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ABSTRACT 

The prevalence of Focal Segmental Glomerulosclerosis (FSGS) appears to be increasing 

worldwide, but precise data on histomorphological spectrum remain obscure due to the 

avoidance of kidney biopsy in critically ill patients. This brings to fore the significance of 

histologic evaluation of renal autopsy specimen for detailed study of glomerular lesions 

including FSGS. The Columbia FSGS classification system categorizes histologic variants of 

focal segmental glomerulosclerosis that differ significantly in presentation and prognosis, 

thereby aiding in predicting renal outcomes. Therefore, in an attempt to document and analyse 

the histomorphological changes in kidney in cases of FSGS, we evaluated renal autopsy 

https://neuroquantology.com/media/article_pdfs/Dr._Tabrez_-_NeuroQuantology_-_Article_for_publication.pdf


  

NeuroQuantology | June 2026 | Volume 24 | Issue 6 | Page 95-102 | doi 10.48047/nq.2026.24.6. NQ26009 

Dr. B.P. Singh USE OF COLUMBIA FSGS CLASSIFICATION SYSTEM FOR LIGHT MICROSCOPIC CATEGORIZATION OF FOCAL SEGMENTAL 

GLOMERULOSCLEROSIS: A PROSPECTIVE STUDY 

96        www.neuroquan tology.com Eissn: _1303-5150                                                                                                                   

specimens at our institute for a period of 1 year from November 2024 to December 2025 and 

tried to subtype them according to the Columbia FSGS classification system proposed by 

D'Agati VD et al.1 Samples obtained were stained with Hematoxylin and Eosin (H&E) and 

Periodic Acid–Schiff (PAS) stain for reporting.  Out of 15 cases identified, 40% had perihilar 

FSGS (N=6), 33.3% tip FSGS (N=5) and 27.7% NOS FSGS (N=4), which was corresponding 

to findings of Thomas DB et al. 
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INTRODUCTION 

In 1957, Arnold Rich first identified segmental sclerosis in the juxtamedullary glomeruli of 

children with nephrotic syndrome, suggesting it caused the progression to renal failure. By 

the 1970s, the International Study of Kidney Diseases in Children formally 

distinguished Focal Segmental Glomerulosclerosis (FSGS) from minimal change disease 

due to its higher steroid resistance. Today, FSGS is defined as a clinicopathologic syndrome 

characterized by proteinuria typically within the nephrotic range, histological lesions of focal 

and segmental glomerular sclerosis and ultrastructural changes like extensive podocyte foot-

process effacement.1 

Incidence of FSGS in various Indian studies range from 11.01% (Suryawanshi M et al.) to 

30.6% (Rathi M et al.) with Golay V et al. reporting an intermediate incidence of 27.4% 2,3,4; 

which is remarkably higher than incidences of FSGS reported in Western literature 4% -18% 
5,6,7.  

An international literature review reported the annual incidence of FSGS to range from 0.2 to 

1.8 per 100,000 population.8 Idiopathic FSGS most commonly occurs in individuals aged 18 

to 45, although it can affect any age group.8 FSGS occurs more frequently in males and Black 

patients, with males affected approximately 1.5 to 2 times more often than females. 8  

Focal Segmental Glomerulosclerosis (FSGS) pathogenesis is driven by podocyte injury and 

depletion, which triggers a cascade of structural changes within the glomerulus. Injury from 

viruses, toxins, or immune responses causes podocytes to detach or die. Remaining podocytes 

undergo hypertrophy and foot process effacement to maintain capillary coverage, impairing 

the filtration barrier and causing proteinuria. Early stages involve the proliferation of 

mesangial, endothelial, and parietal epithelial cells. Factors like increased intraglomerular 

pressure and hyperfiltration exacerbate podocyte strain. Continued injury leads to the collapse 

of glomerular capillaries, diffuse involvement and the replacement of functional tissue with 

scar tissue (glomerulosclerosis).8 
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Focal segmental glomerulosclerosis has greater risk for development of end stage kidney 

disease compared with other glomerulonephropathies9 and histologic variants of focal 

segmental glomerulosclerosis differ significantly in presentation and prognosis, thereby 

aiding in predicting renal outcomes.  The 2004 Columbia FSGS classification system 

proposed by D'Agati et al. is significant for establishing a standardized, prognostically 

relevant framework for Focal Segmental Glomerulosclerosis (FSGS) based on light 

microscopy. It divides FSGS into five types—collapsing, tip, cellular, perihilar, and not 

otherwise specified (NOS)—which help predict clinical progression, treatment response, and 

renal survival. Known secondary causes of FSGS—such as HIV-associated nephropathy and 

pamidronate toxicity causing collapsing lesions, and obesity or reduced renal mass causing 

perihilar lesions—produce specific histologic patterns, supporting that FSGS variants 

represent distinct etiologies rather than a single common mechanism.10 While H&E provides 

an excellent assessment of the glomerular cellularity, podocyte alterations, and infiltrating 

leukocytes, PAS stain is beneficial in the demonstration of glomerular basement membrane 

abnormalities as well as delineation of areas of collapse and solidification by matrix material. 

Therefore, this study aims to report and discuss the cases of FSGS in renal autopsy specimens 

using stains like H & E and PAS under light microscopy. 

MATERIALS AND METHODS 

A cross-sectional study was performed on consecutive kidney autopsy samples collected from 

Forensic Medicine and Toxicology department of our institution over the past 1 year (Nov 

2024- December 2025). A total of 15 (15%) cases were found to have FSGS, from the total 100 

renal autopsy samples studied. History including age, gender, place, cause of death, relevant 

previous medical history were collected wherever possible and gross examination findings 

recorded. The renal autopsy specimens were preserved in neutral buffered formalin, 

representative sections taken and processed, cut at 3 µm and stained with Hematoxylin and 

Eosin (H&E) and Periodic Acid–Schiff (PAS). Diagnostic histopathological findings 

suggestive of FSGS were noted in every individual case. They were categorized into different 

types based on the study conducted by D'Agati VD et al.1 

OBSERVATION 

100 cases of renal autopsy were studied, out of which 15 cases (15%) were found to be 

associated with 0FSGS (Table 1). The age ranged from 16 to 70. Majority (60%) belonging to 

the age group 20-40 years (Table 1). Of the 15 cases of FSGS, 40% had perihilar FSGS (N=6), 

33.3% tip FSGS (N=5) and 27.7% NOS FSGS (N=4). (Figs-1,2,3) (Table 2). All cases were 

associated with hypertensives change in kidney, while three cases were also associated with 

diabetes mellitus (Table 3). 

Table 1: Distribution of FSGS based on Age, Gender and Histopathology findings 

SL. 

NO 

AGE 

RANGE 

(YRS) 

SEX FSGS VARIANTS 

MALE FEMALE PERIHILA

R VAR. 

TIP 

VAR 

NOS 

VAR. 

CELLULAR 

VAR. 

COLLAPSIN

G VAR. 

1 0-20 0 1 0 0 1 0 0 

2 21-40 4 5 4 4 1 0 0 

3 41-60 1 1 1 0 1 0 0 
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4 61-80 1 2 1 1 1 0 0 

 

Table 2: Percentage Distribution of FSGS Subtypes 

 
HISTOLOGIC VARIANT OF FSGS NUMBER OF CASES PERCENTAGE OF CASES 

PERIHILAR VARIANT 6 40% 

TIP VARIANT 5 33% 

NOS VARIANT 4 27% 

CELLULAR VARIANT 0 0% 

COLLAPSING VARIANT 0 0% 

 

Table 3: Association of Systemic Diseases with Variants of FSGS 

HISTOLOGIC VARIANT 

OF FSGS 

NUMBER OF CASES 

ASSOCIATED WITH 

HYPERTENSION 

NUMBER OF CASES 

ASSOCIATED WITH 

DIABETES MELLITUS 

PERIHILAR VARIANT 6 2 

TIP VARIANT 5 0 

NOS VARIANT 4 1 

CELLULAR VARIANT 0 0 

COLLAPSING VARIANT 0 0 

Perihilar Variant
40%

Tip Variant
33%

NOS Variant
27%

CATEGORIZATION BASED ON COLUMBIA FSGS 
CLASSIFICATION SYSTEM
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Fig. 1- Perihilar Variant of 

FSGS 

Microscopy: Perihilar sclerosis 

and hyalinosis in the glomeruli, 

PAS; 100X 

 

 

Fig. 2 - Tip Variant of FSGS 

Microscopy: Sclerosis as well as 

hyalinosis involving the tip domain and 

confluence with tubular cells at the 

tubular lumen, 

PAS; 100X 

 

 

Fig. 3 - NOS Variant of FSGS 

Microscopy: Sclerosis and hyalinosis 

along with increase in matrix 

obliterating the capillary lumina in the 

glomeruli, PAS; 100X 

 

 

DISCUSSION 

FSGS is a common cause of nephrotic syndrome, accounting for 40% of cases in adults and 

20% in children. Idiopathic FSGS is most commonly reported in individuals aged 18–45 years, 

as noted by Rout P et al., though it can occur at any age. 8 In contrast, Munis MA et al. reported 

a higher mean age of 55.5 years. 3 Other studies, such as the Nephrotic Syndrome Study 

Network (mean ~30 years) and the Cure Glomerulonephropathy Consortium (median ~42 

years), also show relatively younger populations. 11-17 In our study, the majority of FSGS cases 

fell within the 20–40 year age group, aligning with most existing literature.  

Studies by Trivedi M et al. 18 (M:F = 1.4:1) and Rout P et al. 8 report a male predominance in 

FSGS cases. In contrast, our study found a predominance of females affected by FSGS. 

Histologically, FSGS is characterized by sclerosis, hyalinosis, and adhesion (or synechiae) 

formation, resulting in segmental obliteration of glomerular capillaries.8 Characteristic finding 

in FSGS is segmental solidification of the glomeruli. In the affected glomeruli, the 

accumulation of acellular matrix and hyaline deposits leads to the obliteration of capillaries in 

a segmental pattern. 8 5 morphological variants of FSGS can be defined by histological criteria 

outlined by the Columbia FSGS classification system, based entirely on assessment of 

glomerular light microscopic alterations, namely perihilar, tip, cellular, collapsing, and not 

otherwise specified (NOS).1  
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Of the 15 cases of FSGS found by us, 40% had perihilar FSGS (N=6), 33.3% tip FSGS (N=5) 

and 27.7% NOS FSGS (N=4). (Figs-1,2,3). While slightly at variance from the findings of 

Thomas DB et al. 10 [3% cellular FSGS, 11% collapsing FSGS, 17% tip FSGS, 42% NOS 

FSGS, and 26% perihilar FSGS], our findings were still comparable with respect to the higher 

incidences of perihilar and tip lesions. The significantly higher incidence of perihilar lesions in 

our study may be explained by the coexisting hypertensive changes in many of these cases 

(Fig-1), and in agreement with the findings of Thomas DB et al. that patients with perihilar 

FSGS had the lowest frequency of nephrotic syndrome (55%) and the highest frequency of 

hypertension (80%) 10.  Cellular variant and collapsing variant which were very few in the 

aforementioned study was not identified in our cases. These variants are commonly seen in 

HIV-associated nephropathy 1, but as none of the cases included in our study was afflicted by 

HIV, this may explain the lack of these findings in our study. In contrast to our finding of 

predominant perihilar variant, study conducted by Trivedi M et al. showed a totally different 

type of distribution, not otherwise specified (NOS) variant (74.5%), 30 tip variant (13.39%), 

14 perihilar (6.25%), 8 cellular (3.57%), and 5 collapsing variant (2.23%).18  

Glomerular lesions secondary to systemic chronic illness, notably diabetes mellitus and chronic 

hypertension are far more common than primary glomerulopathies, as observed by Sahoo SK 

et al. where 3 of 8 FSGS cases were associated with diabetic nephropathy 19. In concordance 

to these observations, a history of diabetes was found in 3 cases of FSGS, while all 15 cases of 

FSGS in our study also had coexisting hypertensive changes. Munis MA at al also had a high 

prevalence of comorbidities including HTN (81.3%), DM (27.5%), and CAD (12.4%) 

associated with cases of FSGS which is similar to our findings.9 Trivedi M et al have correlated 

the hypertensive changes with the different histologic variants and found that collapsing and 

NOS variant showed higher association with hypertension, while the perihilar variant least.18 

Thomas DB et al. 10 in their series, showed that the percentage of hypertensive patients was 

more in perihilar and NOS (80% each) and least in tip variant (54% cases). In our study all 

cases were associated with hypertensive changes. 

CONCLUSION 

An attempt is made to study various subclassifications of disease on morphological grounds. It 

remains to be determined how the different morphologic subtypes of FSGS may reflect 

differences in etiology, pathogenesis, prognosis, or optimal therapy. 

As the morphological classification is applied routinely, it may facilitate the identification of 

new etiologic associations that typically manifest a particular pattern of sclerosis, in the same 

way that appreciation of the collapsing variant aided the morphological identification of HIV-

associated nephropathy in the 1980s and pamidronate toxicity in recent years.  

Healthcare providers should educate patients on the importance of lifestyle modification, 

managing hypertension and lipid levels, as well as understanding chronic kidney disease and 

the various treatment options. A strategic approach is essential, utilizing evidence-based 

strategies to optimize treatment plans and minimize adverse effects. 
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