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Figure 3 Patient shown in Figure 1 but with his topography done with the patient looking
upwards two rings while performing videokeratoscopy. Note the conversion from inferior
steepening to the bow-tie’ pattern of regular astigmatism.

Some people who have what would be
classed as subclinical keratoconus on corneal
topography give a history of a stable refraction
for many years. Keratoconus is mostly a.
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disease of the late teens and early twenties and
very rarely progresses beyond the age of 30.°
The average age of presentation of the 276
keratoconics to date on the Manchester Royal
Eye Hospital data base is 22 years. Patients do
present over the age of 30 but, on taking their
clinical histories, invariably have had the
disease for some years. Some of the so called
subclinical keratoconics have no abnormality
other than an atypical topography pattern and,
but for this test, would not be picked up at all.
Two such examples are those illustrated above.

This made us wonder whether these and
similar patients are just physiological variants.
We have hence coined the term ‘displaced
apex syndrome’ for them as we have no bio-
chemical/genetic test for keratoconus to distin-
guish between pathological and physiological.
We use this term to cover both subclinical ker-
atoconics and some we think may have no
abnormality other than an inferiorly displaced
corneal apex.

Dingeldein and Klyce! found, in 44 eyes of
22 emmetropic patients, that the area of
greatest power was predominantly temporal to
fixation in 27% of eyes, inferior to fixation in
11%, and superior to fixation in 9%. In the
remaining 52% it was distributed evenly
around the central wunanalysed zone.

Figure 4 Top: Topography pictures of treated right eye and untreated enantiomorphic left eye of patient 1. Bottom: Same eyes but topography done with
the patient fixating two rings up on the videokeratoscope. Note the inferior steepening of the right eye and the conversion to a ‘bow-tie’ pattern on the left.
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Edmund!? found the apex to be on average
048 mm temporal to the line of sight and
0-57 mm superior. Other investigators!! 12
have found that the apex is commonly located
temporal to the line of sight with no significant
trend in the vertical meridian.

If a person with keratoconus or a kerato-
conic pattern on topography looks upwards
one or two rings while undergoing corneal
topography, then the typical keratoconic
inferior steepening changes into the ‘bow-tie’
pattern of regular astigmatism, as the displaced
apex becomes axial. This is especially true of
the mild keratoconics where there is no corneal
ectasia (see Figs 1 and 2). Hubbe and Foulks!3
have used the term ‘pseudokeratoconus’ to
mean cases where non-axial fixation during
topography leads to a falsely keratoconic
pattern on topography. However, the patients
we describe here have abnormal topography on
axial fixation and are hence a different group.

Mortensen and Ohrstrom!4 have treated
keratoconics with PRK who would otherwise
have penetrating keratoplasty. The results were
variable but the PRK did not lead to a progres-
sion or acceleration of the keratoconus. This
was our major fear, in that lasering such
corneas might lead to a progression of the
disease or other abnormal reactions. We have
no way of telling at present whether the
patients we have designated as displaced apex
syndrome are a physiological variant, a forme
fruste of keratoconus, or a mixture of the two.
Neither do we know if keratoconus is one
disease or merely the final common pathway of
a number of genetic and/or environmental
factors. However, if PRK does not lead to a
progression of the disease, or any other abnor-
mal reaction (such as an abnormal scarring
reaction), then the distinction between the two
groups may not matter in practice and what
will matter more is the algorithm used by the
lasering to correct the irregular corneal shape.

Three of our four patients have done very
well following their PRK. The slight regression
of the fourth patient has followed the pattern
seen in other patients with regular corneal
topography. Because of his night halos and
slight regression, he could have a zone enlarge-
ment/retreatment with one of the more mod-
ern lasers when he is stable. None of the
patients has shown any further changes sugges-
tive of activation of an underlying keratoconic
process. However, we clearly need to follow all
these patients over a longer time period before
assuming that they do not behave abnormally.

As the irregular astigmatism becomes more
marked, then axial PRK, which imposes a
regular spherical optical solution onto an irreg-
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ular non-spherical cornea, becomes a more
and more unsatisfactory solution to the optics
of these eyes. The treatment of clinical kerato-
conus from mild to severe progresses from
glasses to gas permeable contact lenses and
finally to keratoplasty as the disease worsens
and the cornea becomes more deformed. We
would expect axial PRK or photorefractive
astigmatic keratectomy (PARK) as it is
presently available to work only in the group
where glasses give satisfactory vision.

Gibralter and Trokel!> have made early
moves to treat more severe irregular astigma-
tism by using overlapping circular zones. Two
other approaches are:

(1) To treat the patient with PARK while he
fixates non-axially. This presents formidable
problems, not least that of getting a good non-
axial refraction/retinoscopy.

(2) Tying the corneal topography directly
into the laser software to sculpt the corneal
profile accordingly. We think that this latter
approach will be the better long term solution
and is looked upon by many as the ‘Holy Grail’
of corneal laser surgery.

None of the authors has any commercial or proprietary interest
in either th¢ Summit Corporation or in the EyeSys
Corporation.

Our thanks to Mr AEA Ridgway for his encouragement, for
the use of two of his patients as examples in this paper, and for

help with the Manchester Royal Eye Hospital keratoconus data
base.
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