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ABSTRACT

Previously, it has been reported that melanopsin-mediated pupillary light response (PLR),
measured with pupillometry, is reduced in patients with idiopathic intracranial hypertension
(IH), indicating the clinical utility of the tool in the diagnosis of IIH. In the current study, the
authors aimed to measure the PLR in 13 treatment-naive patients with new-onset IIH and 13
healthy controls. In contrast to the previous report, which was based on patients with long-
standing IIH (n = 13), the authors found no significant difference in the melanopsin-mediated

PLR (p = 0.48).

Background

Idiopathic intracranial hypertension (IIH) is a
neurological disorder of unknown cause and char-
acterised by increased intracranial pressure (ICP)
without any clinical and laboratory signs of hydro-
cephalus or space-occupying lesion.! In parallel
with the obesity epidemic, the incidence of ITH is
also increasing.” Although ITH is a relatively rare
disease, its socioeconomic impact is extensive due
to the young age groups, high hospital admission,
and increased morbidity rate.?

Chromatic pupillometry is a quick and non-
invasive tool to investigate the afferent and effer-
ent pathways of the pupillary light reflex (PLR).?
Whereas the afferent limb of the PLR consists of
the melanopsin containing retinal ganglion cells
(ipRGCs), the optic nerve, and the olivary pretectal
nucleus (OPN), the efferent PLR signal is mediated
by the parasympathetic fibres along the oculomo-
tor nerve. By utilising different light wavelengths,
it is possible to selectively stimulate rods, cones,
and ipRGCs.* The ipRGCs express the photopig-
ment melanopsin, which shows maximum spectral
sensitivity to blue light (A,,.x = 480 nm) and med-
iates important non-image-forming signals to dif-
ferent centres in the brain, including the area for
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circadian rhythm regulation, called the suprachias-
matic nucleus (SCN), and the OPN, which is the
centre for PLR.* The ipRGCs mediate pupillary
constriction during and after light stimulation.™®
The sustained pupillary constriction after light off-
set is termed post-illumination pupillary light
response (PIPR), which is used as marker of
ipRGCs in pupillometric studies.”® In addition to
the ipRGCs, rod and cone photoreceptors contri-
bute to the transient pupillary constriction to light
exposure.”® By utilising the light sensitivity of the
photoreceptors and the characteristic contribution
of the rods, cones, and melanopsin to the
dynamics of PLR, researchers have used chromatic
pupillometry to differentiate the function of these
photoreceptors.**!?

Pupillometric studies have shown reduced func-
tion of ipRGCs in various diseases, including retinitis
pigmentosa, glaucoma, and non-arteritic anterior
ischaemic optic neuropathy (NAION),'*"'¢

Recently, Park et al. reported abnormal rod-
and melanopsin-mediated PLR in ITH patients."”
However, their study was performed on patients
who had already received treatments. Hence, they
investigated the longstanding effect of the intra-
cranial hypertension on the ipRGCs."” In this
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study, we investigated the rod-cone- and the mel-
anopsin-mediated light response in treatment-
naive and newly diagnosed IIH patients.

Materials and methods

This cross-sectional study complied with the tenets
of the Helsinki Declaration and was approved by
the Regional Committee on Health Research
Ethics (protocol ID: H-3-2014-116). Written
informed consent was obtained from all subjects
prior to the enrollment.

Enrollment and neuro-ophthalmological work-up

We enrolled consecutively patients, referred for
the evaluation of the IIH diagnosis to the
Department of  Ophthalmology or the
Department of Neurology, Rigshospitalet,
Glostrup, between February 2015 and March
2016. The eligibility criteria were age between 18
and 60 years and symptoms and clinical signs
consistent with ITH.'® The exclusion criteria were
previous history of IIH, secondary causes of
increased ICP, use of any drugs influencing the
PLR, refractive error >6 dioptres, and competing
neuro-ophthalmological and systemic conditions
affecting the PLR.

The diagnostic work-up and management of
suspected IIH patients referred to our hospital
are described in detail by Jensen et al,' but in
summary it consisted of detailed neurological
examination including fundoscopy followed by
magnetic resonance imaging (MRI) and MR/com-
puted tomography (CT) venography of the brain.
When secondary causes of the intracranial hyper-
tension were excluded, lumbar puncture in supine
position with stretched legs including opening
pressure measurement was performed. Patients
with opening pressure above 25 cm H,O were
referred to the Department of Ophthalmology for
a detailed ophthalmological examination including
test of visual acuity (Snellen) and slit-lamp and
fundus examination. Spectral-domain optical
coherence tomography (SD-OCT; Spectralis soft-
ware, version 5.3, Heidelberg Engineering,
Heidelberg, Germany) of the retina and optic
nerve head was used to quantify the papilloedema

and peripapillary retinal nerve fibre layer thickness
(RNFLT).

Healthy age-matched controls were enrolled from
capital region of Denmark during December 2015
and April 2016 to the Department of
Ophthalmology, Rigshospitalet, Glostrup, Denmark.

Pupillometry

We used an automated binocular pupilometer
(DP-2000 Human Laboratory Pupillometer;
NeurOptics, Irvine, CA, USA) to elicit and record
the PLR.> The protocol consisted of 5 minutes
dark adaptation, followed by monocular central-
field stimulus with red (633 nm) and blue (463
nm) lights in 20 s. The illuminance level was at
100 lux, as measured to 300 CD/m” during red
light exposure and 332 CD/m” under blue light
illumination. Continuous binocular pupil mea-
surements were performed before (10 s), during
(20 s), and after (60 s) light stimulus (Figure 1).
The pupillary measurements from the stimulated
eye were used in the outcome calculation.

The measured pupil diameters were imported
into R statistical program (R version 3.2.2; R
Foundation for Statistical Computing, Vienna,
Austria), and a custom algorithm was used to
detect and remove blink artifacts. To adjust for
the inter-subject pupil size variation, the pupil
diameter was normalised, i.e., pupillary change
was divided by baseline pupil size measured
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Figure 1. An example of pupil traces obtained with the red (633
nm) and blue (463 nm) light stimuli in a healthy control. Maximum
indicates the maximal pupil constriction amplitude during light
exposure, whereas PIPR corresponds to post-illumination pupillary
response measured at 10-30 s following light offset.



during the initial 10 s before light onset.
Maximal pupil contraction was calculated as
the mean of pupil contraction amplitude during
(3-5 s) light stimulation, and since rods and
cones are sensitive to red light and contribute

to maximum pupillary constriction, it was
regarded as “rod-cone marker”
(Figure 1).">'®*°  Post-illumination pupillary

light response after light offset has two phases,
an early and a late phase. A recent study by
Kostic et al. showed that rod photoreceptors
contribute to sustained pupillary response 9.5 s
after light offset; thus, the early phase of PIPR in
our study was a mixed response of rod-cone and
melanopsin photoreceptors and the late phase of
PIPR was mainly mediated by PIPR.® We calcu-
lated late phase of pupil re-dilation (PIPRp,) as
mean pupil contraction amplitude from 10 to 30
s after light offset. And because the late PIPR is
mainly controlled by the melanopsin-expressing
ipRGCs, we used this parameter as melanopsin-
mediated response.®’

Visual field testing

Automated visual perimetry examination, using
Octopus G-dynamic standard program (Haag-
Streit AG, Koeniz-Berne, Switzerland), was per-
formed to evaluate the effect of intracranial hyper-
tension on the optic nerve. The Octopus perimeter
was used, and the mean defect (MD) was reported.
Correlations between MD and pupillary maximal
contraction and late PIPR were calculated.

Statistics

Statistical analysis was performed using R statisti-
cal program (version 3.2.5). We used the data from
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the illuminated eye, which was chosen randomly.
For all outcomes, means and standard deviations
(SD) were reported. The primary outcome was the
late PIPR to blue light, which is the marker of
ipRGCs.” Our secondary outcomes were maximal
pupil contraction, peripapillary RNFLT, and peri-
metric MD. Peripapillary RNFLT was used to
quantify papilloedema. Mann-Whitney test was
performed due to the relatively small data size,
which could not be assumed to be normally dis-
tributed. Pearson’s squared coefficient quantified
the correlations between pupillary metrics, RNFL,
perimetric MD, and intracranial pressure (ICP).

Results

Thirteen IIH patients without previous history of
ITH and 13 healthy controls were included
(Table 1). There was no significant difference in
age and IOP between the two groups (p = 0.54 and
p = 0.55, respectively). The body mass index (BMI)
was significantly higher in the patient group (p =
0.00008), and the visual acuity was slightly
decreased in the IIH patients (p = 0.03).

The baseline pupil size prior to blue light sti-
mulus was 6.94 + 0.86 mm in healthy controls and
6.46 £1.05 mm in patients with ITH, and there was
no significant difference between the two groups
in this parameter (p = 0.14). The mean maximal
pupil contraction during blue light stimuli was
0.60 +0.04 and 0.53 * 0.14 in healthy controls
and IIH patients, respectively, and there was no
significant difference between the two groups
regarding this parameter (p = 0.19; Figure 2).
The mean PIPRy, after blue light exposure was
0.12 + 0.06 in the control group and 0.10 + 0.05 in
patients, and we found no significant difference

Table 1. Demographics and clinical characteristics of IIH patients and healthy controls.

Patients Controls
Characteristic (n=13) (n=13) p value
Sex, F:M 12:1 13:0
Age, years (mean = SD) 326 +£9.8 345 + 105 0.54
BMI, kg/m2 342 + 6.1 234 + 33 0.00008
Visual acuity, Snellen 1.0+ 03 12+ 0.1 0.03
IOP, mm Hg 146 + 3.3 13.9 + 3.05 0.55
RNFLT 265.3 £ 110.5 1047 £ 11.6 0.000039
Mean defect, dB 72 +£38 NA
Intracranial pressure (cm H,0) 362+ 76 NA

Note. BMI = body mass index; IOP = intraocular pressure; RNFL = retinal nerve layer fibre thickness.
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Figure 2. The post-illumination pupil response (PIPR) and the maximum pupil constriction to monocular blue and red light stimuli in
healthy controls and patients with idiopathic intracranial hypertension (IIH). The blue and red colours indicate the stimulus colour,
and the dark traces indicate the mean of PIPR and maximal pupil constriction. The PIPR and maximal pupil contraction are expressed
relative to pupil size prior to light onset, i.e., a smaller value on the y-axis corresponds to pupil constriction relative to pupil size

before light onset.

between patients and healthy controls (p = 0.48;
Figure 2).

The PLR metrics to red light stimulus were also
compared between healthy controls and IIH
patients (Figure 2). The mean baseline pupil size
was 6.78 + 0.89 mm in healthy controls and 6.57 +
1.00 mm in ITH patients; however, no significant
difference in baseline pupil size was found between
the two groups (p = 0.51). The maximal pupil
contraction in the patient group was 0.53 * 0.06,
whereas it was 0.40 + 0.16 in the control group,
and statistical analysis showed that it was signifi-
cantly reduced in the patient group (p = 0.01). The
PIPRy . in the patient group was 0.04 + 0.04, and
in the control group it was 0.03 + 0.02 (Figure 2).
Hence, no significant difference in the PIPRy .
was found between the two groups (p = 0.96).

To quantify the magnitude of melanopsin-
mediated PIPR; .., we also calculated the differ-
ence between red light- and blue light-elicited
PIPRp . (PIPR difference). In healthy controls,
the mean PIPRy,. after blue light stimulus was
0.12, whereas the mean PIPR;,. after red light
exposure was 0.04; hence, the blue light-elicited
PIPR; . was 188% larger than the red light-eli-
cited PIPR; . (p = 0.001). Similarly, the PIPR
difference was also larger (201%) in the patient
group (p = 0.001), indicating that our light sti-
mulation protocol elicited melanopsin-mediated
PIPR both in the healthy group and in the IIH
patients.

The mean MD in IIH patients was 7.2 +3.8 dB
(normal limit <2 dB). Correlation analysis between
the MD and the PIPR;,. showed a clear tendency
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Figure 3. The correlation between post-illumination pupil
response (PIPR) and visual field defects expressed as perimetric
mean defect (MD) in the patient group. There was a trend
toward significant correlation between PIPR and MD (p =
0.059).

to significance (p = 0.059; Figure 3). However, we
did not find any significant correlation between
MD and the maximum pupil contraction in the
ITH patients (p = 0.11).

The mean ICP in patients was 36.2 £7.6 cm
H,O0, and no significant correlations between ICP
and baseline pupil size (p = 0.52), maximum pupil
contraction (p = 0.59), or PIPR .. (p = 0.75) were
observed. All patients had bilateral papilloedema,
and we did not observe any maculopathy in asso-
ciation with the papilloedema. The mean of
RNFLT in the IIH patients was 265 +110 um,
whereas in the healthy controls it was 105 +12
um; hence, the RNFLT was significantly larger in
patients compared with controls (p = 0.00004;
Figure 4). However, no significant correlation
between ICP and RNFLT was found (p = 0.21).

Discussion

To the best of our knowledge, this is the first study
to investigate the PLR evoked by rod-cones and
ipRGCs in patients with newly diagnosed IIH and
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without previous treatment. Utilising monocular
illumination of red and blue colours, we measured
the PLR mediated by rod-cones and ipRGCs,
respectively. We found no significant difference
in blue light-elicited PIPR; ... (ipPRGC response).
However, we found significant difference in the
maximal pupil contraction amplitude evoked by
red light stimulus between patients with IIH and
healthy controls, indicating rod-cone dysfunction
in the ITH group. The RNFLT was significantly
larger in IIH patients compared with controls,
demonstrating papilloedema in the patient group.
The patient group showed visual field defects, and
there was a trend toward correlations between MD
and pupillometric data, which did not achieve
statistical significance.

The ipRGCs are a special type of retinal ganglion
cells, which are sensitive to blue light and regulate a
number of non-visual functions, including the PLR
and the circadian photoentrainment.”’ > Previous
studies have shown reduced function of ipRGCs in
certain optic neuropathies, i.e., glaucoma and non-
arteritic anterior ischaemic optic neuropathy
(NAION), whereas in other diseases such as auto-
somal dominant optic neuropathy and Leber’s her-
editary optic neuropathy, these cells are reported to
be preserved.'>!>**2¢

The function of ipRGCs in ITH has previously
been studied by Park and colleagues, showing
reduced PIPR by means of pupillometry."”
Hence, our findings are contrary to the results
reported by Park and colleagues. However, there
was an important difference between our
patients and the patient population used by
Park et al. The majority (77%) of the patients
reported by Park et al. were already treated with
acetazolamide, weight loss, or implantation of
ventriculoperitoneal shunt, indicating a long-
term effect of intracranial hypertension on the
optic nerve.'” The age, sex, and visual acuity
were similar between our patients and the cohort
reported by Park et al.'” In our patient cohort,
the visual field analysis was normal (<2 dB) in
one subject, mildly abnormal (2-5 dB) in five
subjects, and moderately to severely abnormal
(>5 dB) in eight patients, whereas in the study
carried out by Park et al, the visual field was
normal in one subject, mildly abnormal in four
subjects, and moderately to severely abnormal in
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Figure 4. Peripapillary retinal nerve fibre layer thickness (RNFLT) in healthy controls and patients with idiopathic intracranial
hypertension (IIH). The RNFLT was significantly larger in IIH patients compared with controls (p = 0.00004). The dark traces indicate

the mean RNFLT in healthy controls and IIH patients.

six patients.'” Our results on the correlation
between perimetric MD and melanopsin-
mediated PIPRp,. were in agreement with the
findings reported by Park et al.'” The reason
that the MD and PIPR did not show significant
correlation in our study might be because these
photosensitive ganglion cells are known to be
highly resistant to pathological conditions and
retinal injury.””*® Thus in patients with newly
diagnosed IIH, the ipRGCs might not be
damaged yet. Previous studies, involving other
diseases, have demonstrated significant correla-
tions between perimetry and pupil parameters,
and the lack of correlation in the current study
might be due to the range of optic nerve head
dysfunction being too narrow.”® Another expla-
nation could be that the perimetric defect may
owe to degeneration of the conventional retinal
ganglion cells or rod-cone photoreceptors, which
are not as highly resistant as the melanopsin-
expressing ganglion cells. Animal models have
shown degeneration of optic nerve and retinal

ganglion cells after only a week of increased
ICP.*

Another important difference between our and
Park et al.’s study was the expression of PIPR; we
used the late redilation phase of PIPR, i.e., from 10
to 30 s after light offset, as marker of melanopsin,
whereas Park et al. calculated the PIPR from 5 to
7 s following light offset. Consequently, the PIPR
reported by Park et al. was relatively larger com-
pared with the PIPR in our study. However, we
calculated the difference between red light- and
blue light-elicited PIPR (i.e., net PIPR) and
showed significant difference between red- and
blue-light PIPR, indicating that our pupillometry
protocol was able to differentiate between rod-
cone- and melanopsin-elicited PIPR. Moreover,
the PIPR calculated during the late redilation
phase of pupil response (PIPRy,.) is a better mar-
ker of melanopsin-mediated response, as Kostic
et al. recently reported that rod photoreceptors
make significant contribution to PIPR up to 9.5 s
after light exposure.® Nevertheless, we also



calculated the PIPR from 5 to 7 s after light offset,
but there was still no significant difference
between healthy controls and IIH patients (p
= 0.58).

We showed reduced rod-cone-mediated pupil
contraction amplitude in ITH patients, which is in
agreement with the findings by Park et al., who also
showed outer retina abnormality in a subgroup of
patients with normal melanopsin response.'”

Limitation

One important challenge in the current study was to
quantify the exact time onset of the disease in our
patient group. Due to its relatively low incidence, ITH
is a diagnosis of exclusion, and the time span from
the first, often rather unspecific, symptoms to the
final diagnosis may vary considerably. However, the
collaboration between the primary and tertiary sec-
tors (Danish Headache Center and Department of
Ophthalmology) is well established, making the
communication and diagnostic work-up standar-
dised and with relatively minimum time delay.

Conclusion

The pupillary light response-evoked ipRGCs is
preserved in treatment-naive and newly diagnosed
patients with ITH.
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