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Abstract:

PURPOSE: Freezing of gait (FOG) is considered as a motor disorder that affects some Parkinson’s disease (PD)
patients; however, sensory systems may also be involved in FOG. The pupil light reflex (PLR) is a reliable
measure of the autonomic nervous system. Different dilation and constriction pupil parameters may be used
to investigate the integrity of the autonomic nervous system in PD patients with and without FOG symptoms.
This study aimed to look at the integrity of autonomic nervous system and to investigate the nonmotor functions
mediated by the cholinergic system in Parkinson’s patients with and without FOG symptoms.

METHODS: Constriction and dilation pupil light reflexes were measured by using a handheld pupillometer.
Twenty-two patients with FOG symptoms, 25 patients without FOG symptoms, and 25 aged-matched healthy
controls participated in this study.

RESULTS: The results showed that most of the constriction parameters and dilation latency of both patient
groups differed significantly from healthy controls. FOG patients showed larger pupil size under light condition
and larger deficits in constriction latency than nonFOG patients. Both the groups of PD patients had longer
dilation latencies than healthy controls.

CONCLUSION: This study suggests that the cholinergic autonomic nervous system is affected in PD patients
more than the adrenergic system. FOG patients had larger impairments in nondopaminergic mediated functions
such as pupil light reflexes, which suggests that FOG patients have greater impairment in functions that involve
cholinergic neurotransmitters.
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to cholinergic system dysfunctions. Deficits
in the cortical cholinergic systems are linked
to learning and executive functions. Calabresi
et al.P! hypothesize that some of the cognitive
deficits in PD patients are due to a combination
of dopamine and acetylcholine depletion
because an increase in dopamine is not sufficient
to affect certain cognitive performance, and
acetylcholinesterase inhibitors are useful in the
treatment of dementia associated with PD. They
further hypothesized that at the cellular level,
dopamine and acetylcholine interact to produce
the synaptic changes associated with learning
and memory.! This interaction is altered in PD
and so these patients experience problems with
working memory and learning tasks. Given
these findings, it is not surprising that different

INTRODUCTION

Parkinson’s disease (PD) is usually described
as a motor disorder disease that affects the
central and peripheral nervous systems. Patients
with PD are characterized by having body motor
dysfunctions such as bradykinesia, muscle
rigidity, resting tremor, and postural instability.
The main cause of the PD motor disorders is
believed to be due to reduction of the dopamine
neurotransmitter through cell death within the
basal ganglia complex in midbrain.!'-*!

PD patients are also characterized by nonmotor
symptoms and signs that are believed to be due
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sensory and cognitive functions are impaired along with motor
functions in PD,!! despite James Parkinson’s statement in his
opening chapter that “the senses and intellect being uninjured”
in his detailed description of the disease bearing his name.!”!

Within the autonomic nervous system, acetylcholine
dysfunctions include problems in cardiovascular, sexual and
urinary gastrointestinal, respiratory, and thermoregulation
systems. In the visual system, different parameters of pupil
light reflex (PLR) are affected in PD patients.®!% Previous
studies showed that the constriction latency, amplitude
of constriction, maximum constriction velocity (MCV),
and maximum constriction acceleration are affected in PD
patients. These studies suggest that a dopamine deficiency
in the retina or cortex is not responsible for the changes
in the different pupillometric parameters because there
was no correlation with any other motor symptoms of the
disease.l'"'?! Furthermore, there are more PLR parameters
affected in cognitive impaired PD patients than those patients
who have normal cognitive function.'” PLR parameters of
cognitive impaired PD patients were similar to the pupil
dysfunction reported in Alzheimer’s disease patients. This
suggests that both the groups of patients have the same central
cholinergic (parasympathetic) deficit in the acetylcholinergic
pathways in the frontal lobe.!'3!4

Freezing of gait (FOG) is one of the motor disturbances
associated with PD disease. It is defined as discontinuous
or interrupted episodes of inability to produce or maintain a
forward movement or to make a turn. The episodes usually
last a few seconds. Although FOG is considered classically
as motor dysfunction in PD patients, it is now hypothesized
that impairment of different nonmotor systems may contribute
to FOG.!'¥

Amboni et al. reported that FOG and its severity are associated
with frontal cognitive dysfunction and the severity of the
frontal cognitive dysfunction, respectively.'* It is possible that
these frontal lobe dysfunctions are a result of an acetylcholine
deficit. Furthermore, the deficit in this neurotransmitter may
be throughout the central nervous system and so patients who
experience gait freezing may show a greater impairment of
parasympathetic function (e.g., PLR) than those PD patients
who do not experience gait freezing. Since there are no
comparisons between FOG PD and non-FOG PD patients
using PLR parameters, to our knowledge, we measured various
PRL parameters to determine whether FOG PD patients have
a more generalized cholinergic deficit, or a deficit in both the
parasympathetic and sympathetic systems innervating the eye.

MEeTHODS

Participants

PD patients and healthy controls were recruited from
the Sun Life Financial Movement Disorders Research
and Rehabilitation Center, Wilfrid Laurier University
(Waterloo, ON) database. The subjects gave informed written
consent before participating. The study followed the tenets of
the Declaration of Helsinki.

The subject groups were as follows:

1. On-medication FOG and non-FOG PD subjects.
All subjects met the criteria of PD according to the
MDS-UPDRS scale system.!"®! Patients with other
neurological disorders, brain lesions, or concussions
were excluded. FOG versus non-FOG subjects were
determined based on the FOG questionnaire for PD
patients!!7-!#]

2. Age-matched healthy control group. Subjects free from
any neurological disorders, brain damage history, positive
history of PD, or concussions.

The exclusion criteria for all participants were a history of

diabetes, nystagmus, strabismus, and corrected visual acuity

worse than 20/30 at distance or near in either eye. The severity
of the disease and the freezing vs. non-freezing patients were
determined first by a qualified examiner according to MDS-

UPDRS scaling system.['!®! The cognitive functions of patients

and healthy controls were measured according to The Montreal

Cognitive Assessment Test (MoCA).!"! Twenty-two FOG PD

patients, 25 non-FOG PD patients, and 25 healthy controls

participated in this study.

Table 1 shows the mean values (mean + 1 standard deviation)
of different demographic characteristics of the participants
and whether the differences were significant between groups.

Procedures

The PLRs parameters were measured using a NeurOptics
PLR™ 3000 Pupillometer (NeurOptics, Inc. Irvine, CA, USA).
The PLR-3000 is a handheld monocular pupillometer that can
measure both pupil constriction and pupil dilation parameters.
PLR-3000 records the pupil size using an infrared camera (32
frames/sec) and can measure the pupil size to within +0.03 mm.

To measure the pupil constriction parameters, bright stimuli
flash against a dark background. To measure pupil dilation
parameters, the subjects adapt to a steady light and then it
is extinguished for a brief period. Table 2 lists all stimuli
characteristics used in this study for the constriction and
dilation conditions.

Table 1: Means and standard deviations of the subjects’ demographics

Groups FOG Non-FOG Healthy controls The differences (P)
Sample size (1) (male/female) 22 (14/8) 25 (19/6) 25 (8/17) NA

Age (%) 72.3 (6.9) 67.5(9.4) 70.43 (7.67) 0.059
Cognitive MoCA score (%) 24.95 (4.27) 25.76 (2.18) 26.48 (2.16) 0.221
Severity UPDRS score (%) 22.41 (7.94) 19.96 (9.58) NA 0.349
Duration of the disease 10.52 (6.6) 8.08 (6.35) NA 0.203

FOG=Freezing of gait; MoCA=Montreal cognitive assessment; UPDRS=Unified Parkinson’s Disease Rating Scale; NA=Not applicable
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uW: Microwatts

The measurement began with an explanation and demonstration
of'the procedure. Next, participants adapted to a darkened room
for 5 min. This time allows pupils to expand to the maximum
amount. The illuminance on the participants’ chair during the
dark condition was <0.1 Ix. Pupil constriction was measured
first for the right eye and then the left eye. This measurement
sequence was repeated two more times with 30 s intervals
between measurements.

The procedures for dilation measurements were similar to the
constriction condition measurements.

If a participant blinked during the measurement, then the
data were deleted and another measurement was made. The
pupillometer software calculates the various parameters
automatically. The data for the three trials were downloaded
to a computer for analysis. Table 3 lists PLR parameters that
were calculated by the onboard software for constriction and
dilation conditions.

Statistical analysis

Constriction and dilation PLRs parameters were measured three
times on each eye. The average from the three measurements
was calculated for each eye separately. The right and left eye
parameters were compared by a paired #-test for each group
separately. Results showed that none of the PLRs comparisons
were statistically significant between eyes for any group. For
this reason, the average values of the two eyes were used for
further comparisons.

Table 2: Stimuli characteristics used to measure pupil

light reflexs

Protocol Constriction condition Dilation condition

Definition Stimuli brighter than ~ Stimuli dimmer than
background the background

Stimulus intensity (uW) 50 0

Background intensity (uW) 0 50

Measurement duration (s) 5 5

Stimulus duration (s) 0.07 1.07

Differences between groups were examined using one-way
analysis of variance (ANOVA) with Tukey’s post hoc tests
to examine all pairwise comparisons between groups. The
second analysis examined the associations between different
PLRs and the severity, duration, and MoCA scores in PD
patients by calculating the Pearson correlation coefficients.
IBM Corp. Released 2016. IBM SPSS Statistics for Windows,
Version 24.0. Armonk, NY: IBM Corp. was used for this data
analysis. The criterion of P < 0.05 was used to determine
statistical significance.

ResuLts

Constriction pupil light reflex

Figure 1 shows representative data of the pupil diameter
as a function of time after the eye was stimulated with
the white light pulse. Table 4 shows means and standard
error of the means of different constriction parameters.
Table 5 shows the ANOVA results and the pairwise multiple
comparisons between groups for those parameters that
showed a significant group effect. There was a significant
group effect for all the constriction parameters, except the
minimum diameter (End) (F=2.193, DF =2, 69, P=0.119),
and the re-dilation velocity (re-ADV) (F = 2.112, DF = 2,
69, P = 0.129). Pairwise comparisons showed, however,
that the group effect was primarily due to the differences
between the one, or both, of the PD groups and the HC for
most parameters. The only significant difference between the
FOG and non-FOG PD was the constriction latency (LAT-C),
and T 75%.

Dilation pupil light reflex

Figure 2 shows representative data of the pupil diameter as
a function of time after the light was extinguished for 1.03
s. Table 6 lists the means and standard error of the means of
different pupil dilation parameters for all groups. One-way
ANOVA showed that the differences between groups were
statistically significant for all dilation PLR parameters except
the dilation percentage of change (Dia %) (F=1.757, DF =2,
69, P = 0.180) and the dilation velocity (ADV) (F = 1.82,

Table 3: Pupil light reflex parameters for the constriction and dilation measurements

Function Definition Unit

Init Initial dark-adapted pupil size before constriction mm

End Pupil diameter at maximum of constriction mm
Constriction (%) Init-end/Init Percentage
LAT-C Time to onset of constriction ms

ACV The average speed of the pupil constriction mm/s
MCV The maximum speed of the pupil constriction mm/s
Re-ADV The average speed of the pupillary re-dilation after the pupil has reached the peak of constriction mm/s

75% recovery time (T75%) The time to reach 75% of the original baseline pupil diameter after the peak of the constriction s

Init Initial light adapted pupil size before dilation mm

End Pupil diameter at peak of dilation mm
Dilation (%) (Init-end)/Init Percentage
LAT-D Time to onset of dilation ms

ADV The average speed of the pupil dilation mm/s

LAT-C=Latency of constriction; ACV=Average constriction velocity; MCV=Maximum constriction velocity; LAT-D=Latency of dilation; ADV=Average

dilation velocity; Re-ADV=Re-ADV; Init=Initial diameter; End=End diameter
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FOG PD

Time (Sec)

non-FOG PD

Figure 1: Pupil size response to light stimulus as a function of time in 3 representative participants from each group. The two yellow vertical lines
show where the stimulus started and ended, the black vertical line shows the constriction latency, the blue vertical line shows T75%. (a) Freezing of
gait Parkinson’s disease patient, (b) non-Freezing of gait Parkinson’s disease patient, (c) Healthy control subject

Table 4: Means and standard error of means for different constriction pupil light reflexs for all groups

Group Init (mm)  End (mm) Amount- constriction  Constriction (%) LAT-C ACV MCV Re-ADV  T75% (s)
(mm) (ms) (mm/s) (mm/s) (mm/s)
FOG (n=22)
Mean 5.22 3.80 1.42 27.81 0.26 2.92 4.15 1.05 1.25
SEM 0.15 0.14 0.07 1.18 0.005 0.10 0.12 0.037 0.09
NonFOG (n=25)
Mean 4.64 3.29 1.32 29.15 0.24 2.95 4.06 1.03 1.50
SEM 0.22 0.18 0.072 1.14 0.01 0.13 0.17 0.07 0.08
HC (n=25)
Mean 5.28 3.59 1.69 32.43 0.21 3.41 4.63 0.90 1.76
SE of Mean 0.20 0.17 0.06 0.96 0.01 0.11 0.14 0.04 0.03

SE=Standard error of mean; FOG=Freezing of gait; Init=Initial diameter; End=End diameter; LAT-C=Latency of constriction; ACV=Average constriction
velocity; MCV=Maximum constriction velocity; ADV=Average dilation velocity; Re-ADV=Re-ADV

DF =2, 69, P = 0.169). Table 7 shows the results and the
pairwise multiple comparisons between groups for those
parameters who showed significant differences between
groups.

Relationships between different pupil light reflex
parameters and severity, duration, and cognitive abilities
of Parkinson’s disease patients

Relationships between different PLR parameters with
severity (UPDRS score) of the disease, duration of the disease,
and the cognitive status (MoCA score) were examined by
calculating the Pearson correlation coefficients for FOG and
non-FOG PD patient groups separately. Results showed that
none of the constriction or dilation PLR parameters correlated
significantly with severity, duration, or the cognitive status of the
FOG PD patient group. The results for the non-FOG PD patient
group were similar for most of the PLR parameters; however,
there were two exceptions to this general trend. First, there was
a negative and significant correlation (p = —0.428, P = 0.033)
between UPDRS score and constriction percent change. That

Saudi Journal of Ophthalmology - Volume 35, Issue 4, October-December 2021

is, the more severe the disease, the smaller the relative change
in pupil size for the non-FOG subjects. Second, there was a
negative correlation between MoCA score and T 75% recovery (p
=—0.539, P =0.012). That is, the more cognitive impairment,
the longer it takes to re-dilate after the light was extinguished.

Discussion

Nonmotor symptoms due to ANS dysfunctions have
been reported in PD patients.?”! Both sympathetic and
parasympathetic branches of ANS are known to be affected.?!
Measuring the pupil size under light and dark conditions and
measuring different PLR parameters is a relatively easy and
noninvasive technique to evaluate the integrity of the ANS
sympathetic and parasympathetic pathways.?

The main objectives of this study were to examine both
constriction and dilation parameters of the PLR to determine
whether the cholinergic mediated (parasympathetic) and
adrenergic mediated (sympathetic) ANS were differentially
affected in FOG PD and non-FOG patients. In addition,
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Figure 2: Pupil size response to light stimulus as a function of time in three different participants representing the three subject groups. The two yellow
lines show where the stimulus started and ended, the black vertical line shows the dilation latency. (a) Freezing of gait Parkinson’s disease patient,
(b) non-Freezing of gait Parkinson’s disease patient, (c) Healthy control subjects

Table 5: One-way ANOVA tests of constriction pupil light
reflexs between groups

Test ANOVA DF P Pairwise multiple
comparisons (P)
Groups Non-FOG HC
Initial 3299 2.69 0.034 FOG 0.1 0.974
Non-FOG 0.056
Amount-constriction 7.8 2.69 0.001 FOG 0.63 0.021*
Non-FOG 0.001*
Constriction (%) 468 269 0.012 FOG 0.672  0.012*%
Non-FOG 0.086
LAT-C 27.128 2.69 <0.001 FOG 0.006*  <0.001*
Non-FOG <0.001%*
ACV 545 269 0.006 FOG 0.977  0.014%*
Non-FOG 0.019*
MCV 409 269 0.021 FOG 0.904  0.084
Non-FOG 0.024*
T75% 13.652 2.69 <0.001 FOG 0.041* <0.001*
Non-FOG 0.022%

*Differences between groups is significant at 0.05 significant level.
FOG=Freezing of gait; HC=Healthy controls; LAT-C=Latency of
constriction; ACV=Average constriction velocity; MCV=Maximum
constriction velocity

the previous clinical results might help disentangle the
afferent (sensory) PLR versus efferent (motor) PLR pathways.
This information would help us to determine whether the
problem originates in the retina or in the central nervous system.

Most of constriction parameters and dilation latency among
dilation parameters were significantly different for one or both of
PD patient groups compared with healthy controls. Our results
were in agreement with previous findings for those common
constriction parameters.['!"?! Similar to previous studies, our
results suggest that pupil changes could be independent from
the dopaminergic deficiency because there was no correlation
with any other motor symptoms of the disease except for one
case, which could be a spurious correlation.!'"?) In addition,

336

others have reported that dopaminergic treatment has no effect
on different PLR parameters.**

Multinomial logistic regressions were conducted for all
constriction and dilation PLR parameters separately to
determine the best discriminant parameters between groups. The
results showed that the final logit regression models adequately
fit our data for the constriction parameters (Chi-square
test = 96.961, DF = 18, P < 0.0001), and for the dilation
parameters (Chi-square test = 27.684, DF = 12, P = 0.006).
Table 8 shows the rank order of different PLR parameters
that can best discriminate different subject groups. Except
the constriction percentages, the average constriction
velocity, and MCV, the other constriction parameters were
good discriminators between groups. Dilation latency was
the only parameter that could discriminate between groups
among dilation parameters. These findings suggest that
both parasympathetic and sympathetic ANS pathways were
affected in PD patients compared with healthy controls, and
the parasympathetic ANS pathway is more affected than the
sympathetic ANS pathway in PD patients.

Previous studies showed that MCV and maximum constriction
acceleration were the best discriminants among PLR
constriction parameters between PD patients and healthy
controls.l'1314241 Several reasons could explain different
findings of our study compared with the previous studies.
First, the temporal resolution of the pupillometric systems was
different. The pupillometer in this study had a frame rate of 32
frames per second, whereas the other pupillometric systems
were much faster with a frame rate of 263 frames per second.

Second, different studies used different experimental conditions
and different stimulus light intensities. We used 50 mW as the
stimulus intensity in this study. It could be that this light level
was not sufficient to show PLR dysfunctions among some PD
patients. Different stimulus intensities can change different

Saudi Journal of Ophthalmology - Volume 35, Issue 4, October-December 2021
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Table 6: Means, standard deviations, and standard error means for different dilation pupil light reflexs for all groups

Group Initial (mm) End (mm) Amount-dilation (mm) Dilation (%) LAT-D (ms) ADV (mm/s)
FOG (n=22)
Mean 2.90 3.43 0.53 19.25 0.40 0.87
SEM 0.09 0.11 0.028 0.92 0.016 0.036
Non-FOG (n=25)
Mean 2.54 2.96 0.41 16.81 0.39 0.74
SEM 0.093 0.10 0.03 1.15 0.010 0.054
HC (n=25)
Mean 2.53 3.02 0.48 19.43 0.34 0.80
SEM 0.06 0.09 0.03 1.20 0.013 0.05

Init=Initial diameter; End=End diameter; LAT-D=Latency of dilation; ADV=Average dilation velocity; FOG=Freezing of gait; HC=Healthy controls;

SEM=Standard error of mean

Table 7: One way ANOVA tests of dilation pupil light
reflexs between groups

Test ANOVA DF P Pairwise multiple
comparisons (P)
Groups Non-FOG HC
Init 5517  2.69 0.006 FOG 0.014*  0.013*
Non-FOG 0.99
End 6.049 269 0.004 FOG 0.05%  0.018*
Non-FOG 0.89
Amount-dilation ~ 3.83  2.69 0.027 FOG 0.021%* 0.56
Non-FOG 0.233
LAT-D 524  2.69 0.008 FOG 0.75 0.009%*
Non-FOG 0.048*

*Differences between groups is significant at 0.05 significant level.
HC=Healthy controls; FOG=Freezing of gait; Init=Initial diameter;
End=End diameter; LAT-D=Latency of dilation

PLR responses.?7 In addition, the previous studies included
PD patients with more severe cases, which could contribute
to the difference in results. Another factor is that the previous
studies based their conclusions on comparing the ROC curves
of the individual parameters. This approach may produce
different results from the multinomial logistic regression.

PLR parameters are not solely controlled by the motor
responses of ANS. Deficits in the retina or optic nerve could
affect PLR as well. Reduction in retinal illuminance levels can
reduce light-adapted baseline pupil sizes and produce similar
decrements in PLR parameters as found in our study.!*>** This
means that some of the pupil deficits seen in our results could
be a result of retinal dysfunction, given the visual acuity and
contrast sensitivity losses found in PD subjects.*”!

One PRL parameter deficit that could be either a sensory deficit
or parasympathetic motor deficit is the minimum pupil size
after constriction (i.e., End).F” A deficit in either branch of the
pathway could produce a larger minimum pupil diameter. Our
minimum pupil diameter results do not allow for any further
analysis on this parameter because there was no significant
difference between groups. This result suggests that the
minimum pupil diameter is not a very sensitive parameter for
measuring pupil deficits in PD patients.

Another difference that could be due to sensory deficit is a larger
initial pupil size under light adaptation (Initial). The larger mean

FOG PD initial pupil size under light conditions suggests that FOG
PD group had a larger sensory deficit due to lower retinal inputs.
Although a larger pupil size under light suggests sensory deficits,
ithas been suggested that larger pupil size under light conditions
reflects dysfunctions in the parasympathetic (cholinergic) nervous
system due to an acetylcholine (ACh) reduction.*!*? However,
this parameter is not considered as a strong indicator of the
cholinergic system dysfunction.¥

A third parameter that is known to reflect the retinal
contribution to PLR is the amount of constriction.!!*2832]
Both PD patient groups had a lower amount of constriction
compared with healthy controls, which suggests that either
their retinal function or optic nerve function was impaired.
Constriction latency (LAT-C) is the fourth indicator of the
sensory inputs to the pupil responses.?*33! This parameter
was shown to be one of the strongest discriminators between
groups among the constriction parameters.

The longer constriction latency (LAT-C) that was found in FOG
subjects could be due to deficits in sensory retinal functions.
Supporting this evidence is the results from a study by Salter
et al ’* They measured constriction PLR parameters using the
same device in multiple sclerosis (MS) patients with optical
neuritis. Their MS patients had reduced high contrast visual
acuity, low contrast visual acuity and contrast sensitivity.
In addition, all constriction parameters were found to be
significantly affected in MS patients compared with the healthy
controls. Moreover, the reduction in constriction percentage,
average constriction velocity, and MCV along with the increase
in constriction latency found in the MS group was comparable
to the changes found in our PD patients results. They also
reported that thinning in different retinal layers including total
macular volume due to optic neuritis could predict the deficits
in different constriction PLR parameters. Lagreze and Kardon
also found a correlation between the estimated ganglion cell
loss and the relative afferent pupillary defect in optic neuritis.?”
In his review, Simao summarized a number of studies reporting
a thinning of the retinal nerve fiber in similar regions of the eye
in PD patients.*¥ It is possible that this retinal deficit underlies
the deficits in pupil function. Nevertheless, he pointed out that
the amount of thinning was not correlated with visual function
or duration of the disease and so more study about the proposed
linkage is required.
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Retinal inputs to PLR response are a combination of the signals
originating at the rods and cones and the intrinsic response of
the intrinsically photosensitive retinal ganglion cells (ipRGCs),
which project to the pretectum. Although the role of the ipRGCs
in the PLR response is still being studied, it appears that these
cells play a major role in maintaining the steady-state size of
the pupil.?”! There is evidence that ipRGCs may be damaged in
open-angle glaucoma (ONG). The differences between red and
blue postillumination pupil responses were reduced in patients
with ONG relative to controls. A smaller difference between the
postillumination responses is believed to indicate damage to
ipRGCs.") The input into the ipRGCs includes dopaminergic
amacrine cells and so it is possible that the larger mean pupil
size under light adaptation found in the FOG-PD arises from
reduced dopaminergic inputs into these cells in addition to
reduced input from the photoreceptor pathways.

Nevertheless, we cannot completely rule out a motor pathway
dysfunction. A lack of correlation between the PRL and VEP
latencies was also reported in MS patients when the disease was
inactive.*'*? A study was done on rats found that the number
of retinal photoreceptors does not predict the PLRs, which
suggests the PLR is not a good indicator of the integrity of
retinal photoreceptor cells.** Although none of these findings
exclude the possibility that the ganglion cells to the pretectum
are affected differentially relative to the cells projecting to the
LGN, it does raise the question as to whether there is also a
motor dysfunction.

The result that the initial pupil size under dark adaptation was
smaller in the non-FOG PD group suggests a motor deficit in
this group of PD patients. A smaller pupil size in darkness
is a sign of either increase in parasympathetic influence or
reduction in sympathetic input.[3!-3244]

Nevertheless, this imbalance was not evident in the minimum
pupil size during constriction or the during the light-adapted
state before the dilation was measured, which suggests that the
result could be due to other factors such as attention or general
arousal level.#] As to why these levels would be different in
the non-FOG subjects is uncertain.

The MCV was slower in the two PD groups, which suggests a
parasympathetic deficit.33%1 However, previous studies have
shown that there is a positive and significant relationship
between pupil response velocities with the amplitude size
change. This means that if constriction amplitude is lower
for a certain disease patient, then it is expected that their
constriction velocity is slower and there is no new information
gained by looking at each parameter.?>**448] There was a
positive and significant relationship between pupil constriction
velocities and the amplitude size change and both PD groups
also had significantly smaller constriction amplitudes. Linear
regression results of MCV versus amplitude of constriction
were significant (r > 0.818, P> 0.001) for all subject groups.

Scatterplots of these relationships are shown in Figure 3 for
all subject groups. All groups showed the expected strong
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Figure 3: Scatter plots of pupil maximum constriction velocity as a
function amplitude of pupil constriction for the subject groups

Table 8: The rank order of different pupil light reflex
parameters that can discriminate groups
Test 7 DF P

Constriction parameters

Intercept 0.276 2 0.871

Re-ADV 20.332 2 0.000*
LAT-C 15.413 2 0.000*
Amount of 13.754 2 0.001*
Constriction

End 12.088 2 0.002*
Init 11.732 2 0.003*
T 75% recovery 10.349 2 0.006*
Constriction (%) 3912 2 0.141

MCV 3.658 2 0.161

ACV 2.182 2 0.336

Dilation parameters

Intercept 5.289 2 0.071

LAT-D 7.648 2 0.022*
Amount of dilation 3.803 2 0.149

Init 3.225 2 0.199

End 3.181 2 0.204

ADV 0.904 2 0.636

Dilation (%) 0.040 2 0.980

*The parameter shows a significant effect between groups. ADV=Average
dilation velocity; Re-ADV=Re-ADV; LAT-D=Latency of dilation;
Init=Initial diameter; End=End diameter; ACV=Average constriction
velocity; MCV=Maximum constriction velocity; ADV=Average dilation
velocity; Init=Initial diameter; End=End diameter

and significant relationships between MCV and constriction
amplitude. The FOG PD group has a flatter slope for pupil
constriction than the other two groups. The results should be
interpreted cautiously because these data are across subjects
and not within, but it suggests that the subjects in the FOG
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PD group who had a relatively large amplitude of constriction
had the slower pupil velocity response. This could indicate a
deficit in the parasympathetic motor pathway. The difference
in slopes between the groups suggests that measuring the PRL
reflexes as a function of light level may help to determine to
separate the sensory deficit from any motor deficit.

It may not possible to exclude the motor contribution to the
results of constriction latency (LAT-C). Comparisons between
FOG and non-FOG PD patient groups regarding this parameter
showed FOG PD group had significant LAT compared to
non-FOG PD group. The LAT could suggest deficits in either
afferent (sensory) or efferent (motor) parasympathetic pathway
of ANS. However, constriction latency is not considered as
good as MCYV to represent the cholinergic (motor) mediated
pathway of ANS. 2434

Delay in T75% recovery time and slower re-dilation velocity
were considered to be strong indicators of motor impairment
in the sympathetic pathway of ANS due to adrenergic
reduction.?'34 Unexpectedly, both PD patient groups showed
faster recovery time (T75%) and faster re-dilation velocity
after pupil constriction (re-ADV) compared to healthy
controls, with FOG PD group being faster than non-FOG PD
group on these two parameters. Faster T75% and re-ADV
that were shown in PD patients could be secondary to less
constriction percentages (Con %) that were shown among
PD patients compared to healthy controls. That means
because both PD patient groups constricted less than healthy
controls, then it was expected that their re-dilation recovery
time and velocity would be faster. This finding suggests two
things. First, both PD patient groups have no obvious motor
impairment in the sympathetic pathway of ANS compared
to healthy controls. Second, faster T75% and re-ADV in PD
patient groups are secondary effects to motor impairment in
the parasympathetic pathway of ANS. However, the results
of dilation latency (LAT-D) showed that both PD patient
groups had significant delay compared to healthy controls.
Furthermore, the amount of dilation of non-FOG PD patients
was less than the other two groups which still it may not
possible to exclude the potential impairment of sympathetic
pathway of ANS among PD patients. Similar to our results, it
has been found that PD patients had faster but not significant
50% re-dilation recovery time than healthy controls.™”’

Cognitively impaired PD patients have been shown to have
more constriction PLR deficits than those patients who have
normal cognitive functions (Stergiou et al.). The deficits in
the cognitive impaired PD patients were similar to the pupil
dysfunction reported in Alzheimer’s disease patients. This
suggests that both groups of patients have the same central
cholinergic deficit.l'¥ It has been shown that FOG and FOG
severity are associated with frontal cognitive dysfunction and
frontal cognitive dysfunction severity, respectively.' Cognitive
impairment could be due to degeneration of subcortical regions
such as locus coeruleus (LC) in the brain stem. This area is
known to be affected in PD and Alzheimer’s disease patients.>

It is possible that the PLR deficits are due to alterations in
the brain stem rather than more centrally or in the peripheral
pathways. The LC in the brain stem is one possible site. Pupil
size is a good indicator of activity in the LC.F"% Rapid changes
in the release of acetylcholine (ACh) and adrenaline (NE)
occur due to variation activity in LC. The LC activity changes
the pupil responses.¥ Since FOG PD patients showed larger
impairments on some of sympathetic and parasympathetic
PLR parameters, it is possible that adrenergic and cholinergic
systems are impaired in FOG PD patients to a greater extent
than non-FOG PD patients due to abnormal activities in LC
or other autonomic cortical centers.

Although the results confirmed that the PLR was affected in
PD, we could not rule out that many of these deficits were
due to degraded sensory input from the retina. The general
trend in the results was that the deficits reflect a deficit in the
parasympathetic pathway, but there are also data suggesting a
sympathetic deficit. It is possible that measuring the PRL for
different light levels may provide a better understanding of
the pupil deficits in PD.

CoNncLusIioN

Both PD patient groups had pupillary light reflex parameter
abnormalities. It was difficult to determine whether the
abnormalities were due to impaired sensory input or deficits in
the parasympathetic motor input. Nevertheless, the FOG-PD
group had larger differences for the parameters that were likely
due to sensory impairment, whereas parameters that were
likely due to motor deficits were equally affected in both PD
groups. There was also evidence that the pupillary sympathetic
pathway was affected in PD.

Acknowledgments

We would like to thank the Movement Disorder Research
Center, Wilfrid Laurier University, Waterloo, ON, Canada,
for allowing us to use the facility and to conduct the research
and provide any assistance requested by us.

Financial support and sponsorship

1. Saudi Arabian Cultural Bureau in Canada (SACB) Bench
Fees

2. College of Optometrists in Vision Development (COVD)

3. The Canadian Optometric Educational Trust Fund
(COEFT).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Davie CA.Areview of Parkinson’s disease. Br Med Bull 2008;86:109-27.

2. Rabey JM, Hefti F. Neuromelanin synthesis in rat and human substantia
nigra. J Neural Transm Park Dis Dement Sect 1990;2:1-14.

3. Bernheimer H, Birkmayer W, Hornykiewicz O, Jellinger K,
Seitelberger F. Brain dopamine and the syndromes of Parkinson and
Huntington. Clinical, morphological and neurochemical correlations.
J Neurol Sci 1973;20:415-55.

4. Scatton B, Javoy-Agid F, Rouquier L, Dubois B, Agid Y. Reduction of

Saudi Journal of Ophthalmology - Volume 35, Issue 4, October-December 2021 339



20.

21.

22.

23.

24.

25.

26.

27.

28.

340

Alhassan, ef al.: Pupil Light Reflex in Parkinson’s disease

cortical dopamine, noradrenaline, serotonin and their metabolites in
Parkinson’s disease. Brain Res 1983;275:321-8.

Calabresi P, Picconi B, Pametti L, Di Filippo M. A convergent
model for cognitive dysfunctions in Parkinson’s disease: The critical
dopamine-acetylcholine synaptic balance. Lancet Neurol 2006;5:974-83.
Obeso JA, Rodriguez-Oroz MC, Benitez-Temino B, Blesa FJ,
Guridi J, Marin C, et al. Functional organization of the basal ganglia:
Therapeutic implications for Parkinson’s disease. Mov Disord
2008;23 Suppl 3:5548-59.

Parkinson J. An essay on the shaking palsy. 1817. J Neuropsychiatry
Clin Neurosci 2002;14:223-36.

Chaudhuri KR, Healy DG, Schapira AH. Non-motor symptoms of
Parkinson’s disease: Diagnosis and management. Lancet Neurol
2006;5:235-45.

Chaudhuri KR, Schapira AH. Non-motor symptoms of Parkinson’s
disease: Dopaminergic pathophysiology and treatment. Lancet Neurol
2009;8:464-74.

. Micieli G, Tosi P, Marcheselli S, Cavallini A. Autonomic dysfunction in

Parkinson’s disease. Neurol Sci 2003;24 Suppl 1:S32-4.

. Giza E, Fotiou D, Bostantjopoulou S, Katsarou Z, Karlovasitou A. Pupil

light reflex in Parkinson’s disease: Evaluation with pupillometry. Int J
Neurosci 2011;121:37-43.

. Goetz CG, Lutge W, Tanner CM. Autonomic dysfunction in Parkinson’s

disease. Neurology 1986;36:73-5.

. Stergiou V, Fotiou D, Tsiptsios D, Haidich B, Nakou M, Giantselidis C,

et al. Pupillometric findings in patients with Parkinson’s disease and
cognitive disorder. Int J Psychophysiol 2009;72:97-101.

. Fotiou DF, Stergiou V, Tsiptsios D, Lithari C, Nakou M, Karlovasitou A.

Cholinergic deficiency in Alzheimer’s and Parkinson’s disease:
Evaluation with pupillometry. Int J Psychophysiol 2009;73:143-9.

. Giladi N, Huber-Mahlin V, Herman T, Hausdorff JM. Freezing of gait

in older adults with high level gait disorders: Association with impaired
executive function. J Neural Transm (Vienna) 2007;114:1349-53.

. Amboni M, Cozzolino A, Longo K, Picillo M, Barone P. Freezing of

gait and executive functions in patients with Parkinson’s disease. Mov
Disord 2008;23:395-400.

. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S,

Martinez-Martin P, et al. Movement Disorder Society-sponsored revision
of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS): Scale
presentation and clinimetric testing results. Mov Disord 2008;23:2129-70.

. GiladiN, Shabtai H, Simon ES, Biran S, Tal J, Korczyn AD. Construction

of freezing of gait questionnaire for patients with Parkinsonism.
Parkinsonism Relat Disord 2000;6:165-70.

. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V,

Collin I, et al. The Montreal Cognitive Assessment, MoCA: A brief
screening tool for mild cognitive impairment. J Am Geriatr Soc
2005;53:695-9.

Stern MB, Lang A, Poewe W. Toward a redefinition of Parkinson’s
disease. Mov Disord 2012;27:54-60.

Ziemssen T, Reichmann H. Cardiovascular autonomic dysfunction in
Parkinson’s disease. J Neurol Sci 2010;289:74-80.

Wilhelm H, Wilhelm B. Clinical applications of pupillography.
J Neuroophthalmol 2003;23:42-9.

Hori N, Takamori M, Hirayama M, Watanabe H, Nakamura T,
Yamashita F, et al. Pupillary supersensitivity and visual disturbance in
Parkinson’s disease. Clin Auton Res 2008;18:20-7.

Yamaji K, Hirata Y, Usui S. A method for monitoring autonomic nervous
activity by pupillary flash response. Syst Comput Japan 2000;31:22-31.
Bremner FD. Pupillometric evaluation of the dynamics of the pupillary
response to a brief light stimulus in healthy subjects. Invest Ophthalmol
Vis Sci 2012;53:7343-7.

Ellis, C. J. The pupillary light reflex in normal subjects. Br J Ophthalmol
1981;65.11:754-9.

Sharma, Sourabh, et al. Factors influencing the pupillary light
reflex in healthy individuals. Graefes Arch Clin Exp Ophthalmol
2016;254.7:1353-9.

Bergamin O, Kardon RH. Latency of the pupil light reflex: Sample rate,

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

stimulus intensity, and variation in normal subjects. Invest Ophthalmol
Vis Sci 2003;44:1546-54.

Armstrong RA. Visual symptoms in Parkinson’s disease. Parkinsons Dis
2011;2011:908306.

Thiagarajan P, Ciuffreda KJ. Pupillary responses to light in chronic
non-blast-induced mTBI. Brain Inj 2015;29:1420-5.

Bremner F. Pupil evaluation as a test for autonomic disorders. Clin
Auton Res 2009;19:88-101.

Lowenstein O, Kawabata H, Loewenfeld IE. The pupil as indicator of
retinal activity. Am J Ophthalmol 1964;57:569-96.

Bitsios P, Prettyman R, Szabadi E. Changes in autonomic function with
age: A study of pupillary kinetics in healthy young and old people. Age
Ageing 1996;25:432-8.

Thomas G, Urosevich JE. Pupillary light reflex as an objective biomarker
for early identification of blast-induced mTBI. J Spine 2013;4:1-4.

Bos JE, Fock JM, Reulen JP, Van Lith GH. Pupil constriction and
visual evoked potential latency in optic neuritis. Neuro Ophthalmol
1990;10:187-96.

Salter AR, Conger A, Frohman TC, Zivadinov R, Eggenberger E,
Calabresi P, et al. Retinal architecture predicts pupillary reflex metrics
in MS. Mult Scler 2009;15:479-86.

Lagreze WD, Kardon RH. Correlation of relative afferent pupillary
defect and estimated retinal ganglion cell loss. Graefes Arch Clin Exp
Ophthalmol 1998;236:401-4.

Simao LM. The contribution of optical coherence tomography in
neurodegenerative diseases. Curr Opin Ophthalmol 2013;24:521-7.
McDougal DH, Gamlin PD. The influence of intrinsically-photosensitive
retinal ganglion cells on the spectral sensitivity and response dynamics
of the human pupillary light reflex. Vision Res 2010;50:72-87.
Kankipati L, Girkin CA, Gamlin PD. The post-illumination pupil
response is reduced in glaucoma patients. Invest Ophthalmol Vis Sci
2011;52:2287-92.

Surakka J, Ruutiainen J, Romberg A, Puukka P, Kronholm E,
Karanko H. Pupillary function in early multiple sclerosis. Clin Auton
Res 2008;18:150-4.

Pozzessere G, Rossi P, Valle E, Froio CP, Petrucci AF, Morocutti C.
Autonomic involvement in multiple sclerosis: A pupillometric study.
Clin Auton Res 1997;7:315-9.

Kovalevsky G, DiLoreto D Jr, Wyatt J, del Cerro C, Cox C, del Cerro M.
The intensity of the pupillary light reflex does not correlate with the
number of retinal photoreceptor cells. Exp Neurol 1995;133:43-9.
Pettigrew J, Sanderson K, Levick W. Visual neuroscience. CUP Archive,
1986.

Bradley MM, Miccoli L, Escrig MA, Lang PJ. The pupil as a measure
of emotional arousal and autonomic activation. Psychophysiology
2008;45:602-7.

Stanners RF, Coulter M, Sweet AW, Murphy P. The pupillary response
as an indicator of arousal and cognition. Motiv Emot 1979;3:319-40.
Adler FH. Adler’s Physiology of the Eye. St Louis: Mosby Co, 2003.
Ciuffreda KJ, Joshi NR, Truong JQ. Understanding the effects of
mild traumatic brain injury on the pupillary light reflex. Concussion
2017;2:CNC36.

Micieli G, Tassorelli C, Martignoni E, Pacchetti C, Bruggi P, Magri M,
et al. Disordered pupil reactivity in Parkinson’s disease. Clin Auton Res
1991;1:55-8.

Zarow C, Lyness SA, Mortimer JA, Chui HC. Neuronal loss is greater
in the locus coeruleus than nucleus basalis and substantia nigra in
Alzheimer and Parkinson diseases. Arch Neurol 2003;60:337-41.

Joshi S, Li Y, Kalwani RM, Gold JI. Relationships between pupil
diameter and neuronal activity in the locus coeruleus, colliculi, and
cingulate cortex. Neuron 2016;89:221-34.

McDougal DH, Gamlin PD. Autonomic control of the eye. Compr
Physiol 2015;5:439-73.

Reimer J, McGinley MJ, Liu Y, Rodenkirch C, Wang Q, McCormick DA,
et al. Pupil fluctuations track rapid changes in adrenergic and cholinergic
activity in cortex. Nat Commun 2016;7:13289.

Saudi Journal of Ophthalmology - Volume 35, Issue 4, October-December 2021



