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ABSTRACT

Background and Aim: This study aims to evaluate the clinical and histopathological
profile in children with crescentic glomerulonephritis (CGN) and determine the predictors
of renal outcome.

Methods: In this retrospective study, we reviewed all native kidney biopsies performed in
patients <18 years over 9 years (2011-2019). Individuals with >20% crescents with follow-up
for at least 1 year were enrolled.

Results: This study included 34 patients. The most common variety was immune-complex
glomerulonephritis (GN) (type I CGN) (n=21; 62%), including patients with Henoch-
Schonlein purpura (n=6), lupus nephritis (n=6), post-infectious GN (n=3), C3GN (n=3),
and dense deposit disease (n=3). The second most common was pauci-immune GN (type
I CGN; n=12; 35%) followed by anti-glomerular basement membrane disease (type
I CGN; n=1; 3%). Hypertension (88%), hematuria (84.2%), and oliguria (64%) were the
most common presenting features. The outcome predictors for poor renal survival were
the presence of oliguria (HR-5.11, P=0.035), severe hypertension (HR-11.51, P=0.019),
estimated glomerular filtration rate <15 mL/min/1.73 m? at presentation (HR-5.05, P=0.007),
percentage of crescents (HR-10.66, P=0.001), presence of fibrous crescents (HR-6.34,
P=0.001), and interstitial fibrosis and tubular atrophy (HR-8.88, P=0.0046). The overall
outcome of the study revealed complete recovery (n=12), partial recovery (n=6), chronic
kidney disease (n=3), and end-stage renal disease (n=13). The renal survival in patients with
>50% crescents was poor (P=0.037) as compared to subjects with <50% crescents.

Conclusion: Renal survival can be predicted by the severity of presenting features and
histopathological markers. Two-thirds of patients had type I CGN with renal survival
outcomes similar to type IIl CGN. The percentage of crescents is the most important predictor
of renal survival.
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Introduction

rescents are formed by the proliferation of

activated parietal epithelial cells and infil-

tration of macrophages in the Bowman’s

capsule. The crescent formation leads to

a reduced single nephron glomerular fil-

tration rate (GFR) and represents the his-
topathological correlation of severe glomerular injury.
Cellular crescents can be reversible; however, when they
transform into fibrous crescents, the recovery of GFR
becomes irreversible [1, 2].

The literature on pediatric crescentic glomerulonephri-
tis (CGN) is quite limited as the overall incidence of this
condition is low [3-6]. The clinical presentation is vari-
able and includes a combination of renal and extra-renal
features depending on the etiology. Many patients exhibit
a rapidly progressive course while others may have an in-
sidious onset disease causing a delay in the diagnosis. The
duration of symptoms and timing of initiation of therapy
are important determinants of outcome. The studies pub-
lished on this subject are difficult to compare as differ-
ent cut-off percentages of crescents have been adopted
to define CGN by researchers. While many early studies
used the criterion of >50% to >75% crescents to define
CGN, others considered a less stringent >10% cut-off and
the most recent ones even included patients with a single
crescent [7-10]. Studies also differ in the relative impor-
tance of the etiology of crescents versus the percentage of
crescents as the most important prognostic marker [11-
14]. Considering all these factors, this study focuses on
CGN using 20% crescents as the defining criterion and
compared if adopting a 20% cut-off crescents instead of
50% significantly affected the outcome.

The aims of this study are as follows: 1) To study the
demographic, clinical, and histopathological profile of
children with CGN, 2) To determine the predictive fac-
tors of end-stage renal diseases (ESRD), 3) To compare
the clinical, biochemical, and histopathological features
and outcome of patients with 20% to 50% crescents with
those having >50% crescents in renal biopsy.

Materials and Methods

This was a retrospective cohort study performed in a
pediatric nephrology division of a tertiary hospital in
Western India. Reports of all native kidney biopsies
performed in the preceding 9 years (January 2011 to
January 2019) in children less than 18 years of age were
screened. The patients with histopathological findings
of >20% crescents and a minimum follow-up duration
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of 1 year were enrolled in the study. Approval from the
institutional Ethics Committee was obtained. The data
on demography, clinical presentation, biopsy findings,
received treatment, and the immediate outcome was
recorded in a predesigned proforma. The patients with
a follow-up duration of less than 1 year were excluded
from the outcome analysis (Figure 1).

The clinical and biochemical definitions adopted in the
current study were as follows:

Microscopic hematuria defined as the presence of 5
RBC/hpf in the centrifuged sample;

The nephrotic range proteinuria is defined as 24 h urine
albumin >40 mg/m*h;

Hypertension is defined following the American Acad-
emy of Pediatrics clinical practice guidelines as blood
pressure >95 thpercentile+12 mmHg for age, gender,
and height [15];

Hypertension considered severe if 3 or more antihyper-
tensives were required,

Complete remission defined as estimated glomerular
filtration rate (¢GFR) >60 mL/min/1.73 m?, the absence
of proteinuria, hematuria, and requirement of none or
single antihypertensive;

Chronic kidney Disease was eGFR between 60
mL/1.73 m*and 15 mL/1.73 m? of body surface area;

The patients not satisfying either of the above two cri-
teria were considered to have partial remission;

ESRD defined as eGFR of <15 mL/min/1.73 m? or
the requirement of maintenance dialysis for more than
3 months;

Duration of disease was defined as the time from onset
of symptom to initiation of treatment.

Histologically, crescents were defined as the presence of
two or more layers of parietal epithelial cells in the Bow-
man’s space. These were classified as cellular if >50%
of the proliferation was occupied by cells, fibro cellular
crescent if <50% of the lesion was occupied by cells, and
<90% by matrix and fibrous if >90% of the lesion was
occupied by matrix. Besides crescents, other major histo-
logical findings, namely the presence of neutrophilic in-
filtration, fibrinoid necrosis, sclerosis, mesangial and en-
docapillary proliferation, interstitial fibrosis, and tubular
atrophy (IFTA), and vascular changes were also recorded.

Gupta N, et al. Crescentic Glomerulonephritis. J Ped Nephrol. 2023; 11(1):10-19.
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Figure 1. Distribution of etiology and types of glomerulonephritis and final outcome

CGN were classified into 3 types based on light mi-
croscopy in case of staining pattern and serology: Type
I: Anti-glomerular basement membrane disease; type II:
Immune complex disease, including systemic lupus ery-
thematosus (SLE), IgA nephropathy, post-infectious GN
(PIGN), C3GN, Henoch-Schonlein purpura (HSP); type
III: Pauci-immune CGN.

All patients with pauci-immune GN were treated with
methylprednisolone 30 mg/kg/day for 5 days and intra-
venous cyclophosphamide 6 doses 500 mg/m? fortnight-
ly for induction, followed by long-term maintenance
therapy with mycophenolate mofetil or azathioprine.
Patients who were poorly responsive to first-line immu-
nosuppression were also given rituximab and intrave-
nous immunoglobulin (IVIG). Plasmapheresis was ad-
ditionally done in patients showing unsatisfactory renal
recovery after induction with methylprednisolone or in
individuals having anti-GBM disease, anti-neutrophil
cytoplasmic antibodies associated with vasculitis, and
life-threatening pulmonary hemorrhage. Renal replace-
ment therapy (hemodialysis or peritoneal dialysis) was
offered as required in patients with renal failure. The
patients were monthly followed up with clinical details,
blood pressure, 24 h urine albumin, urine routine, and
serum creatinine to monitor the response to maintenance
therapy and relapses.

Statistical analysis

Data were analyzed using SPSS software, version 15.
The data were given as Mean+SD, and N for continuous
data and as number and percentage for categorical data.
The comparison of the means of the 2 groups was carried
out by student unpaired t-test for numerical normal data.
Fisher exact probability tests were applied to compare
percentages for categorical data between 2 groups. The
chi-square test was applied to compare the percentages
of more than 2 groups. The relationship between covari-
ates and ESRD was assessed using the Cox proportional
hazard analysis. To determine renal survival Kaplan-
Meier analyses were done with P<0.05 as statistically
significant.

Results

A total of 34 patients fulfilled the study criteria and
were included in the final analysis as shown in Figure 1.
The mean age of presentation for the entire cohort was
7.08+2.06 years. Type Il CGN was diagnosed in 21 patients
and type III in 12 out of 34 patients. Type I variety was
found only in 1 patient during the study. The etiology of
type II included Henoch-Schonlein purpura (n=6), lupus
nephritis (n=6), post-infectious GN (n=3), C3GN (n=3),
and dense deposit disease (n=3). Among type III patients
50% (6 out of 12) were antineutrophilic cytoplasmic anti-

Gupta N, et al. Crescentic Glomerulonephritis. J Ped Nephrol. 2023 11(1):10-19.
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body positive. There was no statistically significant differ-
ence in age or gender among the various types of CGN.
The most common features at presentation were hyperten-
sion (88%), gross hematuria (84.2%), and oliguria (64%)
(Table 1). All patients with type IIl CGN were hypertensive
at presentation with 75% exhibiting severe hypertension.
Extrarenal manifestations were seen in both groups. Type
II patients had significant arthralgia (P=0.014) and a higher
frequency of rash (33% vs 16.7%), whereas hemoptysis
was exclusively seen in four antineutrophilic cytoplasmic
antibody-positive patients in type Il CGN. Another notable
extra-renal manifestation in patients with type IIl CGN was
the presence of fever in 50% as compared to 33% in type II
which was attributed to vasculitis syndrome in the absence
of fever. Nephrotic syndrome was seen in 20% of patients
with the majority belonging to type Il CGN (Table 1).

Winter 2023. Volume 11. Number 1

The mean duration of illness at the time of presenta-
tion was 47.4+42.34 days for the entire cohort. This was
significantly shorter in patients with type III CGN as
compared to type II. A total of 58% (7 out of 12) of pa-
tients with type III initiated the treatment within 30 days
of the onset of symptoms as compared to only 23% (5
out of 21) of type Il CGN. Further, patients with type 111
CGN had a lower eGFR at admission (mean=18+15.6
mL/min/1.73m? P=0.027)) and at discharge (mean
eGFR=40.03+25.64 mL/min/1.73 m?, P=0.01) as com-
pared to patients with type II CGN. Low serum C3 level
was seen in 14 out of 34 patients, including all patients
with degenerative disc disease and lupus, in addition to 2
out of 12 patients with type III CGN.

Table 1. Demographic, clinical, and laboratory parameters of patients

No. (%)/MeanSD/(%)

Parameters P
Total (n=34) Type I" (n=1) Typell (n=21)  Type lll (n=12)
Male 18(54.5) 0 14(66.7) 4(33.3)
Sex 0.083
Female 15(45.5) 1 7(33.3) 8(66.7)
Age (y) 8.41+2.50 9+0 8.14+2.7 8.8+2.25 0.55
Duration of disease (days) 47.4442.34 1010 56.67+46.13 31.2429.90 0.04
<30 days 12(35.3) 1(100.0) 4(19) 7(58.3)
0.03
230 days 22(64.7) 0(0.0) 17(81) 5(41.7)
Fever 44.1 100 38.1 50 0.5
Hematuria 84.2 100 81 83.3 1
Oliguria 64.7 100 57.1 75.0 0.45
Hypertension 88.23 100 81 100 0.3
Arthralgia 26.5 100 38.1 0.0 0.03
Nephrotic syndrome 20.6 - 23.8 16.7 0.8
On admission 122.15+79.4 830 122.15+79.4 122.15+79.40 0.16
Proteinuria At discharge 50.82+60.34 55+0 48.19+25.29 55.82+39.56 0.8
After 1 year 16.82+19.8 16+0 18.95+22.84 11.33+12.29 0.3
On admission 37.79+35.76 10.8+0 50.39+39.16 18+15.86 0.027
eGFR (mL/min) At discharge 64.51+38.61 95+0 73.62+33.56 40.03+25.64 0.01
After 1 year 78.23+50.97 1380 87.65+50.16 57.54+47.53 0.1

"Patient with type I CGN was excluded from the statistical calculation.

CGN: Crescentic glomerulonephritis; eGFR: Estimated glomerular filtration rate.
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No. (%)/MeanSD/(%)

Histopathological Characteristics P
All Types (n=34) Typel"(n=1) Typell(n=21) Type lll (n=12)
No of crescents (%) 54.02+24.2 78.00+0 45.4+24.8 67.3116.3 0.014
Cellular 29(85.3) 100 20(95) 8(66) 0.02
Fibrocellular 18(52.9) 0.0 11(52.38) 75(58.3) 0.74
Fibrous 7(20.5) 0.0 1(4.8) 6(50) 0.005
Sclerosis 14 (41.2) 0.0 9(42.9) 5(41.7) 0.85
Mesangial proliferation 27(79.4) 0.0 19(90.5) 8(66.7) 0.15
Endocapillary proliferation 20(58.8) 0.0 13(61.9) 7(58.3) 0.84
G"I’ggr:‘slar Neutrophilic infiltration 13(41.2) 100 7(33.3) 6(50) 0.31
Fibrinoid necrosis 4(11.7) 0 2(9.5) 2(16.7) 0.61
IFTA 15(44.1) 0.0 6(28.6) 9(75) 0.014
Vascular changes 8(23.5) 0.0 5(23.8) 3(27.3) 0.6
"Patient with type I CGN was excluded from the statistical calculation.
IFTA: Interstitial fibrosis, and tubular atrophy.
The most common histological feature was cellular Study outcome

crescents (85%) while fibrocellular crescents and fibrous
were 55% and 20%, respectively. Other histopathologi-
cal findings are detailed in Table 2. The subgroup analy-
sis showed that type III CGN patients had a significantly
greater percentage of crescents (mean=62.75%+17.11%)
with a higher proportion of fibrous crescents (50%) and in-
terstitial fibrosis and tubular atrophy (75%). Plasmapher-
esis was performed in 7 out of 34 patients. This included
5 patients of type III and 2 from type II CGN. A total of
22(64%) patients required dialysis during admission.

Table 3. Outcome predictors of end-stage renal disease

The mean follow-up duration of the patients was
2.1841.64 years. One-third of patients followed up for >3
years. Overall, 18 patients (52.9%) were in remission (12
complete and 6 partial) at the last follow-up. A total of 16
patients had impaired renal functions, 3 patients were in
chronic kidney disease stage 2-4, and 13 had progressed
to ESRD (Figure 1). Patients with type II CGN showed
statistically significant recovery (P=0.04). Although re-
nal survival at the end of 1 year and 3 year is low in type

Variables Hazard Ratio (95% Cl) P
Oliguria 5.11(1.12, 23.33) 0.03
Severe hypertension 11.51 (1.48, 89.4) 0.01
eGFR <15 5.05 (1.55, 16.49) 0.007
eGFR at onset 0.95 (0.91, 0.99) 0.01
Fibrocellular crescents 5.45(1.19, 24.91) 0.02
Fibrous crescents 6.34 (2,20.12) 0.001
IFTA 8.88(1.96, 40.24) 0.004

IFTA: Interstitial fibrosis, and tubular atrophy; eGFR: Estimated glomerular filtration rate.

Gupta N, et al. Crescentic Glomerulonephritis. J Ped Nephrol. 2023 11(1):10-19.
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Table 4. Comparison between patients having 20-50 % crescents and >50% crescents on biopsy

No. (%)/MeanSD/(%)
Parameters P
20% to 50% Crescents (n=15) >50% Crescents (n=19)

Type 1 0(0.0) 1(100)
Type of CGN Type 2 13(61.9) 8(38.1) 0.028
Type 3 2(16.7) 10(52.6)
Age of onset 8.334£3.09 8.47+2.03 0.9
Duration of diagnosis 66.00+50.71 30.47+26.38 0.013
. eGFR at diagnosis 50.85+31.15 27.48+36.54 0.057
Clinical presenta-
tion eGFR at discharge 79.79430.02 52.46+41.04 0.038
Proteinuria at diag- 141.6091.73 106.7966.69 0.2
nosis
Severe hypertension 45.5 73.7 0.2
Cellular crescents 86.6 84.2 0.9
Fibrocellular crescents 53.3 57.7 0.9
Histopathology
Fibrous crescents 6 31.5 0.17
IFTA 26.6 57.8 0.14
Dialysis 46.7 78.9 0.08
Plasmapheresis 6.7 8(42.1) 0.023
Dl ©F e i - 28.53+14.89 39.95421.58 0.1
Treatment ization
t
outcome Complete recovery 73.33 42 1
Deaths 6.7 211 0.36
ESRD 20 52.6 0.03

Abbreviations: CGN: Crescentic glomerulonephritis; eGFR: Estimated glomerular filtration rate; IFTA: Interstitial fibrosis, and

tubular atrophy; ERSD: End-stage renal disease.

III CGN (66.7% and 50%, respectively) as compared to
type I CGN (76.2% and 71.4%, respectively), statisti-
cal significance could not be attained (Figure 2 and 3).
Among various subtypes of type II, all the patients of
HSP recovered completely while patients with degenera-
tive disc disease exhibited the worst renal outcome.

The outcome predictors of renal survival were the pres-
ence of oliguria (HR-5.11, P=0.035), severe hypertension
(HR-11.51, P=0.019), eGFR <15 at presentation (HR-
5.05, P=0.007), the occurrence of the fibrous crescent
(HR-6.34, P=0.001), and interstitial fibrosis and tubular
atrophy (HR-8.88, P=0.0046) (Table 3). The percentage
of crescents (HR-10.66) also had a positive correlation
with progression to ESRD with P=0.001 (Figure 2).

Comparison in clinical profile of 250% and <50%
crescents

The criterion of >50% crescents on histopathology ex-
amination was fulfilled by 83% of patients with type III
and 17% of patients with type Il CGN (Table 4). The du-
ration of symptoms at admission was longer in patients
with <50% crescents with P<0.05. The eGFR at diagno-
sis was lower in the >50% group (mean=27.48+36.54) in
comparison to the <50% group (50.85+31.15). Regard-
ing the other histopathological findings, the need for di-
alysis was not significantly different but the requirement
of plasmapheresis was more in a patient with >50% cres-
cents. Renal survival was significantly worse in patients
with >50% patients (P=0.03) (Figure 4).

Gupta N, et al. Crescentic Glomerulonephritis. J Ped Nephrol. 2023; 11(1):10-19.
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Figure 2. Correlation of percentage of crescents in biopsy with progression to end-stage renal disease

Discussion

CGN is a rare form of glomerulonephritis in children
with a grave prognosis. Although the universally accept-
ed definition for CGN is the presence of at least 50%
crescents on light microscopy, many recent publications
have used a much lower percentage criterion of even up

to 10% crescents. The adoption of such liberal criteria
may be partly driven by the need to increase the sample
size for a very rare disorder but significantly reflects
the researchers’ conviction that the prognosis of CGN
remains unchanged irrespective of the percentage of
crescents. A study from South Arabia included children
with >20% crescents and 36.4% developed chronic kid-

Type | CGN Type Il CGN Type Il CGN
1.00
0.75
©
2
<
=3
wv
2 050
[
=
£
I
]
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0.25
p=0.54
0.00
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Time in months
Number at risk
| 1 1 1 1 1 1 1 1 1 1 0 0 0 0 o 0 0
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lime In montns

Figure 3. Kaplan-Meier estimate for renal survival curves for types of crescentic glomerulonephritis
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Figure 4. Kaplan-Meier estimate for renal survival curve for 20% to 50% and >50% crescents on biopsy

ney disease, whereas a pediatric cohort from Thailand
defined CGN as those with >10% crescent, and a quarter
of patients developed ESRD [8, 9]. These results seem
to indicate that the adoption of less stringent criteria of
percentage of crescents as compared to the previous
criterion of 50% does not significantly alter the out-
come; however, the etiological profile of CGN is vari-
able worldwide and the results of studies in one ethnic
region may not be valid for another geo-ethnic group.
Hence, this retrospective study was conducted to analyze
the clinical and etiological profile of CGN patients with
CGN from Western India and also to ascertain if adop-
tion of more than 20% crescents versus 50% crescents
significantly altered the outcome.

The most common type of CGN in our cohort was im-
mune complex GN which corroborates with previously
reported studies [3, 10]. However, the etiology of im-
mune complex CGN found in our study was at variance
with the previous literature. Historically, PIGN has been
reported as the most frequent etiology of immune com-
plex GN. This study found HSP and lupus nephritis as
the predominant cause of immune complex CGN. The
rates of CGN due to PIGN seem to have declined in chil-
dren from Western India probably because of timely and
appropriate medical treatment of streptococcal infec-
tions. Our study cohort comprised of younger children

than previously reported [4, 6]. There was no age or gen-
der predilection among the different categories of CGN.
The most common clinical presentation was hyperten-
sion which was severe in over half of the patients. On the
long-term follow-up, severe hypertension served as an
important predictor of ESRD. Other clinical parameters
which predicted adverse long-term outcomes in our co-
hort were oliguria and eGFR <15 mL/min/1.73m? at pre-
sentation. Low eGFR at presentation has been reported
previously as a significant risk factor for the progression
to ESRD by most of the pediatric and adult studies [8,
16]. Quiroga et al. [17] described it as the strongest pre-
dictor for renal survival outcome in CGN. We did not
find the presence of nephrotic range proteinuria and the
need for dialysis at admission to be significant risk fac-
tors for renal loss as has been reported by other research-
ers [6, 18].

Histopathological predictors of end-stage renal disease
in our study were the percentage of crescents, fibro cel-
lular crescents, fibrous crescents, interstitial fibrosis,
and tubular atrophy. This is in line with other studies [8,
16, 19]. In the current study, we compared the outcome
of patients with <50% crescents to subjects with >50%
crescents. Although the prognosticating factors, such as
the severity of hypertension, the presence of fibro cellu-
lar, fibrous crescents, and interstitial fibrosis and tubular

Gupta N, et al. Crescentic Glomerulonephritis. J Ped Nephrol. 2023; 11(1):10-19.
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atrophy were comparable among the two groups, renal
survival was significantly worse in subjects with >50%
crescents. This reinforces that the percentage of the cres-
cent is the most important predictor of renal survival,
thus demonstrating the need to adopt unifying criteria of
>50% crescents while investigating and reporting CGN.
A recent multicenter pediatric study from the US quanti-
fied the prognostic importance of crescents and revealed
that for each 1% increase in crescents log odds of 1-year
renal survival decreases by 3% [20].

Previously reported studies from India showed pauci-
immune GN to be a significant risk factor for ESRD [8,
21]. The most striking finding was less time required from
diagnosis to initiation of treatment in patients with type
III CGN as they were referred immediately because of the
severity of symptoms. However, renal survival could not
be improved even with early aggressive immunosuppres-
sion. In this cohort, the majority (83%) of patients with
type III CGN had >50% crescents in biopsy and presented
with a rapidly progressing course. They had a significant
number of crescents, fibrous variety, and the presence of
interstitial fibrosis and tubular atrophy as compared to
type II patients contributing to significantly low residual
renal function at discharge and even on follow-up. Al-
though half of the patients with type III developed ESRD
at the end of 3 years, renal survival in patients with type II
and type III were statistically comparable.

Amongst various etiologies of immune complex glo-
merulonephritis, the worst renal survival outcome was
found in patients having degenerative disc disease as all
the patients developed ESRD on follow-up despite treat-
ment. Patients with HSP showed better outcomes in the
form of complete recovery, despite the severe disease at
presentation.

Being extremely rare in children, we had one patient
belonging to type I CGN adding to the existing sparse
literature from the past [22, 23]. Our patient has shown
partial recovery in 1-year follow-up. We could not de-
rive any valid conclusion about the same. The incidence
of ESRD reported in our study was similar to the results
reported in the existing pediatric literature.

Study limitations

The limitations of the study are its retrospective design
and the small size of the cohort. The strengths include a
detailed analysis of clinical, histopathological, and prog-
nostic factors with a comparison between patients with
20% to 50% and >50% crescents not reported previously.
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Conclusion

Immune complex glomerulonephritis remains the most
common cause of CGN in children. CGN poses a high
risk to develop ESRD in children that can be predicted
by clinical and histopathological features. The difference
in renal outcome between pauci-immune and immune
complex glomerulonephritis was insignificant. The per-
centage of crescents was the most important predictor of
renal survival. Further research is needed to formulate
more aggressive treatment policies to improve renal as

well as patient survival in the long-term.
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