
 The Open Pediatric Medicine Journal, 2008, 2, 39-44 39 

 

 1874-3099/08 2008 Bentham Open 

Open Access 

Primary Focal Segmental Glomerulosclerosis, an Important Component of 
Childhood Nephrotic Syndrome: Therapeutic Options and Genetic Basis 

James C.M. Chan
*,1

 and Karl S. Roth
2
 

1
University of Vermont College of Medicine, The Barbara Bush Children’s Hospital, Maine Medical Center, Portland, 

Maine, USA 

2
Department of Pediatrics, Creighton University, Omaha, Nebraska, USA 

Abstract: Introduction: We aim to review the therapeutic options in ameliorating the progression of focal segmental 

glomerulosclerosis (FSGS). We shall comment on the long-term prognosis and the clinical implications of candidate 

genes in familial cases of FSGS. 

Materials and Method: Key references from the past concerning FSGS were analyzed, together with a PubMed search of 

the literature from 1998 to 2008. 

Results and Discussion: Treatment of FSGS consists of one or more of the following medications: vitamin E, prednisone, 

angiotensin-converting enzyme inhibitor, angiotensin receptor blocker; in the severe cases, methylprednisolone, cyclo-

phosphamide, cyclosporine, calcineurin inhibitors, rituximab and mycophenolate. The prognoses with lengths of follow-

up to 14 years were analyzed. The genetics of familial FSGS and the strategy of kidney transplants in such cases need 

special attention. 

Conclusion: We reviewed the available modalities of treatment and the long-term prognosis. The new findings on familial 

forms of FSGS and the clinical implications are succinctly presented. 
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INTRODUCTION 

 Glomerular capillary blood is separated from the urinary 
space by a composite barrier, consisting of the fenestrated 
endothelium of the vessel itself, the glomerular basement 
membrane (GBM) and the podocytes, with their foot proc-
esses applied to the GBM. Each of the three components is 
distinctly different from the others, not only in function but 
in molecular characteristics as well. It is this barrier which 
permits selective filtration and prevents loss of protein from 
the several liters of blood flowing through the glomeruli 
daily. Many pathologic conditions which adversely impact 
upon this barrier may cause renal disease of variable nature 
and extent. 

 The majority of children with nephrotic syndrome re-
spond to steroid therapy and do not suffer long-term conse-
quences of the disease [1].

 
The underlying renal histologic 

examination appears normal, which has led to application of 
the term “minimal change nephrotic syndrome”, or MCNS. 
It is for this reason that it is not standard practice to perform 
renal biopsy when there is prompt and definitive response to 
steroid therapy. The minority of patients who fail to respond 
are likely to suffer from more serious kidney pathology, of 
which “focal segmental glomerulosclerosis” or “FSGS” is 
the most likely finding on examination of a kidney biopsy 
specimen [1, 2]. Of late, there has been a great deal of  
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concern that this minority of patients progressing to FSGS 
has been growing in proportion to total cases of nephrotic 
syndrome [3-6].

 
By contrast, however, in a carefully-

constructed, retrospective study of more than 200 children 
consecutively diagnosed in a 25 year period and with at least 
2 years of follow up, Boyer and colleagues were unable to 
document any increase in incidence of FSGS in this group of 
subjects [7].

 
It may be that FSGS represents a final common 

pathway of several types of renal disease; in this paper we 
will focus our attention on the primary forms of FSGS. 

MATERIAL AND METHODS 

 Key references from the past concerning FSGS, together 
with information gathered from a PubMed search of the lit-
erature from 1998 to 2008, form the basis of this commen-
tary. We have endeavored to summarize the most current and 
relevant information from the world’s literature pertaining to 
etiologies, treatment modalities and prognosis of this major 
cause of morbidity. 

RESULTS AND DISCUSSION 

 Histology: In FSGS, segments of the glomerulus are 
sclerotic, giving rise to the descriptor: segmental glomerulo-
sclerosis [8]. In view of the fact that focal areas of the kid-
ney’s cortex, mostly the cortico-medullalry junction, show 
evidence of these damaged glomeruli whereas other areas 
show normal appearing glomeruli, the descriptor focal is 
used to come up with the full name focal segmental glomeru-
losclerosis or FSGS. However, a working pathological clas-
sification [9] for FSGS was not available until 2004. If this 
pathological classification for FSGS becomes universally 
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accepted, the progression to end-stage kidney disease 
(ESKD) may be shown to vary dependent on the histological 
classification of collapsing, tip, cellular, perihilar and “not 
otherwise specified” or NOS variant of FSGS [9]. The col-
lapsing lesions are more common in black children, in whom 
the incidence of FSGS is acknowledged to be substantially 
increased. The tip lesions are more common in Caucasian 
children and are associated with less tubulointerstitial injury 
and better glomerular filtration rates. It should be kept in 
mind, however, that the biopsied patients are a selected 
population whose pre-biopsy histological features from the 
inception of their disease remain unknown. 

 Racial and Gender Disposition: FSGS is the underlying 
pathology in up to 10% of children with the nephrotic syn-
drome [1, 2, 8]. The clinical impression that the incidence is 
probably higher in African-American and Asian children is 
bolstered by the recent findings that in South Africa, FSGS 
is much higher in African and in Asians, at incidences of 
27% and 20% respectively for black and Asian children [10].

 

It should be noted that the Asian children studied in this re-
port are South Asian, primarily from the Indian subconti-
nents. A comparison with Asian children of Chinese, Korean 
or Japanese heritages has not been published, but there is no 
indication that this higher incidence would pertain to these 
children, as well. Gender distribution in FSGS is 2:1 male to 
female [1, 11].

 
However, in African-American children with 

FSGS, there is an equal gender distribution [12]. 

 Clinical Features: The edema of a nephrotic child often 
presents insidiously, from puffiness of the eyelids to pitting 
edema of the lower extremities recurring over several weeks 
until persistent generalized edema brings the child to medical 
attention [1, 11].

 
In minimal change nephrotic syndrome, the 

child usually presents between 3 to 6 years of age, whereas 
in FSGS the age of presentation is usually older [2, 8]. Most 
notably, in African and Asian children, the age of presenta-
tion is frequently later than in white children, often after the 
age of 10 years [12].

 
It is also not unusual for 30 to 40% of 

the children with FSGS to present with hypertension, with 
diastolic blood pressure exceeding 80 mm Hg [2, 12].

 
Due to 

the hypovolemia attendant on massive proteinuria, children 
would be expected to be either normo- or hypotensive; con-
sequently, hypertension is an ominous sign in a patient who 
is not already on large doses of steroids. 

 Laboratory Features: Nephrotic syndrome is clinically 
characterized by heavy proteinuria of over 40 mg per meter

2
 

body surface area per hour in timed urine collection (or uri-
nary albumin to urinary creatinine ratio in excess of 4 
mg/mg) [1, 11].

 
This heavy protein loss eventually causes a 

decrease in the serum albumin concentration to less than 2.5 
gm/dl from the usual normal values of 4 gm/dl. It is this loss 
of serum oncotic pressure which leads eventually to the gen-
eralized edema which characterizes the clinical picture. Fre-
quently, there is a total hypocalcemia present, which is most 
often a consequence of the hypoalbuminemia. The serum 
cholesterol in MCNS is usually markedly elevated above the 
normal values; in contrast FSGS patients usually have only 
mildly elevated serum cholesterol [1, 2, 8]. The mecha-
nism(s) of the hypercholesterolemia so characteristic of 
MCNS are incompletely understood; however, they include 
decreased hepatic VLDL-cholesterol catabolism and in-
creased LDL-cholesterol synthesis. Those cause underlying 

the same laboratory finding in FSGS would seem to be either 
different in nature or degree. Similar to MCNS, patients with 
FSGS also have normal serum complement concentrations. 
This feature distinguishes FSGS from conditions which are 
hypocomplementemic such as idiopathic membranoprolif-
erative glomerulonephropathy or nephrotic syndrome secon-
dary to systemic diseases such as lupus erythematosus. 

 Kidney Biopsy: If a child presenting with nephrotic syn-
drome for the first time is at or above 10 years of age, a kid-
ney biopsy is recommended to rule out FSGS [12]. A child 
younger than 10 years of age at the time of presentation 
should not be considered a candidate for a kidney biopsy, 
because the likelihood of MCNS is high in this age group. 
However, if there is no response to a course of steroid ther-
apy or if the child has more than 2 relapses in any 6 month 
period, a kidney biopsy is indicated to rule out FSGS [1, 12]. 
If nephrotic syndrome presents in the first 12 months of life, 
a kidney biopsy is indicated, to confirm the diagnosis of 
congenital nephrotic syndrome [1].

 
Our understanding of the 

genetics this so-called “congenital” entity has grown sub-
stantially in recent years, and is discussed below. Suffice it 
to say at this juncture that consideration should be given in 
all such cases to genotyping the biopsied tissue. 

 Treatment: If the serum albumin is less than 2 gm/dl, 
symptoms of hypovolemia (hypotensive abdominal pain, 
tachycardia, poor capillary refilling, cold extremities) are 
detected or the edema is so excessive as to increase the risk 
of skin rupture, the nephrologist or intensivist may choose to 
use intravenous albumin. In such cases, the usual procedure 
is to administer a 20% salt- poor albumin solution at a dose 
of 1 gm/kg over a 4-6 hour interval followed by intravenous 
furosemide (1 - 3 mg/kg/dose) [1, 11]. If the serum albumin 
is better than 2 gm/dl and clinical symptoms of hypovolemia 
are not present, furosemide alone or with a potassium spar-
ing diuretic spironolactone (2-4 mg/kg/day) may be used to 
promote diuresis and reduce edema. It should be noted that, 
as renal perfusion improves from intravascular volume ex-
pansion, there is mobilization of accumulated extravascular 
fluid and electrolytes; any presenting hyponatremia may be 
dilutional in nature, so electrolyte therapy should take this 
into account. Moreover, frequent weights are essential to 
monitoring fluid loss, together with twenty-four hour urine 
volumes, which tend to be inaccurate in young children. 

 After tuberculosis is ruled out by skin testing, prednisone 
at 2 mg per kg body weight per day (60 mg/meter

2
 body sur-

face areas per day), up to a maximal dose of 80 mg per day, 
is initiated for 6 weeks, switching to alternative day dosage 
(1.5 mg per kg every other day or 40 mg/meter

2
 every other 

day) for an additional 6 weeks [1, 13].
 
The definition of what 

comprises a complete remission remains problematic; it is 
generally accepted that, if the child has not completely 
cleared the urine of protein for 3-5 consecutive days after 
four weeks of prednisone, remission is incomplete. Some 
authors consider that a patient with two or more relapses 
during steroid tapering or within a month thereafter consti-
tutes steroid-dependency [14]. These patients are classified 
as frequent relapsing/steroid-dependent. Patients with prote-
inuria persisting beyond three months are considered steroid 
resistant. If medically stable, these children should be con-
sidered candidates for diagnostic renal biopsy. 
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 If there is no clearing of the nephrotic proteinuria and 
edema and the kidney biopsy confirms the diagnosis of 
FSGS, most nephrologists will continue on the alternative 
dose of prednisone and add an angiotensin converting en-
zyme inhibitor (lisinopril 0.07 mg/kg/day, maximal 5 
mg/day) [8,11]. Alternatively, an angiotensin receptor 
blocker (losartan 0.7mg/kg/day, maximal dose 50 mg/day) is 
used in place of the angiotensin converting enzyme inhibitor. 
Clinical studies in adult patients [15] showed that the com-
bined treatment with both angiotensin converting enzyme 
inhibitor and receptor blocker resulted in significantly better 
prognosis. Side effects were minimal and did not exceed 
those of either drug alone. Currently, however, no data are 
available in children; perhaps the risk of hypotensive side 
effects with such combined therapy is a cause of the hesi-
tancy to use this combined drug approach to therapy. 

 Addition of an antioxidant, specifically Vitamin E (400 
IU/day) [16]

 
has also been recommended as an adjunct ther-

apy, because experimental data [17, 18]
 
and preliminary 

clinical studies [19]
 
indicated efficacy in reducing proteinu-

ria and improved prognosis. The risk/benefit ratio of this 
treatment modality is so low that, while its efficacy remains 
unproven there is little reason not to add it to the therapeutic 
regimen. However, this conservative approach to treatment 
in a great many patients with FSGS usually does little to 
cause abatement of the proteinuria or disease progression. 

 In the FSGS cases which are poorly- or unresponsive to 
the outlined combined treatment strategy, the use of cyto-
toxics and other immunosuppressive therapies needs to be 
considered. The decision to move forward with this modality 
of treatment, however, should be made carefully, because of 
the significant side effects of such medications. Most pediat-
ric nephrologists will continue the low dose, alternative day 
prednisone (1.5 mg/kg every other day or 40 mg/square me-
ter every other day) [1, 11] but may add cyclophosphamide 
(2 mg/kg/day) [21, 22];

 
the rationale for this is the addition 

of the immunosuppressant effects of the latter. Although 
experience with cyclosporin A (5 mg/kg/day) [22] or levami-
sole (2.5 mg/kg every other day) [23] is still relatively lim-
ited and anecdotal, their use is based on experimental neph-
rotic animal models, in which it is thought that basement 
membrane damage is mediated by lymphokines. Cyclosporin 
A is an immunomodulator which acts on T-helper cells, 
causing decreased interleukin-2 production. Levamisole is 
no longer available in the United States. However, that lym-
phokine mediation is the basic mechanism for either the 
membrane damage or its metamorphosis into FSGS remains 
inconclusive. The use of intravenous methylprednisolone at 
varying doses has also been advocated as an alternative to 
oral steroids, chiefly due to the relatively poor response to 
oral dosing [24, 25]. The results are pending on several clini-
cal trials using mycophenolate mofetil (MMF) [26, 27],

 
si-

rolimus (Rapamycin) [28],
 
tacrolimus (Prograf) [29]

 
and ri-

tuximab [30]. The first three drugs are immunosuppressant 
agents acting on T-cells and impairing lymphokine response, 
whereas rituximab acts on B-cells to achieve a similar effect. 
Rituximab is an anti-CD20 monoclonal antibody which is 
believed to inhibit B-lymphocyte activation, and is currently 
approved for use in B-cell lymphoma and rheumatoid arthri-
tis. Following a number of sporadic case reports indicating 
successful use of rituximab in treatment of steroid-dependent 
nephrotic syndrome, Guigonis and colleagues [31]

 
completed 

a multicenter study in which they documented the efficacy of 
the drug as a treatment modality. The success of rituximab 
treatment in this context has now begun to be extrapolated to 
treatment of FSGS, although to date only scattered case re-
ports currently exist in the literature [32, 33]. A major defi-
ciency of each therapeutic modality is the implicit assump-
tion of an inflammatory mechanism as a primary etiology for 
FSGS, an assumption without solid evidence other than the 
rapid response of the vast majority of MCD to large steroid 
doses [30]. However, we lack among other things, the abso-
lute knowledge that MCD and FSGS are or are not related; 
hence, to extend a therapeutic philosophy from success with 
one entity to treatment of another, perhaps unrelated one 
could be at the basis for the poor overall therapeutic response 
of FSGS. 

 The side effects of prednisone and methylprednisolone 
are euphoria, mood swings, headaches, acne, hirsutism and 
cushingnoid facial appearance, hypertension, arrhythmia, 
and increased risk of infections [1,8]. Long term use of ster-
oids give rise to cataracts, osteoporosis, short stature [1, 11]. 
The side effects of cyclophosphamide are leucopenia from 
bone marrow suppression, hemorrhagic cystitis, and sterility 
[1, 11]. The potentially increased risk of malignancy is unre-
solved. Cyclosporine A is associated with pruritis, gum hy-
perplasia, hypertrichosis, neurological complications from 
confusion to seizures, gastrointestinal complications of nau-
sea, vomiting, diarrhea, pancreatitis, peptic ulcers; hyperten-
sion, nephrotoxicity, hyperkalemia and other drug toxicities 
and interactions. Levamisole causes allergic reactions, ab-
dominal pain, nausea, and vomiting, neurologic complica-
tions from confusions to memory loss and seizures, bone 
marrow suppression and bleeding disorders [22].

 
The serious 

side effects of mycophenolate mofetil [11] include head-
aches, coughing, fatigue, thrombophlebitis, cytomegalovirus 
and opportunistic infections, anemia, leucopenia from bone 
marrow suppression and gastrointestinal hemorrhage and 
perforation. Pregnant women should not take this medication 
because of fetal risks. Sirolimus side effects [1, 11, 27]

 
in-

clude allergic dermatitis, acne, peripheral edema, hyperten-
sion, arthralgia, gastrointestinal upsets, elevated serum 
triglycerides, cholesterol and creatinine, reduced glomerular 
filtration rate and proteinuria, and susceptibility to infec-
tions. When jointly used with cyclosporine, there is an in-
creased risk of hemolytic uremia syndrome, thrombocy-
topenic purpura and microangiopathy. The side effects of 
tacrolimus [1, 11, 28]

 
include increased risk of hepatotoxic-

ity and nephrotoxicity, hyperglycemia, diabetes mellitus, 
hypertension, neuropathy, blurred vision, tremors, seizures, 
confusion, insomnia and herpes zoster infections. The ques-
tion of cancer risks is not settled. Clearly, in using these 
compounds for treatment of FSGS, it is essential to give very 
serious consideration to the risk/benefit ratio and to how 
their use could adversely impact the quality of life for a pa-
tient in whom this quality may already be significantly com-
promised. 

 Prognosis in FSGS: When FSGS was first recognized as 
a distinct kidney disease, steroid therapy was perceived as 
ineffective and not recommended [34, 35]

 
because the side 

effects were considered to outweigh the benefits. However, 
low dose alternate day steroid therapy was later found to 
improve the prognosis in childhood FSGS, especially when 
combined with a cytotoxic medication such as cyclophos-
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phamide [20]. Data on long term prognosis of prednisone 
plus cyclophosphamide showed kidney survival of 60 % at 
15 years of follow up in the Toronto study [20].

 
In the 

1980’s, intravenous, pulse methylprednisolone [24]
 
over long 

periods was recommended on the basis of significantly im-
proved kidney survival.

 
However, wide acceptance of this 

form of therapy did not materialize as additional studies did 
not support the anticipated improvement reported in the ini-
tial study [24].

 
Low dose prednisone plus angiotensin con-

verting enzyme inhibitor with and without cytotoxic medica-
tions combined with vitamin E were used with the long term 
prognosis remaining at 50% kidney survival at 12 years of 
follow-up in a Virginia study [12]. However, in new clinical 
studies [36] patients who responded initially to the combined 
therapy especially with cyclosporine, the prognosis at 4 
years was 90% kidney survival. By contrast, in those who 
did not respond initially, the prognosis was poor with kidney 
survival of 40% at 4 years of follow up [36, 37]. 

 The matter of renal transplantation deserves mention in 
the treatment of the renal failure induced by FSGS. The 
North American Cooperative Study documented a 30-40% 
incidence of recurrence of FSGS in the graft kidney, with a 
recurrence rate of about 80% in a subsequent graft [38]. A 
more recent report of 10 patients receiving up to four se-
quential transplants showed a recurrence rate of 100% [39]. 
Consequently, efforts are directed at preservation of the ini-
tial graft and subsequent renal transplantation is discouraged. 
These efforts have included a variety of immunosuppressive 
agents, most already mentioned in our discussion of treat-
ment, but the only combination which seems to be effective 
in delaying (but not preventing) eventual recurrent FSGS is 
plasmapheresis plus high-dose cyclosporine, mycophenolate 
or cyclophosphamide [40]. Controversy in the reported lit-
erature over the effectiveness of rituximab in this clinical 
situation remains to be resolved [41-43]. In general, the dif-
ferences discussed above in prognosis related to therapeutic 
modality reflects again the vast ignorance from which we 
suffer regarding etiology. It is possible, for instance, that the 
cyclosporine-responders reported to show extended kidney 
survival suffer from FSGS of a different etiology from those 
who do not respond. Until we are able to uncover the causal 
basis for FSGS, prognostication will remain a matter of phe-
nomenology. 

 Genetics in FSGS: As in a multitude of other entities in 
medicine, it has become clear that FSGS, initially described 
histopathologically as a single entity, now comprises a num-
ber of distinct disorders, many known to be of clear genetic 
etiology. Such etiologic diversity is entirely consistent with 
the differing responses to therapy from patient to patient. It 
is also predictable, given the diverse molecular composition 
of the filtration barrier, as pointed out in the Introduction 
(supra vide). Advances in the past decade on genetic markers 
in familial FSGS have uncovered several mutations which 
result in the clinical picture. 

 Inasmuch as the clinical definition of FSGS includes 
steroid-unresponsiveness of the proteinuria in a nephrotic 
patient, congenital or primary nephritic syndrome exempli-
fies a genetic abnormality resulting in unremitting and mas-
sive proteinuria. The underlying cause is a mutation of the 
nephrin gene (NPHS1); nephrin is a protein localized to the 
slit between foot processes and forms a network which lines 

the pores which, are in turn about equal in size to albumin 
molecules [44]. Thus, it is not difficult to understand why a 
genetic mutation inducing abnormality in this complex struc-
ture would create steroid-resistance. The genetic abnormality 
is inherited as an autosomal recessive trait and can be defini-
tively treated only by renal transplant. 

 Frishberg and colleagues [45] studied a kindred in which 
there was familial incidence of FSGS. These investigations, 
utilizing positional cloning technique showed mutation in the 
NPHS2 gene which encodes the podocin protein. Podocin is 
an integral membrane protein which binds to cholesterol in 
the podocyte membrane; it is necessary for interaction with 
nephrin and facilitates podocytic regulation of the slit dia-
phragm [46].

 
Mutation of the NHPS2 gene is linked to auto-

somal recessive steroid resistant FSGS [45]. With increasing 
interest and experience in genotyping FSGS patients, it has 
become clear that there are several NPHS2 mutations at dif-
ferent loci and that collectively these accounts for a signifi-
cant percentage of both sporadic and familial disease [47, 
48]. 

 Alpha-actinin-4(ACTN4) is a protein which binds actin 
into bundles and is key to cytoskeletal integrity. Mutation of 
the ACTN4 gene in autosomal dominant FSGS is associated 
with presentation of renal disease in adolescence and a high 
risk of progression to end-stage kidney diseases [49]. How-
ever, penetrance is variable, so that more mildly-affected 
individuals can be seen, as well. Another genetic cause of 
adolescent presentation of FSGS is mutation in the transre-
ceptor potential cation channel (TRPC6) gene. The TRCP6 
protein is involved in regulation of calcium entry into the 
cell and interacts at the slit diaphragm complex with nephrin 
and podocin. The gene mutation is linked to an autosomal 
dominant form of FSGS [50]. At present, it is unclear how 
such gene mutations relate to responses to therapy. 

 In view of the familial forms of FSGS and the risks of 
recurrence of FSGS in the transplanted allografts, live-
related donors need to be carefully worked up, including at 
least one year of investigation on the prospective related 
donors to ensure that there is no evidence of proteinuria 
and/or hematuria which may resolve and recur - hence, the 
recommendation to repeated check urinalysis over a 12 
month period as a work up to transplant donation. There are 
also nephrologists advocating to halt using live-related do-
nors entirely in FSGS, chiefly because of the potential for 
genetic mutation in the donated kidney. 

CONCLUSIONS 

 FSGS is an important component of MCNS in childhood. 
New data demonstrate a higher predisposition in African and 
Asian children [10] for development of FSGS and an aver-
age age of presentation older than 10 years. There is equal 
gender distribution in the African-American child [12],

 
in 

contrast to the previous data of male predominance in the 
Caucasian child with FSGS [1, 2].

 
The current treatment of 

choice is to slow the rate of progression [51],
 
by a combina-

tion of vitamin E [18], prednisone [1],
 
angiotensin converting 

enzyme inhibitor or angiotensin receptor blocker [14].
 
In the 

non-responsive cases, the addition of cyclosporine is sup-
ported by results of controlled clinical trials [22].

 
Newer im-

munosuppressives are undergoing controlled clinical trials. 
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The clinical implications of genetic markers are under in-
tense investigation. 
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