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* Department of Neurology, Medical Faculty, Heinrich-Hein&niversity, Duesseldorf, Germany? Department of
Ophthalmology, Medical Faculty, Heinrich-Heine-Univeity, Duesseldorf, Germany

Background: Symptomatic carotid artery disease (CAD) may cause modi edlood

supply to the retina possibly leading to retinal structure ltanges. Results of previous
studies in asymptomatic CAD were heterogeneous in retinahyer changes measured
by OCT. The objectives of this prospective, non-interverdhal study were to investigate
if structural retinal changes occur in symptomatic CAD pagints with macroangiopathic
ischemic stroke or transient ischemic attack (TIA).

Methods: We used spectral-domain optical coherence tomography (SBBCT) to
cross-sectionally and longitudinally analyze the retinahorphology of CAD patients with
macroangiopathic ischemic stroke or TIA not permanently &cting the visual pathway.
We employed semi-automated segmentation of macular volumecans to assess the
macular retinal layers' thickness and peripapillary ringcsins to determine the peripapillary
retinal nerve ber layer thickness using the contralateraye and eyes of microangiopathic
ischemic stroke patients with matched age, gender, and vasular risk factors as control.
Visual function and visual eld de cits were assessed by muifocal visual evoked
potentials (MfVEP).

Results: Neither the thickness of retinal layers measured by SD-OCTh il17 patients

nor the mfVEP latency or amplitude in 10 patients differed liereen the symptomatic

stenotic, the contralateral internal carotid artery (ICAgide and the control group of 17

microangiopathic stroke patients at baseline. Furthermey, longitudinal investigations of
10 patients revealed no signi cant changes of any retinal kger 4 months after ischemic
stroke or TIA.

Conclusion: In conclusion, our study revealed no evidence for an impact fo
symptomatic carotid artery disease on retinal structure ofunctional impairment of the
visual pathway.

Keywords: retinal layer, optical coherence tomography, mult
artery disease, ischemic stroke

ifocal visual evoked potential, symptomatic carotid
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INTRODUCTION

the OSCAR-IB criteria ) and older cerebral lesions within
the visual pathway. Corrected visual acuity was assesseg usin
Ischemic stroke is among the most common reasons for years gffDRS charts.

life lost (YLL) (1). Macroangiopathic extracranial internal carotid ~ Qut of 216 patients recruited from our stroke unit at
artery stenosis is a major risk factor for ischemic stroks. Athe Heinrich Heine University Diisseldorf 17 patients with
there are e ective treatment options for symptomatic moderatesymptomatic internal carotid artery stenosi©0% remained in
to high grade internal carotid artery stenoses includingoid  our analysis. For details see the recruitment ow ché&itre 1).
endarterectomy, stent assisted carotid angioplasty andicaed  The sCAD group was compared to a control group of 17
therapy, detection of ICA stenosis is important for strokepatients with microangiopathic ischemic strokes according t
prevention. Furthermore, symptomatic ICA stenosis may bghe Trial of Org 10172 in Acute Stroke Treatment (TOAST)
associated with additional, more subtle pathologies thaokst classi cation (L0). None of the patients of our microangiopathic
which could be of prOgnOStiC value and clinical relevancee Thischemic stroke control group had an a ection of the visual
ICA supplies the retina with blood via the ophthalmic artery. pathway, neither C|inica||y nor detected by |mag|ng in Con‘qﬂ']t

In high grade ICA stenosis ow reversal of the supraorbitatian tomography (CT) or magnetic resonance imaging (MRI).
supratrochlear artery can occur, and in this case the ophtf@lm

artery can be supplied by collateral pathways from the external
carotid artery. We hypothesized that modi ed blood ow of the
ICA might cause structural and/or functional abnormalgief Ultrasound ) ) ) ] ) ]

the retina or visual pathway below the threshold of permanent N€ €xtra- and intracranial brain supplying arteries of aliipats
clinical symptoms. Structural abnormalities of the retitmjers Were examined by ultrasound using a Toshiba ultrasound syste
can be non-invasively detected by spectral domain opticdf\Plio XG, Xario) and DWL Multi Dop Pro. Extracranial ow
coherence tomography (SD-OCT). SD-OCT allows a re”amgelocmeg were measyred with the linear probe (7.5 MHz),
measurement of the retinal layers and can detect retinahaio INtracranial vessels with a sector probe (2.5 MHz). The ow
and neuronal loss even in the absence of overt visual symptorfid"ves of the supratrochlear and supraorbital arteries were
in other diseases2{4). Functional impairment of the visual écorded with pen probe doppler (8 MHz), the ow direction
pathway can be assessed by visual evoked potentials (ViEPs) YV@S detected by.sequen.tlal compression tests_of the supler cia
7), and multifocal VEPs (mfVEPs) have demonstrated a higheQemporaI and facial arteries bilaterally as described befbie

sensitivity for pathology compared to full eld VEPS{7). The 1he ICA stenosis was classi ed according to the multipararoet
aim of our study was to cross-sectionally and longitudipall DEGUM _ultrasound criteria EG_). Intima media thickness_ (IMT)_
analyze subclinical di erences in retinal layers or visuaidtion ~ Was obtained at the far wall side of both common carotid aeri

in eyes ipsilateral to symptomatic internal carotid artergises  (CCA) 2 cm below the distal end of CCA%, 13).
50% without permanent clinical de cit in the visual pathway.

PATIENTS AND METHODS

R patients with suspected
Ethics . . o . . . stroke recruited in the
The local ethics committee of Heinrich Heine University department of
Duesseldorf approved this prospective observational study neurology, Heinrich

Heine University

(Study-number 4436R). Written informed consent was obteine
Duesseldorf N =216

from all participants in accordance with the Declaration

of Helsinki. excluded
l\> N = 29 without
H ischemic stroke
Patients remaining N = 187

Patients were prospectively recruited from the stroke unid an
followed up in the outpatient clinic at the Department of
Neurology, Heinrich Heine University Duesseldorf, Germany
from 2013 to 2016. Inclusion criteria were ischemic stroke
or transient ischemic attack (TIA) in the internal carotid
artery system without permanently a ecting the visual pathyvay
and ipsilateral 50% internal carotid artery stenosis detected
by multiparametric “Deutsche Gesellschaft fur Ultraschall in
der Medizin” (DEGUM) ultrasound criteria according to the
NASCET de nition (8). All patients underwent a neuro-

ophthalmologic examination including slit lamp examinatjo

tonometry and ophthalmoscopic fundus imaging. Exclusion
criteria were relevant ophthalmologic and systemic diseas
with potential in uence on retinal morphology as de ned by

excluded

N = 86 with
ischemic stroke
of non
macroangiopa-
thic etiology

patients with ischemic
stroke

Yy

remaining N =17
patients with transient
ischemic attack or
ischemic stroke of
macroangiopathic
etiology (ipsilateral
>50% ICA stenosis)

\

excluded N =72
with ischemic
stroke outside
ICA territory

excluded

N =12 with
insufficient OCT-
data

D
I" FIGURE 1 | Flow chart of the inclusion/exclusion process.
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OCT Methodology for di erences of OCT parameters and mfVEP parameters at
Optical coherence tomography methodology and results arbaseline and the change rates at the 4-month follow up betwee
reported in line with the APOSTEL reporting recommendationsthe eye located on the side of the symptomatic stenotic ICA,
(14. We obtained volumetric retinal scans consisting ofwhich supplied the vascular territory of the ischemic stroke or
61 vertical scans centered on the fovea (30 25, high TIA and the contralateral eye. The Mann Whitney U test was
speed scanning mode) as well as p2ripapillary ring scans performed to compare these parameters of the symptomatic
centered on the disc (high-resolution scanning mode) using stenotic ICA side, the contralateral asymptomatic side, tred
SPECTRALIS OCT device (Heidelberg Engineering, Germanyyean of the right and the left eyes of the control group with
with image alignment eye-tracking software (TruTrack argitl  microangiopathic ischemic stroke. Nominally scaled baseli
analytics, Heidelberg Engineering) of both eyes. All scesie  parameters were compared by Chi Square test. As severallretina
performed with support of the eye-tracking system by trainedayers, mfVEP amplitudes and latencies were analyzed in this
technicians. The macular volume scans were averaged from &#Aploratory analysis, Bonferroni correction for multiple fest
images, while the peripapillary ring scans were averaged fromas performed. Spearman correlation analysis was performed
100 scans (Automatic Real Time, ART). The image quality dfo investigate the association between IMT and retinal layer
all scans was above 20 dB. Segmentation of retinal layers w#isbjects with missing data were excluded from the respective
performed semi-automatically with manual correction of@s  analysisp-values< 0.05 were considered signi cant.

using the Heidelberg Eye Explorer software (version HEYEX

1.8.6.0, Viewing Module 5.8.3.0). Due to the low contrasteen RESULTS

the ganglion cell layer (GCL) and the inner plexiform lay€?l(),

both layers were measured together as the ganglion cedvinnPatients

plexiform layer complex (GCIP). All scans were checked foBeventeen patients with sCAD were included according
correct segmentation and segmentation errors were catect to our inclusion and exclusion criteria. Furthermore, for
manually by a blinded rater (LG). Scans not meeting the OSCARomparison 17 control patients with microangiopathic ischemi

IB quality control criteria P) were discarded. Therefore, not all stroke according to (TOAST) classi cationl{ with <50%
scans of all patients were available for analysis. We indibate bilateral ICA stenosis were analyzed. The control grouphwit
layer volumes of the retinal layers as well as the total atin microangiopathic ischemic stroke showed statistically no
volume (TRV), measured using the mean volume of all sectordi erence to the sCAD group in age, gender, time from ischemic
of the standard 1, 3, 6 mm ETDRS (early treatment of diabetievent to baseline OCT and mfVEP assessment, and vascular

retinopathy study) grid in macular volume scans. risk factor pro le, except for hyperlipidemia, which was more
frequent in the sCAD group. Baseline parameters, vascullr ris
MfVEP Methodology factors and time period of initial investigations includit@CT

MfVEPs were recorded to assess the function of the visuaind mfVEP after the ischemic stroke or TIA event of both
pathway using a Visionsearch mfVEP device according to thgroups are presented ifiable 1 In the sCAD group 8 (47%)
manufacturer's instructions as previously describeg).(In short,  patients had an ischemic stroke in the territory of the middle
monocular stimulation was performed using the Visionsearclterebral artery, 5 (29%) patients had a TIA in the territoryud t
device applying simultaneous multi-focal stimulation of 56middle cerebral artery, and 4 (24%) patients had an amaurosis
segments of the visual eld (24 degrees of eccentricity)avia fugax attack.
68 s pseudorandom sequence and recording a 2-channel visual
response using a custom designed occipital cross electréderho Ultrasound
which predetermines the four occipital electrode positioh§)( Only ICA stenoses 50% were considered as relevant and any
The checkerboard pattern used for stimulation was scaleddasstenosis< 50% was classied as no stenosis. All 17 patients
on cortical magni cation. To determine su cient amplitudes, had symptomatic ipsilateral 50% ICA stenoses, 14 with an
the software automatically calculated the signal to noidmrat ipsilateral orthograde, and 3 with a retrograde ow directio
each segment of the stimulated visual eld’). The amplitude of of the supratrochlear artery. Out of these 17 patients, 6 also
multiple segments added after cross-correlation was perfdrmehad an asymptomatic ICA stenosis50% on the contralateral
and individual traces were de ned, avoiding cancellatidrttee  side. Fourteen with a contralateral orthograde and 3 with
dipoles, which often occurs in full- eld VEPLE, 16). Mean values a retrograde ow direction of the supratrochlear artery. All
of both amplitude and latency, which were used in the nalcontrol group patientsil D 17) with microangiopathic ischemic
analysis, were calculated by averaging the amplitude anachate stroke had bilateral ICAs witk 50% stenosis and consequently
of the individual sectors as previously describ&g (L6). bilateral orthograde ow directions of the supratrochlearaies.
SeeTable 1
Statistical Evaluation
Statistical analyses were performed using SPSS Stati@tics&econdary Prevention
(IBM). Follow up investigations were performed between ZEight (47%) of our patients received a thrombendarterectofmy o
and 6 months, and the values were normalized to 4 monththe symptomatic ICA, 7 (41%) patients carotid stenting, and 2
for statistical analysis. Due to the small group sizes the-no (12%) patients were treated with best medical treatment #fer
parametric Wilcoxon matched pairs test was performed to tedbaseline measurement.
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TABLE 1 | Baseline parameters of the 17 patients with symptomatic 50% ICA stenosis and 17 control group patients with microangipathic ischemic stroke.

sCAD group, N D 17 Control group with
microangiopathic ischemic
stroke, N D 17

Median age in years (interquartile range) 64 (60-74) 64 (53.72) Mann WhitneyU-test n.s.
Male gender 12 (71%) 12 (71%) Chi Square test
n.s.
Arterial hypertension 12 (71%) 14 (84%) Chi Square test
n.s.
Diabetes mellitus 3 (18%) 6 (35%) Chi Square test
n.s.
Vascular disease 4 (24%) 4 (24%) Chi Square test
n.s
Smoking 11 (65%) 11 (65%) Chi Square test
n.s.
Coronary heart disease 4 (24%) 2 (12%) Chi Square test
n.s
Hyperlipidemia 16 (94%) 10 (59%) Chi Square test
p < 0.05
Qualifying event:
Ischemic stroke 11 (65%) 17 (100%) Chi Square test
p< 0.05
TIA 6 (35%) 0 (0%) Chi Square tesp < 0.05
Ipsilateral ICA stenosis 50% 17 (100%) 0 (0%) Chi Square test
p< 0.05
Contralateral ICA stenosis 50% 6 (35%) 0 (0%) Chi Square test
p < 0.05
No contralateral ICA stenosis 11 (65%) 17 (100%) Chi Square test
p < 0.05
Ipsilateral orthograde ow direction of the 14 (82%) 17 (100%) Chi Square test
supratrochlear artery n.s.
Contralateral orthograde ow direction of the 14 (82%) 17 (100%) Chi Square test
supratrochlear artery n.s.
Corrected visual acuity in % ( SD) Symptomatic ICA side: Ipsilateral side: Mann WhitneyU-test n.s.
89.0 ( 16.4) 91.7 ( 10.6)
Corrected visual acuity in % ( SD) Asymptomatic ICA side: Contralateral side: Mann WhitneyU-test n.s.
84.3 ( 10.5) 87.8 ( 8.6)
Intraocular pressure in mmHg ( SD) Symptomatic ICA side: Ipsilateral side: Mann WhitneyU-test n.s.
15.1( 3.6) 15.4 ( 3.4)
Intraocular pressure in mmHg ( SD) Asymptomatic ICA side: Contralateral side: Mann WhitneyU-test n.s.
14.3( 3.9) 155 ( 3.4)
Baseline OCT and mfVEP were obtained mean SD 6.12 5.16 5.13 247 Mann WhitneyU-test n.s.

days after the ischemic stroke or TIA event

Absolute numbers and percentages or median with interquartile range (R) are provided for demographics and risk factors, means, and standard deations for ocular measurements.
Chi Square test and interval scaled baseline parameters were compadeby Mann Whitney U-test were used to compare the sCAD and the control group wittmicroangiopathic
ischemic stroke nominally scaled baseline parameters, respecély. P-values< 0.05 were considered as statistically signi cant, n.s. indicates no signcant difference. The visual acuity
and intraocular pressure did not differ signi cantly between the symptomatic and asymptomatic side of the sCAD group (Wilcoxon matched pairs test » 0.117 and p D 0.138,
respectively), but showed a trend toward higher visual acuity andigher intraocular pressure within normal range on the symptomatic ICA sidehich were not considered as relevant.

OCT at Baseline cohort of 17 patients between the symptomatic ICA stenosis side
Complete OCT scans of both eyes were obtained from all patientee contralateral side, and the mean of the right and leftseye
and revealed no structural abnormalities in any of the ratin of the 15 available control group patients with microangidpat
layers or in the pigment epithelium in any of the subjectsischemic stroke for the macular OCT scans and 17 control
meeting the inclusion criteria (data provided ifable S} and group patients with microangiopathic ischemic stroke for the
of the 17 available control group patients with microangidpat peripapillary retinal nerve ber layer (pRNFL). In addition, a
ischemic stroke. subgroup analysis at baseline revealed no signi cant di escof

At baseline, we observed no signi cant dierence of thethe retinal layers between the ipsilateral symptomatic sidelof
measured retinal layersFigure 2 and Table S} in the total patients with ICA stenoses50% and the contralateral side with
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no ICA stenosis. Likewise, for the 6 patients with bilate@Al
stenoses 50%, no signi cant di erences were detected betweelL
the ipsilateral symptomatic and the contralateral asymptaenat
side (Tables S2, SB Furthermore, the orthograde or retrograde
ow direction of the supratrochlear artery had no signi cant
in uence on the measured retinal layergables S4-S6

Longitudinal Changes in OCT

We studied longitudinal retinal changes over 4 months coneglar
to baseline. For 10 patients available for analysis, we found
no signi cant change of volumes or thickness of any retina

layer Figure 3andTable S7. The subgroup analysis considering e smo. e
. . . matic side matic side =
the 7 patients without contralateral ICA stenosis revealed n E ooty F  mro -
) . A atenc) s ak (ms) etinal nerve r layer (mm?)
signi cant di erence, as wellTable S§. wi
180 . o 127 -
MfVEP at Baseline 1‘ HE o B # =
We obtained mfVEP from 10 patients at baseline. No signi can bl l o - -
changes in amplitude or rst peak latency were detected baiwee - — o S
the ipsilateral and contralateral eye of symptomatic ICA et m(aé?%e m(zN.“c“’s‘O?e et m“§”1"7‘;: m(:gm:“;; o
patients as well as the mean of the right and left eyes of the G cangionceyernmy H inner plexiform layer (mm)
control group with 15 available microangiopathic ischentiolke W SR [
patients Figure 2and Table S9. “ = T "i
. . . 107 = k
Furthermore, no signi cant di erences were detected betwee o - . F ﬁ
the ipsilateral eye and the contralateral eye of the subgoiup & e
patients without contralateral ICA stenosis or of the suhgyo S \ ‘ —t —

i ) ympto-  sympto- cor_\lrol asympto- ~ sympto cogtro\
of 4 patients with contralateral ICA stenose$0%, as well as melcae malcside  (N=t3) Moo matcste (V=19
for 15 eyes with orthograde ow direction of the supratrocate !1 Dnet nickst et o) :{M
artery compared to 5 eyes with retrograde ow direction of the 1' i T 1;
supratrochlear arteryTable S9. '9 l . i } T .

. o L 1 m B
IMT at Baseline ’ 1T ¥ wm
. . . . . Wl T T T T T
In the 10 sCAD patients available for qna]yss, no signi cant R, e, G csmoe s et
di erence of IMT thickness between the ipsi- and contralateral e e N=t7) 8=t
CCAwas detected (ipsilateral mean IMT: 0.99.11785 mm SD; '2(3% L Retinalpigment epithlium (mm) _
ns. 55 ns.
contralateral mean IMT contralateral: 0.89 0.15951 mm SD, a7 o
p-value: n.s. with Wilcoxon matched pairs test and Bonferron 197 = . 571 ; T
correction for multiple testing). Similarly no di erences vee A i T =
observed when comparing to the mean of the right and left L] ol I
IMT (076 0.07319 mm) of the 7 control group CCAs " ;Z{Iriu;:ge Symple (0’32‘11?; - r:z){i'g:ge msz“vrip;‘nd-e mrj({gl'
(Mann Whitney U-test with Bonferroni correction for multiple (N=17) e (7))

. . .. M Photoreceptors (mm’) N Total retina (mm’)
testing). Furthermore, no correlation (Spearman correlativith “j T e oo
Bonferroni correction for multiple testing) between IMT and w7 ol T
retinal layer volume or thickness in OCT or mfVEP parameters @ H = B B =

. 2, 847
(rst latency peak and amplitude) of the sCAD group was Ny LT |
identi ed (data not shown). 2l : : 7al
asympto-  sympto- oogtrol asympto-  sympto- coﬂlrol
matic side matic side  (N=15) matlfsxde matlfslde (N=15)
(N=17)  (N=17) (N=17)  (N=17)
DISCUSSION O sumsymeion P i

. . . . . . o T T
We investigated if symptomatic internal carotid artery dise is ! BN = " . i
associated with changes in retinal morphology detectab®@®y o i d é
using a cross-sectional and a prospective study design. Agstre 6 1 . o
of our study was that not only structure (OCT) but also furocti © s oo ool asylm'p;g syrm‘mpg c&n\ﬁ

. . . . . . . matic side matic side = matic side matic side =
(mfVEP) was investigated and the longitudinal investigas, (N=17) (N=17) (N=10) -~ {N=10)

which allowed us to analyze the e ect of symptomatic interna :

. . . . FIGURE 2 | IMT, mfVEP amplitude, and rst peak latency as well as macular
carotid artery dlsease. at basellne.a_md during follow up. Farth retinal layer volume and peripapillary RNFL at baseline lve¢en the
advantages are the high repeatability of the methods used (OC (Continued)
and mfVEP) (8 19 and the comparison of the parameters

7
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FIGURE 2 | symptomatic ICA side, asymptomatic contralateral side, andhe
control group with microangiopathic ischemic stroke.(A) Shows an exemplary
macular OCT layer scan(B) Demonstrates an exemplary OCT scan of the
peripapillary retina with the optic disc indicating the laation of the peripapillary
OCT ring scan by a green circle(C) Shows an exemplary peripapillary OCT
scan. In mfVEPs, amplitude(D) and rst peak latency (E) between the
symptomatic and asymptomatic ICA side, and the mean of the rigt and left
eye of the control group were analyzed. OCT layers were meased in volume
scans centered on the fovea and pRNFL was measured in peripalary ring
scans centered on the optic disc.(F—O) The analysis revealed no signi cant
differences of the retinal layer volume or thickness at basiee between the
symptomatic ICA side, the asymptomatic contralateral side rd the mean of
the right and left eye of the control group(P) IMT was measured at the far wall
side of both common carotid artery (CCA) 2 cm below the distaénd of CCA
on both sides, showing no signi cant difference between the gmptomatic and
asymptomatic ICA side, and the mean of the right and left sidefahe control
group. The boxplots (D—P) demonstrate the medians of the symptomatic ICA,
asymptomatic side, and of the means of the right and left sidef the control
group. The median is indicated by the dark line in the middlefahe box, the
IQR by the box, and the minimum and maximum values by whiskers
(excluding outliers). Outliers de ned as values 1.5 to 3.0rties outside the IQR
are presented as circles and extreme outliers de ned as valueof more than
3.0 times outside the IQR are presented as asterisks. N.s. indates no

signi cant difference. P-values< 0.05 were considered as statistically

signi cant (Wilcoxon matched pairs test comparing the sympdmatic and
asymptomatic side of the sCAD patients and Mann Whitney-test comparing
the symptomatic and asymptomatic side to the mean of the righand left eyes
of the control group; all analyses were performed with Bonfeoni correction for
multiple testing).

to a control group with microangiopathic ischemic stroke and
similar age, gender as well as vascular risk factor pro lelyOn
hyperlipidemia was less frequent in the control group, which is
not surprising as hyperlipidemia is a common and well-known
risk factor for typical macroangiopathic cardiovasculaiodiers
including large vessel ischemic stroke like sCAD, myoeardi
infarction and peripheral arterial diseas2dj, whereas the role
of hyperlipidemia in microangiopathic ischemic stroke is more
controversial 1). At baseline there was no di erence in the
OCT and mfVEP parameters between the symptomatic ICA, the
contralateral side, and the control group with microangitipa
ischemic stroke. After 4 months no signicant change of
the retinal layers in OCT of the sCAD group was detected
as well. In summary, we can conclude that there were n
relevant dierences in retinal layer thickness between eye
supplied by symptomatic stenotic internal carotid arteriesl an
the contralateral eyes, both at baseline and after 4 months
regardless if a contralateral ICA stenosiS0% was present or
not. Furthermore, no signs of functional impairment between

n O

the eyes were detected in mfVEPs at baseline while not enough

longitudinal mfVEP data were available at follow up to yield
conclusive results.

So far’ there is inconsistent data on asymptomatic internal FIGURE 3 | Retinal layer differences after 4 months. OCT layers were

carotid artery disease. On the one hand. HeRler ng) Olid not measured in volume scans centered on the fovea and pRNFL was easured
) ’ ’ in peripapillary ring scans of the optic disc(A—J) The analysis revealed no

. ) ; signi cant change of the retinal layer volume or pRNFL thickess after 4
or visual functionality. On the other hand, Wang et a3 months between the symptomatic ICA side and the asymptomatic

including a much larger sample size of 3.376 participants contralateral side; boxplots are demonstrated for the diéirent retinal layers

demonstrated a correlation of prevalence and degree ofniater with n.s. indicating no signi cant difference.P-values < 0.05 were considered
as statistically signi cant (Wilcoxon matched pairs test wi Bonferroni

identify any changes in optic nerve diameter, retinal mormuy,

carotid artery stenosis with thinner RNFL and vice versahiatt
study two experienced examiners scanned all study patiettts wi

(Continued)
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of symptomatic ICA stenosis. To exclude subtle changes
FIGURE 3 | correction for multiple testing). The horizontal lines ifé middle of in the |0ng term follow up further Iarger studies with
the boxplots demonstrate the medians of the symptomatic andasymtpomatic Iongitudinal design including a Ionger follow up period aslwe
ICA side. The IQR is presented by the box, and the minimum and maxum ? i ) X I i
values by whiskers (excluding outliers). Outliers de ned agalues 1.5 to 3.0 as 'mraSUbJeCt and mtersubject comparisons with a healthy
times outside the IQR are presented as circles and extreme oligrs de ned as age and gender matched control group would be needed.
values of more than 3.0 times outside the IQR are presented assterisks. However, the magnitude of such subtle changes is likely to

be below the accuracy of the measurements and therefore

rigorous quality control 23). Furthermore, in another study, Unlikely to be meaningful on a single patient level in a
focal retinal nerve ber layer defects showed an assodiatioClinical setting.
with previous or acute cerebrovascular ischemic stroke acel v
versa p4). DATA AVAILABILITY
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meaningful or useful in a clinical setting cannot be obsdrve Of the local ethics committee of Heinrich Heine University
We decided to choose intrasubject comparisons (symptomatieuesseldorf with written informed consent from all
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