








Excimer laser treatment ofcorneal surface pathology: a laboratory and clinical study

associated with such secondary radiation at sites
remote from the ablation surface is so low that it
has been calculated to be negligible (Sliney D,
personal communication). The fluorescence of
the masking agent was predominantly in the
short wavelength visible portion of the spectrum
and was therefore not considered to be a

secondary hazard.
The use of masking agents did not affect the

nature ofthe ablated surface, since it was uniform
in the pattern experiments (Figs 1B, 2B).
Although we did not undertake chemical analysis
of the resultant surface after ablation, the homo-
geneity seen in our morphological studies
indicates that no chemical interactions have
occurred between the masking liquid and
adjacent biological tissues. All surfaces were

sealed with a pseudomembrane6 I9I 2 as shown by
wrinkling (Fig 3B), and previous studies have
shown that, whatever the nature of the pseudo-
membrane, its existence is transitory, and it does
not interfere with subsequent healing processes. 14
Although preoperative visual acuity was poor

in a large proportion of patients, all except four
could fixate with the eye undergoing treatment.
In these four patients adequate alignment was

achieved with the normal eye fixating an adjust-
able target at one side of the laser aperture. In
only one patient (case 7) was it impossible to treat
the band keratopathy because of eye movement.

None of these patients detected the induced
fluorescence during ablation in spite of this being
clearly visible to all observers. In a further group
of patients undergoing photorefractive keratec-

tomy some were aware of a faint blue haze with
each pulse. In contrast to the lack of visual
stimulation auditory and olfactory sensations
were notable. The patients were warned about
the noise and the smell ofburning, and both were
demonstrated prior to the procedure by ablating
paper. (The smell is a little disconcerting to some
patients as it is rather like that of singed hair.)
The biophysics ofthe smell is difficult to explain.
Current concepts of ablation consider that tissue
removal occurs owing to a photochemical
process of bond breaking rather than a thermal
event. Some workers originally considered the
process to be an ultrafast thermal event with
tissue loss due to massive vibrational modes
breaking macromolecular bonds.29 These
thermal events could have resulted in 'burn-like'
smells. Since the molecular fragmentation
depends on wavelength, most workers now con-

sider that ablation is a photochemical process
with residual energy used to eject fragments
from the surface.3 Smells must be related to
airborne particles, and the similarity of smell of
excimer ablated and thermally damaged
biological tissue implies that similar types of
particles are generated by both these processes.

Table 2 Rough band keratopathy treated with single 'on axis' ablation

Follow-up

Time
No. Sex Age Band type Aetiology Preop. symptoms VA Postop. symptoms VA (months) Comment

9 F 20 Central Ca"+ plaque Uveitis from childhood Poor cosmesis NPL Improved cosmesisNPL 10 Epithelial ablation
only required

10 F 80 Rough, central Interstitial keratitis Pain, epiphora 2/60 Marked 2/60 12 Stable
Ca"' deposit improvement

Table 3 Disorders resulting in rough corneal surfaces treated by excimer ablation

Follow-up

Time
No. Sex Age Description Pathology Preop. symptoms VA Postop. symptoms VA (months) Comment

11 M 27 Mucus plaque Atopic, vernal eye disease Pain, photophobia 6/60 Asymptomatic 6/18 14 Re-epithelialised, no
decreased VA plaque recurrence

12 F 45 Rough, raised granular Recurrent granular Soreness, photophobia 6/24 Asymptomatic 6/18 30 No recurrence
dystrophy dystrophy in a PK decreased VA

13 F 46 'Extensive lattice Lattice dystrophy Glare, photophobia 6/60 Asymptomatic 6/9 6 No recurrence, no
dystrophy decreased VA Marked increase glare, hyperopic shift

in VA
14 F 46 Central raised nodules Salzmann's Discomfort, decreased VA 6/18 Asymptomatic 6/12 10 Stable
15 F 82 Anterior stromal Cogan's epithelial Decreased VA, recurrent 4/60 Asymptomatic, 6/12 10 Stable. Central area

scarring dystrophy erosion improved VA treated

PK= punctate keratitis.

Table 4 Smooth surface band keratopathy treated with multiple overlapping ablation zones

Follow-up

Time
No. Sex Age Band type Aetiology Preop. symptoms VA Postop. symptoms VA (months) Comment

16 F 32 Even, inferior cornea Trauma in childhood Discomfort NPL Asymptomatic NPL 30 Stable, recurrence
after 18 months
(minimal)

17 M 67 Even, dense thick band Failed RD surgery; silicon oilGlare, decreased VA HM Glare unchanged CF 12 Recurrence after
in AC Poor cosmesis Good cosmesis 6 months

18 F 81 Even, moderately dense Idiopathic Decreased VA, glare 6/18 Reduced glare 6/18 12 Refraction change
19 F 45 Even Uveitis, glaucoma surgery Glare and decreased VA 6/9 Glare greatly 6/18 12 Refraction change and

improved but VA irregular astigmatism
reduced

20 F 70 Even, fine Idiopathic Decreased VA. Ablation 6/36 Improved VA 6/12 10 ECCE/IOL facilitated
to improve view for
ECCE and IOL

AC-anterior chamber. ECCE=extracapsular cataract extraction. IOL= intraocular lens. HM=hand movements.
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Table 5 Smooth surface band keratopathy treated with 'on axis' single ablation zone

Follow-up
Time

No. Sex Age Band type Aetiology Preop. symptoms VA Postop. symptoms VA (months) Comment

21 M 23 Even, fine Uveitis Decreased VA 6/36 Improved VA 6/9 30 Cornea remains clear,
refraction change

22 M 84 Even, fine Idiopathic Decreased VA, glare 6/24 Decreased glare 6/12 14 Refraction change
Improved VA

23 F 73 Even, fine Idiopathic Decreased VA 6/36 Improved VA 6/18 14 Refraction change
24 F 82 Even, fine Idiopathic Decreased VA, glare 6/36 Reduced glare 6/18 6

Improved VA
25 F 14 Even, fine Uveitis Decreased VA, glare 3/60 Glare reduced, 6/60 12 Cornea remains clear

slightly improved
VA

Tables I to 5 show that postoperative progress
was related to the extent of the initial pathology.
Systematic analysis of the patient subsets was
difficult, because there were significant variations
in pathology. However, all patients with rough
band keratopathy who had experienced pain
preoperatively became asymptomatic (Tables 1
and 2). Most were treated with several overlap-
ping ablation zones in order to smooth the cornea
completely (Tables 1 and 2). Table 2 includes
those patients who had a relatively small rough
central area of band which was successfully
treated with a single central ablation. In four
patients visual acuity improved. Those with no
improvement had extensive pathology of which
the band formed only one part.
Four of the five patients with allied disorders

which resulted in a rough corneal surface showed
an improvement in visual acuity. Those with
symptoms of soreness, pain, and photophobia
were rendered asymptomatic (Table 3).
Smooth surfaced band deposition was treated

with either several overlapping ablation zones
(Table 4) or a single 'on-axis' ablation 4 mm in
diameter (Table 5). The principal symptoms
were reduced visual acuity and glare. Those
patients with glare had a marked improvement
which was sustained throughout the follow-up
period (6 months to 2½12 years). In the group
treated with overlapping zones one patient
showed an increase in visual acuity, one a
reduced visual acuity, and the other three no
significant difference. Where refraction results
could be obtained, a 'plus shift' - that is, towards
hypermetropia - was noted (cases 18 and 19,
Table 6). In case 19 glare was markedly
improved but acuity decreased. This reduction
was due to irregular astigmatism because of the
facetted surface generated by overlapping
ablation zones. In contrast, in the group in which
a central 'on-axis' zone was ablated (Table 5)
visual acuity was improved in each case and glare
reduced. In three of these cases a hyperopic shift
was noted. In those patients in whom measure-
ments were possible the mean hyperopic shift
was 2-85 dioptres (Table 6).
From this study, which is the first reported

series of corneal disease treated with an excimer
laser, it is possible to put forward recommenda-
tions for selection of patients. First, for patients
with rough band keratopathy the excimer laser
provides successful treatment. All patients with
pain and photophobia became asymptomatic (in
general these eyes will have limited visual poten-
tial owing to the underlying pathology).
Secondly, where the pathology is limited to the

Table 6 Refraction results before and after ablation (where
applicable)

Preop. Postop.
No. VA Refraction VA Refraction

18 6/18 +300DS 6/18 +5 50DS
19 6/9 Plano 6/18 +4O00 DS/-2 50 DCx 85
21 6/36 Plano 6/9 + 1-50 DS
22 6/24 +I 00DS 6/12 +4 50DS
23 6/36 +0±50 DS 6/18 +5 00 DS/- 1-75 DCx 35

anterior stroma pain relief is likely to be accom-
panied by an improvement in visual acuity.
Thirdly, in eyes with good visual potential it is
best not to clear all of the band keratopathy by
using overlapping ablation zones, since,
although glare will be markedly reduced,
irregular astigmatism may result, which could
lead to reduced visual acuity. Thus a single, axial
zone of ablation should be employed. We have
also shown that a hyperopic shift occurs when
the central cornea is ablated, and patients should
be warned about the possibility ofanisometropia.
The hyperopic shift (equivalent to a myopic

correction) was an unexpected finding as the
smoothing procedure is not analogous to photo-
refractive keratectomy. This flattening of the
cornea implies that some form of differential
ablation must have occurred.95 1715 35 There are
several potential mechanisms that could account
for this. First, if the band progressively thinned
towards the visual axis, constant irradiance from
the laser would effect greater ablation centrally
and induce a hyperopic shift. This effect would
be enhanced if the ablation rate of the band was
less than stroma. In essence, if bands do have
such a topography, they act rather like the lens
masks currently under investigation for correct-
ing refractive errors. Secondly, although
excimer laser radiation will remove an even layer
of tissue regardless of the curvature of the
surface, the subsurface structure of the cornea is
laminated. Removal of central portions of
corneal lamellae could lead to centrifugal dif-
ferential contraction and central flattening.
Thirdly, the centrifugal spray of particles of
debris and ablation products might be expected
to shield the stroma and would theoretically
provide progressively greater shielding towards
the edge of the ablated zone. Fourthly, the
increased obliquity of incident radiation falling
on more peripheral cornea might result in a
relative decrease in energy density as the edge of
the ablation zone is approached. It is unlikely,
however, that the degree of differential ablation
encountered could arise from inhomogeneities in
the excimer beam.
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In conclusion, given the encouraging results,
the ease with which the procedure can be per-
formed, the patient acceptance of the procedure,
and the fact that we have treated all cases on an
outpatient basis, we consider excimer ablation
the treatment of choice for these cases.
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