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Abstract

Background and Objectives
Optical coherence tomography angiography (OCTA) is a noninvasive high-resolution imaging
technique for assessing the retinal vasculature and is increasingly used in various ophthalmo-
logic, neuro-ophthalmologic, and neurologic diseases. To date, there are no validated consensus
criteria for quality control (QC) of OCTA. Our study aimed to develop criteria for OCTA
quality assessment.

Methods
To establish criteria through (1) extensive literature review on OCTA artifacts and image quality
to generate standardized and easy-to-apply OCTA QC criteria, (2) application of OCTA QC
criteria to evaluate interrater agreement, (3) identification of reasons for interrater disagreement,
revision of OCTA QC criteria, development of OCTA QC scoring guide and training set, and
(4) validation of QC criteria in an international, interdisciplinary multicenter study.

Results
We identified 7 major aspects that affect OCTA quality: (O) obvious problems, (S) signal
strength, (C) centration, (A) algorithm failure, (R) retinal pathology, (M) motion artifacts, and
(P) projection artifacts. Seven independent raters applied the OSCAR-MP criteria to a set of 40
OCTA scans from people with MS, Sjogren syndrome, and uveitis and healthy individuals. The
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interrater kappa was substantial (κ 0.67). Projection artifacts were the main reason for interrater disagreement. Because artifacts
can affect only parts of OCTA images, we agreed that prior definition of a specific region of interest (ROI) is crucial for
subsequent OCTA quality assessment. To enhance artifact recognition and interrater agreement on reduced image quality, we
designed a scoring guide and OCTA training set. Using these educational tools, 23 raters from 14 different centers reached an
almost perfect agreement (κ 0.92) for the rejection of poor-quality OCTA images using the OSCAR-MP criteria.

Discussion
We propose a 3-step approach for standardized quality control: (1) To define a specific ROI, (2) to assess the occurrence of
OCTA artifacts according to the OSCAR-MP criteria, and (3) to evaluate OCTA quality based on the occurrence of different
artifacts within the ROI. OSCAR-MP OCTA QC criteria achieved high interrater agreement in an international multicenter
study and is a promising QC protocol for application in the context of future clinical trials and studies.

Introduction
Inner retinal layer thinning is a frequent finding in vari-
ous autoimmune diseases of the CNS such as multiple sclerosis
(MS)1 and neuromyelitis optica spectrum disorders (NMOSD).2

Loss of retinal nerve fibers and ganglion cells is also regularly
found in ophthalmologic disorders such as glaucoma3 and in the
context of systemic comorbidity such as diabetes mellitus4 or
hypertension.5 In this context, a noteworthy distinction arises
from the frequent and easily detectable disruptions in retinal
architecture during fundoscopy, setting it apart from cases of MS
or NMOSD. Notably, glaucoma often manifests with an elevated
vertical cup-to-disc ratio, whereas common alterations associated
with diabetic or hypertensive retinopathy include hemorrhages,
exudates, and macular or optic disc edema.3-5 Optical coherence
tomography (OCT) allows high-resolution visualization of the
retinal anatomy and has turned to a standard imagining modality
in ophthalmology since more than 2 decades. For several years,
the OCT technique has also been used in neurology, especially in
patients with demyelinating diseases such as MS and is about to
enter clinical routine diagnostic workup: here, different measures,
particularly thinning of the combined ganglion cell and inner
plexiform layer (GCIP), have been linked to neurodegenerative
processes of theCNS andworse disease prognosis. GCIP atrophy
irrespective to a history of optic neuritis has been linked to a
higher risk of ongoing disease activity and disability progression in
patients with MS.6-10 Moreover, adding the optic nerve region
assessed by retinal OCT to the diagnostic criteria of MS might
improve the diagnostic sensitivity of the McDonald diagnostic
criteria of MS.11 In this context, a standardized and easily appli-
cable approach for OCT quality control (QC) is mandatory. The
OSCAR-IB consensus criteria for OCT QC that consist of ob-
vious problems (O), signal strength (S), wrong centration (C),
algorithm failure (A), retinal pathology other than MS related
(R), illumination (I), and beam placement (B) have been

proposed in 2012, internationally validated, and included in
current OCT reporting guidelines.12-14

OCT angiography (OCTA), a functional extension of the
conventional OCT technique, facilitates rapid, noninvasive,
and high-resolution imaging of sufficiently perfused retinal
blood vessels.15 OCTA is increasingly used for the diagnosis
and monitoring of ophthalmologic disorders such as age-
related macular degeneration,16 diabetic retinopathy,17 and
glaucoma.18 There is growing evidence that patients experi-
encing CNS autoimmune diseases also reveal alterations of
the retinal vasculature. During MS, rarefication of the super-
ficial vascular complex (SVC), which supplies the retinal
nerve fiber layer andGCIP, is evident in eyes with and without
a history of optic neuritis and has been found to be associated
with worse visual function, disability, and prognosis.19-22

OCTA image acquisition may be challenging in patients with
visual disability due to the long image acquisition time of up to
20 minutes per eye. Consequently, OCTA image quality
varies substantially. Poor image quality reduces the in-
terpretability and comparability of data; hence, QC is crucial
for quantitative and qualitative analyses of images.23,24

To date, comprehensive and validated criteria for OCTA
image quality assessment and detection of artifacts are not
available. This study aimed to develop and validate reliable
and easy-to-use consensus criteria for OCTA QC.

Methods

Study Design
In the first step, we performed a thorough literature review on
OCTA imaging artifacts and image quality. R.W., C.N., and

Glossary

DVC = deep vascular complex; GCIP = ganglion cell and inner plexiform layer; MAS = motion artifact score; NMOSD =
neuromyelitis optica spectrum disorders; OCT = optical coherence tomography; OCTA = optical coherence tomography
angiography; PAR = projection artifact removal; QC = quality control; ROI = region of interest; SVC = superficial vascular
complex; TUM = Technical University of Munich; UCL = University College London.
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B.K. reviewed the English and German literature of all studies
focusing on “optical coherence tomography angiography”
between the first report in 201425 and 2021 including man-
uscripts published ahead of print. We searched PubMed and
Web of Science for OCTA and refined the search terms by
“artifacts,” “error,” “quality,” “quality control,” “quality as-
sessment,” and “signal strength.” The results were used to
define different types of OCTA imaging artifacts and patterns
that affect OCTA image quality.

In the second step, we obtained a set of 40 OCTA scans from
patients with MS (30 OCTA), Sjogren syndrome (3 OCTA),
and uveitis (1 OCTA) and healthy individuals (6 OCTA)
including 2 two-dimensional (2D) en face images of the su-
perficial and deep vascular complex (DVC) of the perifoveal
macula with varying image quality. OCTA were selected
randomly from 2 ongoing prospective cohorts at the Tech-
nical University of Munich (TUM) from 2018 to 2021 and
University College London (UCL) in 2021. The OCTA scans
were rated independently by 7 trained and experienced raters
(R.W., L.A., C.N., E.W., E.F.R., B.K., and C.Y.) for the oc-
currence of different types of artifacts and quality problems.
Scans failing 1 or more different criteria were rated as “reject.”
We calculated Fleiss kappa statistics to assess the interrater
agreement on the occurrence of quality criteria and the de-
cision to reject the respective image.

In the third step, the results were analyzed to identify the main
sources and reasons for disagreement. We (R.W., C.Y., B.K.,
A.P., A.T., and S.S.) discussed and identified different adap-
tions to improve the applicability of the OCTA quality as-
sessment criteria. After meeting a consensus, the original QC
criteria were revised accordingly.

In the fourth and final step, the revised OCTA quality criteria
underwent international multicenter validation. For this
purpose, we prepared a detailed manual on different types of
OCTA artifacts and quality issues (“scoring guide”), a training
set of 15 annotated and commented OCTA images (“training
set,” see eMethods, links.lww.com/NXI/A918), and a new
scoring set of 10 perifoveal OCTA images (“scoring set”). All
the 127 members of the International Multiple Sclerosis In-
ternational Visual System Consortium (IMSVISUAL) were
invited once through email to participate. It was left to the
respective centers to select a suitable person to assess the
images, and there were no specific qualification requirements.
All raters were asked to work through the OCTA scoring
guide and training set before rating all images from the scoring
set. Again, all scans were rated for the occurrence of different
types of artifacts or quality issues and rejected when failing 1
or more QC criteria. All raters were asked to answer a stan-
dardized survey. Besides information on the local existing
infrastructure, participants were asked to provide information
on how much time was spent working through the OCTA
scoring guide and training set and how the participants self-
assessed their experience in interpreting OCT and OCTA
images (scale 1 to 7, 1 = beginner, 7 = professional).

Afterward, Fleiss kappa statistics for interrater agreement
were calculated.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the respective ethics committees
of the TUM, School of Medicine (116/16 S) and UCL (19/
WA/0157) and adhered to the Declaration of Helsinki. All
participants and patients undergoing OCTA analysis pro-
vided written informed consent.

Optical Coherence Tomography Angiography
OCTA examinations were acquired from both undilated eyes
of each patient or healthy individual under low-lighting con-
ditions using a spectral domain OCT with angiography
module (Heidelberg Engineering Spectralis OCT2) by ex-
perienced technicians as previously described.19 En face im-
ages and decorrelation signals were recorded within a 2.9 ×
2.9-mm area (512 B-scans) focusing on the fovea centralis
with the eye tracking function enabled. Segmentation of the
macular area was performed automatically by the in-built
software (v2.5.4) into the SVC and DVC.

Statistical Analysis
Fleiss Kappa values were calculated using Excel 365
(Microsoft).26 The level of agreement was rated as slight
(0–0.20), fair (0.21–0.40), moderate (0.41–0.60), substantial
(0.61–0.80), or almost perfect (0.81–1.00).27 Differences be-
tween different rating groups in time amounts spent were
calculated with GraphPad Prism (v9.5.1) using an unpaired
t test if normally distributed or a nonparametricMann-Whitney
U test if not. Values were provided as mean ± SD if normally
distributed, otherwise as median and interquartile range (IQR,
25%–75%). An alpha of <0.05 was accepted as significant.

Data Availability
The “scoring guide” and “scoring set” are available on
reasonable request. We will share raw imaging OCT-A data
in an anonymized way on request by any qualified in-
vestigator. Data are not publicly available due to privacy or
ethical restrictions.

Results

Step 1: Identification of OCTA Image
Quality Indicators
After a thorough literature review, 7 criteria were identified
as crucial for OCTA image quality. The criteria are sum-
marized by the mnemonic “OSCAR-MP” and are described
in detail in Table 1. Examples for obvious problems (O)
including tilting and defocus and centration artifacts (C) are
visualized in Figure 1. Low levels of signal strength (S) affect
OCTA quantitative measures and OCTA reproducibility.
Different manufacturer suggestions for sufficient signal
strength are summarized in eTable 1 (links.lww.com/NXI/
A919). In most OCTA devices, landmarks of different vas-
cular plexus are defined by certain retinal layers such as the
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inner limiting membrane, the inner plexiform layer, or the
retinal pigment epithelium. Thus, underlying B-scans
should be checked for algorithm (A) segmentation failure
(Figure 2A). Retinal pathology (R) like cysts or retinal
edema might affect accurate retinal layer segmentation and
go along with concomitant segmentation algorithm failure
(Figure 2B). Due to the physical principle of OCTA, motion
(M) and projection (P) artifacts are distinctive for the
OCTA technique and are only rarely found in conventional
OCT. Eye movements regularly result in different types of
motion (M) artifacts (Figure 3). Blink lines (Figure 3A) and
displacement (Figure 3B) result from eye movements dur-
ing OCTA examination. Further types of OCTA motion
artifacts result from eye movement and subsequent soft-
ware correction by the OCTA device such as stretching
(Figure 3C), vessel doubling (Figure 3D), or banding
(Figure 3E). Finally, projection (P) artifacts mostly affect
deeper retinal layers due to the projection of larger and
superficial vessels (for example, from the SVC) into deeper
and smaller retinal vessels (such as the DVC) (positive
projection artifact) (Figure 3F). In most devices, projection
artifacts are removed by software algorithms implemented
in the manufacturer’s OCTA software. These algorithms,
however, may cause projection artifacts as well by excessive
and immoderate removal of superficial vessel signals (neg-
ative projection artifact) (Figure 3F).

Step 2: Application of the OSCAR-MP
Consensus Criteria
After the identification of different OCTA image quality in-
dicators, we challenged the application of the OSCAR-MP
criteria in both clinical and scientific use. We obtained a set of
40 OCTA images of different quality incorporating 2D en face
images of the SVC and DVC of the perifoveal macula (30 MS,
3 Sjoegren syndrome, 1 uveitis, and 6 healthy individuals).
These OCTA images were evaluated by 7 experienced raters.

We found a substantial interrater agreement to reject an
OCTA image due to poor image quality (κ = 0.67, frequency
of observation 0.85). The level of agreement was substantial
to almost perfect for most OSCAR-MP items (obvious
problems κ = 0.65, frequency of observation 0.60, signal
strength κ = 0.87, frequency of observation 0.05, centration κ

= 0.70, frequency of observation 0.28, algorithm failure κ =
1.0, frequency of observation 0, retinal pathology κ = 1.0,
frequency of observation 0.03, motion artifacts κ = 0.70, and
frequency of observation 0.65) but poor for projection arti-
facts (κ = 0.16, frequency of observation 0.03).

Step3:REVISIONandDefinitionof theOSCAR-MP
Consensus Criteria
These results were evaluated in detailed discussions to sim-
plify and improve the clinical application of the OSCAR-MP
criteria. Because different types of OCTA image artifacts and
quality issues may affect different regions of the image, there
was the consensus to define a specific region of interest (ROI)
in advance and to assess the OSCAR-MP criteria within the
ROI afterward (Figure 4). Furthermore, we recognized that 6
of 7 OSCAR-MP items affect the superficial and deep retinal
vasculature in a comparable manner. Based on this, there was
a consensus to assess the SVC for the OSCAR-M items and to
assess the deep retinal vasculature (DVC) essentially for the
occurrence of projection (P) artifacts. Minor and discrete
motion artifacts are regularly observed in both patients and
healthy controls and may not necessarily affect OCTA image
quality.28-30 This is especially the case for quilting and blink
lines, and those types of “benign” artifacts affect ≤25% of the
image (Figure 3E, left). If major motion artifacts such as vessel
doubling, stretching, and displacement occur additionally,
>25% of the OCTA image quality is regularly affected
(Figure 3E, right). The expert consensus was to accept OCTA
images with motion artifacts in ≤25% of the whole image and
to reject OCTA examinations with motion artifacts in >25%
of the image area.

Consequently, the suggestion was to define the ROI, assess
the occurrence of different imaging artifacts and image quality
issues using the OSCAR-MP criteria, and then integrate the
ROI and the OSCAR-MP ratings into a final OCTA quality
assessment (Figure 4).

Step 4:Multicenter Validation of theOSCAR-MP
Consensus Criteria
In the final step, we aimed to validate theOSCAR-MP consensus
criteria within an international multicenter setting. All members
of the International Multiple Sclerosis International Visual Sys-
tem Consortium (IMSVISUAL) were invited to participate. As
summarized in Table 2, a total of 23 raters from 14 different
centers with different specialties participated in this study. Ten
participants were categorized as having low OCTA experience
(self-assessment score <4, median score 1 (1–2)) and 13 as
having high OCTA experience (score ≥4, median score 5
(5–6)). Participants with low and high OCTA experience spent
comparable amounts of time working through the training

Table 1 The OSCAR-MP QC Criteria for Retinal OCTA
Scans

O Obvious problems not covered by the items below
Focus, defocus, beam placement, illumination, opacities, shadowing

S Signal strength
Consider device-specific thresholds for signal strength

C Centration
Evaluate correct placement of the scanning area depending on the
region of interest

A Algorithm failure
Evaluate accurate segmentation of the different vessel plexus

R Retinal pathology
Check the presence of any retinal pathology and evaluate whether it
impairs the analysis of the retinal vasculature

M Motion artifacts
Evaluate different types of motion artifacts and estimate the affected
proportion of the image

P Projection artifacts
Search for projection artifacts of superficial vessels into deeper layers

4 Neurology: Neuroimmunology & Neuroinflammation | Volume 10, Number 6 | November 2023 Neurology.org/NN
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material before performing the OCTA quality assessment
(low OCTA experience median 76 minutes (45–76), high
OCTA experience 45 minutes (45–76), p = 0.36).

There was an almost perfect agreement to reject any OCTA
image due to poor image quality (κ = 0.92, Table 3). The
interrater agreement was very high over most OSCAR-MP
items including projection artifacts (k > 0.80) and substantial
for motion artifacts (κ = 0.77) (Table 3). There were no
differences in interrater agreements between neurologists
(image rejection κ = 0.93) or ophthalmologists (image re-
jection κ = 0.88). Of note, interrater agreements were com-
parable between raters with high OCTA experience and low
OCTA experience due to self-assessment after thorough ed-
ucation and instruction of the OSCAR-MP criteria.

Discussion

OCTA is a relatively novel technique allowing the in-
vestigation of retinal vessel pathology in various ophthalmo-
logic and neurologic diseases. In this study, we propose the
OSCAR-MP criteria for quality control of OCTA images in
the field of neurologic and ophthalmologic diseases. Our
criteria incorporate most of the OCTA image quality features
as described in the scientific literature and are easily applicable
and reliable in the context of a multicenter study setting.

Based on the OSCAR-IB criteria, which were published in
2012 and are currently used in most studies applying retinal
OCT in neurologic diseases, the OSCAR-MP criteria repre-
sent a related extension for OCTA. Of note, both motion (M)

Figure 1 Obvious Problems (O) and Centration Artifacts (C)

Different examples for obvious problems: (A) A
poorly centered beam placement during OCTA
acquisition may cause tilting artifacts. Tilting
causes a symmetric decrease of vessel densities
in the affected area as marked in red. (B) Defocus
(lower panel) of the retinal area of interest se-
verely affects image quality and analysis of vessel
densities in comparison with the images with
good focus (upper panel). (C) OCTA images are
mostly centered on the region of interest, which
mostly reflects the fovea or optic disc (not shown).
Correct centering, by making use of defined
landmarks, is important for comparison of dif-
ferent measures. Dividing the image into 4 verti-
cal and horizontal sections might be helpful for
evaluation of correct (left panel) and incorrect
(right panel) centration. OCTA = optical coherence
tomography angiography.

Neurology.org/NN Neurology: Neuroimmunology & Neuroinflammation | Volume 10, Number 6 | November 2023 5
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and projection (P) artifacts occur frequently during OCTA
but rarely during conventional OCT analysis making adap-
tation and extension of the OSCAR-IB criteria necessary.

We included raters with different medical specialties and
various levels of experience in the interpretation of OCTA
images. After adequate training onOCTA image quality issues
and artifacts, performed by self-study, we report substantial to

almost perfect interrater agreements on the identification of
different types of OCTA artifacts irrespective of medical
specialty and preexisting experience with OCTA rating. This
suggests that the OSCAR-MP criteria for OCTA quality as-
sessment are practical, applicable, and easy to learn bymedical
professionals across various specialties. Furthermore, it
highlights the value of training data sets such as the one used
in this study.

Figure 2 Algorithm Failure (A) and Retinal Pathology (R)

(A) The superficial vascular complex (left) is located
and defined between the inner limiting membrane
(ILM) and the inner plexiform layer (IPL) and the deep
vascular complex (right) between the IPL and the
outer plexiform layer (OPL). Segmentation errors
due to incorrect identification of the respective layer
borders within the B-scan may result in distorted
vessel density measures (upper row). Manual cor-
rection of segmentation errors restores attribution
of vessel signals to the different vascular complexes
(lower row). (B) Retinal pathology (central macular
edema) as detected in the OCT B-scan may affect
retinal layer segmentation accuracy with wrong as-
signment of the ILM, IPL, and OPL resulting in in-
correct and skewed visualization of the retinal
vasculature.
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For the first of the OSCAR-MP criteria (O – Obvious prob-
lems), OCTA scans were rejected because of highly apparent
issues that are easily detectable on 2D en face images. These
include defocus, incorrect beam placement with tilting,
shadowing, and opacities originating from the anterior seg-
ment or vitreous.12,31-33 These artifacts also influence

conventional OCT analysis and have been shown to adversely
affect OCTA image quality and quantitative analysis.29

Low levels of signal strength (S) can affect OCTA image quality
and manufacturers suggest thresholds for sufficient signal
strength that should be considered when using OCTA.23,24,28,34

Figure 3 Motion Artifacts (M) and Projection Artifacts (P)

Motion artifacts due to eyemovement
(A–B) and motion artifacts due to eye
movement and software correction
(C–E): (A) Blink lines are caused by
missing imaging information due to
blinking as marked by white arrows;
(B) Vessel displacement (asterisk) re-
sults from a shift in fixation and eye
movements. (C) Vessels appear
stretched and flattened particularly at
the edge of OCTA image (right) as
stretch artifacts (white arrows); (D)
vessel doubling (asterisk); (E) Artifacts
with adjacent horizontal stripes or
bands of different brightness are
called banding (white squares); quilt-
ing can be described as a rectangular,
checkerboard, or crisscross pattern of
black and/or white horizontal and
vertical lines (white circle). Motion ar-
tifacts may appear in smaller areas
(≤25% of the image area, left) and
larger areas (>25% of the image are,
right). (F) Projection artifacts mostly
affect deeper layers due to projection
of superficial and bigger vessels. The
vessel in the lower half of the SVC (left
image) can be observed in the DVC
when no projection artifact removal
(PAR) software is used (PAR off, middle
panel). Software-based removal of the
superficial vessel exclude information
about the DVC vessels in this area and
are callednegativeprojections (PARon,
right panel). DVC = deep vascular
complex; OCTA = optical coherence
tomography angiography; SVC = su-
perficial vascular complex.
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Of note, signal strength may still affect quantitative measures
even if signal strength measures are above the manufacturer-
suggested threshold. Some quantitative measures, such as reti-
nal vessel densities, may increase when improving signal
strength.23,35 Thus, absolute values for OCTA signal strength
might be considered when applying the OCTA technique in
multicenter or longitudinal studies.

To allow comparability and reproducibility of quantitative
OCTA images, the positioning of the scanning frames
according to different anatomical landmarks is crucial. Scan-
ning frames are mostly centered on the optic nerve head or

the fovea. Centration artifacts (C) occur during OCTA
analysis to varying frequencies depending on whether the
scanning frames are positioned manually or automatically
by the OCTA device. Centration artifacts are less relevant
when the ROI focuses on smaller portions of the scanning
area (e.g., the foveal avascular zone) but are critical if larger
areas are evaluated (e.g., the whole perifoveal macula).22 We
suggest confirming the accurate centration in every OCTA
image since technical aspects like beam placement might af-
fect quantitative OCTA measures depending on whether the
ROI occurs in the center or border areas of the respective
OCTA image.

Algorithm failure (A) with incorrect segmentation of different
retinal layers such as the inner limiting membrane, the inner
plexiform layer or the retinal pigment epithelium and sub-
sequent inaccurate mapping of blood flow signals to the ret-
inal vascular plexus is an important problem.36,37 This is of
particular relevance for OCTA images incorporating retinal
pathologies. Different studies have shown that pathologic
features disrupting the retinal architecture may severely affect
the segmentation and OCTA image quality.37,38 While major
segmentation errors result in visible deterioration of 2D en
face images and are thus very likely recognized by the expe-
rienced OCTA reader, minor segmentation errors might be
overseen. Thus, assessment of accurate retinal layer segmen-
tation within different B-scans is mandatory to assure correct
segmentation.

Retinal pathologies (R) possibly affecting both the retinal
layer architecture and vasculature need to be considered when
interpreting OCTA images.23,29 Especially in neurologic dis-
eases such as MS, NMOSD, or Parkinson disease, mild al-
terations of the retinal vasculature are evident and might be
affected significantly by concomitant retinal diseases.20,39,40 In
research settings, we suggest the exclusion of OCTA images
with retinal pathologies different from the disease entity pri-
marily studied by OCTA.

Detection and differentiation of motion artifacts (M) may
become challenging, especially in persons with limited OCTA

Figure 4 OSCAR-MP Based on Region of Interest

In the image on the left, major motion artifacts
and severe decentration are evident; if the whole
image is defined as region of interest (ROI), the
image should be excluded (middle), and if the
parafoveal area is defined as ROI (right), the im-
age might be accepted for further analysis.

Table 2 Participating Centers Within the IMSVISUAL
Network, Specialty, and Number of Raters

Center Specialty
Number of
raters

Baltimore (John Hopkins) N/A (postdoctoral researcher) 1

Barcelona (Cemcat) N/A (postdoctoral researcher) 1

Berlin (Charité) N/A (postdoctoral researcher) 2

Duesseldorf Neurology 2

Erlangen Ophthalmology 1

London (UCL) Neurology 2

Los Angeles (Cedars Sinai) Neurology 1

Melbourne (Alfred Health) Neurology 1

Muenster Neurology 1

Munich (LMU) Neurology 1

Munich (TUM) Neurology 4

Ophthalmology 3

Prague (Charles university) Neurology 1

Zaragoza Neuro-ophthalmology 1

Zurich Neurology 1

Abbreviation: N/A = not applicable.
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experience levels. Different scoring systems have been sug-
gested to evaluate motion artifact severity in the literature.
The motion artifact score (MAS) differentiates between mi-
nor artifacts such as quilting that do not disrupt the retinal
vasculature and major artifacts such as displacement, vessel
doubling, or stretching that can severely affect the imaging of
retinal vessels.41 Slight to moderate quilting (in up to 2
quadrants of the OCTA images, according to an MAS of 1–2)
may regularly occur in high-quality OCTA images of healthy
controls with sufficient signal strength and might be accept-
able for both qualitative and quantitative OCTA analyses.28,42

Major artifacts disrupting the retinal vasculature, however,
frequently occur in OCTA images of patients with retinal
pathologies (according to an MAS of 3 and 4).42 The MAS
has shown to be easily applicable across different levels of
OCTA expertise and clinical specialty.43,44 Other colleagues
classified “major” OCTA artifacts as imaging artifacts that
disrupt >25% of the retinal architecture. OCTA images with
“major” artifacts revealed lower vessel density measures when
compared with high-quality OCTA examinations with lower
artifact load.22 The currently suggested approach to reject
OCTA images with obvious motion artifacts in >25% of the
OCTA images integrates and simplifies both described
scoring systems. This approach, however, might reject
OCTA images with nonsignificant artifacts (e.g., slight to
moderate quilting) in >25% of the image area (according to
anMAS of 2) that would otherwise be rated acceptable when
using the MAS score. The differentiation between slight,
moderate, and significant quilting according to the MAS,
however, might be challenging for operators with low OCTA
experience. We decided to use a lower threshold to reject
OCTA images due to motion artifacts because the aim of our
study was to provide a sensitive approach to detect OCTA
imaging artifacts.

Projection artifacts (P) regularly occur during OCTA analysis
across different types of OCTA devices and manufacturers.
Different software algorithms have been used and proposed to
remove projection artifacts. During OCTA in neurologic
diseases, projection artifacts need to be considered when

evaluating deeper retinal vessel structures (such as the DVC)
and are less relevant and abundant when focusing on super-
ficial vessels or retinal areas with preexisting low vessel den-
sities such as the foveal avascular zone.

OCTA represents a significant advance in neuro-ophthalmic
vascular imaging due to its noninvasive nature, high precision,
and image depth. The ability to visualize and quantify vas-
cular alterations in specific retinal layers might allow for ex-
panded exploration of disease pathogenesis, disease
progression, and treatment options. In people with MS, re-
duced vessel densities of the SVC are frequently found.45 In
eyes with acute ON, SVC vessel loss occurs concomitantly
with atrophy of the inner retinal layers after optic neuritis.
This observation led to the hypothesis that alterations of the
SVC are secondary metabolic effects of retinal ganglion cell
loss during ON.19 In eyes of patients with MS without an
ON history, however, vessel rarefication within the SVC
might be linked to a proinflammatory intrathecal immune
phenotype and poor disease prognosis irrespective to retinal
ganglion cell atrophy.19 Furthermore, in eyes of patients with
NMOSD, diminished SVC vessel densities are associated
with increased markers of astrocyte damage and poor visual
acuity.40 These data suggest that OCTA could potentially aid
in monitoring subclinical disease activity and might inform
novel hypotheses of the underlying pathophysiology leading
to alterations of retinal vessels. OCTA relies on repeated
B-scans, as alterations occur primarily in areas of motion.
Consequently, limitations arise from imaging artifacts, which
can undermine measurement reliability and lead to mis-
interpretation. Implementing consistent OCTA QC criteria
such as OSCAR-MP could improve the reliability and com-
parability of OCTA results across different research institu-
tions. The application of the OSCAR-MP criteria is simple
and reliable, especially for scientific use. The detailed and
strict application in daily clinical practice, however, may en-
counter limitations. Against this background, the OSCAR-
MP could provide a useful basis for creating automated
quality control tools based on artificial intelligence and ma-
chine learning in the future.

Table 3 Intercenter Kappas for Each of the Individual OSCAR-MP Items

QC criterion
All raters
(n = 23)

Specialty neurology
(n = 14)

Specialty ophthalmology
(n = 4)

High OCTA experience
(n = 13)

Low OCTA experience
(n = 10)

O 0.842 0.889 0.733 0.864 0.840

S 0.986 0.974 1.000 0.985 0.953

C 0.884 0.856 0.950 0.938 0.822

A 0.983 0.986 0.950 1.000 0.964

R 0.983 0.971 1.000 1.000 0.960

M 0.773 0.858 0.783 0.803 0.767

P 0.892 0.876 0.950 0.972 0.798

Reject image 0.917 0.933 0.883 0.933 0.891
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Our study has several limitations. We used OCTA images
exclusively derived from the Heidelberg Engineering Spec-
tralis OCT 2 device and did not consider devices from other
manufacturers. OCTA imaging artifacts and quality issues,
however, appear across all manufacturers, and the frequency
of certain artifact types might vary.28 Further studies are
needed to validate the OSCAR-MP criteria in OCTA images
derived from devices of other manufacturers. Furthermore,
we applied OCTA images of the parafoveal macula and did
not focus on OCTA images of the peripapillary retina. Most
artifacts and quality problems, however, occurring in OCTA
examinations across the whole retina are not specific to a
certain OCTA scan type.28 Further studies validating the
OSCAR-MP criteria in peripapillary OCTA images would be
favorable. Although we have incorporated most of the OCTA
QC issues into the OSCAR-MP criteria, their practical benefit
for multicenter or longitudinal studies has not yet been
evaluated. As mentioned earlier, the OSCAR-MP criteria are
relatively strict, particularly for motion artifacts, and might
lead to an impractically high rejection rate. However, we
speculate that the reproducibility and the interrater agreement
in both quantitative and qualitative OCTA measures is sig-
nificantly higher in high-quality when compared with low-
quality OCTA images, as defined by the OSCAR-MP criteria.
This aspect and the utility of the OSCAR-MP criteria for
clinical and research practice need to be proven in future
studies.

After specific training, the OSCAR-MP criteria are applicable
across different medical specialties and personal OCTA ex-
perience levels. In conclusion, we propose the novel OSCAR-
MP QC criteria for the use of OCTA in clinical practice,
research, and trials.
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