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ABSTRACT

Background and Aim: Wide variations exist regarding different histopathological types
and treatment outcomes of idiopathic steroid-resistant nephrotic syndrome (iSRNS) in
children. This study has been conducted to evaluate clinicopathological profile and short-
term outcomes of iSRNS in children and to analyze predictive factors for outcomes.

Methods: This cross-sectional observational study was conducted at a tertiary care hospital
in eastern India over a period of 18 months. Children with iISRNS aged 2—12 years, with
an available renal biopsy report, for whom treatment was started within six months, were
included. Data were collected at baseline and at 6 and 12-24 months.

Results: Of the 40 children with iISRNS (mean age: 1 year and 4 months; male: female
ratio: 1:1), 30% and 70% respectively had hematuria and hypertension at the onset of
nephrotic syndrome. Late SRNS was more common (55%) than initial SRNS (45%).
Before the development of late SRNS, the percentages of steroid-dependent, infrequent
relapsing and frequent relapsing nephrotic syndrome were 45.4%, 41% and 13.6%,
respectively. Focal segmental glomerulosclerosis (62.5%), minimal change nephrotic
syndrome (32.5%), and IgM nephropathy (5%) were the prevalent renal biopsy findings,
with no association to the clinical features or renal parameters. 75% of participants
received cyclosporine, and the rest received tacrolimus. The percentages of complete
remission, partial remission and no response at 6 months were 70%, 12.5% and 17.5%,
respectively; and at the end of 12—24 months they were 80%, 0% and 20%, respectively.
No predictive factors for outcome were found.

Conclusion: The present study explored the complex nature of iSRNS in children.
Development of SRNS cannot be predicted by any clinicopathological factors. Early age at
onset of NS and the presence of hypertension are likely indicators of subsequent development
of SRNS. A large percentage of iSRNS achieved complete remission with effective therapies
available in the era of modern medicine.
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Introduction

ephrotic syndrome (NS) is considered to

be one of the most prevalent childhood

glomerular disorders, with an estimated

annual incidence in children under 16

years of age of 2 to 7 per 100,000 [1]. NS
is defined is defined as heavy proteinuria (proteinuria
>40 mg/m?hr or 1 g/m?24 hr or first morning protein-
to-creatinine ratio >2 g/g or >3+ on dipstick) and clinical
findings arising from the large urinary losses of protein,
namely hypoalbuminemia (<3 g/dL), edema, and hyper-
lipidemia (cholesterol >200 mg/dL) [2, 3].

Idiopathic NS, being the most common form (85-
90%), has a favorable response to corticosteroids. Ap-
proximately 10—15% of childhood idiopathic NS remain
initially unresponsive or later develop steroid-resistance
[4]. In steroid resistant NS (SRNS), there is an absence
of remission after therapy with daily prednisolone at a
dose of 2 mg/kg or 60 mg/m? for 4 weeks [5], with a
recent modification of duration to 6 weeks [6]. It is re-
ported that 36-50% of children with SRNS progress to
end-stage kidney disease (ESKD) within 10 years [7, 8].
The most common spectrum of renal biopsy in children
with SRNS includes focal and segmental glomeruloscle-
rosis (FSGS), minimal change disease (MCD), and dif-
fuse mesangial proliferation (DMP) [9, 10]. Mutations in
podocyte-associated genes are also detected in 10-30%
of non-familial SRNS [11-13].

Inhibitors of the renin-angiotensin-aldosterone system
and calcineurin inhibitors (CNI) remain the most impor-
tant treatment options of patients with non-genetic forms
of idiopathic SRNS. Around 50-70% of non-genetic
SRNS cases achieve complete or partial remission with
available therapies [4]. Furthermore, SRNS patients with
a multidrug-resistant phenotype do not respond to im-
munosuppressive therapies, such as CNIs, prednisolone,
and rituximab [14].

Considering the wide variations in the prevalence of
different histopathological types of idiopathic SRNS
and, accordingly, the treatment outcomes, we proposed
to conduct this study, which is rarely done from this re-
gion (West Bengal) of eastern India, unlike other parts
of our country.

Hypothesis of the study

Older age at onset, nephritic-nephrotic clinical profile
and initial idiopathic SRNS (iSRNS) in children are
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more prevalent in FSGS, but short-term treatment out-
comes are better in non-FSGS pathology.

Materials and Methods

This hospital-based cross-sectional observational study
was conducted in the Department of Pediatric Medicine
at IPGME&R/SSKM Hospital, Kolkata, and was ap-
proved by the Institutional Ethics Committee. Follow-up
cases of iISRNS aged 2-12 years attending the depart-
ment of pediatric medicine of IPGME&R and SSKM
Hospital, for whom treatment was started within six
[6] months, satisfying the inclusion and exclusion cri-
teria, were included in the study after obtaining written
informed consent/assent from guardians/parents and
patients, as appropriate. Adequate prior medical records
and renal biopsy report (light microscopy and immuno-
fluorescence microscopy) were available for all study
participants. The duration of the study was 16 months
(Figure 1).

Primary objectives

a) To determine the frequency of different histopatho-
logical types of iSRNS in children with steroid resis-
tance.

b) To identify the mean age at onset of illness and the
mean age at diagnosis of iISRNS of different histopatho-
logical variants and their correlations with haematuria
and/or hypertension.

¢) To analyze the short-term outcomes of treatment at
6 months in terms of complete remission (CR), partial
remission, (PR) and no response (NR) in different histo-
pathological types of iSRNS.

Secondary objective

To determine the long-term renal outcomes who com-
pleted 12 months or more of treatment at the time of
enrollment in the study, during the current follow-up,
in terms of CR, PR, NR; persistent HTN; eGFR; and
course of disease.

Those with secondary NS, NS complicated with hepa-
titis B and hepatitis C and HIV, reflux nephropathy, fam-
ily history of NS, congenital NS or NS with syndromic
presentation, genetic study report suggestive of a signifi-
cant pathogenic variant, features of chronic kidney dis-
ease (CKD) at the beginning of SRNS treatment, renal
biopsy performed outside IPGME&R, and cases where
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parents or patients did not give consent/assent were ex-
cluded from the study.

The pre-structured proformas were completed using
relevant clinical history, physical examination findings,
and laboratory investigations at baseline and during fol-
low-up. The course of disease and response to treatment
at the end of 6 months and at the time of inclusion in the
study, with mention of the treatment regimen and total
duration of treatment, were also recorded.

Blood investigations included serum urea, creatinine,
and albumin. Detailed urine examination with dipstick
for albumin, blood, leukocyte esterase, and/or urinary
protein/creatinine ratio, microscopical examinations,
culture and sensitivity when required. Percutaneous ul-
trasound-guided renal biopsy was routinely performed
with a semi-automated biopsy gun under sedation and/or
local anesthesia by the nephrologist in the Department of
Nephrology, and the biopsied tissue processing and ex-
amination were done in the Renal Histopathology Unit
under the Department of Pathology with light micros-
copy (LM) and immunofluorescence (IF) microscopy.

Standard definitions related to childhood onset NS
were used in this study. CR was defined as the first
morning urine protein-to-creatinine ratio (uPCR) <0.2
(mg/mg) or negative or trace proteinuria on dipstick for
three consecutive days. Partial remission (PR) was de-
fined as first morning uPCR >0.2 to <2 (mg/mg) and, if
available, serum albumin >3 g/dL (30 g/L) [15].

Statistical analysis

Data were tabulated in Microsoft Excel and analyzed
with SPSS software, version 24. Continuous variables
were presented with Mean+SD. Categorical variables
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were presented with frequency and percentage. The chi-
square test and one-way ANOVA were used for statistical
analysis. P<0.05 was considered statistically significant.

Results

We evaluated 40 children with iSRNS. The mean age
of the study participants was 1 year 4 months, with an
equal male-to-female ratio (1:1) (Table 1). Among the
40 individuals studied, the most common age group for
onset of NS was 13-24 months, representing 55% of cas-
es, followed by 25-48 months, accounting for 25%. The
remaining cases were evenly split between onset occur-
ring at <12 months and >48 months, each representing
10% of the total. The most prevalent age range for SRNS
onset was 13-24 months, constituting 45% of cases, fol-
lowed by 25-48 months, making up 35%. The least com-
mon age groups for SRNS onset were <12 months and
>48 months, each representing 7.5% and 12.5% of cases,
respectively.

Among the SRNS children, 30% (n=12) had hema-
turia, while hematuria was absent in 70% (n=28) at the
onset of NS. At initial presentation 72.5% (n=29) of
iSRNS cases were diagnosed with hypertension, while
27.5% (n=11) did not exhibit hypertension. Among the
40 study participants, 92.5% (n=37) did not have a fam-
ily history of NS, while only 7.5% (n=3) had a posi-
tive family history. Among the 40 SRNS children, 45%
(n=18) exhibited initial SRNS, while 55% (n=22) had
late SRNS. Among the 22 patients with late SRNS, 3
patients (13.6%) had frequently relapsing NS (FRNS),
while 9 patients (41%) had infrequently relapsing NS
(IFRNS), and the largest group, comprising 10 patients
(45.4%), had steroid-dependent NS (SDNS).

Table 1. Association of different parameters with kidney biopsy findings

No. (%)
Parameters P
FSGS 1gM Nephropathy MCNS
Yes 7(58.3) 2(16.7) 3(25)
Hematuria 0.082
No 18(64.3) 0(0) 10(35.7)
Yes 17(58.6) 2(6.9) 10(34.5)
Hypertension 0.565
No 8(72.7) 0(0) 3(27.3)
>0.6 4(80) 0(0) 5(20)
Creatinine (mg/dl) 0.657
<0.6 21(60.0) 2(5.7) 12(34.3)

FSGS: Focal and segmental glomerulosclerosis; MCNS: Minimal change nephrotic syndrome.
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Table 2. Correlation of the outcome at 6 months with different parameters

MeanSD/No. (%)
Parameters P
Complete Remission Partial Remission No Remission

Age of onset of NS (m) 30.11+4.41 22.29+5.35 42+15.06 0.368

Age of onset of SRNS (m) 34.71+4.4 34.29+9.95 43.2+15.34 0.777

Baseline Ser‘é’B albumin (g/ 2.09+0.06 2.010.13 2.04+0.04 0.825

Baseline cholesterol (mg/dL) 350.75+21.13 470.57451.54 355.4450.11 0.060

Baseline creatinine (mg/dL) 0.5+0.02 0.54+0.05 0.56+0.1 0.601
FSGS 17(60.7) 2(40) 6(85.7)

Kidney biopsy pattern IgM nephropathy 2(7.1) 0(0) 0(0) 0.440
MCNS 9(32.1) 3(60) 1(14.9)

FSGS: Focal and segmental glomerulosclerosis; MCNS: Minimal change nephrotic syndrome.

Among the 40 children studied, the most prevalent bi-
opsy finding was FSGS, accounting for 62.5% (n=25) of
cases, followed by minimal change NS (MCNS), which
represented 32.5% (n=13), and IgM nephropathy, repre-
senting 5% (n=2) (Figure 2).

Table 1 shows the association of different parameters
with kidney biopsy findings. The analysis indicated that
biopsy findings were as not significantly correlated with
hematuria, hypertension, or serum creatinine levels. Of
the subjects, 75% (n=30) of iSRNS children received cy-
closporin, while 25% (n=10) received tacrolimus.

At the end of 6 months, the majority experienced com-
plete remission, accounting for 70% (n=28) of cases. A
smaller proportion of individuals showed no response,
constituting 17.5% (n=7) of cases, while 12.5% (n=5)
exhibited partial remission. Outcome at 6 months was
not significantly associated with any clinical, biochemi-
cal, and histopathological findings (Table 2).

The entire study population (n=40) completed 12-24
months of treatment. At the end of 12-24 months, the
most common outcome was complete remission, ob-
served in 80% (n=32) of cases, while 20% (n=8) showed

Table 3. Correlation of the outcome at 12-24 months with different parameters

No. (%)
Parameters P
Complete Remission No Remission
<12 3(90) 1(3.1)
13-24 17(53.1 5(62
Age of onset of nephrotic ( ) (62) 0.761
syndrome (months) 25.48 8(25) 2(25)
>48 4(12.5) 0(0)
Initial SRNS 15(46.8) 3(37.5)
Type of (SRNS) 0.633
Late SRNS 17(53.1) 5(62.5)
FSGS 21(65.7) 4(50)
Kidney biopsy pattern IgM nephropathy 2(6.2) 0(0) 0.429
MCNS 9(28.1) 4(50)

Abbreviations: SRNS: Steroid-resistant nephrotic syndrome; FSGS: Focal and segmental glomerulosclerosis; MCNS: Minimal

change nephrotic syndrome.
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Figure 1. Flow diagram of the study

no response to treatment. We also sought to assess cor- Discussion

relations between parameters such as age at onset of

disease, type of SRNS, and kidney biopsy pattern with Children with iSRNS present a complex clinical sce-

outcomes at 12-24 months (Table 3). However, no sta- nario, often necessitating a multifaceted approach for op-

tistically significant association was found. timal management. The study aimed to comprehensively
identify the intricate interplay of clinico-pathological
and prognostic factors inherent in this subset of patients.

Figure 2. Spectrum of renal biopsy findings
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Among the 40 children studied, the most prevalent age
of onset of NS and was between 13 and 24 months, and
this age range was also the most prevalent for onset of
SRNS. The male-to-female ratio in the study population
was 1:1, indicating no gender predisposition for SRNS
in children. In a study of childhood NS from Eastern
Asia, the male-to-female ratio was 1.9, and approximate-
ly 50% of children were <5 years old at diagnosis [16].

In the present study, the children’s clinical profile
showed that 30% had hematuria and 72.5% had hy-
pertension. In the study by Pokrajac et al., among all
SRNS patients, 12(54.5%) had arterial hypertension and
14(63.6%) had microhematuria at presentation [17]. Us-
ing logistic regression analysis, they showed that only
the presence of hematuria was associated with a higher
relative risk of developing resistance to corticosteroid
therapy, a result that was statistically significant, while
no relation was seen with hypertension.

Also, 45% of the current study population exhibited
initial SRNS, while 55% had late SRNS. Results from
other studies show similar findings, with late SRNS
slightly more prevalent than initial SRNS [18].

In our study, the most prevalent biopsy finding was
FSGS (62.5%); followed by MCNS (32.5%) and IgM
nephropathy (5%). Comparisons with existing literature
revealed mixed results. While a few studies observed
a higher proportion of MCD compared to FSGS [18],
the study by Banaszak and Banaszak documented an
increasing incidence of FSGS and a decline in the in-
cidence of MCD [19]. Increases in steroid resistance in
this study were attributed, in part, to the rising incidence
of FSGS. FSGS, being the most common histopatholog-
ical finding in children with SRNS, was also reported in
an Indian study in 2005 [20].

Some studies have shown significant differences in
clinical characteristics of primary glomerular diseases.
In the study by Takaya Ozeki et al., the clinical manifes-
tations of FSGS were compared with MCNS using data
from the Japan Renal Biopsy Registry, including both
pediatric and adult populations and about 30,949 cases.
They showed that the characteristics of nephrotic FSGS
and MCNS in biopsy were significantly different. FSGS
cases were older on average, had a higher prevalence of
hypertension on antihypertensive drugs (56.2 vs 28.7%),
and lower eGFR (53 vs 72 mL/min/1.73 m?). FSGS pa-
tients also had a higher prevalence of hematuria (52.9
vs 29.8%) [21]. In our study, no statistically significant
association was observed between biopsy findings and
hematuria and/or hypertension. This could be due to

= J Ped " ephrol

Journal of Pediatric Nephrology

the small sample size and the possibility of unsampled
FSGS among those with MCNS on biopsy, as electron
microscopy findings were not available on renal biopsy.

Biochemical parameters, including serum albumin,
cholesterol, and creatinine showed no statistically sig-
nificant association with outcomes. Kashif et al. showed
similar results [22]. They did not find any statistically
significant associations between various biochemical
parameters and outcomes of NS, which is in accordance
with the observations of our study.

Seventy-five percent (75%) of SRNS patients were
treated with cyclosporin, while 25% were treated with
tacrolimus in this cohort. After 6 months, 70% of cases
achieved CR, while PR and no response were seen re-
spectively in 12.5% and 17.5% of participants. Similar
findings were shown in another study where calcineurin
inhibitors (CNIs) were used in 86.8% of the children,
and response rates with cyclosporine and tacrolimus
for CR were 80% and 73.7%, respectively, with median
(IQR) time to response being 3 (2—4) months [18]. In
some studies, the percentage of CR and PR achieved
with CNI was respectively 30—40% and 60-80% [6]. In
our study, the percentage of CR was relatively higher.

The analysis of the current study indicated no statisti-
cally significant difference in biopsy findings among dif-
ferent outcomes at 6 months (P=0.440). In the study by
Watanabe et al., they concluded that if CR was achieved,
FSGS and MCNS in children may constitute a single
disease spectrum, because the long-term outcomes were
favorable irrespective of histology [23].

In our study, no significant difference was observed
in remission rates between cyclosporin and tacrolimus.
Similar to our observations, Liu et al. in their study
observed that tacrolimus, compared with cyclospo-
rine, showed little or no difference in the number who
achieved complete or partial remission [24].

At 12-24 months of treatment, the most common out-
come was CR (80%), and 20% patients showed no re-
sponse to treatment. Among those with CR, 40.6% (n=21)
exhibited FSGS, 6.2% (n=2) showed IgM nephropathy,
and 28.1% (n=9) had MCNS. The analysis revealed no
statistically significant difference in biopsy findings based
on remission status (P=0.646). The type of resistance,
whether early or late, did not reveal any statistically sig-
nificant difference in remission status (P=0.957). Straat-
mann et al., in a study conducted on patients diagnosed
with idiopathic NS and subsequent late SRNS, concluded
that most patients with late SRNS responded to immuno-

Ray A, et al. Idiopathic Steroid-resistant Nephrotic Syndrome. J Ped Nephrol. 2025; 13:E47919.



https://journals.sbmu.ac.ir/jpn

= J Ped " ephrol

Journal of Pediatric Nephrology

suppressive therapy by reduction or resolution of protein-
uria and preservation of renal function [25]. Few studies
on SRNS in children showed that CNIs work best when
used in combination with steroids [26].

Conclusion

The majority of patients with childhood iSRNS had on-
set of NS and onset of steroid resistance within 2 years of
age, with an equal male-to-female proportion. The ma-
jority of children with idiopathic SRNS had hypertension
at the onset of nephrotic state. Late steroid resistance is
slightly more common than initial SRNS. SDNS is the
most common presentation before developing steroid re-
sistance. FSGS was found to be the most common renal
biopsy finding among patients with childhood SRNS.
The present study showed a significant proportion of pa-
tients experienced complete remission within six months
of treatment, with most maintaining remission at 12- to
24-month follow-up. This highlights the effectiveness
of current treatment modalities in managing NS and the
importance of ongoing monitoring and personalized care
for long-term remission. Renal biopsy findings were not
significantly associated with clinical and renal parameters
at baseline. The short-term outcome of iISRNS in children
was not significantly influenced by any baseline clinical
features, laboratory values, or renal biopsy findings.

Overall, the present study underscores the complex na-
ture of NS management, necessitating a multifaceted ap-
proach that considers individual patient characteristics,
disease severity, and treatment response patterns. Mov-
ing forward, further research is warranted to elucidate
additional factors influencing treatment response and
long-term prognosis, ultimately facilitating the develop-
ment of more tailored and effective therapeutic strategies
for patients with SRNS.

Limitations of the study

Despite sincere efforts, the present study has lacunae.
The sample size was small. The study was conducted in
a single centre. It was carried out in the state’s premier
referral center with an advanced nephrology department,
so referral bias cannot be ruled out.
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