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Editorial

Perspectives on the use of

frequency doubling and short

wavelength perimetry for the

diagnosis of glaucoma
h/Iany  WIII know Geoffrey Herbert Henry as a visual corttcal
physrologrst What many do not know IS that Geoff started

out Irfe as an optometrrst who abandoned his successful
private  practice to study the visual cortex I came to work

with Geoff at the Australian National University in 1987
My area of interest in those days was the real-ttme adapta-
tton of vrsual  cortical neurons to changes in image proper-

tree Geoff Introduced me to the concept of something
called glaucoma In 1989, after a cup of tea with Geoff,
where the discussion had again centred  on glaucoma, I had

an idea that somethrng called the spatial frequency doubling

(FD) rlluston  might be useful In quantifying the well being of
a real-time contrast garn-control system found in retinal

ganglion cells that pro)ect to the Magnocellular LCN
(M-cells),r  2 and that this might be a useful litmus test for
glaucomatous neural damage These M-cells have their
sensrtrvity  dynamically managed by the gain-control system.

While M-cells are thought to contribute to our sensitivity to
image motion, the computation of motion signals IS done in
the cortex, while the garn-control IS retinal I realized that
the gain-control system could be the source of FD. A few
weeks later I was faced with a glaucoma patient who with

one eye could see a frequency doubling pattern on a display
monitor but with the fellow eye saw the same screen as

being completely blank T he subJect  had good reading
vision and the pattern had a contrast of 100% so it seemed
we were onto something

uy I 9903  I had confirmed that the low coverage factor of
M-cells meant that detecting cell loss would be easier in that
array, what Landers et al refer to as the redundancy theory.4
The concept IS that it IS easier to measure ceII loss in arrays
of ganglion cells that cover the retinal image sparsely This
idea also sold Welch Allyn (Skaneateles Fails, NY, USA) on

the concept of using FD stirnull to diagnose glaucoma and

‘ they began to fund my research After several patents,s,e
and great encouragement and assistance from Ivan Colberg

ey wrth clinical trials,’ the project  (then known

internally In Welch Allyn as a ‘Different Approach to

Glaucoma Screening’ or DA(S) was turned over to Chris

Johnson in I995 This was a good idea because Chris
actually knew how to make a perimeter, the product of his
ingenuity and collected wtsdom being the frequency

doubl ing technology (FDT) per imeter  marketed by
Humphrey-Zerss (Dublin, CA, USA) since 1997 Among

other things the above discussion should indicate to readers
that I have a proprretary interest In the FDT perimeter and
that my comments here should therefore be taken with a

grain of salt Readers are directed to another recent editorial
for a more independent perspectrve.8

A previous comparative study of short wavelength auto-
mated perimetry (SWAP) and FDT showed good diagnostic
concordance between these methods and less agreement

between them and other perimetric techniques, including
motion automated perimetry and achromatic automated
perimetty (AAP).g  The good sensitivities of SWAP and FDT

have been attributed to the low redundancy in the coverage

of the retina by blue-on cells and Y-like magnocellular cells

(MY-cells). The retinal ganglion cell coverage factor is the
number of cells viewing each point in visual space. This is a

product of cell density and the size of their individual recep-

tive fields. Blue-on cells seem to be about 10% of all retinal

ganglion cells- projecting to the dorsal lateral geniculate
nucleus (dLCN). There are perhaps half as many blue-off
cellsin The best evidence of low coverage factor for the
cells subserving both FDT and SWAP comes from studies

showing that these matrices of cells undersample the retinal
image producing ‘aliasing’ effects.ri.i2.  When cell arrays are
not dense enough to capture the fine detail of the retinal

image illusory images called ‘aliases’ are seen, hence the term

‘aliasing’. This can be used to measure the cell density in the
living eye.ir”2 There is good evidence that the units sub-
serving the FD illusion represent less than 2% of all ganglion
cells and thus have a very low coverage factor.11 Three other
factors put FDT in good stead: low test-retest variability,
tolerance of misrefraction, and the diagnostic significance of
its mean defect statistic

Test-retest variability of AAP is poor, growing rapidly
with the depth of loss reported. Thus, a subject giving a

20 db loss at a point on one sitting has about a 50% chance
of giving a normal reading on a subsequent sitting I3 This is

an important point because it means that scotomas visual-
ized with AAP should be regarded as regions of low reli-
ability rather than as accurate measures of damage. Unlike

or the  dlagnosts  of  glaucoma  These  patents  are

td USA  and are  the basis for  the  FDT penmeter  marketed  by Humphrey  i&c  Dr T Maddess  derives  royalty  income  from  the

red rmentr The present  work  does not  use the FDT penmeter but does  compare It wth  other  penmeters
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AAP the test-retest variabjlity of FDT IS not worse wtth

depth of defect 14 Short wavelength automated perimetry
has recently been shown to have worse test-retest variability
than  AAP 1s A  f u r t h e r  p r o b l e m  f o r  S W A P  I S  t h a t
vellowrng of the lens with age would affect blue-on cell

responses as they are antagonized by yellow Thus, the use
of Landers et al of SWAP as the ‘gold standard may not have

been the best choice In the long run the best approach
would be to develop a multivariate  diagnosis based on

several measures and then examine correlations between
SWAP f-UT and other methods and that measure In either
case practitioners should not expect great agreement

between field losses reported by different perimeters or even
hetwecn visits because glaucoma creates unreliable vision

Vtsual field unreliability in glaucoma was first noted by
tieljl PI ‘11 ,I1 and their findings with AAP, may be telling

something about how FDT works Heijl etal. noted that vari-
able AAP fields are the earliest sign of glaucoma. Of course,

they might also be the earliest sign of an inattentive subject
The point IS what would make visual field sensitivity fluctu-
ate, and can we tap into that? Recall that at the outset I men-

tioned that FD testing was designed to tap into the contrast
gain control system of the M-ceil pathway.i,a  This system
drives the responsiveness of M-cells up and down on a
timescale of I 5 msec depending on the visual environment I
If this system started to go wrong one would expect fluctu-
ating sensitivity, so perhaps FDT is proving us with a
measure of what Heijl et al reported that is less dependent

on subject vigilance
As mentioned earlier, a benefit of FDT is that its -low

spatial frequency patterns are effectively defocused and
therefore even refractive errors of up to f 5 dioptres have

little effect on the test outcome. Added to the low test dura-
tion for FDT, Landers et al say 4.5 min for FDT versus
I I min for SWAP, refractive tolerance makes the instrument
ideal for screemng Recent innovations mean full threshold

FDT test times can probably be halved,‘6  and will improve
the accuracy of the 90 s screemng mode 17

Like the test-retest variability, a surprising result for me
has been that measures like the FDT mean defect7 are quite
reliable diagnostics for glaucoma while the AAP mean defect
IS not Again it would seem that FDT IS telling us something
about the mechanisms related to the mechanism of glau-
coma Some of the effects of intersubject  variability can be
minimized by comparison of the two eyes of one sublect
This has been demonstrated for FD stimuli7 but it probably
applies as well for SWAP and AAP.

A vexing issue for some has been ‘does the patient see FD
at threshold and the related issue, ‘isn’t it Just testing flicker’,
whatever that means This perspective is usually predicated

on the idea that FD IS based on a non-linearity. Many seem
to think that all non-linearities  get small at small signal
strengths In fact, this IS not always true. The non-linearity
underlying FDi* and retinal ganglion cell gain controlis IS

rectification The visual nervous system treats bright and
dark objects as having positive and negative contrasts,
respectively The mechanism behind both FD and the gain

control is a rectifier in the sense that its response is propor-
tional to the absolute value of this signed contrast. The
reader will appreciate that taking the absolute value works
down to zero. Thus, effects like FD, do not diminish with
signal strength. Indeed, in humans FD is best seen at low
contrasts 2o

A complicating feature is the apparent fineness illusion2”

that affects our ability to judge the scale of patterns consist-
lng of a sinusoidal grating summed with its second spatial
harmonic For such stimuli the cortically perceived spatial

frequency IS intermediate between the fundamental and the
harmonic pattern, whether the harmonic is real or illusory as
In FD 20 It has long been known that some fundamental is
still observable when FD is seen.18 If the FD signal weakens

relative to the fundamental then the spatial frequency
perceived at the cortex shifts. Thus, as we approach the
contrast threshold for seeing ostensibly FD patterns (i.e. low

spatial frequency, high temporal frequency), one might not
expect humans to report a definite FD percept. Also, by def-
inition, at threshold one only has a poor chance, typically

7596,  of seeing anything at all, so it will be hard to answer
this question. Our best data say that when subjects perceive
any spatial frequency higher than the fundamental this
indicates the presence of a percept shifting FD component.
There is also evidence that low spatial frequencies out-

perform wide field flickeral  diagnostically.
So should we use FDT or SWAP? It seems to me that

good statistical and clinical practice dictates that as many
statistically independent sources of information as possible
will, by definition, improve diagnosis. Short wavelength

automated perimetty and FDT appear to test different
retinal mechanisms so perhaps we should use both for a final
diagnosis. For screening, FDT seems to have advantages. For
long-term follow up it may be that the low test-retest vari-
ability of FD wins the day but we need more data to decide.

Several labs are working on this so we may know soon. One
thing is clear, given its very poor sensitivity and specificity,
the day of the tonometer as the preferred rapid screening
device is gone. In the words of another editorials ‘FDT

perimetry may finally be a tool that can cost-effectively
screen populations at risk’.
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