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Dichoptic Multifocal Pupillography Identifies Retinal Dysfunction in Early AMD
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PURPOSE: To explore the use of multifocal pupillography in detecting
functional changes associated with early age-related macular degeneration
(AMD).

METHODS: Pupillary contraction amplitudes and time to peak contractions of
19 early AMD eyes (mean age 69.6 ± 4.3) showing retinal drusen or irregular
fundus pigmentation with mildly decreased visual acuity were examined and
compared with 28 normal (mean age 68.5 ± 7.9) subjects with 3 different
stimulus protocols. One protocol with peak test luminance of 288 cd/m2

employed a luminance balancing strategy designed to make responses more
even across the visual field [ARVO (2009) E-Abstract 5281]. The
non-balanced protocols had peak test luminance’s of 210 cd/m2 and 288 cd/m2

with a background 10 cd/m2.

RESULTS: Unbalanced stimuli with a peak luminance of 210 cd/m2 achieved
the largest decrease in mean response amplitude of -2.22 dB (t = 14.82, p 
<.00001); however this was found to be the least diagnostic. Balanced stimuli
produced the largest delay in time to peak of 61.9 ms (t = 14.87, p <.00001). A 
linear discriminant model incorporating contraction amplitude and time to peak
found the balanced protocol to be the most diagnostic achieving an AUC of
94.3 ± 4.8%.

CONCLUSION: Clinical signs of early AMD produced significant abnormality
in amplitude and latency of pupillary responses. Balancing stimuli to reduce
the effects of response saturation produced ROC AUC of 94%, suggesting that
multifocal pupillography is a sensitive tool in detecting early macular
abnormalities in AMD.

ABSTRACT

METHODS

Illustration of luminance balanced multifocal stimulus arrays used in our study 
presented as if all the stimuli were on simultaneously. All stimuli consisted of 
44 regions ensembles arranged in 5 overlapping rings presented to each eye.
All stimuli extend to 15 degrees retinal eccentricity.

FIGURE 1.
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The clinical application of multifocal pupillography utilizing a luminance balancing
strategy can produce ROC AUC of 94.3 ± 4.8% in the diagnosis of early AMD.
Multifocal pupillographic perimetry has the advantage of being a non-invasive,
objective method for measuring up to 88 responses concurrently per eye within 4 
mins, achieving median per region t-statistics of up to 3.82 for subjects with early
AMD.

CONCLUSIONS

FIGURE 5.

FIGURE 2.
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A) Median contraction amplitude for normal (across regions, subjects and eyes, n = 4928) and 
early AMD (n = 3168) subjects B) Median time to peak response for normal and early AMD sub-
jects C) Median t-statistics calculated from contraction amplitudes D) Median t-statistics calcu-
lated from Peak Time responses.

FIGURE 3.
Mean amplitude deviations for 
early AMD subjects.  16 regions 
within the parafovea were statisti-
cally reduced in amplitude.  Peri-
foveal regions were less affected
with 9 regions exhibiting statisti-
cally significant decline.  Contrac-
tion amplitudes and delays from 
both eyes have been combined 
by reversing the results of the 
right eye such that each region 
represents the identical segment 
of the field for each eye. The
background grey level represents 
a deviation of 0.

FIGURE 4.
Mean additional regional delays 
for early AMD subjects.  Lighter 
regions represent greater re-
sponse delays.  Delay effects
were not consistent with regions 
of reduced contraction ampli-
tudes.  Mean delays were spread 
more evenly across the field, with 
10 parafoveal regions and 12 
perifoveal regions reaching statis-
tical significance.

AUC ROC ± SE plots for the mean of n-worst deviations for early AMD subjects from the normative data for pro-

tocol 288balanced. Two parameters of the pupil waveform which are considered are contraction amplitude 

(Fig.5A) and a linear combination of amplitude and time to peak (Fig.5B).  Figures 5A and B considers the differ-

ences between deviations (asymmetry) from left and right eye regional responses. 

RESULTS


