

[image: image1]
No Alteration of Optical Coherence Tomography and Multifocal Visual Evoked Potentials in Eyes With Symptomatic Carotid Artery Disease









	
	BRIEF RESEARCH REPORT
published: 10 July 2019
doi: 10.3389/fneur.2019.00741





[image: image2]

No Alteration of Optical Coherence Tomography and Multifocal Visual Evoked Potentials in Eyes With Symptomatic Carotid Artery Disease


John-Ih Lee1, Lena Gemerzki1, Laura Boerker1, Rainer Guthoff2, Orhan Aktas1, Michael Gliem1, Sebastian Jander1, Hans-Peter Hartung1 and Philipp Albrecht1*


1Department of Neurology, Medical Faculty, Heinrich-Heine-University, Duesseldorf, Germany

2Department of Ophthalmology, Medical Faculty, Heinrich-Heine-University, Duesseldorf, Germany

Edited by:
Piero Barboni, Studio Oculistico d'Azeglio, Italy

Reviewed by:
Enrico Borrelli, University of California, Los Angeles, United States
 Essam Mohamed Elmatbouly Saber, Benha University, Egypt
 Giacinto Triolo, San Raffaele Hospital (IRCCS), Italy

*Correspondence: Philipp Albrecht, phil.albrecht@gmail.com

Specialty section: This article was submitted to Neuro-Ophthalmology, a section of the journal Frontiers in Neurology

Received: 27 March 2019
 Accepted: 24 June 2019
 Published: 10 July 2019

Citation: Lee J-I, Gemerzki L, Boerker L, Guthoff R, Aktas O, Gliem M, Jander S, Hartung H-P and Albrecht P (2019) No Alteration of Optical Coherence Tomography and Multifocal Visual Evoked Potentials in Eyes With Symptomatic Carotid Artery Disease. Front. Neurol. 10:741. doi: 10.3389/fneur.2019.00741



Background: Symptomatic carotid artery disease (CAD) may cause modified blood supply to the retina possibly leading to retinal structure changes. Results of previous studies in asymptomatic CAD were heterogeneous in retinal layer changes measured by OCT. The objectives of this prospective, non-interventional study were to investigate if structural retinal changes occur in symptomatic CAD patients with macroangiopathic ischemic stroke or transient ischemic attack (TIA).

Methods: We used spectral-domain optical coherence tomography (SD-OCT) to cross-sectionally and longitudinally analyze the retinal morphology of CAD patients with macroangiopathic ischemic stroke or TIA not permanently affecting the visual pathway. We employed semi-automated segmentation of macular volume scans to assess the macular retinal layers' thickness and peripapillary ring scans to determine the peripapillary retinal nerve fiber layer thickness using the contralateral eye and eyes of microangiopathic ischemic stroke patients with matched age, gender, and vascular risk factors as control. Visual function and visual field deficits were assessed by multifocal visual evoked potentials (mfVEP).

Results: Neither the thickness of retinal layers measured by SD-OCT in 17 patients nor the mfVEP latency or amplitude in 10 patients differed between the symptomatic stenotic, the contralateral internal carotid artery (ICA) side and the control group of 17 microangiopathic stroke patients at baseline. Furthermore, longitudinal investigations of 10 patients revealed no significant changes of any retinal layer 4 months after ischemic stroke or TIA.

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

Ischemic stroke is among the most common reasons for years of life lost (YLL) (1). Macroangiopathic extracranial internal carotid artery stenosis is a major risk factor for ischemic stroke. As there are effective treatment options for symptomatic moderate to high grade internal carotid artery stenoses including carotid endarterectomy, stent assisted carotid angioplasty and medical therapy, detection of ICA stenosis is important for stroke prevention. Furthermore, symptomatic ICA stenosis may be associated with additional, more subtle pathologies than stroke which could be of prognostic value and clinical relevance. The ICA supplies the retina with blood via the ophthalmic artery. In high grade ICA stenosis flow reversal of the supraorbital and supratrochlear artery can occur, and in this case the ophthalmic artery can be supplied by collateral pathways from the external carotid artery. We hypothesized that modified blood flow of the ICA might cause structural and/or functional abnormalities of the retina or visual pathway below the threshold of permanent clinical symptoms. Structural abnormalities of the retinal layers can be non-invasively detected by spectral domain optical coherence tomography (SD-OCT). SD-OCT allows a reliable measurement of the retinal layers and can detect retinal axonal and neuronal loss even in the absence of overt visual symptoms in other diseases (2–4). Functional impairment of the visual pathway can be assessed by visual evoked potentials (VEPs) (5–7), and multifocal VEPs (mfVEPs) have demonstrated a higher sensitivity for pathology compared to fullfield VEPs (5–7). The aim of our study was to cross-sectionally and longitudinally analyze subclinical differences in retinal layers or visual function in eyes ipsilateral to symptomatic internal carotid artery stenoses ≥ 50% without permanent clinical deficit in the visual pathway.

PATIENTS AND METHODS

Ethics

The local ethics committee of Heinrich Heine University Duesseldorf approved this prospective observational study (Study-number 4436R). Written informed consent was obtained from all participants in accordance with the Declaration of Helsinki.

Patients

Patients were prospectively recruited from the stroke unit and 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 affecting the visual pathway, and ipsilateral ≥ 50% internal carotid artery stenosis detected by multiparametric “Deutsche Gesellschaft für Ultraschall in der Medizin” (DEGUM) ultrasound criteria according to the NASCET definition (8). All patients underwent a neuro-ophthalmologic examination including slit lamp examination, tonometry and ophthalmoscopic fundus imaging. Exclusion criteria were relevant ophthalmologic and systemic diseases with potential influence on retinal morphology as defined by the OSCAR-IB criteria (9) and older cerebral lesions within the visual pathway. Corrected visual acuity was assessed using ETDRS charts.

Out of 216 patients recruited from our stroke unit at the Heinrich Heine University Düsseldorf 17 patients with symptomatic internal carotid artery stenosis ≥50% remained in our analysis. For details see the recruitment flow chart (Figure 1).
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FIGURE 1. Flow chart of the inclusion/exclusion process.



The sCAD group was compared to a control group of 17 patients with microangiopathic ischemic strokes according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification (10). None of the patients of our microangiopathic ischemic stroke control group had an affection of the visual pathway, neither clinically nor detected by imaging in computed tomography (CT) or magnetic resonance imaging (MRI).

Ultrasound

The extra- and intracranial brain supplying arteries of all patients were examined by ultrasound using a Toshiba ultrasound system (Aplio XG, Xario) and DWL Multi Dop Pro. Extracranial flow velocities were measured with the linear probe (7.5 MHz), intracranial vessels with a sector probe (2.5 MHz). The flow curves of the supratrochlear and supraorbital arteries were recorded with pen probe doppler (8 MHz), the flow direction was detected by sequential compression tests of the superficial temporal and facial arteries bilaterally as described before (11). The ICA stenosis was classified according to the multiparametric DEGUM ultrasound criteria (8). Intima media thickness (IMT) was obtained at the far wall side of both common carotid arteries (CCA) 2 cm below the distal end of CCA (12, 13).

OCT Methodology

Optical coherence tomography methodology and results are reported in line with the APOSTEL reporting recommendations (14). We obtained volumetric retinal scans consisting of 61 vertical scans centered on the fovea (30° × 25°, high speed scanning mode) as well as 12° peripapillary ring scans centered on the disc (high-resolution scanning mode) using a SPECTRALIS OCT device (Heidelberg Engineering, Germany) with image alignment eye-tracking software (TruTrack and Nsite analytics, Heidelberg Engineering) of both eyes. All scans were performed with support of the eye-tracking system by trained technicians. The macular volume scans were averaged from 14 images, while the peripapillary ring scans were averaged from 100 scans (Automatic Real Time, ART). The image quality of all scans was above 20 dB. Segmentation of retinal layers was performed semi-automatically with manual correction of errors using the Heidelberg Eye Explorer software (version HEYEX 1.8.6.0, Viewing Module 5.8.3.0). Due to the low contrast between the ganglion cell layer (GCL) and the inner plexiform layer (IPL), both layers were measured together as the ganglion cell/inner plexiform layer complex (GCIP). All scans were checked for correct segmentation and segmentation errors were corrected manually by a blinded rater (LG). Scans not meeting the OSCAR-IB quality control criteria (9) were discarded. Therefore, not all scans of all patients were available for analysis. We indicate the layer volumes of the retinal layers as well as the total retinal volume (TRV), measured using the mean volume of all sectors of the standard 1, 3, 6 mm ETDRS (early treatment of diabetic retinopathy study) grid in macular volume scans.

MfVEP Methodology

MfVEPs were recorded to assess the function of the visual pathway using a Visionsearch mfVEP device according to the manufacturer's instructions as previously described (15). In short, monocular stimulation was performed using the Visionsearch device applying simultaneous multi-focal stimulation of 56 segments of the visual field (24 degrees of eccentricity) via a 68 s pseudorandom sequence and recording a 2-channel visual response using a custom designed occipital cross electrode holder which predetermines the four occipital electrode positions (16). The checkerboard pattern used for stimulation was scaled based on cortical magnification. To determine sufficient amplitudes, the software automatically calculated the signal to noise ratio at each segment of the stimulated visual field (17). The amplitude of multiple segments added after cross-correlation was performed and individual traces were defined, avoiding cancellation of the dipoles, which often occurs in full-field VEP (15, 16). Mean values of both amplitude and latency, which were used in the final analysis, were calculated by averaging the amplitude and latency of the individual sectors as previously described (15, 16).

Statistical Evaluation

Statistical analyses were performed using SPSS Statistics 20 (IBM). Follow up investigations were performed between 2 and 6 months, and the values were normalized to 4 months for statistical analysis. Due to the small group sizes the non-parametric Wilcoxon matched pairs test was performed to test for differences of OCT parameters and mfVEP parameters at baseline and the change rates at the 4-month follow up between the eye located on the side of the symptomatic stenotic ICA, which supplied the vascular territory of the ischemic stroke or TIA and the contralateral eye. The Mann Whitney U test was performed to compare these parameters of the symptomatic stenotic ICA side, the contralateral asymptomatic side, and the mean of the right and the left eyes of the control group with microangiopathic ischemic stroke. Nominally scaled baseline parameters were compared by Chi Square test. As several retinal layers, mfVEP amplitudes and latencies were analyzed in this exploratory analysis, Bonferroni correction for multiple testing was performed. Spearman correlation analysis was performed to investigate the association between IMT and retinal layers. Subjects with missing data were excluded from the respective analysis, p-values < 0.05 were considered significant.

RESULTS

Patients

Seventeen patients with sCAD were included according to our inclusion and exclusion criteria. Furthermore, for comparison 17 control patients with microangiopathic ischemic stroke according to (TOAST) classification (10) with <50% bilateral ICA stenosis were analyzed. The control group with microangiopathic ischemic stroke showed statistically no difference to the sCAD group in age, gender, time from ischemic event to baseline OCT and mfVEP assessment, and vascular risk factor profile, except for hyperlipidemia, which was more frequent in the sCAD group. Baseline parameters, vascular risk factors and time period of initial investigations including OCT und mfVEP after the ischemic stroke or TIA event of both groups are presented in Table 1. In the sCAD group 8 (47%) patients had an ischemic stroke in the territory of the middle cerebral artery, 5 (29%) patients had a TIA in the territory of the middle cerebral artery, and 4 (24%) patients had an amaurosis fugax attack.


Table 1. Baseline parameters of the 17 patients with symptomatic ≥ 50% ICA stenosis and 17 control group patients with microangiopathic ischemic stroke.
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Ultrasound

Only ICA stenoses ≥50% were considered as relevant and any stenosis <50% was classified as no stenosis. All 17 patients had symptomatic ipsilateral ≥50% ICA stenoses, 14 with an ipsilateral orthograde, and 3 with a retrograde flow direction of the supratrochlear artery. Out of these 17 patients, 6 also had an asymptomatic ICA stenosis ≥50% on the contralateral side. Fourteen with a contralateral orthograde and 3 with a retrograde flow direction of the supratrochlear artery. All control group patients (N = 17) with microangiopathic ischemic stroke had bilateral ICAs with <50% stenosis and consequently bilateral orthograde flow directions of the supratrochlear arteries. See Table 1.

Secondary Prevention

Eight (47%) of our patients received a thrombendarterectomy of the symptomatic ICA, 7 (41%) patients carotid stenting, and 2 (12%) patients were treated with best medical treatment after the baseline measurement.

OCT at Baseline

Complete OCT scans of both eyes were obtained from all patients and revealed no structural abnormalities in any of the retinal layers or in the pigment epithelium in any of the subjects meeting the inclusion criteria (data provided in Table S1) and of the 17 available control group patients with microangiopathic ischemic stroke.

At baseline, we observed no significant difference of the measured retinal layers (Figure 2 and Table S1) in the total cohort of 17 patients between the symptomatic ICA stenosis side, the contralateral side, and the mean of the right and left eyes of the 15 available control group patients with microangiopathic ischemic stroke for the macular OCT scans and 17 control group patients with microangiopathic ischemic stroke for the peripapillary retinal nerve fiber layer (pRNFL). In addition, a subgroup analysis at baseline revealed no significant difference of the retinal layers between the ipsilateral symptomatic side of 11 patients with ICA stenoses ≥50% and the contralateral side with no ICA stenosis. Likewise, for the 6 patients with bilateral ICA stenoses ≥50%, no significant differences were detected between the ipsilateral symptomatic and the contralateral asymptomatic side (Tables S2, S3). Furthermore, the orthograde or retrograde flow direction of the supratrochlear artery had no significant influence on the measured retinal layers (Tables S4–S6).
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FIGURE 2. IMT, mfVEP amplitude, and first peak latency as well as macular retinal layer volume and peripapillary RNFL at baseline between the symptomatic ICA side, asymptomatic contralateral side, and the 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 location of the peripapillary OCT ring scan by a green circle. (C) Shows an exemplary peripapillary OCT scan. In mfVEPs, amplitude (D) and first peak latency (E) between the symptomatic and asymptomatic ICA side, and the mean of the right and left eye of the control group were analyzed. OCT layers were measured in volume scans centered on the fovea and pRNFL was measured in peripapillary ring scans centered on the optic disc. (F–O) The analysis revealed no significant differences of the retinal layer volume or thickness at baseline between the symptomatic ICA side, the asymptomatic contralateral side and 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 distal end of CCA on both sides, showing no significant difference between the symptomatic and asymptomatic ICA side, and the mean of the right and left side of the control group. The boxplots (D–P) demonstrate the medians of the symptomatic ICA, asymptomatic side, and of the means of the right and left side of the control group. The median is indicated by the dark line in the middle of the box, the IQR by the box, and the minimum and maximum values by whiskers (excluding outliers). Outliers defined as values 1.5 to 3.0 times outside the IQR are presented as circles and extreme outliers defined as values of more than 3.0 times outside the IQR are presented as asterisks. N.s. indicates no significant difference. P-values < 0.05 were considered as statistically significant (Wilcoxon matched pairs test comparing the symptomatic and asymptomatic side of the sCAD patients and Mann Whitney U-test comparing the symptomatic and asymptomatic side to the mean of the right and left eyes of the control group; all analyses were performed with Bonferroni correction for multiple testing).



Longitudinal Changes in OCT

We studied longitudinal retinal changes over 4 months compared to baseline. For 10 patients available for analysis, we found no significant change of volumes or thickness of any retinal layer (Figure 3 and Table S7). The subgroup analysis considering the 7 patients without contralateral ICA stenosis revealed no significant difference, as well (Table S8).
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FIGURE 3. Retinal layer differences after 4 months. OCT layers were measured in volume scans centered on the fovea and pRNFL was measured in peripapillary ring scans of the optic disc. (A–J) The analysis revealed no significant change of the retinal layer volume or pRNFL thickness after 4 months between the symptomatic ICA side and the asymptomatic contralateral side; boxplots are demonstrated for the different retinal layers with n.s. indicating no significant difference. P-values < 0.05 were considered as statistically significant (Wilcoxon matched pairs test with Bonferroni correction for multiple testing). The horizontal lines in the middle of the boxplots demonstrate the medians of the symptomatic and asymtpomatic ICA side. The IQR is presented by the box, and the minimum and maximum values by whiskers (excluding outliers). Outliers defined as values 1.5 to 3.0 times outside the IQR are presented as circles and extreme outliers defined as values of more than 3.0 times outside the IQR are presented as asterisks.



MfVEP at Baseline

We obtained mfVEP from 10 patients at baseline. No significant changes in amplitude or first peak latency were detected between the ipsilateral and contralateral eye of symptomatic ICA stenosis patients as well as the mean of the right and left eyes of the control group with 15 available microangiopathic ischemic stroke patients (Figure 2 and Table S9).

Furthermore, no significant differences were detected between the ipsilateral eye and the contralateral eye of the subgroup of 6 patients without contralateral ICA stenosis or of the subgroup of 4 patients with contralateral ICA stenoses ≥50%, as well as for 15 eyes with orthograde flow direction of the supratrochlear artery compared to 5 eyes with retrograde flow direction of the supratrochlear artery (Table S9).

IMT at Baseline

In the 10 sCAD patients available for analysis, no significant difference of IMT thickness between the ipsi- and contralateral CCA was detected (ipsilateral mean IMT: 0.95 ± 0.11785 mm SD; contralateral mean IMT contralateral: 0.89 ± 0.15951 mm SD, p-value: n.s. with Wilcoxon matched pairs test and Bonferroni correction for multiple testing). Similarly no differences were observed when comparing to the mean of the right and left IMT (0.76 ± 0.07319 mm) of the 7 control group CCAs (Mann Whitney U-test with Bonferroni correction for multiple testing). Furthermore, no correlation (Spearman correlation with Bonferroni correction for multiple testing) between IMT and retinal layer volume or thickness in OCT or mfVEP parameters (first latency peak and amplitude) of the sCAD group was identified (data not shown).

DISCUSSION

We investigated if symptomatic internal carotid artery disease is associated with changes in retinal morphology detectable by OCT using a cross-sectional and a prospective study design. A strength of our study was that not only structure (OCT) but also function (mfVEP) was investigated and the longitudinal investigations, which allowed us to analyze the effect of symptomatic internal carotid artery disease at baseline and during follow up. Further advantages are the high repeatability of the methods used (OCT and mfVEP) (18, 19) and the comparison of the parameters to a control group with microangiopathic ischemic stroke and similar age, gender as well as vascular risk factor profile. Only 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 cardiovascular disorders including large vessel ischemic stroke like sCAD, myocardial infarction and peripheral arterial disease (20), whereas the role of hyperlipidemia in microangiopathic ischemic stroke is more controversial (21). At baseline there was no difference in the OCT and mfVEP parameters between the symptomatic ICA, the contralateral side, and the control group with microangiopathic ischemic stroke. After 4 months no significant change of the retinal layers in OCT of the sCAD group was detected as well. In summary, we can conclude that there were no relevant differences in retinal layer thickness between eyes supplied by symptomatic stenotic internal carotid arteries and the contralateral eyes, both at baseline and after 4 months, regardless if a contralateral ICA stenosis ≥50% was present or not. Furthermore, no signs of functional impairment between 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 carotid artery disease. On the one hand, Heßler et al. (22) did not identify any changes in optic nerve diameter, retinal morphology, or visual functionality. On the other hand, Wang et al. (23) including a much larger sample size of 3.376 participants demonstrated a correlation of prevalence and degree of internal carotid artery stenosis with thinner RNFL and vice versa. In that study two experienced examiners scanned all study patients with rigorous quality control (23). Furthermore, in another study, focal retinal nerve fiber layer defects showed an association with previous or acute cerebrovascular ischemic stroke and vice versa (24).

The negative findings of our OCT and mfVEP analyses might partly be explained by the small sample size and different ethnicity of the group (Caucasian vs. Asian) compared to the studies of Wang et al. (23, 24). Furthermore, we investigated symptomatic CAD and not asymptomatic CAD. In order to detect small changes, bigger cohort sizes and a longer follow up periods may be required. However, we can already conclude from this small scale study that differences that would be clinically meaningful or useful in a clinical setting cannot be observed. We decided to choose intrasubject comparisons (symptomatic ICA stenosis side vs. contralateral side) and additionally intersubject comparisons (symptomatic ICA stenosis side or asymptomatic side vs. eyes from control subjects with microangiopathic ischemic stroke and similar vascular risk factor profile) for better comparability of baseline parameters and control for comorbidities like diabetes mellitus, arterial hypertension, etc.

The lack of a healthy control cohort might be regarded as a limitation of our study, but we provided a comparison with a microangiopathic ischemic stroke control group, who had similar age, gender, and vascular risk factors to more specifically address the influence of the symptomatic ICA stenosis, which revealed no significant difference of the OCT and mfVEP parameter to the sCAD group at baseline. In this context we have to acknowledge that some patients of the sCAD group had CAD ≥50% on the contralateral side. However, these eyes did not differ from contralateral eyes, which were supplied by a non-stenotic ICA, and both groups did not differ from the symptomatic side supporting our main finding that ICA stenoses have no significant impact on retinal morphology and visual system function. Further limitations of the study are the lack of retinal blood flow assessments like fluorescein angiography with the possibility to determine the time to peak of fluorescein application to the retinal fluorescein signal, OCT- angiography or laser speckle flowgraphy and the lack of functional retinal analysis by multifocal electroretinograms.

We believe that our study provides sufficient evidence that retinal layer thickness is not useful for monitoring of symptomatic ICA stenosis. To exclude subtle changes in the long term follow up further larger studies with longitudinal design including a longer follow up period as well as intrasubject and intersubject comparisons with a healthy age and gender matched control group would be needed. However, the magnitude of such subtle changes is likely to be below the accuracy of the measurements and therefore unlikely to be meaningful on a single patient level in a clinical setting.

DATA AVAILABILITY

The datasets generated for this study are available on request to the corresponding author.

ETHICS STATEMENT

This prospective observational study (Study-number 4436R) was carried out in accordance with the recommendations of the local ethics committee of Heinrich Heine University Duesseldorf with written informed consent from all subjects. All subjects gave written informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the local ethics committee of Heinrich Heine University Duesseldorf.

AUTHOR CONTRIBUTIONS

J-IL and PA contributed to the study design, data acquisition, data analysis, drafting of the manuscript, revision of the manuscript for important intellectual content. LG contributed to the data acquisition, data analysis, drafting of the manuscript, revision of the manuscript for important intellectual content. LB and RG contributed to the data acquisition, revision of the manuscript for important intellectual content. OA, MG, SJ, and H-PH contributed to the revision of the manuscript for important intellectual content.

ACKNOWLEDGMENTS

We acknowledge Jana Rybak for excellent technical assistance in the OCT and mfVEP scans.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2019.00741/full#supplementary-material

REFERENCES

 1. GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and national age-sex specific all-cause and cause-specific mortality for 240 causes of death, 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet Lond Engl. (2015) 385:117–71. doi: 10.1016/S0140-6736(14)61682-2

 2. Oberwahrenbrock T, Schippling S, Ringelstein M, Kaufhold F, Zimmermann H, Keser N, et al. Retinal damage in multiple sclerosis disease subtypes measured by high-resolution optical coherence tomography. Mult Scler Int. (2012) 2012:530305. doi: 10.1155/2012/530305

 3. Oberwahrenbrock T, Ringelstein M, Jentschke S, Deuschle K, Klumbies K, Bellmann-Strobl J, et al. Retinal ganglion cell and inner plexiform layer thinning in clinically isolated syndrome. Mult Scler Houndmills Basingstoke Engl. (2013) 19:1887–95. doi: 10.1177/1352458513489757

 4. Roth NM, Saidha S, Zimmermann H, Brandt AU, Isensee J, Benkhellouf-Rutkowska A, et al. Photoreceptor layer thinning in idiopathic Parkinson's disease. Mov Disord Off J Mov Disord Soc. (2014) 29:1163–70. doi: 10.1002/mds.25896

 5. Klistorner A, Fraser C, Garrick R, Graham S, Arvind H. Correlation between full-field and multifocal VEPs in optic neuritis. Doc Ophthalmol Adv Ophthalmol. (2008) 116:19–27. doi: 10.1007/s10633-007-9072-y

 6. Grover LK, Hood DC, Ghadiali Q, Grippo TM, Wenick AS, Greenstein VC, et al. A comparison of multifocal and conventional visual evoked potential techniques in patients with optic neuritis/multiple sclerosis. Doc Ophthalmol Adv Ophthalmol. (2008) 117:121–8. doi: 10.1007/s10633-007-9112-7

 7. Alshowaeir D, Yiannikas C, Klistorner A. Multifocal Visual Evoked Potential (mfVEP) and pattern-reversal visual evoked potential changes in patients with visual pathway disorders: a case series. Neuro Ophthalmol Aeolus Press. (2015) 39:220–33. doi: 10.3109/01658107.2015.1074253

 8. Arning C, Widder B, von Reutern GM, Stiegler H, Görtler M. Revision of DEGUM ultrasound criteria for grading internal carotid artery stenoses and transfer to NASCET measurement. Ultraschall Med Stuttg Ger 1980. (2010) 31:251–7. doi: 10.1055/s-0029-1245336

 9. Tewarie P, Balk L, Costello F, Green A, Martin R, Schippling S, et al. The OSCAR-IB consensus criteria for retinal OCT quality assessment. PLoS ONE. (2012) 7:e34823. doi: 10.1371/journal.pone.0034823

 10. Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, et al. Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke J Cereb Circ. (1993) 24:35–41. doi: 10.1161/01.STR.24.1.35

 11. Trockel U, Hennerici M, Aulich A, Sandmann W. The superiority of combined continuous wave Doppler examination over periorbital Doppler for the detection of extracranial carotid disease. J Neurol Neurosurg Psychiatry. (1984) 47:43–50. doi: 10.1136/jnnp.47.1.43

 12. Intima-Media Thickness: Appropriate Evaluation and Proper Measurement Described. Available online at: https://www.escardio.org/Journals/E-Journal-of-Cardiology-Practice/Volume-13/Intima-media-thickness-Appropriate-evaluation-and-proper-measurement-described# (accessed January 21, 2018).

 13. Kanters SD, Algra A, van Leeuwen MS, Banga JD. Reproducibility of in vivo carotid intima-media thickness measurements: a review. Stroke. (1997) 28:665–71. doi: 10.1161/01.STR.28.3.665

 14. Cruz-Herranz A, Balk LJ, Oberwahrenbrock T, Saidha S, Martinez-Lapiscina EH, Lagreze WA, et al. The APOSTEL recommendations for reporting quantitative optical coherence tomography studies. Neurology. (2016) 86:2303–9. doi: 10.1212/WNL.0000000000002774

 15. Hartmann CJ, Klistorner AI, Brandt AU, Schroeder K, Kolbe R, Cohn E, et al. Axonal damage in papilledema linked to idiopathic intracranial hypertension as revealed by multifocal visual evoked potentials. Clin Neurophysiol Off J Int Fed Clin Neurophysiol. (2015) 126:2040–1. doi: 10.1016/j.clinph.2014.12.014

 16. Klistorner AI, Graham SL. Electroencephalogram-based scaling of multifocal visual evoked potentials: effect on intersubject amplitude variability. Invest Ophthalmol Vis Sci. (2001) 42:2145–52.

 17. Klistorner A, Arvind H, Garrick R, Yiannikas C, Paine M, Graham SL. Remyelination of optic nerve lesions: spatial and temporal factors. Mult Scler Houndmills Basingstoke Engl. (2010) 16:786–95. doi: 10.1177/1352458510371408

 18. Oberwahrenbrock T, Weinhold M, Mikolajczak J, Zimmermann H, Paul F, Beckers I, et al. Reliability of intra-retinal layer thickness estimates. PLoS ONE. (2015) 10:e0137316. doi: 10.1371/journal.pone.0137316

 19. Punjabi OS, Stamper RL, Bostrom AG, Lin SC. Repeatability of the multifocal visual evoked potentials in a clinical glaucoma setting. Can J Ophthalmol J Can Ophtalmol. (2008) 43:435–40. doi: 10.3129/i08-078

 20. de la Sierra A, Pintó X, Guijarro C, Miranda JL, Callejo D, Cuervo J, et al. Prevalence, treatment, and control of hypercholesterolemia in high cardiovascular risk patients: evidences from a systematic literature review in Spain. Adv Ther. (2015) 32:944–61. doi: 10.1007/s12325-015-0252-y

 21. Ihara M, Yamamoto Y. Emerging evidence for pathogenesis of sporadic cerebral small vessel disease. Stroke. (2016) 47:554–60. doi: 10.1161/STROKEAHA.115.009627

 22. Heßler H, Zimmermann H, Oberwahrenbrock T, Kadas EM, Mikolajczak J, Brandt AU, et al. No evidence for retinal damage evolving from reduced retinal blood flow in carotid artery disease. BioMed Res Int. (2015) 2015:604028. doi: 10.1155/2015/604028

 23. Wang D, Li Y, Zhou Y, Jin C, Zhao Q, Wang A, et al. Asymptomatic carotid artery stenosis and retinal nerve fiber layer thickness. A community-based, observational study. PLoS ONE. (2017) 12:e0177277. doi: 10.1371/journal.pone.0177277

 24. Wang D, Li Y, Wang C, Xu L, You QS, Wang YX, et al. Localized retinal nerve fiber layer defects and stroke. Stroke. (2014) 45:1651–6. doi: 10.1161/STROKEAHA.113.004629

Conflict of Interest Statement: Financial disclosures unrelated to the work are presented: J-IL has received honoraria for speaking/consultation from Bayer Healthcare, Boehringer Ingelheim and Daiichi-Sankyo as well as travel grants from Bayer Healthcare, Merz Pharmaceuticals, Ipsen and Allergan outside the submitted work. OA has received honoraria for speaking/consultation and travel grants from Bayer Healthcare, Biogen Idec, Chugai, Novartis, Medimmune, Merck Serono, and Teva and research grants from Bayer Healthcare, Biogen Idec, Novartis, and Teva, outside the submitted work. MG has received honoraria for speaking/consultation from Bayer Healthcare, Boehringer Ingelheim and a research grant from B. Braun, outside the submitted work. SJ has received honoraria for speaking/consultation from Bayer Healthcare, Boehringer Ingelheim, Bristol-Myers Squibb, Pfizer, Biogen, and Daiichi-Sankyo as well as travel grants from Bayer Healthcare and Daiichi-Sankyo, outside the submitted work. H-PH has outside the work presented here received fees for serving on steering or data monitoring commitees from Bayer Healthcare, Biogen, Celgene Receptos, GeNeuro, Sanofi Genzyme, Merck, Novartis, Octapharma, Teva Pharmaceuticals, MedImmune, and Roche, fees for serving on advisory boards from Biogen Idec, Sanofi Genzyme, Merck, Novartis Pharmaceuticals, Octapharma, Teva Pharmaceuticals, and Roche, and lecture fees from Biogen, Sanofi Genzyme, Merck, Novartis Pharmaceuticals, Octapharma, Teva Pharmaceuticals, MedImmune, and Roche. PA reports grants, personal fees and non-financial support from Allergan, Biogen, Ipsen, Merz Pharmaceuticals, Novartis, and Roche, personal fees and non-financial support from Bayer Healthcare, Merck, and Sanofi-Aventis/Genzyme, outside the submitted work.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Lee, Gemerzki, Boerker, Guthoff, Aktas, Gliem, Jander, Hartung and Albrecht. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-10-00741-g003.gif
S ST B St et






OPS/images/fneur-10-00741-t001.jpg
SCAD group, N = 17 Control group with
microangiopathic ischemic

stroke, N = 17
Median age in years (interquartie range) 64 (60-74) 64(53.5-72) Mann Whitney U-test n.s.
Male gender 12(71%) 12 (71%) Chi Square test
ns.
Atterial hypertension 12/(71%) 14 (84%) Chi Square test
ns.
Diabetes melitus 3(18%) 6(35%) Chi Square test
ns.
Vascular disease 4(24%) 4(24%) Chi Square test
ns
Smoking 11(65%) 11 (65%) Chi Square test
ns.
Coronary heart disease 4(24%) 2(12%) Chi Square test
ns
Hyperipidemia 16 (94%) 10 (59%) Chi Square test
p <005
Qualifying event:
Ischemic stroke 11(65%) 17 (100%) Chi Square test
p <005
TIA 6(35%) 0(0%) Chi Square test p < 0.05
Ipsilateral ICA stenosis  50% 17 (100%) 0(0%) Chi Square test
p <005
Contralateral ICA stenosis = 50% 6(35%) 0(0%) Chi Square test
p <005
No contralateral ICA stenosis 11 (65%) 17 (100%) Chi Square test
p <005
Ipsilateral orthograde flow direction of the 14 (82%) 17 (100%) Chi Square test
supratrochlear artery ns.
Contralateral orthograde flow direction of the 14 (82%) 17 (100%) Chi Square test
supratrochlear artery ns.
Corrected visual acuity in % (+SD) Symptomatic ICA side: Ipsilateral side: Mann Whitney U-test n.s.
89.0 (£16.4) 91.7 (£10.6)
Corrected visual acuity in % (+SD) Asymptomatic ICA side: Contralateral side: Mann Whitney U-test n.s.
843 (10.5) 87.8(+8.6)
Intraocular pressure in mmHg (+SD) Symptomatic ICA side: Ipsilateral side: Mann Whitney U-test n.s.
15.1 (£3.6) 15.4 (£3.4)
Intraocular pressure in mmHg (+:SD) Asymptormatic ICA side: Contralateral side: Mann Whitney U-test n.s.
14.3 (£3.9) 15.5 (£3.4)
Baseline OCT and miVEP were obtained mean = SD 612516 5.13:+2.47 Mann Whitney U-test n.s.

days after the ischemic stroke or TIA event

Absolute numbers and percentages or median with interquartie range (IQR) are provided for demographics and risk fectors, means, and standerd deviations for ocular measurements.
Chi Square test and interval scaled baseline parameters were compared by Mann Whitney U-test were used to compare the SCAD and the control group with microangiopathic
ischemic stroke nominally scaled baseline parameters, respectively. P-values < 0.05 were considered as statisticall significant, n.s. indicates no significant difference. The visual acuity
and intraocular pressure did not differ significantly between the symptomatic and asymptomatic side of the SCAD group (Wilcoxon matched pairs test p = 0.117 and p = 0.138,
respectively), but showed a trend toward higher visual acuity and higher intraocular pressure within normal range on the symptomatic ICA side, which were not considered as relevant.
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