
me d i c a l j o u r n a l a rm e d f o r c e s i n d i a 7 2 ( 2 0 1 6 ) 1 2 0 – 1 2 4

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier.com/locate/mjafi
Original Article

Correlates of hematuria on glomerular histology

and electron microscopy in IgA nephropathy
Col Rohit Tewari a,*, Ritambhra Nada b, Maninder Kaur c,
Lt Col Puja Dudeja d, Charan Singh Rayat e, Vinay Sakhuja f,
Kusum Joshi g

aAssistant Professor, Dept of Pathology, Armed Forces Medical College, Pune 411040, India
bAddl Professor (Histopathology), PGIMER, Chandigarh, India
cSenior Resident (Histopathology), PGIMER, Chandigarh, India
dAssistant Professor, Dept of Community Medicine, Armed Forces Medical College, Pune 411040, India
eChief Technician & Electronmicroscopist, (Histopathology), PGIMER, Chandigarh, India
fEx Professor & Head (Nephrology), PGIMER, Chandigarh, India
gEx Professor & Head, (Histopathology), PGIMER, Chandigarh, India
a r t i c l e i n f o

Article history:

Received 11 April 2014

Accepted 8 January 2016

Available online 29 March 2016

Keywords:

IgA nephropathy

Hematuria

Oxford classification

Electron microscopy

a b s t r a c t

Background: Hematuria is the most important clinical manifestation of IgA nephropathy.

This study was undertaken with the objective to describe the spectrum of histological

changes with reference to the Oxford classification and the ultrastructural changes in the

glomerular basement membrane and to correlate them with hematuria.

Methods: 66 patients who underwent renal biopsy for IgA nephropathy were evaluated

histologically by the Oxford system and also subject to electron microscopic examination

for glomerular immune deposits, as well as alterations in the glomerular basement mem-

brane.

Results: On comparing the histological scores generated by the Oxford classification with

degree of hematuria, it was found that the status of 'endocapillary proliferation' and the

status of 'tubular atrophy and interstitial fibrosis showed a significant correlation. Correla-

tion of hematuria with location of the deposits, i.e. mesangial only, and mesangial with

capillary wall deposits (subendothelial and subepithelial) did not show any association.

Other alterations of the GBMwere seen in 12 cases. The changes included thinning alone in 4

cases, thinning and lamellar splitting in 5 cases, and lamellar splitting alone in 2 cases.

Conclusion: At presentation, endocapillary proliferation is one histological parameter which

shows close association with hematuria.
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Introduction
IgA nephropathy is known to be the most common form of
primary glomerulonephritis in the entire world.1 It is an
immune complexmediated disease defined by the presence of
either dominant or co-dominant deposits of IgA, predomi-
nantly in the glomerular mesangium. In India, the prevalence
has been estimated to be between 12 and 15% of all renal
biopsies.2 The classical presentation of the disease is with
hematuria, although purely proteinuric presentations are also
not unknown. Histological evaluation of the disease is now
done according to the Oxford system of classification which
generates a score based on four histological parameters.3

Electron microscopic examination in this disease has been
mostly limited to evaluation for presence of immune complex
type of electron dense deposits which may be seen in the
mesangium, as well as the glomerular capillary walls.
Alterations in the glomerular basement membrane have been
often described, though poorly characterized.4 They have
usually been considered to be rare. However, thinning of the
glomerular basement membrane has been reported upon
earlier to occur with some frequency.5 This study was
undertaken with the objective to describe the spectrum of
histological changeswith reference to theOxford classification
and the ultrastructural changes in the glomerular basement
membrane and to correlate them with hematuria.

Materials and methods
A total of 98 cases who underwent renal biopsy and were
reported as IgA nephropathy were included in the study. The
sample size was calculated at a = 95% and prevalence of
14.3%2 with a precision of 10%. Out of the total 98 cases,
22 cases had not undergone an electron microscopic
examination and were excluded from the study. Cases with
IgA nephropathy, but with sclerosed glomeruli were also
excluded from the study. The remaining 66 cases were
evaluated further for presence and degree of hematuria, light
microscopic findings based on the Oxford system of classifi-
cation, direct immunofluorescence findings, and electron
microscopy. Degree of hematuria was classified as micro-
scopic and gross. The gold standard for diagnosis of IgA
nephropathy was considered to be dominant or codominant
glomerular staining for IgA on IF. In all cases, the biopsy was
fixed in formalin and routinely processed 3 mmserial sections
were studied with H&E, PAS, and Massons Trichrome stains.
Tissue for Immunofluorescence was transported in Michels
medium and frozen sections were stained with FITC conju-
gated antibodies to IgG, IgA, IgM, C3, Kappa, Lambda, andC1q.
Tissue for EM was routinely processed and stained with
uranyl acetate and lead citrate.

On light microscopy, the cases were categorized as per the
Oxford system3,6 and the four histological variables studied
were mesangial hypercellularity (M), endocapillary prolifera-
tion (E), segmental glomerulosclerosis (S), and the proportion
of tubular atrophy and interstitial fibrosis, IF/TA(T). On
electron microscopy, the changes looked for were the location
and nature of immune complex type of electron dense
deposits, and thinning, thickening, lamellar splitting, or
rarefaction of the glomerular basement membrane. The
clinical parameter studied was hematuria. Chi square test
was used for analysis with SPSS 19.

Results
Of the 66 cases finally included in the study, 51 patients were
males and 15 were females. The age ranged from 8 to 66 years
with a mean of 37 years. Histologically, as per the Oxford
classification, out of the 66 cases, 61 cases showed the
presence of mesangial proliferation (M1) (Fig. 1(a)), 13 showed
endocapillary proliferation (E1) (Fig. 1(b)), 32 showed segmen-
tal sclerosis (S1) (Fig. 1(c)), 36 showedmild tubular atrophy and
interstitial fibrosis (T1) (Fig. 1(d)), while 7 showed severe
tubular atrophy and interstitial fibrosis (T2).

On comparing the MEST scores with degree of hematuria,
it was found that the status of E (endocapillary proliferation)
and the status of T (degree of tubular atrophy and interstitial
fibrosis) showed a significant correlation (Table 1). The
degree of mesangial expansion and segmental sclerosis
had no significant correlation with hematuria. Combined
scoring of E and T lesions was attempted with microscopic
and gross hematuria, but we could not demonstrate any
association due to an insufficient number of cases falling into
the E1T2 group.

In addition to hematuria, proteinuria was also noted in 45
cases which ranged from trace to subnephrotic.

In addition to mesangial immune complex type of electron
dense deposits which were seen in all cases, glomerular
basement membrane deposits were seen in 47/66 cases
(71.2%). Of these 47 cases, 43 cases (68.1%) showed mesangial
and subendothelial deposits and 4 cases showed mesangial,
subendothelial, and subepithelial deposits. Correlation of
hematuria with location of the deposits, i.e. mesangial only,
and mesangial with capillary wall deposits (subendothelial
and subepithelial) did not show any association (Table 2).

Other alterations of the GBM were seen in 12 cases. The
changes included thinning alone in 4 cases, thinning and
lamellar splitting in 5 cases, and lamellar splitting alone in
2 cases (Fig. 2).

Discussion
In the present study, we have attempted to describe the
correlation of hematuria with renal histology as per the MEST
score and ultrastructural changes in the glomerular basement
membrane. IgA nephropathy has traditionally been consid-
ered to be a disease affecting males more than females. The
male:female ratio ranged from less than 2:1 in Japan to as high
as 6:1 in northern Europe and the United States.7 Our study
showed the prevalence of the disease to be more in males
(77.2%). This is against the findings of Chandrika2 who
reported the ratio to be 1.5:1 in a study from south India.

With the publication of the Oxford classification, various
studies have been carried out over the years to study the
significance of the four variables under consideration.We tried
to correlate them with hematuria at presentation.
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Fig. 1 – (a) Photomicrograph showing glomeruluswith prominentmesangial cellularity (H&E,T40). (b) Photomicrograph showing
prominentmesangial cellularity (arrow head) and endocapillary proliferation (arrow) (PAS,T100). (c) Photomicrograph showing
glomerulus with a segmental sclerotic lesion (PAS, T40). (d) Photomicrograph showing 2 sclerosed glomeruli and a focus of
interstitial fibrosis (PAS, T10).

Table 1 – Association of the 4 variables of the Oxford
classification with hematuria.

Microscopic Gross Total p value

Status of M
0 04 01 05 0.367
1 37 24 61
Total 41 25 66
Status of E
0 36 16 52 0.021
1 05 09 14
Total 41 25 66
Status of S
0 20 14 34 0.619
1 21 11 32
Total 41 25 66
Status of T
0 19 04 23 0.009
1 19 16 35
2 03 05 08
Total 41 25 66

M, mesangial expansion; E, endocapillary proliferation; S, seg-
mental sclerosis; T, tubular atrophy and interstitial fibrosis.
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Gross and microscopic hematuria are considered to be
important clinical presentations of the disease. As far as
outcome is concerned, some studies have found a negative
association between gross hematuria and renal outcome.8,9

Multivariate analysis has shown a loss of this negative
association.10 We were able to show correlation of gross
hematuria with degree of endocapillary proliferation (i.e. E1
lesions) and tubular atrophy and interstitial fibrosis only out of
the four components of the MEST score. In Haas's classifica-
tion, it was found that while hematuria was seen in 90% of the
cases, gross hematuria was seen in only 30%.11 Also, it was
seen that gross hematuria was common in subclasses I
(minimal histologic changes) and III (focal proliferative
glomerulonephritis) of the Haas classification and less
common in classes II (focal segmental glomerulosclerosis
like) and V (advanced chronic glomerulonephritis), indicating
that it was more common in earlier and milder lesions, as
against the chronic lesions. In our study, we found hematuria
to be more associated with active glomerular disease, i.e.
endocapillary proliferation (E1), at presentation, rather than
the milder lesions of mesangial proliferation (M1). Also, it
continued to show association with the chronic lesions of
interstitial fibrosis and tubular atrophy.



Table 2 – Association of location of immune complex type
of electron dense deposits in the glomeruli with hema-
turia.

Location of deposit Hematuria Total p value

Microscopic Gross

Only mesangial 11 08 19 0.652
Mesangial and
capillary wall

30 17 47

Total 41 25 66
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Deposition of immune complexes in the glomerular
basement membrane in IgA nephropathy is well established.
Lee et al. described their presence in 37% of all cases in a
subendothelial location and 18% of all cases in a subepithelial
location. Kusaba et al. reported a much lower rate of
subendothelial deposits (2.2%).12 In this study, we found the
presence of these deposits to be 68% which is much higher
than the literature. Subepithelial deposits were seen in only
4 cases. The deposits were of the amorphous type and no
organized substructure could be identified. We could not
detect any association between location of the deposits on
electron microscopy and hematuria (Table 2).

The thickness of the normal glomerular basement mem-
brane in the Indian context has been reported to be 321
� 28 nm with 265 nm being the level fixed for the diagnosis of
thin basement membrane nephropathy (TBMN).13 TBMN is a
common glomerular abnormality encountered in up to 7% of
otherwise normal individuals.14 It has been considered to be a
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Fig. 2 – (a) Ultrastructure photomicrograph showing thinning of
Ultrastructure photomicrographs showing thickenings of the glo
cause ofmicroscopic hematuria in children and adults, though
the condition is also known to be asymptomatic. In a review
by Norby et al., the association of thin membrane disease
with other glomerulopathies was described.15 They described
situations where the thin membrane could be seen as an
artifactual or an acquired finding in patients with other
glomerulopathies, as a coexistence of two independent
disease processes, or as a situation where the thin membrane
is seen as a consequence of the other glomerulopathies. IgA
nephropathy has been included as one of the situations where
the glomerulopathy due to IgA could lead to the development
of thin glomerular basement membranes. The association of
TBMN and IgA nehropathy has been known since long.16 It has
also been said that TBMN itself may be a predisposition for IgA
nephropathy and the outcome in these patients is worse than
for those with TBMN alone.17 Furthermore, it has also been
shown that the occurrence of TBMN in cases of IgA
nephropathy is significantly higher than in those without. In
our study, we found the occurrence of thin glomerular
basement membranes to be 9/66 cases, i.e. 13.6% which is
much above the value for the general population. Further
evaluation of these cases showed that of the 9 cases with thin
membranes, 7 showed presence of deposits in the suben-
dothelium or subepithelial regions. However, since familial
studies to rule out TBMN in the siblings were not performed,
we could not conclusively prove or disprove the causal role of
the IgA nephropathy in the genesis of thin membranes. Also,
none of the cases with thin membranes showed gross
hematuria in the clinical findings. But it is also important to
the glomerular basement membrane (T5000). (b and c)
merular basement membranes with lamellations (T5000).
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note that TBMN in the absence of any other disease process is
unlikely to progress; however, if seen in the presence of any
other glomerulopathy, like IgA nephropathy, it is likely to
progress.

Lamellar splitting of the glomerular basement membrane
was seen in 7 cases. A previous study had correlated the
splitting with the degree of hematuria.18 However, in our
study, we could not make any such inference.

Conclusion
Hematuria is the most17 common clinical presentation of IgA
nephropathy, and correlates well with the presence of severe
lesions like endocapillary proliferation on biopsy; however, it
failed to show a significant correlation with early mild lesion
like mesangial expansion and chronic lesion like segmental
sclerosis on MEST scoring. A wide range of ultrastructural
changes are seen in IgA nephropathy. In addition to the
presence of immune complex type of electron dense deposits,
a spectrum of changes can also be seen in the glomerular
basement membrane including thinning, lamellar splitting,
and combinations thereof. The location of the immune
deposits has no bearing on the presence or severity of
hematuria. The association between TBMN and IgA nephrop-
athy is complex, with the incidence of thin membranes in
cases of IgA nephropathy beingmuch higher than what would
expect in the general population. There is no clear association
between presence of these ultrastructural glomerular base-
ment membrane changes and hematuria.
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