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Introduction
Collapsing glomerulopathy  (CG) was 
first described by Weiss et  al. as a 
distinct variant of focal segmental 
glomerulosclerosis (FSGS) with progressive 
renal failure and pathological changes 
characterized by segmental or global 
capillary collapse, visceral epithelial cell 
hypertrophy and hyperplasia with hyaline 
droplets, and extensive tubulointerstitial 
inflammation.[1] Clinically, CG is 
characterized by nephrotic syndrome  (NS) 
with poor response to therapy, rapidly 
progressing to end‑stage renal disease.[2,3] 
CG was known to be associated with human 
immunodeficiency virus  (HIV) infection. 
However, Detwiler et  al. reported CG for 
the first time in 1994 in patients who were 
HIV negative.[4] CG in a renal allograft 
can present as recurrent or as a de novo 
disease. We conducted this single‑center 
retrospective study to evaluate the 
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Abstract
Collapsing glomerulopathy  (CG) is a well‑recognized distinct morphological pattern of proliferative 
parenchymal injury leading to rapid graft failure. We conducted a single‑center retrospective study 
to evaluate the prevalence, clinicopathological features, and prognosis of  CG in renal transplant 
recepient. We analyzed 2518 renal allograft biopsies performed from 2007 to 2015 and correlated 
their clinicopathological features. The prevalence of  CG was 0.83%  (21 out of 2518) of allograft 
biopsies with a higher prevalence of 1.4% during the period from 2012 to 2015. Out of 21 patients, 
18  (85.71%) patients had undergone live donor and 3  (14.28%) patients had undergone deceased 
donor renal transplant. Hypertension was observed in 3  (14.28%) patients. The mean duration of 
diagnosis for CG was 1.85 ± 1.91 years. Urinalysis revealed microhematuria in 5  (23.8%) patients. 
The mean 24 h urinary protein excretion was 4.77 ± 5.3 g and serum creatinine was 2.12 ± 1.5 mg/dl. 
The predominant native kidney diseases in recipients were chronic glomerulonephritis of unknown 
etiology in 12  (57.14%) patients and hypertensive nephropathy in 3  (14.28%) patients.  CG was 
associated with rejection in 9  (42.85%), calcineurin‑inhibitor toxicity in 2  (9.5%), and BK virus 
nephropathy in 1 patient. All patients received standard triple immunosuppression. Eleven  (52.38%) 
patients developed graft failure over a mean period of 2.2  ±  1.7  years and 6  (28.57%) patients 
recovered with stable graft function.  CG can coexist with viral infection, drug toxicity, rejection, 
microvascular injury, etc. CG usually presents with moderate to severe proteinuria and may lead to 
rapid graft dysfunction and subsequent graft failure in most of the patients.
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prevalence, clinicopathological features, 
and prognosis of CG in renal transplant.

Materials and Methods
We analyzed renal allograft biopsies 
performed in our center from 2007 to 
2015. All biopsies were performed by 
nephrologists under ultrasound guidance 
using 16‑gauge renal biopsy needle and 
subjected to light microscopy. All the 
slides were examined by three pathologists 
and were reported according to Banff 
classification. Immunofluorescence  (IF) 
studies were undertaken in a subset 
of patients where de novo or recurrent 
disease was suspected clinically. Electron 
microscopy was not performed due to 
its nonavailability. For light microscopy, 
3 µm thick paraffin sections were stained 
for hematoxylin and eosin, periodic acid–
Schiff, Jone’s methenamine silver, and 
Gomori’s trichrome stains. Cryostat frozen 
sections were subjected to IF studies 
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using antihuman IgG, IgA, IgM, C3, C1q, and fibrinogen 
antisera  (MP Biomedical, France). C4d antibodies 
were tested by immunohistochemistry using polyclonal 
antihuman C4d antisera  (BioGenex, CA, USA). Tests for 
antinuclear antibody, anti‑double‑stranded deoxyribonucleic 
acid, anti‑neutrophil cytoplasmic antibodies  (by 
enzyme‑linked immunosorbent assays  [ELISA]), and 
complement components  (C3 and C4) were recorded in 
pertinent cases. ELISA for HIV and hepatitis B and C virus 
was also carried out.

Demographics included evaluation for donor and recipient 
age, gender, human leukocyte antigen match, original disease 
causing renal failure, disease duration, hypertension, serum 
creatinine  (SCr)  (mg/dl), 24 h urinary protein loss (g/24 h), 
and urinalysis. Hypertension was defined as blood pressure 
>140/90 mmHg and/or ongoing antihypertensive medication. 
NS was defined as edema, nephrotic‑range proteinuria 
(>40 mg/m²/h on timed sample, spot albumin to creatinine 
ratio  >2 mg/mg), and hypoalbuminemia (<2.5 g/dl). 
Adequacy of graft biopsies was defined according to Banff 
criteria. A biopsy with ten viable glomeruli and two arteries 
in a sample was considered to be adequate.[5] CG was 
defined morphologically if at least one glomerulus revealed 
segmental or global collapse of the glomerular capillary 
tuft with hyperplasia and hypertrophy of visceral epithelial 
cells. A  total number of glomeruli with percentage of 
globally/segmentally collapsed capillary tufts were reported. 
Associated involvement of tubulointerstitial compartment 
in the form of active interstitial inflammation/fibrosis, 
tubular atrophy, and microcystic dilatation was reported as 
percentage of cortical area involved. Tubular atrophy was 
graded as ct1, ct2, and ct3 if ≤25%, 26%–50%, and >50% of 
the cortex revealed atrophy, respectively. Similarly, interstitial 
fibrosis was graded as ci1, ci2, and ci3 if ≤25%, 26%–50%, 
and >50% of the cortex showed fibrosis, respectively.

All the patients received the standard triple drug 
immunosuppression according to KDIGO clinical practice 
guidelines.[6]

Statistical analysis was performed and continuous data were 
expressed as mean  ±  standard deviation, non‑continuous 
data were expressed in percentage and numerical values.

Results
Twenty‑one  (0.83%) biopsies showed features of CG out 
of 2518 renal allograft biopsies performed from 2007 to 
2015. However, a higher prevalence of CG, 1.4% was 
observed during the period from 2012 to 2015. Out of these 
21  patients, 18  (85.71%) patients had undergone live donor 
and 3 (14.28%) patients had undergone deceased donor renal 
transplant. Males were predominantly affected  (male:female 
20:1). The mean age of patients was 35  ±  3.65  years. CG 
was recorded at a mean interval of 1.85  ±  1.91  years 
posttransplant. Hypertension was noted in 3  (14.28%) 
patients. Urinalysis revealed microscopic hematuria in 

5 (23.8%) patients. The mean 24 h urinary protein excretion 
was 4.77  ±  5.3 g, and mean SCr was 2.12  ±  1.5 mg/
dl  [Table  1]. All the patients were serologically nonreactive 
for HIV, hepatitis B surface antigen, and hepatitis C virus. 
The predominant native kidney diseases leading to chronic 
renal failure were chronic kidney disease  (CKD) of 
unknown origin in 12  (57.14%), hypertensive nephropathy 
in 3  (14.28%) followed by 1  patient each of diabetic 
nephropathy, sarcoidosis, pauci‑immune crescentic 
glomerulonephritis (GN), C3 glomerulopathy, solitary kidney 
with CGN, and IgA nephropathy  [Table  2]. All the renal 
biopsies were adequate for interpretation with mean number 
of glomeruli being 12.43  ±  5.39. The mean number of 
glomeruli that revealed global/segmental capillary collapse 
was 3.81 ± 4.29  [Table 3]. Associated focal global sclerosis 
was observed in 3.25 ± 1.04 glomeruli. Tubular microcystic 
dilatation was noted in 6 (28.57%) biopsies. Tubular atrophy 
was graded as ct1 in 15  (71.43%), ct2 in 3  (14.28%), 
and ct3 in 3  (14.28%) biopsies and interstitial fibrosis as 
ci1 in 14  (66.67%) biopsies, ci2 in 6  (28.57%), and ci3 
in 1  (4.76%)  [Table  4]. Vascular changes were noted in 
9 (42.8%) patients. Out of nine, five had mild arteriosclerosis, 
two had nodular subintimal hyalinosis, and two had mucoid 
intimal proliferation with fibrinoid necrosis of vessel wall 
suggestive of thrombotic microangiopathy (TMA).

CG alone was reported in 7  (33.3%) patients [Figure  1a], 
and  CG associated with rejection was noted in 9 (42.85%) 
patients  [Figure  1b]. Out of these 9  patients, acute T‑cell 

Table 1: Demographic and laboratory parameters (n=21)
Clinical and lab 
parameters of CG

Mean±SD

Mean duration of diagnosis 
of CG

1.85±1.91 (years); median 
range: 1.4-101 (months)

Hypertension (%) 3 (14.28)
Hematuria (%) 5 (23.8)
Serum creatinine (mg/dl) 2.53±1.07; median range: 1.06-4.31
24 h urinary protein (g/day) 4.77±5.3; median range: 1.09-17.14
Male:female 20:01
Age (years) 35±3.65; median range: 13-57
HLA match 2.12±1.5; median range: 1-4
HLA: Human leukocyte antigen, CG: Collapsing glomerulopathy

Table 2: Native renal diseases of recipients
Native renal disease Number of cases (%)
Chronic glomerulonephritis 12 (57.14)
Hypertensive nephropathy 3 (14.28)
Diabetic nephropathy 1 (4.76)
Sarcoidosis 1 (4.76)
Pauci‑immune crescentic 
glomerulonephritis

1 (4.76)

C3 glomerulopathy 1 (4.76)
Single kidney 1 (4.76)
IgA nephropathy 1 (4.76)
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rejection  (TCR) + antibody‑mediated rejection  (AMR) 
was observed in 4  (19%), AMR in 4  (19%), and acute 
TCR in 1  (4.76%) case. AMR was noted in the form of 
glomerulitis, peritubular capillaritis along with linear 
C4d deposits across the peritubular capillary membranes, 
whereas TCR was reported according to tubulitis, intimal 
arteritis, and interstitial infiltration.  CG with acute TMA 
was reported in 2 (9.5%) patients. Two (9.5%) patients with  
CG associated with calcineurin inhibitor  (CNI) toxicity 
revealed nodular subintimal hyalinosis with stripped pattern 
of interstitial fibrosis, and tubular atrophy. One patient also 
had associated BK virus (BKV) nephropathy.

IF study was performed in five  (23.8%) cases, of which 
one case showed coarse granular deposits of complement 
C3 of +3 intensity, along the capillary wall consistent with 
diagnosis of recurrent C3 glomerulopathy. The second 
case revealed granular deposits of IgG, IgM and C3 
of  +2 intensity across the capillary walls and segmental 
mesangial region, consistent with de novo immune complex 
glomerulopathy  (primary disease was pauci‑immune GN). 
The third case showed granular capillary wall staining 
of  +2 intensity with antihuman IgG antiserum only, 
and the remaining two cases showed the absence of any 
immune deposits (native renal primary disease was CKD of 
unknown origin in these three cases).

All the patients continued to follow the standard triple drug 
immunosuppression i.e., prednisolone 20 mg/day, Tacrolimus 
3.5 mg/day and Mycophenolate sodium 360 mg four times a 
day. Even in cases with CNI toxicity the patients were kept 
on triple immunosuppression with standard dose. About 
sixteen patients underwent plasmapheresis. Plasmapheresis 
was performed on Cobe Spectra version 7 (Gambro China), 
on alternate days by exchanging 80‑90% total plasma 
volume per session  (approx 1.5 lts). Replacement of the 
removed plasma was done with 40% colloids (20% albumin) 
and 60% crystalloids  (normal saline). Post plasmapheresis 
all the patients were given i.v. Immunoglobulin (10 gm/day) 
for 5 days. Sirolimus could not be offered as all the patients 
had significant proteinuria. We did not use Rituximab 
in any of our patients. However, over a mean follow‑up 
period of 2.5 ± 1.52 years, four (19.04%) patients were lost 
for follow‑up and six  (28.57%) patients had stable graft 
function with mean SCr of 1.89  ±  0.82 mg/dl and urinary 
protein leak of <+1 by dipstick method. Eleven  (52.38%) 
patients developed graft failure over a mean period of 
2.2 ± 1.7 years.

Discussion
CG is now a well‑recognized distinct morphological 
pattern of proliferative parenchymal injury with a poor 
response to empirical therapy.[7] CG in renal allografts has 
been reported in literature in the form of few case reports 
and small studies  [Table  5].[8‑11] In the present study, the 
overall prevalence of  CG in renal transplant was 0.83%. 
However, we report a higher prevalence of 1.4% in the last 
4 years, which shows an increasing awareness of disease in 
recent years. Similarly, Meehan et al. have also reported an 
overall prevalence of de novo CG of 0.6%. However, the 
prevalence in the same study over the period of 1993–1997 
was 3.2%.[9]

The predominant native kidney disease was CKD of 
unknown etiology  (57.14%) leading to end stage renal 
disease, so CG could be de novo/recurrent. The majority of 
patients presented as end stage renal disease, so we did not 
have biopsy‑proven evidence of native disease of FSGS.

CG was diagnosed over a mean period of 1.85 ± 1.91 years 
posttransplant. Other reports showed that  CG in allograft can 
occur anytime from 6 to 98 months after transplantation.[9‑12] 

Table 3: Histological features of renal allograft biopsies
Histological features of 
allograft biopsies

Mean±SD and number of 
case (%)

Total glomeruli 12.43±5.39; median range: 5-26
Collapsed glomeruli 3.81±4.29; median range: 1-20
Globally sclerosed glomeruli 3.25±1.04; median range: 2-4
Segmental sclerosis 3±2.74; median range: 1-10

Fibrosis (%)
Severe >50% 1 (4.76)
Moderate 26%-50% 6 (28.57)
Mild ≤25% 14 (66.67)

Atrophy (%)
Severe >50 3 (14.28)
Moderate 26%-50% 3 (14.28)
Mild ≤25% 15 (71.43)

Microcystic dilatation 6 (28.57)

Table 4: Morphological diagnosis of renal allograft 
biopsies

Diagnosis Number of case (%)
CG 7 (33.3)
CG + antibody + T‑cell‑mediated 
rejection

4 (19.04)

CG + antibody‑mediated rejection 4 (19.04)
CG + thrombotic microangiopathy 2 (9.5)
CG + calcineurin‑inhibitor toxicity 2 (9.5)
CG + chronic T‑cell‑mediated rejection 1 (4.76)
CG + BKV nephropathy 1 (4.76)
CG: Collapsing glomerulopathy, BKV: BK virus

Figure 1: (a) Glomerular collapse with hyperplasia/hypertrophy of podocytes 
(periodic acid–Schiff, ×400).  (b) Collapsing glomerulopathy and acute 
antibody‑mediated rejection (antihuman C4d antisera, ×200)

a b
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The range of proteinuria in our study was 1.3–6.7 g/24 h 
and SCr was 1.4–4.6 mg/dl. Swaminathan et  al. have also 
reported high‑range proteinuria and high SCr levels in 
patients with CG versus patients with noncollapsing FSGS 
in kidney transplant.[12]

Meehan et  al. have reported the role of CNI induced 
hyaline arteriosclerosis and ischemic changes in the 
development of CG.[9] We have also observed associated 
CNI toxicity in two patients. One patient out of the two 
had acute TMA, suggesting role of microvascular injury 
secondary to CNI toxicity. Other authors have also reported 
similar findings in their studies suggesting the role of 
ischemia in the pathogenesis of CG.[9,11‑13] Nadasdy et  al. 
have observed zonal distribution of glomerular collapse 
in three allograft nephrectomies with obliterative vascular 
changes and also mentioned that CG in transplant is not 
same as CG in native kidneys, rather it represents pattern 
of renal injury.[14]

HIV and parvovirus B19 are known to be associated with 
CG.[15] We observed SV40 antigen positivity in one patient 
with  CG, suggesting that other viral pathogens may be 
associated in the genesis of CG. Other authors have also 
observed the role of BKV in FSGS.[16,17]

Shah et  al. have mentioned APOL1 polymorphism  (G1 
and G2) as risk factors for the development of FSGS and 
chronic kidney disease. They observed two renal allograft 
failures in recipients who received kidneys from deceased 
donors having APOL1 polymorphism.[18]

Graft dysfunction may be due to associated acute rejection 
and immune complex glomerulopathy in  CG. We observed 
9  (45%) cases of  CG with rejection, 8 with acute TCR 
and AMR, and 1 with chronic TCR. Three patients 
had immune complex deposits, and recurrence of C3 
glomerulopathy was observed in 1  case. Other authors 
also reported similar results.[9‑11] Plasmapheresis has been 
attempted to treat / de novo recurrent focal and segmental 
glomerulosclerosis with little benefit.[10,11] Thus, prognosis 
of CG remains dismal. Most of the studies have reported 
that patients with CG eventually develop graft failure over 
a variable time period.[9‑11] We also have observed that 
11 (52.38%) out of 21 patients in our study developed graft 
failure over a period of 2.2 ± 1.7 years.

As such there is no evidence based therapy for CG for 
renal allograft patients. Current regimens comprises of high 
dose steroids and other immunosuprresants, along with 
plasmapharesis but success of these regimens is limited.[19]

Conclusions
CG usually presents with moderate to marked proteinuria 
with rapid graft dysfunction leading to graft failure in 
most of the transplant patients.  CG in renal allograft can 
coexist with viral infection, drug toxicity, rejection and 
microvascular injury, etc.
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