Development of an Imaging System for the Objective Assessment of Conjunctival Hyperemia
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Background & Purpose

Methods: Slit Lamp Photography

Conjunctival hyperemia is a key symptom of allergic
conjunctivitis and is an important endpoint in clinical efficacy
and safety trials. Most current methods for assessing
hyperemia are highly subjective and inconsistent from site to
site. The purpose of this study was to develop a software
suite, the Imaging System for Ocular Surface (ISOS; Alcon
Laboratories, Inc), to objectively and automatically quantify
conjunctival hyperemia.

Methods: Subjects and Conditions

»Images were obtained from 13 subjects with a history of
allergic conjunctivitis upon exposure to ragweed
»Images from baseline, postexposure, and posttreatment
(various therapies) were captured from each subject at
dozens of prespecified time points over 7 visits
» Allergen exposure conditions included:
« Conjunctival Allergen Provocation Testing (CAPT)
« Environmental Exposure Chamber (EEC)

Methods: Manual Grading

» Ocular redness in the nasal and temporal conjunctiva were
assessed separately in both eyes

> Hyperemia was graded at the following magnifications:
- Live in the clinic, at 3x
- In 10x images, by 3 separate graders per image
- In 25x images, by 1 expert grader

» Hyperemia at 10x and 3x was graded by using a scale with
descriptive anchors and photographic anchors (shown
below), similar to a validated scale!

Grade Image Anchor Description
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2.5
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3.5 —
4 B Extremely Severe

‘Anchor images are reprinted from Reference 1 with permission.
» Hyperemia at 25x was graded on the same scale, but by
using the following parameters:
« Vessel surface area
« Average vessel diameter
« Reduction of white surface areas due to emergence of
episcleral vasculature and dilation of conjunctival vessels
- Injection close to the limbus

Images were captured from nasal and temporal aspects with
a Haag-Streit BX-900 slit lamp equipped with a Canon digital
camera, with the following settings and modifications:
Slit: wide open, setting 8
Camera: perpendicular to the ocular surface
Aperture: 4 (depth of field)
Lamp: tilted 40° to the camera/viewing angle
Light filters and diffusers:
—Illumination polarizing filter,
set at 90° to an image path
polarizing filter
—Illumination holographic diffuser
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Methods: Software Development

ISOS consists of a suite of software components:
- An image acquisition interface
- A data synchronizer, which allows users to upload
images to a secure server
- A manual image grading interface, where users can
annotate images and grade hyperemia:
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An automatic image processor that detects vessels
and computes a set of 50 shape and densitometry
measurements, including:

— Vessel surface area

— Maximum vessel diameter

— Average vessel diameter

An image reviewing interface that allows users to
easily compare manual and automatic measurements

Results: Manual Grading of Images

Results: Vessel Parameters

+ >2000 images from 10x magnification were manually
graded by 3 graders each to aid with software validation
— Intra-grader consistency analyses are ongoing
—Sample grade assignments are shown below

Grade Grade
1 2

Grade
4

- >2000 images from 25x magnification were manually
graded by 1 expert grader to aid with software
development; sample grades are shown below

Grade
2

Grade
4

Results: Automatic Image Processing

» The automated image processing algorithm optimized the
detection of the vessels and applied a skeletonization
transform to allow measurement of vessel diameter and
number of branch points

Grade 3, 25x Skeletonized Vessels

» Automatic analysis detected “triple points” (intersections)
to quantify vessel ramification (arborization):

Segment 1

Segment2 Segment 3

» Calculations were returned for each vessel segment:

Selected
segment
&

resultant

calculated
parameters

> Automatic measurements
yielded a variety of factors
that were not evident to
clinical observers, including:
 vessel area
« vessel diameter
- total vessel length
- vessel density (vessel area/total area), and
« other shape factors

» Measurements could be plotted as histograms, as shown
below for vessel segment radius:
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> Image transformation, vessel detection, and parameter
calculation required only a few seconds per image.

Discussion & Conclusions

» Discussion:

= Preliminary results from this pilot study indicated that
the ISOS suite can objectively measure changes in
conjunctival hyperemia.

- Only a few automated techniques for the assessment of
hyperemia have been reported;?3 neither method
yielded any information about vessel morphology

» Conclusions: These tools for the grading of conjunctival
hyperemia are fast, reliable, accurate, not prone to human
bias, and return information about vessels that was not
available with other automated methods.

References & Disclosures

1. Schulze MM, Jones DA, Simpson TL. Optom Vis Sci 2007;84:976-983.
2. Wolffsohn JS. Br J Ophthalmol 2004;88:1434-14388.
3. Sorbara L, et al. Contact Lens Anterior Eye 2007:30:53-59.

Alcon funded this study and provided the services of a medical writer (D. Wise).
MIJT, RO, GW, JW, DL, and AN are employees of Alcon.

RO and GW are named as inventors in the patent application.

© 2011 Alcon, Inc. All rights reserved.

This poster was presented on 30-April-2011 at the annual conference of the
Association for Research in Vision and Ophthalmology / International Society for
Imaging in the Eye (ARVO/ISIE), Fort Lauderdale, Florida.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 true
  /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 true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


