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was 30.62%12.02 years. The mean 24-hr urinary protein excretion was 4.69+2.36
grams. Microscopic hematuria was found in 30 (16.3%) patients. The mean se-
rum creatinine was 1.58£0.87 mg/dL. At presentation, 128 (69.6%) patients wete
normotensive, while 56 (30.4%) exhibited hypertension. FSGS, not otherwise
specified (NOS) was the predominant variant, comprising 76.6% of all; collapsing
variant comprised 12%, tip variant, 9.8%, perihilar, 1.1%, and cellular, 0.5%. The
mean number of glomeruli involved by segmental scarring was 3.41£2.87 and
there was significant difference among the variants (p= 0.001). Arteriolopathy was
found in 23.4 % cases and fibrointimal thickening of arteries in 18.5%. Tubular
atrophy and interstitial fibrosis (IF/TA) was noted in 93% of cases. There was no
significant difference in vasculopathy and IF/TA among the variants.

Conclusions: Collapsing variant was the second most common variant following NOS

and these findings are different from other regional studies.

Implication for health policy/ practice/ research/ medical education:

Focal segmental glomerulosclerosis (FSGS) is a heterogeneous lesion with different etiologies, pathogenesis
and clinical outcome. Recent classification of FSGS on histological grounds into five variants reflects this
heterogeneity of the lesion. A study of these variants in different populations is of utmost importance in un-
derstanding the varied etiopathogenetic mechanisms underlying this common lesion in nephrology practice.
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1. Background

he term idiopathic nephrotic syndrome

(INS) refers to a distinct syndrome of

clinical and laboratory findings of heavy
proteinuria of =3.5 g/day, hypoalbuminemia,
hyperlipidemia and generalized edema (1). It is
one of the most common clinical presentations
in both pediatric and adult nephrology practice.
Focal segmental glomerulosclerosis (FSGS) has
emerged as the predominant cause of primary
glomerular diseases in adults presenting with
INS during recent years (2).

FSGS is not a single disease, rather it repre-
sents a descriptive clinicopathological diagnosis
characterized clinically in most cases by nephrot-
ic range proteinuria and histologically by the
presence of segmental sclerotic lesions involving
some but not all of the glomeruli (3-5).

FSGS may be primary (idiopathic) or second-
ary to various etiologic agents and pathogenetic
mechanisms (6). The prevalence of FSGS has
increased significantly in the biopsy series in re-
cent years through out the world (7-11). We have
earlier reported a prevalence of 39.87% on na-
tive renal biopsies performed on adult nephrotic
patients (12). Since the first description by Rich
in 1957, several different histological variants of
FSGS have been recognized (13-16). Recently, a
group of nephropathologists proposed a stan-
dardized pathological classification system for
FSGS based entirely on light microscopic (LM)
examination, popularly known as Columbia clas-
sification (17, 18). According to this classifica-
tion, five histologic variants of FSGS are de-
scribed; FSGS, not otherwise specified (NOS),
perihilar variant, cellular variant, tip variant and
collapsing variant.

There are several studies published in interna-
tional literature on the characteristics of differ-
ent histologic variants of FSGS (19-24). These
studies have shown that the variants have differ-

ent etiologies, pathogenetic mechanisms and di-
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verse clinical behavior in terms of presentation,
remission of proteinuria, progression of disease
and therapeutic response (19-24). All the studies
have reiterated the clinical importance of histo-
logic variants of primary FSGS. It is also evident
from above studies that the relative frequency of
the variants of primary FSGS differs in different
populations. The frequency of FSGS, NOS vari-
ant in published literature varies from 32% to
72.5%, perihilar variant from 4% to 26%, cellular
variant from 3% to 25.5%, tip variant from 4.8%
to 37% and collapsing variant from 2% to 24%
(19-24). There is no study on the frequency and
the clinicopathological presentation of FSGS

variants in adult patients from Pakistan.

2. Objectives

This study was undertaken to determine the
frequencies of different histologic variants of
primary FSGS in adults presenting with INS
at our center and to compare our findings with
those published in literature. Moreover, we have
also compared clinical parameters recorded at
the time of presentation and histological param-

cters among these variants.

3. Patients and Methods
3.1. Patients

This study was conducted from January 2009
to July 2012 at the department of Histopatholo-
gy, Sindh Institute of Urology and Transplanta-
tion (SIUT). All consecutive adult patients (=18
years) who presented with INS at adult nephrol-
ogy OPD, SIUT and in whom the diagnosis of
FSGS was made on percutaneous ultrasound
guided native renal biopsies, were included in
the study.
3.2. Definition of FSGS

Standard definitions of FSGS and its variants
were used (17, 18). Briefly, FSGS was diagnosed
when there was segmental collapse/scarring as-

sociated with hyalinosis involving part of/whole
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glomerulus with/without associated podocyte
changes. Columbia classification of FSGS was
used for the categorization of FSGS lesions, as

Figure 1. Glomerulus showing segmental sclerosis/hyali-
nosis involving almost half of the whole glomerulus. The
lesion extends from the hilum to the tubular pole. The
other half the glomerulus is unremarkable. (PAS, X400).

shows global collapse of capillary tufts associated with
marked hypertrophy and hyperplasia of visceral epithelial
cells in a case of collapsing FSGS. Surrounding parenchy-
ma reveals moderate interstitial inflammation, tubular atro-
phy, and typical hyaline casts with scalloped edges in some
of the tubular lumena. (JMS, %X200).
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Figure 3. Glomerulus showing a small segmental scar
involving the tubular pole of the glomerulus with adhe-
sion formation with Bowman’s capsule. The lesion is quite
subtle and can be easily missed if not diligently looked for.
Rest of the glomerulus shows no significant morphological
change. (JMS, X400).
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Figure 4. Glomerulus showing segmental sclerosis/hyali-
nosis involving the hilar pole of the glomerulus in a case
of perihilar variant. This topographic involvement must be
present in more than 50% of glomeruli to qualify for this
designation. There is no podocyte hyperplasia or hypertro-
phy. There is mild arteriolar hyalinosis in one of the cross
sections of the wall of the arterioles. (PAS, X400).

Figure 5. Glomerulus showing segmental occlusion of the
capillary tufts by endocapillary hypercellularity. There is also
mild podocyte hyperplasia and hypertrophy overlying area
of endocapillary expansion. The lesion involves almost one
third of the whole glomerulus. The lesion extends from the
hilum to the tubular pole. The other half the glomerulus is
unremarkable. (PAS, x400).

The biopsies were studied by light microscopy
(LM), immunoflourescence (IF) and electron mi-
croscopy (EM) as described in detail in our previ-
ous report (12). Cases of secondary FSGS, like
lupus nephritis or IgA nephropathy (IgAN) were
excluded. Written informed consent was taken
from patients for the biopsy procedure and for
inclusion in the study. Their clinical and labora-
tory parameters at the time of presentation were
recorded from the case files. The histological
features, IF findings and final diagnosis were re-
corded from the original biopsy forms.

3.3. Statistical analysis
Data were analyzed using the IBM compatible
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SPSS for Windows version 10 (SPSS, Chicago,
IL, USA). Descriptive statistics such as mean *
standard deviation (SD) were used for continuous
variables such as age and laboratory data. Num-
bers (%) were used to describe the proportion of
categorical variables such as sex and the frequency
of morphological variants. Statistical analysis was
done using appropriate statistical tests, such as the
chi-Square test, ANOVA tests, Mann-Whitney U
tests, and Kruskal-Wallis tests. A p-value of <0.05

was considered to be significant.

4. Results
4.1. Patient characteristics

The demographic, clinical and laboratory
characteristics are shown in Table 1. A total of
184 patients satisfied study criteria and were en-
tered into the study. Of these, 120 (65.2%) were
males and 64 (34.8%) were females, with a male
to female ratio of 1.9:1. Their mean age was
30.62%12.02 years with a range of 18 to 70 years.
4.2. Clinical and laboratory findings on presentation

All 184 adult patients by inclusion criteria had
nephrotic range proteinuria with mean 24-hr uri-
nary protein excretion of 4.69£2.36 (range: 3-15)

grams. Microscopic hematuria was found in 30
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(16.3%) patients. The mean serum creatinine
was 1.58%0.87 mg/dL (range: 0.43- 5.7 mg/dL).
Among all patients, 128 (6.99%) were normoten-
sive at the time of presentation, while 56 (30.4%)
exhibited variable degrees of hypertension. The
mean arterial pressure was 97.58+12.14 (range:
73.3-130) mmHg, Raised serum creatinine was
found in 47.8% of the patients at the time of
presentation. Duration of symptoms before bi-
opsy was recorded in months with a median of
3 (mean: 6.99£11.9, range: 1-96) months. The
clinical and laboratory parameters of all cases
and different histologic variants are also shown
in Table 1.
4.3. Pathological findings

The main histopathologic findings on renal
biopsies from 184 patients are given in Table 2.
Our results show that FSGS, NOS was the pre-
dominant variant, comprising 76.6% of all cases.
Collapsing variant comprised 12%, tip variant
9.8%, perihilar 1.1%, and cellular 0.5%. The mean
number of glomeruli included in all biopsies was
15.5+8.2. Global glomerulosclerosis was found
in 45.5% of all cases with no statistically signifi-
cant difference among the different variants of
FSGS (p= 0.55). The mean number of glomeruli

Table 1. Patient and clinical characteristics at the time of presentation in all patients and in different variants of FSGS.

All patients NOS Collapsing Tip Perihilar Cellular ~ P-value
(n=184) (n=141) (n=22) (n=18) (n=2) (n=1)

Sex (M/F) 120/64 92/49 13/9 13/5 171 1/0 0.82
Age at biopsy (years) 30.6+12.02 30.3+11.73 32.3+13.8 31.0+£12.7 21.543.5 43.0 0.61
Serum creatinine (mg/ 1.58+0.87 1.52+0.87  2.3%£1.39 1.20+0.5 1.4+0.14 2.60 0.002
dl)
Raised serum creatinine 47.8
(%0)
Proteinuria (g/24 h) 4.69£2.36  4.77+£2.53 4424195 4.31+1.38 5.05£1.06 5.60 0.89
Mean arterial blood 97.58+12.14
pressure (mm/Hg)
Hypertension (%) 30.4 28.4 50 11.1 0 0 0.006
Duration to biopsy
(months)

Mean£SD  6.99+11.90 6.96+11.30 3.64+4.91 11.72+20.1 6.0 3.0 0.31

Range (1-96) (1-96) (1-24) (2-72) (6-6) 3
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involved by segmental scarring was 3.41+2.87
and there was a statistically significant difference
among the different variants (p= 0.001). Non-
sclerotic glomeruli showed variable degrees of
mesangial proliferation in 35.9% of cases, while
62.5 % showed minor changes. Arteriolopa-
thy was found in 23.4 % cases and fibrointimal
thickening of arteries (FITC) was noted in 18.5%
of total cases. Tubular atrophy and interstitial
fibrosis (IF/TA) paralleled each other and vari-
able degrees of IF/TA were noted in 93% of all

cases but there was no significant difference in

the vasculopathy and IF/TA among the variants
of FSGS in this cohort. IF study showed focal to
diffuse mesangial positivity of IgM in 37.5% cas-
es, associated with C3 deposition in 19% and Clq
in 9% of cases, while IgG and IgA were negative
in all cases. The detailed results of histopatho-
logical findings of each variant are given in table
2. Table 3 provides a comparison of the preva-
lence of different histological variants of FSGS
in studies from different parts of the world. As
is evident from this table, FSGS, NOS is the pre-

dominant type all over the world. We also noted

Table 2. Comparison of histological parameters of different morphological variants of FSGS.

NOS Collapsing
No of glomeruli (%) 15.4+8.2 15.448.7
Glomeruli sclerosed (%)
Globally sclerosed 45.4 59.1
Segmentally sclerosed 3424291 4.09+2.43
Mesangial proliferation (%)
(in rest of the glomeruli)
Absent 63.1 77.3
Mild 32.6 18.2
Moderate 43 4.5
Severe 0 0
Minor changes (%) (in rest of
the glomeruli)
Absent 38.3 27.3
Present 61.7 72.7
Vasculopathy in arterioles (%)
Absent 76.6 68.2
Arteriolar hyalinosis (%) 17.7 273
Arteriolosclerosis (%) 5.7 4.5
Fibrointimal thickening of
arteries (%)
Absent 81.6 72.7
Mild 14.2 27.3
Moderate 43 0
Severe 0 0
Tubular atrophy/interstitial
fibrosis (%)
Absent 6.4 9.1
Mild 58.9 45.5
Moderate 31.2 40.9
Severe 3.5 4.5
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Tip Perihilar  Cellular Total P value
16.5+9.0 17+1.4 16.0 15.5+8.2 0.98
22.3 50 100 45.5 0.55
1.78+0.94 10.5+4.95 3.0 3.41+2.87  0.001

61.1 0 100 64.1 0.45
38.9 100 0 32.1

0 0 0 3.8

0 0 0 0
38.9 100 0 37.5 0.29
61.1 0 100 62.5
88.9 100 0 76.6 0.42
11.1 0 100 17.7

0 0 0 5.7
94.4 50 100 81.6 0.45
5.6 50 0 14.2

0 0 0 4.3

0 0 0 0
11.1 0 0 7.1 0.50
77.8 0 100 58.7
11.1 100 0 31

0 0 0 3.3
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a higher prevalence of collapsing variant as com-

pared with other regional studies.

Table 3. Comparison of the prevalence of different histo-
logical variants of FSGS in different studies. All figures are
in percentages (%0).
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FSGS- 766 725 559 32 42 38.2
NOS
Collapsing 12 2 6.9 5 11 36.6
Tip 9.8 13.5 4.8 37 17 14.5
Perihilar 1.1 4 6.9 26 26 6.9
Cellular 0.5 8 25.5 0 3 3.8

5. Discussion

This study is an important contribution to the
literature on the histological variants of FSGS
from this region of the world. We are cognizant
that there are certain limitations in the study, such
as its origin from a single center, and a cross-sec-
tional analysis with no information on the treat-
ment and the clinical outcome. Despite above
shortcomings, we believe that this study provides
important insights into the presenting clinico-
pathological features and prevalence of the dif-
ferent variants of FSGS in our population.

FSGS is one of the major causes of chronic
renal diseases in both pediatric and adult patients
presenting with INS world wide (11). Its treat-
ment is still empirical, largely because the precise
pathogenesis of the lesion is still unclear in major-
ity of cases. Improved knowledge of the pathoge-
netic mechanisms will certainly be of help in the
development of individualized and more efficient
therapeutic approaches. The recognition of the
histologic variants of FSGS, defined in Columbia
classification, can be the first step in this direc-
tion in the case of primary FSGS (17, 18). Sev-
eral studies have been published in the literature,
emphasizing the wide variation in the prevalence

of these variants among different populations
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(19-24). It is also well established that certain
histologic variants of FSGS are associated with
variable presenting clinical features, poor clinical
outcome, including rapid deterioration of renal
functions and marked proteinuria (20).

The frequency of variants in our population
is compared with Indian, Chinese, Dutch, mul-
tiethnic and Brazilian cohorts in table 3. It is
obvious from our results that FSGS, NOS was
the predominant variant among all in our popula-
tion, and these results are compatible with most
of the published studies, including Indian, Chi-
nese, multiethnic and Brazilian groups. Collaps-
ing was the second most common variant in our
study, and there is wide variation in the reported
prevalence of this variant among different stud-
ies, varying from 2% to 36.6% (20). The high-
est frequency was reported from Brazilian study,
where it was the second most common variant
after NOS variant (24). It is well known that there
is a higher prevalence of collapsing variant in
studies which have included African Americans
and HIV patients. However, all patients included
in our study did not belong to both of the above
categories. Hence, these studies in different eth-
nic groups, including observations in the present
study, reiterate the wide variations in the reported
frequency of this variant. These results raise the
possibility of various environmental, infectious
and socioeconomic etiologic factors behind its
pathogenesis (20).

The third most common variant in this study
was the tip variant and these findings are almost
similar to those observed in multiethnic study by
Thomas et al. and Brazilian study (21, 24). How-
ever, it was the predominant lesion among Dutch
population and second most common variant
among Indian population (19, 20). Least reported
frequency of tip variant is from Chinese popula-
tion, where it comprised only 4.8% of cases (22).
Tip variant is followed by perihilar and cellular

variants in this study, accounting for 1.1% and
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0.5% of all cases, respectively. There is also low
prevalence of perihilar variant in studies from
India, China and Brazil (20, 22, 24), whereas it
comprised 26% of cases in the series by Deegan
et al. (19) and Thomas et al. (21). These findings
re-emphasize the fact that the study population
affects the prevalence of various variants.
Cellular variant was the least common variant
among our patients, comprising 0.5% of all cases.
These findings are in concordance with those re-
ported in multiethnic group and Brazilian stud-
ies (21, 24). Deegan et al. have not reported this
variant in Dutch population (19). Our findings on
this variant are in disagreement with results from
Indian and Chinese studies, where it comprised
for 8 % and 25.5%, respectively (19, 22). We have
also compared the clinical parameters recorded
at the time of presentation among all variants,
and our results indicate that males were predomi-
nant in all groups. Among all the demographic
and clinical parameters, serum creatinine and
hypertension were significantly different among
these variants (p= 0.002 and 0.006 respectively).
Deegan et al. (19) also reported significant dif-
ference in serum creatinine among all variants,
however no significant difference was noted in
Indian cohort (20). Highest frequency of hema-
turia and hypertension were found in collapsing
variant in 31.8% and 50% of cases respectively.
These findings are similar to those observed in
Indian cohort by Nada et al. (20), who have re-
ported hypertension in 100% of cases of collaps-
ing variant; however, highest frequency of hema-
turia was found in cellular variant. Although there
are very few numbers of patients in cellular and
perihilar variants in our study, but hypertension
and hematuria was not observed in these variants.
In the present study, the mean duration
of symptoms in months before biopsy was
0.99+11.90 months. There is variation in dura-
tion of presenting symptoms among these vari-

ants. The cellular and collapsing variants were bi-
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opsied the earliest, at 3.0 and 3.6424.91 months,
respectively, followed by perihilar and NOS vari-
ants, at 0.0 and 6.96%11.30, while the tip variant
presented at a later stage, at 11.72+20.1 months,
but this difference was not statistically signifi-
cant (p=0.31). These findings are similar to those
observed in Indian cohort, which showed that
the cellular variant was biopsied the earliest, at
4.38£5.57 months, followed by collapsing vari-
ant at 10.75%£16.88 months (20). In the series by
Deegan et al. (19), collapsing lesion was biopsied
the earliest followed by tip and NOS variants,
however perihilar variant was found to present at
later stage in Dutch and Chinese studies (19, 22).
Some studies did not find significant difference in
pre-biopsy duration among these variants (21).

The detailed morphologic features of these
variants are given in table 2. Among all the his-
tologic features, number of glomeruli involved
by segmental scarring were significantly different
among all variants (p= 0.001). The lowest num-
ber of glomeruli was involved in the tip variant
(1.78%£0.94) and the highest number of glomeruli
involved by segmental scarring was found in the
perihilar variant (10.5£4.95). On the other hand,
in the Indian cohort, no significant difference
was found in the number of glomeruli involved
by segmental scarring (20). In this study no sig-
nificant difference was noted in the frequency of
vasculopathy and IF /TA among these variants
and these results are in concordance with the In-
dian cohort (20).

6. Conclusions

Columbia classification of idiopathic FSGS
into five histologic variants provides insights into
the distinct clinicopathologic characteristics of
these variants among different populations and
it should be further elaborated with detailed long
term follow up studies in future. There is remark-
able variation in the prevalence of these variants

among different studies. In this cohort, collaps-
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ing variant was the second most common variant
following NOS and these findings are different

from other regional studies.
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