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Study protocol — Prospective case-control trial — Impact of significant carotid
stenosis on retinal perfusion measured with automated retinal oximetry
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Petra Divisova'?, Tomas Veverka'?, David Franc'?, Daniel Sanak'?, Michal Kral'2

Background. Large vessel carotid stenosis is a significant cause of ischaemic stroke. Indications for surgical revasculari-
sation depend on the severity of the stenosis and clinical symptoms. However, mild symptoms such as TIA (Transient
ischaemic attack), amaurosis fugax or minor stroke precede large strokes in only 15% of cases.

Aim. The aim of this prospective study is to evaluate whether retinal perfusion is impacted in significant carotid ste-
nosis. Automated retinal oximetry will be used to better assess perfusion in the post-stenotic basin. We presume the
more stenotic the blood vessel, the more reduced the retinal perfusion is, resulting in adaptive changes such as greater
arteriovenous saturation difference due to greater oxygen extraction. This could broaden the indication spectrum for
revascularisation for carotid stenosis.

Methods. We plan to enroll yearly 50 patients with significant carotid stenosis and cross-examine them with retinal
oximetry. The study group will provide stenotic vessels and, non-stenotic vessels will form the control group. Patients
with significant carotid stenosis will undergo an MRI (Magnetic Resonnance imaging) examination to determine the
presence of asymptomatic recent ischaemic lesions in the stenotic basin, and the correlation to oximetry parameters.
Statistics. The stenosis severity and retinal oximetry parameters will be compared for study and control groups with
a threshold of 70%, respectively 80% and 90% stenosis. Results will be then reevaluated with emphasis on MRI find-
ings in the carotid basin.

Conclusion. This prospective case control study protocol will be used to launch a multicentre trial assessing the rela-
tionship between significant carotid stenosis and retinal perfusion measured with automated retinal oximetry. Despite
these differences, the findings indicate the potential of retinal oximetry for noninvasive real-time measurements of
oxyhaemoglobin saturation in central nervous system vessels. Following calibration upgrade and technological im-
provement, verification retinal oximetry may potentially be applied to critically ill and anaesthesia care patients. The
study on combined scanning laser ophthalmoscope and retinal oximetry supports the feasibility of the technique for
oximetry analysis in newly born babies.
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INTRODUCTION spectively. However, stenosis over 50% represents a higher
risk of stroke - 9.6%, and 16.6% respectively*. The risk
Ischemic stroke is a devastating neurological condition,  of stroke depends on the preceeding stenosis symptoms.
second most frequent cause of death and a leading cause =~ While asymptomatic stenosis represents only a 1.5times
of long-term invalidity'. The incidence of ischaemic strokes  higher risk of large stroke compared to healthy popula-
in the Czech Republic is 241/100000 inhabitants per year>.  tions, the 5-year risk of stroke recurrence in the symptom-
Over 3600 patients a year develop ischaemic stroke due  atic stenosis varies from 10% to more than 50% depending
to significant carotid stenosis. Correctly timed surgical  on other factors, as summarized in Fig. 1. (ref.>®).

intervention significantly reduces a patients’ risk of stroke This would mean that symptoms corresponding to an
recurrence in one procedure, compared to the treatment of ~ ischaemic event are a key variable in predicting stroke
other causes of stroke such as atrial fibrillation?. recurrence risk. However, classic symptoms such as TIA,

Stenosis under 50% is not a significant risk. The 10-15  amaurosis fugax, or minor stroke are detectable in only
year cumulative risk of a stroke event is 5.7% and 8.7% re-  15% of cases’.
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Fig. 1. Analysis of the ischaemic event. in various risk factors, Rothwell PM et al. 2005.

The research is now shifting towards developing
methods with the ability to uncover clinically inapparent
symptomatic events allowing more patients to undergo
carotid revascularisation and thus reduce the global bur-
den of stroke. Following progress in neuroradiology, a
combination of several MRI protocols such as: perfusion-
weighted imaging, total cerebral blood volume, absence of
atherosclerotic plaque calcification, severity of vascular
leukoencephalopathy, and detection of intramural vascu-
lar hemoglobin deposits appear to be congruent with the
general risk of ischaemic stroke recurrence?®.

However, there are pragmatic limitations to MRI ex-
aminations due to financial, temporal, and logistical chal-
lenges for both patient and healthcare stystems.

Automated retinal oximetry on the other hand, is a
technology enabling direct evaluation of perfusion pa-
rameters in retinal blood vessels. These vessels are the
terminal part of the carotid basin and retinal oximetry
is the only available method for directly analyzing these
poststenotic vessels.

The main physical principle of retinal oximetry is
based on the different absorption properties of oxyhe-
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moglobin and deoxyhemoglobin. While oxyhemoglobin
does not absorb wavelengths of 570 nm, deoxyhemoglo-
bin does. Both molecules absorb wavelengths of 600 nm
(ref.?). Dual absorption maximum is later used to calcu-
late oxygen saturation thus differentiating arteries from
veins.

There is altered oxygen metabolism in various system-
ic diseases such as chronic obstructive pulmonary disease,
hypertension, diabetes mellitus as well as neurological
disorders such as multiple sclerosis and dementia'®!3,

Even though the impact of carotid stenosis on retinal
perfusion is self evident, it has not been systemmatically
investigated to date. One study was performed using the
data of 17 patients with significant carotid stenosis. The
results indicated relative arterial hyperoxia and a signifi-
cantly higher arterio-venous oxygen difference in the ste-
nosis group*.

Hypothesis

Reduced retinal blood flow due to significant carotid
stenosis will result in adaptive changes measurable by
retinal oximetry such as increased AV (Arteriovenous)
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difference measured by retinal oximetry corresponding
to increased oxygen extraction and/or dilation of post-
capillary venules as a morphological correlate of blood
circulation adaptation.

So far, studies with optical coherence tomography
have confirmed reduced blood flow in the case of ste-
notic basin®.

It is unknown whether these changes correspond to
the clinical symptoms of carotid stenosis. Since 85% of
ischaemic strokes due to carotid stenosis are not preceded
by clinical warning signs (TIA, amaurosis fugax, minor
stroke), the aim of this study is to evaluate changes in
oximetry parameters compared to MRI verified ischaemic
lesions regardless of their clinical significance. Retinal
oximetry could provide a simple technique enabling the
early detection of asymptomatic hemodynamically sig-
nificant stenosis, thus allowing intervention prior to an
ischaemic stroke event.

Aims of the study
Primary aim:

» To establish whether AV difference in the stenotic ba-
sin increases with the severity of stenosis and/or these
changes vary depending on the severity of the stenosis.

Secondary aims:

» Evaluate the difference in retinal oximetry and ultraso-
nographic parameters in patients with clinically symp-
tomatic and clinically asymptomatic carotid stenosis
correlated to MRI findings of ipsilateral ischaemic
lesions in the stenotic basin.

MATERIALS AND METHODS

Patient enrollment

In this prospective case-control study we estimate an
enrollment of 50 patients a year. Inclusion criteria are
ultrasonographic detection of significant carotid stenosis
over 50%. Participants who give informed consent will
undergo thorough ophthalmological examination prior to
the retinal oximetry. Patients with high-degree refraction
error, advanced cataract, glaucoma, proliferative diabetic
retinal angiopathy or exsudative form of macular degen-
eration, undergoing treatment with vascular endothelial
growth factor based treatment, laser photocoagulation or
pars plana vitrectomy will be excluded due to technologi-
cal limitations of retinal oximetry!''.

Baseline characteristics of the patients

Participants who give informed consent will undergo
complete neurological examination with emphasis on
subtle clinical sings of premorbid stroke. Patients with
no history of prior ischaemic stroke will be referred to
brain MRI stroke protocol as discussed below.

Patient medical history will be taken with emphasis on
cardiovascular and atherosclerosis risk factors.
* Acute stroke symptoms - correlated with neuroimag-

ing

* Dyslipidemia and treatment, values of blood lipid spec-
trum

» Diabetes Mellitus - type, actual pharmacotherapy,
glycated hemoglobin value if possible

* Any cardiovascular events - these include prior myo-
cardial infarction or history of ischaemic heart disease,
peripheral arterial disease, prior stroke (more than 6
months before the examination) and revascularisation
procedures in relation to these diagnoses

e Hypertension and treatment

» Atrial fibrillation and treatment - as a leading cause
of ischaemic stroke

¢ Smoking and alcoholism
Prior to each examination, blood pressure will be tak-

en, and peripheral blood oxygen saturation will be mea-

sured by finger oximeter (Pulse Oximeter PM 60, Cheiron

in. CR-7A185379).

Ultrasonographic examination

Standard examination will be performed by machine
GE-Logig-S8, linear probe 9L-D frequency 2-8 MHz,
sector probe M5S-D, frequency 1.8-4.4 MHz. Located
at the Department of Neurology at Olomouc University
Hospital.

Ultrasonographic examination describes the parame-
ters of atherosclerotic plaque in carotid bulbus in B mode,
such as plaque thickness, structure, presence and diam-
eter of ulceration and instability signs, such as intraplaque
hemorrhage, thrombus, neovascularisation, or rupture.
Plaque calcifications and fibrosis is noted.

Asessment of the severity of stenosis will be performed
according to Grant et al. Radiologic guidelines from 2003
(ref.'®) and will rely on a combination of findings. These
criteria rely heavily on the haemodynamic findings and
plaque morphological characteristics. Combination
of these factors such as PSV (peak systolic velocity in-
crease), EDV (endiastolic velocity increase) in the ste-
notic segment and pre-stenosis/post-stenosis (Common
carotid artery) /ICA (Internal carotid artery) ratio’.

Since the changes of blood velocity are non linear with
the increasing severity of stenosis, the most prominent
changes are detectable in higher stenoses i.e. over 70%
and undetectable or with poor predictive value in lower
stenosis i.e. under 40%. Stenoses have none to limited
changes to haemodynamics with wide inter individual
variability despiteuse of a combination of parameters'®.

Ultrasonographic parameters gain more predictive
value in stenoses over 50%, 70% respectively. As the lu-
men diameter decreases, blood flow increases exponen-
tially leading to more profound changes. However above
95% stenosis the situation changes and obstruction leads
to significant reduction of blood flow and decrease in
systolic velocities!. Combination of absolute values of
flow velocities and ACI/ACC velocity ratio seems to be
the best option for evaluating the stenosis severity with
the sensitivity and specificity over 90% in stenosis over
70% (ref."7).

All characteristics of carotid stenosis are summarized
in Table 1.
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Table 1. Assessing the severity of stenosis using multiple parameters, Grant et al. 2003, Gerhard-Herman et al. 2006.

% ICA PSV Plaque ICA EDV Ophtalhmic PSVICA/PSVCCA
stenosis (cm/s) estimate % * (cm/s) circulation

<50% <125 <50 <40 orthograde <2.0

50-69% 125-230 >50 40-100 orthograde 2-4

70-95% >230 >50 >100 ortho/retrograde >4

Near occlusion high, low variable variable mostly retrograde variable

95-99% or undetectable

Total occlusion undetectable not applicable not applicable  mostly retrograde not applicable

*Plaque estimate (diameter reduction) based on Duplex ultrasound B-mode and on additional color mode ultrasound
CCA, common carotid artery; DUS, duplex ultrasound; EDV, end diastolic velocity; ICA, internal carotid artery; PSV, peak systolic velocity.

Combination of the above if used in assessing the se-
verity of carotid stenosis.

In addition to the above, PSV and EDV in ECA, OA
(Ophtalmic artery) and intracranially MCA (Middle ce-
rebral artery) will be noted as well. OA velocities will be
measured in depth of 1-5 centimeters behind the ocular
fundus where physiological crossing with optic nerve oc-
cur. Insonation angle will be noted. Central retinal artery
parameters will be taken in the fundus irrespective of the
insonation angle presuming the 90° direction of blood
flow through the eye wall®.

MCA velocities will be taken in the M1 segment also
with the insonation angle.

These findings will be used for evaluation of ophthal-
mic perfusion as well as correlation for incidental MRI
findings of ischaemic laesions.

MRI examination characteristics

The MRI will be performed on a Siemens Aera 1.5-T
(Siemens, Erlangen, Germany) with quantum gradients
(syngo2004A) and a standard head coil (CP head array
coil). The protocol will contain the following sequences:
1. localizer, 2. T2-weighted turbo spin echo (TSE), 3. flu-
id-attenuated inversion recovery (FLAIR), 4. diffusion-
weighted imaging (DWI), 5. 3-D time of flight magnetic
resonance angiography (TOF MRA). The total acquisi-
tion time (AT) is 11 min 28 s. Sequences 2-4 will be ap-
plied to acquire data from the same set of slices (standard
number of slices 19, slice thickness 5 mm, distance factor
30%). The standard slice orientation is oblique axial, ap-
proximately parallel to the skull base in order to minimize
the susceptibility to artifacts in echo-planar imaging (EPI)
sequences. The sequence parameters are as follows: T2-
TSE TR/TE/ETL 4,000/99/9 ms, FOV 230%x173 mm, ma-
trix 256x256, AT 1 min 34 s; FLAIR 8,050/112/ETL 21/2
concatenation, FOV 230 mm, FOV phase 76.6%, matrix
256x151, AT 2 min 26 s. These sequences are used to as-
sess hemorrhage and detect local demyelination changes,
including sites of ischemic demyelination. The EPI-DWI
sequence parameters are as follows: 3,200/94/EPI factor
128/3 averages, FOV 230x230 mm, matrix 128x128 with
interpolation, TA 1 min 20 s. MRI data is acquired with
three diffusion weightings: b=0, b=500, and b=1,000. The
fourth type of image is an automatically created apparent
diffusion coefficient (ADC) map. DWI traces show aver-
age local diffusivity in the brain tissue examined when b is
500 and 1,000. This sequence is applied to assess hemor-
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rhage (b=0: T2*-EPI, susceptibility-sensitive sequence)
and detect sites of reduced diffusion (DWI, b=500 and
1,000). The 3D-TOF MRA sequence parameters are as
follows: 43/7.15, 3 slabs, 32 partitions/slab, slice thick-
ness 1 mm, FOV 200x150 mm, matrix 512x192, AT 5:59
min. The images obtained - maximum intensity projec-
tion (MIP) and sublayers - would illustrate the closure
of the main arterial trunk of the circle of Willis or its
branches. Infarct volumes are measured on DWI trace
images (b=1,000) and calculated as a total hyperintense
area in single slices multiplied by effective slice thickness
[(actual slice thickness + distance factor)/ interslice gap].
A radiologically symptomatic patient will be consid-
ered if ischaemic lesions are foundin the stenotic basin.

Ophthalmological examination + automated retinal
oximetry

First, the ophthalmological history is taken and a de-
tailed physical examination of the anterior and posterior
segments of the bulbus is performed using the slit lamp.
Later optic coherent tomography (OCT) and retinal ox-
imetry of both eyes are performed.

Physical examination includes:

Examination of visual acuity using optotype ETDRS
(Early Treatment Diabetic Retinopathy Study)
Non-contact measurement of intraocular pressure
(Canon TX-20P, CMI ORA III)

Anterior segment examination using the slit lamp
Fundus examination in artificial mydriasis using 1%
tropicamide drops. Pupil dilation of at least 5 mm
must be achieved

OCT (optic coherent tomography) examination

This examination is a non-contact, non-invasive
method displaying the tomographic images of the retina.
Targeting the layers of retina, scans of the macular re-
gion (macular cube 200x200) and retinal nerve fiber layer
(RFNL) are measured. OCT non-contrast angiography
of the macular region will be performed to capture the
retinal and choroidal blood vessel network with high reso-
lution. Examination is performed on a Spectralis SD-OCT
(Heidelberg-Engineering, Heidelberg, Germany) machine.

Retinal oximetry
Examination occurs in standardised conditions in a
dark room, eliminating the visible light spectrum bias.
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Fundus photograph is taken at 50° width, centered on the
temporal edge of the optic nerve. Flash intensity 50 Ws
is used. At least 2 photographs of the same eye are taken.
The higher quality photograph is later used for analysis.
The measured area is marked by 2 concentric circles in
1.5PD (pupilar diameter) and 3PD diameter, centered
on the center of the optic nerve papilla. An automated
analytic protocol is used to compute the values of oxygen
saturation. The machine type is Retinal Oximeter Oxymap
T1 (Oxymap ehf. Reykjavik, Iceland) that is paired with
retinal camera TRC-50DX, Topcon Corporation, Tokyo,
Japan.

An automated analytic protocol is used to compute the
values of oxygen saturation. The machine automatically
detects blood vessels in a predefined area, and differen-
tiates arteries from veins. Blood vessel diameter is also
noted. Physiological crossings of arteries and veins have
to be excluded manualy due to the risk of mixing of the
absorbance spectrum of both types of blood vessels circles
in 1.5PD and 3PD diameter, centered on the center of the
optic nerve papillaThe machine type is Oxymap (Oxymap
ehf. Reykjavik, Iceland).

There are a few limitations to performing retinal oxim-
etry, including pre-existing patient conditions and techni-
cal measurement errors. These however do not overlap
with the limitations of MRI. First, a patient needs to be
cooperative and capable of a seated position. Second,
some ocular diseases preclude the examination of the
fundus: high-degree refraction error, advanced cataract,
glaucoma, and diabetic retinal changes (such as prolifera-
tive angiopathy and exsudative form of macular degen-
eration). Patients treated with anti-vascular endothelial
growth factor drugs, undergoing laser photocoagulation
or pars plana vitrectomy have to be excluded”.

Technological limitations are represented by patient
retinal pigmentation. Studies show that venous satura-
tion in blue irises differs from brown irises®®. This bias is
minimalized using an automatic mathematic algorithm in
oxygen saturation calculation.

Another factor influencing the measured values is reti-
nal blood vessel thickness. In blood vessels larger than
200 um in diameter, a central halo can be seen called
the central vessel reflex. Since the oxygen saturation is
not a value directly measured by the machine but the
result of a mathematical algorithm, it can report arte-
rial saturation values over 100% due to this bias which is
of course, physiologically impossible. However since the
saturation value is calculated by common mathematical
algorhythm for all values this bias becomes irrelevant in
the AV difference.

Statistical analysis and expected results

Statistical evaluation will be performed at the
Department of Medical Biophysics, Faculty of Medicine,
Dentistry, Institute of Molecular and Translational
Medicine, Palacky University, Olomouc.

SPSS statistical software (vertion 17:0; SPSS,
Chicago, II, USA) was used to determine the sample size
to reach statistical significance. Statistical analysis will be
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performed for an estimated pathological cut-off value of
the AV difference. It will be necessary to include at least
50 patients in each group (stenosis over 50%, over 70% vs.
non-stenotic control group formed by contralateral blood
vessels from the same patient pool) to obtain a statisti-
cally significant difference (min. 20%) in a pathological
cut-off value of AV difference.

First, linear correlation between the stenosis severity
and retinal oximetry parameters will be evaluated using
Pearson correlation coefficient and Shapiro-Wilk confir-
mation.

Two groups will then be formed depending on the se-
verity with thresholds of 50%, 70%, 80% and 90% stenosis
with the control group of non-stenotic blood vessels from
the same participant pool. Retinal oximetry parameters
of these 2 groups will be compared using the Wilcoxon
pair test for AV-difference and blood vessel diameter as
the most sensitive markers of retinal oxygen metabolism
and vascular compensatory changes.

Depending on the size of the sample, logistic regres-
sion will be used to analyze the optimal value of the AV
difference and/or blood vessel diameter for predicting ste-
nosis severity and if possible for calculating the odds-ratio
of percentage of stenosis depending on the AV difference.

In the second part, measured AV differences will be
evaluated by comparing the asymptomatic patients against
the clinically symptomatic patients and patients with MRI
lesions ipsilateral to the stenosis.

All the statistical tests will be evaluated at a 5% sig-
nificance level.

DISCUSSION

Despite recent progress in the acute treatment of isch-
aemic stroke, there are still a number of patients that do
not benefit from reperfusionor are ineligible for the treat-
ment. The long-term consequences of ischaemic stroke
are devastating, severely reduce the quality of life making
prevention a priority. The main pitfall of carotid endar-
terectomy lies now in its indication. Early detection of
clinically inconspicuous yet in terms of stroke risk, highly
dangerous stenosis appears to be the key for revascularisa-
tion indication. Retinal oximetry could be a technique for
use in early detection of these symptoms, and assisting the
indication of endarterectomy.

Published results from a pilot clinical trial have con-
firmed the increased oxygen extraction in retinal blood
vessels in the stenotic basin in a small group of 17 pa-
tients'. However, larger groups of patients need to be
examined with enmphasis on analysing more parameters
of the retinal oximetry. Though higher oxygen extraction
on the stenotic side are, on face value logical, other fac-
tors may influence retinal oxygen metabolism such as re-
duced metabolism rate or microvascular haemodynamic
changes. Detailed study of the blood flow dynamics in
the stenotic basin may prove to be crucial to identifying
the individual risk variations in stroke manifestation in
patients with the same degree of stenosis.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2025 Mar; 169(1):66-71.

ABBREVIATIONS

TIA, Transient Ischaemic Attack; CT, Computer
Tomography; MRI, Magnetic Resonance Imaging; PSV,
Peak Systolic Velocity; EDV, End diastolic velocity; CCA,
Common carotid artery; ICA, internal carotid artery;
ECA, external carotid artery; OA, Ophtalmic artery; AV,
arteriovenous; DWI, Diffusion weighted imaging; FLAIR,
Fluid attenuated inversion recovery; TOF, time of flight;
OCT, optic coherent tomography; PD, pupillar diameter.

Acknowledgements: The project has received funding from
the Internal Grant Agency of the Medical Faculty, Palacky
Univesity Olomouc via the grant IGA_LF_2022_016.
Author contributions: PP: responsible for study organisa-
tion and design, patient selection and enrollment, ultra-
sonographic examination and manuscript organisation;
MKTr: responsible for study organisation and design, pa-
tient enrollment, study design and organisation and data
collection; MS: responsible for patient enrollment, coor-
dination of the study and manuscript organisation; BP:
responsible for, patient enrollment, coordination of the
ophtalmologic part of the study and direct retinal oxim-
etry evaluation; MKa, TD, ZS, PD, TV, DF, DS: responsi-
ble for patient enrollment, study design and organisation,
data collection.

Conlflict of interest statement: The authors stated, that
there are no conflicts of interest regarding the publication
of this article.

REFERENCES

1. Katan M, Luft A. Global Burden of Stroke. Semin Neurol
2018;38(2):208-11.

2. BryndziarT, Sedova P, Mikulik R. Incidence cévni mozkové pfihody v
Evropé — systematicka review. Cesk Slov Neurol N 2017;113(2):180-9.
(In Czech)

3. Flaherty ML, Kissela B, Khoury JC, Alwell K, Moomaw CJ, Woo D,
Khatri P, Ferioli S, Adeoye O, Broderick JP, Kleindorfer D. Carotid ar-
tery stenosis as a cause of stroke. Neuroepidemiology 2013;40(1):36-
41.doi: 10.1159/000341410

4. Nadareishvili ZG, Rothwell PM, Beletsky V, Pagniello A, Norris JW.
Long-term Risk of Stroke and Other Vascular Events in Patients With
Asymptomatic Carotid Artery Stenosis. Arch Neurol 2002;59(7):1162-
6.

5. den Hartog AG, Achterberg S, Moll FL, Kappelle LJ, Visseren FL, van
der GraafY, Algra A, de Borst GJ; SMART Study Group. Asymptomatic
carotid artery stenosis and the risk of ischemic stroke according to
subtype in patients with clinical manifest arterial disease. Stroke
2013;44(4):1002-7.

6. Rothwell PM, Mehta Z, Howard SC, Gutnikov SA, Warlow CP. Treating
individuals 3: from subgroups to individuals: general principles and

71

20.

the example of carotid endarterectomy. Lancet 2005;365(9455):256-
65.

. Halliday A, Harrison M, Hayter E, Kong X, Mansfield A, Marro J, Pan

H, Peto R, Potter J, Rahimi K, Rau A, Robertson S, Streifler J, Thomas
D; Asymptomatic Carotid Surgery Trial (ACST) Collaborative Group.
10-year stroke prevention after successful carotid endarterectomy
for asymptomatic stenosis (ACST-1): a multicentre randomised trial.
Lancet 2010;376(9746):1074-84.

. Park MS, Kwon S, Lee MJ, Kim KH, Jeon P, Park YJ, Kim DI, Kim YW, Bang

QY, Chung CS, Lee KH, Kim GM. Identification of High Risk Carotid
Artery Stenosis: A Multimodal Vascular and Perfusion Imaging Study.
Front Neurol 2019;10:765. doi: 10.3389/fneur.2019.00765

. Geirsdottir A, Palsson O, Hardarson SH, Olafsdottir OB, Kristjansdottir

JV, Stefansson E. Retinal vessel oxygen saturation in healthy indi-
viduals. Invest Ophthalmol Vis Sci 2012;53(9):5433-42.

. Eliasdottir TS, Bragason D, Hardarson SH, Vacchiano C, Gislason

T, Kristjansdottir JV, Kristjansdottir G, Stefansson E. Retinal ox-
imetry measures systemic hypoxia in central nervous system
vessels in chronic obstructive pulmonary disease. PLoS One
2017;12(3):e017402.

. Garg AK, Knight D, Lando L, Chao DL. Advances in Retinal

Oximetry. Transl Vis Sci Technol 2021;10(2):5.

. Einarsdottir AB, Olafsdottir OB, Hjaltason H, Hardarson SH. Retinal

oximetry is affected in multiple sclerosis. Acta Ophthalmol
2018;96(5):528-30.

. Einarsdottir AB, Hardarson SH, Kristjansdottir JV, Bragason DT,

Snaedal J, Stefansson E. Retinal oximetry imaging in Alzheimer’s
disease. J Alzheimers Dis 2016;49(1):79-83.

. Zhang W, Li L, Zou D, Ren Q, Zhang Y, Kang L, Gu X, Wu H, Zhang S,

ZhuR, Zhang, Yang L. Retinal vessel oxygen saturation in patients
with unilateral internal carotid artery stenosis: a pilot study. Acta
Ophthalmol 2021;99(1):e13-e18.

. Lahme L, Marchiori E, Panuccio G, Nelis P, Schubert F, Mihailovic N,

Torsello G, Eter N, Alnawaiseh M. Changes in retinal flow density
measured by optical coherence tomography angiography in pa-
tients with carotid artery stenosis after carotid endarterectomy. Sci
Rep 2018;8(1):17161.

. Grant EG, Benson CB, Moneta GL, Alexandrov AV, Baker JD, Bluth El,

Carroll BA, Eliasziw M, Gocke J, Hertzberg BS, Katanick S, Needleman
L, Pellerito J, Polak JF, Rholl KS, Wooster DL, Zierler RE. Carotid ar-
tery stenosis: gray-scale and Doppler US diagnosis--Society of
Radiologists in Ultrasound Consensus Conference. Radiology
2003;229(2):340-6.

. Gerhard-Herman M, Gardin JM, Jaff M, Mohler E, Roman M, Naqvi

TZ. Guidelines for Noninvasive Vascular Laboratory Testing: A Report
from the American Society of Echocardiography and the Society of
Vascular Medicine and Biology. J Am Soc Echocardiogr 2006;19:955-
72.

. Bartels E. Transcranial color-coded duplex ultrasonography in rou-

tine cerebrovascular diagnostics. Perspect Med 2012;1(1-12):325-30.
doi: 10.1016/j.permed.2012.06.001

. Hammer M, Vilser W, Riemer T, Schweitzer D. Retinal vessel oximetry-

calibration, compensation for vessel diameter and fundus pigmen-
tation, and reproducibility. J Biomed Opt 2008;13(5):054015. doi:
10.1117/1.2976032

Narasimha-lyer H, Mahadevan V, Beach JM, Roysam B. Improved
detection of the central reflex in retinal vessels using a generalized
dual-gaussian model and robust hypothesis testing. IEEE Trans Inf
Technol Biomed 2008;12(3):406-10.



