
Open Journal of Nephrology, 2024, 14, 447-453 
https://www.scirp.org/journal/ojneph 

ISSN Online: 2164-2869 
ISSN Print: 2164-2842 

 

DOI: 10.4236/ojneph.2024.144040  Oct. 11, 2024 447 Open Journal of Nephrology 
 

 
 
 

Subsequent Transition from Minimal Change 
Disease to Secondary form of Focal Segmental 
Glomerulosclerosis: Not a Sampling Error yet 
Still Amenable to Immunosuppressive Therapy 

Kamel El-Reshaid1, Shaikha Al-Bader2, Hossameldin Tawfik Sallam3, John Patrick Madda4 

1Department of Medicine, Faculty of Medicine, Kuwait University, Kuwait City, Kuwait  
2Nephrology Unit, Jaber Al-Ahmad Hospital, Kuwait City, Kuwait 
3Nephrology Unit, Amiri Hospital, Kuwait City, Kuwait 
4Pathology Unit, Amiri Hospital, Kuwait City, Kuwait 

        
 
 

Abstract 
Background: Previous studies suggested that the focal and segmental nature 
of focal segmental glomerulosclerosis (FSGS) may lead to sample error or di-
agnosis error that results in minimal change disease (MCD) misdiagnosis, or 
FSGS being missed especially in patients with early lesions or limited glomer-
uli in the biopsy specimens. Patients and methods: Over the past 5 years, pa-
tients were included in the study if they had (a) relapse of nephrotic syndrome 
(NS), (b) biopsy-proven FSGS without immune deposits, (c) long-remission 
(years) after biopsy-proven Corticosteroid-refractory NS due to MCD, (c) 
negative history, clinical examination, radiological scans as well as laboratory 
and serological tests for autoimmune diseases, infections, malignancy and 
drugs-side effect. Results: After 3 months of therapy with Losartan alone; Pro-
teinuria decreased only by 22% improvement with a mild decrease in Creati-
nine clearance (ClCr) by 1.5%. However, the addition of Mycophenolate mo-
fetil (MMF) resulted in a further significant decrease in Pr to 72% compared 
to Losartan alone. Moreover, there were no significant changes in CrCl after 
1- and 2 years of follow up. Our data indicates that such a transition may not 
be due to inadequate sampling but a new lesion. Initial hemodynamic therapy 
with Losartan was not adequate and immunosuppressive therapy with MMF 
significantly improved proteinuria and stabilized their kidney function. The 
data is promising with regard to the management of patients with such relent-
less disease. In conclusion, a true transition from MCD to FSGS is amenable 
to therapy with MMF. 
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1. Introduction 

Idiopathic nephrotic syndrome (INS) is the most common form of nephrotic 
syndrome (NS) in children, accounting for > 90% of cases [1]. Its prevalence is 
nearly 16 cases per 100,000, yet its worldwide incidence varies widely between 
1.2 and 16.9 cases per 100,000 children, varying by ethnicity and region [2]. The 
majority of children with INS respond to corticosteroids (C) with a reduction of 
mortality rate in childhood INS to around 3%, though infection remained the 
most common cause of death. Hence, kidney biopsy was limited only to the 70% 
of cases that manifest C-refractory and C-resistant cases to avoid their adverse 
effects such as obesity, poor growth, hypertension, diabetes mellitus, osteopo-
rosis and adrenal suppression [3]. The distribution of histopathologic catego-
ries, among patients with INS, revealed that 76.6% had minimal change disease 
(MCD) and 6.9% had focal and segmental glomerulosclerosis (FSGS) [1]. Both 
disorders manifest severe and acute NS with variable responses to C. On a clin-
ical basis, 90% of those with MCD exhibit C-responsiveness and/or C-refracto-
riness versus only 30% in FSGS [4]. The transition from MCD to FSGS is not 
rare in clinical practice [5] [6]. However, the focal and segmental nature of FSGS 
may lead to sample error or diagnosis error, which results in MCD misdiagnosis, 
or FSGS being missed especially in patients with early lesions or limited glomer-
uli in the biopsy specimens [7]. Such sampling error is commonly revealed by 
repeat kidney biopsy in those with subsequent C-resistance that shows segmen-
tal sclerotic lesions and IgM deposits on immune-stains and electron micros-
copy [8]. In our study, we describe a different group of patients in whom MCD 
disease abated for years yet to relapse gradually later in life with a lack of depos-
its both on immune-stains and electron microscopy indicating a true transition 
of a phenotypic MCD.  

2. Patients and Methods 

Over the past 5 years; patients were included in the study if they had; (a) relapse 
of NS, (b) biopsy-proven FSGS without immune deposits, (c) long-remission 
(years) after biopsy-proven C-refractory NS due to MCD, (c) negative history, 
clinical examination, radiological scans as well as laboratory and serological tests 
for autoimmune diseases, infections, malignancy and drugs-side effect.  

2.1. Study Design 

Initially, all patients were treated for 3 months with Losartan alone as well as a low 
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protein and sodium diet. The dose of Losartan was titrated up, from 50 to 100 mg, 
as tolerated and without hypotension. After the initial phase, Mycophenolate mo-
fetil (MMF) was added till the end of the study.  

2.2. Periodic Assessment 

Patients were seen on monthly basis for 3 months then every 2 months subse-
quently. In those visits, patients were assessed clinically for severity and compli-
cations of their NS as well as side-effects of therapy. During those visits, laboratory 
investigations were done and included, complete blood count as well as serum 
estimates of sugar, renal, liver function tests, lipid profiles and urine routine. 
Twenty-four-hour urine collections for daily protein excretion (Pr) and creatinine 
clearance (CrCl)were done at times 0, 3 months, 6 months, 12 months, 18 months 
and 24-months.  

2.3. Statistical Analysis 

SPSS statistical package version 25 was used for data entry and processing. The p-
value <0.05 was used as the cut-off level for significance. Since age, duration of 
previous NS-remission, duration of follow up, Pr and CrCl were normally distrib-
uted; they were expressed as mean ± SD. Comparison of changes in protein output 
and creatinine clearance with time, following therapy, was done by t-test for re-
peated measures.  

3. Results 

A total of 11 patients fulfilled the clinical criteria for inclusion in the study. Pa-
tient’s demographical characteristics, their initial Pr and CrCl, after 3-month of 
Losartan-therapy alone and after 1- and 2-year therapy with Losartan and MMF 
combination are summarized in Table 1. Eight (73%) patients were males. All 
were adults with (age at 27 ± 4 years). Their duration of remission after previous 
was 113 ± 13 months and their duration of follow up was 41 ± 11 months.  

3.1. Response to Therapy 

As shown in Table 1, after 3-month therapy with Losartan alone; Pr decreased to 
7073, representing a 22% improvement and CrCl decreased only by 1.5%. How-
ever, the addition of MMF resulted in a further significant decrease in Pr by 72% 
compared to Losartan alone. Moreover, there were no significant changes in CrCl 
after 1- and 2-year of follow up.  

3.2. Side Effects of Therapy 

Treatment with Losartan led to a mild decrease in CrCl, mild yet tolerable cough 
and shortness of breath in 2 patients, hyperkalemia yet controlled with diet alone 
in 4 patients. Addition of MMF was associated with abdominal pains and diarrhea 
that indicated lowering of their initial dose to 500 mg thrice daily. 
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Table 1. Demographical data and response to therapy in patients with FSGS following 
MCD. 

Patients’ characteristics  (n = 11) 

Demographical data 

Gender (F/M) 3/8 

Age (years) 27 ± 4 

Duration of NS remission (months) 113 ± 13 

Duration of follow up (months) 41 ± 11 

Response to therapy with 
Losartan & MMF* 

Time 0:  

Proteinuria 9069 ± 837 

Creatinine clearance 67 ± 3 

Time 3 months  

Proteinuria 7073 ± 895 

Creatinine clearance 66 ± 2 

Time 1 year  

Proteinuria 2008 ± 299 

Creatinine clearance 66 ± 3 

Time 2 years  

Proteinuria 1854 ± 280 

Creatinine clearance 64 ± 2 

Abbreviations: MMF: Mycophenolate mofetil, FSGS: Focal segmental glomerulosclerosis, 
MCD: minimal change disease. 
*Proteinuria expressed in mg/24 hours & creatinine clearance in ml/minute. 
*Significant improvement in proteinuria (p < 0.00001) from time 0 to 3 months and 3 
months to 1 year.  
Moreover, significant improvement in proteinuria (p < 0.00) from 1 to 2 years. 
However, creatinine clearance decrease between time 0 and 3 months (p<0.01) then not 
significant  
between time 3 months and 2 years. Between 1 & 2 years; further mild decrease (p < 0.2). 

4. Discussion 

Primary FSGS and MCD are among the main causes of idiopathic nephrotic syn-
drome, termed as podocytopathies. Both manifest diffuse foot processes efface-
ment, under electron microscopy, due to change in the adhesion molecules be-
tween glomerular basement membrane and the pedicel (defective actin cytoskel-
eton) [9]. The presumed etiology of primary ones is a T-cell induction of perme-
ability plasma-factors viz. soluble urokinase plasminogen activator receptor (su-
PAR), cardiotrophin-like cytokine factor-1 (CLCF-1), and CD40 antibodies [10]. 
They affect different adhesion molecule between the podocyte and GBM, with re-
sultant variable responsiveness to immunosuppressive therapy [10]. In contrast, 
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secondary forms of FSGS are associated with; (a) excessive nephron workload (hy-
perfiltration), due to maladaptation, associated with reduced nephrons, obesity, 
hypertension, and (b) direct glomerular injury due to high-penetrance genetic 
FSGS due to mutations in one of nearly 40 genes (familial FSGS), virus-associated 
FSGS, and medication-associated FSGS [11]. Moreover, emerging data support 
the identification of a sixth category: APOL1 risk allele-associated FSGS in indi-
viduals with sub-Saharan ancestry [8]. The pathogenesis of the primary podocyto-
pathies, induced by such permeability factors, is best seen in recurrence of post-
transplant FSGS which is not reported in secondary forms [12]. Our patients un-
derwent kidney biopsy at the time of initial diagnosis of NS, which pathologically 
revealed only MCD. They did not exhibit, at that time and subsequently, clinical 
characters of missed FSGS viz. (a) steroid-resistance, (b) persistent proteinuria, 
hematuria and hypertension, as well as (c) progressive disease on follow up with 
that culminates ESKD [11]. Moreover, they did not have features of secondary or 
familial forms of FSGS associated with lack of IgM deposits in the sclerotic glo-
merular lesions. In our patient, the significant response to MMF, compared to 
ARB, indicates autoimmune disorder responsible for such transition despite a lack 
of glomerular immune deposits. In rodents, non-diabetic podocytopathies of 
MCD and FSGD were induced by a dose-dependent inducibles viz. passive Hey-
mann nephritis, puromycin aminonucleoside nephrosis, adriamycin nephrosis, 
liopolysaccharide, crescentic glomerulonephritis, and protein overload nephrop-
athy model [13]. The dose dependence of animal models supports the hypothesis 
that MCD and FSGS are two successive pathological processes of podocyte dis-
ease. Both models are based on the induction of podocytic injury and subsequent 
podocyte loss, with differences depending on the degree of podocyte injury and 
the severity of podocyte loss. Only the foot process of podocyte exfoliation similar 
to that in MCD is observed in the initial phase, while persistent podocyte loss re-
sults in the persistent damage leading to FSGS [13]. In the initial stages, this dis-
ease is steroid-sensitive. With relapses and delays, continuous proteinuria and po-
docyte loss lead to a decrease and/or loss of C-sensitivity. When podocyte loss is 
more than 30% - 40%, progressive damage and glomerular loss are inevitable [14]. 
Levels of integrins including α and β dystroglycan which determine the attach-
ment of podocytes to basement membranes are low in C-sensitive MCD com-
pared to C-resistant one and FSGS [15]. Our study explains the subsequent devel-
opment of C-refractoriness and even resistance in MCD and also FSGS since such 
primary podocytopathy is an immune-mediated phenomenon with an escalating 
dose of podocytes-antigenemia.  

Treatment should include more aggressive and potent antiproliferative agents 
such as MMF. It has 3 advantages: (a) it is a potent immunosuppressive agent, 
even in corticosteroid-resistant glomerulonephritis and organ transplants, (b) its 
safe long-term oncogenicity and gonadal toxicity compared to Cyclophospha-
mide, and (c) its antiproliferative effect which limits future glomerulosclerosis and 
progressive kidney disease [16] [17]. Limitations of the study include; its limited 

https://doi.org/10.4236/ojneph.2024.144040


K. El-Reshaid et al. 
 

 

DOI: 10.4236/ojneph.2024.144040 452 Open Journal of Nephrology 
 

number of patients and lack of long-term follow up. However, it is the first to 
disclose such an uncommon glomerulopathy and provides means of diagnosis, 
management and short- as well as medium-term follow up. 

5. Conclusion 

Late transition from true MCD to FSGS can develop as an escalating dose-depend-
ent autoimmune podocyte injury and is amenable to therapy with MMF. 
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