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Abstract
Background—Neuronal loss in the retina has been demonstrated pathologically in eyes of
patients with multiple sclerosis (MS). In vivo, MS eyes have reduced total macular volumes by
optical coherence tomography (OCT). Using high-resolution spectral-domain OCT, this pilot
study used a manual method to measure ganglion cell layer (GCL) volumes and to determine the
relation of these volumes to visual function in MS eyes.

Methods—Sixteen eyes of eight patients with MS and eight eyes of five disease-free control
participants were studied using fast macular OCT scans performed with Spectralis OCT
(Heidelberg Engineering). Visual function tests of low-contrast letter acuity and high-contrast
visual acuity (VA) were administered.

Results—MS patient eyes had significantly lower GCL volumes than the control eyes (p<0.001
vs. controls, GEE regression models accounting for age and within-patient, inter-eye correlations).
Within the MS group, eyes with a prior history of optic neuritis (ON, n=4) had significantly lower
GCL volumes than MS eyes with no ON history (P<0.001). In contrast to measures of high-
contrast VA (P=0.14), decreased GCL volumes were associated with worse performance on low-
contrast letter acuity testing (P=0.003).

Conclusions—This pilot study has characterized thinning of the GCL in MS patient eyes,
particularly in those with a history of acute ON, which corresponded to a reduced performance on
low-contrast letter acuity testing. Studies utilizing computerized segmentation algorithms will
continue to facilitate the detection of GCL loss on a larger scale and provide important
information in vivo on the role and timing of neuronal vs. axonal loss in MS eyes.
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Neuronal loss is increasingly recognized as an important correlate of disability in multiple
sclerosis (MS) (1,2). While gray matter lesions in MS have been documented pathologically,
new magnetic resonance imaging (MRI) techniques (i.e., double inversion recovery
imaging) have allowed us to visualize cortical lesions in the brains of MS patients in vivo.
Validated and high precision methods have generated retinal metrics that reflect features of
the histopathological substrate of MS. In particular, changes in retinal architecture represents
a unique model for dissecting the mechanisms and temporal evolution of axonal and
neuronal damage in the disease process, given that retinal nerve fiber layer (RNFL) axons
are nonmyelinated (3–8). Optical coherence tomography (OCT) is a non-invasive, rapid, and
highly reproducible method to image the retina, and obtain reliable measurements of
macular volume (which reflects the collective thickness of axons, neurons and glia) (3).
Recent studies have demonstrated a reduction in macular volume in MS patients versus age-
matched controls using conventional time-domain OCT technology (5). Furthermore,
reduction in volumes of the macula adjacent to the fovea (the inner macular zone), an area
whose volume contains approximately 34% retinal ganglion cells, suggests that the ganglion
cell layer (GCL) is thinned in MS (5,9).

While we have demonstrated that GCL and the thin adjacent inner plexiform layer (IPL) are
thinned in MS vs. healthy controls (6,7), our computerized algorithm was unable to
discriminate the GCL from IPL. It is of particular interest, therefore, whether thinning of the
GCL can be observed in MS eyes, both with and without a prior history of acute optic
neuritis (ON), and whether GCL thinning correlates with loss of visual function. The
purpose of our study was to pilot a manual method for estimating retinal GCL volume by
high-speed, high definition, spectral-domain OCT using Spectralis OCT (Heidelberg
Engineering, Inc., Heidelberg, Germany). We also sought to compare these volumes in MS
eyes with vs. without a prior history of acute ON, and to explore the relation of GCL
volumes to validated patient-performed measures of visual function.

METHODS
Study Participants

Patients were enrolled as part of an ongoing prospective study of visual outcome measures
in MS at the University of Pennsylvania. Subjects represent a convenience sample of
patients who had undergone OCT imaging and vision testing for research purposes. Each
individual was diagnosed with MS using standard criteria (10) and patients with co-morbid
ocular conditions not related to MS were excluded by history, chart review, and
examination. A past history of acute ON was determined by self and physician report.
Disease-free controls were recruited from among staff and had no history of ocular or
neurologic disease.

Optical coherence tomography (OCT)
OCT was performed for both eyes using the Spectralis OCT (Heidelberg Engineering, Inc.,
Heidelberg, Germany). The Spectralis OCT utilizes two medical Class I lasers to image the
retina, with technology that allows for eye tracking and signal noise reduction. The fast
macular scan with 25 frames per eye was used with 20°× 20° scans and an automatic real
time mean value (number of scans averaged at each scan position, ART value) set at 9. OCT
was performed by a trained technician following visual function testing. All scans were
performed under ambient lighting and without pupil dilation to optimize patient comfort.
High quality images were defined as those with individual retinal layers that could be
identified (with characteristics including signal strength of approximately 26dB, uniform
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brightness, and crisp borders of blood vessels). In this small cohort, none of the individuals
or scans were excluded for insufficient quality.

The macular scans were then manually segmented for each section (25 sections for each
eye) by moving the automatic contours (outer contour along the inner limiting membrane
and inner contour along the outer border of the retinal pigment epithelium) to outline the
GCL. This time-intensive method involved: 1) placing individual points (>100) along the
outer boundary between the GCL and the nerve fiber layer and along the inner boundary
between the GCL and the inner plexiform layer (Fig. 1), 2) the computer automatically
joining adjacent points with a curve to form a smooth contour using a spine algorithm, and
3) the Spectralis software estimating the total GCL volume from the cumulative frames
integrated over 25 sections. Images were magnified by 400% to 800% and contrast was
enhanced to maximize the accuracy of the layer delineation. Manual segmentation was
performed for all scans by a single investigator who was masked to MS vs. control status of
the images.

Visual Function Testing
Study participants were refracted so that visual function could be measured with best
corrected vision. Low-contrast letter acuity was tested for each eye individually using retro-
illuminated low-contrast Sloan letter charts (2.5% and 1.25% contrast levels at 2 meters,
Precision Vision, LaSalle, IL) (11). High-contrast visual acuity (VA) was determined using
retro-illuminated Early Treatment Diabetic Retinopathy Study (ETDRS) charts at 3.2
meters. Both chart types have a similar standardized format with five letters per line and
were scored based on the number of letters appropriately identified (maximum score of 70
per chart). All visual function testing was performed by trained technicians.

Statistical Analysis
Analysis was performed using Stata 11.0 software (StataCorp, College Station, TX).
Generalized estimating equation (GEE) models, accounting for age and within-patient, inter-
eye correlations, were used to examine the GCL volume of MS patient eyes compared to
control eyes. Within the MS group, the GCL volume in eyes with a history of ON was
compared to the GCL volume of eyes without a history of MS. These models were also used
to determine the association between GCL volume and performance on low-contrast and
high-contrast VA charts. For all statistical tests, type I error for significance was set as
p<0.05.

RESULTS
Patients with MS (n=8, 16 eyes) had a mean age of 50±6 years. Four of the 16 MS eyes
(25%) had a history of ON. Median high-contrast VA (Snellen equivalent) for the MS
patient eyes using ETDRS charts was 20/20 (range 20/32-20/12.5). Disease-free controls
(n=4, 8 eyes) had a mean age of 34±11 years.

MS patient eyes were found to have significantly lower GCL volumes than control eyes
(P<0.001, GEE models accounting for age and within-patient, inter-eye correlations, Fig.
2A). Within the MS group, eyes with a prior history ON had significantly lower GCL
volumes than MS eyes without a prior ON history (P<0.001) (Fig. 2B). Lastly, even when
MS eyes without a prior history of ON were compared to control eyes, the MS eyes had a
significantly lower GCL volume than control eyes (P=0.001, Fig. 2C). Lower GCL volumes
were associated with worse performance on low-contrast letter acuity tests (P=0.01 using
2.5% contrast charts and P=0.003 using 1.25% contrast charts). However, lower GCL
volumes were not significantly correlated with high-contrast VA scores (P=0.14).
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DISCUSSION
The results of this pilot study demonstrate that GCL volumes are reduced among eyes of
patients with MS compared to disease-free controls, and that MS eyes with a history of acute
ON have the greatest degree of GCL neuronal loss. Although the manual method for retinal
segmentation and GCL thickness measurement in this study required approximately two
hours per eye to complete, this work represents an important step towards demonstrating
GCL thinning in an MS cohort. Computerized segmentation algorithms are being used
which will allow for automated measurement of the GCL+IPL layers and therefore examine
neuronal loss on a larger scale in studies of MS and ON (6,7). While these studies may
confirm that RNFL and total macular volume remain sensitive indicators of visual pathway
disease, segmentation of the GCL+IPL specifically will provide important information in
vivo on the role and timing of neuronal (GCL) vs. axonal loss (RNFL) in MS eyes.

This investigation provides evidence for neuronal degeneration in the anterior visual
pathway in patients with MS, and suggests that larger studies should be performed in
heterogeneous MS cohorts. Further, low-contrast letter acuity was a stronger correlate of
GCL volume loss compared to high-contrast VA. This result supports previous findings that
low-contrast acuity can detect even very subtle visual dysfunction in MS patients not
captured by conventional high-contrast VA assessments (11).

The evidence of GCL volume loss in MS patients highlights the need for future research to
document retinal ganglion cell loss over time in MS, thereby enabling insight to the
temporal pattern of neuronal degeneration, and correspondingly has clear therapeutic
implications for the development of neuro-protection strategies. In our cohort, GCL volume
loss was noted even among eyes with no history of acute ON. This is similar to findings
demonstrating reduced RFNL and total macular volume in MS non-ON eyes (2–5), but
underscores the need to further understand the degree to which the timing and magnitude of
neuronal vs. axonal loss may differ in the setting of ON vs. MS without acute visual loss.
Our ongoing multicenter collaborative research initiative includes work on based on
computerized segmentation techniques that measure GCL+IPL volume longitudinally in
heterogeneous MS cohorts. These computerized algorithms are being used thus far
successfully in MS eyes (6,7), particularly with macular predominant thinning, as well as in
glaucoma (12–15), and provide important information in vivo on the role and timing of
neuronal vs. axonal loss.
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FIG. 1.
Single frame of a macular spectral-domain OCT image with A. retinal layers labeled and B.
the GCL outlined in red as segmented manually for the GCL volume analysis. Labeling in
Fig. 1A adapted from Werner JS, et al. (7).

Davies et al. Page 6

J Neuroophthalmol. Author manuscript; available in PMC 2012 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIG. 2.
Box plots show ganglion cell layer volumes of A. MS patient vs. disease-free control eyes,
B. MS patient eyes with prior history of ON vs. MS patient eyes without a prior ON history,
and C. MS patient eyes without a prior history of ON vs. control eyes.
Abbreviations: MS = multiple sclerosis; ON = optic neuritis
* The lines in the box represent the medians, and boxes delineate the interquartile range
(25th to 75th percentiles). Whiskers represent the range of observations minus outliers (no
outlier values in this sample). P values are based on generalized estimating equation (GEE)
models accounting for age and within-patient, inter-eye correlations.
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