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Abstract

Purpose Our purpose was to explore pupil light response
(PLR) with respect to the change in sensitivity of photorecep-
tors during various dark adaptation phases and to determine
the optimal duration of dark adaptation time before the PLR.
Methods The PLR was recorded in 15 healthy subjects and
three patients with neural or retinal vision loss after 1-sec blue
and red light stimuli of 1, 10, and 100 cd/m>. The PLR was
repeated nine times at different checkpoints during the 40-
minute dark adaptation. The transient contraction amplitude,
sustained contraction amplitude, and relative sustained con-
traction ratio of the PLR were analyzed.

Results The increase in the transient contraction amplitude
during the entire dark adaptation process was significant
(changing up to 45.1 %) in the initial phase of dark adaptation
under different stimulus conditions. The changes in the
sustained contraction amplitude and the relative sustained
contraction ratio were substantial (changing up to 71.0 %
and 37.2 % from 1 to 20 minutes of dark adaptation, respec-
tively) under high-intensity blue illumination. The inflection
point of the contraction curves in the dark adaptation was 15
or 20 minutes. The patients’ PLR results changed in a similar
manner.
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Conclusions The changes in the sensitivity of different pho-
toreceptors occurred at different rates, and the contraction am-
plitude of the PLR was significantly affected by the dark ad-
aptation duration. So 20 minutes of dark adaptation before
PLR testing was suggested to achieve a consistent and stable
pupil response. The dark adaptation effect should be put into
consideration when comparing the results from different
phases of the PLR test.
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Introduction

The pupil movement in the pupil light reflex is affected by the
intensity, wavelength, and duration of the illumination [1].
The rod, cone, and intrinsically photosensitive retinal gangli-
on cell (ipRGC) photoreceptors and their reflex pathways,
known as non-image functions, are involved in this process
[2—4]. Many stimulus protocols have been established and
demonstrated to be effective for inducing separate PLR and
detecting various retinal diseases [5—7]. Because of the advan-
tages of noninvasion, objectivity, and quantitation of the PLR
test, it can give clinicians much information about the visual
function, nerve system, and psychological states in a conve-
nient and efficient way [8, 9]. So it has been used in the fields
of ophthalmology, neurology, pharmacology, and psychology,
etc. [10, 11]. Kardon established a stimulus protocol of PLR
and detected the obvious change and evaluated the visual
function in RP patients [12]. Lorenz used another stimulus
protocol of PLR by dissecting three different light-sensitive
retinal cell populations with RPE65 deficiency [5]. Even the
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subclinical autonomic neuropathy of diabetes could be detect-
ed using PLR in the early stage [13]. Besides, the autonomic
nerve system function was correlated with pupillary move-
ment, and the complication could be predicted by the PLR
in the long run studies [14, 15]. The PLR is a promising
technique in clinical use because of its advantages of
noninvasion, objectivity, and informativity.

Due to the physiological characteristics of the PLR, the test
is usually performed in the dark [16]. A period of dark-
adaptation is required before the test [17]. However, little atten-
tion has been paid to the changes in the photoreceptor sensitiv-
ity of the dark adaptation and the effect of dark adaptation
duration on the PLR. Previous studies that used PLR as a tool
did not include a universal standard for the dark adaptation
duration, which has a large range from 10 seconds to 30 minutes
[5, 8, 16, 18-21]. It has been proven that the sensitivities of the
rods and cones vary widely when exposed to darkness or illu-
mination [22-24]. It has also been demonstrated that the sensi-
tivity of ipRGCs changes under different light adaptation or
dark adaptation conditions [25]. However, there has been little
study of the effect of photoreceptor sensitivity on the PLR
during the dark adaptation process. In practical use, the PLR
usually includes a series of stimuli. Without enough dark adap-
tation time, before the sensitivity of the photoreceptor reaches a
stable status, the results in different courses of the test would
mingle some to confusing effect. So the effect of dark adaption
time on the PLR needs to be studied.

In this study, we used specific stimuli to activate different
photosensitive cells and investigated the PLR dominated by
one of these stimuli during the dark adaptation process. The
PLR was repeatedly recorded in different phases. We found
that the photoreceptor sensitivity changed and affected the
PLR based on different dark adaptation duration. The changes
in the PLR dominated by rods, cones, or ipRGCs reflected
their unique characteristics during the adaptation. Eventually,
an optimal dark adaptation duration point was selected for the
PLR test based on the results.

Methods
Subjects

A total of 15 healthy subjects without histories of ocular dis-
ease that affected pupillary movement were tested. All of the
subjects exhibited normal ophthalmologic examinations. The
exclusion criterion was a lack of ability to control blinking
during light flashes. Informed consent was obtained from all
the subjects after a sufficient explanation of the test procedure
and the possible consequences of the study. The experimental
protocols complied with the tenets of the Declaration of Hel-
sinki and were approved by the institutional human experi-
mentation committee.
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Light stimulus

A full-field color Ganzfeld (Gotec, Gotec LLC, Chonggqing,
China) was chosen because the wide distribution of ipRGCs
and rods throughout the retina produces spatial summation
over the entire retina [6, 26]. The wavelengths of the illumi-
nation were 620£10 nm (red) and 465+10 nm (blue). The
illumination intensity was calibrated before the test.

Stimulus protocol

As previously reported, stimuli with different wavelengths
and intensities can activate transient or sustained contraction
mediated by rods, cones, and ipRGCs [6]. In our protocol, we
modified a previously published protocol [6]. The duration of
13 seconds was reduced to 1 second to minimize the discom-
fort experienced by our participant, and to decrease the diffi-
culties in measurement because of excessive blinking [5].
Three intensities of blue or red stimuli of 1 second, low, me-
dium, and high (1, 10, and 100 cd/m?, respectively), as one
circle, were applied to the tested eye from low to high intensity
to relieve the subject’s discomfort. An approximately 20-
second interval between two stimuli was established to allow
the pupil to return to baseline size. The total testing time for
one circle (including the 1, 10, and 100 cd/m? stimuli) lasted
approximately 1 minute. To minimize the discomfort induced
by the light stimulus and the disturbance on the dark adapta-
tion, the test was arranged on two separate days for the red and
blue stimuli, respectively. All of the experiments were com-
pleted in the dark at a similar time of the day.

The stimulus protocol was as follows. Each test began with
a 10-minute 30 cd/m? white illumination as referred to by the
international society for clinical electrophysiology of vision
(ISCEV) standard for bright adaptation [27], which was main-
ly used to standardize the environmental illumination before
the dark adaptation. We did not use total bleaching because
none of the patients would be totally bleached before the PLR
test. This was closer to practical use. In the following 40-
minute dark adaptation, nine stimulus circles in total were
presented at the checkpoints (1, 5, 10, 15, 20, 25, 30, 35,
and 40 min of the dark adaptation).

Recording and analysis

The untested eye was occluded with an opaque eye patch,
whereas the tested eye was simultaneously stimulated and
monitored. The camera (850 nm, 470 lines, Sony, Japan)
was installed in the Ganzfeld and recorded the movement of
the pupil. The recording lasted from 3 seconds before the
stimulus to 15 seconds after the stimulus. In the first 3 seconds,
the baseline pupil size was acquired and marked as 100 %. All
of the resultant pupil sizes were divided by the baseline pupil
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size, and the values are expressed as percentages, which could
eliminate individual variations of initial pupil size [6].

The following three parameters were calculated: (1) the
transient contraction was defined as the maximal contraction
amplitude (the proportion of the baseline pupil size) that oc-
curred within 300-600 ms after the onset of stimulus; and (2)
the sustained contraction amplitude was defined as the con-
traction amplitude (proportion of the baseline pupil size) in the
6" second after the offset of the stimulus, when the post illu-
mination pupil response (PIPR) mediated by the ipRGCs was
most clearly observed [7, 21, 22], and (3) relative sustained
contraction was defined as the “(transient contraction —
sustained contraction)/ transient contraction.” This calculation
eliminates the effect of different transient contraction ampli-
tudes, which affect the dilation or sustained contraction.

SPSS 16.0 (SPSS Inc., Chicago, IL) was used for the sta-
tistical analysis.

Results

The transient contraction amplitude increased with the
intensity scale as expected. The amplitudes in response
to the blue stimulus were always larger than those to
the red stimulus of matched intensity (Fig. 1). As the
duration of dark adaptation increased, the contraction
amplitude increased significantly, exhibiting a rapid in-
crease that gradually slowed with increasing dark adap-
tation duration. However, the change in the rate of in-
crease varied under different stimulus conditions
(Fig. 1). We analyzed the transient contraction ampli-
tude of the different checkpoints to determine the inflec-
tion point. The 15-minute timepoint of dark adaptation
was selected as the inflection point at which the tran-
sient contraction amplitude significantly differed from
the previous one but did not significantly differ from
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the subsequent one. The results of different checkpoints
were analyzed with repeated measure MANOVA, and
the LSD-t test was employed to analyze the checkpoint
results to estimate the turning points of the contraction
curve during dark adaptation. The data below was ana-
lyzed with the same method to estimate the inflection
point.

A sustained contraction amplitude was clearly observed
only in response to high-intensity blue stimulus (Figs. 2c
and 3). In the medium-intensity blue condition, the sustained
contraction amplitude was not as obvious as that of the high-
intensity blue condition but was more obvious than that of the
low-intensity condition (Figs. 2 and 3). No obvious sustained
contraction was observed in response to any intensities of the
red stimulus. The changes in the amplitude in response to all
the red stimului were small, and the curves were flat (Fig. 2).
The relative sustained contraction ratio was high and did not
change much, either (Fig. 3). Pupil escape of different extents
was observed in all conditions except for the high blue condi-
tion. The sustained contraction amplitude increased signifi-
cantly with increasing duration of dark adaptation, especially
in the initial phase of dark adaptation.

Different transient amplitudes affected sequential dilation
or sustained contraction. The transient and sustained contrac-
tion amplitude were both higher and higher as the illumination
intensity increased (Fig. 2). The correlation between the tran-
sient and sustained contraction amplitude was significant both
in the red and blue stimulus conditions (r=0.662, P<0.0001;
r=0.599, P<0.0001, respectively). Therefore, we measured
PIPR by the following ratio except for the sustained contrac-
tion amplitude: (transient contraction amplitude — sustained
contraction amplitude)/transient contraction amplitude.
Higher ratios reflected increased pupil escape. This ratio, the
relative sustained contraction ratio, may reflect the PIPR with-
out the consideration of transient contraction and indicates the
participation of the ipRGCs.
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Fig. 1 Transient contraction amplitude change during the dark
adaptation process. The increasing trend was most obvious under low-
intensity stimuli, especially under low-blue intensity. The higher the
intensity was, the smaller was the difference value of transient
contraction amplitude between matched blue and red illumination . As
the intensity increased, the rate of increase slowed and the curve flattened,
converging to a steady state in the late stage under all the stimulus
conditions (P<0.0001, <0.001, = 0.049 under low-, medium- and high-
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intensity red stimuli, respectively; P<0.0001, <0.0001, = 0.003 under
low-, medium- and high-intensity blue stimuli, respectively). The
timepoint of 15 minutes was selected as the inflection point. The
increment from 1 min to 15 min was 45.1 %, 16.6 %, 5.6 % in blue
and 36.7 %, 9.7 %, 3.1 % in red under low-, median-, and high-
intensity illumination, respectively. Standard deviation were shown with
error bars
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Fig. 2 Sustained contraction amplitude change during the dark
adaptation process. The contraction amplitude at the 6 seconds after the
offset of stimulus (sustained contraction) was used as the marker of PIPR.
As the intensity increased, the difference value of sustained contraction
amplitude between matched red and blue illumination became larger and
larger. Obvious PIRP was observed as the intensity of blue illumination
increased. The incremental trend was most obvious under the high-
intensity blue stimulus (C), whereas no change was observed under red

To confirm and better understand the changing tendency of
different photoreceptors under pathological conditions, we
tested the PLR in patients with photoreceptor dysfunction
using the same protocol.

Patient 1 A 59-year-old woman was diagnosed with a mac-
ular hole of the left eye and presented with a one-
month history of blurred vision. Examination re-
vealed acuity of 3/20 and an eye pressure of
13 mmHg. An obvious macular hole was observed
in the left eye on optical coherence tomography
(OCT), and the electrophysiological examination
revealed macular dysfunction. The patient’s PLR
result also revealed an increasing trend according
to the transient contraction amplitude in response
to all of the stimuli (Fig. 4). However, unlike the
normal response, the changing range of the
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Fig. 3 The change in the relative sustained contraction ratio under
various stimuli. An obvious trend was observed in response to the high-
intensity blue stimulus only, and a small one to the medium-intensity blue
stimuli, but not so robust under the low-intensity blue stimuli (P=0.014,
<0.001, and <0.0001 under low-, medium- and high-intensity blue
stimuli, respectively). No change was observed in response to any of
the red stimuli (P=0.667, 0.810, and 0.473 under low-, medium- and
high-intensity red stimuli, respectively). Standard deviations are shown
with error bars
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illumination (P=0.510, 0.576, and 0.503 under low-, medium- and high-
intensity red stimuli, respectively; P<0.0001 under all three blue stimulus
intensities). The 20-minute timepoint for dark adaptation was selected as
the inflection point with the same method described above. The increment
from 1 min to 20 min was 121.3 %, 61.9 %, and 71.0 % in blue and
40.0 %, 12.3 %, and 9.0 % in red under low-, median-, and high-intensity
illumination, respectively. Standard deviations are shown with error bars

transient amplitude curve was small, especially in
response to the high red stimuli (Fig. 4c). The
change curve of transient and sustained contraction
attained a steady status after about 20-minute dark
adaptation. The transient contraction deviated from
the normal further and further as the intensities of
illumination increased both in red and blue illumi-
nation (Fig. 4). This is probably because the cone
dysfunction affected the transient contraction more
obviously under brighter illumination, which was
mainly dominated by cones . The sustained con-
traction was also reduced probably due to less in-
put from the dysfunctional cone.

A 45-year-old female was diagnosed with retinal
pigmentosa and had a history of reduced visual
acuity in the dark since her twenties. Visual acuity
of the morbid eye was 12/20. Perimetry revealed a
defect of the peripheral visual field. The electroret-
inogram showed decreased function of the outer
layer of the retina and a largely reduced Arden
ratio compared with normal values. Based on her
PLR result, there was still some change of the trend
in the process of dark adaptation. However, the
changing range was much smaller than that of the
normal subjects, especially in response to the low-
intensity blue stimulus (Fig. 4a), consistent with the
loss of rod function. The sustained contraction am-
plitude was much smaller than the normal under
blue illumination (Fig. 5), probably because of the
reduced rod signaling [5, 28]. The trend achieved a
relatively steady state at 15 minutes, with less
change of range, probably because of the dysfunc-
tion of rod and limited photosensitivity.

A 42-year-old man was diagnosed with glauco-
ma. His visual acuity was 20/20, and his eye
pressure was 24 mmHg, with a C/D ratio of

Patient 2

Patient 3
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Fig. 4 Transient contraction
amplitude change during the dark
adaptation, patients vs normal.
The macular hole decreased most
of the responses to the high-
intensity red stimulus. Retinal
pigmentosa decreased most of the
responses to the blue stimuli of
different intensities, especially the
low-intensity blue stimulus.
Though glaucoma seemed not to
decrease any of the responses, the
amplitude was close to the bottom
of the error bars. The transient
contraction amplitude reached to
a relatively steady value at about
20 minutes of dark adaptation.
The patients’ changing curves
share similar trends with the
normal, though the amplitude was
much smaller. Standard
deviations are shown with error
bars
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OD 0.9. Ultrasound revealed excavation of the
optic disk. Ultrasound biomicroscopy (UBM)
showed that the chamber angle was open. The
electrophysiological examination revealed an
abnormality of the visual conducting pathway
in visual evoked potentials (VEP) and reduced
retinal function on the electroretinography
(ERG).The transient and sustained contraction
amplitude of PLR results are presented in Figs. 4
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and 5. The patient’s PLR result revealed an
increasing trend of transient contraction am-
plitude. The trend achieved a relatively steady
state after 15 minutes based on the amplitude
curves (Fig. 4). Though the transient contrac-
tion amplitude is in the normal range, it was
close to the bottom of the range. Another
obvious difference from the normal was the
reduced sustained contraction probably due
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Fig. 5 Sustained contraction
amplitude change during the dark
adaptation, patients vs normal.
The glaucoma’s sustained
contraction amplitude did not
obviously increase with the
intensity and dark adaptation ,
especially under high-intensity
blue stimulus, which made the
curve flat compared with the
normal and other patients.
Although the macular hole and
retinal pigmentosa decreased the
responses to all of the stimuli,
there were no special changes in
response to any specific stimuli.
Under the median- and high-
intensity blue stimuli, the
changing rate of different patients
differed a great amount. The
sustained contraction amplitude
of patients reached a steady
plateau at about 20 minutes of
dark adaptation. Standard
deviations are shown with error
bars

to the dysfunction of RGC, especially under
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the high-intensity stimulus condition (Fig. 5).

The changing trend of the sustained contrac-
tion in glaucoma was not obvious as the nor-
mal, which turned out to be a relatively flat
curve. That is to say, the sustained contrac-
tion did not increase with the dark adaptation.
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The work presented here used chromatic stimuli to evoke the
PLR mediated by rods, cones, and ipRGCs to reveal the sen-
sitivity of these photoreceptors and their effect on the PLR
during the process of dark adaptation. The sensitivity of the
cones, rods, and ipRGCs changed at different rates, and the



Graefes Arch Clin Exp Ophthalmol (2015) 253:1997-2005

2003

PLR mediated by these cells was affected to different degrees.
The difference between chronological phases of dark adapta-
tion suggested that 20 minutes of dark adaptation should be
proper before the test to obtain consistent and stable PLR
results. Also, the results demonstrated that the sensitivity of
the ipRGCs was vulnerable during the light exposure and
exhibited slow recovery during the dark adaptation.

According to a previous study on the specific stimulus
condition and the corresponding activated photoreceptors,
the activation of ipRGC could be judged by an obvious PIPR.
The difference of the transient contraction amplitude between
intensity-matched red and blue stimulus could show the rela-
tive activation of cone and rod. Under the high-intensity
(100 cd/m?) blue condition, the PLR was mostly activated
by cones and ipRGCs [6, 29, 30]. Under the high-intensity
(100 cd/m?) red condition, the PLR was mostly activated by
the cone cells [5, 6]. Under the low-intensity (1 cd/m?) blue
condition, rods had more domination, though some cones
were involved [31]. Under the low-intensity (1 cd/m?) red
illumination, the PLR was probably dominated by cones. Un-
der the medium-intensity stimuli (red 10 cd/m? and blue
10 cd/m?), the PLR was likely activated by a mixture of rods,
cones and ipRGC. Due to the differentiated sensitivity recov-
ery of different photoreceptors, the contraction amplitude
changed in varieties of velocities and ranges in the process
of dark adaption (Figs. 2 and 3). Because of the sensitive
spectrum and sensitive intensity range of different photorecep-
tors, the illumination with specific combinations of wave-
length and intensity could induce pupil responses driven by
different photoreceptors. So the PLR of patients with different
damaged visual functions behaved separately in specific stim-
ulus conditions.

The changing trend in the contraction differed under differ-
ent stimulus conditions, especially between the first and the
second half of the adaptation. These changing tendencies in
transient and sustained contraction suggested the sensitivity of
the rod, cone, and ipRGC recovered gradually during dark
adaptation [32, 33]. Because of the sensitivity of different
photoreceptors, they changing in varieties of velocities and
ranges. So the transient contraction amplitude driven by cone
changed fast, which appeared to be a relatively flat curve
during the process of dark adaption (Fig. 1c) [34]. The tran-
sient contraction amplitude driven by rods increased in a large
range gradually probably because the sensitivity of rods in-
creased slowly (Fig. 1a) [35]. So the curve of high-intensity
red stimulus tend to be more flat and changed in a smaller
range than that of the low-intensity blue. The reflection points
of'the transient contraction curve during the dark adaption was
15 minutes, not so fast as for the cones, which was consistent
with the slow changes of the sensitivity of rods [35]. The
sustained contraction amplitude changed slowly probably
reflecting the slow recovery of ipRGC sensitivity (Fig. 2c),
which was consistent with the sensitivity of the ipRGCs

reported in other studies and the vulnerability of melanopsin.
Wong previously demonstrated that the sensitivity of ipRGCs
was reduced in bright light and recovered progressively with
increasing dark adaptation based on electrophysiological re-
sults [25]. The significant separation between red and blue
high-intensity-light sustained contraction amplitude was due
to whether the ipRGC was involved or not. The relative
sustained contraction showed the PIPR obviously, which
was the activation of ipRGC (Fig. 3), and the reflection point
of 20 minutes in the sustained contraction curve was consis-
tent with the report on slow recovery of ipRGC sensitivity
[25].

The trend changed at various rates after different periods of
adaptation, indicating that the dark adaptation of the PLR
should be standardized such that PLR values in different tests
using identical stimuli can be compared. According to the
curves, longer periods of dark adaptation were correlated with
more consistent and stable PLR results. Therefore, an appro-
priate dark adaptation time should be established based on the
stability, accuracy, and efficiency of PLR measurements. This
was because the inflection timepoint in transient and sustained
contraction curves of the dark adaptation was 15 and 20 mi-
nutes, respectively. But in practical use, the transient and
sustained contraction were usually evaluated together. Though
the optimal timepoints for the PLR test differed under different
stimuli, 20 minutes was sufficient for all of the curves to reach
to a relatively steady state under different illumination.

In the normal, the inflection point was 15-20 minutes. While
in the patients with photoreceptor disfunction, the contraction
amplitude curves during the whole dark adaption had the sim-
ilar trend as the normal, though the values was much smaller
than the normals. Most of curves in the patients reached a
relative plateau around 15-20 minutes in the dark adaption,
which was consistent with the changes in the normal.

In a previous study, Kardon demonstrated in detail that a
series of stimuli of 13 seconds could be used to test different
photosensitive cells in PLR [6]. With a similar stimuli, we
evoked the PLR mediated by rods, cones, and ipRGCs or
the mixture of them and revealed the changing tendency of
the PLR during the process of dark adaptation under these
stimulus conditions. However, it should be noted that no
PLR was mediated by purely one type of photoreceptor. There
is always some participation from other photoreceptors, al-
though a single kind of specific photoreceptor tends to dom-
inate a PLR-induced specific stimulus.

In the test, the dark adaptation is likely to be disrupted by
intermittent stimuli. In consideration of this problem, we used
an interval of 20 seconds between the two stimuli to make the
pupil recover to the baseline pupil size, which could minimize
the effect of the previous stimulus. This approach is also a
common measure to solving this problem in many other
PLR studies involving continuous light exposure [5, 7]. In a
published study [21], the adjacent PLRs were almost the same
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even when a less than one second interval was inserted be-
tween two identical stimuli. It indicated that the effect of pre-
vious stimulus on dark adaptation could be small if the illu-
mination duration was short. Another previous study used
only an 8-second interval, which did not exhibit any effect
on the adjacent stimulus results, either [8]. In our study, the
analysis of the initial pupil sizes of different timepoints re-
vealed no significant difference between all timepoints
(P>0.1 in all stimulus conditions).

It may be argued that the short dark adaptation duration,
usually 10 minutes, did not differ too much from results with a
20-minute adaptation [7]. But both in the curves of transient and
sustained contraction amplitude, the difference between results
of 10 and 20 minutes still had statistical significance. Especially
under the high blue illumination, the sustained contraction in-
creased by 14.1 % from 10 minutes to 20 minutes. Under other
illumination, the transient and sustained contraction amplitude
increased by different extents from 10 minutes to 20 minutes .

In the testing protocol, the interval between these testing
timepoints were somewhat wide (4 or 5 minutes), and some
small details may not be revealed at these timepoints. This
may be especially in the initial period of dark adaptation,
during which the tendency changed quickly due to the fast
recovery of some photosensitive cells sensitivity. The pupil
requires some time to recover and some changes in sensitivity
will occur in the fast recovery even in one recording. For
another reason, it was difficult to record the PLR at the very
beginning of the dark adaptation because it needed some time
for the pupil to the dilated to the stable baseline when the
environment illumination turned to darkness. Therefore, a
compromise between more extensive testing and the physio-
logical characteristics of the pupil light reflex was required.
We choose 1 minute as the first checkpoint.

The protocol, 1,10,100 cd/m? of 1-sec duration, did not fol-
low the published protocol [6] with the same intensity but a
longer duration. We modified the duration of 13 seconds to
1 seconds. That was because the long duration of stimuli may
affect the dark adaptation a great deal. As to another published
protocol [5] with a short-duration stimulus but long-duration
background illumination, we did not follow it in consideration
of the same reason. For another reason, in Kardon’s study, there
was a distance of 75 mm from the front of the eye to the opening
of the Ganzfeld bowl, and the horizontal radius of the viewing
angle was 45 degrees [6],while in our study, the viewing angle
was full field. Lei’s study [1] demonstrated that the PIPR would
increase with the intensity, duration, and viewing angle. A full
field stimulus with short duration could induce a similar PIPR as
a small viewing angle stimulus with long duration. Park’s study
[26] also proved the spatial summation effect in rods and RGC
caused by different viewing angles of the stimulus. So we mod-
ified the Kardon’s protocol to be the same intensities with a
shorter duration but full field stimuli. Our results of transient
contraction amplitude at the same dark adaptation level seemed
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to be consistent with Kardon’s [6], though the duration of stim-
uli was different from each other.

The results demonstrated that the dark adaptation process of
patients were different from the normal, both in the changing
range and the absolute value of the curve. But they also reached
to a relatively steady status at about 15-20 minutes of dark
adaptation. In practical use, the PLR results of some patients
would be unclear without a dark adaptation of an appropriate
duration. Without substantial dark adaptation time, the results
from different phases of the test would mingle with some dark-
adaptation time effect because of photoreceptor sensitivity was
still changing during the process of dark adaptation. In patients
with photoreceptive diseases, whose photoreceptive function
were damaged, the remaining function could not drive effective
and saturated PLR without enough dark adaption time. There-
fore, it was necessary to go through enough time of dark adap-
tation in order to obtain consistent and pure PLR results. With
enough dark adaption time before the PLR test, the sensitivity
of photoreceptors could reach a stable state. The PLR would be
saturately driven by fully sensitive photoreceptors. With an
identical dark adaption standard, the results of PLR would be
compared. The time effect of dark adaption could be standard-
ized with the same and sufficient dark adaption preparation.

Although much has been known about the dark adaptation
of rod and cone cells, their activities in patients’ PLR during
the course of dark adaptation have not been investigated. The
participation of ipRGC and the change of melanopsin during
the adaption complicated the PLR. More specific and further
study on this topic is needed. This is because the dark adap-
tation was an inevitable preparation before the PLR test.

In summary, we revealed the effect of the change in the
sensitivity of photoreceptors on the PLR results during the
course of dark adaption. The PLR induced by different pho-
toreceptors changed by different rates during the dark adapta-
tion. Therefore, 20 minutes of dark adaptation before the PLR
test was proposed to obtain consistent and pure results. The
dark adaptation effect was suggested to be considered when
comparing the results from different phases of the PLR test.
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