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Introduction 

Focal Segmental Glomerulosclerosis (FSGS) is a term used to describe both a histologic 
attribute and a disease process. It refers to a disease process, primary or idiopathic FSGS, 
when the kidney abnormality is discovered in the absence of a known systemic illness. The 
term may also be used to describe changes that occur in the glomerulus as a result of a 
multisystem disease that is apparent to the clinician. Both idiopathic and secondary FSGS are 
common causes of proteinuria and renal failure. In this discussion the clinical presentation, 
pathogenic factors, and treatment of idiopathic FSGS will be examined. Disorders that cause 
the secondary glomerular lesion will also be addressed, and pathophysiologic forces that are 
shared among these disorders will be emphasized. The goal of the discussion will be to extract 
information that may be useful to manage primary FSGS and other progressive glomerular 
diseases. 

Background 

Focal Segmental Glomerulosclerosis was first characterized in 1957 by Rich in an autopsy 
series of children with nephrotic syndrome133. Most of the 20 cases had died from infectious 
complications (many were "before the era of antibiotic chemotherapy"), but nearly half of the 
children had died from uremia. Abnormal solidification ("obliterative lesions") of the glomerulus 
was described in 80% of the cases, and these changes were prominent either throughout the 
cortex or limited to the juxtamedullary glomeruli. All of the patients with overt uremia exhibited 
the glomerular lesions throughout the cortex. The initial observations by Rich first brought 
"attention to a hitherto undescribed but characteristic peculiarity in the development of [the] 
sclerosing glomerular lesion" in nephrotic syndrome and progressive renal failure133. 

FSGS has a profound effect on the growing population in this country with end-stage renal 
disease (ESRD). The United States Renal Data System reports that documented FSGS 
accounts for nearly 6,000 patients currently receiving ESRD therapy in this country159. 

However, primary FSGS probably also contributes to the 25,000 patients with unspecified 
glomerulonephritis, the 90,000 patients with ESRD attributed to hypertension, and the 15,000 
patients with an unknown cause of ESRD159. FSGS is a particularly dramatic problem in the 
pediatric population, where it accounts for at least 10% of all ESRD patients65•159. Furthermore, 
systemic illnesses such as diabetes mellitus, intravenous drug use, sickle cell disease, obesity, 
and human immunodeficiency virus (HIV) infection produce progressive renal disease that is 
histologically nearly identical to primary FSGS (discussed below). The aging process itself is 
associated with a decline in GFR, especially after the age of 40, and this change is 
accompanied by the development of glomerular sclerosis75. Therefore, the process of 
glomerular injury and remodeling seen in primary or secondary FSGS may account for as much 
as 80% of the patients currently in the U.S. ESRD population 159. A better understanding of the 
forces that create FSGS may help develop strategies to prevent or limit progression of renal 
failure in a large population of patients. 

Histologic Classification of FSGS 

The characteristic renal lesion in idiopathic FSGS is that some- but not all -glomeruli are 
abnormal ("focal"). As suggested by Rich's initial description, the affected glomeruli are usually 
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Figure 1: Site of perihilar solidification in FSGS 

prominent in the juxtaglomerular cortex, 
but can be distributed throughout the 
cortex43•53•133. In the glomeruli that are 
abnormal there are discrete areas of 
solidification that affect less than 25% of 
the total glomerular volume 
("segmental")26•43. The most 
characteristic lesion is segmental hyaline 
deposition that leads to obliteration of the 
capillary lumen26•53 (Figure 1). Sclerosis 
is defined as collapse of the glomerular 
capillaries, and areas of sclerosis may be 
associated with an increase in matrix of 
the mesangial cells . The expanded matrix 
areas are acellular, eosinophilic, and 
avidly bind the stain periodic acid-Schiff 

(PAS), indicating that they consist of glycoprotein53•157. Other abnormalities on light microscopy 
include lipid vacuolation, subendothelial fibrinoid deposits, and foamy endocapillary cells within 
the areas of hyalinosis53. The areas of occluded capillaries may be associated with adhesion of 
part of the glomerular tuft to the adjacent Bowman's capsule53. Crescent formation and 
vascular changes are typically absent. The ultrastructural (electron microscopy) examination 
consistently shows that the foot processes of epithelial cells, in either the sclerotic or 
non-sclerotic glomeruli, are effaced26. Electron dense material is also described in idiopathic 
FSGS in paramesangial, subendothelial, and intramembranous regions53•157. 

Immunofluorescence examination of the kidney biopsy frequently shows small amounts of lgM, 
lgG and C3 deposited in the areas of sclerosis or in areas of mesangial cell expansion 157. 

FSGS can be classified on histologic or clinical grounds. The histologic variants are shown in 
Table 1. A classification based on histology alone is tenuous, since many of the features of 
FSGS are nonspecific and can occur in a number of renal conditions26. However, particular 
histologic features may carry clinical implications. The segmental changes in FSGS can occur 
in any part of the glomerulus but are usually most prominent in perihilar areas26•73•157 (Figure 
1). The glomerular tip lesion is unique because the tubular pole of the glomerulus, opposite the 

Table 1: Histologic Categories 
of Focal Segmental 
Glomerulosclerosis 

o Cellular variant 
o Collapsing variant 
o Mesangial proliferation 
o Tip lesion 
o Glomerulomegaly 
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typical vascular pole site, displays cellular 
expansion26•61 . The tip variant of FSGS is more 
common in older, white patients60•61 . Investigators 
first describing the tip variant predicted a good 
response to immunotherapy and a low likelihood of 
progression to ESRD, but subsequent 
observations did not support this 60-62•71 . In 
contrast, the collapsing glomerulopathy variant of 
FSGS, a form that may be idiopathic or secondary 
to HIV infection, clearly carries a poor renal 
prognosis149•164. In contrast to the tip lesion, most 
surveys suggest that 80% of collapsing 
glomerulopathy occurs in African-American 
patients, and withing two years from the time of 
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diagnosis nearly half of the patients with idiopathic collapsing FSGS develop ESRD32·52· 149· 164. 
In this histologic subtype the capillaries are obliterated by collapse rather than by expansion of 
the endocapillary region26·32·164. The collapsing variant of FSGS is relatively new, and is not 
described in renal biopsies prior to the 1980's. Contemporary series suggest that the collapsing 
form comprises 5-18.5% of all current diagnoses of FSGS26·27·52. Other forms of FSGS can 
present with hypercellularity on biopsy (cellular type) due to proliferation of endothelial cells, 
foam cells, infiltrating inflammatory cells, or visceral epithelial cells26. It is unclear if the cellular 
variant of FSGS has a unique prognosis26·136·141 ·144·145. Thus the glomerular lesions in FSGS 
can be categorized in a variety of ways, but the collapsing form probably predicts clinical 
outcome with the greatest accuracy. 

Table 2: Clinical Categories of 
Focal Segmental Glomerulosclerosis 

o Primary (idiopathic) FSGS 

o Secondary FSGS 

• With reduced number of functioning nephrons 
Reflux nephropathy157a 
Surgical ablation of renal parenchyma 
Renal allograft 
Renal dysplasia 
Oligomeganephronia36a 
Unilateral renal agenesis2a 
Papillary necrosis 

• Initially with normal nephron number 
HIV-associated nephropathy19,64,92 

Heroin nephropathy27 

Diabetic nephropathy 15 
Sickle cell disease122a 
Morbid obesity163 

Cyanotic congenital heart disease 
Familial dysautonomia 115a 

Dysl ipidemia 76· 112· 137 

Renal artery stenosis1a 
Type I Glycogen Storage Disease 
Denys-Drash syndrome140a 

• Hereditary basement membrane defects 
Alpert syndrome2.49·84• 108 

Nail-patella syndrome63 

0 Familial FSGS24,36.41 ,42,48,120 

0 Recurrent FSGS4,10,21,28,102,138 
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Clinical Classification of FSGS 

Confusion about FSGS arises because the glomerular lesion can occur in the presence or 
absence of an evident systemic disorder. Clinical conditions that are associated with focal and 
segmental glomerular lesions are listed in Table 2. Some examples of secondary FSGS will be 
addressed, as the pathogenesis or management of them may apply to primary FSGS. 

Initially reduced nephron number. Reduced renal mass can result from developmental 
anomalies (renal dysplasia or agenesis), surgical ablation, or as residual from scar formation 
elsewhere in the kidney parenchyma (papillary necrosis or recurrent infection with reflux). 
These circumstances are associated with FSGS lesions of the remaining viable glomeruli. 

Initially normal nephron number. Secondary FSGS can also result from an assortment of 
conditions that initially have a normal number of nephrons. In patients with morbid obesity and 
diabetic nephropathy, enhanced blood flow to the glomerulus probably predisposes to injury. 
Poor oxygenation can occur in conditions such as renal artery stenosis, morbid obesity (with 
sleep apnea syndrome), sickle cell disease, cyanotic heart disease, and possibly aging, all of 
which can predispose to focal sclerotic lesions in the glomerulus. Glomerular lesions similar to 
FSGS are associated with inherited disorders of lipid metabolism such as the rare familial 
disorder lecithin:cholesterol acyltransferase (LCAT) deficiency and lipoprotein glomerulopathy, a 
condition that may be initiated by abnormal Apoprotein E47•76. 

Secondary FSGS is also included in the spectrum of complications from HIV infection. HIV can 
lead to many renal complications, such as acute tubular necrosis, interstitial nephritis, 
nephrocalcinosis, or neoplastic disease, but the most common lesion observed on kidney 
biopsy is a glomerulopathy14·27·126. More than 75% of the time, the renal biopsy shows FSGS14. 

HIV-associated nephropathy (HIVAN) is characterized by histologic changes of remodeling and 
injury in the glomerular and tubulointerstitial areas. Focal and segmental glomerulosclerosis is 
frequently accompanied by mesangial cell expansion, renal epithelial cell injury, microcystic 
changes, and interstitial fibrosis27·64•83•128. Compared to idiopathic FSGS or heroin 
nephropathy, HIVAN is more likely to show capillary collapse, visceral epithelial swelling, 
microcyst formation, and tubular degeneration27. Wlile the immunofluorescence studies are 
similar, the degree of interstitial fibrosis is more prominent in HIVAN than in primary FSGS27 . 

The unique ultrastructural feature of HIVAN is the presence of tubuloreticular inclusions in 
endothelial cells27. These structures, occasionally seen in lupus nephritis and hepatitis 
C-associated renal disease, are usually contained in the Golgi apparatus of affected cells and 
are speculated to be caused by a.-interferon or another cellular response to viral infection64. 

Tubuloreticular inclusions are described in more than 90% of the biopsies in patients with 
HIVAN, but in less than 10% of patients with idiopathic FSGS27. 

The clinical presentation of FSGS due to HIV infection is also distinct. It complicates the course 
of nearly 10% of patients with HIV infection regardless of the stage of the illness or mode of 
transmission, but it is more prevalent in patients who are of sub-Saharan African origin 19·64. 

HIVAN typically presents with nephrotic range proteinuria (occasionally massive), 
normal-to-large echogenic kidneys, and rapidly deteriorating GFR64·92·125·126. Despite these 
factors, HIVAN presents differently from other forms of FSGS by its lack of hypertension or 
edema92. ESRD typically develops within 2 to 10 months from the time of diagnosis92. Once 
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ESRD develops in patients with full-blown AIDS, early experience suggested that the survival 
rate was grim126. However, contemporary dialysis and management of HIV contribute to an 
average of 4 years of survival of HIVAN and ESRD66. 

Recurrent FSGS, or idiopathic FSGS that reappears in a transplanted renal allograft, is also a 
unique clinical variant of the glomerular disease. Given the frequency in the U.S. ESRD 
population of FSGS, it is not surprising that a large number of patients with the disease receive 
renal allografts. Recurrent FSGS may be even more common in Europe, where more than a 
third of patients who receive a first renal allograft have a glomerulonephritis as the cause of 
ESRD89. Clinically, recurrent disease presents relatively quickly after transplant, with 
proteinuria developing within hours to weeks after transplantation89. In children, the mean time 
to clinical recurrence is 14 days154.Recurrence of FSGS is significant, and leads to graft loss in 
nearly half of the patients3. In living-related transplants, where graft loss from rejection is less 
common than in cadaveric kidneys, recurrent FSGS is an even bigger problem. Overall, the 
reported recurrence rate for idiopathic FSGS is 20-40%, but due to potential sampling error the 
true rate could be even higherB9. The risk of recurrence is greater for young recipients, in 
patients with an aggressive course of FSGS (less than three years from diagnosis to ESRD}, 
and in those with recurrence in a prior renal allogratt3·17•78•89•148. Patients with previous recurrent 
FSGS may have an 80% risk of FSGS in a subsequent allograft. Some authors recommend 
avoiding a living-related kidney donor for a patient with a high risk of recurrence89. The problem 
of recurrent disease will be examined further in the discussion of the pathogenesis of primary 
FSGS. 

Hereditary basement membrane defects, the most common of which is Alpert syndrome, can 
also result in sclerotic changes in the glomerulus. Alpert syndrome is a progressive hereditary 
glomerulonephritis characterized on biopsy by irregular thinning and lamellation of the 
glomerular basement membrane49. Extrarenal features include hearing loss, ocular defects, 
platelet abnormalities, and esophagealleiomyomatosis. Progressive loss of GFR is particularly 
prominent in males. Mutations have been detected in type IV collagen genes an Alpert 
syndrome, the majority being in the type IV collagen alpha 5 (COL4A5) gene in X-linked Alpert 
syndrome2•84•108. Lesions of FSGS also occur in Nail-Patella syndrome, a disease of skeletal 
deformities and nephrotic syndrome63. The skeletal manifestations include patellar hypoplasia, 
elbow deformities, iliac horn hypoplasia, and fingernail dysplasia63 . The glomeruli usually show 
focal basement membrane thickening, fusion of the epithelial foot processes, and collagen 
deposition in the basement membrane63. Similar to the pathogenesis of Alpert syndrome, the 
basement membrane defect in Nail-Patella syndrome results in focal glomerular lesions and 
global sclerosis49•63 

Primary FSGS is usually considered a sporadic disorder, but there is growing recognition of the 
familial basis of many cases. The estimated incidence of primary FSGS in the U.S. population 
is 2 per milllion24. In 1973 Habib suggested that 12 percent of his pediatric cases of FSGS had 
an affected sibling53. More recently, FSGS has been described in several large 
families24•36•48•120. In one large kindred of 80 members, 51% of the offspring of affected 
individuals exhibited clinical evidence of disease, a pattern suggesting an autosomal dominant 
mode of inheritance120. In a recent report of the International Collaborative Group, more than 
190 cases of FSGS was described in 60 families24. In this series, vertical transmission, 
consistent with autosomal dominant disease, was described in nearly half of the families. The 

Grand Rounds: Lessons of FSGS 5 



cases in the remaining families had no evidence of vertical transmission, suggesting autosomal 
recessive or autosomal dominant inheritance with incomplete penetrance. In the International 
series, the vertical transmission (possible autosomal dominant) cases of familial FSGS were 
older at time of diagnosis (32.5 compared to 20.1 years), had lower amounts of proteinuria (3.8 
compared to ?.Og/24 hours), were less likely to be hypertensive (60 compared to 82%), and 
were less likely to be Black (10 compared to 48%) than the autosomal recessive cases24. The 
probability of ESRD-free survival was not significantly different between the forms of familial 
FSGS, and the median age for the development of ESRD was 30 years24. Histologically, the 
familial cases reported thus far do not show unique histologic features compared to sporadic 
FSGS. Finally, an understanding of the gene associated with FSGS may prove to be useful in 
clinical practice. 

The simple classification of FSGS in Table 2 is useful because it can direct the clinician to 
systemic disorders that may not be otherwise suspected. However, the clinical classification 
may also help direct investigators toward a better understanding of idiopathic FSGS. Common 
elements can be identified among the diverse clinical circumstances that are associated with 
secondary FSGS. Some of the potential pathologic factors include enhanced glomerular 
blood flow, chronic ischemia, abnormal lipoprotein metabolism, exposure to a circulating 
permeability factor, disturbed integrity of basement membranes, and local or remote 
responses to HIV infection. We will explore the mechanisms of these traits of secondary 
FSGS, and examine how they relate to the idiopathic lesion. 

Presentation and Course of Primary FSGS 

To establish the diagnosis of FSGS, a kidney biopsy is required. Contemporary practice of a 
percutaneous kidney biopsy requires assessment of bleeding status, control of blood pressure, 
localization of the lower pole of the kidney by sonography, and use of an automated core biopsy 
system103. With these techniques, biopsy of a native or transplanted kidney is remarkably safe. 
Mendelssohn and colleagues reviewed results from nearly 500 biopsies and reported an overall 
complication rate of 5.3% and gross hematuria in 4.4% of patients103. Combining results from 
more than 2,000 similar biopsies in the literature, these authors observed no instances of kidney 
loss or death103. Using comparable techniques, a percutaneous kidney biopsy can even be 
successful in massively obese patients96. A routine percutaneous needle biopsy can make a 
histologic diagnosis 95% of the time, but the discrete nature of the glomerular lesion in FSGS 
raises the likelihood of sampling error25•103. First, the focal nature of the lesion imposes limits 
on the biopsy. For example, if the prevalence of affected glomeruli is only 10%, there is a 35% 
likelihood that no abnormal glomeruli will be found in a specimen that contains only 10 
glomeruli25. Second, the segmental nature of the disease also limits the value of a renal biopsy 
specimen. In order to accurately diagnose or exclude FSGS on kidney biopsy, the sample 
probably should contain 10-20 glomeruli and, if fewer glomeruli are available, thin 2~-Jm-thick 
sections should be examined serially25 .43. 

Primary FSGS can present at any age, and it always causes proteinuria . Most commonly 
FSGS is diagnosed in patients with overt nephrotic-range proteinuria, but any proteinuria that is 
constant (i.e., not benign orthostatic proteinuria) and persistent over several months may signal 
underlying FSGS26•53•88 . The full manifestation of nephrotic syndrome includes heavy 
proteinuria (>2.5 g/m2 /day), hypoalbuminemia, hyperlipidemia, and edema88. Some patients 
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with FSGS may also have signs of nephritis such as hematuria and hypertension in addition to 
proteinuria88. The observed incidence and demographics of FSGS depend on the population 
examined and on the indications used for renal biopsy. In a pediatric population, 8-12% of the 
kidney biopsies performed to evaluate nephrotic syndrome show FSGS22•53. The International 
Study of Kidney Disease in Children described histologic findings in children with nephrotic 
syndrome, and 77% of this population had minimal change disease while 8% had FSGS22•167. 

The incidence in children may be overerestimated in current observations because children with 
nephrotic syndrome frequently receive empiric steroid therapy, and biopsies may only be 
performed in patients who fail to respond. In adults, the incidence of idiopathic FSGS may be 
increasing. Observations from two metropolitan centers suggest that FSGS was found in 
2.5-4% of native renal biopsies in the 1970's but in 12.2-18.7% in this decade, making FSGS 
the most common diagnosis from native kidney biopsies26•52. FSGS becomes less common 
with advancing age, but it is still a significant problem in the elderly. In a series of 1 ,368 renal 
biopsies from patients over 60 years of age, membranous glomerulonephritis was seen in 
36.6% of cases, but FSGS was present in 5.4% of those patients with nephrotic syndrome30. 

Primary FSGS deserves distinction from lipoid nephrosis (minimal change disease) based on 
the presentation and prognosis. In children, minimal change disease is the most common 
cause of nephrotic syndrome22•53•88. By histologic criteria it is certainly unique from FSGS. The 
light microscopic evaluation of minimal change disease is, by definition, normal, and the 
glomeruli are devoid of areas of sclerosis or solidification22·53. By immunofluorescence, minimal 
change disease may appear similar to FSGS since the mesangial areas may exhibit lgG, lgM or 
C3. The ultrastructure of the visceral epithelial cells in minimal change disease shows fusion of 
the foot process but no other lesion. On clinical grounds, biopsy findings of FSGS predict a 
more complicated course for patients with minimal change disease. Compared to minimal 
change disease, FSGS is more likely to exhibit hematuria, hypertension, and renal failure at the 
time of diagnosis22•53. Furthermore, experience with nephrotic syndrome in children suggests 
that less than 25% of patients with FSGS will respond to short-term steroid therapy compared to 
98% of those with minimal change disease22•53. Minimal change disease in some instances may 
evolve to FSGS, and thus the two entities may represent different ends of a spectrum56. In 
1969, Hayslett described three patients with minimal change who progressed: "It is apparent 
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minimal changes early in the course of 
nephrosis nor repeated remission in response 
to steroid therapy are guarantees against 
progressive scarring of the kidney"56. The 
finding of FSGS on a kidney biopsy portends a 
poorer outcome than minimal change disease. 

The natural history of FSGS is difficult to 
characterize from the literature because most 
experiences are clouded by empiric use of 
immunosuppressive therapy. V\lhen antibiotic 
and corticosteroids were not available, the 
disease carried a high mortality, and as many 
as 40% of children died with infections, uremia, 
or complications ofthromboembolism133. The 
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Table 3: Influence of Glomerular 
Sclerosis (GS) and Interstitial Fibrosis (IF) 
on %Renal Survival in Primary FSGS162 

5-year 10-year 

With 20% Average GS 87% 62% 
With% Average GS 91% 76% 

With IF 84% 55% 
Without IF 91% 76% 

longest follow-up in children was reported by Mongeau and colleagues in 1993109. They treated 
25 patients with primary FSGS with immunosuppressives and observed them for 20 years. At 
the end of follow-up, 3 patients had died from non-renal causes, 8 had had ESRD, 4 had 
persistent nephrotic syndrome, and 10 had clinical remission5. Two large series in adults 
support that primary FSGS is a risk to develop ESRD. In one report of immunosuppressive 
therapy in 59 adult patients with FSGS, 30% of patients developed some level of renal 
insufficiency within 5 years6 (Figure 2). Wehrmann and colleagues reported results from 250 
patients with idiopathic FSGS (average age 32 years), and they found an overall10-year renal 
survival of only 67%162. 

The risk of developing renal failure in idiopathic FSGS can be predicted at the time of diagnosis. 
Excessive proteinuria, either at the time of biopsy or following treatment, portends a poor 
long-term outcome. It is unclear if protein excretion is a surrogate indicator of the severity of 
glomerular disease or if it may be a mediator of further renal injury53•162. As previously 
discussed in this forum, albuminuria may incite the renal interstitium to promote fibrosis and 
accelerate deterioration in GFR, and in many progressive renal diseases the degree of renal 
impairment correlates well with the interstitial changes140. However, for chronic 
glomerulonephritides like FSGS, the extent of glomerular disease also correlates well with 
decrements in GFR140 (Figure 3). In idiopathic FSGS in particular, the extent of glomerular 
involvement and tubulointerstitial changes both appear to predict the long-term outcome 162 

(Table 3). Other features that increase the risk for progressive renal disease include elevated 
serum creatinine at time of diagnosis, hypertension, age at time of diagnosis, and male 
gender162. Thus clinical and histologic features can accurately predict long-term prognosis in 
FSGS. Since it correlates with renal survival, glomerular sclerosis is an adequate endpoint for 
examining the pathogenesis of FSGS. 
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Figure 4: Potential contributors to the development of FSGS 

Candidate factors for the initiation or progression of primary FSGS 

The clinical conditions that are associated with secondary FSGS seem unrelated and diverse, 
but they could contribute to our understanding of the initiation or progression of the idiopathic 
disease. Some of the clinical examples of FSGS, such as the familial, HIVAN, recurrent, and 
hyperlipidemic forms, suggest pathogenic factors that are distinct (Table 2)132. In addition to 
these clinical clues, factors that participate in the development of FSGS are suggested by 
observations in animal models of the disease. Interventions in animals that lead to sclerosis of 
the glomerulus include toxin exposure (aminonucleoside and puromycin injections), renal mass 
reduction (the 5/6 nephrectomy), and genetic manipulations (rat and mouse transgenic 
models)1,40,sa,sg,e?,B3.86·87·94·99·118·146·152. Pathogenesis of idiopathic FSGS can be better 
understood through observations of human and animal conditions that cause glomerular 
sclerosis (Figure 4). 

Glomerular hypertension. Many of the causes of secondary FSGS share the trait of glomerular 
capillary hypertension or hyperfiltration. For example, altered renal hemodynamics can occur 
with increased blood flow, decreased intrarenal resistance, and decreased resistance to 
filtration in FSGS due to morbid obesity15·96·163·165. In instances of reduced renal mass, the 
number of available nephrons is decreased and each glomerulus receives a greater proportion 
of blood flow and develops increased pressure1·146. A sustained rise in the capillary pressure 
can alter the ultrastructure of the basement membrane and affect the charge selectivity of the 
filtration barrier113. Morphologic studies in animals suggest that glomerular hypertension causes 
endothelial cell injury, mesangial expansion, and epithelial cell disruption113. An increase in the 
glomerular permeability may account for proteinuria but also allow for leak of proteins into the 
mesangial areas and contribute to mesangial cell expansion and sclerosis135·143·170. 
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Angiotensin II. Another common theme in some forms of secondary FSGS is limited flow of 
oxygenated blood to the kidney. Clinical examples include sickle cell disease, obstructive sleep 
apnea, and renal artery stenosis. In response to this stimulus, the kidney can respond by 
increasing renin release, stimulating synthesis of angiotensin II, or increasing endothelin. 
Animal and cell culture studies suggest that angiotensin II can increase renal vascular 
resistance, increase glomerular capillary pressure, increases filtration fraction, and modify 
uptake of macromolecules by the mesangial cell143. In mesangial cells in culture, angiotensin II 
increases expression of fibronectin and type IV collagen, possible contributors to glomerular 
sclerosis35. Angiotensin II also stimulates release of TGF B from mesangial cells, another 
potential mediator of sclerosis and fibrosis35. 

Direct and indirect effects of HIV. The example of FSGS associated with HIV infection raises 
several possible contributors to primary FSGS. The renal disease could arise from direct or 
indirect effects of HIV. HIV infection could injure the kidney indirectly by coexistent or 
opportunistic infections, immune complex deposition, a compromised immune system, or 
cytokine release19•83•86•87•149. Alternatively, the damage in HIVAN could result directly from HIV 
infection of the kidney. Glomerular cells, including mesangial and endothelial cells, are capable 
of becoming infected with HIV in vitro, and clinical biopsy specimens may show evidence of 
proviral DNA in glomeruli, tubules, and interstitial areas80•82. Currently it is unresolved if HIV 
entry into renal cells requires expression of CD4 and/or chemokine receptors, and if the virus 
actively replicates in renal cells19•64•127. Regardless, fundamental observations in transgenic 
mice suggest that HIV contributes to the injury of FSGS by a direct effect in the kidney. First, a 
kidney phenotype comparable to HIVAN develops in mice that contain multiple copies of the 
HIV-1 proviral DNA83 . The construct used in this animal model lacks the replication ("infective") 
genes but contains the viral long terminal repeats (LTRs) and encodes the envelope, accessory, 
and some regulatory genes83. Second, expression of the HIV-1 transgene causes apoptosis 
(programmed cell death) even if transgenic fetal kidneys are removed from the circulation 19. 

Third, normal kidneys transplanted into the HIV transgenic mice remain normal, but HI VAN 
develops in transgenic kidneys that are transplanted into normal mice19. 

Indirect effects of HIV may also participate in the development of FSGS. HIV-reactive 
antibodies and related immune complexes to p24 and gp120 are detectable in renal biopsy 
tissue and can arise from circulation or from in-situ formation82. Other observations suggest 
that cytokines released by HIV-infected lymphocytes play a major role in the development of 
HIVAN, and these same factors could participate in primary FSGS. In human HIV infection and 
transgenic models of HIV infection, high concentrations of IL-1, IL-6, interferon-a, basic 
fibroblast growth factor (bFGF), transforming growth factor (TGF) B and tumor necrosis factors 
are present in circulation19•64•83•128. In animal models of immune-complex glomerular disease, 
bFGF is released by damaged mesangial cells, and infusion of exogenous bFGF can enhance 
glomerular sclerosis38•39. Participation of FGF in HIVAN is suggested by enhanced binding of 
bFGF to renal tissue and increased tubular epithelial cell proliferative response to bFGF in a 
transgenic mouse model of HIV128. The potential role of TGF Bis discussed in detail below. 

TGF-131. The cytokine TGF-111 has pleitropic effects on epithelial cell proliferation, cell 
differentiation, extracellular matrix accumulation, and cytokine release12•23. Expression of TGF 
B 1 is associated with fibrotic disease in a number of different organs, and its expression is 
enhanced in animal and human examples of progressive glomerular disease12•169. Thus it is 
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not surprising that TGF f11 is implicated in the advancement of FSGS in HIVAN and in idiopathic 
FSGS. TGF f11 is present in high concentration in peripheral blood and is expressed in renal 
tubules in the noninfective transgenic mouse model of HIV and in biopsy specimens of 
HIVAN38•127. TGF r11 acts in the kidney to enhance mesangial cell proliferation and to increase 
accumulation of extracellular matrix material in glomerular epithelial cells and mesangial 
cells12•70. lsaka and colleagues showed that TGF f11 expression in rat kidney increased 
extracellular matrix production and created glomerulosclerosis70. To examine the effects of 
chronic exposure to TGF f11, an animal model was characterized using a mouse line that was 
transgenic for the porcine TGF f11 gene86. This model showed elevated plasma levels of TGF 
f11, proteinuria, azotemia, and renal lesions that resembled FSGS86. Notably, the kidneys in 
this chronic TGF f11 model exhibited increased extracellular matrix in mesangial areas as well 
as interstitial expansion86. Clouthier and associates here at UT Southwestern recently 
described a transgenic mouse model that had targeted expression of TG F-f11 in the liver, 
kidney, and adipose tissue23. Renal expression of the gene was localized to the proximal tubule 
epithelium, and it was associated with interstitial fibrosis, tubular atrophy, and prominent 
glomerulosclerosis23. A smaller group of the mice in two of the five lines that were established 
also developed hydronephrosis. The glomeruli in the TGF f11 transgenic mouse also were 
hypertrophied and exhibited capillary collapse and collagen deposition23. These observations 
support that TGF f11 acts directly at the glomerulus or indirectly in the interstitium to cause 
glomerulosclerosis. 

It is attractive to consider the benefits of blocking the effects of TGF f11 on renal fibrosis and 
glomerulosclerosis. A natural inhibitor decorin has been identified that may mitigate the effects 
of TGF f11 in glomerular disease55•119. Decorin is a proteoglycan of -45 kDa that was initially 
derived from bone, and in cell culture systems decorin can counteract regulation of cell growth 
by TGF r11 13•37•168. In vivo, decorin may also slow the development of renal fibrosis . Genetic 
deficiency of decorin can predispose to progressive glomerulosclerosis in rodents31 . In an 
immune complex rodent model of glomerulonephritis, intravenous injection of recombinant 
decorin decreases accumulation of tenascin and fibronectin in glomeruli, limits histologic 
development of glomerulosclerosis, and decreases the observed amount of proteinuria13. lsaka 
and colleagues examined a more long-term effect of decorin in an animal model where gene 
transfer was achieved by injection of the decorin gene into skeletal muscle69. In this model, 
decorin was found in muscle and glomeruli of rats with immune complex glomerulonephritis five 
days after the gene transfer. In the absence of decorin ("unchecked" TGFf1), the glomeruli 
showed expanded mesangial matrix, but in the decorin-treated animals the matrix components 
(fibronectin, collagen I, and tenascin) were limited69. The potential advantages of decorin 
include that it is a normal component of human serum (less antigenic), it is taken up avidly by 
the kidney, and it suppresses but does not obliterate the TGF f1 response12. 

Endothelin. Endothelin-1 is a 21 amino acid peptide that is synthesized locally and controls a 
broad range of biologic responses in the kidney including regional blood flow, extracellular 
matrix production, cell proliferation, and solute transport (reviewed in85). Endothelin is 
synthesized locally in the kidney by endothelial cells, mesangial cells, and in some specific 
nephron segments85•129•135. Endothelin-1 mediates responses by activating either A orB (ETA 
or ETB) receptors in renal tissue85. ETA receptors are primary localized to blood vessels, and 
ETB are expressed in cortical collecting tubules and glomeruli8•129. When endothelin activates 
these receptors on mesangial cells in vitro, it causes contraction, increases expression of 
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growth-related genes such as c-fos, promotes 
proliferation, and augments expression of matrix 
proteins such as fibronectin and type IV 
collagen 135. Several observations suggest that 
these actions of endothelin participate in the 
development of FSGS in vivo. The FSGS rat 
model of renal ablation (surgically-reduced renal 
mass) exhibits increased amounts of endothelin 
in urine and elevated endothelin production by 
the glomeruli114. Furthermore, the degree of 
endothelin-1 production correlated with the 
number of sclerotic glomeruli114 (Figure 5). 
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600 Receptor antagonists are available that have 0 100 200 300 400 

Endothelin urinary excretion (pg/day) affinity for ETA receptors alone or for both ETA 
and ETB receptors9•85•130•131 . Intervention with 
these agents also suggest a role of endothelin in 
the development of glomerular sclerosis. 

Figure 5: Endothelin excretion correlates with 
glomerular sclerosis in the remnant 
rat kidney model Selective ETA antagonists lower blood pressure 

and limit proteinuria in some, but not all, studies of the remnant rat kidney model of glomerular 
sclerosis8•111 •121 . Mixed ETA/ETB antagonists in animal models of glomerular sclerosis also 
decrease blood pressure, limit progressive kidney failure, and decrease proteinuria8•111 . In a 5/6 
nephrectomy preparation, Benigni and coworkers also demonstrated that antagonism of 
endothelin receptors decreased glomerulosclerosis at least 50%8•9. No human trials have been 
completed, but at least four orally-active endothelin receptor antagonists are available85. 

Bosentan, a mixed ETA/ETB antagonist, is well-tolerated in humans and is available for clinical 
trials85

•161 . 

More direct evidence for a pathogenetic role of endothelin comes from a series of transgenic 
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experiments. The first observations were made 
in rats that express human endothelin 2 (ET-2). 
The rats were created by microinjection of 
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Figure 6: The phenotype of transgenic rats that 
express the human endothelin-2 gene 
(Hocher, et al., 1996) 
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g was almost exclusively in the glomeruli58. The 
n° phenotype of these rats was normal blood 
~ pressure, proteinuria, and two-fold increase in 

glomerular sclerosis index (Figure 6)58. These 
observations suggested that the development 
of glomerulosclerosis was due to glomerular 
expression of ET-2, and that the renal lesion 
could develop independent of blood pressure. 
In a similar manner, transgenic mice were 
created that expressed the entire human gene 
for endothelin-1 (ET-1 )59. The lines examined 
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showed increased mRNA for ET-1 in kidney, brain, and lung, and by in situ hybridization the 
renal ET-1 mRNA was located in glomeruli, renal tubules, and blood vessels. The renal 
histology demonstrated glomerulosclerosis, interstitial fibrosis, and a four-fold increase in the 
number of renal cysts59 . Similar to the ET-2 transgenic rats, the ET-1 mice developed the renal 
abnormalities without an elevation in blood pressure. These observations suggest that the 
endothelin peptides participate in the development of glomerular diseases such as FSGS. 

A circulating permeability factor in recurrent FSGS. Recurrence of the disease in renal 
allografts suggests that an important pathogenetic factor resides with the recipient. Following 
this rationale, several investigators have characterized a circulating factor in FSGS and related 
glomerulonephritides4•10•21 •25•28•90•138. Savin and coworkers developed a bioassay to measure 
glomerular permeability, and this assay suggested that a humoral factor initiates the glomerular 
permeability in recurrent FSGS10•21 •102•138. The bioassay, an estimate of glomerular 
permeability, employs isolated rat glomeruli and measures the increase in glomerular size when 
the glomeruli are incubated in a dextran or an albumin oncotic gradient138. These investigators 
discovered that if the rat glomeruli were incubated with serum from human patients with FSGS, 
the glomeruli increased in size normally with dextran but minimally with albumin. Furthermore, 
the highest activity of "permeability factor'' was observed in patients with recurrent FSGS138. 

Initial characterization of this factor showed that it was tolerant to heating at 60°C (making it 
unlikely to require complement) but its activity was abolished with boiling138. In a preliminary 
report, a permeability activity of greater than 0.84 predicted 75% of patients who had recurrent 
ESRD from FSGS10. In support of the clinical significance of a circulating factor, Dantal and 
coworkers were able to reduce the proteinuria in patients with recurrent FSGS by adsorbing 
plasma with staphylococcal protein A28. When the protein was recovered from protein A, it had 
a molecular weight less than 100,000 kDa, and it enhanced protein excretion when injected into 
rats28. 

Artero and colleagues studied the effect of plasmapheresis on reducing proteinuria in patients 
with the disease4 . Nine patients who underwent plasmapheresis for recurrent FGS were 
described, and six patients had sustained remissions. The authors concluded that 
plasmapheresis reduces proteinuria in patients with recurrent FGS by limiting injury to the 
glomerular permeability barrier4. The permeability factor is not routinely measured in 
pre-transplant patients or in allograft recipients, but the evidence that a circulating factor is 
involved may help understand the pathogenesis of FSGS. 

Lipoprotein metabolism. Virchow first commented on the lipid abnormalities seen in renal 
disease over 100 years ago, and investigators continue to try to clarify the relationship between 
hyperlipidemia and progressive glomerular disease76. Disturbed glomerular integrity and 
proteinuria leads to increased synthesis of lipoproteins and defective catabolism of 
triglyceride-rich lipoproteins45•166. Almost universally, these responses are manifest by elevated 
circulating LDL levels94•166. In addition, high amounts of circulating Lp (a) can contribute to the 
elevated cardiovascular risk in nephrosis155. However, investigators have speculated that 
abnormal lipid metabolism, rather than being a mere side effect of the proteinuria, may act to 
promote glomerular damage 18•50•91 •94. To initiate glomerular injury, LDL and VLDL lipoproteins 
can bind directly to glycosaminoglycans of the basement membrane and allow plasma 
macromolecules to gain access to the mesangial space72. These macromolecules and 
lipoproteins can aggregate, undergo phagocytosis, and become oxidized by monocytes or 
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macrophages100•117. The oxidized lipoproteins are capable of stimulating macrophages to 
secrete IL-111, IL-8, TNF, IL-6, and IFNy, leading to further deposition of lipoproteins93•117. 

Alternatively, immune complexes or another insult could create the initial injury, and lipoproteins 
could advance the glomerular lesion93. 

In animals and man, there is circumstantial evidence to support a role of lipoproteins in the 
glomerulosclerosis. In animal models, lipids accumulate in the expanded mesangial cell areas 
of FSGS lesions50•100. A high cholesterol diet exacerbates several forms of experimental 
FSGS33•79•94. In an obese strain of rats that develops FSGS, a 
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitor limits the development 
of FSGS lesions77. In puromycin-treated rats on a high cholesterol diet, the antioxidant 
probucol dramatically decreases proteinuria and the development of FSGS lesions94. Clinical 
observations also suggest that lipid metabolism is important for progression of glomerular 
sclerosis in humans. In LCAT deficiency and lipodystrophy, discussed above, progressive 
glomerular injury occurs. On kidney biopsy of glomerulonephritis, 10% of patients have 
detectable lipid deposition (usually Apoprotein 8-containing lipoproteins) in the glomerulus, and 
the most likely diagnosis in these cases is FSGS95. A rare and distinct entity was recently 
described called lipoprotein glomerulopathy76•112•137. This disorder is characterized by 
occlusion of glomerular capillaries by lipid droplets, accumulation of apolipoproteins A and E in 
the capillaries, elevated plasma concentrations of apolipoprotein E, and possible pathogenic 
mutations in the ape E gene76•112. Mesangial cell swelling and segmental sclerosis, similar to 
the lesions of FSGS, can occur late in the course of lipoprotein glomerulopathy137. These 
observations are counterbalanced by the finding that the majority of patients with primary 
hyperlipidemia do not have evidence of glomerular damage166. Lipids are unlikely to be an 
initiator of glomerular damage, but they could play a role in the progression of FSGS. 

Genetic predisposition. The familial clustering of cases leads to speculation (and active 
investigation) about the molecular pathogenesis of FSGS. Steroid-resistant nephrotic syndrome 
in children, a large percentage of which is due to FSGS, is described to have a mode of 
inheritance consistent with autosomal dominant trait. A gene that cosegregates with 
steroid-resistant nephrotic syndrome (SRN1) has been mapped to chromosome 1q25-3142. 

Using genetic markers that spanned SRN1, investigators identified one child who had the 
steroid-resistant nephrotic syndrome gene before she exhibited the phenotype41 . The authors 
speculated that presymptomatic diagnosis will direct physicians to avoid use of steroids (in 
children, the disease is nearly always resistant) and perhaps to institute ACE-inhibitors or other 
preventive measures41 . Conlon and coworkers found that in their 41 individuals with familial 
FSGS who received a renal transplant, only 2% developed recurrent disease24. This compares 
to 30-40% reported in the literature for non-familial forms of FSGS3•89•138•148. This observation 
supports the hypothesis that the genetic form of FSGS involves intrinsic abnormalities, rather 
than circulating factors. 

Aging. Glomerular sclerosis is also acquired in the course of aging, and it may be causally 
related to idiopathic FSGS. Glomerular filtration rate progressively declines with age, and part 
of this decline may be due to glomerular sclerosis. As an estimate of the magnitude of this 
aging effect, creatinine clearance declines as much as 30% in normal subjects between the 
ages of 30 and 90134. However, nearly a third of normal subjects, possibly those who maintain 
protein intakes, showed this to be <1g/kg/day, may not exhibit a decline in creatinine 
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clearance29•81 . In smaller series, GFR measured with inulin clearance decreases nearly 50% 
from the first to the eighth decade of life98. Possible contributors to the age-related decline 
include small vessel atheromatous disease, progressive basement membrane thickening, 
"hyperfiltration of aging", and the development of glomerular sclerosis74·75·81 ·98·151 ·153 . The 
percent of glomeruli that become obliterated, or sclerotic, increases progressively with age. In 
normal patients there are very few sclerotic glomeruli before the age of 40, but by the 9th 
decade of life nearly 30% are sclerotic74•75. In fact, the development of sclerotic glomeruli 
occurs at a faster rate than does an increase in interstitial fibrosis, and the development of 
glomerular sclerosis correlates with the progressive decline in GFR in autopsy and 
observational series of normal subjects75·98. Regardless, the glomerular solidification that 
occurs in the aging process is unique from idiopathic FSGS. First, normal aging does not cause 
proteinuria, a clinical hallmark of FSGS107. Second, the decline in GFR with aging occurs at a 
much slower rate than does FSGS. Third, the typical histologic lesion with aging is distinct. The 
glomeruli affected in the aging process are throughout the cortex and do not show a predilection 
for the juxtaglomerular areas74. In addition, the sclerosis of aging usually involves solidification 
of the entire glomerulus ("global" sclerosis) rather than a glomerular segment74. It should be 
emphasized that idiopathic FSGS can present in the elderly population, occurring in 5% of renal 
biopsies for nephrotic syndrome30. Idiopathic FSGS and the global sclerosis of aging may have 
common pathogenic factors and therapeutic options. 

Treatment of patients with FSGS 

Steroid Treatment. Much of the experience in managing FSGS derives from pediatric patients. 
Since the International Study of Kidney Disease in Children, children with nephrotic syndrome 
are commonly treated empirically with steroids and nearly 98% of these patients will 
respond53·104. Commonly biopsies are only performed after failure to respond to steroids, and 
nearly half of these patients have FSGS on biopsy22•53•104•167. Nearly 25 years ago Habib 
reported that 20-25% of children with FSGS respond to steroids, but he recognized that 
steroid-resistant nephrotic syndrome in children carried a greater risk for progression of renal 
insufficiency53•54. Children with nephrotic syndrome who frequently relapse or who are 
steroid-dependent may be aided by alkylating agents such as chlorambucil or 
cyclophosphamide51 . Alkylating agents (used alone) have limited use in resistant nephrotic 
syndrome, but several centers have reported success combining these drugs with steroids. 
Tune and colleagues suggest that pulse steroid therapy combined with an alkylating agent can 
yield a 66% remission rate in children with steroid-resistant FSGS158. However, 25% of these 
children developed renal insufficiency in follow-up. The observations in pediatric patients 
suggest that a diagnosis of FSGS connotes poor responsiveness to treatment. 

Because of the pediatric experience, FSGS in adults is assumed to be relatively unaffected by 
treatment. This adage has been challenged in recent years. Using data from a Canadian 
glomerulonephritis registry, Pei and coworkers compared the outcomes in 55 adults to those in 
38 children with primary FSGS116. Nearly all of the children in the registry but only 33% of 
adults had received steroids. Regardless, there was no difference in the rate of remission or 
the actuarial renal survival between adults and children116. These observations also confirmed 
previous observations that remission of nephrotic syndrome was associated with improved 
long-term renal survival7•116. It is noteworthy that the Canadian experience included a median 
duration of steroid therapy of six months and a median time until remission of nearly three 
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months. More recently, Banfi and colleagues 
retrospectively examined the outcomes of 59 
adults with FSGS6 . Patients received steroids, 
combination steroids/immunosuppressive, or an 
alkylating agent in a nonrandomized manner. 
After an average of 6 years of follow-up, 60% of 
patients had complete or partial remission of 
nephrotic syndrome and 30% developed chronic 
renal failure or end stage renal disease6. In the 
steroid treatment group, 54% of the patients 
achieved a complete remission with an average 
duration of therapy of nearly 6 months. Since 
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Retrospective analysis of renal 
survival in immunosuppression -
treated or untreated patients. A 
patient was considered a responder 
if treatment was associated with a 
decrease in proteinuria. 
(Rydel, 1995) 

achievement of remission, the authors 
suggested that aggressive, long-term steroid 
treatment was warranted in idiopathic FSGS. A 
more recent retrospective study also supported 
that nephrotic patients with FSGS had a greater 
chance of remission and an improved long-term 
renal outcome if they had received at least 3 to 4 
months of prednisone (60mg/d) therapy 136 

(Figure 7). These data suggest that a poor prognosis in FSGS is not due to resistance to 
treatment, but rather to a resistance to treat. No randomized, prospective trials are available to 
assess the efficacy of steroid therapy in adult patients with FSGS. 

Cyc/osporine. Cyclosporine A is an alternative immunosuppressive regimen that potentially can 
limit the use of steroids, but its long-term benefits might be mitigated by the development of 
cyclosporine nephrotoxicity and enhanced interstitial fibrosis 122. Early observations suggested 
that cyclosporine A dramatically, if ephemerally, decreased protein excretion in patients with 
FSGS105•122. lnguli and co-workers in 1995 reported experience in 21 children with FSGS who 
were treated with cyclosporine A for more than 2 years68. Compared to historical controls, the 
progression to ESRD in patients treated with cyclosporine was improved three-fold after 7 years 
of follow-up. However, enthusiasm for cyclosporine has been tempered by reports of 
drug-related nephrotoxicity. In a prospective trial of resistant nephrotic syndrome and primary 
FSGS in adults, a small group of patients was treated with cyclosporine A 106. Repeat biopsies 
of these patients suggested that sclerosis of the glomeruli progressed and that histologic 
worsening was associated with clinical deterioration. 28% of the patients in this uncontrolled 
trial had clinical remission, but 57% progressed to renal failure106. A comparative prospective 
trial of cyclosporine A vs placebo for 6 months showed a 30% reduction in protein excretion 
overall, but no objective improvement in glomerular filtration rate122. Cyclosporine is an option 
for therapy of idiopathic FSGS, and may be effective in the short term to reduce complications 
from proteinuria. However, it should be used with caution in patients with pre-existing interstitial 
fibrosis and renal failure105. 

Mycophenolate mofetil. Mycophenolate mofetil (MMF) is an inhibitor of de novo purine 
synthesis, and it is an effective immunosuppression agent for organ transplantation147. In the 
5/6 nephrectomy model in the rat, an example of progressive renal disease, MMF for 1 month 
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obviated progression of renal failure, decreased proteinuria, limited the number of glomerular 
inflammatory infiltrates, and reduced the number of sclerotic glomeruli44•115. In human patients, 
a preliminary report suggests that MMF has a lower nephrotoxic risk over the long term 
compared to cyclosporine, and that it may be a useful "rescue" therapy for steroid-resistant 
FSGS16. 

Plasmapheresis. Plasmapheresis or plasma exchange has been applied in small clinical trials 
of patients with recurrent FSGS. The rationale behind this approach is supported by 
observations of a circulating permeability factor in this disease (discussed above). Nine 
patients with risk of recurrent disease were empirically treated with plasmapheresis as a 
prophylactic measure, and only one of these patients lost the kidney due to recurrent FSGS4. 

This result compares favorably with the recurrence rate of historical controls of approximately 
50%3•4•139•148•154. Interestingly, plasmapheresis therapy is associated with a dramatic fall in 
measurements of the serum permeability factor4. Plasmapheresis is unlikely to be effective 
therapy for idiopathic FSGS, but it may prove to be useful in recurrent disease. 

Lipid management. Abnormal lipid metabolism is proposed to contribute to the glomerular lesion 
of FSGS, and some of the histologic injury seen in FSGS, such as foam cells and lipid deposits, 
resembles early changes of atherosclerosis33. Despite these suggestions, there are relatively 
few studies demonstrating that lipid lowering agents will limit progressive glomerular damage. A 
small series of patients with nephrotic syndrome, including 28% with FSGS, showed that 
simvastatin therapy for nearly a year reduced LDL levels by 54% and albuminuria 62%124. 

Observations in human patients with FSGS also suggest an association between lower 
circulating LDL and progressive glomerular injury. In a series of nine patients with nephrotic 
syndrome (six with FSGS), LDL-apheresis was attempted to limit progression of renal 
disease110. In this small group of patients, a reduction in total cholesterol of 58% was 
associated with improved GFR (estimated by creatinine clearance) and serum albumin. These 
observations support the notion that management of hyperlipidemia in patients with FSGS will, 
in addition to reducing cardiovascular risk, also limit the rate of progression of renal failure. 

Non-steroidal anti-inflammatory drugs. Non-steroidal agents are potentially effective agents in 
proteinuria because they can decrease intraglomerular pressure in some conditions and 
decrease permeability to macromolecules156. Non-steroidal drugs have been employed in a 
variety of glomerular diseases, and they can significantly decrease protein excretion over the 
short term34•156•160. In one study of nephrotic patients, 25% of whom had FSGS, indomethacin 
caused a 69% decrease in proteinuria and a 25% decrease in GFR, but withdrawal of the drug 
was associated with a return of proteinuria to pre-treatment levels in most patients34. The 
respose to non-steroidal drugs is probably only short-lived, and it is unclear if it limits the 
progression of glomerular disease. This approach should be reserved for patients with resistant 
nephrotic syndrome who are debilitated by massive proteinuria. 

Angiotensin converting enzyme inhibitors. In patients with glomerulosclerosis from diabetes 
and a deterioration in renal function, ACE inhibitors limit the progression of disease independent 
of an effect on blood pressure97. Prospective trials suggest that ACE inhibitors may provide a 
similar advantage in non-diabetic glomerular diseases. Maschio and colleagues randomized 
583 patients with a variety of renal diseases to receive either benazepril or placebo101 . 

Approximately a third of the patients had primary glomerular diseases similar to FSGS. Over a 
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three-year period, 20.1% of control patients but only 10.3% of ACE-treated patients reached the 
renal failure endpoint. Similar results were reported in a group of 46 patients (19 with FSGS) 
who were treated with an ACE inhibitor for a year123. A prospective trial in HIVAN suggested 
that lisinopril decreased proteinuria nearly 50% and did not significantly alter GFR over a 
3-month period20. A recent meta-analysis of studies with ACE-inhibitors in non-diabetic kidney 
diseases supported that the pooled relative risk of developing ESRD after a year of treatment 
was 0. 70 with ACE inhibitors, but that the benefit may have been due to lower blood pressure in 
the treated groups46. Since patients with FSGS comprised only a part of these studies, it is 
possible that the results in FSGS would differ from those with the entire group of non-diabetic 
kidney diseases. However, it is reasonable to speculate that ACE-inhibitors can ameliorate the 
deterioration of GFR in primary FSGS. 

Conclusions 

The primary glomerular disease of FSGS is a common cause of nephrotic syndrome, and it 
carries a risk of progressive renal disease. Approximately 40% of patients will develop ESRD 
within 1 0 years of the diagnosis. Primary FSGS contributes significantly to the rapidly growing 
ESRD population in this country. A host of varied clinical conditions, including morbid obesity, 
HIV infection, dyslipidemia, innate basement membrane defects, reflux nephropathy and 
recurrent (post-transplant) FSGS, also cause glomerular lesions nearly identical to primary 
FSGS. From these conditions, and from genetic studies, several factors are identified that may 
participate in the initiation and promotion of glomerulosclerosis. These factors include 
augmented glomerular blood flow, chronic ischemia, abnormal lipid metabolism, direct and 
indirect responses to HIV infection, chronic exposure to TGF-B1, and a circulating permeability 
factor. Understanding these factors has already lead to treatments for primary FSGS such as 
ACE inhibitors and lipid-lowering agents that may ameliorate the progressive loss of GFR. 
These maneuvers may further improve the outcome of prolonged immunosuppression. A better 
understanding of these contributing factors may also lead to new interventions in the near future 
including the therapeutic use of decorin or antagonists for the endothelin receptors. Primary 
FSGS is likely the end result of a plurality of pathogenic forces. As we gain a better 
understanding of its diverse etiology, the term "idiopathic" will less frequently be applied to 
FSGS. More importantly, clarification of the pathogenesis and treatment of FSGS should 
improve our care of other progressive glomerular diseases. 
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