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PURPOSE: To investigate pupillary responses of dichoptic multifocal 
pupillography to spatial and temporal stimulus variants in normal subjects.  

METHODS: Peak pupillary constriction amplitudes, time to peak and width of 
contractions were analysed for 29 normal (mean age 70.9 ±6.0) subjects with 4 
different stimulus protocols.  Stimuli were presented dichoptically and pupil 
responses were measured concurrently.  All protocols presented multifocal 
stimuli with a dartboard layout having 24 or 44 independent test regions/eye 
with a mean presentation interval of 1 or 4 s/region and a presentation 
duration of 33 ms, subtending ±15˚ of visual field.  Luminance of the stimulus 
regions was 250 cd/m² and background 10 cd/m².  

RESULTS: Stimuli presented in a 24 region layout with a 4 s/region 
presentation rate achieved the largest mean amplitude, shortest time to peak 
and response width.  These measures were compared with a reference 
stimulus which consisted of a 44 region array at 1 s/region presentation rate.  
Relative to this reference, the 24 region 4 s/region presentation rate increased 
amplitudes by 3.5x (b = 5.56 dB); and decreased latencies by 460x (b = 26.62 
dB); and width of responses decreased by 24.5x (b = 13.89 dB), all with 
p<0.00001.  Median signal to noise ratios expressed as Z-scores of a normal 
distribution per protocol ranged from 1.73 to 3.15 with 4 s/region presentation 
rates achieving the highest Z-scores.  

CONCLUSION: Long duration stimulus presentation rates with low resolution 
layouts produce the largest effect on amplitudes, time to peak, and response 
widths.

ABSTRACT

Subjects
■ 29 normal (10 male, 19 female,  aged 70.0 ± 6.0 ) 
■ Subjects were determined to have no ocular pathology by normal 
FDT perimetry, and fundoscopy results. 
■ Subjects were required to have best corrected visual acuity no worse 
than 6/12 and to have spherical refractive error within the range ±6 D, 
cylindrical refractive error < 3D.

Stimuli and Recording
■ Stimulus presentation and recording was conducted using the Truefield 
Analyzer¹.
■ Stimuli were presented dichoptically to each eye on two LCD screens.  
Pupil responses were measured concurrently from both direct and con-
sensual responses.
■ Pupils were illuminated with infrared light emitting diodes and monitored 
separately by infrared video cameras.
■ All protocols presented multifocal stimulus arrays subtending ±15˚ of 
visual field. Each subject was tested on 4 separate 4 min stimulus proto-
col divided into 8 segments of 30 s.  Differences in protocols included:
   � number of independent test regions/eye

   � mean presentation interval/region

METHODS

44 Region/eye layout
subtending ±15˚ visual space

24 Region/eye layout
subtending ±15˚ visual space
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Illustration of the multifocal stimulus arrays used in our study presented as if 
all the stimuli were on simultaneously.  44 regions stimulus array consists of 5 
overlapping rings.  24 region array has no overlapping rings.  All stimuli extend 
to 15 degrees retinal eccentricity.

FIGURE 1
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Data Analysis
 ■ Multiple linear regression was used to extract responses.  The analysis        
  method allowed for 15% data loss due to blinks and other factors without  
  the need to repeat a segment.  
 ■ Responses were fitted with a lognormal function estimating amplitude,      
  time-to-peak and width for each region.

RESULTS

Multiple regression revealed multiple independent effects of stimulus variants.  
The reference stimulus was protocol 1 which had a 44 region array with a 1 
s/region mean interval of presentation.  The analysis examined multiplicative 
gains up or down relative to this reference.  * Indicates significant at P < 10-7, 
otherwise not significant. 

TABLE 1

 Reference Consensual Female S44 LS24 S24 
Constriction 
Amplitude (dB) 

1.91* -0.14 1.80* 3.44* 0.68* 5.56* 

SE (dB) 0.28 0.09 0.09 0.11 0.14 0.14 
Peak Time (ms) 500.10* 2.13 -24.95* -8.94* -8.61* -26.63* 
SE (ms) 3.27 1.00 1.10 1.24 1.60 1.59 
Response 
Width (ms) 

253.91* 0.00 7.00* -12.80* 1.37 -13.89* 

SE (ms) 1.45 0.45 0.50 0.56 0.72 0.71 
 

FIGURE 2:
A) Median contraction am-
plitude (across regions, sub-
jects and eyes, n = 4928) for 
44 region and 24 region 
stimulus conditions.
B) Median Signal to Noise 
ratios (SNRs) expressed as 
Z-scores of a normal distri-
bution.

FIGURE 3:
A) Median time to peak re-
sponse (n = 4928) for 44 
region and 24 region stimu-
lus conditions.
B) Median Z-scores calcu-
lated from peak time re-
sponses providing further 
evidence that 24 region 
stimulus out performs 44 
region stimulus layout.

FIGURE 4:
A) Median response width of 
the pupillary waveform (n = 
4928) for 44 region and 24 
region stimulus conditions.
B) Median Z-scores calcu-
lated from response width 
suggests that 44 region 
stimuli marginally produce 
larger SNRs than 24 region 
stimuli when only response 
width is considered.

Long duration stimulus presentation rates with low resolution layouts produce the 
largest effect on amplitudes, time to peak, and response widths.  SNRs for 
response width opposed this trend performing marginally better with 44 region 
stimuli.  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 Z-scores of up to 3.15

CONCLUSIONS


