Rheumatology International (2019) 39:2005-2014 R h e u m a t 0 I O g y

https://doi.org/10.1007/500296-019-04410-9 INTERNATIONAL

CASES WITH A MESSAGE q

Check for
updates

Cocaine-induced ANCA-associated renal disease: a case-based review
Fabian Létscher'® - Martin Krusche?® - Nikolas Ruffer'® - Torsten Kubacki'® - Fermin Person>® - Ina Kotter'

Received: 9 May 2019 / Accepted: 31 July 2019 / Published online: 10 August 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Idiopathic antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) are a group of diseases that are often
difficult to diagnose due to the wide range of clinical manifestations. Notably, renal involvement is a serious organ compli-
cation, which usually requires intensive immunosuppressive therapy and is prone to recurrence. In recent years, there has
been some progress regarding the understanding of the pathogenesis of the diseases. It has been shown that both cocaine and
levamisole, which is a common adulterant of cocaine, can trigger the formation of ANCAs and lead to the corresponding
symptoms. We report two cases of AAV with different renal manifestations associated with cocaine consumption. Further-
more, we performed a review of the literature to identify, characterize and describe histologically documented cases of renal
involvement in AAV, related to cocaine abuse. Cocaine/levamisole-induced vasculitis may, therefore, mimic idiopathic AAV.
Although the detection of ANCA and anti-PR3 (proteinase 3, PR3) as well as anti-MPO antibodies (myeloperoxidase, MPO)
are the serological hallmark of idiopathic AAV, certain clinical- and antibody constellations should lead to consideration of
illicit drugs as inductors of the disease. Especially in young patients, certain serologic constellations (e.g., PR3 and MPO
double positivity, positive antinuclear antibodies, low complement level, and positive testing for antiphospholipid antibod-
ies), skin involvement, musculoskeletal symptoms and hematologic (anemia, leukopenia) affections should prompt testing
for cocaine and levamisole consumption via urine drug testing. Treatment includes both immunosuppressive approaches
and drug cessation but is difficult since many patients continue cocaine consumption.

Keywords Cocaine - Levamisole - Glomerulonephritis - ANCA-associated vasculitis

Introduction

Cocaine is an illicit drug with potent stimulating effects.
According to the European Monitoring Centre For Drugs
And Drug Addiction (EMCDDA), in 2018 the estimated
lifetime prevalence of cocaine use in adults (15-65 years)
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cannabis consumption (26.3%) [1]. Apart from its sympa-
thomimetic effect and well-known cardiovascular compli-
cations, recent literature describes a wide range of clini-
cal symptoms including rheumatic manifestations [2-5].
As early as 1996, Armstrong and colleagues described
anti-neutrophil cytoplasmic antibody (ANCA)-associated
nasal septal ulcerations in association with cocaine con-
sumption, mimicking granulomatosis with polyangiitis
(GPA) [6]. This manifestation is termed cocaine-induced
midline destructive lesion (CIMDL) and thought to be
mainly caused by the vasoconstrictive effects of the sub-
stance, as well as its traumatic effect on the mucosa and
the recurrent local infections. In cases with ANCA posi-
tivity and elevated inflammatory parameters, clinical dif-
ferentiation between CIMDL and local manifestations of
GPA can be extremely challenging [3].

Certain toxic effects can be attributed directly to
cocaine, but the cutting of illicit drugs with a variety
of adulterants is common [7]. In 2009, 69% of seized
cocaine in the US was contaminated with levamisole, an
immune modulating and anthelmintic substance, with
similar texture and taste as the drug, and potentiating
effects on it [8, 9]. Data from 2015 reveal that up to 83%
of the cocaine in Germany is adulterated by the substance,
which was formerly used in human and nowadays veteri-
nary medicine, to treat inflammatory conditions, cancer
and infections [8, 10]. Since the late 1970s, levamisole-
induced adverse effects have been described, especially
leukopenia, agranulocytosis and cutaneous necrotizing
vasculitis, resolving with discontinuation of the substance
[11].

In recent literature, both cocaine and levamisole have
been suspected as triggers of multi-organ ANCA-asso-
ciated vasculitis (AAV) via induction of the formation
of neutrophil extracellular traps (NETs), resulting in the
presentation of proinflammatory mitochondrial DNA
(mtDNA) [8, 12]. The clinical picture of cocaine- or lev-
amisole-induced AAV closely resembles idiopathic AAV,
with constitutional symptoms, cutaneous leukocytoclastic
vasculitis (LCV), ear, nose and throat (ENT) involvement
and, although rare, pulmonary and renal disease, includ-
ing pauci-immune necrotizing glomerulonephritis (GN)
and pulmonary-renal syndrome [5]. Certain autoantibody
patterns, such as anti-PR3- and anti-MPO-ANCA double
positivity with mainly perinuclear staining and high anti-
MPO-titers, in combination with antinuclear antibody
(ANA) positivity can suggest drug-induced manifesta-
tion [13].

We report two cases of AAV with renal manifestations
associated with cocaine consumption and present a review
of the literature describing histologically documented
cases of renal involvement.
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Case presentations
Case 1

A 19-year-old Caucasian male was referred to our center
from an outpatient clinic to commence biologic therapy
for a recently diagnosed AAV with ENT and renal involve-
ment. He initially presented with LCV of the skin (extrem-
ities and trunk, no biopsy was performed), sinusitis with
crusty, bloody nasal discharge and, glomerular hematuria
with mild proteinuria accompanied by pain and swelling of
the right elbow. Serologic parameters in Table 1 show that
c-ANCA (cytoplasmic ANCA) was positive with no speci-
ficity for PR3 or MPO. Infectious diseases (HIV, hepatitis
B and C, tuberculosis) were ruled out, and renal function
and metabolic panel were normal. At the time of presenta-
tion, therapy consisted of daily prednisolone 80 mg and
methotrexate (MTX) 20 mg subcutaneously weekly. Pul-
monary manifestation was excluded by computer tomogra-
phy (CT) and, cranial magnetic resonance imaging (MRI)
showed maxillary sinusitis and ethmoid mucosal swell-
ing. Repeat ANCA testing (IFT) was negative. A renal
biopsy was performed, and histologic examination showed
crescentic pauci-immune GN without signs of acute glo-
merular necrosis, but with intratubular erythrocyte casts,
consistent with ANCA-associated GN (Fig. 2). The patient
admitted transnasal cocaine abuse 2 weeks prior to dis-
ease manifestation. A drug screen at first presentation
was not performed. We postulated cocaine-induced AAV
and administered induction therapy with rituximab (RTX)
1000 mg twice with an interval of 2 weeks, and corti-
costeroids could be tapered within a period of 3 months.
ENT- and skin manifestations resolved within weeks, mild
proteinuria and hematuria persisted for 6 months, when
complete remission was achieved. Follow-up drug screens
were negative for cocaine.

Case 2

In 2012 a 39-year-old male presented with nasal septum
perforation. The patient admitted occasional cocaine con-
sumption in the past but denied recent use.

Autoimmune serology was positive for perinuclear-
ANCA (p-ANCA) (1:80) and PR3 (700 U/mL). Fur-
ther laboratory analysis is shown in Table 1. Pulmonary
involvement was excluded by CT. MRI of the head showed
maxillary sinusitis and biopsy of the nasal septum revealed
necrotizing inflammation with lymphocytic inflamma-
tory infiltrate without granulomas (Fig. 1). Localized
ANCA-associated vasculitis was diagnosed and treat-
ment with co-trimoxazole initiated. Due to progression of
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Table 1 Clinical manifestations, laboratory data, renal pathology and treatment of our cases with cocaine-induced ANCA-associated renal dis-

€ase

Case Demographics  Clinical Laboratory Renal Serology Histology Urine drug Treatment
screen
1 19-year- Cutaneous Na 145 Cr1.12,urea 31 c-ANCA 1:100 Crescentic Rep. cocaine — CS
old Caucasian  Arthralgias K4.7 CrC1>90 p-ANCA — pauci-immune  Cannabinoids + MTX
male Nasal crusting Ca 2.48 U/A MPO — PR3 - GN RTX
Renal C1102 Protein ANA 1:1000
LEs and LFTs 800 mg/L anti-dsDNA —
normal RBC 250/pL ENA —
HGB 14.1 35% dysmor- RF —, CCP -
WBC 9.6 phic APS-Abs —
PLT 226 PCR 263 mg/g HBV —
C31.18 HCV -
C40.37 HIV —
INR 1.04 Quantif. —
PTT 26
CRP 0.2
2 39-year- CIMDL § Na 140 § Cr 1.4, urea Initial Mesangio- Rep. cocaine + CS
old Caucasian  Renal K 3.7 49 p-ANCA 1:80  proliferative Levamisole — MTX
male Ca23 CrCl1 60 PR3 700 U/mL  nephritis with Benzodiaz. + AZA
LEsand LFTs  U/A MPO — IgA deposits  Opiates + CYC
normal Protein § p-ANCA RTX
HGB 13.1 162 mg/L 1:160
WBC 13.6 RBC 50/pL PR3 66 U/mL
PLT 415 60% dysmor- ANA —
C31.66 phic APS-Abs. —
C40.32 PCR 295 mg/g HBV —
INR 0.99 HCV -
PTT 28 HIV -
CRP 8.9 Quantif. —

Conversion factors: creatinine from mg/dL to umol/L X 88.4, urea nitrogen from mg/dL to mmol/L x 0.357

ANA, antinuclear antibody; ANCA, antinuclear cytoplasmic antibody; anti-ds-DNA, anti-double stranded DNA antibody (U/mL); APS-Abs,
antiphospholipid antibodies; AZA, azathioprine; ¢, cytoplasmic; Ca, calcium (mmol/L); CCP, cyclic citrullinated peptide; CIMDL, Cocaine-
induced midline destructive lesion; Cl, chloride (mmol/L); U/A, urinalysis; Cr, Creatinine (mg/dL); CrCl, creatinine clearance (mL/min); CRP,
c-reactive protein (mg/L); CS, corticosteroids; CYC, cyclophosphamide; C3 (0.90-1.80 g/L); C4 (0.10-0.40 g/L); ENA, extractable nuclear anti-
gen; GN, glomerulonephritis; HBV, hepatitis B virus; HCV, hepatitis C virus; HGB, hemoglobin (g/L); HIV, human immunodeficiency virus;
IgA, immunoglobulin A; INR, international normalized ratio; K, potassium (mmol/L); LEs, liver enzymes; LFTs, liver function tests; MPO,
anti-myeloperoxidase-antibody (U/mL); MTX, methotrexate; Na, sodium (mmol/L); p, perinuclear; PCR, protein to creatinine ratio (mg/g); PLT,
platelets (G/L); PR3, anti-proteinase 3-antibody (U/mL); PTT, prothrombin time (s); Quantif., quantiferon-test; RBC, red blood cells; rep, repeti-
tive; RF, rheumatoid factor (IU/mL); RTX, rituximab; Urea nitrogen (mg/dL); U/A, urinalysis; WBC, white blood cells (G/L); +, positive; —,

negative; §, at time of renal manifestation

ENT-involvement prednisolone in combination with MTX
15 mg subcutaneously weekly was added in 2013.

In 2017, decreasing renal function and erythrocyturia were
noted. Kidney biopsy revealed mesangial proliferative IgA-
nephritis (Fig. 2). Therefore, treatment was switched to aza-
thioprine, but as renal insufficiency progressed intravenous
cyclophosphamide was initiated. After 12 doses of cyclophos-
phamide (cumulative dose: 14.4 g), maxillary granulation tis-
sue perforated the right orbital cavity and caused blindness of
the right eye (Fig. 1). Therapy was again intensified with an
increase in corticosteroid dosage and oral cyclophosphamide
in combination with the induction of RTX 1000 mg twice

with an interval of 2 weeks. Surgical decompression was con-
sidered too risky. Markers of renal function remained stable
throughout this period of the disease. Due to local infections
(including multidrug-resistant Pseudomonas aeruginosa), the
patient had to be hospitalized several times. As the hard pal-
ate also perforated, he lost over 40 kg of body weight within a
few months due to feeding problems. As part of an outpatient
follow-up, continued cocaine use was repeatedly confirmed
in urine samples, though levamisole testing was repeatedly
negative. The patient was unwilling to participate in a drug
withdrawal program and was finally lost to further follow-up.
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Fig.1 Case 2: Magnet-reso-
nance imaging (MRI), clinical
picture and biopsy specimen.

a MRI orbita, T2 weighted;
coronary plane, inflammatory
pannus breaking through right
sided orbital wall, affecting
medial rectus muscle (—). b
MRI orbita, T2 weighted axial
plane, inflammatory mass enter-
ing right sided orbital cavity
(—). ¢ Massive necrosis of the
hard palate. d Biopsy specimen
(hematoxylin—eosin stain) of
nasal ulceration showing active
ulcerating and necrotic rhinitis
without granuloma formation

Fig.2 Representative images of
the histological pattern of case
1 and case 2. a Case 1: Periodic
acid—Schiff (PAS) stain show-
ing crescentic pauci-immune
glomerulonephritis. Note a
fibrocellular crescent inside the
bowmann space (—). b Case 1:
Masson—Goldner stain, showing
numerous erythrocyte cylinders
inside tubuli due to rupture of
the glomerular basement mem-
brane (—). ¢ Case 2: PAS stain,
please note mesangial prolif-
eration due to the deposition of
IgA inside the mesangium (—).
d Case 2: immunohistochemi-
cal stain for immunoglobulin A
(IgA). Please note IgA deposits
(stained red) inside the glo-
merular mesangium (—)
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Literature search

A literature search with no restriction to publication date
was conducted on 24 July 2019. The databases PubMed
and Scopus were searched for case reports and case series
that examined the role of cocaine/levamisole-induced
ANCA-associated renal disease (detailed search terms are
listed in the supplementary material).

Study selection

Primary studies providing empirical data from individual
patients regarding the role of cocaine/levamisole-induced
ANCA-associated renal disease were included. Two of the
authors independently reviewed the identified studies in
abstract format. If the abstracts did not provide sufficient
data for a decision (e.g., ANCA status not reported within
the abstract), full texts were reviewed instead.

The following inclusion criteria were applied: (1) article
published in English language; (2) original paper was pub-
lished in a peer-reviewed journal; (3) study type: case report
or case series; (4) biopsy-proven renal involvement; and (5)
positive ANCA testing. Studies that did not match the above-
defined criteria were excluded from further analysis. Over-
all, there was no disagreement between the two reviewers
throughout the selection process.

Data extraction

Individual patient data described within the case reports
and case series were analyzed and extracted: clinical data;
laboratory data; renal biopsy results; treatment; outcome;
and follow-up. The extracted data were summarized (see
supplementary material).

Results of the literature search

The reported search strategy (see supplementary mate-
rial) initially identified 1089 publications. 513 publications
were identified via PubMed, 558 publications via Scopus
and two publications through other sources. Taken together,
the search identified 635 publications (after removing dupli-
cates) that were assessed for eligibility. 610 publications did
not match the inclusion criteria. In total, we report the data
of 41 cases from 25 publications (39 cases) and our own
cases (2 cases) [5, 14-37].

Discussion

Renal involvement in cocaine-induced AAV is rare, and a
renal biopsy was only performed in a minority of cases [5].
We present two cases of AAV with renal involvement associ-
ated with cocaine consumption and searched PubMed and
Scopus for case reports and case series. More than half of
the 41 cases (25/41, 60.9%) showed histological evidence of
pauci-immune GN, which represents the typically encoun-
tered renal manifestation in AAV [38]. In 14.6% (6/41) of
all cases, pauci-immune GN was associated with a concomi-
tant renal pathology, such as membranous nephropathy in 5
cases and interstitial nephritis in 1 subject [30]. Interstitial
nephritis has been attributed to cocaine consumption with-
out association with positive ANCA titers in several case
reports. Other acute kidney pathologies commonly seen in
relation to cocaine consumption are renal infarction, throm-
botic microangiopathy and acute kidney injury attributable
to rhabdomyolysis [28, 39, 40].

Surprisingly, in association with cocaine consumption,
more than one-third (39.0%, 16/41) of the renal biopsies
revealed a variety of different pathologies, not commonly
associated with AAV (Table 2). One-fifth (21.9%, 9/41) of
the patients were diagnosed with membranous nephropathy
(MN) and five of them with concomitant pauci-immune GN.
Collister et al. presented two of these cases [14]. According
to the authors, a combination of these two glomerulopa-
thies has already been described in patients suffering from

Table2 Overview of renal pathology patterns from the reviewed
cases

Total (cases) Percent
Renal pathology
Other® 2 4.9
Interstitial fibrosis 1 24
C3 associated GN 1 2.4
Focal segmental glomerulosclerosis 1 2.4
Lupus nephritis (class IV) 1 2.4
Mesangio-proliferative/IgA associated GN 3 7.3
Immune-complex mediated GN 3 7.3
Membranous nephropathy 4 9.8
Pauci-immune necrotizing GN 19 46.3
Concomitant pathology 6 14.6
Pauci-immune necrotizing GN plus
Interstitial nephritis 1 2.4
Membranous nephropathy 5 12.2
41 100

C3, complement component 3; GN, glomerulonephritis; IgA, immu-
noglobulin A

Insufficient data
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idiopathic AAV and in ANCA- as well as anti-GBM-anti-
body (glomerular basement membrane, GBM)-negative sub-
jects without clinical signs of systemic lupus erythematosus
(SLE).

One of our patients showed histological signs of mesan-
gial proliferative nephritis with IgA deposits, which seems
to be a rare entity in cocaine-induced AAV. In our review,
there is only one similar case reported by Subesinghe et al.
[23] (patient 9)—which showed mesangial proliferative GN
with crescents and IgA deposits with concomitant cutane-
ous LCV, resembling the clinical picture of IgA vasculitis.
This patient showed transient c-ANCA positivity with no
specificity in PR3 or MPO testing. Another case, reported by
Rowshani et al. [25], suffered from longstanding CIMDL and
developed crescentic glomerulonephritis and mesangial IgA
deposition with serological signs of GPA (c-ANCA, PR3-
positive) and LCV of the skin. Our patient suffered from pre-
vious longstanding cocaine-induced nasal septal perforation
with recurring bacterial superinfection. IgA nephropathy has
been associated with upper respiratory tract infection [41].
Furthermore, IgA nephropathy is the most common primary
GN worldwide. IgA nephropathy with ANCA positivity is a
rare but known entity: in a retrospective study by Yang et al.
[42], 1.2% of 1729 patients with IgA nephropathy showed
concomitant ANCA positivity, with p-ANCA in 80%. This
finding was associated with a more severe clinical picture,
but followed by a better response to immunosuppressive
therapy and renal outcome in short term. In our case, one
has to consider that the occurrence of IgA deposition in pre-
existing cocaine-induced AAV could also be a coincidence.

Three patients were diagnosed with immune-complex-
mediated GN, and other patterns included focal segmental
glomerulosclerosis, complement component 3 (C3)-associ-
ated GN, lupus nephritis and interstitial fibrosis, which were
each demonstrated in one patient, respectively. In two case
reports, description of the histological findings is somewhat
unclear (‘proliferative glomerulonephritis’ and ‘focal seg-
mental necrotizing glomerulitis’) and immunohistochemis-
try results are not provided; hence, they are listed as ‘other’
[27,29].

Patients with cocaine-induced AAV showed p-ANCA
staining in more than half of the reported cases (54.5%,
18/33). In 18.2% (6/33) of the subjects, c-ANCA staining
was positive and in 27.3% (9/33) staining differentiation was
not observed (Table 3). The testing for the corresponding
antigen showed that MPO clearly predominated with a posi-
tivity in 74.2% (23/31) of the reported cases. Nearly half of
the reported subjects (45.2%, 14/31) were double positive
for MPO- and PR3-antibodies. Isolated PR3 positivity was
only detected in four patients (12.9%, 4/31). Our second case
showed p-ANCA staining with discordant anti-PR3 posi-
tivity, in accordance with previous other cases of CIMDL
[3]. This paradoxical ANCA-constellation is typical for this
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manifestation. Furthermore, anti-human neutrophil elastase
(HNE) antibodies are found in up to 80% of CIMDL indi-
viduals, with relatively low sensitivity but high specificity
[11, 43]. The patients we report on were HNE negative in
single testing.

Three case reports showed isolated positivity of PR3 in
cocaine-induced AAV, with pauci-immune GN on kidney
biopsy [25, 28, 31]. These cases are extremely difficult to
distinguish from idiopathic AAV. Muifioz-Vahos et al. list
eight patients with biopsy-proven renal manifestation, but
specific antibody information for each patient was not pro-
vided [26]. As in our first case, 35.7% (10/28) of the sub-
jects in this review were ANA positive. Only 17 subjects
(17/41, 41.4%) were tested for antiphospholipid antibodies
(APS-Abs), but in 47.1% (8/17) of them testing was posi-
tive. Low complement component (C) 3 was observed in
45.8% (11/24) and low C4 in 39.1% (9/23); in many sub-
jects, complement components were not reported (C3 not
reported in 17/41, C4 not reported in 18/41). In this review,
no cryoglobulins were detected, and testing was performed
in 12 patients.

Interestingly, 34 (82.9%) patients in our review were
reported to have levamisole-induced AAV, but only 9 were
effectively tested with positive results in 6 (6/41, 14.6%)
subjects. This resembles a well-known problem: Larocque
and Hoffmann [11] published a review of 206 cases with
complications of levamisole-adulterated cocaine, where only
28% (57/203) had confirmed the presence of levamisole.
Most of the authors rely on clinical and serological param-
eters to assume levamisole as a culprit. High titer MPO
positivity and p-ANCA, as well as anti-PR3- and anti-MPO-
antibody double positivity seem to be indicative, especially
in concomitant APS-Abs positivity [3, 5, 44]. Furthermore,
APS-Abs and leukopenia are rarely observed in GPA and
MPA [44-46].

Idiopathic as well as cocaine-induced AAV presented
with a wide range of clinical manifestations [3-5, 45]. 84.6%
(33/39) of the patients in our review presented with cutane-
ous symptoms. As cited by Mufioz-Vahos et al., LCV of the
skin is the most frequent observation in levamisole-induced
AAV. The study even presents a typical clinical pattern with
the appearance of retiform purpura of the extensor surfaces
of the limbs, buttocks, face and abdomen in 83% of the
patients. 73% had ear necrosis, which resembles the clas-
sic manifestation in association with levamisole intake [26].

Case 1 in our presentation showed arthritis of the elbow
and LCV of the skin; 63.3% (19/30) of the subjects reviewed
suffered from arthritis or arthralgia. In 11 patients (11/41,
26.8%), musculoskeletal symptoms were not reported. This
result is consistent with the findings of the largest reviews
performed on cocaine/levamisole-induced AAV [5, 26, 44].

64.8% (24/37) of the subjects in our review presented
with anemia. In 21.6% (8/37), leukopenia was documented.
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Table 3 Major clinical manifestations, laboratory data and outcomes of the reviewed cases

Item Total (reported cases) Percent (reported
cases)
Sex
Male 20 60.6
Female 13 39.4
Age (years)
Mean 41.8 -
Range 19-63
ANCA pattern
c-ANCA 6 18.2
p-ANCA 18 54.5
Other® 9 27.3
ANCA antigen
MPO—-/PR3— 4 12.9
MPO+/PR3— 9 29.0
MPO—-/PR3+ 4 12.9
MPO+/PR3+ 14 452
ANA
Negative 18 64.3
Positive 10 35.7
Antiphospholipid antibodies
Negative 9 52.9
Positive 8 47.1
Organ involvement
Ear—nose—throat 8 29.6
Skin 33 84.6
Arthritis/arthralgia 19 63.3
Pulmonary involvement 5 17.9
Hematological involvement 27 65.8
Levamisole testing
Negative 3 333
Positive 6 66.7
C3 hypocomplementemia
Negative 13 54.2
Positive 11 45.8
C4 hypocomplementemia
Negative 14 60.9
Positive 9 39.1
Clinical outcome® Worsened Improved/stabilized
Cocaine withdrawal (7) 0 Total: 7 (100%)
Improved: 4°
Stabilized: 3¢
Ongoing cocaine abuse (12) 7 (58%)¢ Total: 5 (42%)

Improved: 1°
Stabilized: 4'

ANA, antinuclear antibodies; c-ANCA, cytoplasmic antineutrophil cytoplasmic antibodies; p-ANCA, perinuclear antineutrophil cytoplasmic
antibodies; C3, complement component 3; C4 complement component 4; MPO, myeloperoxidase; PR3, proteinase 3; —, negative; +, positive

#Not specified

Data available in 19 out of 41 patients

“Reference [14] patient 3 [19], [21], own patient 1
dReferences [32, 34, 35]

®Reference [20]

fReference [14] patient 1 [15], patient 2 and 3 [24]
£Reference [15] patient 4 [27, 29, 30], [36], own patient 2
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Table 4 Major characteristics
of cocaine- and levamisole-
induced ANCA-associated
vasculitis and implications for
diagnosis and treatment

More often in young patients

Serological features: ANCA +, PR3 +and MPO +, ANA +, complement levels |, APS-Abs +

Affected organs: skin (vasculitis), kidneys (GN or atypical see Table 2), ENT, musculoskeletal symptoms
(arthralgia/arthritis), blood (anemia, leucopenia)

Perform urine analysis for cocaine metabolites and if possible, for levamisole

If urine test is negative, hair test for cocaine and levamisole might also be considered

Treatment should also focus on drug cessation!

Immunosuppressive treatment should be carefully evaluated

If CLIAAV was diagnosed, regular follow-up drug screens are useful to monitor treatment success

ANCA, antineutrophil cytoplasmic antibodies; ANA, antinuclear antibodies; APS-Abs, antiphospholipid
antibodies; CLIAAYV, cocaine- and levamisole-induced ANCA-associated vasculitis; GN, glomerulonephri-
tis; ENT, ear—nose—throat involvement; PR3, proteinase 3; MPO, myeloperoxidase; +, positive

One patient developed thrombocytopenia. These numbers
are considerably lower than in the case series presented
by Muifioz-Vahos et al., as well as in a recently published
review of levamisole-induced systemic vasculopathy [44].
Pulmonary affection was observed in five patients (17.9%,
5/28), and pulmonary-renal syndrome (PRS) diagnosed in
four cases (9.7%) [14, 15, 29, 30], which is less frequent
than in GPA [45].

All except two patients in our review were initially treated
with corticosteroids, accompanied by additional immuno-
suppressants [MMF 3.1% (1/32), MTX 6.2% (2/32), CYC
59.3% (19/32), RTX 25.0% (8/32)]. In 9 subjects (9/41,
21.9%), treatment was not reported. Eleven patients (11/41,
26.8%) received hemodialysis (HD) and 5 of them with addi-
tional plasmapheresis due to the severity of renal affection.

So far, there are no data or guidelines concerning treat-
ment strategies in cocaine/levamisole-induced AAV with
renal manifestation. Drug abstinence may be the mainstay
of therapy. In general, re-exposure to the drug is present
as a major challenge, as 45.2% (14/31) of the patients in
our review were reported to have continued cocaine intake
in follow-up consultations. Analysis of outcomes in differ-
ent subgroups of patients was difficult and was, therefore,
performed and discussed by two of the authors. Specific
data were missing in a substantial number of cases (22/41,
53.6%). In 19 patients (19/41, 46.3%), follow-up concerning
drug continuation and related outcome is comprehensible. In
all the seven patients who stopped cocaine consumption, the
clinical outcome was either stable or improved under treat-
ment with immunosuppressants. In the remaining 12 cases,
persistent substance abuse was observed. In seven of these
cases, the clinical course was poor (relapse, ongoing dialysis
dependence) and in four cases the situation stabilized (stable
creatinine, protein and hematuria). Only one patient with
ongoing cocaine consumption improved clinically, which
underscores the therapeutic importance of drug cessation
(Table 3).

Cocaine can be detected in blood samples up to 48 h
after ingestion [47]. Cocaine metabolites can also be found
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up to 96 h after a single dose (urine testing). Preston et al.
were able to demonstrate that in cases of increased doses or
chronic abuse, detection in urine samples may even be pos-
sible up to 14 days after the last consumption [48].

Unfortunately, levamisole testing is more time consum-
ing and expensive, since it is not offered by default by most
laboratories. Since the half-life in blood and urine is only
5.6 h, only very recent consumption can be detected [49].

Another way to detect less recent cocaine use is a hair
test. On average, hair grows 1 cm per month, so hair analysis
can detect both cocaine abuse and in some cases levamisole
[50, 51].

Our work has some limitations, such as the lack of labo-
ratory proof of cocaine intake in case 1 and the absence of
proof of levamisole and cocaine intake in many patients
in the reviewed articles. We cannot exclude misdiagnoses
between idiopathic AAV and cocaine-related disease in
the review.

Based on this review, Table 4 displays major charac-
teristics of cocaine and levamisole-induced AAV and pro-
vides implications for diagnosis and treatment.

Conclusion

Through rising cocaine consumption, cocaine and levam-
isole-induced AAV has become a frequently encountered
form of vasculitis. Still, renal manifestation is rare and
may present with atypical manifestations in a high propor-
tion of patients, as observed in one of our reported cases.
Although positive ANCA testing and anti-PR3 as well as
anti-MPO are the serological hallmark of idiopathic AAV,
the interpretation of the serologic markers and clinical
manifestation should always lead to consideration of drugs
as inductors of the disease. Especially in younger patients
with certain serologic constellations (anti-PR3 and anti-
MPO double positivity, concomitant ANA positivity, low
complement level as well as APS-Abs) and skin as well
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as musculoskeletal symptoms and hematologic (anemia,
leukopenia) affections should prompt testing for cocaine
consumption via urine drug testing, and if positive with
subsequent testing for levamisole. In the absence of estab-
lished treatment guidelines, treatment consists of drug ces-
sation. Despite this, in reality many patients continue to
consume cocaine.
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