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Background: By sharing our quarter century of care
on children with kidney biopsy-proven focal segmental
glomerulosclerosis (FSGS), we hope to advance
early recognition of this condition with its changing
demographics in recent years and examine promising
treatment modalities to slow its rate of progression.
Methods: Children fitting entry and exclusion criteria,
who presented to our regional nephrology center, were
enrolled into this retrospective study. The same criteria
for kidney biopsies were uniformly applied under
the same nephrologists in over 25 years of practice.
Patients exited the study at the initiation of dialysis/
transplantation or death. Kidney survival rate was
determined by the Kaplan-Meier method.
Results: In 43 children (21 females and 22 males)
enrolled, 15 were white and 28 black. The peak age at
presentation was 10 to 15 years. Hypertension and heavy
proteinuria were frequently seen as presenting features.
Almost half of the patients showed serum creatinine
concentrations minimally elevated above normal, indicating
relatively early diagnosis of FSGS in the study population.
Treatment consisted of one or more of the following
medications: oral alternative-day prednisone, angiotensin
converting enzyme inhibitors or angiotensin receptor
blockers, vitamin E, and intravenous methylprednisolone
with cyclophosphamide or cyclosporine A.
Conclusions: In this study, with the early interest
in FSGS, an opportunity became available to use the
different treatment options over more than 2 decades.
With the present combined therapy, the kidney survival
was no better than the therapeutic regimen described
earlier by others. Therefore attention must be focused
on the efficacy and side effects of treatments which
have been called into question: cyclophosphamide and
intravenous methylprednisolone. We recommend a

modified treatment regimen, which is cost effective and
with minimal side effects.
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Introduction

N

ephrotic syndrome, with an annual incidence rate
of 2 to 7 per 100 000 children younger than 18
years old,[1] is a significant disease in childhood.
The dramatic presentations of generalized edema and
heavy, foamy proteinuria usually get the child to medical
attention, appropriate diagnosis and treatment.[1]
Primary focal segmental glomerulosclerosis (FSGS)
is a clinically important component of childhood
nephrotic syndrome because it is slowly progressive over
a decade or less to chronic kidney failure.[1] Recent data
from South Africa[2] clearly demonstrated that Asian
and African nephrotic children are three to four times
more likely to have FSGS, at an incidence of 20% and
27% respectively, in contrast to the incidence of 8%
previously reported.[3]
FSGS is characterized by lack of response to steroid
treatment, and kidney biopsies in these children show
sclerosis and collapse of the glomerular tufts.[1] A quarter
century's experience of the treatment and outcome of
children with biopsy-proven FSGS at a single regional
nephrology center in mid-Atlantic North America form
the basis of this report.
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Patients
All patients with biopsy-proven FSGS who had
been referred to the pediatric nephrology division of
Virginia Commonwealth University Health System,
Richmond, Virginia between July 1977 and June 2002
were eligible for entry into this retrospective study.
All clinical data were entered in "yellow sheets"[4] as
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A total of 43 patients met the entry and exclusion
criteria. Their gender and age at the first clinic visit are
presented in Fig. 1. The peak age of the patients was
10-15 years, and their gender was equally distributed.
The racial backgrounds of these patients were 15 whites
and 28 African American blacks.
Blood pressure at initial clinic visits showed that
32% of the patients had diastolic blood pressure in
excess of 80 mmHg. Proteinuria was estimated by
the ratio of urinary protein (mg per dl) divided by the
urinary creatinine (mg per dl). The values in excess

20

Female: n=21
Male: n=22

15
10
5
0

0-5
5-10 10-15 15-20
Years of age at presentation

Fig. 1. The number of patients with biopsy-proven FSGS and age at
time of first clinic visit.
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Fig. 2. The modalities of treatment given to the study subjects over
the 25 years of this project. The patients who exited into dialysis/
transplantation shortly after entering this study were not included in
this graphic presentation.

Survival distribution function

Statistical analysis
In this descriptive study, means/medians and
proportions were used to describe characteristics of the
study population. The Kaplan-Meier method was used
to analyze kidney survival rates.

Number of patients

15

Treatment protocol
The treatment regimen was not uniform through these 25
years and changed over time. But the dosage of individual
medications was the same as described below. Intravenous
methylprednisolone was given at 30 mg/kg per week
combined with a low dose of oral prednisone at 2 mg/kg
on alternative days for various durations according to the
severity of disease.[1] Cyclophosphamide was given orally
at 2 mg/kg body weight per day for 8 weeks combined
with prednisone at 60 mg/sq meter body surface area
on alternative days.[1] Cyclosporine A was given orally
at 5 mg/kg body weight per day.[1] Angiotensin receptor
blocker or angiotensin converting enzyme inhibitor was
given orally on an ongoing basis until the disappearance of
proteinuria and re-started with the return of proteinuria.[1]
Vitamin E was given orally at 400 to 800 units per day
on a chronic basis as a renoprotective measure.[7]
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Kidney biopsy indications and study entry/
exclusion/exit criteria
The criteria for kidney biopsies were steroid-resistant
nephrotic syndrome, i.e., no response after 4 weeks
of daily prednisone plus 4 weeks of every other
day prednisone or steroid responsive but frequent
relapsing nephrosis, i.e., more than two relapses in any
6-month period of follow-up.[1,5] In addition, kidney
biopsies were done by our board certified pediatric
nephrologists in patients with proteinuria in excess of
2 g per day persisting over 3 months and without signs
of nephrotic edema; all patients must meet two of the
following parameters: unrelenting isolated hematuria
persistent for over 2 years; hypertension; and evidence
of elevated serum creatinine denoting chronic kidney
insufficiency.[5,6] Contraindications for biopsies are:
solitary kidney, bleeding disorders, suspected tumors,
acute infections or uncontrollable severe hypertension.[5,6]
The entry criteria are kidney biopsy-documented
FSGS in patients at or less than 18 years old.
Patients excluded from this study were secondary
FSGS due to systemic lupus, anaphylactoid purpura,
diabetes mellitus, HIV, sickle cell nephropathy, and
dysplastic kidneys.
The patients exited the study at initiation of peritoneal
or hemodialysis/transplantation procedures or death.

Results
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Fig. 3. The Kaplan-Meier analysis of kidney survival in forty-three
FSGS children.
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of 0.2 mg/mg at initial clinic visits were observed in
42% of the patients. Nephrotic range proteinuria as
defined by urinary protein to urinary creatinine ratio
at or in excess of 2 mg/mg was found in 32% of the
patients. At the initial clinic visit, the serum creatinine
concentrations exceeding 1.2 mg/dl were found in 44%
of the male patients and exceeded values of 1 mg/dl in
50% of the female patients. The treatment modalities
used in the 25 years of this study are shown in Fig. 2. In
the early period in the 1970s, up to 3 patients received
no treatment, as advocated by Habib et al.[8] But starting
in the 1980s, alternative-day dose of prednisone
alone,[9,10] or intravenous methylprednisolone with
alternative-day prednisone[11,12] and sometimes with or
without cyclophosphamide[12,13] or cyclosporine A[14-17]
as well as angiotensin converting enzyme inhibitors
or angiotensin receptor blockers[12] were used. Finally,
starting in 1990, vitamin E based on dosage used in a
FSGS clinical trial[18] was given as an adjunct therapy in
our patients. The kidney survival rates were analyzed
by the Kaplan-Meier method, with patients going into
hemo- or peritoneal dialysis and kidney transplantation
considered to be non-survivors and exiting the study
(Fig. 3). No actual death was encountered in this study.

Discussion
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The literature on FSGS describes a male predominance
but in our single center study, the gender distribution
is equal between male and female patients (Fig. 1).
Although there was a male predominance during the
earlier years in this study; however, when the period
of follow up is extended to 25 years, the gender
distribution became equalized. This is possibly one
of the few 25-year follow-up studies in children with
FSGS in North America. Most other papers using
the current combination of medications reported on
data collected over significantly shorter lengths of
follow-up.[19] Our study suggested that school-age girls
have equal propensity to develop FSGS, but it needs
confirmation by long-term studies.
African American blacks were in the majority in
our study. This partly reflects the higher percentage
of Africa-American patients residing in the catchment
area of our regional referral center.[20] But, it should
be recognized that although FSGS is the primary
pathological diagnosis in 8% of nephrotic syndrome
cases in the International Study of Kidney Disease
in Children (ISKDC),[3] its incidence is tripled and
quadrupled to 20% and 28% in Asian children and
African children, respectively.[2] Because, in our
location, Asian-Americans and other non-black
minority represent less than 3% of the general

population,[20] we have had no Asian children with
FSGS in this study population, which is one of the
limitations of our study (vide infra).
We recognize hypertension as a diastolic blood
pressure in excess of 80 mmHg. As a presenting feature
in 32% of our patients, it was not different from the
40% incidence described in the ISKDC publication in
1981.[3] Proteinuria as a presenting feature was present
in 20% of the patients in the ISKDC[3] compared with
the 42% incidence in our study. In addition, 30% of
the ISKDC patients[3] presented with elevated levels
of serum creatinine. In our patients, it was almost
50%, suggesting that more patients in our series had
compromised glomerular filtration rates—albeit at the
early stage, because most of them showed minimally
elevated levels of serum creatinine at presentation.
Thus, pediatricians need to be vigilant in recognizing
that elevated blood pressure, minimal proteinuria,
and minimally elevated levels of serum creatinine are
characteristic features of FSGS.
Oral prednisone therapy is usually effective in
achieving proteinuria-free status and remission in most
of nephrotic children because of the minimally changed
histology of nephrotic syndrome.[1,12] But nephrotic
syndrome due to FSGS is notoriously prone to being
resistant to prednisone therapy or relapsing frequently.[1,12]
In addition, a number of FSGS patients progress without
developing generalized edema which characterizes most
nephrotic syndromes although significant proteinuria
is often present, accompanied by asymptomatic
hypertension. These are the features at the time of
presentation illustrated in our study. These findings imply
that clinicians must follow such children diligently and
obtain the correct diagnosis by kidney biopsy, utilizing
the criteria illustrated in this study. It is important to
recognize that FSGS can present and progress silently.
It has been established by the ISKDC that the peak
age of presenting FSGS was 6 years.[3] The peak age at
presentation in our study ranged from 10 to 15 years for
both male and female patients (Fig. 1). This difference
may be due to the decades between our study and
the ISKDC. In the decade of the 1980s, our data also
showed the predominance of male over female, but
in the decades of the 1990s and 2000s, the gender
distribution became equalized. It may be attributed
to the restrictive criteria of kidney biopsies we have
utilized or the higher number of black minority patients
in our cohort or some other causes not yet identified.
Our over 25 years study at a single center provides
a rare opportunity to survey changing therapeutic
modalities in treating this progressive disease. The
management philosophy of FSGS before the 1980s
advocated by leaders in this field was no medical
treatment,[8] on the rationale that FSGS being
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factors. Finally, we did not have genetic markers. On
the other hand, some advantages of our study are as
follows: the use of the same criteria for kidney biopsies
throughout the 25 years study; consistency maintained
by utilizing the same data forms ("yellow sheets")[4] and
data entry by the same nephrologic attending, same
care philosophy and follow-up.
Finally, treatment regimens for FSGS have been
changing in these 3 to 4 decades. Initially in the
1970s, no treatment was recommended for FSGS on
the rationale that steroids were ineffective and the
side effects far outweighed the benefits.[8] Then, in
the 1980s, cyclophosphamide plus alternative-day
prednisone regimen was used and best exemplified by
the long-term Toronto study by Arbus et al.[23] However,
a recent study by Tarshish et al[24] questioned the
efficacy of cyclophosphamide.
Since the Kaplan-Meier kidney survival in our
patients was not different from the equally long-term
survival from the Toronto study,[23] questions are raised
concerning intravenous methylprednisolone,[25] its cost,
efficacy, and side effects of cataracts, hypertension,
growth retardation and infectious complications.
Because of the limited therapeutic options (Fig. 2), the
clinical outcome in children with FSGS is still guarded,
but it is better than that in the earlier 1970s.[8] The use
of tacrolimus[26] and mycophenolate mofetil[27,28] and
important advances in delineating the genetic basis of
FSGS have indicated that the future for children with
FSGS is getting to be more hopeful.[29]
In conclusion, the demographic characteristics
of equal gender distribution instead of male
predominance, the older age of presentation, and the
prevalence of elevated levels of serum creatinine
and proteinuria as presenting features in our study
population may be due to the higher percentage of
African-American children in our study compared
to previous studies.[3] The reasons for Kaplan-Meier
survival rate in our study being not different from
the earlier Toronto study,[23] despite newer and more
powerful regimen in the recent two decades, are
surely multi-factorial. But the possibility that AfricanAmerican children with FSGS are less responsive to
therapy may need to be considered. Whether these
observations are applicable to Asian nephrotic children,
who show equal propensity to develop FSGS as African
children, remains to be determined.
Oral treatment regimen with minimal side effects,
consisting of vitamin E, alternative-day prednisone,
and angiotensin converting enzyme inhibitor or
angiotensin receptor blockade, would seem to
be advisable. The addition of cyclophosphamide
or cyclosporine A to the above regimen is an
individualized decision. The side effects[1,12] and long-

World J Pediatr, Vol 3 No 4 . November 15, 2007 . www.wjpch.com

Original article

unresponsive to prednisone, there was no point
to give this medication in order to avoid the often
significant side-effects of long-term steroid therapy.
However, starting in the 1980s, long-term alternativeday prednisone treatment was initiated because it was
deemed to be beneficial in slowing the progression to
kidney failure (Fig. 2). The short-term side effects of
steroid were peritonitis and other risks of infections,
and thromboembolism. Long-term therapy of steroids
was complicated by growth retardation, metabolic bone
disease, hypertension, and diabetes mellitus.
Tune, Lieberman and Mendoza[11] demonstrated that
intravenous methylprednisolone significantly ameliorated
the progression of FSGS. Thus, nephrologists including
those at this center in the 1980s routinely used intravenous
methylprednisolone[1,12] with and sometimes without
cyclophosphamide and with or without cyclosporine A[12]
in an increasing number of patients. To monitor the risk
of leucopenia occasionally encountered in the long-term
administration of cyclophosphamide and/or cyclosporine
A, white blood cell counts were examined regularly.
These antimetabolites were discontinued until the white
cell counts returned to normal.
In the 1990s (Fig. 2) angiotensin converting
enzyme inhibitors or angiotensin receptor blockades[1,12]
were favored in preserving kidney function and we
treated 9 patients with this regimen in the 1990s, but
these medications declined to 6 patients by the late
1990s, as vitamin E began to be used as an adjunct
therapy, based on experimental data from our group
that this antioxidant can reverse FSGS in blind,
controlled studies in rats.[21] Thus we used a vitamin
E dosage shown to be effective in children with IgA
nephropathy, as established by our group.[7] Controlled
clinical trials in children with FSGS in the USA and
elsewhere are beginning to address these proliferating
and confusing treatment options.
Our data must be interpreted with the following
limitations in mind. This is a retrospective study and
the data are limited by what information was recorded
on spread sheets. In addition, our tertiary specialist
hospital received patients from all social economic
classes, with substantial number of patients likely from
less affluent and minority families. Finally, general
population in our location is predominantly white
(65%) and black (32%), with less than 3% from other
ethnic origins.[20] As a result, our project is limited by
not having Asian children, who are the population at
risk in other parts of the world.[2] There is no general
agreement upon histological classification of FSGS
before 2004.[22] Thus, our patient spread sheets collected
over the previous 2 decades did not record whether the
histology showed collapsing, tip, cellular or perihilar
FSGS, which could have been useful as prognostic
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term follow-up of patients on this regimen of multiple
medications require careful considerations.
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