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Abstract
Introduction: Classical pauci-immune necrotizing crescen-
tic glomerulonephritis (CGN) associated with antineutrophil 
cytoplasmic autoantibodies (ANCA) is characterized by the 
absence of renal immunoglobulin (Ig) deposits. However, 
IgG deposits can sometimes be present. We wanted to as-
sess whether necrotizing CGN with IgG deposits is associat-
ed with a more severe presentation and outcome than nec-
rotizing CGN without IgG deposits. Methods: Between No-
vember 2008 and August 2013, we retrospectively identified 
158 patients from four centers who had necrotizing CGN due 
to primary ANCA-associated systemic vasculitis. Glomerular 
IgG deposits were found in 18 (11%) patients (group 1). For 
each patient in group 1, we selected 2 patients with classical 
pauci-immune necrotizing CGN with the nearest date of di-
agnosis in the same center (group 2, n = 36). We assessed 
clinical, biological, and pathological characteristics in both 

groups. Results: Baseline characteristics were similar in both 
groups, and most patients had ANCA-associated vasculitis 
with antibodies to myeloperoxidase (74%). Deposits dis-
played moderate to strong staining in 9 patients. As com-
pared with group 2, group 1 exhibited a higher frequency of 
interstitial fibrosis/tubular atrophy lesions (p = 0.024) and 
lower frequency of acute tubular necrosis (p = 0.046). Never-
theless, after a mean follow-up of 30 and 26 months for 
group 1 and group 2, respectively, IgG deposits did not affect 
the renal prognosis or probability of relapse. Finally, the 
groups did not differ in renal or patient survival. Conclu-
sions: IgG deposits, detected in 11% of patients with ANCA-
associated necrotizing CGN, did not affect renal or patient 
outcomes. © 2019 The Author(s)

Published by S. Karger AG, Basel

Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associ-
ated vasculitis (AAV), including granulomatosis with 
polyangiitis, microscopic polyangiitis, and renal limited 
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AAV, are multisystemic severe autoimmune diseases [1]. 
Histological proof of vasculitis remains a pivotal element 
to establish the diagnosis of AAV [2–4]. The combination 
of necrotizing crescentic glomerulonephritis (CGN) 
(most often responsible for rapidly progressive GN and 
observed in about 20–40% of patients with AAV) with 
antimyeloperoxidase (MPO) and antiproteinase 3 (PR3) 
autoantibodies is deemed sufficient for a definitive diag-
nosis of ANCA-associated renal vasculitis [5–7]. 

Among CGN cases, ANCA-associated CGN is usually 
characterized by the absence of immunoglobulin (Ig) de-
posits in the kidney. Hence, these cases are described as 
“pauci-immune” in contrast to both immune complex-
mediated glomerulonephritis (GN) characterized by Ig 
and complement deposits or GN with linear deposits of 
anti-glomerular basement membrane antibodies. How-
ever, a few studies have reported some glomerular im-
mune deposits seen on light microscopy (immunofluo-
rescence) or electron microscopy in ANCA-associated 
CGN [8–10]. Importantly, these studies have suggested 
that immune deposits may be associated with more severe 
renal damage, namely, a possible higher proportion of 
crescents, poorer renal function, and greater proteinuria 
at the time of diagnosis [4, 8–11]. These studies suggested 
that the presence of glomerular immune deposits in pa-
tients with ANCA-associated CGN could be associated 
with worse renal outcome.

Nevertheless, the impact of immune deposits in AN-
CA-associated CGN remains disputed because the long-

term renal outcome was not reported [8], not compared 
to other patients with pauci-immune ANCA-associated 
GN [9], or affected only a few patients [10]. In those stud-
ies, chronic lesions, such as sclerotic crescents or tubular 
atrophy and interstitial fibrosis, which have been de-
scribed as negative prognostic factors [12, 13], were not 
more frequent in patients with deposits than without im-
mune deposits [9, 10]. Moreover, the impact of immune 
deposits was always analyzed independently of their iso-
type, as IgM, IgG, and IgA deposits can also be observed. 
IgG deposits are the most frequent [8, 9], but they are also 
often found in patients without deposits seen on electron-
ic microscopy [8]. In contrast, IgA and/or IgM deposits 
are usually not found in the absence of immune deposits 
seen on electronic microscopy and can involve addition-
al and different pathogenic pathways [8], such as the pres-
ence of ANCA-associated IgA [13]. In this study, we eval-
uated whether the presentation and outcomes of patients 
with ANCA-associated CGN were affected by the pres-
ence of glomerular IgG deposits. 

Materials and Methods

Selection of Patients
In this retrospective study, among 158 patients with ANCA-

associated CGN diagnosed between November 2008 and August 
2013 in four French nephrology departments (Tours, Nantes, 
Rennes, and Angers), 35 patients showed glomerular immune de-
posits on immunofluorescence microscopy (Fig. 1). Overall, 18 of 

Necrotizing CGN-associated ANCA
(n = 158)

No glomerular deposits
(n = 123)

Glomerular deposits
(n = 35)

Renal light microscopy at diagnosis

Group 2 (n = 36)
controls selected by date of

diagnosis and nephrology department

Group 1 (n = 18)
CGN-ANCA with

glomerular IgG deposits

No IgG deposits
(n = 17)

Fig. 1. Flowchart of the study population.
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158 patients (11%) had IgG deposits (group 1), whereas the re-
maining 17 presented other Ig isotypes deposits without IgG de-
posits and were excluded. Although IgG deposits can be observed 
in diabetic nephropathy, none of the patients in group 1 were 
diabetic [8]. Moreover, all patients in this study were tested nega-
tive for both anti-double-stranded DNA antibody and anti-glo-
merular basement membrane antibody, usually found in lupus 
nephritis and anti-glomerular basement membrane disease, re-
spectively. 

Next, for each patient from group 1, we selected 2 control pa-
tients, as per standard practice, with pauci-immune ANCA-asso-
ciated CGN without IgG deposits. Thus, we included 36 of the 
remaining 123 patients (group 2) with renal biopsy performed just 
before and just after every patient in group 1 within the same ne-
phrology department to reduce the bias associated with change in 
treatment practice.

Clinical, Biological, and Treatment Data
The patient records were individually reviewed to determine 

the type of AAV according to the revised Chapel Hill classification 
[1] and to determine the Birmingham Vasculitis Activity Score 
(BVAS) at diagnosis [14]. Multiorgan involvement was defined as 
the involvement of three or more organs. 

The following demographic and clinical data were recorded: 
age, sex, arterial blood pressure, smoking status, professional ac-
tivity, existence of a triggering factor, fever, fatigue, weight loss, 
arthralgia, and myalgia. To evaluate the initial severity of CGN, we 
recorded proteinuria, hematuria, serum creatinine, and estimated 
glomerular filtration rate (eGFR) values using the Modification of 
Diet in Renal Disease (MDRD) equation and the requirement for 
dialysis treatment [15]. We also recorded immunological vari-
ables: titers of anti-MPO and anti-PR3 antibodies, C3 and C4 com-
plement levels, and the presence of anti-dsDNA antibodies, rheu-
matoid factor, or anti-glomerular basement antibody. 

Initial, rescue, and maintenance drug therapy were recorded: 
corticosteroids (dose, route of administration, duration), cyclo-
phosphamide (dose, number of infusions, duration), rituximab 
(dose, number of infusions, duration), azathioprine (dose and du-
ration), and mycophenolate mofetil (MMF) (dose and duration). 
The number and duration of plasma exchanges were recorded. 

The following biological data were collected at diagnosis and at 
1 and 5 years: relapse, eGFR, and proteinuria. The end of follow-up 
was defined as death or date of last visit. Renal survival was as-
sessed by creatinine level or end-stage renal disease at last follow-
up (ESRD: need for chronic dialysis or renal transplantation) and 
did not include patients who had temporary dialysis but recovered. 
Relapses were defined as changes in the BVAS score and or appari-
tion of new symptoms/organs involvement. Renal relapse was de-
fined as positivity of a urine dipstick for blood or protein if nega-
tive before and/or increase of creatinine which led to a new kidney 
biopsy with active lesions.

Renal Biopsy
We retrospectively reviewed the histopathology reports and re-

corded the following items: total number of glomeruli, number of 
glomeruli with crescents typed cellular or fibrocellular, number of 
sclerotic glomeruli, and pathological changes in tubules, intersti-
tium, and blood vessels. Mesangial hypercellularity was noted be-
cause it is a prognostic factor of kidney function in AAV [12]. We 
also retrospectively classified histopathological findings according 

to the last publication of the European Vasculitis Study Group into 
four types [16]: focal, sclerotic, mixed, and crescentic. The propor-
tions of crescents and sclerotic glomeruli were calculated as a per-
centage of the total number of glomeruli present in each biopsy. 
As in previous reports [10, 13, 16], interstitial fibrosis and tubular 
atrophy were semiquantitatively scored from 0 to 3, for absent, 
mild (1–25%), moderate (25–50%), or severe (> 50%), respectively. 
Acute tubular necrosis was recorded. Chronic vascular lesions un-
related to vasculitis represented either arteriolar hyalinosis or fi-
brous endarteritis lesions. Finally, we focused on the staining pat-
tern of Ig deposits (linear or granular, focal or diffuse) identified 
by direct immunofluorescence. To compare our results with previ-
ous reports of ANCA-associated GN with IgG deposits [8, 10, 17], 
we quantified IgG deposit staining from 0 to 4, as negative, weak, 
moderate, strong, and very strong, respectively. Additionally, we 
noted whether other types of deposits were present, such as IgA 
and IgM or complement components (C3, C4, C1q). The pathol-
ogy slides were assessed locally and then the pathology reports 
were reviewed by the same 2 individuals all way through to insure 
both consistency and reduce bias.

Statistical Analysis
Results are expressed as percentage or mean ± SD for normally 

distributed variables and median (range) for non-normally dis-
tributed variables. Categorical data were compared by χ2 or Fish-
er’s exact test according to sample size. Quantitative data were 
compared by Mann-Whitney test. Kaplan-Meier curves were used 
to estimate the probability of patient survival, renal survival 
(ESRD), and relapse in both groups and were compared by log-
rank test. Statistical analyses involved using XLSTAT software. A 
p < 0.05 was considered statistically significant.

Results

Patient Characteristics
Patient characteristics are presented in Table 1. Except 

for age, demographic characteristics were similar be-
tween the groups. The groups did not differ according to 
delay between presentation and diagnosis, disease activ-
ity, or type of AAV. Thus, microscopic polyangiitis was 
diagnosed in most patients in both groups. Renal limited 
vasculitis was seen frequently; however, 5 patients in 
group 1 presented with Raynaud’s syndrome and 3 pa-
tients with well-characterized autoimmune diseases: 
rheumatoid arthritis, scleroderma, or ankylosing spon-
dylitis. The groups did not differ according to the inci-
dence of rheumatoid factor or anti-nuclear antibodies. C3 
and C4 complement levels were normal in all patients. 
MPO-ANCAs were frequent in both groups, especially 
group 1 (16/18), and PR3-ANCAs were identified in 
(13/36) 36% of patients in group 2. The MPO-ANCA lev-
el was more frequently > 100 IU/L in group 1 as compared 
to group 2 (75 vs. 41%, p = 0.009). 
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Table 1. Clinical, biological, and pathological characteristics data in all patients1

Total 
(n = 54)

Group 1
(n = 18)

Group 2 
(n = 36)

p value
group 1 vs. 
2

Male gender (%) 32/54 (59) 12/18 (67) 20/36 (56) 0.56
Age, years (mean ± SD) 58.6±14.8 53.8±15.3 61.9±13.4 0.014

Diagnosis
Delay from first signs to diagnosis, weeks 12 [1–156] 8 [1–60] 14 [1–156] 0.131
GPA 15/54 (28) 2/18 (11) 12/36 (36) 0.106
MPA 40/54 (74) 16/18 (89) 24/36 (67) 0.106
Kidney-limited forms 19/54 (35) 9/18 (50) 10/36 (28) 0.136
MPO2 40/54 (74) 16/18 (89) 24/36 (67) 0.106
BVAS (mean ± SD) 18±6 16±4 19±7 0.09
Emergency hemodialysis 12/54 (22) 3/18 (17) 9/36 (25) 0.73
Serum creatinine, µmol/L 361 [73–1,445] 352 [108–925] 365 [73–1,445] 0.313
eGFR (MDRD), mL/min/1.73 m2 (mean ± SD) 26.1±21.3 21.7±13.8 28.3±24.1 0.515
C-reactive protein, mg/dL (mean ± SD) 52±56 35±37 59.5±62 0.386
Proteinuria3

<1 g/24 h (%) 17/49 (34) 5/16 (31) 12/33 (36) 1
1–3 g/24 h (%) 18/49 (37) 5/16 (31) 13/33 (40) 0.754
>3 g/24 h (%) 14/49 (29) 6/16 (38) 8/33 (24) 0.501

Kidney biopsy (LM histology)
No. of glomeruli, total (mean ± SD) 17.6±8.9 14.8±6.8 19.3±9.7 0.141
No. of glomeruli, normal 30 [0–94] 26 [0–67] 31 [0–94] 0.201
Fibrinoid necrosis of glomerular loops (%) 28/54 (52) 10/18 (56) 18/36 (50) 0.777
Mesangial hypercellularity (%) 9/53 (17) 3/18 (17) 6/35 (11) 0.418
EUVAS

Focal 8/54 (15) 4/18 (22) 4/36 (11) 0.418
Crescentic 23/54 (43) 8/18 (44) 15/36 (42) 1
Mixed 10/54 (19) 1/18 (6) 9/36 (25) 0.138
Sclerotic 11/54 (20) 5/18 (28) 6/36 (17) 0.475
NA 2/54 (3) 0 (0) 2/36 (5) 0.547

Acute tubular necrosis 26/54 (48) 5/18 (28) 21/36 (58) 0.046
Interstitial infiltrates 46/54 (85) 16/18 (89) 30/36 (83) 0.704
Interstitial fibrosis/tubular atrophy lesions4

Yes 33/54 (61) 14/18 (78) 16/36 (44) 0.024
Score I 24/33 (73) 9/14 (65) 14/19 (74) 0.561
Score II 7/33 (21) 4/14 (28) 3/36 (16) 0.205
Score III 2/33 (6) 1/14 (7) 1/36 (5) 1

Chronic vascular lesions 33/54 (61) 10/18 (56) 23/36 (64) 0.569

Treatment
Induction treatment

Corticosteroids 51/54 (94) 18/18 (100) 33/36 (92) 0.543
Cyclophosphamide 43/54 (80) 16/18 (89) 27/36 (75) 0.301
MMF 6/54 (11) 2/18 (11) 4/36 (11) 1
Plasma exchange 12/54 (22) 7/18 (39) 5/36 (14) 0.079
Rituximab 4/54 (7) 1/18 (6) 3/36 (9) 1

Maintenance treatment5

Azathioprine 24/52 (46) 11/17 (65) 13/35 (37) 0.093
MMF 20/52 (38) 5/17 (29) 15/35 (42) 0.381
Rituximab 4/52 (7) 1/17 (6) 3/35 (8) 1
None 5/52(9) 0/17 (0) 5/35 (13) 0.308

Follow-up duration, months 32±21 32±20 33±22 0.891
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Except for 1 patient with acute Pseudomonas aerugi-
nosa sepsis and 3 patients with renal limited vasculitis and 
irreversible kidney damages, all patients received at least 
one intravenous pulse of methylprednisolone, associated 
with intravenous pulses of cyclophosphamide (n = 43) in 
the majority of them. In total, 48 of the 52 patients alive 
after induction therapy received maintenance immuno-
suppressive drugs. Maintenance treatment was azathio-
prine, MMF, or rituximab, which were given to 24, 20, 
and 4 patients, respectively. Steroids with a gradual taper-
ing were additionally given for all but 5 patients. 

The groups did not differ according to induction and 
maintenance regimens. Plasma exchange tended to be 
performed more frequently in group 1 (p = 0.079). 

Clinical and biological data for group 1 patients are 
presented in Table 2. Hematuria was present at diagnosis 
in all patients. The two groups were similar with regard 
to need for dialysis, eGFR, and proteinuria (Table 1). 
Overall, 3 of 18 patients and 9 of 36 patients required 
emergency dialysis in group 1 and group 2, respectively 
(p = 0.73).

MPA, microscopic polyangiitis; GPA, granulomatosis with polyangiitis; PR3, PR3 antibodies; MPO, anti-myeloperoxidase antibod-
ies; BVAS, Birmingham Vascular Activity Score; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Dis-
ease; LM, light microscopy; No. of glomeruli, total number of glomeruli on kidney biopsy; EUVAS scores: score I, mild (1–25%); score 
II, moderate (25–50%); score III, severe (>50%); MMF, mycophenolate mofetil. 1 Patients with primary ANCA-associated systemic vas-
culitis with (group 1) and without (group 2) renal immunoglobulin G deposits. 2 MPO concentration was available in 34 of 36 patients 
in group 2. 3 Proteinuria in g/24 h was available in 16 of 18 (89%) in group 1 and 33 of 36 (92%) in group 2. 4 Tubular atrophy and in-
terstitial fibrosis were not available in 1 patient in group 2. 5 One patient died before the end of the induction treatment. 

Table 1 (Footnote)

Table 2. Clinical and biological characteristics of patients with IgG deposits (group 1)

No. Gender Disease Biology

age at onset of 
disease, years

first-signs 
diagnosis 
delay, weeks

kidney 
only

multiorgan 
involvement

BVAS eGFR (MDRD), 
mL/min/1.73 m2

serum 
creatinine, 
µmol/L

Pu, 
g/L

Pu, 
g/24 h

antibodies 
(PR3/MPO)

1 M 48 60 yes no 12 23 253 16.1 16.6 MPO
2 M 48 14 no no 15 53 133 0.6 ND MPO
3 M 59 3 yes no 12 15 380 1.87 4.54 MPO
4 M 36 1 no no 14 23 288 4.82 7.71 MPO
5 M 53 52 no no 20 16 370 5.34 7 MPO
6 F 48 2 yes yes 22 7 626 1.17 0.88 MPO
7 M 60 8 yes no 19 14 412 4.61 7.8 MPO
8 F 32 12 no yes 16 12 388 0.84 2.02 MPO
9 M 74 NA yes no 12 19 297 1.09 1.72 MPO

10 M 55 24 yes no 12 25 245 3.41 ND MPO
11 F 55 364 no no 15 33 152 1.66 0.89 MPO
12 M 69 4 yes no 14 5 925 1.2 0.31 MPO
13 M 53 8 yes no 12 24 259 1.41 2.82 MPO
14 F 80 1 yes no 12 18 242 3.9 4.28 MPO
15 F 20 14 no yes 21 18 294 2.14 1.28 MPO
16 M 51 4 no yes 21 24 263 1.27 1.27 PR3
17 M 62 3 no no 19 7 715 0.91 0.25 PR3
18 F 30 24 no yes 17 55 108 0.25 0.78 MPO

BVAS, Birmingham Vascular Activity Score; eGFR, glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; Pu, pro-
teinuria; MPO, myeloperoxidase; PR3, proteinase 3; NA, not available; ND, not determined. 
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Renal Pathology
The two groups did not differ in mesangial hypercellu-

larity (p = 0.418), fibrinoid necrosis (p = 0.777), or chron-
ic vascular lesions (p = 0.569). Interstitial infiltrates, pres-
ent in most patients of both groups, were often heterog
eneous, with mainly lymphocytes, and occasional 
plasmacytes or histiocytes. Interstitial fibrosis and tubu-
lar atrophy lesions, which were moderate in 73% of pa-
tients, were more frequent in group 1 than in group 2  
(p = 0.024). However, acute tubular necrosis was more 
frequent in group 2 than in group 1 (p = 0.046).

Pathology characteristics of group 1 are presented in 
Table 3, and the deposits are detailed in Table 4. The 
staining score for the IgG deposits was 1 for 9 patients and 
≥2 in others. Among the 5 patients with an IgG staining 
score ≥3, 4 patients had kidney-limited vasculitis, and 
their creatinine level at diagnosis was not higher than that 
of other patients (median 259 µmol/L [133–412]). All had 
a positive C3 staining score ≥3, and 3 (60%) also had a 
C1q staining score ≥3. The location of IgG deposits, avail-
able for 16 patients, was parietal or in the glomerular 
basement membrane in 9 patients and mesangial in 7 pa-

tients. The IgG staining was described as diffuse in 10 of 
18 (55%) patients of group 1. In addition, C3 component 
deposits were observed in all but 1 patient. IgM was also 
present in many patients, but IgA and C1q deposits were 
found unfrequently.

Patient and Renal Outcomes
Follow-up duration was similar in the two groups (me-

dian 30 months [7–81] for group 1 and 26 months [12–
99] for group 2; p = 0.891) and > 5 years for 24 patients 
(6/18 in group 1 and 16/36 in group 2). Two patients in 
group 2 were lost to follow-up.

All deaths (group 1, n = 1; group 2, n = 3) were due to 
septic shock that occurred at 0.5, 3, 10, and 48 months 
after treatment initiation. One infection occurred after 
surgery for a sigmoid adenocarcinoma. The two groups 
did not differ in patient survival (p = 0.828) (Fig. 2a).

Among the 12 patients who had initially undergone 
hemodialysis (group 1, n = 3; group 2, n = 9), 2 in each 
group recovered renal function during the early period. 
During follow-up, chronic hemodialysis was resumed in 
2 patients. Finally, the two groups did not differ in renal 

Table 3. Kidney biopsy light microscopy characteristics of patients with IgG deposits (group 1)

Kidney biopsy light microscopy

No. gender time glomeruli ATN TAIF
grade

infiltrate

n Nx OG FN EUVAS MHC yes grade

1 M 02/02/11 16 1 9 no S 0 no III yes Mod
2 M 15/11/12 6 4 0 no F 0 no I yes Mod
3 M 02/10/08 14 9 0 yes F 0 no I yes Mild
4 M 20/04/12 23 5 2 yes M 0 yes II yes Mod
5 M 25/01/13 19 4 3 yes S 0 no I yes Mild
6 F 15/05/09 8 1 2 yes C 0 yes II yes Mild
7 M 16/10/06 29 5 4 no C 1 no I yes Mod
8 F 26/11/08 20 0 14 yes S no yes II yes Sev
9 M 16/04/07 15 2 2 yes S no yes II yes Mild

10 M 15/11/11 24 1 3 no C no no I yes Mod
11 F 11/10/11 13 2 0 no C yes no I yes Mod
12 M 10/03/11 13 5 1 yes C yes no I yes Sev
13 M 29/03/10 3 2 0 no F no no no no  
14 F 24/12/09 7 0 4 no S no no I yes Mod
15 F 10/11/10 16 3 3 yes C no yes no yes Mild
16 M 31/03/09 10 3 1 yes C no no no no  
17 M 31/08/11 20 12 4 no F no no I yes Mod
18 F 24/09/09 11 2 0 yes C no no no yes Mod

Nx, normal; OG, obsolescent glomerulus; FN, fibrinoid necrosis; EUVAS; F, focal; S, sclerotic; M, mixt; C, crescentic; MHC, mesan-
gial hypercellularity; ATN, acute tubular necrosis; TAIF, tubular atrophy and interstitial fibrosis; Infiltrate, cellular interstitial infiltrate; 
Mod, moderate; Sev, severe.
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survival (Fig.  2b), regardless of the use of plasma ex-
change (p = 0.281) or intensity of IgG staining. In addi-
tion, the two groups were similar in renal function (eGFR: 
21.7 ± 13.8 vs. 28.3 ± 24.1 mL/min/1.73 m2 for group 1 vs. 
group 2; p = 0.515) and proteinuria (Table 1). Creatinine 
level at last follow-up was similar for patients with a IgG 
staining score of 3 and lower scores.

Six of 12 relapses involved only the kidney (Table 5). 
The two groups did not differ in relapse frequency, but 
only renal limited relapses were observed in group 1. The 
probability of relapse was similar between the two groups 
(Fig. 2c) (p = 0.422). 

Discussion

In this retrospective multicenter study, we report a co-
hort of ANCA-associated necrotizing CGN with glomer-
ular IgG deposits seen on light microscopy. When com-
pared to 36 patients with the classical pauci-immune his-
tological form, this particular histological profile does not 
seem to identify a group of patients with specific initial 
characteristics or different outcomes. 

The incidence of IgG deposits in AAV in previous 
studies based on light microscopy was highly variable 
(2.2–28.5%) [9, 10, 15]. Although we included patients 

Table 4. Characteristics of Ig and complement deposits in group 1

Kidney biopsy immunofluorescence

No. IgG IgA IgM C3 C1q

St. Loc. Kind GD St. Loc. Kind GD St. Loc. Kind GD St. Loc. Kind GD St. Loc. GD

1 1 Glo NA Foc 0       1 Foc NA Foc 1 Glo NF Foc 0    
2 3 Mes NA Diff 1 Mes NA Diff 3 Glo NA Foc 4 Mes NA Diff 4 Mes Diff
3 3 Mes NA Diff 2 Par NA Diff 0       3 Mes NA Diff 4 Mes Diff
4 1 Mes NA Diff 1 Mes NA Diff 2 Glo NA Foc 3 Mes NA Diff 1 Glo Foc
5 1 Mes NA Diff 0       1 Glo NA Foc 3 Par/

Mes
NA Diff 0    

6 2 Mes NA Diff 0       0       2 Mes NA Diff 0    
7 4 Par Gran Diff 0       3 Mes NA Diff 4 Par Gran Diff 1 Glo Foc
8 1 Par NA Foc 0       3 Glo NA Foc 1 Glo Gran Foc 1 Glo Foc
9 1 Glo NA Foc 0       2 Glo NF Foc 3 Mes Gran Diff 1 Glo Foc

10 1 Mes NA Foc 0       1 Glo NA Foc 1 Glo NA Foc 0    
11 2 Mes NA Foc 0       3 Mes NA Foc 3 Mes NA Foc 2 Mes Foc
12 1 Par Gran Diff 0       0       4 Par Gran Diff 0    
13 3 Par Gran Diff 3 Par Gran Diff 1 Par Gran Diff 3 Par Gran Diff 0    
14 4 GBM Lin Diff 0       0       4 GBM Lin Diff 3 GBM Diff
15 1 Par Gran Foc 3 Par Gran Diff 0       3 Par/

Mes
Gran Foc 0    

16 1 Par Gran Foc 3 Par Gran Diff 1 Par NA Foc 1 Mes Gran Diff 0    
17 2 GBM Lin Foc 0       0       1 Glo Lin Foc 0    
18 2 GBM Lin Diff 0       0       0       0    

St., staining; Loc., localization inside the glomeruli; Glo, glomeruli without more precision; Mes, mesangial; Par, parietal; GBM, glo-
merular basement membrane; NA, not available; GD, glomerular diffusion; Gran, granular; Lin, linear; Foc, focal; Diff, diffuse.

All Group I Group II p value

Number of relapses (%) 0 42/54 (78) 15/18 (84) 27/36 (75) 0.73
1 9 (16) 2 (11) 7 (20) 0.7
2 2 (4) 1 (5) 1 (2.5) 1
3 1 (2) 0 (0) 1 (2.5) 1

Kidney alone   6/12 (50) 3/3 (100) 3/9 (33) 0.18

Table 5. Relapses during follow-up
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with weak staining for IgG deposits, we report an overall 
incidence of 11%. Thus, we confirmed that these deposits 
are not uncommon. In our cohort, half of the patients 
had only weakly stained IgG deposits. For many patients, 
IgG deposits were located along the glomerular base-
ment membrane, but we also found a large proportion of 
deposits in the mesangium, as previously described [9, 
10]. Most of our patients with IgG deposits had MPO-
ANCAs, in agreement with other studies [8, 9]. Finally, 
the Ig deposits characteristics of our patients seemed 
similar to those reported in previous studies. Prior stud-
ies reported that patients with ANCA-associated CGN 
with IgG deposits had more severe renal disease, higher 
proteinuria [8–11], and more intense glomerular hyper-
cellularity [8, 9] at the time of the diagnosis than those 
with pauci-immune ANCA-associated CGN. In our 
study, the level of proteinuria, renal function, and inten-

sity of renal lesions of vasculitis did not differ between 
patients with ANCA-associated CGN with or without 
IgG deposits. Importantly, the rates of initial dialysis, re-
mission, and relapses in our population were similar to 
those reported in large studies including patients with 
classical AAV [18–20]. In addition, we observed a similar 
spectrum of clinical presentation, in contrast to one 
study that suggested that systemic presentation would 
differ in patients with IgG deposits [11]. In agreement 
with our initial observations, we found that presence of 
glomerular IgG deposits did not affect renal outcome, as 
there was no difference in renal function or rate of ESRD 
between the groups after a median follow-up longer than 
2 years. The evolution of AAV with IgG deposits has 
been described only once in 8 patients [10]. The authors 
reported that the creatinine level and the need for hemo-
dialysis for ESRD tended to be higher within the first 2 
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Fig. 2. The presence of glomerular IgG deposits had no negative impact on patient and renal survival. Estimated 
patient survival (a), renal survival (b), and relapse-free survival (c) in patients with primary ANCA-associated 
systemic vasculitis with (group 1, bold black line) and without (group 2, dashed line) renal IgG deposits.
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years in those patients compared to the control patients. 
The large proportion of patients with IgA deposits, that 
can evoke the presence of patients with ANCA-associat-
ed IgA, might explain these conflicting results. More 
generally, we think that it is important to take into ac-
count Ig classes and separately assess patients with IgG 
(possibly associated with other Ig), IgA, and IgM depos-
its, which could reflect different diseases with distinct 
pathological patterns. An original classification of pa-
tients with AAV and intrarenal Ig deposits has moreover 
been proposed with three groups [11]: group A1 with 
mesangial IgA and C3 deposits close to the IgA nephrop-
athy phenotype, group A2 with mesangial IgG and C3 
deposits, and group A3 with IgG and C3 deposits mainly 
in the capillary walls. Most of our patients would belong 
to group A2 or A3, and it would be interesting to assess 
whether renal outcome is affected by localization of IgG 
deposits, that could reflect different pathologies, such as 
membranous nephropathy (group A3) with a worse re-
nal prognosis [21]. 

The absence of specificity regarding outcomes of pa-
tients with glomerular IgG deposits raises the question 
of specificity and pathogenicity of intrarenal IgG depos-
its. The specificity of IgG deposits in the kidney remains 
unknown. Our patients almost exclusively had MPO-
ANCAs, mostly at very high titers, as compared to oth-
er studies [11]. MPO can be found directly on kidney 
biopsies and co-localizes with C3 and IgG [22] but only 
in glomerular lesions with low severity and activity. 
However, a few patients with PR3-ANCA were also in-
cluded. A relationship between amounts of ANCAs, 
their titer, and the formation of deposits could also be 
assumed. For instance, patient No. 13 had important 
diffuse deposits at diagnosis. The disease evolution was 
marked by a persistent MPO-ANCA in blood and kid-
neys. Absence of any stigma of active disease on moni-
toring biopsies do not support a pathogenicity of anti-
bodies in this patient. IgG deposits could also be more 
present during the first stages of the disease [22]. This 
corroborates with the shorter time to diagnosis of pa-
tients with IgG deposits (8 vs. 14 weeks, p = 0.131). Nev-
ertheless, higher incidence of acute tubular lesions and 
lower frequency of chronic tubular lesions for patients 
without IgG deposits did not support this temporal hy-
pothesis. 

Even though treatments were not statistically differ-
ent between the two groups, we want to highlight that a 
slight larger proportion of patients with IgG deposits re-
ceived plasma exchange and azathioprine, despite a se-
lection of control patients based on date of diagnosis. We 

suspect that the presence of IgG deposits could directly 
impact the decision to use plasma exchanges, because cli-
nicians fear a more severe disease [23] or possibly evoke 
another diagnosis such as anti-glomerular basement 
membrane disease. No explanation can be provided re-
garding the less frequent use of azathioprine in control 
patients. One clinical trial has suggested that plasma ex-
change would improve renal recovery in patients with 
ANCA-associated necrotizing CGN and creatinine > 500 
µmol/L (less than 20% of patients in our study), but renal 
benefit was not confirmed after 4 years [23]. Renal sur-
vival was not improved in patients with plasma exchange 
in our cohort. Thus, it is unlikely that a more frequent 
use of plasma exchanges in patients with glomerular IgG 
deposits concealed a greater severity of renal disease in 
those patients. One clinical trial clearly showed that aza-
thioprine was more effective than MMF to prevent re-
lapse [24], possibly in patients with underexposure [25]. 
Nevertheless, the superiority of azathioprine over MMF 
remains unknown to prevent ESRD, and the risk of re-
lapse did not differ in patients who were treated by aza-
thioprine or MMF in our study (data not shown). Hence, 
we cannot specifically preclude that unbalanced use of 
azathioprine between groups has decreased the rate of 
relapse in patients with glomerular IgG deposits, but an 
absence of difference with regard to ESRD risk is unlike-
ly related to it.

This study has several limitations. First, this was a 
retrospective case-control study with a relatively small 
number of patients with ANCA-associated CGN and 
IgG deposits, although it is currently the largest cohort. 
Because of our selecting strategy, baseline characteris-
tics of groups were similar apart from the age of the pa-
tients. In addition, case-control selection within each 
center prevented bias due to the varied management of 
AAV in different units. We did not demonstrate a dif-
ference in outcomes between the two groups, in many 
instances because of the relatively small sample size and 
the low number of endpoints in survival analysis. This 
can be explained by the fact that it is a rare disease with 
a limited follow-up time, which corresponds to clinical 
practice.

Patients with IgG deposits more often received plasma 
exchange, which might be explained by the initial clini-
cians’ “fear” of worse evolution associated with IgG de-
posits. Plasma exchange showed benefit in a clinical trial 
that included patients requiring dialysis or with serum 
creatinine > 500 µmol/L [26]. Only 17% of patients in 
group 1 and 19% in group 2 had a creatinine level > 500 
µmol/L, and renal survival was not improved in patients 
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with plasma exchange in our cohort; therefore, our results 
are not likely affected by this difference between the two 
groups. Finally, pathological findings were based on re-
ports analyzed by the same persons, and there was no cen-
tralized critical revision of slides. Ideally, electron micro-
copy should have been performed in every center, but no 
center was conducting routine electron microscopy to de-
fine the exact site of the complexes. The clinicians were 
confident with the diagnostic of ANCA-associated CGN, 
as lupus nephritis and anti-glomerular basement mem-
brane disease were excluded.

In conclusion, IgG deposits are not uncommon in AN-
CA-associated CGN. Their presence does not change the 
clinical, biological, and histological pattern. Moreover, 
they did not affect renal and patient outcomes. 
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