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In the paper published by Zhong et al?, new
modalities of optical coherence tomography
angiography (OCTA) can provide a risk evaluation for
coronary artery disease (CAD) in patients with
suspected angina. OCT is a new imaging modality
that can visualize the retinal vasculature in detail in
capillary networks and multilayered en face images
without using a fluorescein dye. Zhong ez al. reported
that they developed a multivariable logistic regression
model to predict the presence of CAD in 795
participants, including 508 participants with suspected
angina due to CAD. They used a sparse modeling
method of the least absolute shrinkage and selection
operator (LASSO) to select important imaging
characteristics from a pool of imaging characteristics
captured in OCTA images and successfully built a
model with the relatively small number of
participants. Most importantly, the authors compared
the predictive power of OCTA with that of ECG, a
most common diagnostic modality used in daily
practice. As a result, OCTA parameters demonstrated
good discrimination ability against ECG and
additional predictive power independent of ECG; a
combination of ECG and OCT performed best
compared with the mode including each.

The findings of the study by Zhong e al. have a
great potential to overcome the shortcomings of the
traditional retinal vascular assessment in the context of
cardiovascular disease risk prediction. Morphological
changes in the retinal vasculature, e.g., a retinal
arteriolar narrowing or arterio-venous crossing signs,
have been considered candidates of such biomarkers
since Keith, Wegener, and Barker reported the
predictive value of the retinal vascular changes, clearly
stratifying the risk of mortality into four groups.

Indeed, the retina provides a unique window to
inspect blood vessels noninvasively and evaluate
vascular health in vivo.

From a historical viewpoint, Japan has been a
unique country practicing this concept into a health
screening program nation-wide, i.e., developing
nonmydriatic fundus cameras and utilizing them in a
nationwide cardiovascular screening program since the
1970s to 2000s. The wide use of fundus photography
and retinal vascular assessment has decreased because
of the primary target of the health check-up programs
changing to the metabolic syndrome. At the same
time, there were criticisms regarding the clinical aspect
that retinal vascular changes are only capturing severe
hypertensive organ damage and it may not hold its
predictive value as a biomarker as most of the persons
are categorized into mild stage due to the lifestyle
changes and improved medical care for hypertension
in the last few decades. Also, regarding the
methodological aspect, an inter- and intra-rater
agreement has been questioned, as the subjective
inspection to determine the retinal signs requires vast
experience and passion for graders, and most
physicians and ophthalmologists have the least
training for this purpose. As a result, there is a need
for quantitative assessment of retinal vascular changes
that can capture earlier changes, with high
reproducibility, and ideally, automated gradings would
be preferable so that the retinal vascular assessment
can contribute to this era. Recent studies have linked
semiquantitative measurement of vessel caliber size to
cardiovascular diseases® ¥. However, it is limited in
rescarch use and not fully incorporated into any
screening program as it takes time and workload.

In this context, using OCTA parameters is a
fascinating idea as it is noninvasive and the parameters
are quantitative and can be obtained automatically.
There has been a tremendous amount of research
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work aiming to identify a cardiovascular biomarker
that reflects preclinical vascular health. Such a
biomarker would help physicians practice effective risk
stratification to identify persons at high risk of
cardiovascular events, preventive measures to reduce
the risk, and evaluate the effects of interventions as a
surrogate marker of devastating events. An ideal
biomarker should be measured repeatedly,
noninvasively, less costly, and most importantly, be
reflecting a preclinical pathological state. The next
step of this work would definitely be an external
validation of these findings in larger datasets. It would
also be necessary to compare the performance, cost-
effectiveness, and accessibility against nontraditional
risk factor candidates such as coronary artery calcium
(CAC), the ankle-brachial index (ABI), and high-
sensitivity C-reactive protein (hsCRP). It is also
interesting if the retinal vascular parameters can be a
surrogate marker of intervention to mitigate the
cardiovascular risk load. Another direction of utilizing
retinal images is a prediction tool based on a deep
learning model without extracting morphological
features”. However, using OCTA parameters might
still have superiority in its interpretability and
explainability compared with a deep learning model.
Opverall, this study provides further steps to bring
the classic concept of direct microvascular assessment,
and with emerging technological advancements, it will
open up vast potentials of using the retinal vasculature
to improve the prediction and management of
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cardiovascular diseases.

Conflict of Interest

The author received clinical research funding
from Senju Pharmaceutical Co. Ltd., and endowed
department by Topcon Co. Both are not related to the
current contents.

References

1) Zhong P, Qin J, Li Z, Jiang L, Peng QQ, Huang M, Lin Y,
Liu B, Li C, Wu Q, Kuang Y, Cui S, Yu H, Liu Z, Yang X.
Development and Validation of Retinal Vasculature
Nomogram in Suspected Angina Due to Coronary Artery
Disease. ] Atheroscler Thromb, 2022; 29: 579-596

2) Wong TY, Kamineni A, Klein R, Sharrett AR, Klein BE,
Siscovick DS, Cushman M, Duncan BB. Quantitative
retinal venular caliber and risk of cardiovascular disease in
older persons: the cardiovascular health study. Arch Intern
Med, 2006; 166: 2388-2394

3) Kawasaki R, Xie J, Cheung N, Lamoureux E, Klein R,
Klein BE, Cotch ME Sharrett AR, Shea S, Wong TY;
MESA. Retinal microvascular signs and risk of stroke: the
Muld-Ethnic Study of Atherosclerosis (MESA). Stroke,
2012; 43: 3245-3251

4) Poplin R, Varadarajan AV, Blumer K, Liu Y, McConnell
MYV, Corrado GS, Peng L, Webster DR. Prediction of
cardiovascular risk factors from retinal fundus
photographs via deep learning. Nat Biomed Eng, 2018; 2:
158-164




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


