Imaging System for Ocular Surface: Objective Assessment of Conjunctival Hyperemia (#41)
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Background & Purpose
Conjunctival hyperemia is a key sign of allergic conjunctivitis and is an
important endpoml in clinical efficacy and safety trials. Most methods

for ia are highly subj and are i
fmmsrlewatbe The purpose of this study was to develop a software
suite that could objectively and i quantify i
hyperemia.

Methods: Participants and Conditions
«Images were obtained from 13 participants with a history of allergic
junctivitis upon exp to rag
-@Imagos from and {various
ies) were cap! from each at multiple
pfeapec«ﬁed time points over 7 visits.
< Allergen exposure conditions included:
« Conjunctival Allergen P tion Testing (CAPT)
+ Environmental Exposure Chamber (EEC)

Methods: Slit Lamp Photography
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 medifications:

« Slit; wide open, setting 8
« Camera: perpendicular to the ocular surface
« Aperture: 4 (depth of field)
» Lamp: tited 40° to the cameralviewing angle
« Light filters and diffusers:
=lllumination polarizing fiter, ———
set at 90° to an image path §
polarizing fitter 7
~lllumination holographic diffuser
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Methods: Software Development
Imaging System for Ocular Surface (15035; Alcon) 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

Results: Manual Grading of Images
< More than 2000 images from 25x magnification were manually
graded to aid with software development.
* of softy
graded images is ongoing.
% This interim report shows a case study of 1 study participant who

results versus clinically

images and grade hyperemia:

J User raling of image quality | | User rating of hyparami: ]
—

clinical grades ing all ities of hyp ia (in

whole-grade units; at different times, in different eyes, and in
different regicns of the eyes, throughout the study).

Results: Grade 3 (Severe) Example

4 Vessel density: Vesset aee]
essels fessels
#1:9% Detected Skeletonized
“ Vessel diameter: -
7.7 £ 3.0 units
< Total length:
1.87 units.

< Triple points:
2824 points

User-annotated
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* An automatic image processor that detects vessels and

P shape and
= An image reviewing interface that allows users to easily
manual and i

Results: Automatic Image Processing

Example Imag Image Detail

Software applies
miner fittering to
remove noise

Software optimizes
the of

Methods: Manual Grading
<+ Ocular redness in the nasal and temporal conjunctivae were
assessed separately in both eyes
< Hyperemia was graded in 25x images by 1 expert grader
< Scale was 0 | in 1) to 4 ly severe hyp: la) in
0.5-unit increments
«Grades were assigned by ing the: ing p
*+ 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

vessels

Software applies a
skeletonization
transformation to
allow measurement
of vessel
parameters

Software detects
“triple
points” {intersections)
to quantify vessel
ramification
(arborization)

Results: Grade 0 (Normal) Example
- |

Vessel density = 7.08%
Vessel diameter = 4.9 £ 2.2 units
Total vessel length = 0.55 units
Triple points = 1440 points
Mean tortuosity = 1.41 (dimensionless, a ratio)

Results: Grade 4 (Extremely Severe)

<+ Vessel density:
39.74%

< Vessel diameter:
8.2 £ 3.1 units

< Total length:
2.18 units

< Triple points:
3432 points

Results: Case Study Summary,
Sample Parameters by Grade

Dansity 7.08% | 13.63% | 2623% @ 31.33% 39.74%

Diameter
Softwareunits | 4922 | 53226 | 57225 7730 82231

22+10 | 24£12 | 26411 | 34£13 3T+ 14
“Vialues comwrted via calbeation

Results: Grade 1 (Mild) Example
<+ Vessal density:
13.63%
< Vessel diameter:
5.3 + 2.6 units
% Total length:
1.08 units
< Triple points:
3286 points

Results: Grade 2 (Moderate) Example

4 Vessel density:
26.23%

<+ Vessel diameter:
57425

< Total length:
2.07 units

< Triple points:
6164 points

Discussion & Conclusions
“ Discussion:

« Preliminary results from this pilot study and case example
indicated that the 1SOS suite can objectively measure changes in
conjunctival hyperemia.

* Only a few i for the of
hyperemia have been reported;'? neither method yiekded any

about vessel
+ Conclusions: These toals for the g‘adlng of conjunctival hyperemia
were fast, were not prone to human bias, and were able to yield
information about vessels that was not available with other
automated methods.
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