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ABSTRACT 
 

Background: Nephrotic syndrome (NS) is a common childhood kidney disease caused 
by impaired glomerular function, characterized by protein leakage from the blood to the 
urine through the glomeruli, resulting in proteinuria, hypoalbuminemia, 
hypercholesterolemia and generalized edema. NS is descriptively classified upon the 
patients’ response to steroid treatment as steroid-sensitive NS (SSNS) or steroid-
resistant NS (SRNS).  
Aim: describe and compare different management strategies for SRNS.  
Methods: This retrospective study included 53 SRNS who were attending the 
Nephrology Outpatient Clinic, Children's Hospital, and Cairo University for follow-up.  
Results: out of 53 SRNS patients, 29 (54.72%) patients showed complete response to 
immunosuppressive therapy, while 14 (25.42%) showed partial response and the 
remaining 10 (18.87%) showed no response.  
Conclusion: Partial response to steroids or to first line of immunosuppressive therapy 
predicts better response to further immunosuppressives in SRNS patient. 
Cyclophosphamide is a preferable line in MCNS as it gives good results (50% complete 
response) with the advantage of lower cost and shorter duration of use. In patients with 

Research Article  



 
 
 
 

British Journal of Medicine & Medical Research, 3(4): 1074-1086, 2013 
 
 

1075 
 

non-minimal change lesions or those who failed to respond to cyclophosphamide, 
cyclosporine is used. 
  

 
Keywords: Nephrotic syndrome; steroid-sensitive nephrotic syndrome; steroid-resistant 

nephrotic syndrome; children. 
 
1. INTRODUCTION 
 
Nephrotic syndrome (NS) is a common childhood kidney disease caused by impaired 
glomerular function, characterized by protein leakage from the blood to the urine through the 
glomeruli, resulting in proteinuria, hypoalbuminemia, hypercholesterolemia and generalized 
edema [1]. Most children with NS have idiopathic NS, rather than NS secondary to an 
immune complex glomerulonephritis. The most common causes of idiopathic NS in children 
are minimal change NS (MCNS) and focal segmental glomerulosclerosis (FSGS) [2]. NS is 
descriptively classified upon the patients’ response to steroid treatment as steroid-sensitive 
NS (SSNS) or steroid-resistant NS (SRNS). Podocin mutations (NPHS2 gene) are mostly 
responsible for SRNS of childhood onset [3]. Management of SRNS is difficult, most patients 
failing to achieve remission show progressive renal damage [4]. The aim of this study was to 
compare the efficacy of different management strategies for SRNS. 
 
2. METHODOLOGY 
 
This is a retrospective cohort study from a single center in which records of 53 pediatric 
SRNS patients who were following at the Nephrology Clinic, Children’s Hospital - Cairo 
University, were retrospectively reviewed. NS patients in our clinic were guided to follow-up 
on either Monday or Thursday on random basis. All SRNS patients with age of onset of the 
disease <16 years following on Monday from January 2002 until December 2011 (10 year-
period) were included. Patients with secondary NS, congenital nephrosis, inadequate data in 
the records, and patients dropping out during follow-up were excluded. 
 
The Scientific Research Committee of Pediatrics Department, Faculty of Medicine-Cairo 
University, approved the study design. All data were confidential for the research use only.  
 
All patients received oral prednisone or prednisolone at a dose of 2mg/kg/day with a 
maximum of 60 mg/day. Treatment was continued for 4 weeks and treatment was continued 
for total of 6 weeks if remission did not occur after 4 weeks. Treatment was continued for 8 
weeks in occasional patients in whom non compliance to treatment was suspected. 
 
Patients’ data were recorded including demographic data (age of onset, duration of the 
disease, height, weight and their percentiles), results of renal biopsy, occurrence of 
complications, and treatment regimens used; for each: order of use, duration, side effects, 
response assessed by mean protein/creatinine ratio, serum albumin and serum creatinine 
before and after treatment. 
 
In our unit, cyclophosphamide had been the first line therapy of SRNS due to higher cost of 
cyclosporine but in recent years, due to the availability of cyclosporine by the health 
insurance system; it became the first line therapy in patients with FSGS. Cyclophosphamide 
is given orally at a dose of 2 mg/kg for 3 months or 3mg/kg for 2 months during which 
steroids were given at a dose of 2mg/k alternate day therapy. Cyclosporine is given at a 
dose of 5-7mg/kg/day. Cyclosporine level was not done routinely except in those with 
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insufficient response in a preliminary step to increase the dose or in case of decline of GFR. 
During cyclosporine therapy steroids were slowly withdrawn to the minimal dose below 
which proteinuria starts to increase. MMF is given at a dose of 600mg/m2 with gradual 
tapering of steroids to the lower possible dose. 
 
Data were statistically described in terms of range, mean±SD, frequencies and percentages. 
Comparison of quantitative variables between the study groups was done using Student’s t 
test. For comparing categorical data, Chi-square test was performed. A probability value (p 
value) of <0.05 was considered statistically significant. All statistical calculations were done 
using computer programs Microsoft Excel® 2007 (Microsoft® Corporation, NY, USA) and 
SPSS® (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) version 15 
for Microsoft® Windows®. 
 
3. RESULTS 
 
Demographic data of patients are shown in Table 1.  
 

Table 1. Demographic data of patients  
 

Item Patients (n=53)  

Age (yrs), mean ± SD 
median (range) 

8.60 ± 4.41 
8 (1.9 – 19) 

Age of onset (yrs), mean±SD 
median (range) 

4.68 ± 3.11 
3 (1 - 12) 

Duration of follow up (yrs), mean ± SD 
median (range) 

3.89 ± 2.36 
4 (0.5-9) 

Male/Female 31/22 

Consanguinity, n (%) 5 (9.43%) 

Positive family history**, n (%) 6 (11.32%) 

Weight (kg), mean ± SD 
median (range) 

28.77 ± 13.35 
26 (10 - 76) 

Weight percentile, mean ± SD 
median (range) 

43.35±34.46 
30 (3-97) 

Height (cm), mean ± SD  117.74±20.87 

Height percentile, mean ± SD 12.06±11.71 

median (range) 5 (5-50) 

BMI (kg/m2), mean ± SD  20.64 ± 4.20 

HTN*** at presentation, n (%) 9 (16.98%) 

CKD 3-5, n (%) 8 (15.09%) 
SRNS: steroid resistant nephrotic syndrome, BMI: body mass index, HTN: hypertension, CRI: chronic 

renal insufficiency. 
*P-value less than 0.05 is considered statistically significant. 

** SRNS in siblings or cousins. 
*** Blood pressure above 95th percentile for age and sex. 

 
Out of 53 SRNS patients, 47 had performed renal biopsy. Those who did not perform were 
because of parental refusal. Mesangioproliferative glomerulonephritis (MesPGN) was the 
most common pathological features and was noted in 20/47 (42.55%) patients, followed by 
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FSGS, MCNS, and Membranous glomerulonephritis (Membranous-GN), and were noted in 
12/47 (25.53%), 10/47 (21.28%), and 5/47 (10.46%) patients respectively. Two SSNS 
patients had performed renal biopsy because of older age at presentation (>12 years) and 
reveled MesPGN in both. Most patients performed only light microscopy (LM) as 
immunoflorescence (IF) and electron microscopy (EM) are not supported by the insurance 
system. No patients were diagnosed as SLE by other SLE criteria or serology. 
 
Progression of CKD stage according to the National Kidney Foundation’s Kidney Disease 
outcomes Quality Initiative (K/DOQI) [5] from stage 1 is common in SRNS patients. Six of 
our patients (11.32%) reached stage 5 CKD (end stage renal failure) that necessitated renal 
replacement therapy, 2 had CKD stage 3 and 4 patients had CKD stage 2. GFR of the 
patients was measured using Schwartz formula [6]. 
 
3.1 Treatment Regimes Used in SRNS  
 
One immunosuppressant was used in 23/53 (43.40%) patients, 2 immunosuppressants were 
used in 24/53 (45.28%) patients, and 3 immunosuppressants were used in 6/53 (11.32%) 
patients. 
 
First line of therapy was cyclophosphamide in 44 (83.02%) patients, cyclosporine in 6 
(11.32%) patients, mycophenolate moeftil (MMF) in 1 (1.89%) patients and chlorambucil 
(part of Italian protocol) in 2 (3.77%) patients. Second line of therapy was cyclophosphamide 
in 1 (1.89%) patient, cyclosporine in 27 patients (50.94%) and MMF in 2 (3.77%) patients. 
Chlorambucil was used (part of Italian protocol) as first line in 2 patients (3.77%). 
 
3.2 Response to Immunosuppressants 
 
Total number of patients who showed complete response to immunosuppressives was 29/53 
(54.72%) patients (19 became infrequent relapsers and 10 became SDNS), while 14 
(25.42%) patients showed partial response (reduction of proteinuria >50% of pre-treatment 
levels with serum albumin ≥2.5mg/dl) and the remaining 10 (18.87%) patients showed no 
response. 
 
In order to identify factors that might be related to the response to immunosuppressive 
therapy, we compared SRNS patients who showed complete response (infrequent relapsers 
and those who became SDNS), with those who showed no or partial response to therapy. A 
positive family history of renal disease, a higher initial Pr/C ratio before therapy and lack of 
partial response to steroids may be related to poor or no response to immunosuppressive 
therapy (P<0.05) (Table 2). 
 
Regarding the effect of therapy on the anthropometric parameters (weight and height), SRNS 
patients who showed no or partial response to therapy had a significantly lower weight and 
height percentiles compared to those who showed complete response (P = 0.002 and 0.02 
respectively) (Table 3). 
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Table 2. Factors affecting response to immunosuppre ssive therapy 
 
Item Complete response  

(infrequent 
relapser &  SDNS) 
(n = 29) 

No or partial  a 
response 
(n=24) 

P – 
value  

Age of onset (yrs), mean±SD 
median (range) 

4.55 ± 3.02 
3 (1 – 11) 

4.85 ± 3.28 
1.3 (3.5 - 12) 

0.74 

Male/Female 20 / 9 11 / 13 0.10 
Consanguinity, n (%) 1 (3.45%) 4 (16.67%) 0.16 
Family history, n (%) 0 (0.00) 6 (25%) b 0.00* 
HTN at presentation, n (%) 3 (10.34%) 7 (29.17%) 0.16 
Initial urinary Pr/C ratio (mg/g) 
mean ± SD (range) 

6.61 ± 2.86 
(3 – 13) 

9.55 ± 4.15 
(3.5 – 20) 

0.00* 

Initial serum albumin (g/dl), mean ± SD 1.56 ± 0.54 1.33 ± 0.37 0.09 
Initial serum creatinine, (mg/dl), mean 
± SD 

0.39 ± 0.14 0.40 ± 0.21 0.84 

Partial response to steroid, n (%) 18 (62.07%) 5 (20.83%) 0.00* 
SDNS: steroid dependent nephrotic syndrome, HTN: hypertension, Pr / C ratio: protein to creatinine 

ratio. *P-value less than 0.05 is considered statistically significant. 
a  We preferred to add patients with partial response to those who did not response rather than those 

who responded completely as some patient with partial response developed chronic renal 
insufficiency. 

b Out of theses 6 cases, positive family history of renal disease in other siblings were noted in 3 cases 
and of other relatives in another 3 cases. 

 
Table 3. Effect of resistance to treatment on anthr opometric parameters 

 
Item Complete  

response (n=29) 
Partial or no 
response (n=24) 

P – value  

Weight (kg), mean ± SD 
median (range) 

30.86 ± 14.36 
28 (12 – 76) 

26.25 ± 11.81 
24 (10 – 54) 

0.21 

Weight percentile, mean ± SD 
median (range) 

56.29±32.04 
60 (7-97) 

27.71±31.12 
15 (3-95) 

0.002* 

Height (cm), mean ± SD 119.66  ±  21.09 115.42  ± 20.81 0.47 

Height percentile, mean ± SD 
median (range) 

15.41±13.20 
10 (5-50) 

8±8.12 
5 (5-40) 

0.02* 

BMI (kg/m2), mean ± SD 21.32 ± 4.72 19.81 ± 4.06 0.19 
BMI: body mass index 

*P-value less than 0.05 is considered statistically significant. 
 
3.3 Response to Individual Immunosuppressant    
 
3.3.1 Cyclophosphamide  
 
Cyclophosphamide was used as the first line of therapy in 44 patients, out of them, 14 
patients (31.82%) showed complete response, 18 patients (40.91%) showed partial 
response, while 12 patients (27.27%) did not show any response.  
 



 
 
 
 

British Journal of Medicine & Medical Research, 3(4): 1074-1086, 2013 
 
 

1079 
 

Thirty-eight biopsies were performed in this group, and according to the results of the 
pathological examination, 10/38 patients (26.32%) were MCNS, while 28/38 patients 
(73.68%) were non–MCNS. A complete response to cyclophosphamide therapy was 
reported in significant number of MCNS patients with than non–MCNS patients (p=0.03) 
(Table 4).   
 
Table 4. Clinical response in relation to renal bio psy results in SRNS patients received 

cyclophosphamide as the 1st line therapy 
 
Item MCNS 

(n=10) 
Non – MCNS 
(n=28) 

P – value 

Complete response, n (%) 5 (50%) 4 (14.29%) 0.03* 
Partial response 4 (40%) 13 (46.43%) 
No response 1 (10%) 11 

MCNS: minimal change nephritic syndrome 
*P-value less than 0.05 are considered statistically significant. 

 
Of the six patients who did not perform biopsy, 5 showed complete response and one 
showed partial response to therapy. Of the 30 patients who showed partial or no response, 
27 received further immunosuppression (in the remaining 3 patients, either parents refused 
to continue immunosupression or patients were still on follow-up). 
 
3.3.2 Cyclosporine  
 
Cyclosporine was used as second line therapy after cyclophosphamide in 26 patients and 
after MMF in one patient. Out of 26 patients, 7 showed complete response, 12 showed 
partial response and 7 showed no response. All the 7 patients who showed complete 
response have already showed partial response to cyclophosphamide and all the 7 patients 
who showed no response showed also no response to cyclophosaphamide (Table 5). 
 
Cyclosporine was used as first line therapy in 6 non–MCNS patients, 3 of them showed 
complete response (50%) and 3 showed no response (50%).  
 
3.3.3 MMF 
 
MMF was used in 8 patients, as first line therapy in one patient (who showed no response), 
as 2nd line therapy after cyclosporine in 2 patients, and as 3rd line therapy after 
cyclophosphamide and cyclosporine in 5 patients. Of the later 7 patients, MMF did not show 
any additional effect following the other immunosuppressants in 5 patients, showed partial 
improvement in one patient and leaded to complete response in one patient who failed to 
show any response to both cyclophosphamide and cyclosporine.  
 
Table 5 compares mean Pr/C ratio in urine, mean serum albumin, and mean serum creatinine 
levels before and after therapy. A significant improvement was noted in the urinary Pr/C ratio, 
mean serum albumin after prednisone therapy, also after initiation of the first and second lines 
of immunosuppressive therapy, but values did not show significant change after the 3rd line of 
therapy. Changes in the mean values of serum creatinine before and after therapy were not 
significant except for the mean initial value of patients who received the second line in 
comparison to the mean value after giving the second line therapy (P<0.01). 
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The responses of the SRNS patients to treatment after each line of immunosuppressive 
therapy is shown in Fig. 1.  
 
Table 5. Comparison between protein to creatinine r atio in urine, serum albumin, and 

serum creatinine levels before and after therapy 
 
(A) Before and after prednisone therapy (n=53)  
Item Initial (before treatment) After  P-value 
Urinary Pr/C ratio (mg/g) 

− mean ± SD 
− median (range) 

 
4.94 ± 3.67 
6.35 (3–20) 

  
4.89 ± 3.67 
3.60 (0.2 – 20) 

 
0.00* 

Serum albumin (g/dl), mean 
± SD 

1.45 ± 0.48 2.01 ± 0.53 0.00* 

Serum creatinine (mg/dl), 
mean ± SD 

0.39 ± 0.18 0.43 ± 0.18 0.30 

(B) Before and after first line therapy (n=53)  
Item Initial  

(1) 
Before 1 st 
line (2) 

After 1 st line 
(3) 

P-value 
1 v 3 2 v 3 

Urinary Pr/C ratio (mg/g)    0.00* 0.00* 
− mean ± SD 4.94 ± 3.67 4.89 ± 3.67 2.32 ± 2.91 
− median (range) 6.35 (3–20) 3.60 (0.2-20) 1.30 (0.01-14) 

Serum albumin (g/dl), mean 
± SD 

1.45 ± 0.48 2.01 ± 0.53 3.06 ± 0.98 0.00* 0.00* 

Serum creatinine (mg/dl), 
mean ± SD 

0.39 ± 0.18 0.43 ± 0.18 0.50 ± 0.39 0.07 0.22 

(C) Before and after second line therapy (n=30)  
Item Initial 

(1) 
Before 2 nd 
line(2) 

After 2 nd line 
(3) 

P-value 
1 v 3 2 v 3 

Urinary Pr/C ratio (mg/g)    0.00* 0.02* 
− mean ± SD 8.19 ± 3.90 3.66 ± 3.13 2.01 ± 2.42 
− median (range) 6.85 (3.5-20) 3.20 (0.2-14) 0.95 (0.01-9.2) 

S. albumin (g/dl), mean ±SD 
 

1.40 ± 0.41 2.42 ± 0.73 2.92 ± 0.78 0.00* 0.01* 

S. creatinine (mg/dl), mean 
± SD 

0.39 ± 0.18 0.54 ± 0.45 0.67 ± 0.44 0.00* 0.27 

(D) Before and after third line therapy (n=6)  
Item Initial  

(1) 
Before 3 rd 
line (2) 

After 3rd line 
(3) 

P-value 
1 v 3 2 v 3 

Urinary Pr/C ratio (mg/g)    0.16 0.4 
− mean ± SD 6.85 ± 2.39 1.95 ± 3.13 3.63 ± 4.56 
− median (range) 6.2 (4.2-10.2) 1.95 (0.6–4.30) 1.85 (0.1–11.9) 

Serum albumin (g/dl), mean 
± SD 

1.25 ± 0.16 2.38 ± 0.65 3.10 ± 0.85 0.00* 0.13 

Serum creatinine (mg/dl), 
mean ± SD (range) 

0.38 ± 0.18 
(0.2 – 0.6) 

0.62 ± 0.23 
(0.4 – 1) 

2.93 ± 3.56 
(0.4 – 8) 

0.11 0.14 

Pr/C ratio: protein to creatinine ratio 
*P-value less than 0.05 is considered statistically significant. 
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Fig. 1. Course of steroid resistant nephrotic syndr ome patients 
 

SRNS: steroid resistant nephrotic syndrome, SDNS: steroid dependant nephrotic syndrome, CRI: 
chronic renal insufficiency, ESRD: end stage renal disease. 

- There is less numbers of SRNS patients with no or partial response after each stage of therapy 
as some patients entered into CRI before continuing therapy, some parents refused further 

immunosuppressives and some were still on follow up. 
* SDNS patients received Further Immunosuppressive therapy but results are not mentioned. 

 
4. DISCUSSION 
 
NS is a set of clinical symptoms proteinuria (in children, a protein excretion greater than 40 
mg/m2/hr indicates nephrotic syndrome), hypoproteinemia, edema, and hyperlipidemia [7]. 
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Childhood NS is often steroid sensitive, usually with favorable long-term prognosis 
characterized by a relapsing course in 50-80% of cases [8]. However, a major problem in the 
management of children who have frequent relapses is the serious side effects resulting from 
continuous steroid therapy [9].   
 
A positive family history of renal disease that was recorded in 6 patients, all of them were 
SRNS. Mutations in the genes encoding various podocyte proteins, including podocin 
(NPHS2) and nephrin (NPHS1), had been described in a variable proportion of patients with 
familial and sporadic SRNS [14]. The likelihood of detecting a mutation is higher in patients 
with family history of NS or its onset in infancy [3].  
 
In our study, the height was clearly affected as evidenced by the low median height percentile 
(5, with range from 5-50).  Major causes of growth retardation in patients with NS are the loss 
of insulin-like growth factors (IGFs) and/or IGF-binding proteins (IGFBPs) and corticosteroids 
therapy [15, 16]. Reports suggested that there are changes in serum level of IGFs and IGFBPs 
among nephrotic children [17,18]. Corticosteroids induce overt elevation of serum IGF-1 levels, 
which result in the potential development of IGF resistance, one of the main factors 
responsible for persistent growth retardation [19]. 
 
The underlying histopathology in SRNS is usually non-minimal change disease with a high 
incidence of FSGS [20-22]. FSGS was the most common histopathology among SRNS 
children in many reports [11,12,23,24]. However, in our study, MesPGN was the most common 
histopathology in SRNS patients and was noted in 42.55% of them. FSGS, MCNS, and 
membranous GN were also detected in 25.53%, 21.28%, and 10.64% of patients, respectively. 
 
Similarly Cucer et al [25] noted that MesPGN was the most common histopathology (43.1% of 
patients). Other histological findings were MCNS, MGN, FSGS and MPGN (17.6%, 15.7%, 
7.8% and 7.8% of patients respectively). Nikibakhsh et al [26] also reported that FSGS was not 
the most prevalent histopathology among their SRNS patients; they reported that the 
histological findings of their 37 SRNS children included MCNS in 16 patients, MesPGN in 11 
patients and FSGS in 10 patients. To some extent, age predicts the histological lesion 
associated with NS. Children diagnosed before the age of 6 years represented 79.6% of those 
with MCNS compared with 50% of those with FSGS and only 2.6% of those with MPGN [27].  
 
In our study, the median age of onset MCNS-associated SRNS patients was 3 (range 1-8) 
years, which was lower than that of SRNS patients with non-MCNS (median 4; range 1-12) 
years. The mean age at onset of idiopathic SRNS appears to be a function of glomerular 
morphologic lesion as children with minimal change disease-associated SRNS tend to be 
younger (2.2-5.1 years) [2,28,29] than those with non-minimal change disease-associated 
SRNS who are older (6.2-8.72 years) [13,26,30]. 
 
Various medications had been used to treat children with SRNS including cyclosporine, MMF, 
cyclophosphamide, and azathioprine. The rate of complete remission after using different 
immunosuppressive agents varies from 30% to 84%, depending on the treatment protocols 
[11,31,32].     
 
In our study, cyclophosphamide, cyclosporine, MMF, and chlorambucil were used for 
management of SRNS patients. Our results showed that 54.72% of patients showed complete 
response to immunosuppressive therapy, while 25.42% of patients showed partial response 
and the remaining 18.87% showed no response. Of SRNS patients, 8/53 (15.09%) developed 
impairment of kidney functions; 6/53 (11.23%) of them reached ESRD that necessitated renal 
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replacement therapy. FSGS was the most common histopathology in patients who developed 
chronic renal insufficiency and was noted in 5 patients, followed by MesPGN in 2 patients and 
membranous GN in 1 patient. Patients with SRNS are at major risk of developing ESRD, which 
is seen in <3% of patients with idiopathic NS who respond to glucocorticoid therapy [33]. 
FSGS is the most frequent cause of ESRD and constitute 10% of all children undergoing 
dialysis [34].  
 
In our study, cyclophosphamide was the most frequently used medication and was given as 
first line therapy in 44 patients, 31.82% of them showed a complete response. Thirty-eight 
biopsies were performed in this group, and accordingly 10/38 patients (26.32%) were MCNS, 
while 28/38 patients (73.68%) were non-MCNS. A complete response to cyclophosphamide 
therapy was reported in significant number of MCNS patients than non–MCNS patients, which 
could indicate that renal pathology may predict the response to cyclophosphamide in SRNS 
patients. 
 
Similarly, Cucer et al. [25] retrospectively studied the effectiveness of cyclophosphamide in  
SRNS children and observed a complete remission in 43.1% of patients; remission was also 
observed mainly in children with MCNS. However, Kari and Halawani [11], noted that out of 16 
children who were treated with cyclophosphamide either oral or intravenous, only 4 (25%) 
achieved complete remission (2 FSGS, one MCNS and one IgM nephropathy).  
 
In our study, cyclosporine was used as first line of therapy in 6 patients, 3 of them showed 
complete response (50%) and 3 showed no response (50%); all 6 patients were non – MCNS. 
Cyclosporine was also used as a second line therapy after cyclophosphamide in 26 patients 
and after MMF in only one patient. Out of these 26 patients, 7 showed complete response, 12 
showed partial response and 7 showed no response.  
 
Nearly similar to these results were reported by Nikibakhsh et al [26]. Thirty-seven children 
with SRNS were treated with cyclosporine for six months, out of them 12 patients (32.4%) went 
into complete remission, and 2 patients (5.4%) got partial remission. The highest response rate 
to cyclosporine was observed in patients with MCNS. Tahar and Rachid [12] reported 
complete remission in 50%, partial remission in 30%, and no response in 20% of their patients. 
Mello et al [35] also reported complete remission in 53%, incomplete or partial remission in 
30% and no improvement in 17% of their patients. 
 
5. CONCLUSION 
 
Partial response to steroids or to first line of immunosuppressives predicts better response to 
further immunosuppressives in SRNS patient. Most SRNS patients who respond to 
immunosuppressives show this response after the first or second line therapy.  
 
Cyclophosphamide is a preferable line in MCNS as it gives good results (50% complete 
response) with the advantage of lower cost and shorter duration of use. In patients with non-
minimal change lesions or those who failed to respond to cyclophosphamide, cyclosporine is 
used. 
 
CONSENT  
 
Consent was obtained from every parent/surrogate of the study candidates. If they had 
questions, a study physician would clarify the consent form from a standardized set of key 
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points that covered each section. Parents who indicated that they understood and agreed to 
the terms of the study provided the consent.  
 
ETHICAL APPROVAL 
 
The Scientific Research Committee of Pediatrics Department, Faculty of Medicine-Cairo 
University, approved the study design. Data confidentiality was preserved according to the 
Revised Helsinki Declaration of Bioethics. 
 
SOURCE OF FUNDING 
 
Self-funded by authors. All authors have revised and approved this manuscript. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing interests exist. 
 
REFERENCES 
 
1. Skálová S, Podhola M, Vondrák K, Chernin G. Plasmapheresis-induced clinical 

improvement in a patient with steroid-resistant nephrotic syndrome due to podocin 
(NPHS2) gene mutation. Acta Medica (Hradec Kralove). 2010;53:157-159. 

2. Kim JS, Bellew CA, Silverstein DM, Aviles DH, Boineau FG, Vehaskari VM. High 
incidence of initial and late steroid resistance in childhood nephrotic syndrome. Kidney 
Int. 2005;68:1275-1281. 

3. Hinkes BG, Mucha B, Vlangos CN, et al. Nephrotic syndrome in the first year of life: 
two thirds of cases are caused by mutations in 4 genes (NPHS1, NPHS2, WT1, and 
LAMB2). Pediatrics. 2007;119:907–919. 

4. Bagga A, Mantan M. Nephrotic syndrome in children. Indian J Med Res. 2005;122:13-
28. 

5. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, 
classification, and stratification. Am J Kidney Dis. 2002;39:S1–266. 

6. Schwartz GJ, Haycock GB, Edelmann CM, Jr., et al. A simple estimate of glomerular 
filtration rate in children derived from body length and plasma creatinine. Pediatrics. 
1976;58:259–263. 

7. Nadir SJ, Saleem N, Amin F, Mahmood KT. Steroid sensitive nephritic syndrome in 
pediatrics. Park J Pharm Sci. 2011;24:207-210.   

8. Fomina S, Pavlenko T, Englund E, Bagdasarova I. Clinical course of steroid sensitive 
nephritic syndrome in children: outcome and outlook. The Open Pediatric Medicine 
Journal. 2011;5:18-28. 

9. Saeed B, Ossman MI, Sheriff S. Cyclosporine utilization in idiopathic nephritic 
syndrome in children. Saudi J Kidney Dis Transplant 2006;17:497-502. 

10. Roth KS, Amaker BH, Chan JCM. Nephrotic syndrome: Pathogenesis and 
Management. Pediatr Rev. 2002;23:237-248. 

11. Kari JA, Halawani M. Treatment of steroid resistant nephrotic syndrome in childrn. 
Saudi Kidney Dis Transpl. 2010;21(3):484-487. 

12. Tahar G, Rachid LM. Cyclosporine A and steroid therapy in childhood steroid-resistant 
nephrotic syndrome. Int J Nephrol Renovas Dis. 2010;3:117-121. 



 
 
 
 

British Journal of Medicine & Medical Research, 3(4): 1074-1086, 2013 
 
 

1085 
 

13. Olowu WA, Adelusola KA, Adefehinti O. Childhood idiopathic steroid resistant 
nephrotic syndrome in Southwestern Nigeria. Saudi J Kidney Dis Transpl. 
2010;21:979-90. 

14. Antignac C. Molecular basis of steroid-resistant nephrotic syndrome. Nefrologia. 
2005;25 Suppl:25-28. 

15. Davin JC, Rutjes NW. Nephrotic syndrome in children: from bench to treatment. Int J 
Nephrol. 2011;2011:372304. 

16. Park SJ, Shin JI. Complication of nephrotic syndrome. Korean J Pediatric. 
2011;54:322-326. 

17. Zhou X, Loke KY, Pillai CC, How HK, Yap HK, Lee KO. IGFs and IGF-binding proteins 
in short children with steroid-dependent nephrotic syndrome on chronic 
glucocorticoids: changes with 1 year exogenous GH. Eur J Endocrinol. 2002;144:237-
243. 

18. Dong F, Ren J. Insulin-like growth factors (IGFs) and IGF-binding proteins in nephrotic 
syndrome children on glucocorticoid. Pharmacol Res. 2003;48:319-323. 

19. Dong F, Zhou X, Pang N, Wei M. Effect of glucocorticoid treatment on insulin like 
growth factor-I and its binding proteins in children with nephrotic syndrome. Chin Med 
J (Engl). 2002;115:1383-1385. 

20. Kari JA. Changing trends of histopathology in childhood nephrotic syndrome in 
western Saudi Arabia. Saudi Med J. 2002;23:317-321. 

21. Borges FF, Shiraichi L, da Silva MP, Nishimoto EI, Nogueira PC. Is focal segmental 
glomerulosclerosis increasing in patients with nephrotic syndrome?. Pediatr Nephrol. 
2007;22:1309-1313. 

22. Hogg R, Middleton J, Vehaskari VM. Focal segmental glomerulosclerosis-
epidemiology aspects in children and adults. Pediatr Nephrol. 2007;22:183-186. 

23. Plank C, Kalb V, Hinkes B, Hildebrandt F, Gefeller O, Rascher W; 
Arbeitsgemeinschaft für Pädiatrische Nephrologie. Cyclosporin A is superior to 
cyclophosphamide in children with steroid-resistant nephrotic syndrome-a randomized 
controlled multicentre trial by the Arbeitsgemeinschaft für Pädiatrische Nephrologie. 
Pediatr Nephrol. 2008;23:1483-1493.  

24. Gulati S, Sengupta D, Sharma RK, Sharma A, Gupta RK, Singh U, Gupta A. Steroid 
resistant nephrotic syndrome: role of histopathology. Indian Pediatr. 2006;43:55-60. 

25. Cucer F, Miron I, Muller R, Halitchi CI, Mihaila D. Treatment with Cyclophosphamide 
for steroid-resistant nephrotic syndrome in children. Maedica. 2010;5(3):167-170. 

26. Nikibakhsh AA, Mahmoodzadeh H, Karamyyar M, Hejazi S, Noroozi M, Macooie AA. 
Treatment of steroid and cyclosporine-resistant idiopathic nephrotic syndrome in 
children. Int J Nephrol. 2011;2011:930965 

27. Gbadegesin R, Smoyer WE. Nephrotic syndrome. In: comprehensive pediatric 
nephrology, 1st edition. Geary DF, Schafefer F (eds). Mosby. 2008;12:205-218 

28. Bajpai A, Bagga A, Hari P, Dinda A, Srivastava RN. Intravenous cyclophosphamide in 
steroid-resistant nephrotic syndrome. Pediatr Nephrol. 2003;18(4):351-356. 

29. Schwaderer P, Knüppel T, Konrad M, Mehls O, Schärer K, Schaefer F, Weber S. 
Clinical course and NPHS2 analysis in patients with late steroid-resistant nephrotic 
syndrome. Pediatr Nephrol. 2008;23(2):251-256. 

30. Chernin G, Heeringa SF, Gbadegesin R, Liu J, Hinkes BG, Vlangos CN, Vega-Warner 
V, Hildebrandt F. Low prevalence of NPHS2 mutations in African American children 
with steroid-resistant nephrotic syndrome. Pediatr Nephrol. 2008;23:1455-1460. 

31. Ehrich JH, Geerlings C, Zivicnjak M, Franke D, Geerlings H, Gellermann J. Steroid-
resistant idiopathic childhood nephrosis: overdiagnosed and undertreated. Nephrol 
Dial Transplant. 2007;22:2183-2193. 



 
 
 
 

British Journal of Medicine & Medical Research, 3(4): 1074-1086, 2013 
 
 

1086 
 

32. Del Rio M, Kaskel F. Evaluation and management of steroid-unresponsive nephrotic 
syndrome. Current Opinion in Pediatrics. 2008;20:151–156 

33. Niaudet P. Steroid-resistant idiopathic nephrotic syndrome in children. In: Pediatric 
nephrology, 5th edition. Avner ED, Harmon WE, Niaudet P (eds). Lippincott Williams 
and Wilkins. 2004;28:558-573. 

34. Ehrich JH, Pape L, Schiffer M. Corticosteroid-resistant nephrotic syndrome with focal 
and segmental glomerulosclerosis : an update of treatment options for children. 
Paediatr Drugs. 2008;10(1):9-22. 

35. Mello VR, Guersoni AC, Martini D, Toporovski J. Cyclosporine in the treatment of 
steroid- resistant and steroid-dependent idiopathic nephrotic syndrome. J Bars Nefrol. 
2002;24(SupI IA):19-24. 

 
© 2013 Talaat et al.; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 
 
 
 Peer-review history: 

The peer review history for this paper can be accessed here: 
http://www.sciencedomain.org/review-history.php?iid=205&id=12&aid=1138 


