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ABSTRACT

Purpose: To investigate the ability of a portable pupillometer, capable of 20-second binocular record-
ings of the swinging flashlight test (SFT), to detect relative afferent pupillary defects (rAPDs).
Methods: Pupillary response curves were recorded from both eyes in healthy volunteers (n = 22)
with and without simulated rAPDs (using neutral density filters (NDFs)) and in abnormal patients
(n = 24) with clinically graded rAPDs. The light stimulus (0.2 sec on and 1 sec off, or 2 sec on and 0.4
sec off) alternated between both eyes, simulating the SFT. Constriction amplitude (CA), constriction
velocity (CV), and pupillary release were calculated by computer algorithm. In abnormal patients,
NDFs were used to neutralize inter-eye differences. Results: Significant correlation (Spearman’s ρ

0.71, 0.73) between NDF strength and absolute inter-eye differences was seen for CA and CV in
simulated rAPDs. All abnormal patients (15/15) having rAPDs greater than 0.5 log units were dis-
tinguished from normals using either the upper bound of the one-sided 95% confidence interval
(95% CI) value of CA or CV as determined from 22 healthy volunteers. Inter-eye variability in some
normals prevented confident distinction of six abnormal patients with 0.3 log unit rAPDs. Using
NDFs, subtle rAPDs were predicted in three patients having questionable rAPDs on clinical exami-
nation. CA and CV were more sensitive than pupillary release for all comparisons. Conclusions: This
binocular pupillometer identified all of our patients with >0.5 log unit rAPDs. Using NDFs, all of
our abnormal patients were accurately identified and their rAPDs quantified. Variability in some
normals makes them indistinguishable from patients with subtle rAPDs.
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Binocular Pupillography Detects RAPDs

INTRODUCTION

Although clinical grading of relative afferent papillary
defects (rAPDs) with neutral density filters (NDFs)1–3

has been shown to be an effective means of evaluating
and following patients with optic neuropathies, this
grading system is highly subjective in its endpoints.
Modern pupillography has been proposed as an alter-
native to the clinical grading of rAPDs and has led to a
more objective quantification of the swinging flashlight
test (SFT).4–11

Different investigators have identified the pupillo-
graphic characteristics that are best for diagnosing
rAPDs. Thompson confirmed that looking for pupillary
escape with the SFT was superior to Marcus Gunn’s
test for redilation under constant light exposure.5

Fison et al.6 and Cox7 placed NDFs of increasing den-
sity over one eye of normal subjects in order to create
artificial rAPDs and used pupillography to detect dif-
ferences in constriction amplitude (CA). Cox et al.7,12

and Bergamin et al.10 used pupillography to show that
differences in CA upon light stimulation (direct ver-
sus consensual) is the most sensitive method of detect-
ing rAPDs7,12 and that CA is the pupillary parameter
that best differentiates abnormal patients from normal
subjects.10

Pupillography has been difficult to incorporate into
clinical practice given its lack of availability and porta-
bility. Previously, we showed that a portable monoc-
ular pupillometer is capable of recording the SFT and
that rAPDs of 0.9 log units could only be identified with
80% sensitivity and 92% specificity, making it of insuf-
ficient sensitivity and specificity to be used in clinical
practice.9 In this study, we aimed to improve sensitiv-
ity and specificity, by using a portable pupillometer
capable of binocular pupillary recordings for up to 20
sec.

METHODS

Study Design

The SFT was recorded with a portable computer-driven
pupillometer in 22 healthy volunteers ages 15 to 53
with no known ocular pathology, normal corrected vi-
sion, and no rAPD on clinical examination, and in 21
non-consecutive patients ages 10 to 77 with rAPDs that
were clinically quantified using NDFs and without ef-
ferent pupillary abnormalities. In addition, the SFT was
recorded in 3 patients having questionable rAPDs. A
total of 22 men and 24 women participated in the study,
and the mean age (standard deviation) of the study par-
ticipants in the normal subject and abnormal patient
groups were 31 (10) years and 50 (20) years, respec-
tively.

Pupillary diameter versus time curves were recorded
for both eyes in all of the patients. After recordings were
made of the 22 normal volunteers, in 10/22 normal
volunteers, simulated rAPDs were created by placing
an NDF in front of one of the eyes (5 OD, 5 OS). NDFs
were placed in 0.3 log unit increments from 0.3 log unit
to 1.2 log unit. In the other 12/22 normal volunteers,
a single 0.3 log unit filter was placed over the right
eye and subsequently over the left eye. The SFT was
recorded for each of the simulated rAPDs.

Patients in the abnormal study group (n = 21) were
examined by one of the authors (NJV), and the severity
of the rAPD was determined using NDFs,3 which were
placed over the healthy eye in increasing 0.3 log unit
increments until the pupillary CA was equalized or the
“pupillary escape/release” abolished. In the 3 patients
having questionable rAPDs on examination, a 0.3 log
unit filter was placed in front of each of the eyes to either
accentuate or reduce subtle inter-eye differences.

The study was performed in accordance with the tenets
of the Declaration of Helsinki and was reviewed and
approved by the University of Pennsylvania’s Insti-
tutional Review Board. Verbal informed consent was
obtained from each subject.

Pupillometer

Pupil responses to the SFT were recorded with the
Procyon P2000D pupillometer (Procyon Instruments
Ltd, London, England) (Fig. 1A). Each eyepiece was
equipped with 4 infrared diodes (GaA1A’s type
SFH485 with peak emission at 880 nm) mounted at
a 10-degree angle. The light source was provided by
green visible stimulus LEDs centered at 555 nm with
an illuminance of approximately 5 lux. Images were
captured at 25 frames/sec, 520 × 390 pixels/frame, and
had approximately 30 pixels/mm resolution.

Pupillary responses to light were recorded at a short
duration stimulus (0.2 sec light on, 1 sec light off)
used in accordance with the stimulus cycles used by
Kawasaki et al.8 and a long duration stimulus (2 sec
light on, 0.4 sec light off) resembling the clinical SFT
stimulus frequency. The SFT is displayed as a real-time
video recording, as well as a pupillary diameter versus
time curve of both eyes undergoing the SFT (Fig. 1B).

Recording the Swinging Flashlight Test

Each subject was given 2 min to adapt to the dark prior
to recordings and was instructed to maintain distance
fixation on binocular target points placed in the back
of the pupillometer. If excessive blinking occurred dur-
ing a recording, the process was repeated after a 1-min
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N. J. Volpe et al.

Figure 1. Pupillometer, pupil response curves, and measurement of CA and CV: (A) Procyon P2000D pupillometer. The
pupillometer interfaces with a computer to display a real-time video image of the swinging flashlight test. (B) Pupillary
response curves of a patient with a 0.6 log unit right rAPD. The shaded vertical bars represent the duration of light stimulus
which alternates between OD and OS, thereby simulating the SFT. The curves represent changes in pupillary diameter in
response to each light stimulus. (Top) Pupillary diameter versus time curves for the short duration stimulus (light on 0.2 sec,
1-sec dark interval, 7 of 8 stimulus cycles displayed). (Bottom) Pupillary diameter versus time curves for the long duration
stimulus (light on 2 sec, 0.4-sec dark interval). (C) Calculation of CA (top) and CV (bottom) in an abnormal patient. (Top)
Amplitude difference between maximum and minimum pupillary diameter is calculated. (Bottom) A straight line is fit to the
constriction part of the line, with slope representing CV.

break. Single blinks were removed by manually alter-
ing the pupil diameter in the spreadsheet in order to
smooth the pupil response trace.9 When creating simu-
lated rAPDs or attempting to abolish rAPDs in abnor-
mal patients, NDFs were placed between the stimulator
diodes and the patient’s eye to dim the stimulus light.
Each recording lasted 20 sec and was comprised of 8 cy-
cles per intensity for the short-duration stimulus (Fig.
1B, top panel) and 4 cycles per intensity for the long-
duration stimulus (Fig. 1B, bottom panel). The subject

was given a 2-min rest interval in the dark between
successive recordings.

Pupillary Response Curves

Raw data (pupillary diameter versus time) was ana-
lyzed using a computer algorithm, which calculates
the change in pupillary diameter and constriction ve-
locity (CV) for both right and left eye stimuli. The short
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Binocular Pupillography Detects RAPDs

stimulus cycle was used for calculating the change in
pupillary diameter and CV (Fig. 1C) in order to de-
crease variability in rAPD measurement by increasing
the number of stimulus pairs per unit time.8 The long
stimulus cycle was used instead of the short stimulus
cycle for calculating pupillary release times in order to
provide sufficient time following stimulation for pupil-
lary release to be observed and measured. Pupillary
release times were defined as the duration of time be-
tween the start of the light stimulus and the onset of
pupillary redilation. The average value of each mea-
surement parameter of both eyes for all of the right eye
stimuli was compared with that for all of the left eye
stimuli.6,8

Data Analysis

The data was analyzed using SAS statistical software
(SAS Institute, Cary, NC, USA). For normal subjects,
the absolute value of the differences between pupil-
lary response during right eye versus left eye stim-
uli and the mean and upper bound of the one-sided
95% confidence interval (95% CI) values of these ab-
solute differences were calculated for the three mea-
surement parameters. The 95% CI values determined
from normal subjects provided the upper limit of ab-
solute differences that one would expect to observe in
patients without eye disease. We calculated the sen-
sitivity and specificity for detecting rAPDs using the
95% CI value as a threshold. These cut points, obtained
using one-sided 95% confidence intervals based on a
t-distribution analysis, are from a small sample of nor-
mals and are subject to change when more data are
collected from normals.

We calculated the absolute values of the inter-eye dif-
ferences in CA, CV, and pupillary release time in order
to measure the magnitude of inter-eye differences for
normal subjects and abnormal patients. In order to ac-
commodate for the decreased distribution width, and
hence the associated decreased variance resulting from
using absolute values of the inter-eye differences of
the pupillary parameters, we used the upper bound
of the one-sided 95% CI instead of the upper bound
of the traditional two-sided 95% CI as a cutoff point to
define statistical significance.

For the simulated rAPDs, we performed a non-
parametric analysis using Spearman’s correlation co-
efficient (ρ) to assess the association between absolute
inter-eye differences and NDF strength. Sixty-six pupil-
lary recordings were made in normals and 48 record-
ings were made in abnormals using different NDFs to
either create artificial rAPDs or to abolish inter-eye dif-
ferences.

RESULTS

Normal Volunteers

For CA, the mean absolute difference in pupillary re-
sponse was 0.07 mm, and the upper bound of the 95%
CI was 0.16 mm (Fig. 2A, “0 filter”). The mean abso-
lute difference and the 95% CI value for CV are 0.11
mm/sec and 0.26 mm/sec, respectively (Fig. 2B, “0 fil-
ter”). For pupillary release, the mean absolute differ-
ence was 0.11 sec and the 95% CI value was 0.33 sec
(Fig. 2C, “0 filter”).

Simulated Afferent Pupil Defects

A significant correlation between NDF strength and ab-
solute inter-eye differences was observed for CA (ρ =
0.71, p < 0.0001; Fig. 2A). Furthermore, the absolute
difference in CA for each grade of NDF was examined
to determine what percentage had differences beyond
the 95% CI for normal volunteers (0.16 mm). For artifi-
cial rAPDs created with a 0.3 log unit filter, 21/34 (62%)
were above the 95% CI value for normals. The data for
0.6, 0.9, and 1.2 log unit filters are 6/10 (60%), 9/10
(90%), and 10/10 (100%), respectively, demonstrating
that of our sample of artificial rAPDs, 62% of 0.3 log
unit, 60% of 0.6 log unit, 90% of 0.9 log unit, and 100%
of 1.2 log unit rAPDs could be reliably distinguished
from normal.

The results for CV were similar to that obtained for CA
(Fig. 2B). A significant correlation between absolute
inter-eye differences and NDF strength was also ob-
served (ρ = 0.73, p < 0.0001). Using the 95% CI value
for our normal volunteers (0.26 mm/sec), the percent-
age of artificial rAPDs found to be greater than this
value was similar to the data for CA: 59% of 0.3 log
unit, 60% of 0.6 log unit, 90% of 0.9 log unit, and 100%
of 1.2 log unit rAPDs.

The correlation for pupillary release times was not
as strong as the results for CA and CV. There was a
weak correlation (ρ = 0.44, p < 0.0001) between filter
strength and inter-eye differences observed for pupil-
lary release (Fig. 2C). The percentage of volunteers with
artificial rAPDs that were found to have absolute dif-
ferences greater than the 95% CI value for normals
(0.33 sec) was significantly less then the percentages
observed for CA and CV: 15% of 0.3 log unit, 40% of
0.6 log unit, 40% of 0.9 log unit, and 30% of 1.2 log unit.

Afferent Pupil Defects in Abnormal
Patients

The data from our group of 21 abnormal patients with
clinically graded rAPDs are presented in Figure 3. As
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N. J. Volpe et al.

Figure 2. Intereye differences in pupillary parameters, OD
versus OS, for simulated rAPDs: (A) Absolute difference in
constriction diameter, OD versus OS, simulated rAPDs. (B)
Absolute difference in CV, OD versus OS, simulated rAPDs.
(C) Absolute difference in pupillary release times, OD
versus OS, simulated rAPDs.

in the simulated rAPDs, the absolute difference (OD
versus OS stimulation) in CA, CV, and pupillary re-
lease were compared to the grade of the rAPDs (NDF
required to abolish difference) found in our abnormal
patients prior to pupillography. For comparison, the

Figure 3. Inter-eye differences in pupillary parameters, OD
versus OS, in abnormal patients (true rAPDs): (A) Absolute
difference in constriction diameter, OD versus OS, abnormal
patients. (The data points are overlapping. For example, for
patients having 0.6 to 0.9 log unit rAPDs graded with an
NDF, the three open circles represent data from six
patients.) (B) Absolute difference in CV, OD versus OS,
abnormal patients. (C) Absolute difference in pupillary
release times, OD versus OS, abnormal patients.

absolute difference data obtained from the normal vol-
unteers (“no APD”) is presented in Figure 3.

The data for CA and CV are very similar, and both
parameters were equally useful in detecting rAPDs. In
Figures 3A and 3B, the minimum absolute differences
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Binocular Pupillography Detects RAPDs

in CA and CV for all 15 abnormal patients with ≥ 0.6
log unit clinically graded rAPDs are all greater than the
95% CI value for normal volunteers (“no APD”). For
both CA and CV, 1/6 patients with 0.3 log unit rAPDs
were found to have an absolute difference greater than
the 95% CI value for normal subjects.

The data using pupillary release was again inferior to
that using CA and CV in terms of detecting rAPDs.
Using this parameter, only 13/15 patients with ≥ 0.6
log unit rAPDs were detected, and none of the patients
with 0.3 log unit rAPDs were detected (Fig. 3C).

The pupillometer not only detected rAPDs based on
absolute differences in our measurement parameters
during right versus left eye stimulation, but also en-
abled us to quantify rAPDs in all 21 of our clinically
graded rAPDs. We were able to adequately neutral-
ize an absolute difference in CA and CV with an NDF
having the same value as that used over the “good
eye” to neutralize the rAPD during the clinical SFT, in
16/21 patients, such that the patient’s absolute inter-
eye difference fell to a value below the 95% CI value
of absolute inter-eye differences determined for nor-
mal volunteers. In the other 5/21 patients, an artificial
rAPD was created in the healthy eye because the log
unit of the NDF was clinically overestimated. Thus, in
these 5 patients, we could only determine a quantifi-
able range that the rAPD could be classified based on
the NDF used.

Three patients had questionable rAPDs in the left eye
on clinical exam. Their inter-eye differences were not
great enough to distinguish them from our normal vol-
unteers. However, by placing a 0.3 log unit filter over
the right eye and subsequently over the left eye, we
were able to accentuate subtle rAPDs in these patients
(Table 1).

Table 1. Absolute inter-eye differences in CA in 3 pa-
tients with questionable rAPDs

No Filter 0.3 filter 0.3 filter
Patient (mm) OD (mm) OS (mm)

1 0.05 0.12 0.24
2a 0.04 0 0.29
3 0.01 0.07 0.39

a For example, patient 2 had an absolute inter-eye difference of 0.04
mm in CA. When a 0.3 log unit filter was placed over the right eye and
subsequently over the left eye of patient 2, the inter-eye difference
was 0 mm and 0.29 mm, respectively, suggesting the presence of a
subtle, <0.3 log unit rAPD in the left eye.

Contraction Anisocoria

Since the pupillometer was capable of making binoc-
ular recordings, the presence of a difference be-
tween direct and consensual response (i.e., contraction
anisocoria)13–17 was canceled out when both responses
were averaged to calculate constriction amplitude.

DISCUSSION

By using the Procyon P2000D binocular pupillome-
ter and recording for twice as long, we were able to
improve the sensitivity and specificity of rAPD detec-
tion compared with that in our previous study using
a monocular portable pupillometer.9 We were able to
distinguish abnormal patients having clinically graded
rAPDs greater than 0.5 log units from healthy volun-
teers, with 100% sensitivity and with 91% and 95%
specificity, respectively, for inter-eye differences in CA
and CV. As in our previous study,9 we observed that
a significant correlation exists between NDF strength
and absolute inter-eye differences for CA and CV in
simulated rAPDs and that pupillary release times are
not sufficiently sensitive to reliably and accurately de-
tect rAPDs.

Attempts to develop a pupillometer accurate enough
to screen for rAPDs has been limited by the variability
of the SFT.8,18 Kawasaki et al.8 utilized pupillography
combined with a computer analysis program to define
the 95% CI of each determination of rAPD. They dis-
covered that with a few light alternations, there was
a large variability in the quantification of rAPDs (95%
CI > 0.5 log unit). It required roughly 200 light stim-
ulus pairs to reduce the 95% CI to 0.1 log unit. They
used similar techniques to demonstrate that subjects
with normal visual function have subtle and fluctuat-
ing rAPDs (up to 0.3 log units) when tested over three
years.18

This variability in the pupillary light reflex helps ex-
plain why a monocular pupillometer capable of record-
ing only 4 stimulus pairs cannot distinguish rAPDs of
0.9 log unit or less from healthy volunteers.9 By utiliz-
ing a pupillometer capable of binocular recordings and
by doubling the recording time to 20 sec, we were able
to increase the number of stimulus pairs to 8 and the
number of pupil recordings to 16 for the short stimulus
sequence. By increasing the recording time to 20 sec, we
were able to improve rAPD detection without making
the test too long.

In order to test the ability of the pupillometer to de-
tect rAPDs, we established a normal range of inter-
eye differences for three measurement parameters. In
normal volunteers, we established the 95% normal
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N. J. Volpe et al.

threshold value (based on the 95% CI value) of inter-eye
difference for CA, CV, and pupillary release as 0.16
mm, 0.26 mm/sec, and 0.33 sec, respectively. For
instance, if there is a greater than 0.16-mm inter-
eye difference for CA, then a rAPD is likely to be
present. Because we wanted to determine whether this
pupillometer could measure simulated rAPDs induced
by NDFs in a population of normals, we simulated
rAPDs in the same group of normals, as performed
previously.3,7,9

Using the present pupillometer, we were able to dis-
tinguish abnormal patients with 0.6 log unit rAPDs or
greater from normal volunteers, but were unable to re-
liably detect 0.3 log unit rAPDs. This limitation may
never be adequately resolved, given the presence of
subtle rAPDs of up to 0.39 log unit in subjects with nor-
mal visual function.18,19 In our group of 22 normals, the
average difference in CA (OD versus OS stimulation)
was 0.07 mm, and the 95% CI was 0.16 mm. In our 6
abnormal patients with 0.3 log unit rAPDs on clinical
exam, the mean difference in diameter was 0.11 mm
with a 95% CI value of 0.17 mm. By virtue of this statis-
tical overlap, it is likely that people with normal visual
function can have subtle rAPDs without detectable vi-
sual pathway pathology. Age differences between our
normal subject group (n = 22) (mean age of 31 with a
standard deviation of 10 years) and our abnormal pa-
tient group having 0.3 log unit rAPDs (n = 6) (mean age
of 50, with a standard deviation of 19 years) may have
contributed to this overlap in inter-eye differences for
CA and CV for these two study groups (Fig. 3A and
3B). Thompson et al.3 state that younger pupils are
more freely moving and older pupils are stiffer, and
thus rAPDs tend to be overestimated in younger pa-
tients and underestimated in older patients. Our older
abnormal patient group having 0.3 log unit rAPDs may
have had stiffer pupils compared with our normal con-
trol population, possibly contributing to the overlap
we observe in the inter-eye differences for CA and CV
between these two subject populations. Benson et al.20

found there to be no positive correlation between sub-
ject age and pupillary response for a normal control
group of subjects.

The presence of up to a 0.39 log unit rAPD in people
with normal visual function19 suggests that the data
obtained from our patients with artificial rAPDs can-
not be compared to the data from our pool of abnormal
patients without some caveats. In 10 of our normal sub-
jects, NDFs were placed in front of one eye in a random
fashion to create artificial rAPDs. Since many of our
normal subjects had inter-eye differences at baseline,
the placement of a NDF did not accurately simulate a
rAPD of the log unit filter used. This observation com-
bined with our small sample size, contributes to the

fact that only 60% of 0.6 log unit and 90% of 0.9 log unit
artificially created rAPDs could be distinguished from
normal.

For our pool of abnormal patients, the ability to detect
rAPDs of less than 0.6 log unit may not be possible by
comparing differences in CA or CV. However, another
way to quantify and measure rAPDs is to successfully
eliminate the inter-eye difference with an appropriate
NDF.3 We placed a NDF, whose value was equal to
that used to quantify the rAPD during the clinical SFT,
over the “good eye” to neutralize the recorded inter-
eye differences in the 21 patients with abnormal rAPDs.
The inter-eye differences were successfully neutralized
in 16/21 patients, enabling us to confirm the clinical
diagnosis and rAPD grading in these patients. In the
remaining 5 patients, the rAPD was detected but clin-
ically overestimated, and the inter-eye difference was
reversed, signifying that the rAPD was less severe than
was initially determined by clinical grading. Thus, ob-
serving differences in CA and CV during the SFT com-
bined with the use of NDFs placed over the healthy
eye enables this pupillometer to detect and grade all
rAPDs. By placing a 0.3 log unit NDF over the right
eye and subsequently over the left eye to accentuate or
reduce inter-eye differences, even subtle rAPDs were
identified.

Although commonly depended upon for the perfor-
mance of the clinical SFT, pupillary release times
recorded with this pupillometer were not sufficiently
sensitive to reliably and accurately detect rAPDs. Cox
found a similar limitation of “pupillary escape” in his
study.7 The longer stimulus setting only allowed for 4
light swings to be recorded, which limited the ability
to detect rAPDs of less than 0.6 log unit.

In this investigation, we demonstrate enhanced sen-
sitivity and specificity in the detection of rAPDs, as
compared to our previous study,9 by using a portable
binocular pupillometer capable of 20-sec recordings.
Future studies would include measuring the sensitiv-
ity and specificity of this pupillometer compared to an
examiner who is blinded to the patient’s clinical status.

This binocular portable pupillometer, in conjunction
with NDFs, may be used in clinical practice to detect
rAPDs. From our study of abnormal patients with ≥
0.6 log unit rAPDs, this binocular portable pupillome-
ter was capable of detecting these rAPDs with 100%
sensitivity and 91% and 95% specificity, respectively,
for CA and CV. Furthermore, we found that rAPDs
can be graded with this pupillometer by using NDFs
placed in front of the healthy eye to abolish the base-
line measurement difference observed. In most cases,
subtle rAPDs may be confirmed by using 0.3 log unit
filters placed over each eye to accentuate or abolish any
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observed differences. As visual field perimetry testing
is commonplace in the clinical setting to quantify and
track visual field defects, as well as to provide a perma-
nent record of these measurements, this pupillometer
may similarly be used for the detection, quantification,
recording, and follow-up of disease progression and
recovery of rAPDs.4

Declaration of interest: The authors report no conflict
of interest. The authors alone are responsible for the
content and writing of the paper.

REFERENCES
1. Bell RA, Waggoner PM, Boyd WM, et al. Clinical grading of rel-

ative afferent pupillary defects. Arch Ophthalmol 1993;111:938–
942.

2. Cox TA, Thompson HS, Corbett JJ. Relative afferent pupillary
defects in optic neuritis. Am J Ophthalmol 1981;92:685–690.

3. Thompson HS, Corbett JJ, Cox TA. How to measure the relative
afferent pupillary defect. Surv Ophthalmol 1981;26:39–42.

4. Lowenstein O, Loewenfeld IE. Electronic pupillography; a new
instrument and some clinical applications. AMA Arch Ophthal-
mol 1958;59:352–363.

5. Thompson HS. Afferent pupillary defects. Pupillary findings
associated with defects of the afferent arm of the pupillary light
reflex arc. Am J Ophthalmol 1966;62:860–873.

6. Fison PN, Garlick DJ, Smith SE. Assessment of unilateral afferent
pupillary defects by pupillography. Br J Ophthalmol 1979;63:195–
199.

7. Cox TA. Pupillographic characteristics of simulated relative af-
ferent pupillary defects. Invest Ophthalmol Vis Sci 1989;30:1127–
1131.

8. Kawasaki A, Moore P, Kardon RH. Variability of the rela-
tive afferent pupillary defect. Am J Ophthalmol 1995;120:622–
633.

9. Volpe NJ, Plotkin ES, Maguire MG, et al. Portable pupillogra-
phy of the swinging flashlight test to detect afferent pupillary
defects. Ophthalmology 2000;107:1913–1921; discussion 22.

10. Bergamin O, Zimmerman MB, Kardon RH. Pupil light reflex
in normal and diseased eyes: Diagnosis of visual dysfunc-
tion using waveform partitioning. Ophthalmology 2003;110:106–
114.

11. Wilhelm H. Neuro-ophthalmology of pupillary function¾prac-
tical guidelines. J Neurol 1998;245:573–583.

12. Cox TA. Pupillography of a relative afferent pupillary defect.
Am J Ophthalmol 1986;101:320–324.

13. Cox TA, Drewes CP. Contraction anisocoria resulting from half-
field illumination. Am J Ophthalmol 1984;97:577–582.

14. Lowenstein O. Alternating contraction anisocoria; a pupillary
syndrome of the anterior midbrain. AMA Arch Neurol Psychiatry
1954;72:742–757.

15. Smith SA, Ellis CJ, Smith SE. Inequality of the direct and
consensual light reflexes in normal subjects. Br J Ophthalmol
1979;63:523–527.

16. Smith SA, Smith SE. Contraction anisocoria: nasal versus tem-
poral illumination. Br J Ophthalmol 1980;64:933–934.

17. Schmid R, Wilhelm B, Wilhelm H. Naso-temporal asymmetry
and contraction anisocoria in the pupillomotor system. Graefes
Arch Clin Exp Ophthalmol 2000;238:123–128.

18. Kawasaki A, Moore P, Kardon RH. Long-term fluctuation of
relative afferent pupillary defect in subjects with normal visual
function. Am J Ophthalmol 1996;122:875–882.

19. Wilhelm H, Peters T, Ludtke H, Wilhelm B. The prevalence of
relative afferent pupillary defects in normal subjects. J Neurooph-
thalmol 2007;27:263–267.

20. Benson MT, Nelson ME, Cunliffe IA, Rennie IG. A novel ap-
proach to the assessment of afferent pupillary defects. Eye
1991;5(Pt 1):40–44.

613

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
]
 
A
t
:
 
2
1
:
3
0
 
1
5
 
D
e
c
e
m
b
e
r
 
2
0
0
9


