‘Dyeing’ to see red

David Harris tells how the
Corneal Laser Centre is
helping people world wide
gain normal colour vision.

Adam is a thirteen year old boy who
thought that tomato soup was brown.
When he discovered its true colour he
was quite unable to eat it. Colour
‘blindness’, or colour vision deficiency as
it is more correctly termed, is a
surprisingly common condition — affect-
ing around one in twelve males in the
UK, but only about one in two hundred
women. The difference in occurrence
between the sexes is due to the way in
which the condition is inherited. Colour
vision deficiency is carried on the X
chromosome and females have two X
chromosomes but men have only one.
Thus, if a women acquires an X chromo-
some carrying the colour vision de-
ficiency, with only one chromosome
affected she will not exhibit it, but she will
become a carrier of the condition and
can pass it on to her children. If a male
inherits his single X chromosome which
is affected by the probiem he will be
colour blind. In turn, he will pass the
chromosome on to his daughters, but not
his sons. They will inherit their only X
chromosome from their mother.

Sufferers are not usually blind to
colour in the sense of seeing only in
black and white. Most often they will
simply have a reduced sensitivity to
colours in certain areas of the spectrum,
which is similar to the colour being
turned down on a colour television set.
This reduced sensitivity can be very
significant, with the affected person
having enormous difficulty discriminating
between even quite marked differences
in shades of a given colour.

Conversely a patient may have such a
minor deficiency that they may be
completely unaware of a problem until it
is picked up during a routine eye exam-
ination. This can sometimes be a con-
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siderable shock, particularly if the patient
is in the process of making career
choices. This can be a problem if the
chosen career involves making colour
based decisions. Major changes may
have to be made if the person concerned
cannot follow their original career path.
Adam discovered his problem with
tomato soup after he attended the Cor-
neal Laser Centre to have his colour
vision enhanced with ChromaGen
lenses. The Corneal Laser Centre is a
privately funded clinic based at Clatter-
bridge Hospital, Wirral and St James’s
University Hospital in Leeds. The clinic is
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principally concerned with the laser
correction of short and long sight and
other ophthalmic applications of laser
technolagy, both privately and through
the NHS. However, late in 1995 a project
was initiated to look into the possibility of
assisting those with defective colour
vision with the use of precision tinted
spectral filters.

The initial work was carried out at the
St James’s unit and was centred around
the results of some work that had been
carried out in the 1960s in the United
States. The American study used a red
filter, worn in front of one eye, which



Table 1 Incidence of Colour Vision Deficiency in the UK

Deficiency Affected Incidence in Incidence in
types photopigment UK males (%} UK females (%)
Deuterancmaly Green (mid) 5 0.4
wavelength
Deuteranopia Green {mid) 1 0.02
wavelength
Protanomaly Red (long) 1.5 0.03
wavelength
Protanopia Red (long) 1 0.02
wavelength
Tritanopia Biue (short) Very small,
wavelength approximately 0.03%
across population
Monochromatism  All Very small,
approximately 0.03%

across population

produced interesting results in some
wearers. The main faifing of this system
was the poor cesmetic effect of wearing
one red lens and an unacceptable resuit
in up to 75% of subjects.

It quickly became apparent that soft
contact lenses, tinted with a variety of
filters, could be used to improve colour
vision amongst colour defective patients.
Furthermare, the filter could be designed
so that it appeared on the lens as a smail
circle, covering the black part of the eye,
the pupil. In this way it would be invisible
on the vast majority of wearers. It was
found that the contact lenses could be
worn in one eye only for some patients
and still achieve excellent results. In
other subjects two lenses, usually with
different coloured filters, were needed in
order to produce the best results. These
lenses proved very popular with patients
and the lens system was named
ChromaGen (colour generator).

As the trial progressed it quickly out-
grew the small unit at St James’s and
was transferred to the Clatterbridge site.
Patients coming forward for trial were
often astonished by the differences in
colour that surrounded them, The hos-

pital at Clatterbridge happens to be
situated near to a large garden centre
and, following assessment, patients
were asked to use the lens for an hour or
so, if possible visiting this garden centre.
Stories abounded of flowers leaping out
of bushes at unsuspecting patients as
the brightness of the colours startled
them.

previous day. In this particular case the
patient suffered from protanopia which
is, fundamentally, a red based deficiency,
Thus a bright red would have appeared
to him to be almost black. No wonder
traffic light recognition was, for him, a
lottery!

Over a nine month period between
March and December 1996, 275 patients
were followed through the system to
assess their results for a paper to be
published in an ophthalmic journal. Tweo
of these patients, and who were later
found to achieve satisfactory results,
were monochromats; they had the very
rare condition of truly black and white
vision and, in their cases, true colour
vision would not have been possible to
achieve. Instead, increased shade dis-
crimination was used to make their life
easier.

Patients were asked to grade their
improvement in colour vision on a sub-
jective scale at the time of fitting. They
were then contacted again after a mini-
mum three month period to gauge their
experiences with the lenses and to
reassess their colour vision improvement
on the grading scale.

Over 97% of patients graded the lens
as producing a significant, or greater
than significant, improvement in their
colour vision at their initial appointment.
This grading was carried out when the
patients had been given an opportunity
to assess the lens, usually for a period in
excess of one hour, in a variety of
lighting conditions. Following the mini-
mum three month period almost 96% of
patients were prepared to recommend

‘There were a large number of ornithologists amongst the
early patients who were completely unable to appreciate the
plumage of the birds that they were studying!’

Even the five minute journey to the
garden centre could be an experience for
some subjects. One gentleman had, just
the day before, driven through a red
traffic light whilst in front of a police car
because he was on unfamiliar territory
and had failed to see the traffic lights at
all. He received a fixed penality for his
sins. When he drove to the garden centre
he was amazed by the brightness of the
traffic signals and wondered how it was
possible for him to have missed them the

the lens to their friends or family. This last
statistic is significant as it shows that the
effect of the lens still impresses the
subjects even when they have had an
opportunity to get used to it, and when
any novelty value of the increased colour
perception has worn off.

So what motivated patients to come
torward for colour vision correction? After
all, the majority of colour deficients are
well adapted and, if asked, will say that
they are fairly content with the status
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quo. Well, inevitably a number of patients
were just curious to see what they were
missing. Others wanted to see if anything
could be done to help them in their
choice of hobby. Curiously there were a
large number of ornithologists amongst
the early patients who were
completely unable to appreciate

the plumage of the birds that
they were studying! There
ware aiso a large number

of amateur (and even
professional) artists.

These  subjects

used various cun-

ning devices to !
guess the colours

Whatever their motivation, there
seemed no end of satisfied patients
leaving the clinic. People were not just
prepared to travel from all over the UK

Vitreous humour

Visual axis

lenses functioned rather like a one way
mirror and have proved to he very
effective.
In June 1997 the results of the clinical
trial were published in the UK journal
Optician, in Contact Lens Monthly,
and a poster presentation was
also made at the annual
clinical conference of the
British Contact Lens
Association. The
ChromaGen system is
being licensed to
optical practitioners
across the UK and
internationally by
the Corneal Laser
Centre. Patients
are now free to

that they were
mixing, others Cornea
simply  asked —r___-----

their spouses.

Perhaps the
biggest group of
patients were
those who wanted
the lens to help
them in their work.

Many were already doing

jobs that, strictly speaking,
they should not have been
doing. | found it astonishing at times

that these people had managed to get
the positions that they were in in the first
place. Some people had gone to
enormous lengths to develop systems
that prevented them from making
mistakes with colours. Cne of the most
impressive was a gentleman who worked
in the textile industry and was res-
ponsible for pulling the roll of correct
colour and shade of material for the
machines. He found that he could get
around identifying the colours by sight by
learning the ten digit code number for
each of the colours used. This he did
successfully and, over a number of
years, claimed never to have made a
mistake.

A number of patients simply wanted to
get into careers that demanded normal
colour vision but had not actually
attempted it until they had purchased
lenses. We were very successful in a
number of cases. To date, some of the
patients that we have treated have be-
come police officers, graphic artists, sign
writers, electricians, electronics engin-
eers, painters and decorators and a
medical photographer who was pre-
viously unable to see blood.

Optic axis

Retina

\

(as far apart as Penzance and the Outer
Hebrides), we had patients booking in
from France, Belgium, Germany,
Panama, Trinidad, Mexico, New Zealand
and Australia. Two brothers made a
special journey from Australia simply to
be fitted with the lenses and both they
and 1 were immensely relieved when
they had good results.

Some patients requested ChromaGen
spectacles for occasions when they felt
that it would be impracticable to wear
contact lenses. At first it was believed
that, due to the difference in colour be-
tween the lenses (or the complete
absence of colour from one of the lenses
in some cases), it would not be possible
to produce a cosmetically acceptable re-
sult in the form of spectacles.

However, it was found that a thin
coating of gold or siiver on the front
surface of the lenses was sufficient to
hide the colour differences whilst allow-
ing the wearer to cbtain the benefit of the
precision tints from the other side of the
lenses. In this respect the spectacle
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choose their own
ChromaGen
practitioner,
who must at-
tend a training
course in order
to obtain the
right to practice
the system and
supply the lenses. It is hoped
that by 1998 a licensed
ChromaGen practitioner will be in
easy reach of any patient requiring
correction.
And as for Adam? Well, he still likes
the taste of tomato scup — he just has to
take out his contact lens to eat it.

David Harris is principal optician at
the Corneal Laser Centre, Clatter-
bridge Hospital, Wirral, L63 4JY. Tel.
0151 3340738




