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Abstract
Purpose—To compare optical coherence tomography (OCT) and scanning laser polarimetry
(GDx) measurements of the retinal nerve fiber layer (RNFL) in multiple sclerosis (MS) patients
with and without optic neuritis (ON).

Methods—OCT and GDx were performed on 68 MS patients. Qualifying eyes were divided into
two groups: 51 eyes with an ON history ≥ 6 months prior (ON eyes), and 65 eyes with no history
of ON (non-ON eyes). Several GDx and OCT parameters and criteria were used to define an eye
as abnormal, for example, GDx nerve fiber indicator (NFI) above 20 or 30, OCT average RNFL
thickness and GDx temporal-superior-nasal-inferior-temporal average (TSNIT) below 5% or 1%
of the instruments’ normative database. Agreement between OCT and GDx parameters was
reported as percent of observed agreement, along with the AC1 statistic. Linear regression
analyses were used to examine the relationship between OCT average RNFL thickness and GDx
NFI and TSNIT.

Results—All OCT and GDx measurements showed significantly more RNFL damage in ON
than in non-ON eyes. Agreement between OCT and GDx parameters ranged from 69–90% (AC1
0.37–0.81) in ON eyes, and 52–91% (AC1 = 0.21–0.90) in non-ON eyes. Best agreement was
observed between OCT average RNFL thickness (P < 0.01) and NFI (>30) in ON eyes (90%, AC1
= 0.81), and between OCT average RNFL thickness (P < 0.01) and GDx TSNIT average (P <
0.01) in non-ON eyes (91%, AC1 = 0.90). In ON eyes, the OCT average RNFL thickness showed
good linear correlation with NFI (R2 = 0.69, P < 0.0001) and TSNIT (R2 = 0.55, P < 0.0001).

Conclusions—OCT and GDx show good agreement and can be useful in detecting RNFL loss
in MS/ON eyes.

Keywords
multiple sclerosis; optic neuritis; axonal loss; retinal nerve fiber layer; GDx; OCT

Corresponding author: Han Cheng, College of Optometry, University of Houston, 505 J Davis Armistead Bldg, Houston, TX
77204-2020, hcheng@optometry.uh.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
The authors indicate no financial conflict of interest.

NIH Public Access
Author Manuscript
Optom Vis Sci. Author manuscript; available in PMC 2011 August 1.

Published in final edited form as:
Optom Vis Sci. 2010 August ; 87(8): 576–584. doi:10.1097/OPX.0b013e3181e3dcb3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Multiple Sclerosis (MS) is a demyelinating disease of the central nervous system (CNS), in
which the optic nerve is particularly vulnerable. Demyelination of the optic nerve can lead to
retinal ganglion cell loss and nerve atrophy. Optic neuritis (ON) is the presenting
manifestation in 15%–20% of MS patients, with an additional 40% suffering an attack at
some point during the course of the disease.1,2 Studies using funduscopic examination,3,4
direct axonal counting in postmortem tissue 5 and optical imaging devices 6–11 have found
that after experiencing an episode of ON, the retinal nerve fiber layer (RNFL) decreases in
thickness due to axonal loss. Eyes of MS patients without a history of ON can also have
reduced RNFL thickness.6,8,9,12 Because the RNFL consists of axons of the optic nerve
which is a tract of the CNS, studying the thickness of the RNFL gives insights into the status
of the CNS more generally.

Optical coherence tomography (OCT) and scanning laser polarimetry with variable corneal
compensation (GDx) are noninvasive, quantitative techniques that measure the thickness of
the RNFL with good reproducibility.13 Both techniques have been widely used in the clinic
and research for detecting RNFL loss in glaucoma,14 and recently in ON/MS.15–17 OCT
and GDx use different optical principles to image the RNFL.14 OCT uses the principles of
low coherence interferometry to determine the RNFL thickness, in micrometers, based on
the structure’ reflectivity.18 GDx measures the phase retardation induced by RNFL
birefringence, a property that depends on the integrity of axons’ internal structures such as
microtubules and neurofilaments, and the peripapillary RNFL thickness is then estimated
from the retardation values.19 The OCT assesses the entire optic disc circumference and has
the ability to differentiate between layers of the retina, giving a cross-sectional measurement
of the RNFL thickness similar to a histological resolution, which enables detection of
precise RNFL thickness changes.14,15 However, a recent experiment in monkey eyes 20

suggests that GDx may detect axonal degeneration before RNFL thinning occurs because of
its ability to evaluate microtubule density changes. The relative strengths/limitations of OCT
and GDx, along with the possibility that the two techniques may identify different stages
and/or characteristics of retinal ganglion axonal damage, underscore the importance of
directly comparing the two instruments’ ability detecting various optic nerve diseases.

In glaucoma, some studies found both instruments to be useful, with moderate sensitivity
and no statistically significant difference;21–23 while others found either OCT 24,25 or GDx
26 to be more sensitive in detecting RNFL loss. In band optic atrophy due to chiasmal
compression, both instruments performed similarly in detecting average, superior, inferior,
and nasal RNFL loss. It was only in temporal quadrant that GDx VCC is less sensitive than
OCT.27 In MS, Zaveri et al 11 determined OCT and GDx had similar abilities distinguishing
MS eyes from normal controls, and a “somewhat better” (not statistically significant) ability
for OCT in distinguishing MS eyes with a history of ON from those without. In a pilot study
involving 12 MS patients, Frohman et al (2009)28 found a stronger correlation between
OCT-measured RNFL thickness and optic nerve/brain MRI measures than GDx-measured
RNFL thickness.

It is relevant, not only for detecting changes in nerve fiber layer, but also for monitoring
disease progression and effectiveness of therapies, to determine whether OCT and GDx
provide similar or complementary information with regard to retinal ganglion axonal
damage and degeneration in MS patients with (and without) ON. The purpose of this study
was to directly compare OCT and GDx measurements of RNFL thickness in a relatively
large population of MS patients, and to determine whether one technique is more
advantageous than the other for detecting axonal loss in MS eyes with or without a history
of ON.
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METHODS
Subjects

Sixty-eight patients (1:4.2, M:F) from the MS Eye CARE clinic at the University Eye
Institute, with a previous diagnosis of clinical definite multiple sclerosis were enrolled in our
study. Sixty-six of the patients had relapsing-remitting (RR) MS and two had secondary
progressive (SP) MS. Age range was 21 to 57 years with a mean of 40 ± 9.9 years. Duration
of the disease ranged from newly diagnosed to 21 years with a mean of 6.2 ± 5.6 years.

All subjects underwent both OCT and GDx as part of their comprehensive eye examination
conducted by one of the experienced neuro-ophthalmologists (R. T. or J. S.), which typically
included the following: a detailed history regarding visual symptoms (e.g., the time course
of onset and recovery, the presence of eye pain), refraction, visual acuity, extraocular
muscle, pupil, color vision, intraocular pressure, threshold visual fields, dilated fundus
examination, visual evoked potentials or multifocal visual evoked potential (mfVEP), optic
nerve head and RNFL analysis. Related medical records were carefully reviewed. All
subjects had one or more magnetic resonance imaging scans for diagnosis and management
of MS. Patients with any ocular or systemic conditions other than MS/ON that could affect
the visual system were not included in the study.

A history of ON was determined based on clinical signs and symptoms obtained by one or
more eye exams as mentioned above.29,30 Other sources of optic atrophy such as glaucoma
(or suspect), ischemic optic neuropathy, or compressive optic neuropathy were clearly ruled
out. Eyes were divided into two groups: 51 eyes with a history of optic neuritis (ON eyes)
and 65 eyes with no history of optic neuritis (non-ON eyes). The last ON episode was ≥ 6
months prior to the measurements allowing time for retrograde degeneration of the RNFL.
31–33 Of the 20 eyes eliminated from the study, 16 had ON within 6 months prior to the
scans, 1 had an unconfirmed diagnoses of ON, 1 had complete vision loss, 1 had a poor
quality GDx, and one had no GDx on record. Patients’ demographic and clinical information
is summarized in Table 1.

Our procedures adhered to the tenets of Declaration of Helsinki, and the protocol was
approved by the University of Houston Committee for the Protection of Human Subjects.
All patients gave informed consent to participate in the study.

The OCT data from sixty-five of the patients were used in a previous study which compared
the performance of multifocal visual evoked potential, standard automated perimetry and
OCT in detecting visual abnormalities in MS.34

Optical Coherence Tomography
The Stratus OCT 3000 system (Carl Zeiss Meditec, Inc., Dublin, CA) was used by a trained
ophthalmic technician to acquire three 3.4 mm diameter circular scans centered on the optic
disc (Fast RNFL protocol). Only good-quality scans were accepted. Quality criteria followed
recommendations from previous studies,35,36 which included signal strength 7 or better, a
well-focused fundus image with the presence of a centered ring around the optic disc, visible
retinal pigment epithelium and RNFL with no missing or blank areas within the scan pattern.
Overall RNFL thickness along the circumference and sector thickness in every quadrant
were automatically calculated by the OCT software and compared with a built-in normative
database of age-matched control subjects. Several criteria were used to classify an eye as
abnormal, which included OCT average thickness with P < 0.05 or P < 0.01, and “OCT ≥ 1
Quadrant” for which an eye was considered abnormal when any quadrant was classified by
the instrument as abnormal P < 0.01 or P < 0.05.
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Scanning Laser Polarimetry
Scanning laser polarimetry with variable corneal compensation (GDx VCC; software
version 5.5.1; Carl Zeiss Meditec Inc., Dublin, CA) was performed by a trained ophthalmic
technician. The principles of the GDx VCC technology have been described in detail
elsewhere.37 In essence, polarized light (780 nm) is used to scan a peripapillary region in the
posterior pole and the amount of retardation measured in nanometers is converted to the
RNFL thickness in micrometers (0.67 nm/µm). Only images with a scan quality score ≥ 8
were analyzed. The RNFL thickness (based on an average of three scans) along a 0.4 mm
wide measuring circle (outer diameter of 3.2 mm and inner diameter of 2.4 mm) centered on
the optic disc was used. The temporal-superior-nasal-inferior-temporal average (TSNIT),
superior average (Sup Avg), and inferior average (Inf Avg) indicates the average RNFL
thickness along the entire measuring circle, the superior 120° region, or the inferior 120°
region of the measuring circle, respectively. Each parameter was compared with a normative
database of age-matched controls built into the instrument’ software. GDx TSNIT was
considered abnormal at P < 0.05 or P < 0.01. “GDx Sup/Inf Avg” was considered abnormal
if either the superior or inferior average was classified as abnormal by P < 0.05 or P < 0.01.

The GDx VCC also provides a global index called the nerve fiber indicator (NFI). The NFI
is calculated using information from the entire RNFL thickness map to indicate the overall
integrity of the RNFL, and reports data using an absolute scale from 1 to 100 (1–30 normal,
31–50 borderline, ≥ 51 abnormal,37 rather than probability, to optimize discrimination
between healthy and glaucomatous eyes. An advanced neural network discriminating
algorithm trained on a large sample of healthy and glaucomatous eyes was used to calculate
the NFI.37 It is somewhat unclear how this parameter relates to MS/ON eyes. By examining
other studies’ data, it is reasonable to conclude that average NFI increases with age in the
healthy population. Specifically, previous studies’ healthy control groups with a mean age of
38.7 ± 13.6,26 40.25 ± 13.49,12 49.9 ± 13.0,25 65 ± 8,22 and 66 ± 9.921 found the mean
NFI to be 10 ± 5.8, 17.08, 15.2 ± 7.6, 19.8 ± 6.7, and 19.0 ± 8.2, respectively. In addition to
a manufacture recommended criterion of NFI > 30, we evaluated our data using NFI > 20
because of our relatively young study population (mean age of 40 ± 9.9).

Statistical Analysis
Data for ON and non-ON eyes are reported as the mean ± SD. Differences between the two
groups were evaluated with two-sample t-tests.

Agreement between OCT and GDx classification of eyes was displayed as an observed
percentage of agreement. Any two tests may classify some subjects into the same category
by chance. We used the AC1 statistic (see details of calculation in Cheng et al7) to correct
for chance agreement. Compared to a commonly used Kappa statistic, AC1 is less dependent
on the prevalence of a trait.38

The relationship between OCT average thickness and GDx parameters was examined using
linear regression analysis. The coefficient of determination (R2) represents the amount of
variation accounted for by the linear relationship.

RESULTS
Means for the GDx parameters and OCT RNFL thickness (both average and quadrant) for
ON and non-ON eyes, are presented in Table 2. Each GDx and OCT parameter of ON
versus non-ON eyes, was significantly different. More specifically, the three overall
parameters, GDx NFI, GDx TSNIT, and OCT average thickness, all had P < 0.0001. This is
consistent with studies showing significant decrease in RNFL thickness in ON eyes relative
to non-ON eyes.6,7,9
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Qualitative Comparison of OCT and GDx Parameters
For each eye, OCT RNFL thickness classification (as normal or abnormal) was compared to
that of each GDx parameter to assess agreement using different criteria. For example, OCT
average thickness and GDx TSNIT were considered abnormal when below 1% of the
instruments’ normative databases. In accordance with the manufacturer’ suggested cutoff
value, GDx NFI was classified as abnormal when it was > 30. The number (and percent) of
eyes classified as normal and abnormal, using these parameters, is shown in Table 3.

Of the 51 ON eyes (Table 3A), OCT average thickness (P < 0.01) classified 21 (41%) as
abnormal, while NFI (>30) and TSNIT (P < 0.01) classified 26 (51%) and 17 (33%),
respectively, as abnormal. Percent agreement between OCT average thickness (P < 0.01)
and GDx NFI (>30) was 90% (AC1 = 0.81), and 84% (AC1 = 0.71) between OCT average
thickness (P < 0.01) and GDx TSNIT (P < 0.01).

Of the 65 non-ON eyes (Table 3B), OCT average thickness (P < 0.01), NFI (>30), and
TSNIT (P < 0.01) classified 3 (5%), 8 (12%), and 5 (8%) eyes as abnormal, respectively.
Percent agreement between OCT average thickness (P < 0.01) and GDx NFI (>30) was 89%
(AC1 = 0.87), and 91% (AC1 = 0.90) between OCT average thickness (P < 0.01) and GDx
TSNIT (P < 0.01).

We examined the percentage of agreement (and AC1 statistic) between OCT and GDx when
different parameters/criteria were used to classify an eye as abnormal (Table 4). Criteria
used include global parameters: OCT average thickness or GDx TSNIT below 1% or 5% of
the instruments’ normative databases, and GDx NFI > 30 or NFI > 20 (see Methods). We
also examined the criterion “OCT ≥ 1 Quadrant” for which an eye was classified as
abnormal if any quadrant of OCT measurement was below 5% or 1% of the built in
normative database; and the “GDx Sup/Inf Avg” criterion for which abnormality was
defined when either the superior or inferior average was below P < 0.05 or P < 0.01. The
highest percent agreement for ON eyes (Table 4A) was 90% (AC1 = 0.81), using GDx NFI
> 30 and OCT average thickness (P < 0.01) as the criteria. In non-ON eyes (Table 4B), the
highest percent agreement (91%, AC1 = 0.90) was between OCT average thickness (P <
0.01) and GDx TSNIT (P < 0.01).

Quantitative Relationship between OCT and GDx Parameters
The relationship between OCT average thickness and GDx NFI or TSNIT was studied using
linear regression analysis (Figure 1). In ON eyes, the OCT average thickness correlated well
with GDx NFI (R2 = 0.69, P < 0.0001) and TSNIT (R2 = 0.55; P < 0.0001). In non-ON eyes,
the results showed R2 = 0.37 (P < 0.0001) for OCT versus NFI, and R2 = 0.31 (P < 0.0001)
for OCT versus TSNIT.

To eliminate any contamination from intrasubject correlation, we performed regression
analysis by including only one eye from each patient (left eye included in bilateral ON
patients) and found almost identical results. In ON eyes, the results showed R2 = 0.70 (P <
0.0001) for OCT versus NFI and R2 = 0.57 (P < 0.0001) for OCT versus TSNIT. The results
for non-ON eyes showed R2 = 0.39 (P < 0.0001) for OCT versus NFI and R2 = 0.31 (P <
0.0001) for OCT versus TSNIT.

DISCUSSION
It is evident that anterior visual pathway axonal degeneration in MS patients causes RNFL
thinning, which is detectable by both OCT and GDx. In agreement with other studies, both
OCT 6,7,9 and GDx 39 detected significant RNFL differences in MS patients with a history
of ON versus those without a history of ON (Table 2). Agreement between OCT and GDx
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parameters varied with the criteria selected for each instrument (Table 4). For the ON group,
the criteria that achieved the best percent agreement (90%, AC1 = 0.81) were OCT average
thickness (P < 0.01) and GDx NFI > 30; and the agreement between “OCT ≥ 1 Quadrant (P
< 0.05)” and GDx NFI > 20 was also very good (88%, AC1 = 0.82). Linear regression
analysis also revealed good correlation between the average RNFL thickness measured by
OCT and GDx NFI (R2 = 0.69) and TSNIT (R2 = 0.55) among the ON eyes (Figure 1). As
previously reported,7,34 global parameters in general show better agreements among tests
because they are less affected by variability in local measurements. Unlike glaucoma, in
which arcuate nerve bundles are more susceptible to damage, axonal loss in ON appear to be
relatively “diffuse”, meaning that the defects tend to cross the boundaries set by an OCT
quadrant.7 Despite that, careful analysis of local defects on OCT and/or GDx is of great
clinical value in detecting mild RNFL loss.

To allow adequate time for retrograde degeneration of the RNFL and minimize the effect of
optic disc swelling from acute inflammation, OCT and GDx measurements used in this
study were taken at least six months after the last ON attack.31–33 It is controversial
whether there is further RNFL thinning beyond six months.32,40 To exam this issue, we
used linear regression analysis to investigate the relationship between recovery time from
the ON episode and the most significant parameters (OCT average thickness, GDx NFI, and
GDx TSNIT) (Figure 2). No relationship (P = 0.52–0.91) was found between recovery time
and any of the parameters. Some studies found that patients with a longer history of MS had
a more severe reduction in RNFL thickness,6,8 while others did not.41 In our subject
population, RNFL parameters (OCT average thickness, GDx NFI, and GDx TNSIT) did not
correlate with the duration of MS diagnoses (P = 0.39–0.53, data not shown). The relatively
large inter-subject variability in measurements could be an obscuring factor for not
observing any relationship in the above regression analysis (see Figure 2). Future
longitudinal studies rather than cross-sectional analysis should be used to study RNFL
thickness changes over time.

It is of clinical interest to compare test sensitivity between the OCT and GDx. The amount
of abnormality detected clearly depended on the criteria used (Table 5). For instance, the
percent of ON eyes classified as abnormal using “OCT Avg Thickness (P < 0.05)” or “NFI
> 30” was 65% and 51%, respectively; less than 80% and 73% using “OCT ≥ 1 Quadrant (P
< 0.05)” or “NFI > 20”. It is important to point out that when a lower NFI (see Methods) or
an “or-logic” such as “OCT ≥ 1 Quadrant (P < 0.05)” is used, the test sensitivity will
increase but the specificity will decrease. The specificities (false-positive rates) for NFI and
OCT quadrant criteria are unknown due to a lack of normative control group in our study.
Budenz and his colleagues have reported the specificity for “OCT ≥ 1 Quadrant (P < 0.05)”
as 95% based on 109 normal subjects with a mean age of 42.8 ± 14.6 years (our subjects’
mean age is similar: 40 ± 9.9),42 or 76% based on 50 normal subjects with a mean age 62.9
± 12.7 years.43

Studies have measured decreased RNFL thickness in MS non-ON eyes compared to healthy
control eyes indicating that these eyes are also abnormal.6,8,9,12 In these cases, the
instruments may be detecting subclinical optic nerve damage. The mean (± SD) OCT
average RNFL thickness, GDx TSNIT average, and GDx NFI for our non-ON eyes were
95.24 ± 11.64 µm, 53.00 ± 6.26 µm, and 21.37 ± 10.17, respectively; comparable to those
(94.2 µm, 52.25 µm, and 22.68, respectively) reported by Pueyo et al 2008, who studied 50
RRMS patients with similar age (41.36 ± 10.53).8 In the Pueyo 2008 study, mean values of
non-ON eyes were significantly different from their age-matched normal controls (104.97
µm, 56.50 µm, and 17.08, respectively). In a recent study by Pueyo et al 2009,12 about one
third of the MS non-ON eyes, with normal visual acuity and visual fields, showed RNFL
defects on OCT (30%) or GDx (32.5%) measurements. Direct comparison between the
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present study and Pueyo et al’ 2009 study was not possible. First, the majority of our
subjects (66 out of 68) had RRMS, whereas MS subtypes were not specified in Pueyo’
population. There is evidence suggesting that RNFL thinning may be more pronounced in
SPMS than RRMS.44,45 Most importantly, the authors did not report the criteria they used
to define “abnormal RNFL”. Based on the one example shown (see Figure 3 in Pueyo et al
2009)12, it appeared that for OCT, at least a quadrant (P < 0.05) criterion was used.
Interestingly, the percent of abnormality revealed by our OCT quadrant (P < 0.05) criterion
was actually very similar to theirs (29% versus 30%). As we mentioned earlier, a quadrant
criterion would increase the chance of misclassifying a normal eye as abnormal. In fact,
Pueyo et al (2009) reported that “defects in the RNFL were detected by both OCT and GDx
in three of 20 control eyes (15%)”, suggesting a false positive rate of at least 15%.12 In
general, the present study agrees with previous studies that subclinical atrophy occurs in
non-ON eyes, and such defects appear to be relatively mild in relapsing-remitting MS.46 It
is important to note that functional tests have revealed more abnormalities in non-ON eyes.
47–49 In our recent paper which included the OCT data of 65 MS subjects reported here34,
the Humphery visual field (HVF), multifocal VEP (mfVEP), and OCT classified 38%, 29%
and 8% of non-ON eyes as abnormal, using criteria with 5% false positive rate for each test.
18% of non-ON eyes showed abnormality on both HVF and mfVEP tests. We concluded
that “20–40% of MS eyes with no clinical history of ON are likely to have had a subclinical
event somewhere along the visual pathway”.

Of 68 non-ON eyes in the present study, Table 5 shows that the GDx classified more non-
ON eyes as abnormal than the OCT did when criteria were set at the same level (e.g. P <
0.01 or 0.05). This was true for comparisons of OCT with either GDX measure, GDx TSNIT
or NFI. This orts a prior evidence that birefringent properties of the RNFL may change
before RNFL thinning is measurable,20 and that GDx may be useful in subclinical cases.

To examine whether a clinical history of ON in the fellow eye contributed to axonal loss in
the non-ON eye, we divided non-ON eyes into two subgroups: the non-ON-a with no ON
history in either eye (n = 28), and the non-ON-b with an ON history in the fellow eye (n =
37).

Interestingly, GDx NFI and TSNIT showed significant differences between the two
subgroups (P = 0.003 for NFI, and 0.05 for TSNIT), whereas OCT average RNFL thickness
did not (P = 0.158). Specifically, the mean (± SD) GDx NFI, TSNIT and OCT average
RNFL were 17.32 ± 7.58, 54.70 ±5.30 µm, and 97.5 ±10.4 µm, respectively, for the non-
ON-a subgroup; and 24.4 ± 10.9, 51.71 ± 6.69, and 93.5 ±12.3, respectively, for the non-
ON-b subgroup. Qualitatively, none of non-ON-a eyes (versus 8 eyes in non-ON-b) were
identified as abnormal using “GDx NFI > 30” criterion, and only two (versus 7 in non-ON-
b) were classified as abnormal using “OCT Avg Thickness (P < 0.05)” criterion. Thus, it
appears that some RNFL damage in non-ON eyes might have resulted from ON attacks in
fellow eyes, although this issue is confounded by subclinical events in MS subjects.

In summary, the findings indicated that although there was a discrepancy between the two
instruments, both the OCT and GDx can be useful in detecting optic nerve atrophy in MS
and ON patients. Using the current technology, inter-patient variability of RNFL thickness
makes it difficult to determine precise cutoff values for identifying RNFL damage in the
general population. With a baseline reading, preferably before an ON event, this type of
measurement could be a good quantitative test for monitoring axonal loss in individual MS/
ON patient overtime. Future longitudinal studies involving both MS and normal subjects
may provide further insight to the comparative utility of these instruments. In addition,
several studies including those from our own have shown that functional tests (e.g., visual
evoked potentials, multifocal visual evoked potentials, and standard automated perimetry)
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detect more abnormalities in MS eyes compared to OCT or GDx,34,50–53 therefore,
combining structural and functional measurements is probably the best strategy in
monitoring the progression and therapeutic effects in MS.
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Figure 1.
Scatter plots and linear regression between OCT average RNFL thickness (µm) and GDx
NFI (top), GDx TSNIT average (bottom). Solid line delineates regression for ON eyes, and
dashed line for non-ON eyes. In the top figure, R2 is 0.69 (P < 0.0001) for ON eyes, and
0.37 (P < 0.0001) for non-ON eyes. In the bottom figure, R2 is 0.55 (P < 0.0001) for ON
eyes, and 0.31 (P < 0.0001) for non-ON eyes.
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Figure 2.
Scatter plots and linear regression between the time since last ON attack and three
parameters: GDx NFI (open triangles and solid line in top figure), GDx TSNIT average
(crosses and dashed line in top figure), and OCT average RNFL thickness (bottom). The
slopes and the P values for the regression lines are − 0.02 (P = 0.62), 0.00 (P = 0.52), and
0.00 (P = 0.91) for GDx NFI, GDx TSNIT average, and OCT average RNFL thickness,
respectively.
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Table 1

Subjects’ clinical information.

ON Eyes (n = 51) Non-ON Eyes (n = 65)

Age 41.0 ± 9.2 40.5 ± 9.9

Number of ON Attacks

1 attack (%) 37 (73%) NA

>1 attack (%) 14 (27%) NA

Months since last ON attack 78.9 ± 80.5 NA

Visual Acuity

20/20 or better (%) 32 (63%) 60 (92%)

20/20 to 20/50 (%) 19 (37%) 5 (8%)

Years since MS diagnoses 8.6 ± 6.6 5.0 ± 4.4

HVFa mean deviation (dB) −5.15 ± 6.36 (n = 47) −2.26 ± 3.63 (n = 57)

a
HVF refers to Humphery visual field 30-2 or 24-2 threshold tests. Four ON eyes and 8 non-ON eyes had unreliable HVF (fixation loss, false

positives or false negatives > 33%) and were excluded for calculating HVF mean deviation.
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Table 2

Mean (± SD) of OCT RNFL thickness and GDx parameters for the ON and non-ON groups.

ON Eyes (n = 51) Non-ON Eyes (n = 65) P valuea

GDx NFI 34.39 ± 17.72 21.37 ± 10.17 < 0.0001

GDx TSNIT 48.23 ± 7.43 53.00 ± 6.26 < 0.0001

GDx Sup Avg 56.33 ± 10.52 63.46 ± 8.18 < 0.001

GDx Inf Avg 56.80 ± 10.38 61.48 ± 7.41 < 0.01

OCT-Avg (µm) 78.01 ± 17.43 95.24 ± 11.64 < 0.0001

OCT-T (µm) 48.08 ± 14.12 67.57 ± 15.41 < 0.0001

OCT-S (µm) 96.27 ± 23.80 115.49 ± 15.48 < 0.0001

OCT-N (µm) 63.65 ± 20.97 74.75 ± 15.50 < 0.01

OCT-I (µm) 103.71 ± 23.95 124.00 ± 17.37 < 0.0001

OCT – Avg, T, S, N, I represents the overall average, temporal, superior, nasal and inferior quadrant RNFL thickness, respectively.

a
P value is based on two-sample t-tests comparing ON and non-ON eyes.
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Table 3

The number (and percent) of eyes in the ON group (A) and non-ON group (B) that are classified as normal or
abnormal by OCT average RNFL thickness (P < 0.01), GDx NFI > 30, or GDx TSNIT (P < 0.01).

Normal
GDx NFI

Abnormal
GDx NFI

Normal
GDx TSNIT

Abnormal
GDx TSNIT

ON eyes (n = 51)

Normal OCT 25 (49%) 5 (10%) 28 (55%) 2 (4%)

Abnormal OCT 0 21 (41%) 6 (12%) 15 (29%)

Non-ON eyes (n = 65)

Normal OCT 56 (86%) 6 (9%) 58 (89%) 4 (6%)

Abnormal OCT 1 (2%) 2 (3%) 2 (3%) 1 (2%)
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Table 4

Percent of agreement (and AC1 statistic) between OCT and GDx parameters for the ON (A) and non-ON (B)
group.

GDx Parameter OCT Avg
Thickness
(P < 0.01)

OCT Avg
Thickness
(P < 0.05)

OCT ≥ 1
Quadrant
(P < 0.01)

OCT ≥ 1
Quadrant
(P < 0.05)

The ON group (n = 51)

GDx NFI > 30 90% (.81) 82% (.66) 78% (.57) 71% (.46)

GDx NFI > 20 71% (.43) 84% (.72) 73% (.48) 88% (.82)

GDx TSNIT (P < 0.01) 84% (.71) 69% (.37) 73% (.46) 53% (.08)

GDx TSNIT (P < 0.05) 80% (.61) 76% (.54) 80% (.61) 69% (.42)

GDx Sup/Inf Avg (P < 0.01) 88% (.77) 73% (.48) 80% (.61) 61% (.25)

GDX Sup/Inf Avg (P < 0.05) 86% (.73) 78% (.58) 82% (.65) 71% (.46)

The non-ON group (n=65)

GDx NFI > 30 89% (0.87) 85% (0.80) 86% (0.83) 71% (0.56)

GDx NFI > 20 52% (0.21) 60% (0.30) 55% (0.25) 62% (0.26)

GDx TSNIT (P < 0.01) 91% (0.90) 89% (0.87) 88% (0.86) 72% (0.60)

GDx TSNIT (P < 0.05) 82% (0.77) 83% (0.77) 82% (0.76) 69% (0.52)

GDx Sup/Inf Avg (P < 0.01) 89% (0.88) 88% (0.85) 89% (0.87) 74% (0.62)

GDX Sup/Inf Avg (P < 0.05) 78% (0.73) 83% (0.77) 82% (0.76) 72% (0.56)
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Table 5

Number (and percent) of eyes classified as abnormal using different criteria.

Parameter ON Eyes (n = 51) Non-ON eyes (n = 65)

GDx NFI (> 30) 26 (51%) 8 (12%)

GDx NFI (> 20) 37 (73%) 32 (49%)

GDx TSNIT (P < 0.01) 17 (33%) 5 (8%)

GDx TSNIT (P < 0.05) 25 (49%) 11 (17%)

GDx Sup/Inf Avg (P < 0.01) 21 (41%) 6 (9%)

GDx Sup/Inf Avg (P < 0.05) 26 (51%) 13 (20%)

OCT Avg Thickness (P < 0.01) 21 (41%) 3 (5%)

OCT Avg Thickness (P < 0.05) 33 (65%) 9 (14%)

OCT ≥ 1 Quadrant (P < 0.01) 27 (53%) 5 (8%)

OCT ≥ 1 Quadrant (P < 0.05) 41 (80%) 19 (29%)
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