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INTRODUCTION

One among the corneal diseases causing significant visual 
impairment and blindness is corneal dystrophies, which is a 
heterogeneous subset of hereditary corneal disorders that are 
generally bilateral, non-inflammatory and often result in corneal 
opacities, requiring corneal transplantation [1]. To add to this 
group and also which is closely related to dystrophy are the 
degenerative conditions of the cornea that may be acquired or 
idiopathic [2].

The prognosis of these corneal lesions depends on the type 
of pathology affecting the cornea. Hence, histology of biopsy 
specimens has a role in the assessment of their post-operative 
management and prognosis. Majority of reported studies are 
clinical based with an emphasis on genetic workup. Only a few 
occasional ones are on histopathology. This histopathological 
study on corneal buttons from clinically diagnosed cases of 
corneal dystrophies and degenerations presents an attempt to 
correlate with their graft outcome.

MATERIALS AND METHODS

Full thickness corneal buttons from clinically diagnosed cases 
of corneal dystrophies and degenerations from patients of all 
age groups who underwent penetrating keratoplasty (PKP) were 
selected by convenient sampling. Those who underwent lamellar 
keratoplasty or those corneal buttons which were improperly 
fixed/preserved were excluded from the study.

Patient demographics and clinical data were noted from 
hospital case records. A preliminary gross examination of the 
corneal buttons was done by documenting the size/dimension, 
presence of any opacity (extent and type), surface ulceration, 
pigmentation and perforation if any.

Corneal buttons after routine processing were embedded and 
cut with a microtome at 5-7 microns, and the serial sections 
obtained were stained with hematoxylin and eosin stain. The 
periodic acid-schiff (PAS) stain was also performed routinely to 
assist in assessing histopathology, visualization of the epithelial 
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Background: The prognosis and outcome of a tissue transplant is dependent on its pathology and though, 
penetrating keratoplasty (PKP) is the most successful tissue transplant, most of its studies are genetic/
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psuedophakic) following PKP were also studied, though they are neither specific dystrophy/degeneration 
and showed non-specific stromal changes. Results: One hundred and ten corneal buttons (40.3%) with 
dystrophy (n = 44) and degeneration (n = 66) from 273 cases of PKPs were studied histopathologically. 
90% of dystrophies and 66% of degenerations showed a very good clinicopathologic correlation. Macular, 
Lattice and Avellino’s dystrophies among dystrophies and Salzmann’s nodular degeneration showed specific 
stromal deposits making them easily diagnosable at histopathology, whereas the rest showed non-specific 
stromal changes mandating correlation with clinical findings. Seven regraft corneas showed stromal fibrosis 
making identification of primary dystrophy impossible. However, transmural vascularization and lymphocytic 
stromal infiltrate were prominently noted in failed grafts though their numbers were few. Conclusion: This 
histopathologic study characterizes classic features of macular, Avellino’s, lattice corneal dystrophies and 
Salzmann’s degeneration for their microscopic diagnosis, while the rest showed non-specific changes. Stromal 
edema was prominently noted in degenerations than in dystrophies. Degree of stromal vascularization and 
type of cellular infiltrate need attention in regrafts.
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basement membrane, Bowman’s and Descemet’s membrane. 
Furthermore, special stains such as Congo red, Crystal violet, 
von Kossa, Alcian blue (AB), Masson’s Trichrome and Grocott’s 
Methenamine Silver were performed wherever necessary.

The microscopic features were analyzed systematically (layer-
wise) starting from epithelium to endothelium and the findings 
were correlated clinically. With the clinico-pathological 
correlation, a final diagnosis was made. An attempt to follow-up 
or obtain information about outcome was tried. The follow-up 
ranged from 1 month to 1 year. The patients were scheduled 
for a follow-up visit on the 1st day, at 1 and 3 weeks, at 1, 3 and 
6 months, then at 1 year. In addition, they were advised to 
report back in the event of any problem. At each follow-up visit, 
the patients underwent a complete ophthalmic examination 
including recording of visual acuity, graft status, signs of graft 
rejection, intraocular pressure and fundus examination. The 
outcome was categorized as clear grafts and failed grafts. A graft 
was considered as clear, if the cornea was thin with no haze, no 
Descemet’s membrane folds and the endothelium showed no 
keratic precipitates. A graft was considered failed if the corneal 
thickness was increased and there were epithelial haze or edema, 
stromal edema and fresh or old keratic precipitates.

RESULTS

A total of 110 corneal buttons were received after primary PKP 
for a clinical diagnosis of dystrophy or degeneration over a 
period of 3 years.

The category of dystrophy and degeneration together 
constituted 40.3% of the overall indications for PKP, while 
inflammatory/infective, congenital and miscellaneous causes 
constituted 47.6%, 1.1% and 10.9% respectively [Table 1].

Dystrophy and Degeneration

Of the 110 corneal buttons, 44 were done for dystrophies 
(including keratoconus), while 66 were performed for 
degenerations (including bullous keratopathy) with the 
histopathology [Figures 1 a-i and 2a-f] confirming changes 
compatible with the clinical diagnosis.

Of the 44 cases of dystrophy (including keratoconus), 24 corneal 
buttons were for specific dystrophies, while 20 were from post 
hydrops keratoconus cases. A male predominance was noted 
with a male: Female ratio of 1.97:1 [Tables 2 and 3].

Ten were diagnosed with macular dystrophy, eight with 
congenital hereditary endothelial dystrophy, two each with 
Stromal and Fuch’s dystrophy and one each with Lattice and 
Avellino’s dystrophy. Their age and sex distribution is shown 
in Table 3. These patients complained of dimness of vision 
lasting for more than 2 years associated with photophobia. 
A positive family history could be obtained in three cases. At 
histology [Figure 1 a-c], the superficial corneal stroma showed 
granular to mucoid deposits staining positively with AB and 
were seen to extend subepithelially separating the Bowman’s 
layer from the overlying epithelium. The surrounding stroma 
showed evidence of edema. The overlying corneal epithelium, 
the Descemet’s membrane and the endothelium were intact 
and unremarkable.

The case of lattice corneal dystrophy seen in a 9-year-old male 
who complained of bilateral blurring of vision (right more than 
left) showed classic corneal lines, on slit lamp examination, 
forming a lattice configuration primarily around a round, regular, 
responsive pupil leaving the peripheral cornea clear. At histology 
[Figure 1d], the intact surface epithelium showed thickened 
basement membrane. The stroma showed dense sclerosis and 
fusiform deposits of amorphous, eosinophilic material in mid-
stroma, which were PAS and Congo red positive.

The case of Avellino’s corneal dystrophy in a 45-year-old male 
showed collagen disarray with sclerosis and homogenization 
[Figure 1e]. The stroma showed neovascularization with small 
spaces containing basophilic material, negative with AB-PAS. 
They were Congo red negative. This case was diagnosed after 
clinical correlation.

Two cases of Fuch’s dystrophy diagnosed were in a 60-year-old 
female involving the right eye and the other in a 56-year-
old man involving both the eyes. The former was clinically 
diagnosed as bullous keratopathy secondary to Fuch’s dystrophy. 
The thinned out epithelium at histology [Figure 1f and g] 
exhibited focal basal cell vacuolation with vesiculation. Both the 
membranes were markedly thickened and showed evidence of 
staphyloma. The second case presented with diminished vision 
of 10 years duration with redness, pain and watering which on 
histology showed marked stromal sclerosis with a fibrillated to 
homogenous collagen.

Six buttons diagnosed as congenital hereditary endothelial 
dystrophy were from patients between 6 months and 9-year-old 
male children who presented with congenital corneal opacity 
involving both eyes. They had blue sclera and nystagmus. 
History of consanguineous marriage was obtained in both. 
Histologically, they had thickened corneal wall with epithelial Table 1: Indications for PKP in the present study

Indications Number (n=273) %100

Inflammatory/infective 130 47.6
Dystrophies/degenerations/metabolic 110 40.3
Congenital 3 1.1
Miscellaneous (includes entities 
suchasxerosis, xeroderma 
pigmentosa, retinal detachment and 
unrelated entities)

30 10.9

PKP: Penetrating keratoplasty

Table 2: Age and sex distribution in cases treated with PKP
Groups Number 

(n=110)
Male 

(n=73)
Female 
(n=37)

Dystrophy(+keratoconus) 24+20=44 19+10=29 5+10=15
Degeneration (specific+PBK/ABK) 19+47=66 13+31=43 6+16=22

PBK: Pseudophakic bullous keratopathy , ABK: Aphakic bullous 
keratopathy, PKP: Penetrating keratoplasty
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atrophy. The Bowman’s membrane was thickened. The stroma 
showed marked hyalinization associated with thickening of 
Descemet’s membrane. No obvious deposits were identified 
[Figure 1h].

Two cases of congenital hereditary stromal dystrophy were 
encountered in 11-year-old female and 15-year-old male with 
a history of dimness of vision since childhood and a positive 
history of consanguineous marriage in one of them. The excised 
corneal button showed thickened Descemet’s membrane and 
marked stromal sclerosis [Figure 1i].

Twenty cases of clinically diagnosed post hydrops keratoconus 
were seen in ten males and eight females. Majority (more 
than 80%) were aged <30 years and gave a history of gradual 
progressive dimness of vision in one eye more than the other 
resulting in frequent change of glasses and were associated 
clinically with distorted corneal curvature and scarring. 

A positive family history was present in four out of 20 cases 
of keratoconus (20%). Histologically [Figure 2e], the corneal 
epithelium was thinned out. The Bowman’s membrane showed 
breaks in continuity with underlying stroma showing sclerosis. 
Edema in the stroma was noted in eight cases in addition.

Degenerations

Sixty-six buttons (both specific types and bullous keratopathy) 
excised after PKP showed degenerative changes in corneal 
stroma constituting 24% of the overall indications. 19 buttons 
showed specific changes; bullous spheroidal keratopathy 
[Figure 2a and b] in 11, Salzmann’s nodular degeneration in six, 
and two with pellucid marginal degenerative changes and the 
details are depicted in Table 4. One case of Salzmann’s nodular 
degeneration in particular was diagnosed in a 19-year-old male 
who had corneal opacity in both eyes and had a positive sibling 
history as well. At histology [Figure 2c], the corneal stroma 

Table 3: Details of cases with corneal dystrophies and keratoconus, and their relation to age and sex
Dystrophy (n=44) Number Male Female Age<30 years Age>30 years

Specific dystrophy (n=24) (n=24) (n=19) (n=5) (n=18) (n=6)
Macular dystrophy 10 7 3 7 3
Lattice dystrophy 1 1 0 1 0
Avellino’s dystrophy 1 1 0 0 1
Fuch’s dystrophy 2 1 1 0 2
Congenital hereditary endothelial dystrophy 8 8 0 8 0
Stromal dystrophy 2 1 1 2 0
Keratoconus (n=20) 20 10 10 16 4
Total (n=44) 44 29 15 34 10

Figure 1: Photomicrographs showing various types of corneal dystrophies. (a-c) Macular dystrophy: Asterix shows granular deposits which 
are Alcian blue (AB) positive (a: H and E stain ×200; b and c: AB stain, ×200 and × 100, respectively), (d) Lattice corneal dystrophy (H and E 
stain, ×200), (e) Avellino corneal dystrophy (H and E stain, ×200), (f and g) Fuch’s corneal dystrophy (H and E, ×100 and ×200, respectively), 
(h) Congenital hereditary endothelial dystrophy (H and E, ×200), (i) Congenital stromal dystrophy
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showed globular homogenous basophilic deposits which were 
both AB and PAS negative. The corneal edema was significant. 
The case diagnosed to have pellucid marginal degeneration 
showed full thickness asymmetric sclerosis of the corneal stroma.

Though bullous keratopathy (aphakic bullous keratopathy 
[ABK]/pseudophakic [PBK]) are not specific degenerations, yet 
they are studied under degenerations in this study as they are 
thought to be a consequence of endothelial dysfunction and 

mimic corneal degenerations in all aspects. 35 cases of clinically 
diagnosed PBK [Figure 2d] showed marked stromal degeneration 
with associated edema. 12 cases of ABK showed a similar 
histology, but four of them showed intense stromal edema.

Ninety percent of all dystrophies and two-third of all degenerations 
showed findings well correlated with clinical features. The 
rest were not considered as discordant but reflected the non-
characteristic histopathology spectrum, which included total 
collagen disarray and dense chiefly stromal fibrosis/degeneration 
[Figure 2f] confirming the clinical evidence of scarring. A total 
of 43 cases of the total 273 corneal buttons (inclusive of all 
indications) following previous PKP had failed and were subjected 
for regraft [Figure 3]. Of these, seven corneal buttons (16.2%) were 
received after regraft PKP for a clinical diagnosis of dystrophy/
degeneration. Five of these were degenerative lesions; two were 
clinically confirmed as spheroidal degeneration and three as 
PBK. Only two cases of dystrophy namely congenital hereditary 
endothelial dystrophy and stromal dystrophy needed a regraft. 
These cases histologically showed chiefly stromal scarring with 
mild focal lymphocytic infiltrate and minimal neovascularization.

DISCUSSION

Corneal transplant (keratoplasty) is the most successful tissue 
transplant known to mankind [1]. The prognosis/outcome of 
the graft is dependent on its pathology. Hence, a histopathologic 
evidence/confirmation of the disease process is necessary. 
However, histopathological studies on cornea are only a few, 
and most of the studies are clinical based [2]. The present study 
has been attempted to document the corneal dystrophies and 
degenerations seen at our institute over 3-year period.

Corneal dystrophies involve the formation of corneal opacities 
that are most often characterized by bilateral, inherited, non-
inflammatory progressive diseases restricted to the cornea. The 
opacities are caused by progressive accumulation of nonnative 
protein or other material, both intracellular and extracellular 

Infl/Inf Dys/Deg Cong Misc

n=32
(74.4%) 

n=7
(16.2%) 

n=1
(2.3%) 

n=3
(7%)

Regraft (n=43)

Infl/Inf Dys/Deg Cong Misc

Figure 3: Bar chart showing the graft failure occurring among 
keratoplasty performed for various corneal lesions
(Infl /Inf: Infl ammatory/infectious, Dys/deg: Dystrophy/degeneration 
Cong: Congenital, Misc: Miscellaneous)

Table 4: Details of cases with corneal degenerations and 
bullous keratopathy and its relation to age and sex
Degenerations (n=66) Male Female Age<30 years Age>30 years

Specific (n=19) (n=13) (n=06) (n=07) (n=12)
Salzmann’s nodular 
degeneration (06)

04 02 4 2

Bullous spheroidal 
degeneration (11)

08 03 2 9

Pellucid degeneration 
(02)

01 01 1 1

Bullous keratopathy 
(n=47)

n=31 n=16 n=5 n=42

PBK* (35) 23 12 4 31
ABK* (12) 08 04 01 11
Total (66) 44 22 12 54

*PBK and ABK are not specific degeneration but grouped together for 
histopathology, PBK: Pseudophakic bullous keratopathy, ABK: Aphakic 
bullous keratopathy

Figure 2: Photomicrographs showing degenerative lesions of cornea 
and keratoconus. (a and b) Spheroidal degeneration: Asterix showing 
globular basophilic deposits (H and E, ×100 and ×200 respectively), 
(c) Salzman’s nodular degeneration (H and E, ×100), (d) Bullous 
keratopathy (H and E, ×100), (e) Keratoconus (H and E, ×100), 
(f) Stromal degeneration (H and E, ×100)
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deposits in the cornea resulting in loss of transparency and 
visual impairment. Dystrophies are classified based on 
the anatomical location of the lesions as: Anterior corneal 
dystrophies (affecting the epithelium and extending into 
the superficial stroma), stromal dystrophies (that involve the 
stroma only) and posterior corneal dystrophies (which include 
the Descemet’s membrane and endothelium). In general, the 
stromal and endothelial dystrophies are commonly encountered 
by the histopathologist.

In the present study, dystrophy and degeneration together 
formed the second commonest indication (40.3%) for corneal 
transplant with infective/inflammatory conditions being the 
most common (47.6%) indication. This is in contrast to the 
Western literature, where PBK/ABK is the leading indication. 
Approximately, 64% of patients with dystrophy/degeneration 
in the present study were <30 years (excluding bullous 
keratopathy) with a male: female = 1.97:1. Dandona et al., in 
their study on 1964 corneal buttons, observed that 69% were 
males, and 62% of the subjects were <50 years [2]. A similar 
observation by Pandrowala was made wherein the mean age was 
34 years [3]. This is in contrast to the Western studies where 
mean age group of patients undergoing PKP was 50-60 years 
with a female predominance.

In the present study, dystrophy alone as a group (including 
keratoconus) constituted 16 % of the indication that is very 
similar to observations made by Cursiefen et al. and Lois 
et al. [4,5]. Table 5 shows the comparison of two important 
indications of keratoplasty in addition to graft failure rates, with 
observations from other studies to highlight the contrasting 
findings between the Western and Asian studies [2,6-14].

Topographically, among the corneal dystrophies, the epithelial 
types are the rarest, and none was seen in the present study 
whereas the stromal endothelial dystrophies are the commonest. 
They include the classic types namely macular, lattice, and 
granular type as well as the rarer Schneider’s crystalline 
dystrophy and congenital hereditary stromal dystrophy. In the 
present study, nine cases of macular dystrophy were noted 

forming the commonest type of specific dystrophy. This finding 
supports the report by Kanavi et al. from Iran and Zare et al. 
from Middle East [15,16]. This is in contrast to the western 
literature where Fuch’s dystrophy appears to be the most 
common [4,10,17,18].

Macular dystrophy is an autosomal recessively inherited 
disorder mapped to chromosome 16 which is characterized by 
the accumulation of keratin sulfate related glycosaminoglycan 
in corneal structures. The deposits may be present within 
keratocytes or endothelial cells but are usually most prominent 
as extracellular subepithelial deposits that stain well with AB 
and Hale’s colloidal iron stain. Macular corneal dystrophy is 
clinically subclassified based on the reactivity of serum and 
cornea with an antibody against keratin sulfate. The disease 
may recur in the graft [19].

One each case of lattice corneal dystrophy and granular corneal 
dystrophy, which are a rare group of dystrophies, were noted in 
the present study. The lattice corneal dystrophy is a group of 
autosomally dominant inherited disorders characterized by the 
accumulation of amyloid, which shows positive staining with 
Congo red and the typical apple-green birefringence, in a lace-
like fashion within the corneal stroma. In most Types (I, III, 
IIIA), the deposition of amyloid is limited to the cornea, but 
in Type II the corneal amyloid deposition is part of a systemic 
disease.

The granular dystrophies are autosomally inherited and are 
characterized by extracellular deposits of the mutated gene’s 
product, keratoepithelin, mostly within the anterior stroma. 
These deposits are eosinophilic and stain red with Masson 
trichrome stain. The granular corneal dystrophy Type II may 
additionally show amyloid deposition. These dystrophies have 
a tendency to recur in the graft [19].

The endothelial corneal dystrophies include Fuchs’ endothelial 
dystrophy, which is the most common corneal dystrophy noted 
in some of the studies. It occurs in two forms, autosomal 
dominant and autosomal recessive. It starts manifesting at 
birth and is present in infancy/childhood. The disease is more 
common in females, and familial clustering has been observed. 
Histologically, it is characterized by Hassall-Henle bodies in 
the central thickened cornea and abnormally thickened and 
laminated descemet’s membrane, which may be thick enough 
to bury the excrescences and edematous stroma. Associated are 
the secondary features of endothelial cell loss, namely, bullous 
changes of the surface epithelium. The prevalence of Fuch’s 
endothelial corneal dystrophy differs markedly in different parts 
of the world. It is the most common corneal dystrophy in western 
countries, accounting for about 10% of all corneal transplants 
in North America, but appears to have a lower prevalence (1.2-
4.5%) in the Middle East and Asia [3,11,20,21].

Keratoconus is not a true dystrophy, but a bilateral disorder 
characterized by progressive central stromal scarring and 
thinning of the corneal stroma resulting in a cone-shaped 
cornea. This is thought to represent the common final path 

Table 5: The comparison of rates of infective/inflammatory 
lesions with dystrophy and graft failure across various studies 
in the literature
Authors Infective/inflammatory 

scarring (%)
Dystrophy 

(%)
Regraft 

(%)

Robin et al.[6] 25 6 15.1
Mamalis et al.[7] 8.9 5.8 13
Leger et al.[8] 25 7.8 11.1
Flowers et al.[9] 17 7.1 21.3
Dandona et al.[2] 40 14.4 17.1
Lindquist et al.[10] 19 12.5 8.1
Cursiefen et al.[4] 21 16.6 15.5
Godeiro et al.[11] (2007) 51 13.8 -
Chen et al.[12] 46 4.5 21
Al-Yousuf et al.[13] 23.5 27.9 40.9
Sony et al.[14] 66 3.85 11.5
Present study (2014) 47.6 8.8 15.7
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to different pathologic processes involving abnormalities 
of matrix proteins. A genetic predisposition as well as 
associations with systemic disease, such as trisomy 21 has 
been shown. An intraepithelial iron ring (Fleischer’s ring) 
may be present. Bowman’s layer shows variation in thickness, 
deficits, breaks, and pannus formation associated with stromal 
thinning, while the endothelium is typically unremarkable. 
Recurrence of keratoconus in the graft rarely occurs. In 
some cases, no histologic abnormality can be seen in corneas 
excised for keratoconus [22]. It is wise to remember that 
the keratoconus is a clinical diagnosis and that one may 
not exclude keratoconus histologically. In the present study, 
keratoconus alone as a group formed seven percent of the 
overall clinical indication for PKP, similar to the observation 
by Dandona et al. [2]. Table 6 shows the overall comparison 
of the important indications for PKP from among the 
dystrophies and degenerations in different parts of the world 
with special reference to bullous keratopathy, keratoconus, 
Fuch’s and non-Fuch’s dystrophy. Bullous keratopathy was 
highest in France (28.7%) [27] and lowest in UK (7.6%) [13]. 
Keratoconus and Fuch’s dystrophy were more common in 
the West [4,23] (Germany [4] and USA [23], 21% and 15%, 
respectively) as compared to South India [27] (1.9% and 
1.2%, respectively). In comparison, our results were in par 
with Dandonna et al. [2] from South India with respect to all 
dystrophies and degenerations namely bullous keratopathy, 
keratoconus, Fuch’s and non-Fuch’s keratopathy but did not 
match with results noted in other Indian studies namely, Sony 
et al. [14] and Dasar et al. [27].

Salzmann’s nodular degeneration is unilateral, but it may be 
bilateral with single or multiple lesions that usually measure 
between 1 and 3 mm in size. It is usually asymptomatic, but 
patients may develop recurrent corneal erosions or decreased 
vision from scarring. The nodules are sometimes arranged in 
a spoke-like pattern. Sections of the cornea show thinning 
of the epithelium or denudation, destruction of Bowman’s 
layer, duplication of the epithelial basement membrane and 
disorganization of collagen lamellae in the superficial anterior 

stroma. These histologic findings are entirely non-specific and 
can be seen in scarring from any cause [28].

Recent literature in the field of genetics and molecular 
basis of the dystrophies has led to the evolution of a new 
classification which incorporates genotypic-phenotypic 
features. As histopathology continues to be evidence-based 
and the gold standard for the diagnosis, other techniques 
do help provide additional information in this area. Corneal 
dystrophies can be considered unique as the association of 
gene-protein-disease has been approached both in the forward 
direction as well as the reverse order [29]. The degenerations 
accounted for 24% of cases in this study. Histopathology 
was able to confirm the clinical diagnosis in two third of 
the cases with maximum concordance (100%) in cases of 
Salzmann’s nodular degeneration. Bullous keratopathy 
occurs most commonly after cataract removal and is called 
pseudophakic (i.e. if an intraocular lens implant is present) 
or ABK (i.e., if no intraocular lens implant is present). It is 
characterized by the formation of fluid-filled blisters on the 
surface of the cornea. The blisters rupture, causing pain, 
often with a foreign body sensation and impairment of vision. 
The clinical diagnosis is made from the typical appearance 
of a swollen, cloudy cornea with blisters on the surface. 
While at histopathology, the changes include desquamating 
epithelial cells from the anterior surface and separation of 
the epithelium from Bowman’s layer creating the bullous 
detachment. The Bowman’s layer is irregularly thinned 
probably related to the bullae. The stroma shows areas devoid 
of keratocyte nuclei, irregular lamellae and features indicative 
of scarring. The endothelium is markedly attenuated; there 
are fewer endothelial cells than normal. Additional findings 
that may be seen include a thickened and redundant 
epithelial basement membrane. In general, the key finding 
is paucity of endothelial cells, and those cells remaining are 
flattened and attenuated. The Descemet’s membrane is 
usually intact. ABK is a less frequent indication than PBK 
probably due to extracapsular lens extraction with intraocular 
lens implantation having become the standard practice in 
cataract lens surgery. As expected, PBK outnumbered ABK 
and showed high concordance with histopathology and 
bullous keratopathy accounted for 18% of the overall clinical 
indications in similarity with a few of the western studies [4]. 
The incidence of pseudophakic bullous keratopathy is on 
the increase as there is strong effort to eliminate avoidable 
blindness due to cataract. With the increasing cataract 
surgical rate in India, more intraocular lenses are implanted 
in a large number of eyes, and they are at risk of going blind 
due to corneal decompensation [30].

Morphological alterations in keratocytes are minimal or none 
in both corneal degeneration and dystrophy. However, the 
keratocytes in ABK and PBK may show intracellular edema 
and vacuolar change in Fuch’s dystrophy. Hence, one may 
not observe significant changes in keratocyte morphology 
to differentiate between dystrophy and degeneration but 
prominent stromal edema is more often seen in degenerations 
than in dystrophy.

Table 6: The comparison of specific indications to penetrating 
keratoplasty with reference to dystrophies and degenerations 
namely bullous keratopathy, keratoconus, Fuch’s dystrophy and 
non-Fuch’s corneal dystrophy in different regions of the world
Country Indications (%)

ABK+PBK Keratoconus Fuch’s 
dystrophy

Other 
dystrophies

South India 1997[2] 22 6 1.2 7.2
Germany 1998[4] 17 20.9 14.9 1.7
Canada 2000[24] 15.3 16.1 9.6 3.1
France 2001[25] 28.7 12.1 7.8 15.4
Taiwan 2001[21] 17.6 2.5 4.5 1.6
USA 2002[23] 27.2 15.4 15.2 1.3
UK 2004[13] 7.6 15 9.3 3.6
North India 2005[14] 13.5 2.4 - 3.9
Pakistan 2011[26] 12.3 8 1.31 2.09
South India 2013[27] 8.8 1.9 - 2.8
Present study 2014 17.2 7.3 0.73 8.1

PBK: Pseudophakic bullous keratopathy, ABK: Aphakic bullous keratopathy
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In the study of our regraft cases, the stromal scarring was 
predominant. The present study also indicated that graft 
failure secondary to dystrophy is less as compared to infective/
inflammatory causes. Inflammation and the associated 
vascularization process were minimal in those cases of graft 
failure due to dystrophy. When present, one needs to assess 
the degree of the stromal neovascularization. As cornea is 
an avascular organ, transmural vascularization probably 
due to reparative process may indicate poorer prognosis 
in comparison to the focal areas. In addition, neutrophilic 
exudation may indicate an early and better host response 
rather than an infiltrate of lymphocytes. In most of the cases, 
graft failure is due to poor maintenance of graft after PKP 
by the patients rather than actual recurrence of the primary 
pathology [27].

While histopathologic study is the gold standard for the 
diagnosis, various other techniques such as bright field, 
fluorescence, and confocal microscopy on sections of corneal 
buttons have been of great help especially in the evaluation of 
early onset Fuchs corneal dystrophy with antibodies against 
COL8A1, COL8A2, COL4, laminin, and fibronectin [31]. 
Corneal dystrophies have been considered unique as the 
association of gene-protein-disease has been approached 
both in the forward direction as well as the reverse order [20]. 
Recent additions in the field of genetics and molecular basis 
of the dystrophies have led to the evolution of a new IC3D 
classification for corneal dystrophies, integrating up-to-date 
information on phenotypic description, pathologic examination, 
and genetic analysis [32].

CONCLUSION

The present study has attempted to aid in understanding the 
histopathology of corneal dystrophy, characterize the various 
subtypes and add to the limited data available from India. 
Macular dystrophy, lattice dystrophy, Avellino’s dystrophy 
and Salzmann’s nodular degeneration show specific stromal 
deposits; mucoid and granular AB positive deposits in macular, 
AB-PAS and Congo red negative deposits in Avellino’s, PAS and 
Congo red positive eosinophilic deposits in lattice dystrophies 
and basophilic AB-PAS negative deposits in Salzmann’s nodular 
degeneration and are easily diagnosable at histopathology, while 
the rest need to be supported by clinical correlation. Dystrophy 
and degeneration together form the second commonest 
indication for corneal transplant with infective/inflammatory 
conditions being the most common indication in contrast to 
the Western literature where PBK/ABK is the leading indication 
followed by keratoconus and regrafts.

 REFERENCES

1. Wang JY, Xie LX, Song XS, Zhao J. Trends in the indications for 
penetrating keratoplasty in Shandong, 2005-2010. Int J Ophthalmol 
2011;4:492-7.

2. Dandona L, Ragu K, Janarthanan M, Naduvilath TJ, Shenoy R, Rao GN. 
Indications for penetrating keratoplasty in India. Indian J Ophthalmol 
1997;45:163-8.

3. Pandrowala H, Bansal A, Vemuganti GK, Rao GN. Frequency, 

distribution, and outcome of keratoplasty for corneal dystrophies at 
a tertiary eye care center in South India. Cornea 2004;23:541-6.

4. Cursiefen C, Küchle M, Naumann GO. Changing indications for 
penetrating keratoplasty: Histopathology of 1,250 corneal buttons. 
Cornea 1998;17:468-70.

5. Lois N, Kowal VO, Cohen EJ, Rapuano CJ, Gault JA, Raber IM, et al. 
Indications for penetrating keratoplasty and associated procedures, 
1989-1995. Cornea 1997;16:623-9.

6. Robin JB, Gindi JJ, Koh K, Schanzlin DJ, Rao NA, York KK, et al. An 
update of the indications for penetrating keratoplasty 1979 through 
1983. Arch Ophthalmol 1986;104:87-9.

7. Mamalis N, Anderson CW, Kreisler KR, Lundergan MK, Olson RJ. 
Changing trends in the indications for penetrating keratoplasty. Arch 
Ophthalmol 1992;110:1409-11.

8. Leger F, Ndiaye PA, Williamson W, Lagoutte F, Riss I. Indications 
of penetrating keratoplasty from a histopathological study of 1129 
corneal buttons (from 1982 to 1991). J Fr Ophtalmol 1995;18:331-7.

9. Flowers CW, Chanq KY, McLeod SD, Irvine JA, McDonnell PJ, Rao N, 
et al. Changing indications for penetrating keratoplasty, 1989-1993. 
Cornea 1995;14:583-8.

10. Lindquist TD, McGlothan JS, Rotkis WM, Chandler JW. Indications 
for penetrating keratoplasty: 1980-1988. Cornea 1997;16:623-9.

11. Godeiro KD, Coutinho AB, Pereira PR, Fernandes BF, Cassie A, 
Burnier MN Jr. Histopathological diagnosis of corneal button specimens: 
An epidemiological study. Ophthalmic Epidemiol 2007;14:70-5.

12. Chen WL, Wu CY, Hu FR, Wang IJ. Therapeutic penetrating 
keratoplasty for microbial keratitis in Taiwan from 1987 to 2001. Am 
J Ophthalmol 2004;137:736-43.

13. Al-Yousuf N, Mavrikakis I, Mavrikakis E, Daya SM. Penetrating 
keratoplasty: Indications over a 10 year period. Br J Ophthalmol 
2004;88:998-1001.

14. Sony P, Sharma N, Sen S, Vajpayee RB. Indications of penetrating 
keratoplasty in Northern India. Cornea 2005;24:989-91.

15. Kanavi MR, Javadi MA, Sanagoo M. Indications for penetrating 
keratoplasty in Iran. Cornea 2007;26:561-3.

16. Zare M, Javadi MA, Einollahi B, Karimian F, Rafie AR, Feizi S, 
et al. Changing indications and surgical techniques for corneal 
transplantation between 2004 and 2009 at a tertiary referral center. 
Middle East Afr J Ophthalmol 2012;19:323-9.

17. Ting DS, Sau CY, Srinivasan S, Ramaesh K, Mantry S, Roberts F. 
Changing trends in keratoplasty in the West of Scotland: A 10-year 
review. Br J Ophthalmol 2012;96:405-8.

18. Dobbins KR, Price FW Jr, Whitson WE. Trends in the indications for 
penetrating keratoplasty in the Midwestern United States. Cornea 
2000;19:813-6.

19. Klebe S, Coster DJ, Rozenbilds MA. A practical approach to 
interpretation of corneal specimens. Adv Anat Pathol 2004;11:150-61.

20. al Faran MF, Tabbara KF. Corneal dystrophies among patients 
undergoing keratoplasty in Saudi Arabia. Cornea 1991;10:13-6.

21. Chen WL, Hu FR, Wang IJ. Changing indications for penetrating 
keratoplasty in Taiwan from 1987 to 1999. Cornea 2001;20:141-4.

22. Rabinowitz YS. Keratoconus. Surv Ophthalmol 1998;42:297-319.
23. Cosar CB, Sridhar MS, Cohen EJ, Held EL, Alvim Pde T, Rapuano CJ, 

et al. Indications for penetrating keratoplasty and associated 
procedures, 1996-2000. Cornea 2002;21:148-51.

24. Maeno A, Naor J, Lee HM, Hunter WS, Rootman DS. Three decades 
of corneal transplantation: Indications and patient characteristics. 
Cornea 2000;19:7-11.

25. Legeais JM, Parc C, d’Hermies F, Pouliquen Y, Renard G. Nineteen 
years of penetrating keratoplasty in the Hotel-Dieu Hospital in Paris. 
Cornea 2001;20:603-6.

26. Bhatti N, Fawad MU, Hussain M, Qidwai U, Hasan MU, Rehman AU. 
Three years clinical audit of patients presenting in cornea clinic at a 
tertiary care. Pak J Ophthalmol 2011;27:191-4.

27. Dasar L, Pujar C, Gill KS, Patil M, Salagar M. Indications of 
penetrating keratoplasty in Southern India. J Clin Diagn Res 
2013;7:2505-7.

28. Das S, Link B, Seitz B. Salzmann’s nodular degeneration of the cornea: 
A review and case series. Cornea 2005;24:772-7.

29. Vemuganti GK, Rathi VM, Murthy SI. Histological landmarks in 
corneal dystrophy: Pathology of corneal dystrophies. Dev Ophthalmol 
2011;48:24-50.

30. Gupta N, Tandon R, Gupta SK, Sreenivas V, Vashist P. Burden of corneal 



Nandeesh, et al.: Histopathology of corneal dystrophies

J Interdiscipl Histopathol 2014; 2(4): 197-204  204

blindness in India. Indian J Community Med 2013;38:198-206.
31. Zhang C, Bell WR, Sundin OH, De La Cruz Z, Stark WJ, Green WR, 

et al. Immunohistochemistry and electron microscopy of early-onset 
fuchs corneal dystrophy in three cases with the same L450W COL8A2 
mutation. Trans Am Ophthalmol Soc 2006;104:85-97.

32. Weiss JS, Møller HU, Lisch W, Kinoshita S, Aldave AJ, Belin MW, 
et al. The IC3D classification of the corneal dystrophies. Cornea 
2008;27 Suppl 2:S1-83.

© GESDAV; licensee GESDAV. This is an open access article licensed under 
the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, 
non-commercial use, distribution and reproduction in any medium, provided 
the work is properly cited.

Source of Support: Nil, Confl ict of Interest: None declared.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


