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Evaluating the Utility of a Postprocessing Algorithm for MRI
Evaluation of Optic Neuritis

L. Stunkel, “*’A. Sharma, ““’M.S. Parsons, ““'A. Salter, and “*’G.P. Van Stavern

ABSTRACT

BACKGROUND AND PURPOSE: MR imaging is useful for the detection and/or confirmation of optic neuritis. The objective of this study
was to determine whether a postprocessing algorithm selectively increases the contrast-to-noise ratio of abnormal optic nerves in optic
neuritis, facilitating this diagnosis on MR imaging.

MATERIALS AND METHODS: In this retrospective case-control study, coronal FLAIR images and coronal contrast-enhanced TIWI from 44
patients (31 eyes with clinically confirmed optic neuritis and 28 control eyes) underwent processing using a proprietary postprocessing
algorithm designed to detect and visually highlight regions of contiguous increases in signal intensity by increasing the signal intensities of
regions that exceed a predetermined threshold. For quantitative evaluation of the effect on image processing, the contrast-to-noise ratio
of equivalent ROIs and the contrast-to-noise ratio between optic nerves and normal-appearing white matter were measured on baseline
and processed images. The effect of image-processing on diagnostic performance was evaluated by masked reviews of baseline and
processed images by 6 readers with varying experience levels.

RESULTS: Inabnormal nerves, processing resulted in an increase in the median contrast-to-noise ratio from 17.8 to 85.0 (P < .001) on FLAIR
and from 19.4 to 93.7 (P < .001) on contrast-enhanced images. The contrast-to-noise ratio for control optic nerves was not affected by
processing (P = 0.13). Image processing had a beneficial effect on radiologists’ diagnostic performance, with an improvement in sensitivities
for 5/6 readers and relatively unchanged specificities. Interobserver agreement improved following processing.

CONCLUSIONS: Processing resulted in a selective increase in the contrast-to-noise ratio for diseased nerves and corresponding improve-
ment in the detection of optic neuritis on MR imaging by radiologists.

ABBREVIATIONS: CIE = correlative image enhancement; CNR = contrast-to-noise ratio

ptic neuritis is an acute-to-subacute, demyelinating optic

neuropathy, typically occurring in young women"* in asso-
ciation with multiple sclerosis.'” It presents with changes in
visual acuity, eye pain, a relative afferent pupillary defect, and
sometimes optic disc swelling."*>'° While the diagnosis can of-
ten be made clinically, misdiagnosis is common, reported in al-
most 60% of referrals in 1 study.'' MR imaging can help solidify
the clinical diagnosis, especially in atypical cases.” In addition,
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with increasing recognition of subclinical optic neuropathy in
patients with multiple sclerosis,'” the use of MR imaging to detect
optic neuritis—related nerve abnormalities might become even
more important.

Challenges of MR imaging of the optic nerve include its small
size, heterogeneity of the surrounding orbital tissue, and artifacts
related to eye movements or the presence of surrounding orbital
fat.">'” The optic nerve signal is best compared with normal
white matter in the brain.>* However, the lack of proximity of the
optic nerve to the white matter and different intensities of sur-
rounding structures make this comparison difficult. Despite these
challenges, some previous studies have reported sensitivities in
the detection of optic neuritis by neuroradiologists ranging from
75.7% on noncontrast MR imaging®' to 94% on contrast-en-
hanced MR imaging.””* Improving the conspicuity of optic nerve
abnormalities on MR imaging may help improve the detection of
optic neuritis, particularly to minimize the need for intravenous
contrast, detect subclinical disease, or improve the sensitivity in
communities where scans are interpreted by general radiologists.
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Table 1: Technical parameters for the coronal FLAIR and coronal
contrast-enhanced TIWI used in the study

Contrast-Enhanced

Parameter FLAIR TIWI
Slice thickness (mm) 3-4 34
TR (ms) 9000-10,000 400-800
TE (ms) 74-102 10-20
Ti (ms) 2500 NA
FOV (mm) 200-220 X 166-186 180-220 X 170-200
Matrix 256-512 X 192-384  226-512 X 288-512
Fat saturation Yes Yes
Contrast material used NA Omniscan,?

MultiHance,?
Dotarem®

Note:—NA indicates not applicable.

@ Gadodiamide; GE Healthcare, Piscataway, New Jersey.

® Gadobenate dimeglumine; Bracco Diagnostics, Princeton, New Jersey.
€ Gadoterate meglumine, Guerbet, Aulnay-sous-Bois, France.

Correlative image enhancement (CIE) is a proprietary im-
age postprocessing algorithm based on the correlative proper-
ties of contiguous pixels designed to increase the conspicuity of
details of interest on existing CT and MR imaging scans.” It
has been previously shown to improve the contrast-to-noise
ratio (CNR) between diseased and normal brain tissue in brain
infarction and mesial temporal sclerosis.>*** The objective of
this study was to test whether image processing of existing MR
imaging scans with CIE can be used to improve detection of
optic neuritis by selectively improving the CNR of diseased
optic nerves.

MATERIALS AND METHODS
Institutional review board approval was obtained.

Cases and Controls

This was a retrospective study of 44 patients (31 women, 13 men;
mean age, 43.0 = 14.2 years) who had undergone orbital MR
imaging including coronal fat-saturated FLAIR and coronal fat-
saturated contrast-enhanced T1-weighted imaging (Table 1) for
clinical suspicion of optic neuritis on 1.5T MR imaging scanners
at our institution between January 2014 and October 2016. Of
these, 31 eyes diagnosed with optic neuritis based on clinical eval-
uation were included as cases and 28 eyes found not to have any
clinical evidence for optic neuritis or optic neuropathy served as
controls. Twenty-nine asymptomatic eyes in patients with unilat-
eral optic neuritis were excluded because they could be affected by
subclinical disease. Coronal FLAIR images were available for 28
cases and 28 control eyes. Coronal contrast-enhanced images
were available for 28 cases and 18 control eyes.

Image Processing

For each patient, the entire set of coronal FLAIR and contrast-
enhanced MR images in a DICOM format was de-identified and
transferred to an OsiriX Lite workstation (https://www.macup
date.com/app/mac/14362/osirix-lite). A masked investigator
processed these images using the CIE algorithm with a custom-
built plug-in. The algorithm required manual placement of an
ROI within normal-appearing white matter. If the signal intensity
of a contiguous set of pixels exceeded the intensity of the normal
appearing white matter by a predetermined threshold, the algo-
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FIG 1. Measurement of the CNR between the optic nerve and ipsilat-
eral white matter. Baseline (A) and processed (B) coronal FLAIR images
show equivalent placement of ROIls to measure signal intensities of
the optic nerve (a) and the ipsilateral white matter (b). The SD of the
intensity in air around the head (c, not shown) was used as a measure
of noise. CNR was defined as (a — b) / c. In this patient with left optic
neuritis, processing resulted in an increase of the left optic nerve
signal intensity from 355 at baseline to 754 after processing. Other
measurements were unaffected by processing.

rithm markedly increased the signal intensity of those pixels. The
processed images were saved as a new DICOM file.

Contrast-to-Noise Ratio Calculations

Using an ROI tool inbuilt in OsiriX Lite, we measured the signal
intensities of each optic nerve (SI°"), and the ipsilateral normal-
appearing white matter (SI"™) for both baseline and processed
images at equivalent locations (Fig 1). For optic nerves with ob-
vious signal abnormality, the ROI was placed in the region of
abnormal signal. Otherwise, the optic nerve was sampled in its
retrobulbar portion on an image that allowed its best visualization
free from partial volume averaging effects. The SD of the signal
intensity of air in the image was similarly recorded as a measure of
noise. These measurements were then used to calculate the CNR
for both FLAIR and contrast-enhanced images using the follow-
ing formula: CNR = (SI°" — SI"™)/Noise.

Masked Image Review

Six masked readers, including 2 radiology residents, 2 neuroradi-
ology fellows, and 2 attending neuroradiologists, reviewed base-
line and processed images separately in OsiriX Lite. Readers rated
optic nerve signal intensity (on FLAIR images) and the presence
of contrast enhancement (on contrast-enhanced images) within
the optic nerve on a 5-point Likert scale, ranging from 1 (defi-
nitely normal) to 5 (definitely abnormal). For subsequent analysis
to calculate the diagnostic performance of each reader, ratings of
4 (probably abnormal) or 5 were taken as an abnormal test result,
while ratings of =<3 (possibly normal) were taken as a normal test
result. The baseline-versus-processed status of the images was not
revealed to the readers. However, readers were asked to comment
on whether they saw markedly high signal in the optic nerves and
whether this influenced their interpretation of the image.

Statistical Analysis

Descriptive statistics were used to summarize the imaging met-
rics. Continuous variables were summarized using means and
SDs and median (25th percentile, 75th percentile). A paired ¢ test
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FIG 2. The effect of image processing on the CNR for optic nerves with and without optic neuritis. Scatterplots show the contrast-to-noise
ratio of the optic nerve for the baseline images and the postprocessed images in both eyes with optic neuritis and control eyes.

or a signed rank test was used to evaluate differences between
baseline and processed images in the optic nerve and control
groups. The median of the ratings across all readers was identified
for both baseline and processed images, and the difference in the
median (processed-baseline image) was computed and compared
using a paired ¢ test or signed rank test, to assess improvement in
the confidence of categorizing the optic nerve using signal inten-
sity and enhancement. Sensitivity, specificity, positive predictive
value, negative predictive value, and diagnostic accuracy were cal-
culated for each reader and were also averaged for all readers.
Improvements in diagnostic performances in cases versus con-
trols were compared between the baseline and processed image
within a group using a McNemar test.

Interobserver reliability was computed using a model-based
measure of agreement, which is robust to the underlying disease
prevalence,”® and 95% confidence intervals were obtained from
1000 bootstrapped samples. The pair-wise k for each pair or read-
ers with similar experience levels (the pair of radiology residents,
the pair of neuroradiology fellows, etc.) was also compared using
the Cohen and weighted k. A P value of .05 was considered statis-
tically significant. Statistical analyses were conducted in SAS, Ver-
sion 9.4 (SAS Institute, Cary, North Carolina) and R statistical
and computing software (Version 1.0.136; http://www.r-project.
org/).

RESULTS

Effect of Processing on the CNR

For FLAIR images of eyes with optic neuritis, processing re-
sulted in a statistically significant increase in the median (25th
to 75th) CNR from 17.8 (8.9-32.3) to 85.0 (64.8—127.2) (P <
.001), with an increased CNR seen in 27/28 eyes (Figs 2A and
3). CNRs for control eyes were not significantly affected (P =
.625), with a CNR increase noted only in 1/28 control eyes (Fig
2B). For contrast-enhanced images of eyes with optic neuritis,
processing resulted in an increase in the median (25th to 75th)
CNR from 19.35 (4.0-32.8) to 93.7 (47.2-150.6) (P < .001),
with an increased CNR seen in 24/28 eyes (Figs 2C and 3). The
CNR for control eyes was not significantly affected (P = 0.13),
with the CNR increase noted in only 1/18 control eyes
(Fig 2D).

Effect of Processing on Confidence Ratings

For FLAIR images, there was a statistically significant increase in
the median confidence rating for processed images of eyes with
optic neuritis (P < .001). For control eyes, processing did not
result in any significant change in the median confidence rating
on FLAIR images (P = 0.08). Processing did not result in any
significant change (P = .54) in average confidence ratings for eyes
with optic neuritis for contrast-enhanced images.
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FIG 3. Examples highlighting the effect of processing on FLAIR and contrast-enhanced TIWI in patients with optic neuritis. A, Baseline FLAIR
image of a patient with left-sided optic neuritis. B, Processed version of the same FLAIR image (from A) of a patient with left-sided optic neuritis.
C, Baseline FLAIR image of a patient with right-sided optic neuritis. D, Processed version of the same FLAIR image (from C) of a patient with
right-sided optic neuritis. E, Baseline contrast-enhanced image of a patient with right-sided optic neuritis. F, Processed version of the same
contrast-enhanced image (from E) of a patient with right-sided optic neuritis. G, Baseline contrast-enhanced image of a patient with left-sided
optic neuritis. H, Processed version of the same contrast-enhanced image (from G) of a patient with left-sided optic neuritis.

Table 2: Effect of image processing on sensitivity and specificity for detection of optic neuritis on FLAIR and contrast-enhanced TIWI
by 6 masked readers including 2 radiology residents (readers 1, 2), 2 neuroradiology fellows (readers 3, 4), and 2 attending
neuroradiologists (readers 5, 6)

Reader 1 2 3 4 5 6 Average

Sensitivity for baseline FLAIR image 18/28 16/28 19/28 27/28 19/28 21/28 714+ 136
64% 57% 68% 96% 68% 75%

Sensitivity for processed FLAIR image 26/28 26/28 26/28 27/28 27/28 27/28 94.6 +2.0
93% 93% 93% 96% 96% 96%

Specificity for baseline FLAIR image 28/28 28/28 26/28 20/28 26/28 27/28 923 +107
100% 100% 93% % 93% 96%

Specificity for processed FLAIR image 26/28 25/28 26/28 24/28 26/28 27/28 917 37
93% 89% 93% 86% 93% 96%

P value® <.001 <.001 .02 .02 .01 .01

Sensitivity for baseline contrast-enhanced image 17/28 18/28 20/28 25/28 19/28 22/28 72.0 £10.5
61% 64% % 89% 68% 79%

Sensitivity for processed contrast-enhanced image 22/28 20/28 21/28 23/28 24/28 22/28 78.6 =51
79% % 75% 82% 86% 79%

Specificity for baseline contrast-enhanced image 18/18 18/18 18/18 13/18 17/18 18/18 944 £ 111
100% 100% 100% 72% 94% 100%

Specificity for processed contrast-enhanced image 18/18 18/18 18/18 17/18 17/18 18/18 981+29
100% 100% 100% 94% 94% 100%

P value® <.001 <.001 .002 12 .01 .003

2 P value for improvement of diagnostic performance in the optic neuritis eyes compared with the control eyes.

Effect of Processing on Diagnostic Performance of Readers
For FLAIR images, the average sensitivity for the detection of
optic neuritis for all readers increased from 71.4% = 13.6% on
baseline images to 94.6% = 2.0% on processed images. Sensitivity
improved for 5 readers and remained unaffected for the sixth
(Table 2). Accordingly, the McNemar test revealed a significant
increase in the number of additional detections of optic neuritis
by 5/6 readers (P ranging from .01 to <.01 for individual readers).
The average specificity did not change with image processing (Ta-
ble 2), with individual specificities unaffected for 3 readers, de-
creased for 2 readers, and improved for 1 reader after processing
(Table 2). The positive predictive value was relatively unaffected
(92.3% at baseline and 92.0% after processing), but the negative
predictive value improved from 77.8% * 9% to 94.5% * 1.9%
following processing. The average accuracy for the detection of
optic neuritis increased from 0.83 = 0.03 for baseline images to
0.93 = 0.02 for processed images.
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For contrast-enhanced images, the sensitivity for the detection
of enhancement in eyes with optic neuritis increased from
72.0% * 10.5% to 78.6% = 5.1% after processing, with improved
sensitivities in 4/6 readers (Table 2). The McNemar test indicated
a significant increase in the detection of enhancement for 2 read-
ers (P = .025). The average specificity did not significantly change
with image processing (Table 2). The positive predictive value
changed from 96.4 = 6.7 t0 98.6 = 2.1, and the negative predictive
value, from 69.5 = 7.3 to 74.9 * 4.1. The average accuracy for the
detection of optic neuritis increased from 0.81 = 0.04 to 0.86 *
0.02 with processing.

Effect of Processing on Interobserver Agreement

Interobserver agreement in the categorization of optic nerves into
abnormal or normal categories on FLAIR images improved fol-
lowing processing (Fleiss k = 0.59 for baseline images and 0.91 for
processed images). The pair-wise k for readers with similar expe-



rience improved from 0.48 for the radiology residents, 0.46 for the
neuroradiology fellows, and 0.55 for the neuroradiology attend-
ings, and for baseline images to 0.76, 0.71, and 0.82, respectively,
for processed images.

Interobserver agreement in the categorization of optic nerves
into enhancing or nonenhancing categories improved following
processing (Fleiss k improving from 0.63 for baseline images to
0.83 for processed images). The pair-wise k for readers with sim-
ilar experience improved from 0.85 for the radiology residents,
0.62 for the neuroradiology fellows, and 0.78 for the neuroradiol-
ogy attendings, and for baseline images to 0.90, 0.69, and 0.88,
respectively, for processed images.

DISCUSSION

Our results indicate that this algorithm can improve the sensitiv-
ity for the detection of optic neuritis on MR imaging by readers
with varied training and experience levels, without a detrimental
effect on specificity. Our quantitative assessment validated this ben-
efit by demonstrating a selectively increased CNR of diseased optic
nerves while affecting only a small proportion of controls. Eyes af-
fected by optic neuritis can be expected to have higher average signal
intensity on T2-weighted images such as FLAIR.>”*® By exaggerating
the signal differences between the diseased optic nerve and the nor-
mal white matter, this algorithm makes these underlying differences
more easily recognizable.

McKinney et al*' reported 75.7%-77.3% sensitivity and
90.5%-93.5% specificity in the detection of optic neuritis on
FLAIR images. While the average sensitivity (71.4%) and specific-
ity (94.6%) of readers for baseline FLAIR images in our study was
comparable, sensitivity achieved after processing (94.6%) was
substantially higher. This improved sensitivity on noncontrast
MR imaging may help obviate a contrast-enhanced study in the
detection of optic neuritis, thereby minimizing cost and scanning
time.

Previous studies have suggested that contrast-enhanced T1-
weighted images may be more sensitive than noncontrast se-
quences, with reported sensitivities of 89.5%>' and 94%.>* In our
study, the average baseline sensitivity for the detection of acute
optic neuritis on contrast-enhanced sequences was lower (72%),
even for expert neuroradiologists (75%, readers 5 and 6; Table 2).
The reason for this difference is unclear. While it may result from
underlying technical differences, it is possible that it simply re-
flects a different patient population. Additionally, image process-
ing was also helpful in improving the sensitivity for contrast-en-
hanced images.

Many previous studies have assessed different pulse sequences,
including fat-suppression techniques (STIR and spectral presatu-
ration with inversion recovery), fluid-suppression techniques
(FLAIR), artifact-minimizing techniques (fast spin-echo with fat
suppression), combined fat- and fluid-suppression techniques
(spectral presaturation with inversion recovery—FLAIR and
XETA [Cube; GE Healthcare, Milwaukee, Wisconsin] FLAIR),
and diffusion-weighted imaging in the detection of optic neuri-
tis.">'>?? Itis not feasible for us to test the effect of postprocessing
on images acquired by all these different techniques.

In prior studies, interobserver reliability in identifying optic
nerve abnormalities has varied depending on the type of se-

quences being studied, with the k reported from 0.60 to 0.96."%*”

For readers with similar experience, the baseline k in our study
ranged from 0.60 to 0.85. Postprocessing improved the interob-
server reliability, with k for postprocessed FLAIR images ranging
from 0.69 to 0.90. This result may prove beneficial in settings
where the images are interpreted by less experienced readers. An
improvement in the Fleiss k also indicated improved agreement
among readers of varying experience. Interobserver agreement
for the detection of contrast enhancement remained low for con-
trols, even after processing. This outcome is possibly due to the
exaggeration of high signal in vasculature in close proximity to the
optic nerves that could be misinterpreted as optic nerve enhance-
ment by some readers.

While our study was restricted to acute optic neuritis, it is
possible that improved detection of underlying signal alterations
in optic nerve signal intensity may make this processing beneficial
for the detection of other causes of optic neuropathy, including
patients with remote optic neuritis. In patients being assessed for
multiple sclerosis, such image processing may help uncover un-
derlying optic nerve abnormalities that are otherwise not cap-
tured on routine clinical assessment or routine MR imaging.”**'

By using patients who underwent imaging due to concern for
optic neuritis but were found to have no clinical evidence of optic
neuritis and by incorporating a large number of masked reviewers
with a range of training experience, our study tries to overcome
some of the limitations of prior studies, which include restriction
of controls to the contralateral eye in symptomatic patients and
only 1 or 2 subspecialist reviewers,'>~!1821,22.27.32

Some limitations of our study are worth mentioning. Optic
neuritis is a clinical diagnosis, and MR imaging is not always re-
quired for the diagnosis. Thus, there may be a selection bias to-
ward atypical presentations in the patients who underwent MR
imaging. Patients with other types of optic neuropathy were ex-
cluded, preventing evaluation of whether the algorithm can dis-
tinguish optic neuritis from other forms of optic neuropathy; this
exclusion may affect the generalizability of the specificity results.
The control patients were those who presented with visual or oc-
ular symptoms but were found not to have optic neuropathies;
there were no asymptomatic controls. Finally, this study was lim-
ited to coronal FLAIR sequences obtained at a single institution. It
remains to be seen whether the incremental benefit seen in our
study would hold for scans performed on higher field strength
scanners with potentially higher baseline sensitivity.

CONCLUSIONS

The described postprocessing algorithm increased the CNR be-
tween diseased optic nerves and normal white matter for eyes with
optic neuritis on both FLAIR and contrast-enhanced images. This
result translated into an improved sensitivity, negative predictive
value, diagnostic accuracy, and interobserver reliability for the
detection of optic neuritis by readers with varied training and
experience levels.
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