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SUMMARY 

Sixteen eyes of eight rabbits were randomised to either 
mitomycin C or Balanced Salt Solution (BSS) applica
tion after photorefractive keratectomy (PRK). Regular 
examinations of wound healing and haze were per
formed with the slit lamp. The animals were killed 
between 1 and 26 weeks after treatment, and the 
corneas examined by light and electron microscopy. 
While the grade of haze showed no relevant differences 
between the two groups, scar tissue was found 
histologically in the mitomycin group in only 1 of 8 
corneas compared with 5 of 8 in the BSS group. A 
marked reduction in keratocytes in all mitomycin
treated corneas and a normal density of keratocytes in 
the BSS group was observed. Mitomycin reduced the 
number of keratocytes in the treated corneas, leading to 
less scar formation but not to a rednction in haze. Since 
no morphological correlate has been found, haze 
remains unexplained in the mitomycin-treated corneas. 

Excimer laser photorefractive keratectomy (PRK) 
has become a common procedure in refractive 
disorders, but wound healing, responsible for possi
ble scarring and regression, remains an unsolved 
problem. 

Improvement in laser instruments and operative 
technique (including Lasik) have resulted in better 
wound geometry and seem to help in reducing (but 
not eliminating) scar formation and regression.1,2 

Following PRK, steroids are the most common 
prophylactic treatment against excessive haze forma
tion and regression. However, the results of this 
treatment on haze and regression are contradic
tory?-12 Gartry et al? found, after an initial 
statistically significant improvement in the induced 

From: lEye Clinic and 2Institute of Pathology, Cantonal 
Hospital, 6000 Lucerne 16, Switzerland. 

Correspondence to: Isaak Schipper, MD, Eye Clinic, Cantonal 
Hospital, CH-6000 Lucerne, Switzerland. Tel: +411412053301. 
Fax: +41/412053406. 

refraction, a loss of this effect after 3 months when 
steroid application was discontinued. Additionally, 
these authors found no effect on haze development 
under steroid treatment. Considering the possible 
severe side-effects of long-term steroid treatment, it 
would be desirable to find an alternative to prevent 
haze and regression after PRK. 

Mitomycin C, isolated from the fermentation 
filtrate of Streptomyces caespitosus, is a highly potent 
alkylating agent with antineoplastic and antibiotic 
activities.13 By inhibiting DNA synthesis secondary 
to alkylation,13 mitomycin C was found to suppress 
fibroblast proliferation?4-16 This effect is already 
very successfully used and clinically well studied in 
filtrating glaucoma surgery,17 ,18 where it prevents 
excessive scar formation of the filtration bleb. 
Mitomycin C is also effective in preventing recur
rence of pterygium19,20 and in treatment of corneal 
intra epithelial neoplasia?l However, corneal compli
cations with these procedures have been described 
by several authors.18,21-23 

Talamo et al.24,2S described the effect of mitomycin 
C drops on excimer-laser-treated corneas in rabbits 
and cats. Analogous to the applied practice in 
glaucoma surgery, we tried a new approach to 
influence wound healing after PRK. Using a soaked 
sponge, we left the mitomycin on the laser-treated 
cornea for 5 minutes, rinsing well with BSS there
after. 

MATERIALS AND METHODS 

All procedures on animals performed in this study 
were in accordance with NIH publication no. 86-23, 
revised 1985, and the current version of the Swiss 
Resolutions on the Use of Animals in Research. The 
study was also approved by the cantonal veterinar
ian. 

Ten femaie Chinchilla bastard rabbits were used in 
this study, two of them for a prestudy. They weighed 
between 4 and 5 kg, which corresponds to the full-
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grown weight at an age of approximately 6 months. 
Laser ablations were performed with the animal 
under general anaesthesia (intramuscular ketamine 
hydrochloride 60 mg/kg and xylazine 6 mg/kg) and 
after topical treatment with cocaine 2% drops and 
diclofenac 1 mg/ml drops. After mechanical removal 
of the epithelium, deep keratectomy of 9 D (81 f.Lm at 
the deepest point, 5 mm in diameter) was performed 
while holding the eye with a fixating mask which 
incorporated a device for debris removal. The 
excimer laser (Aesculap Meditec MEL 60) was 
operated in the scanning mode at 22 Hz. Immedi
ately after the ablation a sponge (6 mm diameter) 
soaked in mitomycin C solution (0.4 mg/ml = 0.04% 
solution) was placed on the laser-treated area for 5 
minutes. After removal of the sponge, the eye was 
irrigated with 250 ml Balanced Salt Solution (BSS) . 
The other eye was keratectomised in the same way, 
but a sponge soaked in BSS was placed on the eye 
for 5 minutes before irrigation with 250 ml BSS. 

The eyes were randomised to each of the two 
treatments. Voltaren drops (diclofenac 1 mg/ml) and 
Neotracin ointment (neomycin 3.5 mg/g and baci
tracin 250 iU/g) were instilled directly after the 
procedure. Eyes were examined daily using the slit 
lamp until epithelialisation was complete - usually 
within 1 week. Without knowledge of treatment, two 
examiners independently examined the eyes and 
graded the haze weekly (Table I) . Slit lamp pictures 
(a survey, a broad slit and a fluorescein picture) were 
taken during each examination. 

Eyes were enucleated at intervals of 1, 3, 5, 7, 9, 11, 
13 and 26 weeks after PRK under general anaes
thesia. The animals were then killed by intracardiac 
injection of 10 ml, 2.5% Pentotal (thiopental) . The 
whole globes were instantly prefixed in Karnovsky 
solution, and after 2 hours the corneas were excised 
with a 9 mm trephine and refixed in the same 
solution. The trephined corneas were prepared for 
light and electron microscopy in the Institute of 
Pathology. For light microscopy, the material was 
fixed in 4 % formalin and processed by routine 
methods for paraffin sections and haematoxylin-eo
sin stain. For electron microscopy, the material was 
fixed in Karnovsky solution and osmium tetroxide 
and processed for embedding. Ultrathin sections 
were contrast-stained with uranyl acetate and lead 
citrate and examined with a Zeiss 109 electron 
microscope. 

We quantified the proportion of scar formation in 
relation to the total stroma and the number of 

Table I. Haze grading according to Lohmann et al. 34 

o Absolutely clear, no haze visible 
0.5 Trace haze, hardly visible with the slit lamp 
1 Haze easily visible with slit lamp 
2 Medium heavy haze 
3 Pronounced haze 
4 Scar; iris only visible with a pocket lamp 

1. SCHIPPER ET AL. 

keratocytes per square millimetre with an ocular grid 
in the light microscope. 

We defined scar tissue as: disorderly, newly 
formed collagen fibrils with an accumulation of 
keratocytes, and haze as the change in corneal 
transparency seen by the observer as an opacity 
(caused by backward scatter of light) . 

In a prestudy, one rabbit underwent lasering and 
was treated (one eye mitomycin, one eye BSS as 
described above) but killed immediately after the 
procedure. In another rabbit, one eye was lasered 
and treated with mitomycin while the other eye 
served as a control and was left without any 
treatment. This rabbit was also killed immediately 
after the procedure. Corneas were prepared as 
described above. 

RESULTS 
Prestudy 
Immediately after PRK no histological difference 
was found between the BSS- and the mitomycin
treated corneas. With both treatment regimens 
preparations showed a lack of epithelium, irregular 
stromal surface, normal collagen bundles in the 
stroma, and a normal Descemet's membrane and 
endothelium. As expected, no immediate toxic effect 
of mitomycin could be observed. The number of 
keratocytes in the stroma ranged between 588 and 
736/mm2 (Table II) . 

Main Study 

Clinical Observations 
All corneas had epithelialised within 5-7 days after 
PRK, although we found some fluorescein staining 
during the whole experiment in both groups. While 
in the BSS group the mean haze score showed a peak 
between the third and fifth weeks after PRK and 
decreased thereafter, the haze score in the mitomycin 
group was high in the first week, decreased in the 
second week and then increased again slowly to 
higher levels than in the BSS group. Large variation 
was observed in both groups. One mitomcyin-treated 

Table II. Number of keratocytes in the stroma (exclusively scar 
tissue) 

Pre study 

Main study 

Time after PRK 
(weeks) 

o 

o 
o 

1 
3 
5 
7 
9 

11 
13 
26 

No. of keratocytes/mm2 

588 (untreated) 
Mitomycin C BSS 

612 736 
659 

17 
53 

168 
21 
17 
38 
26 

226 

603 
489 
533 
679 
607 
543 
677 
657 

Each row gives the median result of an examination of one cornea 
of one rabbit. Four serial sections were performed in each cornea 
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Fig. 1. Haze development in the mitomycin C and BSS groups. 

eye was excluded from analysis (from a rabbit which 
was killed 13 weeks post-PRK) because it showed 
signs of acute infection on histological examination 
and was the only eye to develop scar formation after 
mitomycin treatment. No other ocular complications 
were seen in either group. 

Histopathological Findings 
Mitomycin Group. Under light and electron micro
scopy we found no scar formation (Fig. 2c, d). The 
one exception (excluded because of infection) 
showed severe scar formation (30% of the total 
stroma). Epithelial thinning was observed until the 
eleventh week; only after 26 weeks was the 
epithelium regular, with only a few vacuoles under 
the epithelium. Keratocytes were markedly reduced 
in all mitomycin-treated corneas; this was evident 
already in the first week, showing some recovery in 
the twenty-sixth week after treatment (Table II). 
Oedema developed in Descemet's membrane, and a 
few cells (probably fibroblasts) and interstitial 
vacuoles were seen in the endothelium. 
BSS Group. Light microscopy showed newly synthe
sised collagen fibers in 5 of 8 corneas (in the third, 
fifth, seventh, eleventh and thirteenth weeks after 
treatment). The amount of scar formation (as a 
percentage of the full thickness stroma) had a peak at 
5 weeks, decreasing thereafter from 22 % to 3 % 
(Table III). The number of keratocytes in the scar 
tissue reached a minimum at 5 weeks (1235 

keratocytes/mm2) and then increased up to 4938 
keratocytes/mm2 (Table III). The density of kerato
cytes in the stroma without scar tissue was compar
able to the densities found in the untreated corneas 
and in those examined directly after PRK (Fig. 2a, b; 
Table II). As in the mitomycin group the epithelium 
was thin (with some areas of hyperplasia) in most of 
the corneas, independent of the time elapsed since 
PRK. Here also, intercellular vacuoles and fibro
blasts were found in the endothelium. 
Descemet's Membrane (Both Groups). In 2 of 8 
corneas (weeks 9 and 13) in the BSS group and in 4 
of 8 corneas (weeks 3, 9, 13 and 26) in the mitomycin 
group, Descemet's membrane presented a thin 
basophilic layer of electron-dense material posterior 
to the area of ablation. This line was found more 
anteriorly with the passage of time after PRK. In the 
mitomycin group, the part of Descemet's membrane 
posterior to this layer appeared less homogeneous 
than that in the BSS group. 

Correlations 
In the BSS group, a strong POSItIve correlation 
(correlation coefficient 0.879) was found between the 
SUbjective grading of haze and the percentage of scar 
tissue (regression is y = 0.737 + 0.089x) (Fig. 3). In 
the mitomycin group the correlation coefficient 
between haze and scar formation was 0.091 (Fig. 3). 
Haze appeared in the absence of scar tissue and 
without morphological correlate. The difference 
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Fig. 2. (a) Light micrograph of a BSS-treated cornea 11 weeks after PRK showing a normal (control) number of keratocytes 
and newly synthesised collagen directly beneath the epithelium (haematoxylin-eosin staining). Scale bar represents 36 pm. 
(b) Electron micrograph (transmission) of a BSS-treated cornea 1 week after PRK with normal number and appearance of 
keratocytes. Scale bar represents 1.8 fJfll. (c) Light micrograph showing a mitomycin-treated cornea 7 weeks after PRK almost 
without keratocytes or newly synthesised collagen (haematoxylin-eosin staining). Scale bar represents 36 fJfll. (d) Electron 
micrograph (transmission) of a mitomycin-treated cornea 1 week after P RK showing a marked reduction of keratocytes but an 
otherwise normal stroma. Scale bar represents 1.8 pm. 
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Table III. Amount of scar tissue as a percentage of total stroma 
�eneath the PRK lesion and number of keratocytes in the scar 
tissue 

BSS group 

Mitomycin group 

Time after 
PRK (weeks) 

3 
5 
7 

11 
13 
13 

Amount of 
scar tissue (% 

of total 
stroma) 

20.0 
22.2 

5.0 
7.1 
3.3 

29.5 

No. of 
keratocytes/ 
mm2 in the 
scar tissue 

1644 
1235 
3753 
3458 
4938 

543 

between mean haze in the mitomycin group and the 
BSS group was 0.82, which was not statistically 
significant (p = 0.114). 

DISCUSSION 

PRK causes a profound wound in the cornea which 
activates fibroblast proliferation.16 The collagen 
tissue produced by these fibroblasts is much less 
organised than normal stromal tissue, showing 
matrix-free areas and fibres with irregular stereo
spatial relationship. Rawe et al.27 found an increased 
number of keratocytes immediately below the 
epithelium, vacuoles, abnormally large proteoglycan 
filaments, amorphous material and newly synthesised 
collagen in rabbit corneas in the first weeks after 
laser keratectomy. The number of vacuoles and 
proteoglycan filaments decreased slowly with time. 
After approximately 3 months, a wider range of 
interfibrillar spacing, no well-defined lamellar struc
ture, and normal proteoglycan staining, with occa
sionally larger filaments, were found compared with 
normal stroma. The proteoglycan filaments not 
associated with collagen persisted even after pro
longed healing. In a steroid-treated group the 
authors discovered a similar morphology. 

Corneal scar tissue is opaque because it is less 
organised?8 Transparency improves as ultrastruc
tural organisation improves?9 A number of studies 

have focused on the correlation between haze and 
cellular as well as subcellular changes?9-33 The 
reduced transparency is seen by the ophthalmologist 
as haze (backward scatter).34 Regression of the 
refractive change is possibly also caused by the scar 
tissue. The deeper the ablation the higher is the risk 
of developing haze and/or regression?5-39 Steroids 
are used by most surgeons in the post-operative 
treatment of PRK. Steroids inhibit immune reac
tions, collagen synthesis and neovascularisation 40-42 

Suppression of cellular activity is thought to minimise 
the number of newly formed collagen fibres after 
PRK 4042 43 R . d f . . " egressIOn an scar ormatIon can 
probably be minimised or even restored with 

'd 4042 . sterol S. ' However, the effect mIght be of only 
short duration.3,12 

The observed effects of PRK on the stroma 
beyond the first 3 months are probably not due to 
large-scale collagen remodelling but, rather, to 
changes in epithelial activity and water content of 
the stroma,3 to disorganisation of collagen fibrils44 

and to new production of proteoglycans, including 
keratan sulphate and hyaluronic acid, which can 
cause accumulation of water and disruption in the 
lamellar arrangement. These might be the cause of 
regression and haze formation.45 

The controversial effect of steroids on wound 
healing after PRK prompted the search for another 
substance to inhibit scar formation after excimer laser 
PRK. We chose mitomycin C because of its fast-acting 
and long-lasting suppression of fibroblast activity after 
only a single application.14-16 Lack of compliance 
problems and minimal risk of side-effects with the one 
dose are advantageous. Mitomycin is thought to 
inhibit fibroblast proliferation, or to induce cell 
death due to inhibition of DNA synthesis.5,14,15 

In our study a reduction in keratocytes to below· 
normal levels was already found after 1 week, 
suggesting death of keratocytes caused by mitomycin 
C in the concentration used (0.4 mg/ml). This 
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Fig. 3. Haze score versus the amount of scar tissue in the mitomycin C and BSS groups. 
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reduction in keratocytes possibly prevented scar 
formation. Since scar formation is commonly con
sidered the morphological correlate for haze, some 
authors use scar formation and haze synonymously. 
However, in our mitomycin group haze (backward 
scattered light) occurred in moderate to severe 
degrees without any scar formation. In contrast, the 
extent of haze correlated strongly with the severity of 
scar tissue in the BSS group, while in the mitomycin 
group this correlation was not found. Our morpho
logical examinations could not reveal the origin of 
haze in the mitomycin group. The accumulation of 
hyaluronic acid after excimer laser PRK is well 
known. Hyaluronic acid is capable of accumulating 
large amounts of water, which in turn can cause 
marked haze formation. 

Our findings correlate very well with those of 
Talamo et aZ.24 They treated three groups of rabbits: 
one received erythromycin eye drops only (2 
rabbits), the second erythromycin combined with 
steroids (5 rabbits), and the third erythromycin 
combined with steroids and mitomycin C. They also 
found no difference in haze between the groups, but 
more scar formation (as seen with fluorescence 
microscopy) in the groups not receiving steroids 
and mitomycin, less scar formation in the group 
receiving steroids, and little or no scar formation in 
the group receiving steroids and mitomycin. Also, 
the corneas treated with mitomycin were thinner 
(statistically significant) than the corneas in the other 
groups. Our study differs from that of Talamo et aZ. in 
some points: mitomycin was shown to prevent scar 
formation without steroids; it was shown that a single 
application at the end of the operation is sufficient to 
markedly suppress keratocyte activity and scar 
formation; and the number of keratocytes (not 
measured by Talamo et al.) was significantly reduced 
in the mitomycin group. Also a single application of 
mitomycin has the advantage regarding compliance. 

The additional layer that we found in some 
Descemet's membranes has been described by others 
also.z4,46 They considered it to be material shed 
directly from the cell membrane or cytoplasm of the 
endothelial cell. As it is also found after chemical 
insults, the authors consider it to be a non-specific 
response of the rabbit corneal endothelium. 
Attempts to identify the nature of the material 
histochemically were unrevealing. Talamo et al.24 

also described this layer, considering it to be 
probably unique to the rabbit eye, the pluripotent 
endothelium of which can regenerate and is quite 
sensitive to mechanical and chemical stimuli. 

One rabbit was excluded from the study because of 
a severe inflammatory reaction, found in none of the 
other specimens. Toxic effects of mitomycin are well 
known and have been described before.47,48 How
ever, the mode of application was different. Severe 
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corneal complications have been described after 
long-term topical application of mitomycin following 
pterygium surgery.48 We rinsed the cornea with 
Balanced Salt Solution at the end of the mitomycin 
application, as is the rule when using mitomycin as an 
adjunct for glaucoma surgery. 

Although mitomycin C application seems to be an 
interesting and promising approach in post-PRK 
treatment because of its suppressant effect on scar 
formation, further investigations into the appropriate 
dose (lower concentrations that affect fibroblast 
proliferation without killing the keratocytes) as well 
as the origin of the haze are necessary before its 
clinical application can be recommended. 

Key words: Excimer laser, Mitomycin C, Cornea, Keratocytes, 
Haze, Wound healing. 
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