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Abstract
Background/aims—Previous studies re-
ported the predictive value of the short
wavelength sensitive (SWS) cone medi-
ated sensitivity for visual outcome in age
related macular degeneration. In this
study SWS sensitivity was measured by
commercially available blue on yellow
perimetry in patients with non-exudative
age related maculopathy (ARM) and com-
pared with the presence of morphological
risk factors and the status of the fellow
eye.
Methods—In a prospective cross sectional
study, 126 patients (57 males, 69 females,
mean age 71 (SD 6) years) with ARM
(visual acuity >20/50) were tested. Central
visual fields (blue on yellow) were ob-
tained with a conventional perimeter.
Fundus slides were graded by two inde-
pendent observers for soft drusen and
presence of focal hyperpigmentation.
Results—Mean sensitivity and standard
deviation of all patients exhibited a sig-
nificant reduction with age. Patients with
soft drusen had significantly lower sensi-
tivity than those without, whereas there
were no diVerences in visual acuity (log
MAR). Sensitivity was also reduced in
those eyes with fellow eyes having a sight
threatening complication of age related
macular degeneration (AMD). Eyes with
focal hyperpigmentation compared with
those without had no loss of sensitivity, but
did have a significant decrease in the cen-
tral part of the field compared with the
more eccentric.
Conclusion—SWS sensitivity loss is asso-
ciated with common risk factors for
progression to AMD. Short wavelength
automated perimetry is moderately rapid
and readily available. It may serve as a
tool in future ARM trials.
(Br J Ophthalmol 2001;85:1432–1436)

Numerous studies1–7 have been performed to
identify the risk factors for age related macular
degeneration (AMD), the most common cause
for legal blindness in industrialised coun-
tries.8 9 The more severe forms of AMD
include geographic atrophy, detachments of
the retinal pigment epithelium, and/or new
vessel growth between Bruch’s membrane and
the retina. Since eVective laser treatment is
available only for certain exudative cases,
primarily in the early stages of a rapidly chang-
ing process,10 the establishment of risk factors
for an exudative outcome is crucial. An
accurate estimate for retinal health outside the
central fovea may be mandatory for modern

surgical procedures such as macular rotation
and transplantation of pigment epithelium,11 12

and advanced therapeutic treatments such as
photodynamic therapy.13

Early fundus changes in AMD, such as
drusen, small areas of atrophy, and hyperpig-
mentation are visible in a high percentage of
the elderly population.14 15 Evidence of any of
these fundus features is now called age related
maculopathy (ARM), as distinguished from
the more advanced stages of degeneration
called age related macular degeneration
(AMD).16 Although some aspects of ARM,
including type and amount of pathology, have
been shown to have prognostic value,6 17 18 the
predictive value of morphological factors is
low, possibly since the incidence of age related
fundus changes is high.15

Several recent reports have shown the
advantages of short wavelength automated
perimetry (SWAP) for indicating early damage
in patients with ocular hypertension and
glaucoma.19–21 The principle of SWAP is the
isolation of the short wavelength sensitive
(SWS) cone response by suppression of the
responses of the other cone types by using a
yellow background.22 23 The method is estab-
lished in the early detection of glaucoma,21 24

where its use is to detect changes predomi-
nantly at the retinal ganglion cell level and loss
of retinal nerve fibres. SWS mechanisms are
also reported to be susceptible to damage in a
variety of retinal diseases, in which changes are
less specific for retinal nerve fibres and
probably related to other alterations of the
inner retina.25–28

In this study, we employed short wavelength
automated perimetry (SWAP) in the 10 degree
central field in a large sample of patients with
ARM. In contrast with previous reports of
SWS sensitivity measurements, a standard
perimeter29 was used which is familiar to most
clinicians, and equipped with a commercially
available modification. SWS cone sensitivity
was compared to the presence of established
risk factors such as drusen, focal hyperpigmen-
tation, and the status of the second eye.

Material and methods
PATIENTS

Patients with ARM and acuity of better than
20/50 were recruited in a prospective study.
The diagnosis was based on presence of any
drusen, hyperpigmentation, and/or small
atrophic lesions. Eyes with any atrophic area
greater than 200 µm in diameter on clinical
examination, any exudative lesions, or any his-
tory of eye disease that may have impact on
retinal function were excluded. In 85% of
patients combined fluorescein/indocyanine
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green angiography was performed to rule out
any early or occult exudative lesion. The eye
with the better visual acuity was selected; in
case of equal acuity, the eye with the lower
refractive error was chosen. Slit lamp examina-
tion of the anterior segment was normal in all
eyes. Nuclear sclerosis was graded with retroil-
luminated match templates (LOCS III) in five
categories (NC 0–4).30 Eyes with moderate and
advanced nuclear opacities (NC 3 and NC 4)
were excluded.

Best corrected visual acuity was determined
by an ophthalmologist using objective refrac-
tometry (Rodenstock, Germany), the lighting
conditions and the standardised charts de-
scribed by DIN 58220,31 followed by a
complete ophthalmological examination. For
statistical analysis all visual acuity scores were
converted into logarithmic equivalents (log-
MAR).

Informed consent was obtained from each
subject including detailed explanations of all
procedures before participation in this study.
The protocol for the study was reviewed and
approved by the RWTH University institu-
tional review board for the use of human sub-
jects.

METHODS

A Humphrey visual field analyser (Model 750,
Humphrey-Zeiss, San Leandro, CA, USA) was
used for SWAP, as described in described in
recent reports.32 The stimulus size was Gold-
mann V (1.8 degree visual angle). The
background was a 100 cd/m2 yellow. A full
threshold strategy was applied for the central
10 degree field (Program 10–2). Figure 1
shows the test pattern projected on a fundus
photograph in a patient with soft drusen.
Patients with more than 20% false positive or
false negative responses were excluded.

Global indices (mean defect, pattern stand-
ard deviation, or short term fluctuation) are
not available for SWAP 10 degree fields, owing
to the lack of normative data. Data analysis was
derived from all 68 single data points in digital
work sheets. Data entry was performed twice
by diVerent operators to minimise errors. For

the analysis of overall function, the mean sensi-
tivity was calculated. For sensitivity changes
across the field, the standard deviation of all 68
locations was used. For the analysis of regional
diVerences, means were calculated for loca-
tions within the central 5 degree field (n=24)
and the more eccentric locations (n =44).

After dilatation and funduscopy, photogra-
phy was performed to assess 30 degree macula
centred colour slides. These slides were graded
by two independent observers (AR and OA)
who were masked as to the identity of patients
and perimetry results. A template with a 10
degree circle centred on the fovea was super-
imposed on a slide viewer. Drusen were
assigned to one of two categories: hard or
soft.16 33 34 Soft drusen were classified as having
ill defined borders, with a diameter of greater
than 63 µm. The macula was graded in the 10
degree field for absence or presence of soft
drusen, focal hyperpigmentation, and hard
drusen which were defined as rounder lesions
with discrete borders and a size smaller than 63
µm. The interobserver agreement was 90%.
Twelve slides were discussed until agreement
was reached. In the grading process, one eye
with chronic central serous chorioretinopathy
and three eyes with atrophic lesions greater
than 200 µm were excluded, for a total of 130
subjects before evaluation of the sensitivity
data.

STATISTICAL ANALYSIS

Statistical analysis was performed using analy-
sis of variance (ANOVA) as computed with
STATVIEW (SAS Institute Inc, Cary, NC, USA).
We investigated the relation of risk factors (age,
status of second eye, presence of focal hyper-
pigmentation or soft drusen) to mean SWS
sensitivity, standard deviation, and visual acu-
ity (logMAR). A repeated measures ANOVA
was used for testing the interaction of regional
field diVerences and risk factors on mean SWS
sensitivity.

For post hoc testing calculations with
Fisher’s protected least significant diVerence
were carried out. Findings of a probability of a
type error less than 0.05 were considered to be
statistically significant. For the comparison of
discrete variables, a ÷2 test was calculated for
each contingency table.

Results
One hundred and twenty six patients passed all
screening criteria and were recruited, ranging
in age from 55 to 87 years (mean age 71 (SD 6)
years). Of these, 75 patients (60%) had a sight
threatening complication in the fellow eye.
Three had vascular disease processes (central
retinal vein occlusion, anterior optic neu-
ropathy, and vitreomacular traction) in the fel-
low eye without evidence of atrophy or exuda-
tion due to AMD. Soft drusen were present in
93 patients (74%), focal hyperpigmentation in
64 patients (51%).

Mean SWS sensitivity (average of 68 loca-
tions), as a measure of overall function,
decreased significantly (Table 1) with increas-
ing age (Fig 2). There was no eVect or interac-
tion of sex on sensitivity. The standard

Figure 1 Perimetry results (in dB) for all 68 stimulus locations superimposed on the
matching fundus photograph. A 68 year old male patient with normal visual acuity and
soft drusen.
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deviation significantly increased with age (p
<0.016, ANOVA).

Figure 1 shows a typical example for a
patient with soft drusen. Patients with soft
drusen had significantly reduced mean sensi-
tivity (Table 2) compared to those without.
Few eyes without soft drusen had a significant
reduction of sensitivity—for example, if an
arbitrary cut-oV value of 17 dB were chosen,
two of 33 (6%) eyes without soft drusen had
mean sensitivity less than this value compared
with 26 of 93 (28%) eyes with soft drusen (p =
0.0077; Fig 2).

The diVerence in mean sensitivity was not
due solely to the age eVect, since patients with
and without soft drusen did not diVer in age
and a significant main eVect for soft drusen
was found as well as for age in the ANOVA
(Tables 1 and 2). The standard deviation
across all 68 test loci was not significantly
diVerent in the eyes with drusen compared
with those without (Table 2, Fig 2B). There
was no significant diVerence in age and visual
acuity expressed in log MAR between the eyes
with and without soft drusen.

Mean sensitivity had a significantly steeper
decline with age for patients with soft drusen
than those without, as indicated by the slope
test of the linear regression (t (91) = 2.40, one
tailed test, p <0.01)). For the patients without
soft drusen, the slope of the regression line for
sensitivity as a function of age was not
significantly diVerent from 0, given our sample
size (one tailed test = 1.66, p >0.05). For
patients with soft drusen, the slope was signifi-
cantly more negative than the slope of patients
without soft drusen, and therefore also signifi-
cantly less than 0—that is, there was a
significant decline in sensitivity with age only
for patients with soft drusen. This implies that
while there might be a slight decrease of sensi-
tivity due to ageing factors unrelated to the
underlying processes that cause soft drusen,
this decrease is far less than the result of the
combination of ageing processes and the proc-
esses leading to soft drusen. As our patients
had only mild or moderate lens changes, then
the lack of a significant trend with age for

patients without soft drusen could be ex-
pected. This confirms that our patient selec-
tion criteria, including cataract screening, were
suYcient to result in ageing data that revealed
diVerences in sensitivity with fundus changes
and not only with the media changes that are
prevalent with ageing.

The study sample included 75 fellow eyes of
an exudative or severe atrophic AMD. The
incidence of soft drusen was not significantly
diVerent between these two groups, but hyper-
pigmentation was observed more frequently
(÷2, presence of soft drusen: p = 0.07, presence
of hyperpigmentation: p = 0.006). Mean SWS
sensitivity was significantly reduced in fellow
eyes of patients with severe AMD compared to
those without (Table 2). This eVect was not
significant in the ANOVA when the age factor
was simultaneously analysed (Table 1), consist-
ent with age distribution in Figure 2 that shows

Table 1 ANOVA table for the mean sensitivity of mean
sensitivity. Owing to the large first order eVect of age only
the eVect of soft drusen on sensitivity remained significant.
p Values of the post hoc tests are given in Table 2

Factor F value p Value

Soft drusen 4.34 0.039
Hyperpigmentation 0.49 0.487
AMD of the fellow eye 1.07 0.303
Age 23.0 <0.0001

Table 2 Demographic and perimetric data of the eyes with and without the tested factors. p Values are calculated with the Fisher’s PLSD test

Soft drusen Focal hyperpigmentation Status of fellow eye

Present Absent p Value Present Absent p Value ARM AMD p Value

No 93 33 64 62 51 75
Visual acuity 0.75 0.82 0.75 0.80 0.81 0.75
log MAR (SD)* 0.12 (0.12) 0.08 (0.11) 0.065 0.13 (0.12) 0.10 (0.11) 0.17 0.09 (0.12) 0.13 (0.12) 0.13
Age (years) (SD) 71 (6) 70 (6) 0.64 71 (6) 71 (7) 0.56 70 (7) 72 (6) 0.06
Mean sensitivity (dB) (SD) 19.8 (5.8) 22.3 (4.1) 0.027 20.0 (6.2) 21.0 (4.8) 0.31 21.6 (5.2) 19.7 (5.7) 0.049
SD of sensitivity (dB) 3.5 (1.5) 3.0 (1.1) 0.10 3.6 (1.5) 3.3 (1.4) 0.064 3.1 (1.3) 3.5 (1.5) 0.17

*Standard deviation.

Figure 2 (A) Mean sensitivity of the included patients as
a function of age (mean sensitivity = 45.77–0.357 * age; r
= −0.41); closed circles: eyes with soft drusen (mean
sensitivity = 48.41–0.403 * age; r = −0.45), open squares:
eyes without soft drusen (mean sensitivity = 35.67 −0.190
* age; r = −0.29). (B) Standard deviation (SD) over the
full 10 deg field of the included patients as a function of age
(SD = −0.283 + 0.051 * age; r =0.23); closed circles: eyes
with soft drusen (SD = −0.335 + 0.053 * age; r = 0.23),
open squares: eyes without soft drusen (SD = 0.273 +
0.039 * age; r = 0.22).
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many older patients with the poorest sensitivity
had soft drusen.

Eyes with focal hyperpigmentation did not
diVer significantly in either age or visual acuity,
compared to eyes without. Mean sensitivity
and standard deviation were not statistically
related to the presence of focal hyperpigmenta-
tion (Table 2). To evaluate the eccentricity
eVects, an additional analysis of the more cen-
tral versus the more eccentric test points was
performed. There was no significant diVerence
in the average sensitivity between the inner 24
points within the central 5 degree versus the
other 42 points outside for the full sample. The
presence of hyperpigmentation, however, was
related to a significant eccentricity eVect
(ANOVA: p = 0.0006). Eyes with focal hyper-
pigmentation had a central decrease of 0.67
dB, eyes without hyperpigmentation an in-
crease of 0.73 dB compared with the more
eccentric average sensitivity. All other factors
had no impact on eccentricity eVects.

Discussion
In this study a Humphrey perimeter, an item of
standard equipment in many clinics and prac-
tices, was used to assess SWS cone mediated
sensitivity. Previous promising methods to
measure foveal SWS sensitivity failed to be
adopted clinically owing to instrumental or
other constraints. A significant decrease of sen-
sitivity was detected in eyes with risk factors for
AMD such as age, the presence of soft drusen,
and fellow eyes already having AMD. The
eVect of focal hyperpigmentation on sensitivity
was only significant for the central 5 degree
field.

The strong relation of sensitivity to age is not
surprising, since age is the major risk factor in
AMD. The decrease in sensitivity with age
cannot be attributed to the eVects of preretinal
media absorption alone. There was no signifi-
cant diVerence in age for patients with as
opposed to without soft drusen in our sample.
Yet there was no significant age dependency of
sensitivity in the subgroup without soft drusen,
while there was significant age dependency for
the subgroup with soft drusen (Fig 2). In addi-
tion, the average diVerence in sensitivity
between patients with and without soft drusen
was 2.5 dB, despite the lack of diVerence in
age.

The patients included in the study had no or
moderate loss of visual acuity. There were no
significant eVects on visual acuity (expressed in
log MAR) of the risk factors examined among
patients with 20/25 or better acuity. This is in
accordance with other studies concerning
functional abnormalities in ARM indicating
poor prognostic value in AMD.35 36 This study
indicated that a loss of SWS cone mediated
sensitivity might act as a functional risk factor
as suggested by previous reports.35 36 Several
studies have previously shown functional
abnormalities—for example, decreased retinal
sensitivity under dark adapted37–39 or SWS cone
mediated sensitivity,17 in patients with drusen
and hyperpigmentation. Furthermore, the
change of SWS sensitivity over time correlates
well with changes of fundus appearance.35 40 In

a longitudinal study Eisner et al36 found an
association of low foveal S cone sensitivity with
an exudative outcome. Foveal SWS cone
testing in Maxwellian view, however, has not
achieved widespread clinical use.

In early glaucoma short wavelength sensitiv-
ity is considered to be related to ganglion cell
loss,20 in diabetic retinopathy to compromised
function of other retinal tissues.27 28 In ARM, as
a disease of the photoreceptor/retinal pigment
epithelial (RPE) complex,14 41 42 the nature of
the disease is diVerent from the above disease
processes, and the site of the sensitivity loss
might be the outer retina or the photoreceptors
themselves.

The global loss of sensitivity in eyes with soft
drusen reflects the diVuse character of the
disease. In contrast, the presence of focal
hyperpigmentation, which was always graded
centrally, resulted only in a sensitivity loss in
the central 5 degrees without a significant
reduction of the mean sensitivity of the entire
central field. The method covering the entire
10 degrees may provide additional information
outside the fovea—for example, localised
losses.43 In patients already presenting with
atrophy, scars, or neovascularisation this might
be helpful for visual rehabilitation or studies
concerning improving rehabilitation—for ex-
ample, patients with a more generalised loss
may be poor candidates for rehabilitation
eVorts.

Assessment of short wavelength sensitivity
with a conventional perimeter is a quick,
non-invasive diagnostic tool and may be
performed with a conventional perimeter that
is already available at many locations world-
wide. Since morphological risk factors have a
high prevalence in the elderly population,
functional measures gain more and more
importance. Measurements of SWS sensitivity
may lead to new practical means of assessing
ARM progression or treatment outcomes and
should be considered for future ARM trials.
Follow up studies to prove the prognostic value
are in progress.
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