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Abstract
Purpose: Evaluation of histopathological findings of corneal buttons after penetrating 
keratoplasty (PK) on silicone oil related keratopathy patients. 

Study Design: Non-randomized, cross sectional study

Methods: Corneal buttons of 14 eyes, extracted between 2012 – 2015 due to silicone 
keratopathy, were examined histopathologically. Eleven patients were male, 3 were 
female with mean age of 38.5±22.4 (9 – 76) years. Traumatic retinal detachment 
accompanied corneal opacity in all patients. Nine eyes had multiple surgical operations. 
For histological evaluation, first corneal buttons were cut 3 µm and sections were stained 
with haematoxylin and eosin for routine evaluation. Then several sections were also 
stained with Periodic acid–Schiff (PAS) and trichome to examine different layers of 
cornea. 

Result: The most common findings on histopathological examination were collagenous 
stromal edema and detachment of collagen fibers. Depending on silicone oil exposure 
duration, hyalinization rather than stromal edema was observed on some tissues. 
Thickening of Bowman’s layer and irregularity together with vascular proliferation 
behind Bowman’s layer were observed. Stromal edema associated cracks were observed 
on Descemet’s membrane. Corneal epithelial layer also showed several changes such as; 
detachment from basement membrane and acantholytic changes. These changes are 
signs of intracellular edema in epithelial cells.

Conclusion: Silicon oil exposure to cornea results in histopathological changes at all 
corneal layers. Most prominent feature was stromal thickening, which turns out to 
hyalinization with increased silicon exposure time.
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Introduction
The innermost lining of the cornea consists of a single layer of cells called the 

endothelium. The corneal endothelium plays a fundamental role in maintaining the 
transparency of the corneal membrane, because of its function both as a barrier against 
penetration of the aqueous humor in the parenchyma and its ability to remove water 
from the stroma. Any abnormality in the corneal endothelium causes, first, the impairment 
of its function as a barrier and pump due to the loss of stromal anti-turgor mechanisms, 
followed by edema and possible development into keratopathy [1].

Endothelial cell loss (90%) and band keratopathy (83%) were the most typical 
changes in silicone oil-associated keratopathy. Intraocular silicone oil can damage the 
normal tissue structures and function if it is retained in eyeballs too long. These results 
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suggest that silicone oil should be removed timely after the 
retinal reattachment is stabilized and cannot be used as a 
kind of long term intraocular tamponade [2].

The purpose of our study is to observe histopathological 
changes on corneal buttons of patients, who were operated by 
penetrating keratoplasty (PK) because of silicone keratopathy.

Material and Method
Our study includes 14 corneal buttons of 14 patients, who 

developed silicone keratopathy after intravitreal standart 
silicone (polydimethylsiloxane fluid of viscosity 1000 ST, 
specific gravity 0-972, refractive index 1-4035, molecular 
weight 30 000 daltons) and heavy silicone (Polidimetilsilokzan 
+Perfluorhexyloctan 1400 mPas viscosity DENSIRON® 68) 
treatment between 2014-2016 years. All participants were 
informed about the study and signed informed written 
consents were obtained.

Silicone was removed by pars plana vitrectomy from all 
eyes developed silicone keratopathy before keratoplasty. PK 
was performed on another session. Extracted corneal buttons 
were send for histopathologic examination. 

Histopathological Evaluation
Corneal buttons were fixed in buffered formalin and embedded 

in paraffin. Four µm thick serial sections were obtained and stained 
with haematoxylin and eosin (HE) for routine examination. Another 
section was stained with Periodic acid–Schiff (PAS; Bio Optica ) to 
examine different layers of cornea.

Sections were semiquantitatively evaluated for epithelial 
thickness, status of Bowman layer (thickness, ondulation, fraction), 
status of stroma (degree of edema, vascularization, hyalinization, 
fibrosis, inflammation), status of Desemet’s membrane (thickness, 
ondulation, fraction), existence of calcification and bullous 

Result
Eleven patients were male and 3 were female with mean 

age of 38.5±22.4 (range 9-76) years. Average time between 
intravitreal silicone application and development of silicone 
keratopathy was 8.25±3.8 (range 1-25) months. The duration 
between silicone keratopathy and keratoplasty was divided 
into early (1-3 month) and late (4-25 month). Table 1 shows 
histopathological findings of corneal buttons.

Table1. Histopathological findings of corneal buttons

Epithelium Bowman’s layer Stroma Desemet’s 
Membrane Calcification Endothelium Epithelial-stromal 

seperation

Early
normal or
focal mild increase in 
thickness, acantholytic 
changes

normal or mild 
increase in 
thickness

stromal edema, superficial 
vascularization, minimal 
hyalinization, irregularity of 
collagen fibers

Normal or 
ondulation Absent

Detachment from 
basement membrane,
acantholytic changes

Central or 
peripheral

Late
Severe increase in 
thickness, acantholytic 
changes

Increase in 
thickness and 
nodule with 
vascular 
proliferation 

Central fibrosis, superficial and 
deep vascularization, chronic 
inflammation, intense 
hyalinization, irregularity of 
collagen fibers

widespread 
ondulation and 
increase in 
thickness

Lineer calcification in 
the Bowman’s layer or 
in superficial stroma

Detachment from 
basement membrane,
acantholytic changes

Central or 
peripheral

The most common findings on histopathological examination 
were collagenous stromal edema and detachment of collagen fibers. 
Depending on silicone oil exposure duration, hyalinization rather than 
stromal edema was observed in some tissues. Thickening of 
Bowman’s layer and irregularity together with vascular proliferation 
behind Bowman’s layer were observed. Stromal edema associated 
crackings were observed on Descemet’s membrane. Corneal 
epithelial layer also showed several changes such as; detachment 
from basement membrane and acantholytic changes. Figure 1 and 2 
show histopathological findings of corneal buttons.

Figure1. Early histopathologic events in the cornea showing mild acanthosis 
in the epithelium, mild vascularization in the stroma, widespread ondulation 

in desemet’s membrane and detached endothelium (HE x40)

Figure2. Late histopathologic events in the cornea displaying severe 
epithelial thickening and moderate acanthosis, lineer and granular 

calcification, fibrosis, chronic inflammation and moderate 
vascularization in the stroma (HE x100)

Discussion
Silicone oil has been used as an intraocular tamponade 

because of its transparency, high interfacial surface tension 
with water, stability of tamponade and relatively low retinal 
toxicity.
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Long-term complications of intraocular silicone oil include 
cataract formation in the phakic patients, glaucoma, silicone 
oil emulsification and silicone oil keratopathy. Corneal 
decompensation is a frequent complication if the oil contacts 
to the corneal endothelium. Corneal complications have been 
reported in 11% to 100% of series of aphakic eye treated with 
silicone oil injection by different studies [3-5].

In a study, a posterior collagenous layer (PCL) between 
Descemet’s membrane and the endothelium was identified in 
7 out of 8 specimens obtained from silicone keratopathy PK 
patient corneas. PCL was thought to be associated with 
endothelial cell loss and degeneration. The endothelial cell 
density observed was varied between 0 and 5 cells per high 
power field [6]. In our study, collagenous layer between 
descemet’s membrane and endothelium was observed in late 
corneal buttons and endothelium was completely spilled 
under this collagen layer.

In their study Choi et al [7] carried out light microscopy 
and electron microscopic examination on the corneal buttons 
of two patients, who required penetrating keratoplasty for 
treatment of corneal complication following the intraocular 
injection of silicone oil to repair recurrent retinal detachments 
in aphakic eyes. Light microscopic examination demonstrated 
increased cellularity and irregularity of collagen fibers of 
stromal layer, defect of endothelial cell layer and endothelial 
degeneration. In our study it was seen that irregularity of 
collagen fibers and endothelium detachment from basement 
membrane in early and late corneal buttons as well as stromal 
hyalinization in the late phase.

Electron microscopic examination demonstrated marked 
decrease in endothelial cell population density, accompanied 
by flattening and thinning of the remaining cells and 
attenuation of cell borders [7]. Setala K et al. [8] had corneal 
examinations, including endothelial specular photography, 
on 18 silicone treated eyes. The mean endothelial cell density 
was observed to be lower in the silicone eyes (2076 +/- 196 
cells/mm2) as compared to the control fellow eyes (2738 +/- 
86 cells/mm2) (P = 0.004).

Foullks et al. [9] evaluated the clinical, histopathological, 
and ultrastructural features of silicone oil-induced keratopathy 
in 10 patients who developed corneal complications requiring 
penetrating keratoplasty. Histopathologically, retrocorneal 
membranes were present, and different degrees of stromal 
hypercellularity, superficial stromal calcification, and 
vascularization were noted. In our study, the most common 
finding on histopathological examination were collagenous 
stromal edema, thickening of Bowman’s layer and irregularity 
together with vascular proliferation behind Bowman’s layer 
were also observed. Depending on silicone oil exposure 
duration, hyalinization rather than stromal edema was 
observed in some tissues.

Silicone oil exposure to cornea results in histopathological 
changes at all corneal layers. Most prominent feature was 
stromal edema which turns out to hyalinization with increased 
silicone exposure time.

The emulsification of intravitreally applied silicone 
increases the likelihood of silicone keratopathy. There are 
several factors in the easy emulsification of silicone. These 
include intraocular inflammation, hemorrhage, excess of 
instruments used during vitrectomy, decalin in silicone (heavy 
silicone), quality of silicone, incomplete vitreous cavity full of 
silicone. In our study, silicone keratopathy has increased in the 
last 2 years. We think that this is related to the poor quality of 
silicone and the early silicone emulsification due to heavy 
silicone use.
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