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INTRODUCTION

lomerulonephritis (GN) is a frequent presentation
G of  antineutrophil cytoplasmic  antibody—
associated vasculitis (AAV), and an important factor
of morbidity and mortality.” The kidney biopsy in
AAV-GN typically shows necrotizing and crescentic
GN. The biopsy may also show sclerosing lesions along
with glomeruli that do not show either necrotizing,
crescentic, or sclerosing lesions.” Kidney biopsy is
used to determine the prognosis in AAV-GN. The
most used system is the Berden classification, which
is based on both the extent of glomerular involvement
by necrotizing and crescentic lesions and the extent of
glomerular scarring.4 Recently, we proposed a classifi-
cation to predict end-stage kidney disease (ESKD) based
not on the active necrotizing and crescentic lesions, but
on the extent of chronic changes present on the kidney
biopsy.” A combination of clinical and kidney biopsy
findings has also been proposed to predict ESKD devel-
opment at 36 months.’

An important finding on kidney biopsy in AAV-GN
is not just the presence of necrotizing and crescentic
lesions (active lesions) or the glomerulosclerosis
(chronic lesions), but the presence of glomeruli that are
not involved by either active or chronic lesions but
appear normal on light microscopy. Although normal
appearing glomeruli are factored in when estimating
the extent of active and chronic lesions in the above-
mentioned classifications, studies with a large number
of cases to better estimate the risk of developing ESKD
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based on the extent of normal appearing glomeruli
have not been done. The percentage of normal
appearing glomeruli in an AAV-GN biopsy are easy to
calculate and does not require expertise such as eval-
uating type of crescent, degree of interstitial fibrosis,
and raises the possibility of being implemented by
artificial inteligence’

In this study, we show that the percentage of normal
glomeruli on kidney biopsy correlates with develop-
ment of ESKD in AAV-GN. The study design, defini-
tions, outcomes, and methodology are described in the
Supplementary Material.

RESULTS

Patient Characteristics and Clinical Outcomes
Of the 467 patients with active AAV-GN identified
during the study period, 329 (70.4%) had kidney his-
tology available to grade and score (Supplementary
Figure S1). Renal remission was observed in 225 pa-
tients (68.4%) at 6 months and in a total of 270 patients
(82.1%) during the follow-up. Relapses were docu-
mented in 88 patients (26.7%), of which 53 (60.2%)
had a renal relapse. Dialysis was required in 50 patients
(15.2%). By the end of the follow-up (median of 5.9
years [interquartile range: 3.0-11.3]), 75 patients
(22.8%) had died.

Kidney Biopsy Findings
The kidney biopsies had in a median (interquartile
range) of 16 (12—23) glomeruli, 5 (2—7) crescents, 7 (4-11)

Kidney International Reports (2025) 10, 596-600



Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:sethi.sanjeev@mayo.edu
https://doi.org/10.1016/j.ekir.2024.11.019
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ekir.2024.11.019&domain=pdf

50

40

30

20

Mean eGFR at diagnosis

101 ANOVA: p <0.0001
Kruskal-Wallis: p <0.0001

RESEARCH LETTER

>50%

50-26%

25-10% <10%

Normal Glomerular (NG) score

1,0

0,8

0,6

0,4

Event free probability (%)

0,2

00| P <0-0001

>50%
26-50%

6 9 12

Time (months)

Figure 1. (a) Estimated glomerular filtration rate and (b) end-stage kidney disease at 12 months based on NG score. NG score is divided into (i)
very low NG score < 10% of normal glomeruli = 0, (ii) low NG 10%—25% of normal glomeruli = 1; (iii) moderate NG score 26%-50% of normal
glomeruli = 2; and (iv) high NG score >50% of glomeruli = 3. NG, normal glomerular.

normal glomeruli, and normal glomerular (NG) score of
43.3% (23.5-64.3). The kidney biopsies were scored into
the following: (i) high NG score, 121 (36.8%) cases; (ii)
moderate NG score, 108 (32.8%) cases; (iii) low NG score,
63 (19.1%) cases; and (iv) very low NG score, 37 (11.2%)
cases (Supplementary Figure S1 and Supplementary
Table S1). There was no difference in the median num-
ber of glomeruli present in the biopsy by each category
(P = 0.535). The patients were equally distributed ac-
cording to antineutrophil cytoplasmic antibody speci-
ficity. Representative kidney biopsies of each group are
shown in Supplementary Figure S2.
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NG Score Correlates With Clinical Findings at
First Detection of Active Renal Disease

The distribution of the clinical characteristics based on
the NG score is shown in detail in Supplementary
Table S2. The patients were equally distributed be-
tween categories in terms of age, sex, clinical pheno-
type, antineutrophil cytoplasmic antibody specificity,
and severity of clinical manifestations as determined by
the Birmingham vasculitis activity score for Wegener
granulomatosis score. There were no statistically sig-
nificant differences in the distribution of the type of
disease presentation (new diagnosis vs. relapse), or
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Table 1. Outcomes of antineutrophil cytoplasmic antibody—associated vasculitis glomerulonephritis based on NGS categories (n = 329)

High NG score (>50%)

Moderate NG score (26%-50%)

Low NG score (10%-25%)  Very low NG score (< 10%)

NGS clinical categories n = 121 (36.8%) n = 108 (32.8%) n = 63 (19.1%) n = 37 (11.2%) P-value®
Outcomes
Vasculitis activity, n (%)
Remission
6 mo 73 (75.3) 76 (84.4) 41 (80.4) 20 (69.0) 0.243
Total® 96 (92.3) 88 (93.6) 51 (92.7) 28 (90.3) 0.942
Complete remission
6 mo 18 (20.9) 22 (25.3) 10 (20.8) 7 (23.3) 0.899
Total® 60 (59.4) 60 (64.5) 29 (54.7) 20 (64.5) 0.654
Relapse
12 mo 10 (8.8) 9 (8.5) 9 (14.8) 2 (6.7) 0.434
Total® 28 (24.8) 28 (26.7) 14 (22.6) 7 (18.9) 0.446
Death
12 mo 7 (6.8) 32.8) 232 3@ 0.466
24 mo 10 (8.3) 8 (71.4) 3438 4 (10.8) 0.718
Total® 30 (24.8) 19 (17.6) 14 (22.2) 12 (32.4) 0.272
Renal, n (%)
Renal recovery
6 mo 57 (79.2) 44 (64.7) 25 (62.5) 7 (30.4) <0.0001
ESKD
12 mo 8 (6.6) 14 (13.0) 12 (19.0) 15 (40.5) <0.0001
24 mo 10 (8.3) 15 (13.9) 14 (22.2) 16 (43.2) <0.0001
Total® 156 (12.4) 20 (18.5) 18 (28.6) 18 (48.6) <0.0001
Dialysis 7 (6.9) 13 (14.0) 10 (18.9) 12 (38.8) <0.0001
Combined events of kidney failure
and/or death, n (%)
24 mo 18 (14.9) 18 (16.7) 16 (25.4) 17 (45.9) <0.0001
Total® 36 (29.8) 32 (29.6) 27 (42.9) 24 (64.9) <0.0001
Time fo event, median (IQR) mo
Remission 3.7 (2.2-5.9) 3.6 (2.3-6.0) 5.0 (3.0-5.9) 5.9 (3.2-6.7) 0.042
Relapse 23.4 (5.9-39.0) 15.9 (10.7-74.8) 11.5 (4.0-28.9) 30.1 (11.8-60.6) 0.245
Death 61.5 (13.0-105.3) 37.0 (16.0-52.0) 36.0 (14.3-120.3) 56.0 (5.9-98.0) 0.843
ESKD 3.8 (0.6-54.2) 4.0 (0.4-51.1) 3.9 (0.0-25.1) 1.2 (0.07-6.6) 0.515
Combined events 23.0 (2.2-75.8) 16.4 (2.0-51.0) 15.0 (0.2-32.5) 3.2 (0.1-62.3) 0.168
Time of FU after renal involvement, 8.2 (3.3-12.3) 52 @B.1-11.7) 6.9 (3.0-11.9) 6.8 (3.5-13.0) 0.930

median (IQR) years

AAV, antineutrophil cytoplasmic antibody-associated vasculitis; ANCA, antineutrophil cytoplasmic antibody; BVAS/WG, Birmingham vasculitis activity score for Wegener Gran-

ulomatosis; eGFR, estimated glomerular filtration rate; FU, follow-up; GN, glomerulonephritis;

Chronicity Score; MPA, microscopic polyangiitis; MPO, myeloperoxidase; PR3, proteinase 3.

GPA, granulomatosis with polyangiitis; 1QR, interquartile range; MCCS, Mayo Clinic

2P.value < 0.05 is considered significant (Pearson 72 test for categorical variables, analysis of variance test for continuous variables normal distributed and Kruskal-Wallis test for

continuous variables with skewed distribution).
bTotal” refers to the number of occurrences during all follow-up time.

maintenance-remission treatment strategy per category.
More patients with very low NG score received
cyclophosphamide for
(Supplementary Table S2). The frequency of treat-
ment with i.v. methylprednisolone and treatment with
plasma exchange varied across categories (P = 0.025
and P = 0.032, respectively) (Supplementary Table S2).

Mean estimated glomerular filtration rate at baseline
correlated with the NG score and decreased in a
gradient from high to very low NG score (high NG
score with 37.5 vs. moderate NG score with 23.6 vs.
low NG score with 17.0 vs. very low NG score with
12.0 ml/min per 1.73 m% P < 0.0001) (Supplementary
Table 2). The NG score correlated with median esti-
mated glomerular filtration rate: lower NG score was

remission-induction
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associated with lower median estimated glomerular
filtration rate at baseline (Figure la).

Outcomes Stratified According to NG Score

ESKD at 12 months and dialysis were more frequent in
patients with very low NG score (very low NG score
with 40.5% vs. low NG score with 19.0% vs. moderate
NG score with 13.0% vs. high NG score with 6.6% of
ESKD at 12 months, P < 0.0001; very low NG score
with 38.9% vs. low NG score with 18.9% vs. moderate
NG score with 14.0% vs. high NG score with 6.9% of
dialysis, P < 0.0001) (Figure 1b and Table 1). Renal
recovery at 6 months was more frequent in patients
with high NG score (high NG score with 79.2% vs.
moderate NG score with 64.7% vs. low NG score with
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62.5% vs. very low NG score with 30.4% of renal re-
covery, P < 0.0001) (Table 1).

Using the Kaplan Meier method, the NG score dis-
played prognostic information for the renal outcomes
of ESKD at 12 months (P < 0.0001) (Figure 1b). Using
univariable Cox regression, we determined that the NG
score is protective for the development of ESKD at 12
months (Supplementary Table S3).

DISCUSSION

A characteristic of AAV-GN is that the necrotizing and
crescentic lesions do not involve all the glomeruli and
varying numbers of normal appearing glomeruli are
present on the kidney biopsy. We hypothesized that
the percentage of normal appearing glomeruli (NG
score) correlates with the recovery potential and renal
outcomes. Our study shows that the NG score is a valid
simple prognostic tool for the independent assessment
of renal outcomes in AAV-GN. Thus, lower NG scores
(=25% of normal glomeruli) correlated with lower
estimated glomerular filtration rate at diagnosis and
strongly correlated with progression to ESKD at 12
months.

There are multiple classifications to help in guiding
management and assessing outcomes in AAV-GN.""®
The most commonly used classification is the Berden
classification which is based on the extent of glomer-
ular involvement by necrotizing and crescentic lesions,
and the extent of glomerular scarring.l’4 The Berden
classification has proven only partially useful for
prognosis for ESKD development, because there is
significant overlap between the various groups of the
Berden classification. Several studies have shown that
commonly evaluated renal outcomes such as ESKD
were not accurately discriminated between patients
classified as crescentic or mixed Berden classes.” The
Mayo Clinic Chronicity Score has also been used to
grade chronic changes on kidney biopsy in various
disease entities, including AAV-GN; and more recently,
the Mayo Clinic Chronicity Score was proposed as a
valuable alternative to establish the prognosis in pa-
tients with AAV-GN because it independently pre-
dicted kidney function, outcomes (ESKD at 12 months,
ESKD at 24 months, and combined ESKD and/or death
at 24 months), and response to treatment.’ Lastly, a
combination of kidney biopsy findings with clinical
features result in a renal risk score to predict devel-
opment of ESKD at 36 months.” All the above classifi-
cations hold merit but are somewhat difficult to use and
as mentioned earlier, there is overlap between different
classes. These classifications in some way include
normal glomeruli along with other lesions but do not
form the basis of any class or grade.
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The percentage of normal glomeruli as a marker for
recovery is an easy concept to envision, it does not
require expertise to quantify, and can be easily
implemented across medical practice.

In conclusion, our study shows that the NG score
correlates with renal outcomes in AAV-GN. NG score is
simple to use and is useful for risk stratification of renal
outcomes in patients with AAV-GN.
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