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Abstract

Introduction: There is currently little information in the literature on the spectrum
of histopathologic patterns in children presenting with idiopathic steroid-resistant
nephrotic syndrome (iSRNS) in Iran. We conducted to compare the histopathologic
distribution of different subtypes’ glomerular morphologic patterns in iSRNS and the
clinical and biochemical parameters at the time of diagnosis and outcome of patients
after immunosuppressive therapy. Material and Methods: This cross sectional study
was done in two hundred children, aged 1 - 15 years, who were diagnosed for iSRNS
and no response to 4 weeks of standard prednisone therapy (60 mg/m?®/day) referred
to nephropathology Department of Emam Reza hospital between 2005 and 2013.
Demographic, clinical, laboratory, and histopathological data were retrieved from files
and original renal biopsy reports. We discussed histopathologic diagnosis and out-
come of iSRNS after initial therapy in patients separately. This study investigated
prognostic effects of histopathologic pattern on outcome of iSRNS. Results: The study
included 200 children with iSRNS: 141 (70.5%) were males and 59 (29.5%) females,
with male-to-female ratio of 2.4:1. The mean age was 7.23 + 4.37 years (range: 1 - 15
years). Upon pathologic investigation of iSRNS cases, focal segmental glomerulos-
clerosis (NOS subtype) was the first, with a highest prevalence at a rate of 102/200
(51%) and MGN was the last, at a rate of 7/200 (3.5%). Children with iSRNS second-
ary to MCD are more likely to achieve remission and have better long term prognos-
tic value (P < 0.00). Focal segmental glomerulosclerosis (FSGS) (Tip and Collapse
subtypes) is more likely to have worse outcome in response to immunosuppressive
therapy (P < 0.04). Conclusions: This study defines the true spectrum of clinicohis-
topathology patterns underlying iSRNS in children in Northwest of Iran. Also this
study shows that the response to cyclosporine can be correlated with the underlying
histopathology patterns which have been earned by adequate renal biopsy.
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1. Introduction

Idiopathic Steroid-resistant nephrotic syndrome (iSRNS) is a common problem in pe-
diatric nephrology. About 10% - 20% of children with nephrotic syndrome have idi-
opathic steroid resistant nephrotic syndrome (iSRNS) [1] [2] [3] [4]. About 50 percent
of patients with iSRNS will progress to end-stage renal disease (ESRD) [3] [5]. It is a
point which makes difficult to manage these patients. This study was thus designed to
determine the spectrum of histopathological patterns in children presenting with iSRNS
at our center. In this way, doing renal biopsy is mandatory to confirm histopathologic
pattern of disease. These histological variants of nephrosis may be found alone or
in any combination on sequential biopsies in each patient. Therefore, evaluation for
iSRNS depends in an adequate renal biopsy to determine the underlying histology.
However in the most literatures, primary focal segmental glomerulosclerosis has been
reported as the main leading cause indicating poor outcome and warranting more ag-
gressive therapy [6] [7]. Results of studies by the International Study of Kidney Disease
in Children (ISKDC) revealed focal and segmental glomerulosclerosis (FSGS), mesen-
gial proliferative glomerulonephritis (MPGN) and minimal change disease (MCD) as
the respective morphologic lesions seen in 70%, 44% and 7% of children with iSRNS.
[8]. Also, it demonstrated that clinical corticosteroid response had a high predictive
accuracy for outcome than renal histological findings in children with idiopathic
nephrotic syndrome [9]. The glomerular morphologic pattern and treatment outcome
of iSRNS in Iranian children in North-west of Iran have not been previously defined. In
this study, we conducted to compare the histopathologic distribution of different sub-

types’ glomerular morphologic patterns in iSRNS and outcome of patients after thera-

py.

2. Material and Methods

This is a cross sectional study involving Iranian children with iSRNS who underwent
renal needle biopsy under ultrasound guidance were reviewed between June 2005 and
December 2013 and followed-up till June 2015. We conducted this study in Iranian
children population to include geographic and genetic effects if there are. We discussed
clinical manifestations, histopathologic diagnosis, and initial management and outcome
of iSRNS in children separately. The inclusion criteria comprised all confirmed cases of
iSRNS in patients aged 1 - 15 years in adequate specimen. Exclusion criteria were iden-
tification of a secondary cause of nephrotic syndrome like namely obesity, drugs, heavy
metal exposure, congenital cyanotic heart disease, reflux nephropathy and solitary kid-

ney as well as evidence of CRF with the estimated glomerular filtration rate (eGFR) that
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was persistently <60 mL/min/1.73m” for at least three months and finally inadequate
specimen in renal biopsy. Also what things that made important limitation in our study
were incomplete data records and inadequate biopsy specimen. The diagnostic criteria
for the nephrotic syndrome (NS) were edema, plasma albumin < 25 g/L, and severe
proteinuria > 40 mg/m®*/hour or a urinary protein/creatinine ratio (UPCR) > 200 mg/
mmol [10], by quantitative assessment or dipstick proteinuria > 300 mg/dL. iSRNS was
diagnosed based on combination of 1) absence of a specific etiology for the NS, and 2)
failure to achieve complete remission (CR) using the ISKDC treatment protocol for ini-
tial therapy of NS; the latter comprised prednisone 60 mg/m?/day for four weeks, fol-
lowed by 40 mg/m?/48 hours for another four weeks [3] [11]; prednisolone was used in
our patients. CR was defined as proteinuria <4 mg/m*/hour or UPCR <20 mg/mmol or
dipstick proteinuria <30 mg/dl tested on three consecutive days [10]. Remission was
regarded as sustained if no relapse occurred for at least six months. Mild to moderate
proteinuria (MMP) or partial remission was defined as proteinuria of 4 - 39 mg/m?/
hour or a UPCR of 20 - 199 mg/mmol or 30 - 100 mg/ dL by dipstick. Relapse was de-
fined as recrudescence of proteinuria in excess of 40 mg/m?*/hour or UPCR > 200 mg/
mmol or >100 mg/dL by dipstick for three consecutive days after an initial CR. Steroid
resistance (SR)was failure to achieve CR following at least four weeks of prednisolone
(60 mg/m?/day) treatment. Patients who had an initial CR but later developed frequent
relapses followed by steroid dependence before finally becoming steroid resistant were
diagnosed as secondary SR while those who failed to respond to at least four weeks of
steroid treatment were classified primary SR. Each patient was evaluated for gender, age
at onset of NS, age at diagnosis, vital signs, anthropometry and presence of hyperten-
sion (HTN), oliguria and laboratory data. HTN was defined according to the update on
the 1987 Task Force Report on High Blood Pressure in Children and Adolescents [11].
Treatment protocol used, treatment complications, co-morbidities, time to remission,
remission duration, admission duration, follow-up and outcome were evaluated. Renal
biopsy was performed after a diagnosis of steroid resistance and before immunosup-
pressive treatment. All children underwent renal needle biopsy under ultrasound guid-
ance after obtaining appropriate informed consent.

Microscopic glomerular features were defined along standard lines [12] [13] [14].
Tissue sections were not greater than three microns in thickness. Three cores of native
renal biopsy were routinely obtained for evaluation by light microscopy, Immunofluo-
rescence and electron microscopy. Twenty-five or more glomeruli per renal tissue spe-
cimen were regarded as adequate for reporting. Biopsy specimens were processed using
standard procedures that included hematoxylin-eosin, periodic acid-Schiff, Jones and
green Masson straining of formalin-included pieces; Immunofluorescence of frozen
samples were carried out with a panel of antiserum protein antibodies against IgA, IgM,
IgG, C3, Clq, C4 and fibrinogen. Tissue samples for EM were processed as described in
our previous report [15]. Briefly, EM tissue was fixed in 4% glutaraldehyde, post fixed
in 1% osmium tetroxide at 0.02 M Sorenson Phosphate buffer at pH 7.4, processed for

EM, and embedded in Eponate resin. Ultra-thin sections (100 nm) were cut on Leica
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ultra-microtome. Sections were stained on copper 300-mesh girds with Uranyl acetate
and Lead citrate and examined with a JEM 1200 EX II electron microscope. The biopsy
specimens were reviewed and interpreted by the two pathologists. We adopted the
protocol treatment established by the French Society of Pediatric Nephrology [16].
Cyclosporine was given to all patients at an oral initial dose of 150-200mg/m2 body
surface area per day (not exceeding 200mg/m® per day) in two equal doses. The dosage
was adjusted to obtain trough concentrations between 100 and 150 ng/ml as measured
by the monoclonal antibody radioimmunoassay on whole blood before the morning
taking. Prednisone was administered at a single dose of 30 mg/m* per day during the
first month and on alternate days for 5 months. About 50 percent of patients with
iSRNS will progress to end-stage renal disease (ESRD) [3] [5]. The goals of therapy for
iSRNS are to achieve complete resolution of proteinuria, thereby reducing the compli-
cations associated with NS, and preservation of kidney function. However, there is no
currently optimal therapy for iSRNS that consistently meets these two goals. The the-
rapeutic response was assessed 4 months after starting treatment protocol. In patients
who had not achieved complete or partial remission, the therapeutic regimen was
stopped.
The local ethics committee approved the study.

3. Statistical Analysis

All values are given as mean standard deviation. The statistical analysis was performed by
the SPSS 14.0 statistical analysis software (Chicago, Ill, USA). Outcome was evaluated
in terms of partial/complete remission versus no remission. The results were analyzed
for their statistical significance using Student’s test for continuous variables and chi

square test for discrete variables; P < 0.005 was considered significant.

4. Results

The study included 200 children with idiopathic steroid-resistant nephrotic syndrome.
Mean age at diagnosis of steroid resistance was 7.23 + 4.37 years with a range of 1 - 15
years. The male-to-female ratio was 2.4:1. Demographic Details regarding age and sex
distribution are presented in Table 1.

The most common presenting symptoms are first limb edema and then facial edema
which is more present in FSGS group especially in Tip subtype (Table 1). Seventy nine
patients (39.5%) had an initial steroid-resistance, while hundred twenty three patients
(61.5%) had a late steroid-resistance. Mean serum albumin and creatinine were 2.46 +
0.54 g/dl and 0.84 + 0.43 mg/dl respectively. All patients underwent a renal biopsy
which was studied by light microscopy and Immunofluorescence and electron micro-
scopy. The mean number of glomeruli studied was 27 (range 25 - 36). Pathologic ex-
amination revealed minimal change disease (MCD) at rate of 29%, Focal segmental
glomerulosclerosis (FSGS) at a rate of 51% with different subtypes (Figure 1), Mesen-
gial Proliferative GN (MPGN) at a rate of 14% and membranous GN (MGN) at rate of

6% (Figure 2). Focal segmental glomerulosclerosis (NOS subtype) was the most common
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Table 1. Demographic, clinical features in different histopathological groups and comparative results.

Parameters

Age of onset (yrs)
+ SD*

Gender (M/F)
Hypertension
Micro hematuria
Oliguria
Facial Edema
Limb Edema
Ascitis
Pleurisy
Infections

Urea nitrogen
(mg/dl)

Creatinine (mg/dl)
Protein (g/dl)
Albumin (g/dl)

Persistent
Proteinuria
(outcome)

Duration Follow up
(months)

MCD
(N=58)

6.8 +5.2

42/16

[CREN

16

12.35+3.5

0.83 £0.43

5.05 +0.88

2.26 £ 0.59

62.7 £25.1

FSGS (N =102)

MPGN MGN
NOS Perihilar Tip Collapse Cellular (N =28) (N=12) P value
N=32 N=18 N=18 N=14 N=20
8.1+63 9.0+3.6 8.7+3.7 0.129
76/26 713 5/2 0.923
13 8 17 10 8 2 0 0.003
13 7 15 12 9 1 2 0.002
6 9 13 9 10 0 1 0.043
10 11 13 12 11 2 2 0.231
17 9 15 11 15 4 3 0.453
3 4 5 4 2 1 0 0.693
0 2 4 3 0 0 0 0.732
1 2 3 1 0 0 0 0.544
13.6 £ 6.5 13.7+6.9 158 £6.3 153+73 140+ 6.4 14.6 £ 4.5 13.8+6.5 0.195
0.85+0.32 0.83+0.54 0.94 + 0.34 0.86 + 0.56 0.82 £ 0.52 0.82+043 0.84+0.33 0.323
525+0.68 5.38+0.81 5.95+0.78 5.35 £ 0.65 5.03 £0.77 5.15+0.88 5.98 + 0.66 0.856
2.56 +0.47 2.44+0.53 2.59 + 0.67 2.56 + 0.51 2.36 + 0.67 2.66 + 0.47 2.35+0.59 0.776
8 9 11 10 9 3 2 0.005
64.1 +298 52.2+294 59.8 +25.1 52.1 +26.5 49.1 +27.4  49.81 + 23.7 52.1+9.6 0.425

*Data expressed as mean + SD, MCD: minimal change disease, FSGS: focal segmental glomerulosclerosis, MPGN: mesengial proliferative glomerulonephritis, MGN:

membranous glomerulonephritis.

histopathological pattern and minimal change disease (MCD) was the second histolog-
ical pattern which was found in 58 patients (29%).

In children aged more than 7 years, FSGS was the most common histopathological
subgroup. In children aged less than 6 years, MCD was the most common subgroup.
Among 70 patients with hypertension, 56 had a FSGS. Gross hematuria was not ob-
served in all patients. In the MCD group, 7% patients had micro hematuria, only 5%
patients had hypertension and 15.5% had oliguria. In 55% patients with FSGS (Tip and
then Collapse subtypes) had hypertension and also micro hematuria and 46% had oli-
guria. The therapeutic response to cyclosporine prednisone combination was assessed 4
months after starting the treatment protocol. 22 patients (11%) showed no response to
the therapy. 128 patients (64%) achieved complete remission. Partial remission was
achieved in 50 patients (25%). So, overall response (complete or partial remission)
regardless of pathological types is 89%. The remission was achieved during the first
month of treatment in 25.28% of patients, during the second month in 29.77% of pa-
tients, during the third month in 27.52% and during the fourth month in 17.41%. Also,
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Figurel. Medium-power view showing a glomerulus with seg-
mental scarring associated with adhesion formation with Bow-
man’s capsule in different subtypes, in a case of classic focal seg-
mental glomerulosclerosis. (H & E stain x200). Cellular type
FSGS (A), NOS type FSGS (B), Tip type FSGS (C), Collapse type
FSGS (D), Perihilar Type FSGS (E).

Figure 2. Medium power view of a representative section of a renal

biopsy with significant mesangial proliferation in MPGN in H & E

stain (A) and glomerule with thick base membrane in PAS stain (B)
and in Jones stain (C) with IgG deposit in granular pattern in IF

stain (x100).

the response to treatment was analyzed according to pathological type. We found a sta-

tistically significant relationship between the different pathological types and the re-
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sponse to cyclosporine-prednisone. Children with iSRNS secondary to MCD are more
likely to achieve remission and have better long term prognostic value compare to FSGS
(NOS subtypes) which is more likely to have primary response to immunosuppressive
therapy (P < 0.04). In contrast to MGN which is less likely to achieve remission but was
not significant (P < 0.967). There is no significant correlation between the response to
cyclosporine and age, sex (Table 2). Moreover, the rate of remission is the same in pa-

tients with initial or late steroid-resistance.

5. Discussion

Idiopathic nephrotic syndrome is one of the commonly glomerular diseases in children.
Most patients are steroid sensitive and respond to the therapy with remission of prote-
inuria [16] [17]. Approximately 10% of children with nephrotic syndrome, who do not
respond to corticosteroids, are qualified as steroid resistant [18]. This is one of the
largest studies on the spectrum of histopathological lesions underlying iSRNS in child-
ren from a single center located in the northwest of Iran. In this research study we have
tried to present the true pattern of glomerulopathies in children who suffering from
iSRNS in this part of the world [19] [20]. More recent evidence suggests that the histo-
pathological spectrum of glomerulopathies underlying iSRNS is changing in both adults

Table 2. Therapeutic response to cyclosporine according to age, sex, clinical presentation and
histopathologic types. *PSR: primary steroid resistant, **SSR: secondary steroid resistance.

Response to cyclosporine

parameters Responders Non responders P value
n=178 (89%) n=22(11%)
Age (months) 88 (19 - 110) 94 (43 - 116) 0.785
Male 166 (83%) 12 (6%)
0.645
Female 49 (24.5%) 10 (5%)
Steroid *PSR 9 (4.5%) 0.002
) 178 (89%)
Resistance **SSR 13 (5.5%) 0.004
MCD 54 (27%) SSR 4 (2%) 0.002
PRS 24 (12%)
NOS 32 (16% 0.004
(16%) SSR 8 (4%)
Hilar 18 (8%) PSR 1 (0.5%) 0.002
ESGS 'y 18 (8%) PSR 2 (1%) 0.005
Histology Col 14 (4.5%) PSR 3 (1.75%) 0.376
subtype = SSR 2 (0.75%) '
Cell 20 (9.5%) SRS 2 (1%) 0.45
SSR 14 (7%
MPGN 28 (14%) (7%) 0.548

PSR 14 (7%)

1 0,
MGN 6 (3%) SPSSI; 20((50//0)) 0.967
()

MCD: minimal change disease, FSGS: focal segmental glomerulosclerosis, MPGN: mesangial proliferative glomeru-
lonephritis, MGN: membranous glomerulonephritis.
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and children [21] [22]. Despite the absence of evidence based recommendations re-
garding the role of renal biopsy in these patients, this procedure provides important
information on renal histology and outcome [23]. However, renal biopsy remains ne-
cessary to establish a long-term prognosis since the evolution towards ESRD is seen es-
pecially with FSGS [24]. Earlier reports believed that the outcome of the disease can be
predicted from the clinical response to steroids, and the biopsy is unnecessary for a vast
preponderance of children with iSRNS [9]. Many authors have found a rise in the pre-
valence of FSGS in children during the recent past, and since this lesion is associated
with a significantly lower response to steroids than MCD, it is recommended to detect
its presence on renal biopsy in order to better inform the patients about the long-term
prognosis. These authors also recommend a renal biopsy before potentially nephrotoxic
drugs, such as Cyclosporine are started [15] [25] [26] [27]. The renal histology in iSRNS
is different, with 30% - 40% patients each showing minimal change disease and FSGS,
and a smaller group with diffuse mesengial proliferation [28].

The results of our study are generally similar to those previously reported in the lite-
rature. All the previously reported studies have observed a higher prevalence of FSGS in
this form of iSRNS [29] [30]. But the rates of FSGS diagnosis are not uniform across the
world, however. In study from India, Gultai et al. reported FSGS in 50%, the same as
our finding [26]. In Saudi Arabia, a country comparable to our and in Tunisia, the in-
cidence of FSGS is more important than MCD [31]. Javaherian et al [32] reported that
in Iran, FSGS came in first, with the highest prevalence at a rate of 32.4%, and MGN
came in last, at a rate of 5.6% ( range 1 - 14 years). Three studies, respectively, from Ja-
pan [33] and France [34] reported a significantly higher incidence of MCD compared
to FSGS. In Egyptian children, mesengial hypercellularity and IgA nephropathy might
be the major causes for steroid resistance [35]. The reasons for disparities in the preva-
lence of MCD and FSGS are not entirely clear. They are probably explained by racial,
genetic and environmental factors [15]-[26]. Moreover, slight differences in disease de-
finitions, inclusion criteria and numbers of patients who participated in each study may
be partly responsible. One important factor, which should also be considered, is that of
observer variation in the reporting of renal lesions, especially of MCD, mesengial proli-
ferative and sclerosis with early FSGS [36]. The lesions of early FSGS may be missed
easily if not enough glomeruli in each specimen or fragmented sections of the renal bi-
opsy. Furthermore, examination of renal histology in FSGS reveals a variety of histo-
logical subtypes, with variable response to therapy and outcome [37] [38]. Follow up
the non-FSGS patients with repeat biopsy might show morphological transition with
FSGS patients. Thus, these histological conditions may be found alone or in combina-
tion on sequential biopsies in the same patient. It’s happen that in several documented
studies, the diagnosis of MCD patient change to FSGS in a follow-up biopsy specimen.
This has led to the conclusion that MCD and FSGS may represent a continuum of the
same process [38]. All our biopsies were examined by trained renal pathologists with
vastwork and research experience. Children who fail to respond to oral steroids must be

treated with immunosuppressive agents in addition to steroids [39]. A combination of
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oral prednisolone and oral cyclosporine may reach to remission in children [40]. We
found that response to this therapy protocol was initially correlated by renal histology;
patients with minimal change nephrotic syndrome show better response to this therapy
protocol, while FSGS especially Tip and Collapse subtypes and then other subgroups
like MGN, MPGN and MGN show unsatisfactory respond to therapy and outcome.
However, in recent studies, this correlation is not always established. It seems that
the response rate is similar whatever FSGS histological subtype [40] [41]. Hymes found
that the overall response to cyclosporine is very similar in non-FSGS histological types
[37]. However, the rate of complete remission is frequently observed during the MCD.
Niaudet obtained a poorer response in patients with FSGS compared with those with
MCD (51.5% vs. 40%) [16]. Hamasaki et al and associates have reported that high rate
of remission in patients with FSGS (85.7%) have been earned by administration of me-

thylprednisolone pulse, in addition to cyclosporine [39].

6. Conclusion

In conclusion, our study defines the true spectrum of clinicohistopathology patterns
underlying iSRNS in children in Northwest of Iran. Also, it indicates that FSGS is the
predominant pattern in children with iSRNS, followed by MCD, MPGN and MGN.
This study shows that the response to cyclosporine can be correlated with the underly-
ing pathological lesion. Therefore, a renal biopsy should be the first step before initiat-

ing treatment with potentially nephrotoxic agents.
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