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Introduction

FSGS is not a single disease but rather a diagnostic term for a 
clinical-pathologic syndrome that has multiple causes and 
pathogenic mechanisms. 

The ubiquitous clinical feature of the syndrome is 
proteinuria, which may be nephrotic or non nephrotic.

pathologic feature is focal segmental glomerular 
consolidation or scarring, which may have several distinctive 
patterns
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Classification of Focal Segmental 
Glomerulosclerosis:

Which may have several distinctive patterns ,These patterns can be 
classified as :

• Collapsing FSGS

• Tip lesion FSGS

• Cellular FSGS 

• Perihilar FSGS

• FSGS not otherwise specified (NOS)
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Epidemiology

Over the past 2 decades, the incidence of FSGS has increased, whether 

expressed as an absolute number of patients or as a proportion of the total 

incident population of patients with end-stage kidney disease (ESKD).
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Pathology

Light Microscopy:

FSGS is characterized by focal and segmental glomerular sclerosis or

consolidation.

The sclerosis may begin as segmental consolidation caused by 
insudation of plasma proteins causing hyalinosis, by accumulation of 
foam cells, by swelling of epithelial cells, and by collapse of capillaries 
resulting in obliteration of capillary lumens.

These events are accompanied by increased extracellular matrix material 
that accounts for the sclerosis component of the lesion.
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Continue…..

The limited number of glomeruli in a kidney biopsy specimen may not 
include any of the segmentally sclerotic glomeruli that are present in the 
kidney.

In this case, focal tubulointerstitial injury or glomerular enlargement, which 
often accompanies FSGS, can be used as a surrogate marker.

For example, FSGS should be considered in kidney biopsy specimens of 
patients with nephrotic syndrome when there is relatively well-circumscribed 
focal tubular atrophy and interstitial fibrosis with slight chronic inflammation, 
even when there are no light microscopic glomerular lesions, no immune 
deposits, and no ultrastructural changes other than foot process effacement.
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continue…..

Focal segmental glomerular scarring is nonspecific. Many injurious 
processes can cause focal glomerular scarring and must be ruled out 
before making a diagnosis of FSGS.

For example:

FSGS, caused by :IgA nephropathy, lupus nephritis, or ANCA, can result in 
focal segmental glomerular scarring that is indistinguishable FSGS.

Findings by IF, electron microscopy, and serology, can reveal a glomerulo
nephritic basis for focal glomerular scarring.
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Immunofluorescence Microscopy

In all the histologic variants, nonsclerotic glomeruli and segments 
usually show no staining for immunoglobulins or complement.

Low-level mesangial C3 staining is less frequent, and low-level IgG and 
IgA staining are uncommon.

The presence of substantial staining of nonsclerotic glomeruli for 
immunoglobulins, especially if immune complex–type, electron-dense 
deposits are present, points toward the sclerotic phase of a focal immune 
complex glomerulonephritis rather than FSGS.
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Electron Microscopy

• Electron microscopy plays an important role in the diagnosis of 
FSGS. 

• Foot process effacement in FSGS affects sclerotic and nonsclerotic
glomeruli and usually is more focal than in MCD.

• Foot process effacement is less extensive in some forms of secondary 
FSGS than in idiopathic FSGS.
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Continue……

• When electron-dense material is present in sclerotic but not in non 
sclerotic glomerular segments, it should not be considered as evidence 
for immune complex– mediated glomerular disease.

• Conversely, well-defined mesangial or capillary wall electron-dense 
deposits in nonsclerotic segments indicate immune complex mediated 
glomerulonephritis with secondary scarring, which should be 
confirmed and further characterized by IF microscopy.
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Pathogenesis

These include, but are not limited to,

• genes coding for podocin (NPHS2) nephrin (NPHS1)

• α-actinin-IV (ACTN4)

• transient receptor potential cation channel, subfamily C, member 6 
(TRPC6) 

• phospholipase Cε1 (PLCE1)
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Clinical Features and Natural History

• Proteinuria is the hallmark feature of all forms of primary FSGS. The 
degree of proteinuria varies from nonnephrotic (1–2 g of protein/day) 
to over 10 g of protein/day, associated with all of the morbid features 
of nephrotic syndrome.

• Hematuria occurs in over 50% of FSGS patients .

• Gross hematuria is more commonly seen in FSGS than in MCD.

• Hypertension is a presenting feature in one-third of patients.

Children tend to have more proteinuria, whereas hypertension is more 
common in adults.
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Continue….

• Patients with collapsing FSGS have substantially more proteinuria, a 
lower serum albumin level, and a higher serum creatinine level than 
patients with perihilar FSGS.

• Pamidronate,and interferon also been reported to be associated with 
the development of collapsing FSGS. 
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Laboratory Findings

Hypoproteinemia is common in patients with FSGS, with total serum 

protein reduced to varying extents.

 The serum albumin concentration may fall to below 2 g/dL,especially

in patients with collapsing and glomerular tip variants of fsgs.
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Continue…..

• Forms of nephrotic syndrome, levels of immunoglobulins are

typically depressed

• levels of lipids are increased, especially the serum cholesterol level. 

• Serum levels of complement components are generally in the normal 
range in FSGS.

• Circulating immune complexes have been detected in patients with 
FSGS 

• Serologic testing for HIV infection should be obtained for patients 
with FSGS, especially those with the collapsing pattern.
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Treatment

• Angiotensin Inhibitors:

• ACE inhibitors and angiotensin II receptor blockers (ARBs) have been 
evaluated in the treatment of FSGS.

• ACE inhibitors have been shown to decrease proteinuria and the rate 
of progression to ESKD in diabetic and nondiabetic kidney disease. 
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Continue….

• Patients with sub nephrotic-range proteinuria have a generally good 
prognosis, and the initial therapy should be focused on blood pressure 
control, preferentially using maximal tolerated dosages of (RAAS) 
blockers.

• Glucocorticoids or immunosuppressive therapy should be targeted to 
patients with idiopathic FSGS and nephrotic syndrome.
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Glucocorticoids

• As in adult patients with MCD, a longer course of therapy at higher 
doses of prednisone may be necessary to induce remission.

• Thus, in those series and in retrospective analyses that showed an 
increased remission rate, prednisone treatment was continued for 16 
weeks to achieve remission. In adult patients, the median time for 
complete remission was 3 to 4 months.
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Relapsing patients 

• A portion of patients showing a positive response to corticosteroid 
treatment will experience relapse. Guidelines for the retreatment of 
relapsing patients are similar to those for treatment of patients with 
relapsing MCD.

• In patients whose remission prior to relapse was prolonged (>6 
months, a repeat course of corticosteroid therapy may again induce a 
remission.
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Cyclophosphamide

• The International Study of Kidney Diseases in Children carefully 
examined the role of cyclophosphamide in the treatment of children 
with FSGS.

• Daily oral cyclophosphamide (2.5 mg/kg) was administered in 
addition to prednisone (40 mg/m2 every other day) for 12 months, and 
results were compared with those for prednisone alone. The addition 
of cyclophosphamide had no effect on the change in proteinuria or the 
likelihood of achieving complete resolution of proteinuria.
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cyclophosphamide

• In summary, the limited, currently available data do not support the 
use of cyclophosphamide in patients with FSGS.
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Cyclosporine

• FSGS that is resistant to prednisone may be induced into remission by

cyclosporine.

• The effectiveness of cyclosporine in inducing remission of proteinuria 
in patients with FSGS has been demonstrated in two randomized 
controlled trials.
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Cyclosporine

• (5 mg/kg/day for adults, 6 mg/kg/day for children) for 6 months, with 
the drug then tapered off by 25% every 2 months.

• Unfortunately, relapses occurred in 69% of patients after the 
withdrawal of cyclosporine.

6/18/2023 27



How long should patients be treated with 
cyclosporine?

• when patients remained in remission for over 12 months, cyclosporine 
was slowly tapered and eventually removed, without subsequent 
relapse. 

• long-term treatment with cyclosporine was associated with increases 
in tubular atrophy and interstitial fibrosis, the degree of which was 
positively correlated with:

• The initial serum creatinine level

• The number of segmental scars on initial biopsy specimens

• A cyclosporine dose of more than 5.5 mg/kg/day
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Mycophenolate Mofetil

• The randomized controlled FSGS Clinical Trial, discussed in the 
cyclosporine section, showed no significant difference in outcomes 
when comparing cyclosporine with oral pulse dexamethasone and 
MMF.
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Adaptive FSGS

• Arises after a period of nephron-level glomerular hyperfiltration and

glomerular hypertension after pathophysiology as identified

Adaptive FSGS arises from the processes described above involving 
increased single-nephron GFR (often with intraglomerular 
hypertension), leading to progressive cycles of glomerular hypertrophy; 
podocyte hypertrophy, stress, and depletion.
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Current Treatment Guidelines

• Improving Global Outcomes practice guidelines for the treatment of FSGS 
recommend supportive treatment for proteinuria with the use of:

• (RAAS) blockade, optimal blood pressure control, and dietary salt 
restriction.

• The use of sodium glucose cotransporter 2 inhibitor therapy has emerged as 
an attractive supportive agent class used in conjunction with RAAS 
inhibitors for across the spectrum of proteinuric kidney disease.

• Prespecific analyses of the Dapagliflozin and Prevention of Adverse 
Outcomes in Chronic Kidney Disease study have shown protective benefits 
of dapagliflozin from estimated glomerular filtration rate decline in IgA 
nephropathy and FSGS

6/18/2023 36Kidney International Reports (2023)



Finerenone:

• An additional drug class likely to be considered for supportive therapy

is nonsteroidal mineralocorticoid receptor antagonists.

• These agents have anti-inflammatory and antifibrotic properties with 
finerenone, a nonsteroidal mineralocorticoid receptor antagonist now 
approved by the US Food and Drug Administration for diabetic kidney 
disease.
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Alternative therapies: 

• Mycophenolate mofetil

• Adrenocorticotropic hormone

• Rituximab

• Extracorporeal therapies such as plasma exchange, Immunoadsorption, 
and low-density lipoprotein apheresis may have a role as adjunctive 
therapy for patients who fail to respond to steroids and other 
immunosuppressive agents.
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Defining Treatment Success

There has been a lack of consensus in defining remission end points in 
FSGS. 

in glomerular disease clinical management and trials, a complete 
remission has been a reduction of proteinuria to <0.3 g/d with a stable 
serum creatinine and serum albumin >3.5 g/dl

a partial remission is a reduction of proteinuria to 0.3 to 3.5 g/d and a 
decrease >50% from baseline.
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Podocyte structural changes in FSGS.
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Foot process effacement in FSGS.
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A. Rituximab

• Rituximab, a monoclonal antibody against CD20 on B-cells, was first 
demonstrated to induce remission of proteinuria in a single patient 
with a transplant-related lymphoma and recurrent FSGS after kidney 
transplantation.

• Subsequent reports have evaluated the effect of rituximab in case 
series of patients with primary FSGS. Overall, the response has been 
low, in the range of 20–30%, suggesting that this therapy may have a 
role in select patients with primary FSGS.
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Rosiglitazone

• Rosiglitazone and pioglitazone are oral peroxisome proliferator-activated 
receptor-γ agonists that increase insulin sensitivity. They are used as 
hypoglycemic agents in patients with type 2 diabetes mellitus and have been 
shown to have antifibrotic effects in the kidney.

• Trial showed that rosiglitazone was well tolerated in children with drug-
resistant FSGS and after 16 months of follow up, 71% of participants had 
stable GFR and reduced proteinuria.

• Future testing of peroxisome proliferator-activated receptor-γ agonists may 
be warranted.
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Recurrence of FSGS 

• Preemptive plasmapheresis or immunoadsorption in preventing 
recurrence of FSGS after transplantation. Their use is advisable 
particularly in patients receiving the kidney from a living donor and in 
those who lost a previous transplant from recurrence..

• Patients who have FSGS as their original disease should be treated as 
soon as possible with an intensive course of plasmapheresis (an 
exchange a day for 3 days, then two to three exchanges per week for 
the first 2 weeks, followed by one to two exchanges per week, using 
5% albumin as the replacement fluid).
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Adalimumab

• TNF-a antibody: The therapeutic dose of adalimumab will be 24 
mg/m2 (maximum dose: 40 mg) every other week as a subcutaneous 
injection for the entire treatment period.

• Although the pharmacokinetics (PK) data from the FONT Phase I 
Study indicated enhanced clearance of adalimumab in patients with 
FSGS and nephrotic-range proteinuria, the dose will not be increased 
above the standard amount in,order to minimize the risk of adverse 
events].
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(TNF-a) 

• (TNF-a) is an inflammatory cytokine produced by a wide range of 
cells including macrophages and renal tubular epithelial cells.

Several mechanisms for TNF-a-induced proteinuria in FSGS: 
recruitment of leukocytes to the site of glomerular injury,

 induction of cytokines and growth factors 

generation of oxygen radicals with increased glomerular endothelial 
cell permeability

Cytotoxicity

 induction of apoptosis
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Conclusions

• A correct differential diagnosis between primary FSGS, secondary 
(maladaptive, viral or toxic) and genetic FSGS in adults requires a 
clinico- pathological approach.

Future work should aim to identify biomarkers that will more precisely 
reflect the underlying pathophysiological processes.
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