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nephrotic syndrome in children: impact of initial kidney histology
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Abstract
Background Although many pediatric nephrologists consider focal segmental glomerulosclerosis (FSGS) and minimal change
disease (MCD) as separate clinical entities, whether the initial histology could affect clinical courses in children with steroid-
resistant nephrotic syndrome (SRNS) suspected of having an immune-based etiology remains unknown, especially for long-term
outcomes.
Methods We retrospectively reviewed long-term outcomes (> 3 years; median follow-up, 9.1 years) of 21 children with initial
SRNS (FSGS, N = 9; MCD, N = 12) who achieved complete remission with immunosuppressive agents, including cyclosporine.
Results At NS onset, incidence of acute kidney injury (67% vs. 8%, P < 0.05) and proportion of patients with non-selective
proteinuria (56% vs. 0%, P < 0.01) were significantly higher in the FSGS group than the MCD group. Furthermore, median days
until complete remission after treatment was significantly longer in the FSGS group than the MCD group (116 days vs. 45 days,
P < 0.001). Although subsequent biopsy histology of the 12 patients in the MCD group was still identical in all MCD, three of
nine patients in the FSGS group were reclassified from FSGS to MCD at second biopsy. At last visit, all patients maintained
complete remission, and none developed chronic kidney disease.
Conclusions Initial presentation in the FSGS group was characterized by more severe clinical manifestations than the MCD
group. If complete remission is achieved, FSGS and MCD in children with immune-mediated SRNS may constitute a single
disease spectrum because the long-term outcomes are favorable, irrespective of initial histology.
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Introduction

Steroid-resistant nephrotic syndrome (SRNS) is considered a
heterogeneous pathological entity, including immune-
mediated and monogenic etiologies [1]. Focal segmental
glomerulosclerosis (FSGS) and minimal change disease
(MCD) are the two key histological diagnoses in children with
SRNS as an immune-mediated disease. At present, there are

controversies about whether FSGS and MCD in this cohort
are distinct glomerular lesions or belong to the same disease
spectrum [2–4], because the clinical manifestations such as
massive proteinuria and generalized edema are indistinguish-
able, especially in the early stages of the disease.

In a recent review article on children with SRNS who re-
ceived rituximab [5], Kamei et al. argued that FSGS might
simply result from persistent proteinuria because the histolog-
ical diagnosis was at some point changed fromMCD to FSGS
in the subsequent kidney biopsy when the patients were not
able to achieve remission. The authors concluded that there is
a possibility that FSGS and MCD represent a pathologically
identical clinical entity. However, whether the long-term out-
comes between the two histological groups in children with
SRNS after remission are equivalent remains unknown.

In this study, we investigated the relationship between the
initial histological diagnosis (such as FSGS and MCD) and
the long-term outcomes in children with initial SRNS
suspected of having an immune-mediated etiology.

* Shuichiro Fujinaga
f_shuich@d2.dion.ne.jp

1 Division of Nephrology, Saitama Children’s Medical Center, 1-2
Shintoshin, Chuo-ku, Saitama-city Saitama 330-8777, Japan

2 Children’s Medical Center, Showa University Northern Yokohama
Hospital, Yokohama, Japan

3 Department of Pediatrics and adolescent medicine, Juntendo
University, Tokyo, Japan

https://doi.org/10.1007/s00467-020-04760-8

/ Published online: 22 September 2020

Pediatric Nephrology (2020) 35:2377–2381

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-020-04760-8&domain=pdf
https://orcid.org/0000-0002-2957-3705
mailto:f_shuich@d2.dion.ne.jp


Methods

Patients

Between March 2005 and October 2016, 21 consecutive chil-
dren with initial SRNS (14 males and 7 females) who
achieved complete remission (CR) with immunosuppressive
medications, including cyclosporine (CsA) and who had been
followed up for > 3 years (median observation period,
9.1 years; interquartile range, 7.2–9.8 years) at Saitama
Children’s Medical Center were enrolled in this retrospective
study. Patients with SRNS-associated genetic mutations, such
as WT1 and NPHS2 (i.e., monogenic, non-immune-mediated
disease), were excluded.

In this study, the definitions and criteria adopted for NS,
CR, and NS relapse followed the clinical practice guideline for
pediatric idiopathic NS in Japan [6]. SRNS was defined as the
absence of CR despite prednisolone treatment at a dose of
2 mg/kg/day (maximum 60 mg/day) for 4 weeks. Acute kid-
ney injury (AKI) was defined as an elevated serum creatinine
level ≥ 1.5 times the baseline level [7]. Non-selective protein-
uria was defined as the selectivity index of ≥ 0.2 (SI, the clear-
ance ratio of IgG/transferrin). This study was approved by the
ethics committee of the Saitama Children’s Medical Center
(approval number 2019-03-009).

Treatment protocol

Following the diagnosis of initial SRNS, all patients received
oral CsA (4–7 mg/kg/day; maximum 150 mg/day) in addition
to prednisolone (1 mg/kg/day, maximum 40 mg/day). For
patients who had nephrotic-range proteinuria (UP/C of ≥ 2.0,
early morning urinary protein-to-creatinine ratio) at the SRNS
diagnosis, intravenous pulse methylprednisolone (IVMP;
20 mg/kg/day; maximum 1000 mg/day) was additionally ad-
ministered for 3 consecutive days over 2–3 weeks. For pa-
tients with refractory SRNS who were unresponsive to com-
bined CsA and IVMP, rituximab was administered intrave-
nously at a single dose of 375 mg/m2 (maximum 500 mg/
dose) [8]. After achieving a marked decrease in proteinuria
(UP/C of < 1.0), prednisolone was gradually tapered off and
then discontinued within 12 months. After approximately 2–
3 years of CsA treatment, the dosagewas gradually tapered off
by 20–50 mg every 4 weeks. Relapses were treated with pred-
nisolone 2 mg/kg/day (maximum, 60 mg/day) until protein-
uria was undetectable for at least three consecutive days.
Prednisolone was administered on alternate days thereafter,
and the dose was tapered off within 6 months at a rate of 5–
10 mg every 2–4 weeks. Mycophenolate mofetil (MMF; 30–
40 mg/kg/day; maximum, 2000 mg/day) was offered as a
treatment option if the patients developed frequent-relapsing
and/or steroid-dependent NS after the discontinuation of CsA
[9]. If NS relapse occurred despite the initiation of MMF, a

single infusion of rituximab was administered after CR with
prednisolone. For patients who achieved > 12 months of
prednisolone-free remission, MMF was gradually tapered off
by 250 mg every 4 weeks.

Histological evaluation

Kidney specimens were examined by light, immunofluores-
cence, and electron microscopies. The first kidney biopsies
were performed in all patients at the diagnosis of initial
SRNS. The second biopsies were also done in all patients
during CRwho received CsA for 2–3 years to confirm chronic
nephrotoxicity. The histologic variants of FSGS were evalu-
ated using the Columbia classification. The kidney specimens
were evaluated by a single pathologist (HM) blinded to the
patients’ clinical profiles.

Statistical analysis

Categorical variables were presented as frequencies and per-
centages and compared using the chi-square or Fisher’s exact
test as appropriate. Unless indicated otherwise, continuous
variables were expressed as median (interquartile range).
The parametric two sample t test or non-parametric Mann–
Whitney U test was used as appropriate for comparing con-
tinuous variables. All analyses were performed using JMP pro
14 version 14.0 (SAS Institute Inc., Cary, NC, USA). The
level of statistical significance was set at P < 0.05.

Results

At the diagnosis of initial SRNS (median age, 3.0 years; in-
terquartile range, 1.8–4.8 years), a kidney biopsy revealed
FSGS in 9 and MCD in 12 patients. In the FSGS group, seven
patients were classified as “not otherwise specified,” while
two patients had “cellular variant.” After immunosuppressive
treatment, all patients were able to achieve CR at a median of
73 days (interquartile range, 45–112 days). We compare the
baseline characteristics and clinical courses of the patients in
the FSGS group with those in the MCD group (Table 1). The
incidence of AKI at the onset of NSwas significantly higher in
the FSGS group than in the MCD group (67% vs. 8%,
P < 0.05). Furthermore, the proportion of patients with non-
selective proteinuria at NS onset was significantly higher in
the FSGS group than in the MCD group (56% vs. 0%,
P < 0.01). Through a stratified analysis based on these find-
ings, we found that if the patients had either AKI or non-
selective proteinuria at NS onset, then, the sensitivity and
specificity of the FSGS diagnosis at the initial biopsy were
89% and 92%, respectively, with a positive predictive value of
89%. Themedian days taken to achieve CR after commencing
treatment was significantly longer in the FSGS group than in
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the MCD group (116 days vs. 45 days, P < 0.001). In the
FSGS group, a delayed response to treatment, defined as re-
quiring more than 8 weeks until CR, developed in all nine
patients. However, only two of the 12 patients in the MCD
group had a delayed response (P < 0.001). A second kidney
biopsy was performed in all patients at a median of 25 months
(interquartile range, 25–27 months) after the initial biopsy.
Although the subsequent biopsy histology of the 12 patients
in theMCD groupwas still identical toMCD in all cases, three
of the nine patients in the FSGS group are reclassified from
FSGS to MCD at the second biopsy (Table 2). After
discontinuing CsA, NS relapse was observed in 15 patients
(71%), leading to the use ofMMF and rituximab in ten and six
patients, respectively. The proportion of patients with NS re-
lapse, MMF, rituximab, and treatment-free remission after
discontinuing CsA did not differ significantly between the
FSGS group and the MCD group. At the last visit, although
five patients received MMF, treatment-free remission for >
12 months was achieved in 13 patients (62%). Furthermore,

all patients maintained CR, and none of the patients developed
chronic kidney disease (CKD, estimated glomerular filtration
rate of < 90 mL/min/1.73 m2).

Discussion

In this study on children with initial SRNS who achieved CR
with immunosuppressive medications, we demonstrated that
the initial presentation in the FSGS group was characterized
by more severe clinical manifestations than in the MCD
group, such as higher incidence of AKI and longer duration
until CR. Furthermore, we found that the presence of AKI and
non-selective proteinuria at NS onset were significant predic-
tive factors of FSGS diagnosis in the initial kidney biopsy.
However, the long-term outcomes after CR in this cohort were
favorable, irrespective of the initial histological diagnosis.

Although idiopathic FSGS and MCD have been described
as separate entities in most textbooks, Maas et al. recently

Table 1 A comparison of the baseline characteristics and clinical courses between the FSGS group and the MCD group in the initial histological
diagnosis

FSGS group (N = 9) MCD group (N = 12) P value

Median (Interquartile range) Median (Interquartile range)

Follow-up period (years) 7.2 (6.6–9.8) 9.1 (7.9–11.4) 0.41

Gender (male/female) 7/2 7/5 0.64

Age at NS onset 4.8 (2.0–13.1) 2.6 (1.3–3.8) 0.065

UP/C at NS onset 18.2 (12.0–30.5) 21.1 (13.2–24.0) 1.00

Serum albumin at NS onset (g/dL) 1.0 (0.9–1.3) 0.9 (0.8–1.6) 0.80

eGFR at NS onset (mL/min/1.73 m2) 94.1 (62.2–118.1) 124.8 (88.8–140.4) 0.11

AKI at NS onset (yes/no) 6/3 1/11 0.016

SI > 0.2 at NS onset (yes/no) 5/4 0/12 0.006

Treatment for initial SRNS

CsA (yes/no) 9/0 12/0 1.00

IVMP (yes/no) 7/2 12/0 0.17

Rituximab (yes/no) 3/6 0/12 0.06

Days to complete remission (days) 116 (84–276) 45 (37–56) < 0.001

Days to complete remission
(> 8 weeks/≤ 8 weeks)

9/0 2/10 < 0.001

Duration of CsA treatment (years) 2.5 (2.4–2.6) 2.5 (2.3–2.7) 0.92

Relapse during CsA treatment (yes/no) 2/7 3/9 1.00

Second renal biopsy (FSGS/MCD) 6/3 0/12 –

Relapse after stopping CsA (yes/no) 6/3 9/3 1.00

Treatment after stopping CsA

MMF (yes/no) 5/4 5/7 0.67

Rituximab (yes/no) 2/7 4/8 0.66

eGFR at last visit (mL/min/1.73 m2) 105.2 (95.7–124.2) 119.0 (96.7–133.1) 0.41

Treatment-free remission (yes/no) 6/3 7/5 1.00

FSGS, focal segmental glomerulosclerosis; MCD, minimal change disease; NS, nephrotic syndrome; UP/C, urinary protein to creatinine ratio; eGFR,
estimated glomerular filtration rate; AKI, acute kidney injury; SI, selectivity index; SRNS, steroid-resistant nephrotic syndrome; CsA, cyclosporine;
IVMP, intravenous methylprednisolone pulses; MMF, mycophenolate mofetil
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proposed that they are different phenotypes of the same dis-
ease processes: if the initial podocyte injury is severe, FSGS
lesions may develop [10]. The authors concluded that the
pathogenesis of FSGS and MCD should be investigated to-
gether under the definition of idiopathic NS. The results in our
study (i.e., severe clinical manifestations at initial presentation
in the FSGS group and similarly favorable long-term out-
comes after achieving CR in the both groups) are consistent
with Maas’s hypothesis.

In a multicenter retrospective study carried out on hospital-
ized children with idiopathic NS [11], Rheault et al. reported
that the risk factors for AKI included nephrotoxic medica-
tions, infection, and SRNS. The authors showed that children
with SRNS were more likely to develop AKI than children
with steroid-sensitive NS (odds ratio, 2.06; 95% confidence
interval 1.33–3.19). In a nationwide cohort study on Japanese
children with newly diagnosed idiopathic NS [12], Sato et al.
showed that the incidence of AKI was relatively high (24%)
and AKI was significantly related to the development of mild
CKD. However, they were not able to assess the relationship
between AKI and SRNS because the number of SRNS cases
was very small. In a recent study performed on 101 children at
the first onset of idiopathic NS [13], we reported that the rate
of SRNS progression was significantly higher in the AKI
group than in the non-AKI group (36% vs. 12%, P < 0.05).
Therefore, although the etiologies of AKI in idiopathic NS are
multifactorial, such as intravascular volume depletion and in-
fectious complications, we speculated that the presence of
AKI at NS onset was the risk factor for SRNS progression
because of no significant differences in the baseline character-
istics, such as serum albumin levels and C-reactive protein
levels between the AKI group and the non-AKI group.
Furthermore, in this study, we first showed that the presence
of AKI at the onset of NS was a significant predictor of FSGS
diagnosis in children with initial SRNS.

In the 1960s, the efficacy of SI in predicting the response to
prednisolone was established in both children and adults with
idiopathic NS [14, 15]. In subsequent decades, the value of SI
waned in clinical practice because its assessment did not seem
to help in predicting the histological diagnosis and in deter-
mining the long-term outcomes. In a retrospective study of
adult patients with idiopathic NS (including FSGS (N = 29)

andMCD (N = 9)) [16], however, Bazzi et al. revealed that the
rate of non-selective proteinuria (SI, > 0.2) was significantly
higher in the FSGS group than in the MCD group (62% vs.
11%, P < 0.01), which accorded with the results of our study
in children with initial SRNS. Furthermore, we first showed
that if the patients had either non-selective proteinuria or AKI
at NS onset, the cohort was more likely to have FSGS as initial
histological diagnosis (11/12, 89%).

In this study, there were no significant differences in the
long-term outcomes between the FSGS group and the MCD
group, and none of the patients developed CKD. In previous
studies of childhood SRNS [2–4], however, FSGS as the initial
histological diagnosis was found to be a predictive factor for
CKD development, especially in the patients who did not
achieve remission. We speculate that the initial aggressive
treatment, including CsA, IVMP, and rituximab, improved
the kidney outcomes in our study, particularly for patients with
FSGS who had severe clinical manifestations at NS onset.
Furthermore, although more than 60 genes related to SRNS
have been described in recent years and monogenic etiology
can account for one-third of the cases of SRNS [1], patients
with a monogenic cause were not necessarily excluded from
previous studies. In contrast, only patients who achieved CR
with immunosuppressive medications suspected of having an
immune-mediated SRNSwere included, and thosewith SRNS-
associated genes were excluded from our study.

To the best of our knowledge, this is the first study dem-
onstrating the reassignment from FSGS toMCD at the second
kidney biopsy in one-third of the children (three of the nine
patients) with initial SRNS who achieved CR with immuno-
suppressive therapy. We speculate that the effective therapy
was able to prevent the progression of new scarring in the
FSGS group, although the development from segmental scle-
rotic lesions to obsolescent glomeruli was observed at the
second kidney biopsy in two of the three patients.
Furthermore, although the small sample size may lead to mis-
classification of the histological diagnosis, we believe that the
number of false-negative FSGS cases may be low because the
probability that no glomeruli showing FSGS would be found
was very low (12%) if the biopsy contained 20 glomeruli [17]:
the number of glomeruli of the three patients reclassified from
FSGS to MCD in our study was sufficient (median, 26).

Table 2 Clinical characteristics of 3 patients reclassed from FSGS to MCD

Case Sex Age at NS
onset (years)

AKI at NS onset SI Days until
CR (days)

Follow-up
periods (years)

IS during
follow-up

IS at last visit

1 female 1.3 No 0.07 73 10.2 CsA, MMF, rituximab MMF

2 female 4.8 No 0.75 131 9.2 CsA No

3 male 5.2 Yes 0.11 311 7.2 CsA, MMF No

FSGS, focal segmental glomerulosclerosis;MCD, minimal change disease; NS, nephrotic syndrome; AKI, acute kidney injury; SI, selectivity index; CR,
complete remission; IS; immunosuppressive agents, CsA, cyclosporine; MMF, mycophenolate mofetil
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In conclusion, FSGS and MCD in children with SRNS as
an immune-mediated disease seem to be variants of a single
disease spectrum because the histological diagnosis was
changeable on the timing of kidney biopsy and the long-
term outcomes after CR were similarly favorable. Therefore,
kidney biopsy may not be necessarily required for children
with initial SRNS who can achieve CR within 8 weeks after
immunosuppressive medications, because no such patients
were diagnosed with FSGS in this cohort. However, although
the therapeutic protocol for children with initial SRNS was
homogeneous at our hospital, this study is limited by its ret-
rospective study design and the fact it was carried out at a
single center. Furthermore, we agree that sampling error
may occur, and the number of patients in our study was insuf-
ficient to draw robust conclusions. Therefore, future prospec-
tive studies are required to investigate whether initial histolog-
ical diagnosis could affect the clinical course in children with
initial SRNS.
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