses for palate defects can prevent
oronasal reflux and serve as an early, non-invasive treatment option for patients beginning
their abstinence period [121]. Reconstructive surgery for mucosal or cutaneous defects
should be postponed until lesions are stable, especially for aesthetic procedures such as
rhinoplasty and nasal cutaneous fistulae closure [39,72,130,131].

The first line of treatment for early-stage skin manifestations of LAC vasculopa-
thy/vasculitis includes supportive measures, such as proper wound care, antibiotics
for infected lesions and analgesics [7,48,92,101,119]. Some patients may require surgi-
cal management, including debridement and skin allo- or auto-grafting of necrotic le-
sions [106,119,132]. Topical corticosteroids are effective for non-necrotic lesions, such as
pyoderma gangrenosum-like lesions and purpuric skin rash [96,133]. In cases of agran-
ulocytosis, empiric antibiotic treatment and granulocyte colony-stimulating factor are
recommended if fever or infection is present, as neutrophil counts generally recover within
a few days after discontinuation of levamisole [16,105]. The effectiveness of anticoagulation,
antiplatelet and peripheral vasodilating therapies remains unclear [7,21,59,95].

The role of immunosuppressive therapy is controversial [52,58,60,62]. Several immuno-
suppressive agents have been mentioned in the literature, including GCs, methotrexate
(MTX), thalidomide (THD), azathioprine (AZA), cyclophosphamide (CYC), mycophenolate
mofetil (MMF), and rituximab (RTX) [52,58,59,62].

Immunosuppressive therapy is generally not recommended for CIMDL. However,
some authors suggest considering immunosuppressors if there is no improvement after at
least 3 months of cocaine cessation or in patients with significant inflammatory disease,
with GCs, MTX, or CYC as reported options [52].

Patients with CIV are treated with immunosuppressive therapy, which may include
GCs, and other agents such as MTX, AZA, MMF, CYC, and RTX [62,77]. Treatment sched-
ules and drug dosages generally align with international guidelines for idiopathic AAV,
with the exception of avoiding GC pulses and using reduced dosages of GCs [77]. Al-
though data on treatment efficacy are scarce, it is clear that cessation of cocaine abuse is a
prerequisite for achieving remission [62].

The most employed immunosuppressive treatment for LAC vasculopathy/vasculitis
is GC, typically starting at a dosage of 1 mg per kilogram of body weight per day, with
relatively brief treatment durations. Only a minority of patients in the literature have
been treated with immunosuppressive agents, including MTX, AZA, THD, CYC and
RTX [58,59]. There is currently no convincing evidence that immunosuppressive therapy
modifies the clinical course, but it may be reserved for patients who do not respond to
supportive therapy. Patients with LAC vasculopathy/vasculitis with predominant systemic
involvement, systemic inflammation, or with histologically proven vasculitis (not necrosis),
particularly GN, have shown the best response to systemic GCs and immunosuppressive
treatments [7,48,59,61,88,134]. Systemic GCs, with or without associated immunosuppres-
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sive treatment and plasma exchange, are mandatory in cases of leukoencephalopathy
involvement [100].

In light of these considerations, it is imperative that treatment paradigms be tailored
to reflect the specific severity and degree of organ involvement in each individual case.

6. Conclusions

The intricate relationship between cocaine use, particularly when adulterated with
levamisole, and autoimmune vasculitis presents a multifaceted clinical challenge. The
abuse of these substances may result in a spectrum of autoimmune manifestations in
predisposed individuals, ranging from localized to systemic effects, which may partially
overlap. The pathogenesis of these disorders, while not fully understood, involves complex
mechanisms with immune dysregulation playing a pivotal role. These entities exhibit
overlapping clinical features with primary idiopathic AAV, but are distinguished by their
association with drug use.

Distinguishing between cocaine-associated vasculitis and primary vasculitis poses
a significant diagnostic challenge, requiring a comprehensive approach involving de-
tailed patient history, thorough clinical examination, and a combination of laboratory and
histopathological investigations. Identifying substance abuse is crucial, yet often difficult,
underscoring the need for heightened clinical awareness and a multidisciplinary approach
to management.

Ultimately, these findings emphasize the critical importance of recognizing the po-
tential for cocaine and levamisole to induce significant autoimmune pathology. To date,
most of our knowledge on cocaine- and levamisole-induced vasculitis has been derived
from observational studies, primarily case reports. Experimental and prospective research
is needed to better understand the pathogenesis of these conditions and to develop tar-
geted therapeutic strategies that can mitigate the harmful effects of these substances on the
immune system and overall health.

Author Contributions: Conceptualization, R.P., L.I. and F.D.; methodology, R.P., L.I., F.D., D.C., A.D.
and P.N.; resources; L.I., F.D., E.F., D.C. and M.C., data curation, L.I. and F.D.; writing—original draft
preparation, L.I., F.D., R.P., E.F. and E.Z.; writing—review and editing, L.I., F.D., A.D., M.C., E.F., E.Z.,
D.C. and R.P.; supervision, R.P., A.D. and P.N. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Data Availability Statement: The de-identified data of the patients represented in the figures are
available on request from the corresponding author.

Conflicts of Interest: The authors declare no financial support or potential conflicts of interest in
this study.

References
1. Jennette, J.C.; Falk, R.J.; Bacon, P.A.; Basu, N.; Cid, M.C.; Ferrario, F.; Flores-Suarez, L.F.; Gross, W.L.; Guillevin, L.; Hagen, E.C.;

et al. 2012 Revised International Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis Rheum. 2013, 65, 1–11.
[CrossRef] [PubMed]

2. Molloy, E.S.; Langford, C.A. Vasculitis mimics. Curr. Opin. Rheumatol. 2008, 20, 29–34. [CrossRef]
3. Zarka, F.; Veillette, C.; Makhzoum, J.P. A Review of Primary Vasculitis Mimickers Based on the Chapel Hill Consensus Classifica-

tion. Int. J. Rheumatol. 2020, 2020, 8392542. [CrossRef] [PubMed]
4. Pendergraft, W.F., III; Niles, J.L. Trojan horses: Drug culprits associated with antineutrophil cytoplasmic autoantibody (ANCA)

vasculitis. Curr. Opin. Rheumatol. 2014, 26, 42–49. [CrossRef]
5. Culerrier, J.; Nguyen, Y.; Karadag, O.; Yasar Bilge, S.; Yildrim, T.D.; Ögüt, T.S.; Yazisiz, V.; Bes, C.; Celfe, A.; Yazici, A.; et al.

Characteristics and outcome of ANCA-associated vasculitides induced by anti-thyroid drugs: A multicentre retrospective
case-control study. Rheumatology 2024, 63, 999–1006. [CrossRef] [PubMed]

6. Specks, U. The growing complexity of the pathology associated with cocaine use. J. Clin. Rheumatol. 2011, 17, 167–168. [CrossRef]
[PubMed]

https://doi.org/10.1002/art.37715
https://www.ncbi.nlm.nih.gov/pubmed/23045170
https://doi.org/10.1097/BOR.0b013e3282f1dcf2
https://doi.org/10.1155/2020/8392542
https://www.ncbi.nlm.nih.gov/pubmed/32148510
https://doi.org/10.1097/BOR.0000000000000014
https://doi.org/10.1093/rheumatology/kead319
https://www.ncbi.nlm.nih.gov/pubmed/37354498
https://doi.org/10.1097/RHU.0b013e31821df0b0
https://www.ncbi.nlm.nih.gov/pubmed/21654271


J. Clin. Med. 2024, 13, 5116 15 of 19

7. Marquez, J.; Aguirre, L.; Muñoz, C.; Echeverri, A.; Restrepo, M.; Pinto, L.F. Cocaine-Levamisole-Induced Vasculitis/Vasculopathy
Syndrome. Curr. Rheumatol. Rep. 2017, 19, 36. [CrossRef]

8. UNODC. World Drug Report 2022; United Nations Publication: Vienna, Austria, 2022; p. 72.
9. European Monitoring Centre for Drugs and Drug Addiction (EMCDDA). European Drug Report 2023: Trends and Developments;

EUDA: Lisbon, Portugal, 2023.
10. Trimarchi, M.; Bertazzoni, G.; Bussi, M. Cocaine induced midline destructive lesions. Rhinology 2014, 52, 104–111. [CrossRef]
11. Pendolino, A.L.; Benshetrit, G.; Navaratnam, A.V.; To, C.; Bandino, F.; Scarpa, B.; Kwame, I.; Ludwig, D.R.; McAdoo, S.; Kuchai,

R.; et al. The role of ANCA in the management of cocaine-induced midline destructive lesions or ENT pseudo-granulomatosis
with polyangiitis: A London multicentre case series. Laryngoscope 2024, 134, 2609–2616. [CrossRef]

12. van der Poel, N.A.; Schot, L.J.; Menger, D.J. Local complications of intranasal cocaine abuse: Diagnostic and therapeutic guidelines.
Ned. Tijdschr. Geneeskd. 2013, 157, A6035.

13. Armengot, M.; García-Lliberós, A.; Gómez, M.J.; Navarro, A.; Martorell, A. Sinonasal involvement in systemic vasculitides and
cocaine-induced midline destructive lesions: Diagnostic controversies. Allergy Rhinol. 2013, 4, e94–e99. [CrossRef]

14. Berman, M.; Paran, D.; Elkayam, O. Cocaine-Induced Vasculitis. Rambam Maimonides Med. J. 2016, 7, e0036. [CrossRef]
15. Sánchez-Puigdollers, A.; Just-Sarobé, M.; Pastor-Jané, L. [Translated article] Cutaneous and Mucosal Conditions Associated with

Cocaine Use. Actas Dermosifiliogr. 2023, 114, T125–T131. [CrossRef]
16. Cascio, M.J.; Jen, K.Y. Cocaine/levamisole-associated autoimmune syndrome: A disease of neutrophil-mediated autoimmunity.

Curr. Opin. Hematol. 2018, 25, 29–36. [CrossRef] [PubMed]
17. Nolan, A.L.; Jen, K.Y. Pathologic manifestations of levamisole-adulterated cocaine exposure. Diagn. Pathol. 2015, 10, 48. [CrossRef]

[PubMed]
18. Grau, R.G. Drug-Induced Vasculitis: New Insights and a Changing Lineup of Suspects. Curr. Rheumatol. Rep. 2015, 17, 71.

[CrossRef] [PubMed]
19. Larocque, A.; Hoffman, R.S. Levamisole in cocaine: Unexpected news from an old acquaintance. Clin. Toxicol. 2012, 50, 231–241.

[CrossRef]
20. Buchanan, J.A.; Heard, K.; Burbach, C.; Wilson, M.L.; Dart, R. Prevalence of levamisole in urine toxicology screens positive for

cocaine in an inner-city hospital. JAMA 2011, 305, 1657–1658. [CrossRef] [PubMed]
21. Néel, A.; Agard, C.; Hamidou, M. Vasculitides induced by cocaine and/or levamisole. Jt. Bone Spine 2018, 85, 9–14. [CrossRef]
22. Trimarchi, M.; Bondi, S.; Della Torre, E.; Terreni, M.R.; Bussi, M. Palate perforation differentiates cocaine-induced midline

destructive lesions from granulomatosis with polyangiitis. Acta Otorhinolaryngol. Ital. 2017, 37, 281–285. [CrossRef]
23. Kuriloff, D.B.; Kimmelman, C.P. Osteocartilaginous necrosis of the sinonasal tract following cocaine abuse. Laryngoscope 1989, 99,

918–924. [CrossRef] [PubMed]
24. Nitro, L.; Pipolo, C.; Fadda, G.L.; Allevi, F.; Borgione, M.; Cavallo, G.; Felisati, G.; Saibene, A.M. Distribution of cocaine-induced

midline destructive lesions: Systematic review and classification. Eur. Arch. Otorhinolaryngol. 2022, 279, 3257–3267. [CrossRef]
[PubMed]

25. Rubin, K. The manifestation of cocaine-induced midline destructive lesion in bone tissue and its identification in human skeletal
remains. Forensic Sci. Int. 2013, 231, e401–e411. [CrossRef] [PubMed]

26. Bachi, K.; Mani, V.; Jeyachandran, D.; Fayad, Z.A.; Goldstein, R.Z.; Alia-Klein, N. Vascular disease in cocaine addiction.
Atherosclerosis 2017, 262, 154–162. [CrossRef] [PubMed]

27. Trimarchi, M.; Gregorini, G.; Facchetti, F.; Morassi, M.L.; Manfredini, C.; Maroldi, R.; Nicolai, P.; Russell, K.A.; McDonald, T.J.;
Specks, U. Cocaine-induced midline destructive lesions: Clinical, radiographic, histopathologic, and serologic features and their
differentiation from Wegener granulomatosis. Medicine 2001, 80, 391–404. [CrossRef]

28. Goodger, N.M.; Wang, J.; Pogrel, M.A. Palatal and nasal necrosis resulting from cocaine misuse. Br. Dent. J. 2005, 198, 333–334.
[CrossRef]

29. Trimarchi, M.; Miluzio, A.; Nicolai, P.; Morassi, M.L.; Bussi, M.; Marchisio, P.C. Massive apoptosis erodes nasal mucosa of cocaine
abusers. Am. J. Rhinol. 2006, 20, 160–164. [CrossRef]

30. Bae, S.; Zhang, L. Prenatal cocaine exposure increases apoptosis of neonatal rat heart and heart susceptibility to ischemia-
reperfusion injury in 1-month-old rat. Br. J. Pharmacol. 2005, 144, 900–907. [CrossRef] [PubMed]

31. Bagetta, G.; Piccirilli, S.; Del Duca, C.; Morrone, L.A.; Rombolà, L.; Nappi, G.; De Alba, J.; Knowles, R.G.; Corasaniti, M.T.
Inducible nitric oxide synthase is involved in the mechanisms of cocaine enhanced neuronal apoptosis induced by HIV-1 gp120
in the neocortex of rat. Neurosci. Lett. 2004, 356, 183–186. [CrossRef]

32. Su, J.; Li, J.; Li, W.; Altura, B. Cocaine induces apoptosis in primary cultured rat aortic vascular smooth muscle cells: Possible
relationship to aortic dissection, atherosclerosis, and hypertension. Int. J. Toxicol. 2004, 23, 233–237. [CrossRef]

33. de Oliveira, M.R.; Jardim, F.R. Cocaine and mitochondria-related signaling in the brain: A mechanistic view and future directions.
Neurochem. Int. 2016, 92, 58–66. [CrossRef] [PubMed]

34. Trimarchi, M.; Bertazzoni, G.; Vinciguerra, A.; Pardini, C.; Simeoni, F.; Cittaro, D.; Bussi, M.; Lazarevic, D. Gene Expression
Analysis in Patients with Cocaine-Induced Midline Destructive Lesions. Medicine 2021, 57, 861. [CrossRef] [PubMed]

35. Silvestre, F.J.; Perez-Herbera, A.; Puente-Sandoval, A.; Bagán, J.V. Hard palate perforation in cocaine abusers: A systematic review.
Clin. Oral. Investig. 2010, 14, 621–628. [CrossRef]

https://doi.org/10.1007/s11926-017-0653-9
https://doi.org/10.4193/Rhino13.112
https://doi.org/10.1002/lary.31219
https://doi.org/10.2500/ar.2013.4.0051
https://doi.org/10.5041/RMMJ.10263
https://doi.org/10.1016/j.ad.2022.09.018
https://doi.org/10.1097/MOH.0000000000000393
https://www.ncbi.nlm.nih.gov/pubmed/29211697
https://doi.org/10.1186/s13000-015-0279-z
https://www.ncbi.nlm.nih.gov/pubmed/25943359
https://doi.org/10.1007/s11926-015-0545-9
https://www.ncbi.nlm.nih.gov/pubmed/26503355
https://doi.org/10.3109/15563650.2012.665455
https://doi.org/10.1001/jama.2011.531
https://www.ncbi.nlm.nih.gov/pubmed/21521846
https://doi.org/10.1016/j.jbspin.2017.05.022
https://doi.org/10.14639/0392-100X-1586
https://doi.org/10.1288/00005537-198909000-00005
https://www.ncbi.nlm.nih.gov/pubmed/2770383
https://doi.org/10.1007/s00405-022-07290-1
https://www.ncbi.nlm.nih.gov/pubmed/35138441
https://doi.org/10.1016/j.forsciint.2013.04.034
https://www.ncbi.nlm.nih.gov/pubmed/23706264
https://doi.org/10.1016/j.atherosclerosis.2017.03.019
https://www.ncbi.nlm.nih.gov/pubmed/28363516
https://doi.org/10.1097/00005792-200111000-00005
https://doi.org/10.1038/sj.bdj.4812171
https://doi.org/10.1177/194589240602000207
https://doi.org/10.1038/sj.bjp.0706129
https://www.ncbi.nlm.nih.gov/pubmed/15685203
https://doi.org/10.1016/j.neulet.2003.11.065
https://doi.org/10.1080/10915810490471361
https://doi.org/10.1016/j.neuint.2015.12.006
https://www.ncbi.nlm.nih.gov/pubmed/26707813
https://doi.org/10.3390/medicina57090861
https://www.ncbi.nlm.nih.gov/pubmed/34577784
https://doi.org/10.1007/s00784-009-0371-4


J. Clin. Med. 2024, 13, 5116 16 of 19

36. Colletti, G.; Autelitano, L.; Chiapasco, M.; Biglioli, F.; Giovanditto, F.; Mandalà, M.; Allevi, F. Comprehensive surgical management
of cocaine-induced midline destructive lesions. J. Oral. Maxillofac. Surg. 2014, 72, 1395.e1–1395.e10. [CrossRef]

37. Coletti, A.; Greco, F.A.; Dolciami, D.; Camaioni, E.; Sardella, R.; Pallotta, M.T.; Volpi, C.; Orabona, C.; Grohmann, U.; Macchiarulo,
A. Advances in indoleamine 2,3-dioxygenase 1 medicinal chemistry. Medchemcomm 2017, 8, 1378–1392. [CrossRef]

38. Lancaster, J.; Belloso, A.; Wilson, C.A.; McCormick, M. Rare case of naso-oral fistula with extensive osteocartilaginous necrosis
secondary to cocaine abuse: Review of otorhinolaryngological presentations in cocaine addicts. J. Laryngol. Otol. 2000, 114,
630–633. [CrossRef] [PubMed]

39. Millard, D.R.; Mejia, F.A. Reconstruction of the nose damaged by cocaine. Plast. Reconstr. Surg. 2001, 107, 419–424. [CrossRef]
40. Molteni, M.; Saibene, A.M.; Luciano, K.; Maccari, A. Snorting the clivus away: An extreme case of cocaine-induced midline

destructive lesion. BMJ Case Rep. 2016, 2016, bcr2016216393. [CrossRef]
41. Ingels, K.J.; Nijziel, M.R.; Graamans, K.; Huizing, E.H. Influence of cocaine and lidocaine on human nasal cilia. Beat frequency

and harmony in vitro. Arch. Otolaryngol. Head. Neck Surg. 1994, 120, 197–201. [CrossRef]
42. Osorio, M.; Velásquez, I.; Vargas, R.; Vanegas-García, A.; Rojas, M.; Vásquez, G.; Muñoz-Vahos, C. NETosis Secondary to the Use

of Levamisole-Adulterated Cocaine: A Likely Underlying Mechanism of Vasculopathy. J. Toxicol. 2024, 2024, 7388799. [CrossRef]
43. Wigerblad, G.; Kaplan, M.J. Neutrophil extracellular traps in systemic autoimmune and autoinflammatory diseases. Nat. Rev.

Immunol. 2023, 23, 274–288. [CrossRef]
44. Lood, C.; Blanco, L.P.; Purmalek, M.M.; Carmona-Rivera, C.; De Ravin, S.S.; Smith, C.K.; Malech, H.L.; Ledbetter, J.A.; Elkon,

K.B.; Kaplan, M.J. Neutrophil extracellular traps enriched in oxidized mitochondrial DNA are interferogenic and contribute to
lupus-like disease. Nat. Med. 2016, 22, 146–153. [CrossRef] [PubMed]

45. Carmona-Rivera, C.; Purmalek, M.M.; Moore, E.; Waldman, M.; Walter, P.J.; Garraffo, H.M.; Phillips, K.A.; Preston, K.L.;
Graf, J.; Kaplan, M.J.; et al. A role for muscarinic receptors in neutrophil extracellular trap formation and levamisole-induced
autoimmunity. JCI Insight 2017, 2, e89780. [CrossRef] [PubMed]

46. Nakazawa, D.; Masuda, S.; Tomaru, U.; Ishizu, A. Pathogenesis and therapeutic interventions for ANCA-associated vasculitis.
Nat. Rev. Rheumatol. 2019, 15, 91–101. [CrossRef]

47. Magro, C.M.; Wang, X. Cocaine-associated retiform purpura: A C5b-9-mediated microangiopathy syndrome associated with
enhanced apoptosis and high levels of intercellular adhesion molecule-1 expression. Am. J. Dermatopathol. 2013, 35, 722–730.
[CrossRef]

48. Jin, Q.; Kant, S.; Alhariri, J.; Geetha, D. Levamisole adulterated cocaine associated ANCA vasculitis: Review of literature and
update on pathogenesis. J. Community Hosp. Intern. Med. Perspect. 2018, 8, 339–344. [CrossRef]

49. Wiesner, O.; Russell, K.A.; Lee, A.S.; Jenne, D.E.; Trimarchi, M.; Gregorini, G.; Specks, U. Antineutrophil cytoplasmic antibod-
ies reacting with human neutrophil elastase as a diagnostic marker for cocaine-induced midline destructive lesions but not
autoimmune vasculitis. Arthritis Rheum. 2004, 50, 2954–2965. [CrossRef] [PubMed]

50. Kallenberg, C.G. Pathogenesis of ANCA-associated vasculitis, an update. Clin. Rev. Allergy Immunol. 2011, 41, 224–231. [CrossRef]
51. Tervaert, J.W.; Popa, E.R.; Bos, N.A. The role of superantigens in vasculitis. Curr. Opin. Rheumatol. 1999, 11, 24–33. [CrossRef]
52. Mirzaei, A.; Zabihiyeganeh, M.; Haqiqi, A. Differentiation of Cocaine-Induced Midline Destructive Lesions from ANCA-

Associated Vasculitis. Iran J. Otorhinolaryngol. 2018, 30, 309–313.
53. Kitching, A.R.; Anders, H.J.; Basu, N.; Brouwer, E.; Gordon, J.; Jayne, D.R.; Kullman, J.; Lyons, P.A.; Merkel, P.A.; Savage, C.O.S.;

et al. ANCA-associated vasculitis. Nat. Rev. Dis. Primers 2020, 6, 71. [CrossRef] [PubMed]
54. Peikert, T.; Finkielman, J.D.; Hummel, A.M.; McKenney, M.E.; Gregorini, G.; Trimarchi, M.; Specks, U. Functional characterization

of antineutrophil cytoplasmic antibodies in patients with cocaine-induced midline destructive lesions. Arthritis Rheum. 2008, 58,
1546–1551. [CrossRef]

55. Wiesner, O.; Litwiller, R.D.; Hummel, A.M.; Viss, M.A.; McDonald, C.J.; Jenne, D.E.; Fass, D.N.; Specks, U. Differences between
human proteinase 3 and neutrophil elastase and their murine homologues are relevant for murine model experiments. FEBS Lett.
2005, 579, 5305–5312. [CrossRef] [PubMed]

56. Pfister, H.; Ollert, M.; Fröhlich, L.F.; Quintanilla-Martinez, L.; Colby, T.V.; Specks, U.; Jenne, D.E. Antineutrophil cytoplasmic
autoantibodies against the murine homolog of proteinase 3 (Wegener autoantigen) are pathogenic in vivo. Blood 2004, 104,
1411–1418. [CrossRef]

57. Harper, L.; Ren, Y.; Savill, J.; Adu, D.; Savage, C.O. Antineutrophil cytoplasmic antibodies induce reactive oxygen-dependent
dysregulation of primed neutrophil apoptosis and clearance by macrophages. Am. J. Pathol. 2000, 157, 211–220. [CrossRef]
[PubMed]

58. Dartevel, A.; Chaigne, B.; Moachon, L.; Grenier, F.; Dupin, N.; Guillevin, L.; Bouillet, L.; Mouthon, L. Levamisole-induced
vasculopathy: A systematic review. Semin. Arthritis Rheum. 2019, 48, 921–926. [CrossRef]

59. Muñoz-Vahos, C.H.; Herrera-Uribe, S.; Arbeláez-Cortés, Á.; Jaramillo-Arroyave, D.; González-Naranjo, L.A.; Vásquez-Duque, G.;
Restrepo-Escobar, M.; Correa-Londoño, L.A.; Arias-Restrepo, L.F.; Vanegas-García, A.L. Clinical Profile of Levamisole-Adulterated
Cocaine-Induced Vasculitis/Vasculopathy: A 30-Case Series. J. Clin. Rheumatol. 2019, 25, e16–e26. [CrossRef]

60. Graf, J. Rheumatic manifestations of cocaine use. Curr. Opin. Rheumatol. 2013, 25, 50–55. [CrossRef]
61. Espinoza, L.R.; Perez Alamino, R. Cocaine-induced vasculitis: Clinical and immunological spectrum. Curr. Rheumatol. Rep. 2012,

14, 532–538. [CrossRef]

https://doi.org/10.1016/j.joms.2014.03.013
https://doi.org/10.1039/C7MD00109F
https://doi.org/10.1258/0022215001906345
https://www.ncbi.nlm.nih.gov/pubmed/11027056
https://doi.org/10.1097/00006534-200102000-00018
https://doi.org/10.1136/bcr-2016-216393
https://doi.org/10.1001/archotol.1994.01880260067012
https://doi.org/10.1155/2024/7388799
https://doi.org/10.1038/s41577-022-00787-0
https://doi.org/10.1038/nm.4027
https://www.ncbi.nlm.nih.gov/pubmed/26779811
https://doi.org/10.1172/jci.insight.89780
https://www.ncbi.nlm.nih.gov/pubmed/28194438
https://doi.org/10.1038/s41584-018-0145-y
https://doi.org/10.1097/DAD.0b013e31827eaf0b
https://doi.org/10.1080/20009666.2018.1536242
https://doi.org/10.1002/art.20479
https://www.ncbi.nlm.nih.gov/pubmed/15457464
https://doi.org/10.1007/s12016-011-8258-y
https://doi.org/10.1097/00002281-199901000-00005
https://doi.org/10.1038/s41572-020-0204-y
https://www.ncbi.nlm.nih.gov/pubmed/32855422
https://doi.org/10.1002/art.23469
https://doi.org/10.1016/j.febslet.2005.08.056
https://www.ncbi.nlm.nih.gov/pubmed/16182289
https://doi.org/10.1182/blood-2004-01-0267
https://doi.org/10.1016/S0002-9440(10)64532-4
https://www.ncbi.nlm.nih.gov/pubmed/10880391
https://doi.org/10.1016/j.semarthrit.2018.07.010
https://doi.org/10.1097/RHU.0000000000000813
https://doi.org/10.1097/BOR.0b013e32835b4449
https://doi.org/10.1007/s11926-012-0283-1


J. Clin. Med. 2024, 13, 5116 17 of 19

62. Gill, C.; Sturman, J.; Ozbek, L.; Henderson, S.R.; Burns, A.; Hamour, S.; Pepper, R.J.; McClelland, L.; Chanouzas, D.; Gane, S.;
et al. Cocaine-induced granulomatosis with polyangiitis-an under-recognized condition. Rheumatol. Adv. Pr. 2023, 7, rkad027.
[CrossRef]

63. Morassi, M.L.; Trimarchi, M.; Nicolai, P.; Gregorini, G.; Maroldi, R.; Specks, U.; Facchetti, F. Cocaine, ANCA, and Wegener’s
granulomatosis. Pathologica 2001, 93, 581–583.

64. Deutsch, H.L.; Millard, D.R., Jr. A new cocaine abuse complex. Involvement of nose, septum, palate, and pharynx. Arch.
Otolaryngol. Head. Neck Surg. 1989, 115, 235–237. [CrossRef]

65. Tsoukalas, N.; Johnson, C.D.; Engelmeier, R.L.; Delattre, V.F. The dental management of a patient with a cocaine-induced
maxillofacial defect: A case report. Spec. Care Dent. 2000, 20, 139–142. [CrossRef]

66. Alexandrakis, G.; Tse, D.T.; Rosa, R.H., Jr.; Johnson, T.E. Nasolacrimal duct obstruction and orbital cellulitis associated with
chronic intranasal cocaine abuse. Arch. Ophthalmol. 1999, 117, 1617–1622. [CrossRef]

67. García-Pérez, D.; Ruiz-Ortiz, M.; Panero, I.; Eiriz, C.; Moreno, L.M.; García-Reyne, A.; García, A.; Martín-Medina, P.; Salvador-
Álvarez, E.; Hernández-Lain, A.; et al. Snorting the Brain Away: Cerebral Damage as an Extension of Cocaine-Induced Midline
Destructive Lesions. J. Neuropathol. Exp. Neurol. 2020, 79, 1365–1369. [CrossRef]

68. Stelten, B.M.; Post, B. Midline Destructive Lesions in a Cocaine User. N. Engl. J. Med. 2016, 374, 969. [CrossRef]
69. Trimarchi, M.; Bussi, M.; Sinico, R.A.; Meroni, P.; Specks, U. Cocaine-induced midline destructive lesions—An autoimmune

disease? Autoimmun. Rev. 2013, 12, 496–500. [CrossRef] [PubMed]
70. Csernok, E.; Lamprecht, P.; Gross, W.L. Clinical and immunological features of drug-induced and infection-induced proteinase

3-antineutrophil cytoplasmic antibodies and myeloperoxidase-antineutrophil cytoplasmic antibodies and vasculitis. Curr. Opin.
Rheumatol. 2010, 22, 43–48. [CrossRef]

71. Puac-Polanco, P.; Rovira, À.; Shah, L.M.; Wiggins, R.H.; Rivas Rodriguez, F.; Torres, C. Imaging of Drug-Related Vasculopathy.
Neuroimaging Clin. North. Am. 2024, 34, 113–128. [CrossRef]

72. Trimarchi, M.; Nicolai, P.; Lombardi, D.; Facchetti, F.; Morassi, M.L.; Maroldi, R.; Gregorini, G.; Specks, U. Sinonasal osteocarti-
laginous necrosis in cocaine abusers: Experience in 25 patients. Am. J. Rhinol. 2003, 17, 33–43. [CrossRef]

73. Tervaert, J.W.; Stegeman, C.A. A difficult diagnosis. Lancet 2004, 364, 1313–1314. [CrossRef]
74. Felicetti, M.; Cazzador, D.; Padoan, R.; Pendolino, A.L.; Faccioli, C.; Nardello, E.; Berti, A.; Silvestrini, M.; Paolazzi, G.; Brunori,

G.; et al. Ear, nose and throat involvement in granulomatosis with polyangiitis: How it presents and how it determines disease
severity and long-term outcomes. Clin. Rheumatol. 2018, 37, 1075–1083. [CrossRef]

75. Lötscher, F.; Krusche, M.; Ruffer, N.; Kubacki, T.; Person, F.; Kötter, I. Cocaine-induced ANCA-associated renal disease: A
case-based review. Rheumatol. Int. 2019, 39, 2005–2014. [CrossRef]

76. Rowshani, A.T.; Schot, L.J.; ten Berge, I.J. c-ANCA as a serological pitfall. Lancet 2004, 363, 782. [CrossRef]
77. Subesinghe, S.; van Leuven, S.; Yalakki, L.; Sangle, S.; D’Cruz, D. Cocaine and ANCA associated vasculitis-like syndromes—A

case series. Autoimmun. Rev. 2018, 17, 73–77. [CrossRef]
78. Orriols, R.; Muñoz, X.; Ferrer, J.; Huget, P.; Morell, F. Cocaine-induced Churg-Strauss vasculitis. Eur. Respir. J. 1996, 9, 175–177.

[CrossRef]
79. De Paoli, M.C.; Moretti, D.; Scolari Pasinato, C.M.; Buncuga, M.G. Henoch-Schönlein purpura in a cocaine consumer man with

HIV infection and ANCA-p positivity. Medicina 2016, 76, 245–248.
80. Chevalier, X.; Rostoker, G.; Larget-Piet, B.; Gherardi, R. Schoenlein-Henoch purpura with necrotizing vasculitis after cocaine

snorting. Clin. Nephrol. 1995, 43, 348–349.
81. Aseem, F.; Lin, V.; Gilbert, A.L.; Rivadeneira, A.C.; Jennette, J.C.; Bouldin, T.W.; Khoshbakht, F.; Lee, Y.Z.; Chamberlin, K.; Gelinne,

A.; et al. ANCA-associated vasculitis presenting with isolated neurological manifestations in a patient with cocaine abuse: A case
report and literature review. Clin. Rheumatol. 2024, 43, 1401–1407. [CrossRef]

82. Merkel, P.A.; Koroshetz, W.J.; Irizarry, M.C.; Cudkowicz, M.E. Cocaine-associated cerebral vasculitis. Semin. Arthritis Rheum.
1995, 25, 172–183. [CrossRef]

83. Younger, D.S. Cerebral vasculitis associated with drug abuse. Curr. Opin. Rheumatol. 2021, 33, 24–33. [CrossRef]
84. Neynaber, S.; Mistry-Burchardi, N.; Rust, C.; Samtleben, W.; Burgdorf, W.H.; Seitz, M.A.; Messer, G.; Wollenberg, A. PR3-ANCA-

positive necrotizing multi-organ vasculitis following cocaine abuse. Acta Derm. Venereol. 2008, 88, 594–596. [CrossRef]
85. Kumar, D.; Batal, I.; Jim, B.; Mendez, B.; Anis, K. Unusual case of levamisole-induced dual-positive ANCA vasculitis and

crescentic glomerulonephritis. BMJ Case Rep. 2018, 2018, bcr-2018. [CrossRef]
86. Fujinaga, M.; Chernaia, M.M.; Halenbeck, R.; Koths, K.; James, M.N. The crystal structure of PR3, a neutrophil serine proteinase

antigen of Wegener’s granulomatosis antibodies. J. Mol. Biol. 1996, 261, 267–278. [CrossRef]
87. McGrath, M.M.; Isakova, T.; Rennke, H.G.; Mottola, A.M.; Laliberte, K.A.; Niles, J.L. Contaminated cocaine and antineutrophil

cytoplasmic antibody-associated disease. Clin. J. Am. Soc. Nephrol. 2011, 6, 2799–2805. [CrossRef]
88. Pimentel, P.V.S.; Freitas, H.C.; Leite, M.D.B.; Lima, R.S.A.; Barreto, D.M.S.; Teixeira, A.C.; Daher, E.F. Rapidly progressive

glomerulonephritis and acute kidney injury associated with cocaine use—Case report. J. Bras. Nefrol. 2021, 43, 283–287. [CrossRef]
89. Macfarlane, D.G.; Bacon, P.A. Levamisole-induced vasculitis due to circulating immune complexes. Br. Med. J. 1978, 1, 407–408.

[CrossRef]
90. Scheinberg, M.A.; Bezerra, J.B.; Almeida, F.A.; Silveira, L.A. Cutaneous necrotising vasculitis induced by levamisole. Br. Med. J.

1978, 1, 408. [CrossRef]

https://doi.org/10.1093/rap/rkad027
https://doi.org/10.1001/archotol.1989.01860260109024
https://doi.org/10.1111/j.1754-4505.2000.tb01150.x
https://doi.org/10.1001/archopht.117.12.1617
https://doi.org/10.1093/jnen/nlaa097
https://doi.org/10.1056/NEJMicm1503043
https://doi.org/10.1016/j.autrev.2012.08.009
https://www.ncbi.nlm.nih.gov/pubmed/22940554
https://doi.org/10.1097/BOR.0b013e3283323538
https://doi.org/10.1016/j.nic.2023.07.003
https://doi.org/10.1177/194589240301700107
https://doi.org/10.1016/S0140-6736(04)17183-3
https://doi.org/10.1007/s10067-018-4019-0
https://doi.org/10.1007/s00296-019-04410-9
https://doi.org/10.1016/S0140-6736(04)15694-8
https://doi.org/10.1016/j.autrev.2017.11.011
https://doi.org/10.1183/09031936.96.09010175
https://doi.org/10.1007/s10067-024-06919-2
https://doi.org/10.1016/S0049-0172(95)80029-8
https://doi.org/10.1097/BOR.0000000000000766
https://doi.org/10.2340/00015555-0514
https://doi.org/10.1136/bcr-2018-225913
https://doi.org/10.1006/jmbi.1996.0458
https://doi.org/10.2215/CJN.03440411
https://doi.org/10.1590/2175-8239-jbn-2020-0034
https://doi.org/10.1136/bmj.1.6110.407
https://doi.org/10.1136/bmj.1.6110.408


J. Clin. Med. 2024, 13, 5116 18 of 19

91. Imbernón-Moya, A.; Chico, R.; Aguilar-Martínez, A. Cutaneous and mucosal manifestations associated with cocaine use. Med.
Clin. 2016, 146, 544–549. [CrossRef]

92. Walsh, N.M.; Green, P.J.; Burlingame, R.W.; Pasternak, S.; Hanly, J.G. Cocaine-related retiform purpura: Evidence to incriminate
the adulterant, levamisole. J. Cutan. Pathol. 2010, 37, 1212–1219. [CrossRef]

93. Bradford, M.; Rosenberg, B.; Moreno, J.; Dumyati, G. Bilateral necrosis of earlobes and cheeks: Another complication of cocaine
contaminated with levamisole. Ann. Intern. Med. 2010, 152, 758–759. [CrossRef]

94. Poon, S.H.; Baliog, C.R., Jr.; Sams, R.N.; Robinson-Bostom, L.; Telang, G.H.; Reginato, A.M. Syndrome of cocaine-levamisole-
induced cutaneous vasculitis and immune-mediated leukopenia. Semin. Arthritis Rheum. 2011, 41, 434–444. [CrossRef]

95. Emil, N.S.; Cisneros, D.R.; Penmetsa, S.; Duchesne, J.H.; Sibbitt, W.L., Jr.; Gibb, J.I.; Noronha, L.E.; Fangtham, M.; Fields, R.A.;
Bankhurst, A.D. Atypical Chronic Inflammatory ANCA-Positive Deforming Arthritis After Cocaine-Levamisole Exposure. J. Clin.
Rheumatol. 2020, 26, 24–32. [CrossRef] [PubMed]

96. Urosevic-Maiwald, M.; Hardenberg, J.B.; Hafner, J.; Brüggen, M.C. Cocaine/Levamisole-Induced, Skin-Limited ANCA-Associated
Vasculitis with Pyoderma Gangrenosum-like Presentation. Dermatopathology 2022, 9, 207–211. [CrossRef] [PubMed]

97. Gillis, J.A.; Green, P.; Williams, J. Levamisole-induced vasculopathy: Staging and management. J. Plast. Reconstr. Aesthet. Surg.
2014, 67, e29–e31. [CrossRef]

98. Engels, D. Cocaine Use and Levamisole-Induced Vasculitis: A Multiple Case Study. J. Wound Ostomy Cont. Nurs. 2020, 47, 182–189.
[CrossRef] [PubMed]

99. Ullrich, K.; Koval, R.; Koval, E.; Bapoje, S.; Hirsh, J.M. Five consecutive cases of a cutaneous vasculopathy in users of levamisole-
adulterated cocaine. J. Clin. Rheumatol. 2011, 17, 193–196. [CrossRef]

100. Wu, V.C.; Huang, J.W.; Lien, H.C.; Hsieh, S.T.; Liu, H.M.; Yang, C.C.; Lin, Y.H.; Hwang, J.J.; Wu, K.D. Levamisole-induced
multifocal inflammatory leukoencephalopathy: Clinical characteristics, outcome, and impact of treatment in 31 patients. Medicine
2006, 85, 203–213. [CrossRef]

101. Jacob, R.S.; Silva, C.Y.; Powers, J.G.; Schieke, S.M.; Mendese, G.; Burlingame, R.W.; Miller, D.D.; Wolpowitz, D.; Graber, E.;
Mahalingam, M. Levamisole-induced vasculopathy: A report of 2 cases and a novel histopathologic finding. Am. J. Dermatopathol.
2012, 34, 208–213. [CrossRef]

102. Collister, D.; Sathianathan, C.; Ryz, K.; Karpinski, M.; Bernstein, K.; Gibson, I.W. ANCA Associated Vasculitis Secondary to
Levamisole-Adultered Cocaine with Associated Membranous Nephropathy: A Case Series. Am. J. Nephrol. 2017, 45, 209–216.
[CrossRef]

103. Thompson, J.S.; Herbick, J.M.; Klassen, L.W.; Severson, C.D.; Overlin, V.L.; Blaschke, J.W.; Silverman, M.A.; Vogel, C.L. Studies on
levamisole—Induced agranulocytosis. Blood 1980, 56, 388–396. [CrossRef]

104. Hodinka, L.; Géher, P.; Merétey, K.; Gyódi, E.K.; Petrányi, G.G.; Bozsóky, S. Levamisole-induced neutropenia and agranulocytosis:
Association with HLA B27 leukocyte agglutinating and lymphocytotoxic antibodies. Int. Arch. Allergy Appl. Immunol. 1981, 65,
460–464. [CrossRef] [PubMed]

105. Czuchlewski, D.R.; Brackney, M.; Ewers, C.; Manna, J.; Fekrazad, M.H.; Martinez, A.; Nolte, K.B.; Hjelle, B.; Rabinowitz, I.; Curtis,
B.R.; et al. Clinicopathologic features of agranulocytosis in the setting of levamisole-tainted cocaine. Am. J. Clin. Pathol. 2010, 133,
466–472. [CrossRef]

106. Miner, J.; Gruber, P.; Perry, T.L. Early excision and grafting, an alternative approach to the surgical management of large body
surface area levamisole-adulterated cocaine induced skin necrosis. Burns 2015, 41, e34–e40. [CrossRef] [PubMed]

107. Gómez-Puerta, J.A.; Muñoz, C.H.; Vanegas-García, A.L.; Urrego, T.; Vásquez, G.; González, L.A. Anti C1q antibodies. A promising
biomarker for cocaine-levamisole induced vasculitis. Reum. Clin. 2019, 15, e66–e67. [CrossRef]

108. Westreich, R.W.; Lawson, W. Midline necrotizing nasal lesions: Analysis of 18 cases emphasizing radiological and serological
findings with algorithms for diagnosis and management. Am. J. Rhinol. 2004, 18, 209–219. [CrossRef]

109. Della-Torre, E.; Mattoo, H.; Mahajan, V.S.; Deshpande, V.; Krause, D.; Song, P.; Pillai, S.; Stone, J.H. IgG4-related midline
destructive lesion. Ann. Rheum Dis. 2014, 73, 1434–1436. [CrossRef] [PubMed]

110. Lanzillotta, M.; Campochiaro, C.; Trimarchi, M.; Arrigoni, G.; Gerevini, S.; Milani, R.; Bozzolo, E.; Biafora, M.; Venturini, E.;
Cicalese, M.P.; et al. Deconstructing IgG4-related disease involvement of midline structures: Comparison to common mimickers.
Mod. Rheumatol. 2017, 27, 638–645. [CrossRef]

111. Roca, B. Epistaxis and systemic disease. Acta Otorrinolaringol. Esp. 2009, 60, 456–458. [CrossRef]
112. Padoan, R.; Campaniello, D.; Felicetti, M.; Cazzador, D.; Schiavon, F. Ear, nose, and throat in ANCA-associated vasculitis: A

comprehensive review. Vessel. Plus 2021, 5, 41. [CrossRef]
113. Cazzador, D.; Padoan, R.; Colangeli, R.; Pendolino, A.L.; Felicetti, M.; Zanoletti, E.; Emanuelli, E.; Martini, A.; Doria, A.; Nicolai,

P.; et al. Health-Related Quality of Life in Patients with ANCA-Associated Vasculitis and Sinonasal Involvement: A Single-Center
Cross-Sectional Study. J. Clin. Rheumatol. 2022, 28, e89–e94. [CrossRef] [PubMed]

114. Colby, T.V.; Tazelaar, H.D.; Specks, U.; DeRemee, R.A. Nasal biopsy in Wegener’s granulomatosis. Hum. Pathol. 1991, 22, 101–104.
[CrossRef]

115. Iorio, L.; Pizzi, M.; Cecchin, D.; Davanzo, F.; Ghirardello, A.; Dei Tos, A.P.; Doria, A.; Padoan, R. Cutting-Edge Strategies for Renal
Tumour-like Lesions in Granulomatosis with Polyangiitis: A Systematic Review. Diagnostics 2024, 14, 566. [CrossRef] [PubMed]

116. Fuchs, H.A.; Tanner, S.B. Granulomatous disorders of the nose and paranasal sinuses. Curr. Opin. Otolaryngol. Head. Neck Surg.
2009, 17, 23–27. [CrossRef]

https://doi.org/10.1016/j.medcli.2016.02.015
https://doi.org/10.1111/j.1600-0560.2010.01613.x
https://doi.org/10.7326/0003-4819-152-11-201006010-00026
https://doi.org/10.1016/j.semarthrit.2011.05.009
https://doi.org/10.1097/RHU.0000000000000910
https://www.ncbi.nlm.nih.gov/pubmed/30273264
https://doi.org/10.3390/dermatopathology9030026
https://www.ncbi.nlm.nih.gov/pubmed/35892479
https://doi.org/10.1016/j.bjps.2013.08.015
https://doi.org/10.1097/WON.0000000000000628
https://www.ncbi.nlm.nih.gov/pubmed/32150143
https://doi.org/10.1097/RHU.0b013e31820e6822
https://doi.org/10.1097/01.md.0000230250.95281.60
https://doi.org/10.1097/DAD.0b013e31821cc0bf
https://doi.org/10.1159/000456553
https://doi.org/10.1182/blood.V56.3.388.388
https://doi.org/10.1159/000232788
https://www.ncbi.nlm.nih.gov/pubmed/7251195
https://doi.org/10.1309/AJCPOPQNBP5THKP1
https://doi.org/10.1016/j.burns.2014.10.032
https://www.ncbi.nlm.nih.gov/pubmed/25529269
https://doi.org/10.1016/j.reuma.2017.11.002
https://doi.org/10.1177/194589240401800405
https://doi.org/10.1136/annrheumdis-2014-205187
https://www.ncbi.nlm.nih.gov/pubmed/24651619
https://doi.org/10.1080/14397595.2016.1227026
https://doi.org/10.1016/j.otorri.2008.11.001
https://doi.org/10.20517/2574-1209.2021.41
https://doi.org/10.1097/RHU.0000000000001630
https://www.ncbi.nlm.nih.gov/pubmed/33136696
https://doi.org/10.1016/0046-8177(91)90028-N
https://doi.org/10.3390/diagnostics14050566
https://www.ncbi.nlm.nih.gov/pubmed/38473038
https://doi.org/10.1097/MOO.0b013e32831b9e58


J. Clin. Med. 2024, 13, 5116 19 of 19

117. Perez Alamino, R.; Espinoza, L.R. Vasculitis mimics: Cocaine-induced midline destructive lesions. Am. J. Med. Sci. 2013, 346,
430–431. [CrossRef]

118. Friedman, D.R.; Wolfsthal, S.D. Cocaine-induced pseudovasculitis. Mayo Clin. Proc. 2005, 80, 671–673. [CrossRef]
119. Ching, J.A.; Smith, D.J., Jr. Levamisole-induced necrosis of skin, soft tissue, and bone: Case report and review of literature. J.

Burn. Care Res. 2012, 33, e1–e5. [CrossRef]
120. Rampi, A.; Vinciguerra, A.; Bondi, S.; Policaro, N.S.; Gastaldi, G. Cocaine-Induced Midline Destructive Lesions: A Real Challenge

in Oral Rehabilitation. Int. J. Environ. Res. Public Health 2021, 18, 3219. [CrossRef]
121. Marí, A.; Arranz, C.; Gimeno, X.; Lluch, J.; Pericot, J.; Escuder, O.; Monner, A.; Piulachs, P. Nasal cocaine abuse and centrofacial

destructive process: Report of three cases including treatment. Oral. Surg. Oral. Med. Oral. Pathol. Oral. Radiol. Endod. 2002, 93,
435–439. [CrossRef]

122. Di Cosola, M.; Turco, M.; Acero, J.; Navarro-Vila, C.; Cortelazzi, R. Cocaine-related syndrome and palatal reconstruction: Report
of a series of cases. Int. J. Oral. Maxillofac. Surg. 2007, 36, 721–727. [CrossRef]

123. Bains, M.K.; Hosseini-Ardehali, M. Palatal perforations: Past and present. Two case reports and a literature review. Br. Dent. J.
2005, 199, 267–269. [CrossRef]

124. Green, R.J.; Gardiner, Q.; Vinod, K.; Oparka, R.; Ross, P.D. A case series and literature review on patients with rhinological
complications secondary to the use of cocaine and levamisole. J. Laryngol. Otol. 2020, 134, 440–446. [CrossRef]

125. Rachapalli, S.M.; Kiely, P.D. Cocaine-induced midline destructive lesions mimicking ENT-limited Wegener’s granulomatosis.
Scand. J. Rheumatol. 2008, 37, 477–480. [CrossRef]

126. Businco, L.D.; Lauriello, M.; Marsico, C.; Corbisiero, A.; Cipriani, O.; Tirelli, G.C. Psychological aspects and treatment of patients
with nasal septal perforation due to cocaine inhalation. Acta Otorhinolaryngol. Ital. 2008, 28, 247–251. [PubMed]

127. Heller, J.B.; Gabbay, J.S.; Trussler, A.; Heller, M.M.; Bradley, J.P. Repair of large nasal septal perforations using facial artery
musculomucosal (FAMM) flap. Ann. Plast. Surg. 2005, 55, 456–459. [CrossRef]

128. Ladner, T.; Linker, M.; Gitani, J. Functional repair of a major necrotic palatine defect caused by chronic cocaine inhalation. Rev.
Stomatol. Chir. Maxillofac. 2004, 105, 291–293. [CrossRef]

129. Hofstede, T.M.; Jacob, R.F. Diagnostic considerations and prosthetic rehabilitation of a cocaine-induced midline destructive lesion:
A clinical report. J. Prosthet. Dent. 2010, 103, 1–5. [CrossRef] [PubMed]

130. Guyuron, B.; Afrooz, P.N. Correction of cocaine-related nasal defects. Plast. Reconstr. Surg. 2008, 121, 1015–1023. [CrossRef]
[PubMed]

131. Vilela, R.J.; Langford, C.; McCullagh, L.; Kass, E.S. Cocaine-induced oronasal fistulas with external nasal erosion but without
palate involvement. Ear Nose Throat J. 2002, 81, 562–563. [CrossRef]

132. Abousy, M.; Sylvester, S.; Milek, D.; Hultman, C.S.; Caffrey, J. Surgical management and outcomes of levamisole-induced
vasculitis in a burn center: A case series. JAAD Case Rep. 2021, 13, 36–42. [CrossRef]

133. Barbotti, A.; Gheorghiu, A.C.; Fusi-Schmidhauser, T.; Grazioli-Gauthier, L. Leukocytoclastic Vasculitis Induced by Cocaine
Adulterated with Levamisole. Eur. J. Case Rep. Intern. Med. 2022, 9, 003468. [CrossRef] [PubMed]

134. Alexander, S.A.; Mathew Thomas, V.; Savage, J.A. Elevated C-reactive Protein and Role of Steroids in Cocaine-associated
Levamisole-induced Vasculitis. Cureus 2020, 12, e7597. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/MAJ.0b013e3182972014
https://doi.org/10.4065/80.5.671
https://doi.org/10.1097/BCR.0b013e318233fc64
https://doi.org/10.3390/ijerph18063219
https://doi.org/10.1067/moe.2002.121989
https://doi.org/10.1016/j.ijom.2007.03.015
https://doi.org/10.1038/sj.bdj.4812650
https://doi.org/10.1017/S0022215120000894
https://doi.org/10.1080/03009740802192043
https://www.ncbi.nlm.nih.gov/pubmed/19186454
https://doi.org/10.1097/01.sap.0000184012.63970.c3
https://doi.org/10.1016/S0035-1768(04)72329-3
https://doi.org/10.1016/S0022-3913(09)00153-X
https://www.ncbi.nlm.nih.gov/pubmed/20105673
https://doi.org/10.1097/01.prs.0000299464.02430.78
https://www.ncbi.nlm.nih.gov/pubmed/18317151
https://doi.org/10.1177/014556130208100818
https://doi.org/10.1016/j.jdcr.2021.04.028
https://doi.org/10.12890/2022_003468
https://www.ncbi.nlm.nih.gov/pubmed/36051168
https://doi.org/10.7759/cureus.7597
https://www.ncbi.nlm.nih.gov/pubmed/32399331

	Introduction 
	Cocaine 
	Levamisole 

	Pathogenesis of Cocaine- and Levamisole-Related Disorders 
	Direct Nasal Trauma and Vascular Ischemia 
	Immune-System Dysregulation via Neutrophils and NETs 
	Production of Autoantibodies 

	Clinical Presentation of Levamisole- and Cocaine-Induced Disorders 
	Cocaine-Induced Midline Destructive Lesion (CIMDL) 
	Clinical Features 
	Histopathology 
	Laboratory Findings 
	Imaging 

	Cocaine-Induced Vasculitis (CIV) 
	Clinical Features 
	Histopathology 
	Laboratory Findings 

	Levamisole-Adulterated Cocaine (LAC) Vasculopathy/Vasculitis 
	Clinical Features 
	Histopathology 
	Laboratory Findings 


	Differential Diagnosis 
	Treatment 
	Conclusions 
	References

