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Objective

1 To demonstrate a computer-based system that analyzes digital
images of the optic disc for staging papilledema.

n In this study, the two major features used by experts to grade
papilledema according to the Frisen scale, retinal vessel obscuration
and disc margin blurring were analyzed quantitatively.

Classification: 4) Treebagger Classification

Il A Treebagger classifier to categorize the whole dataset into 5 grades. O In this study we obtained correct classification in 67% of the images

and a difference of one or less in 95% of the cases.

] To extract mathematical features from images of the optic disc that 1) Blurring of the Optic Disc — Blurriness [ Leave-one-patient-out was used for validation purposes.

are based upon features of the optic nerve border and associated
vessels as used by neuro-ophthalmology experts and defined by the
standard Frisen' scale.

0 Thealgorithm incorporating all significant features showed substantial
agreement (k = .71, p < 0.001) with ground truth when evaluating per
visit, and substantial agreement (k = .61, p < 0.001) when evaluating per
image. Table 2 shows the agreement matrix for the Treebagger model.

O According to the Frisen scale (Table 1) the nasal margin of the optic
nerve starts to present some blurring while the temporal margin
remains normal in the initial stage of the disease (Grade 1).

1 To associate these mathematical features to the Frisen scale. [ To capture the blurriness of the disc margin, the mathematical 1) Blurriness Feature
model first finds pixel locations around the boundary of the optic

disc (Fig. 2).

0 Theoutliers in grade represent cases where the algorithm over/under
estimated VDI due to blur in the image caused by either the photogra-
pher or cataracts (Fig. 6).

[ To implement an automated system that will allow a trauma doctor in
a field hospital to screen for papilledema due to raised intracranial
pressure, and to monitor and treat the warfighter appropriately.

I For grade 0 ( Fig.4), there should be no blurriness of the nasal or
temporal disc margin, therefore, the blurring feature is close to 1.

O The “blurring” feature is defined as the variance of the pixel
locations at the nasal border compared to the same variance
measurement at the temporal border.

1 For grade 1 (Fig. 4), the blurriness of the nasal margin is larger than
the blurriness measured temporally, therefore the blurring feature is
larger than 1.

Table 2 - Agreement Matrix for patient-visit classification
of grade of papilledema, comparing the expert grading
(ground truth) with the algorithm prediction

of grade of papilledema for each patient.

Background

01 Head injuries, such as trauma may cause life-threatening increases in
intracranial pressure resulting in optic disc swelling (papilledema).

1 For grades 2, 3, and 4 (Fig. 4), both nasal and temporal margins

Ground Truth
O Raised intracranial pressure cannot always be adequately assessed and become blurred leading to the blurring feature returning to one. 0l1]213]a
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Figure 2 — Red points show the location on the disc at which the maximal change in radial = = Grade 2 image and its vessel segmentation.
Table 1-- Modified Frisen Scale (MFS) (Examples of each stage are given in Figure 1) pixel intensity gradient occurs. The point location found by the algorithm is shown with respect to the optic 15 4 u Grade 3 Its VDI is underestimated.
— discboundary in a Grade 0 (left) and a Grade 1 (right) image of the same right eye (temporal border is on the left
Modified Frisen Scale X 5 3 L, 3 3 o 0 B Grade &
Stage 0 — Normal side of the disc and nasal border is on the right side). This example shows that there is more variation in the
Stage 1~ Minimal o Coshaped halo that is subtle and grayish with a temporal gap; obscures location of the points with respect to the disc boundary in the Grade 1image at the nasal pole compared to 3
underlying retinal details. the same disc when no papilledema was present. o
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margin blurriness and vessel obscuration can be used as afirst step in

01 As the grade of papilledema increases in severity, vessels around categorizing papilledema similar to the Frisen scale from optic disc

Figure 4 Amount of blurrinessin the central segments of the nasal and temporai poles.
No major vessel obscuration

.
.
.
e Temporal disc margin is blurred in addition to nasal margin
.
.

Stage 3 — Moderate Obscuration of one or more segments of major blood vessels as they pass
over the optic disc, but not obscured at their origin in the center
Elevation —all borders

Halo —irregular outer fringe with finger-like extensions

.
.
Stage 4 — Marked * Total obscuration of a segment of a major artery or vein at its central origin
e Halo - Complete

.

Stage 5 — Severe

Obscuration of all vessels both on the disc and leaving the disc

(a.b)

d).(e

Figure 1-- Samples of the image dataset used to grade papilledema. (a) MFS grade 0, (b) MFS grade 1,
(c) MFS grade 2, (d), MFS grade 3, (e) MFS grade 4.

Data

294 longitudinal images of the optic disc from 39 patients (both eyes)
were used in this study (Fig. 1).

The center and margins of the optic disc were marked by an
ophthalmology technician.

Ground truth was the classification of the images according to the
Frisen scale by a neuro-ophthalmologist (RK).

the optic disc become obscured within the swollen disc tissue:
First the vessels located more distally as they course over the disc
margin (Grade 2, Fig. 3 top center) and then the proximal vessels in
the center of the disc (Grade 3-4s, Fig. 3 top right).

These obscurations appear as gaps along the length of the vessel.
Our model segments the vessel structure in the image using
template matching with Hessian enhancement. (Fig. 3 bottom row).

The number of disconnected regions in the segmented image is the
Vessel Discontinuity Index (VDI). As the disease progresses, more
disconnected regions will appear and the VDI increases.

Grade 0; VDI: 14

Grade 2; VDI: 23 Grade: 4; VDI: 38

Figure 3 -- Original Images (Top row). Corresponding associated vessel structure after segmentation
(Bottom Row). Left column: Grade 0; Middle column: Grade 2; Right Column: Grade 4.

According to the MFS for animage to be considered grade 1 the nasal pole should appear blurred

while the temporal pole should not. For grade 2 both poles should present lack of definition across

the discmargin. This graph agreeswith the Frisen definitionsin that the difference in biurriness
between the central nasal segment presents a greater biurrinessvalue starting in grade 1 (see pointsA),
while the central temporal segment remainsrelatively lowuntil grade 2 (see point B), significant
difference inthe standard deviation atp < 0.05.

2) Vessel Discontinuity Index Feature (VDI)

& For grades 0, 1 (Fig. 5), the vessels are well defined, and with
almost no gaps. Therefore the mean of their VDI is similar (p < 0.05).

1 For more advanced grades, the major vessels get obscured. This
results in a significant (p < 0.05) increase in the VDI (Fig. 5).
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Figure 5 -- Boxplot of the VDI vs the Frisén Scale for ali eyes in the dataset. The red line in the plot
represents the median. The top and bottom of the box are the 25th and 75th percentiles. The top
and bottom of the dashed line represent the 5th and 95th percentile. Outliers are represented as (+).
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images.

01 The agreement in these results is comparable to the inter-grader variability
of human experts as shown in the study by Scott et al2 where three
experts agreed perfectly 54% of the time and within one grade 97% of the
time in a dataset of 28 images.

0 Our results show that both features combined show promise for rapid
screening and triaging of papilledema in clinical, combat zones, intensive
care, and emergency response settings.

n To improve our results, our next step will be the inclusion of other
medical features, such as stereo for depth information.
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