
Abstract Nephrotic syndrome in children is a clinical
manifestation of different histopathological subtypes.
There is a paucity of recent large studies dealing with the
histopathological spectrum from developing countries. A
prospective study was performed from January 1990 to
December 2000 at our center, involving 600 children
(with age of onset up to 16 years) with idiopathic neph-
rotic syndrome (INS). The objectives were: (1) to study
the histopathological distribution of different subtypes of
INS and (2) to compare the clinical and biochemical pa-
rameters at the time of diagnosis of minimal change dis-
ease (MCD) with non-MCD subtypes. For the purpose of
this study we analyzed only those children with INS who
underwent biopsies. The study group included 290 chil-
dren in which adequate biopsy reports were available.
There were 213 males and 77 females. Mean age at onset
of INS was 7.9+5.1 years. Facial edema was found in
286 (98.6%), microhematuria in 120 (41.3%), gross he-
maturia in 7 (2.5%), and hypertension in 77(26.8%) pa-
tients. All patients of the study group were seronegative
for HBsAg and HIV. Focal and segmental glomerulo-
sclerosis (FSGS) was the most common histopathologi-
cal subtype, occurring in 110 of 290 children (38%).
Other subtypes included MCD in 95 children (32%),
membranoproliferative glomerulonephritis (MPGN) in
44 children (15%), mesangioproliferative glomerulone-
phritis in 33 children (11%), membranous glomerulone-
phritis in 5 children (2%), and diffuse mesangial sclero-
sis in 3 children (1%). In children under 8 years of age,
MCD was the most common entity, whereas FSGS pre-
dominated in children with age at onset greater than

8 years. The age at onset of nephrotic syndrome was sig-
nificantly higher in the non-MCD group than the MCD
group. The incidence of hypertension, microhematuria,
and gross hematuria was significantly lower in the MCD
group. MCD remains the most common histopathologi-
cal subtype in Indian children with INS and onset under
8 years of age. The incidence of MPGN continues to be
high. MCD can be differentiated from non-MCD subtype
by younger age at onset, absence of hypertension, and
absence of microscopic hematuria.
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Introduction

Nephrotic syndrome in children is a clinical manifesta-
tion of different histopathological subtypes. Minimal
change disease (MCD) remains the most common cause
of idiopathic nephrotic syndrome (INS), especially in
children under 8 years of age [1]. Few studies have sug-
gested changing trends of histopathology of nephrotic
syndrome, with an increasing incidence of focal segmen-
tal glomerulosclerosis (FSGS) in both adults as well as
children [2, 3, 4]. Reports from developed countries indi-
cate a decreasing incidence of membranoproliferative
glomerulonephritis (MPGN) [5], although similar data
from developing countries are lacking. There is a paucity
of recent large studies dealing with the histopathological
spectrum in these countries.

When INS is first diagnosed in a child, a common ste-
roid protocol is usually followed regardless of the under-
lying histopathology [6]. Although many workers be-
lieve that MCD, mesangioproliferative glomerulonephri-
tis (MesPGN), and FSGS represent different ends of the
spectrum of the same disease, the long-term prognosis of
the non-MCD subtypes is poorer [7]. Hence, it is still
important to analyze the clinicopathological spectrum of
INS. This also helps us evaluate whether it is possible to
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predict non-MCD subtypes based on clinical features at
the time of presentation. Hence, we prospectively evalu-
ated the histopathological spectrum of children with INS
with the following objectives: (1) to study the histopath-
ological distribution of different subtypes of INS and (2)
to compare the clinical and biochemical parameters of
MCD with non-MCD subtypes.

Patients and methods

A prospective study was performed from January 1990 to Decem-
ber 2000 at our center, involving 600 children (with age at onset
up to 16 years) with INS. These patients comprised a homogenous
racial group representing the Northern and Eastern Indian popula-
tions and proportionately included patients from different socio-
economic groups. Most had been treated earlier by other physi-
cians and referred to our unit for management. Our hospital is the
only pediatric nephrology center in the entire state and also serves
three other neighboring states, with an approximate population of
300 million. Children with HBsAg seropositivity, HIV seroposi-
tivity, and underlying secondary causes of nephrotic syndrome
were excluded from the analysis.

At presentation, they were evaluated clinically for hyperten-
sion, hematuria, anthropometric parameters (height, weight, and
body surface area), and systemic involvement. They were investi-
gated for confirmation of nephrotic syndrome, exclusion of sec-
ondary causes, HbsAg, and HIV seropositivity, and renal function.
All patients fulfilled the International Study of Kidney Disease in
Children (ISKDC) criteria, for the diagnosis of nephrotic syn-
drome: nephrotic-range proteinuria (urinary spot protein/creatinine
>2.0), hypoalbuminemia (serum albumin <2.5 g/dl), hyperlipide-
mia (serum cholesterol >200 mg/dl), and/or edema [6]. After in-
formed consent, kidney biopsy was performed in the following 
situations: (1) age at onset younger than 1 year and older than
8 years, (2) no response to 8 weeks of prednisolone therapy, 
(3) frequent relapser (FR), steroid-dependent (SD), and steroid
non-responder (SNR) categories before cytotoxic therapy, and 
(4) unusual clinical features (hypertension and gross hematuria)
and/or laboratory abnormalities (abnormal renal function) [6, 8].
The biopsy specimens were evaluated histopathologically by light
and immunofluorescence microscopy. The antibodies used for im-
munofluorescence were IgG, IgA, IgM, and C3. Histopathological
findings were interpreted by the same pathologists, with similar
criteria as in our previous study [6]. An adequate biopsy was de-
fined as the presence of at least 5 glomeruli in the specimen on
light microscopy [9]. The histopathological diagnosis was made
according to standard definitions. MCD was defined histopatho-
logically by the absence of major structural changes [10]. FSGS
was diagnosed when at least 1 of the glomeruli was involved, with
a process of capillary collapse, obliteration, and sclerosis. A diag-
nosis of MesPGN was made in the presence of diffuse mesangial

hypercellularity lacking immune deposits [11]. MPGN was char-
acterized by diffuse mesangial and cellular proliferation and thick-
ening of capillary walls, with a split or double-contoured appear-
ance [5]. For the purpose of this study we analyzed only those
children with INS who underwent biopsies.

Children with MCD, FSGS, and MesPGN subtypes were treat-
ed with steroids according to the protocol defined in our earlier
study [6]. Based on the number of relapses subsequently, these
children were categorized into infrequent relapser, FR, SD, and
SNR categories, according to standard guidelines [6]. Cyclophos-
phamide was administered in FR, SD with steroid side effects, and
SNR children, when consent was obtained. Cyclophosphamide
was given orally at a dose of 2.5 mg/kg per day for 3 months or in
monthly pulses of 500 mg/m2 administered intravenously for
6 months [6, 12]. Children with mesangiocapillary glomerulone-
phritis were administered steroids according to the ISKDC proto-
col [13]. Hypertension was defined as systolic or diastolic blood
pressure >95th percentile for age, gender, and height on three sep-
arate occasions [14]. Microscopic hematuria was defined as the
presence of >3 red blood cells per high-power field in a spun urine
specimen.

Renal insufficiency was defined as a persistent elevation in se-
rum creatinine level beyond the normal range for the patient’s age
[15]. The incidence of a subtype was calculated according to total
biopsies. Clinical features and biochemical parameters were com-
pared among various subtypes. The results were analyzed for sta-
tistical significance using Student’s t-test and chi-squared test by
the Microstat statistical analysis software (Ecosoft, USA).

Results

Six hundred children with INS were analyzed during this
period. Kidney biopsy was performed in 309 of these
children. Of these, 19 children were excluded from the
study due to underlying secondary causes, inadequate bi-
opsies where repeat biopsies could not be performed,
and loss to follow-up. The study group included 290
children in which adequate biopsy reports were avail-
able. There were 213 males and 77 females. Mean age at
onset of INS was 7.9+5.1 years. Facial edema was found
in 286 (98.6%), microhematuria in 120 (41.3%), gross
hematuria in 7 (2.5%), and hypertension in 77 (26.8%)
patients. All patients of the study group were seronega-
tive for HBsAg and HIV.

In those children with INS who underwent biopsy,
FSGS was the most common histopathological subtype,
occurring in 110 of 290 children (38%). Other subtypes
included MCD in 95 children (32%), primary MPGN in
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Table 1 Demographic, clinical, and biochemical features in dif-
ferent histopathological subtypes (MCD minimal change disease,
FSGS focal segmental glomerulosclerosis, MesPGN mesangiopro-

liferative glomerulonephritis, MPGN membranoproliferative glo-
merulonephritis, DMS diffuse mesangial sclerosis, MGN membra-
nous glomerulopathy)

MCD FSGS MesPGN MPGN DMS MGN Total
(n=95) (n=110) (n=33) (n=44) (n=3) (n=5) (n=290)

Age at onset (years) (mean±SD) 5.6±4.6 8.5±5.3 10.8±3.9 8.8±4.8 0.6±0.5 5.4±6.1 7.9±5.1
Age at onset >8 years 24 59 33 18 0 1 135
Gender (F/M) 23/72 30/80 9/24 11/33 1/2 3/2 77/213
Microhematuria 18 39 25 34 2 2 120
Gross hematuria – 4 1 2 − − 7
Facial edema 95 109 32 43 3 4 286
Hypertension 11 27 11 25 2 1 77



Table 2 Comparison of demographic, clinical, and biochemical
features between MCD and non-MCD subtypes (BUN blood urea
nitrogen)

MCD Non-MCD P
(n=95) (n=195)

Age at onset (years) 5.6±4.5 8.9±5 <0.00001**
Age at referral (years) 8.3±5 10.7±4.8 0.0007**
Hypertension 11/95 64/195 0.00015*
Microhematuria 18 103 <0.00001*
Gross hematuria 0 7 0.14*
Facial edema 95 191 0.38*
BUN (mg/dl) 14.2±6 18.5±14.9 0.002**
Serum creatinine(mg/dl) 0.94±0.7 1.2±1 0.02**
Serum protein (g/dl) 4.9±1.2 5.2±2.7 0.19**
Serum albumin (g/dl) 2.2±1 2.4±0.9 0.52**
Serum cholesterol (mg/dl) 378±146 360±171 0.39**

*Chi-squared test, **Student’s t-test

[20], MPGN accounted for 3.5% of children. However,
in this study all children with INS were biopsied—a
practice no longer followed. This selection bias could in-
fluence the observed distribution of histopathological en-
tities. In our study, unlike those from western countries,
we observed that the incidence of primary MPGN con-
tinues to be high. This could be because, unlike in west-
ern countries, environmental factors, such as infection,
might not have changed much over the years in India.
The incidence of membranous nephropathy was less than
that reported previously in children with INS [18]. This
might be because electron microscopy was not per-
formed, thus introducing the risk for missing very early
(stage I) membranous lesions. In our study MCD was
found in 33% of children and MesPGN in 11% of pa-
tients. The incidence of MesPGN tends to vary accord-
ing to geographical area. A lower incidence of MesPGN
was reported in the west versus 17.6% of all NS in Saudi
Arabia [21].

MCD, FSGS, and MesPGN subtypes constituted the
major group in our study population, comprising 83% of
the cases. In younger children, MCD still remains the
most common histopathological entity, even in children
who are biopsied selectively. Patients with steroid-sensi-
tive infrequent nephrotic syndrome were not biopsied.
This selection bias might have influenced the frequency
of histopathological subtypes. Most clinicians would like
to treat MCD, FSGS, and MesPGN with a common ste-
roid protocol. However, it is important to clinically dif-
ferentiate between MCD and other histological subtypes
of INS, as this is of long-term prognostic significance. In
our study, the age at onset of nephrotic syndrome was
significantly greater in the non-MCD group. Also the in-
cidence of hypertension, microhematuria, and gross he-
maturia was significantly lower in the MCD subgroup.
Thus, the absence of these features may indicate MCD as
underlying etiology. The BUN and serum creatinine
were also significantly lower in MCD. Total serum pro-
tein and albumin was similar in MCD and non-MCD
group.

In conclusion, MCD remains the most common histo-
pathological subtype in children with onset of nephrotic
syndrome under 8 years of age. The incidence of MPGN
continues to be high in Indian children. MCD can be dif-
ferentiated from the non-MCD group by younger age at
onset of nephrotic syndrome, and a lower incidence of
hypertension and microscopic hematuria.
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44 children (15%), MesPGN in 33 children (11%), mem-
branous glomerulonephritis in 5 children (2%), and dif-
fuse mesangial sclerosis in 3 children (1%). MCD was
the most common entity in children under 8 years of age,
whereas FSGS predominated in children with age at 
onset >8 years.

The clinical features of various histopathological sub-
types are depicted in Table 1. The mean age at onset of
nephrotic syndrome was significantly higher in the non-
MCD group than in the MCD group (P<0.001). The inci-
dence of hypertension and microhematuria was signifi-
cantly (P<0.001) lower in MCD. The mean blood urea
nitrogen (BUN) and serum creatinine at presentation
were also significantly (P=0.002 and 0.02, respectively)
lower in MCD. Total serum protein and albumin levels
were similar (P=0.19 and 0.52, respectively) in MCD
and non-MCD groups (Table 2).

Discussion

The underlying histopathological characteristics in neph-
rotic syndrome are of immense significance in determin-
ing steroid responsiveness and long-term prognosis [7,
16, 17, 18]. We analyzed the histopathological pattern of
INS in our population by evaluating 290 children who
selectively underwent biopsy, according to criteria de-
fined earlier [8], and had a homogenous ethnic back-
ground.
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