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Background: Optical coherence tomography (OCT) is
a promising new method of quantifying axon thickness
in the retinal nerve fiber layer (RNFL) that has been used
predominantly by ophthalmologists to monitor glau-
coma. Optical coherence tomography is being consid-
ered as a potential outcome measure in multiple sclero-
sis (MS) clinical trials, but no data exist on the
reproducibility of this technique in MS centers.

Objective: To determine the reproducibility of OCT mea-
surement of mean RNFL thickness in the undilated eyes
of healthy control subjects and patients with MS.

Design: Prospective analysis of 4 healthy controls to de-
termine interrater, intrarater, and longitudinal reproduc-
ibility. Cross-sectional analysis of 3 cohorts of patients
with MS (n=396) and healthy controls (n=153).

Setting: Multiple sclerosis clinics at 3 academic medi-
cal centers.

Patients or Other Participants: Healthy controls and
patients with MS.

Main Outcome Measure: Thickness of RNFL.

Results: We found excellent agreement with respect to
interrater (intraclass correlation [ICC], 0.89), intrarater
(ICC, 0.98), and intervisit (ICC, 0.91) results. Mean RNFL
thickness did not vary significantly among research cen-
ters for patients with MS (93, 92, and 90 µm) or among
healthy controls (103, 105, and 104 µm) by site.

Conclusions: We demonstrate that mean RNFL thick-
ness can be reproducibly measured by trained techni-
cians in an MS center using the OCT-3 model. The RNFL
measures from cohorts of age-matched controls and
patients with MS from 3 different research centers were
remarkably similar.
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O PTICAL COHERENCE TO-
mography (OCT) is a
noninvasive high-resolu-
tion technique that uses
near-infrared light to gen-

erate cross-sectional tomographic images
of tissues,1 including the retinal nerve fi-
ber layer (RNFL).2 Optical coherence to-
mography is used to monitor retinal gan-
glion cell axon loss in glaucoma, diabetic
retinopathy, traumatic optic neuropathy,
chiasmal lesions, and optic neuritis.3-13

Recently, OCT has been studied in pa-
tients with multiple sclerosis (MS) (here-
inafter referred to as MS patients), of whom
80% experience visual impairment.14,15 De-
creased RNFL thickness has been demon-
strated in patients with a history of optic
neuritis.7,12,16,17 Two studies showed that
the eyes without optic neuritis among MS
patients have decreased RNFL thickness
compared with the eyes of control sub-
jects, suggesting that retinal ganglion cell
axonal loss occurs separately from acute

optic neuritis in MS patients.16,18 In addi-
tion, RNFL thickness correlates with low-
contrast visual acuity and contrast sensi-
tivity.16 This suggests that OCT can be used
to monitor axonal injury and visual dys-
function in MS and may be a useful out-
come measure in clinical trials.8,12,13,16,19

Whether reproducibility studies com-
pleted on earlier OCT models20-26 are ap-
plicable to the OCT-3 model (Carl Zeiss
Meditec, Dublin, California) is unclear be-
cause foveal thickness measurements ob-
tained using the prototype OCT scanner
and OCT-3 are not directly compa-
rable.27 The reproducibility of RNFL thick-
ness has been examined using OCT-3 in
healthy subjects and cohorts with glau-
coma, ocular hypertension, macular
edema, and diabetes mellitus,28-34 but not
in MS cohorts. These studies were per-
formed by ophthalmologists on subjects
with pharmacologically dilated pupils. All
found good reproducibility of RNFL mea-
surements. However, ocular symptoms in
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MS, including nystagmus, can have an important effect
on visual fixation—an essential component in obtain-
ing high-quality OCT scans—and, therefore, present
unique challenges in MS patients, with the potential to
decrease OCT reproducibility in this cohort. Other pos-
sible impediments to the reliable use of OCT in an MS
center include the facts that neurology patients do not
routinely have their pupils dilated and that neurology of-
fice staff are not trained in the use of slitlamp examina-
tion. We hypothesized that, despite these issues, OCT
could be performed reproducibly in the setting of an MS
center.

METHODS

SUBJECTS

Interrater, intrarater, and intervisit reproducibility studies were
performed at the Johns Hopkins MS Center. We examined both
eyes of 4 healthy subjects recruited from the staff of the neu-
rology department. The cross-center comparison was per-
formed using cross-sectional data obtained from age- and sex-
matched MS patients (n=396) and healthy controls (n=153)
at the MS centers of The Johns Hopkins University ( JHU), the
University of Pennsylvania (U Penn), and The University of
Texas Southwestern Medical Center (UTSW). We included sub-
jects with no history of intraocular surgery, glaucoma, retinal
disease, diabetes, or hypertension and who completed in-
formed consent. All MS disease subtypes were included. Data
from the initial scans of all patients and controls at each center
were included in the cross-center comparison.

OPTICAL COHERENCE TOMOGRAPHY

The RNFL measurements were obtained using the OCT-3 fast
RNFL thickness protocol, which performs 3 consecutive 3.4-
mm-diameter circular scans centered on the optic nerve head.
In addition, OCT software (OCT 4.0, version A2; Carl Zeiss
Meditec) generated a mean RNFL thickness measurement for
360° around the optic disc, 4 retinal quadrants, and 12 clock
hour segments (30° for each hour position).

STUDY PROTOCOL

The RNFL scans were obtained on both eyes of 4 healthy sub-
jects by 3 technicians during 5 consecutive weekly visits. Inter-
rater and intervisit reproducibility were obtained from these data.
At visit 3, 1 investigator performed 3 consecutive RNFL scans on

each eye of each subject to determine intrarater reproducibility.
All scans were performed without pupil dilation. In the cross-
center comparison, 1 OCT scan was obtained of each eye of the
MS patients and healthy controls.

STATISTICAL ANALYSIS

We used the intraclass correlation coefficient (ICC) as a sum-
mary measure for interrater, intrarater, and intervisit agree-
ment. The ICC represents the proportion of variance in data
explained by between-subject differences; the higher the ICC
(maximum value, 1.0), the better the agreement between mea-
sures of the same patient. An ICC of less than 0.40 indicates
poor reproducibility; of 0.40 to 0.75, fair to good reproduc-
ibility; and of greater than 0.75, excellent reproducibility.

In this study design, there was complex nesting, which re-
quires large sample sizes for simultaneous estimates of de-
sired measures; thus, we used random-effects general linear mod-
els (Proc MIXED in SAS; SAS Institute Inc, Cary, North Carolina)
to compare ICCs between groups of patients, observers, and
longitudinally, treating certain factors as fixed and others as
random, depending on the ICC being estimated. Variance ho-
mogeneity and ICC homogeneity tests were used to validate
assumptions made for estimates. We used only 1 eye in each
analysis to enable consistency with the literature but present
values for each eye. The high correlations between eyes and
the relative consistency of the results demonstrate that little ad-
ditional information was available by incorporating both eyes
in the same analysis.

RESULTS

SUBJECT CHARACTERISTICS

We studied 8 eyes of 4 healthy subjects for the interrater,
intervisit, and intrarater portions of this study. There were
2 men and 2 women, and the mean (SD) age was 23 (3)
years (range, 20-27 years). In the cross-center compari-
son, MS patients and controls across 3 centers did not dif-
fer significantly in demographic characteristics (Table1).

RNFL THICKNESS

The ICCs were first calculated by combining data from each
eye of each subject and indicated excellent agreement
(Table 2). Quadrant ICCs ranged from 0.66 to 0.98 and
were slightly lower than mean RNFL ICCs, which ranged

Table 1. Demographic Characteristics of MS Patients and Healthy Control Cohorts

MS Patients Healthy Control Subjects

JHU
(n=163)

(326 Eyes)

U Penn
(n=90)

(180 Eyes)

UTSW
(n=143)

(283 Eyes)

Total
(n=396)

(789 Eyes)

JHU
(n=47)

(94 Eyes)

U Penn
(n=36)

(72 Eyes)

UTSW
(n=70)

(140 Eyes)

Total
(n=153)

(306 Eyes)

Age, mean (SD), y 41 (10) 48 (8) 43 (11) 43 (10) 35 (11) 38 (10) 38 (12) 37 (11)
No. (%) female 112 (68.7) 72 (80.0) 105 (73.4) 289 (73.0) 30 (63.8) 28 (77.8) 44 (62.9) 102 (66.7)
Type of MS, No. (%)

RRMS 135 (82.8) 76 (84.4) 90 (62.9) 301 (76.0) . . . . . . . . . . . .
SPMS 16 (9.8) 14 (15.6) 22 (15.4) 52 (13.1) . . . . . . . . . . . .
PPMS 12 (7.4) 0 31 (21.7) 43 (10.9) . . . . . . . . . . . .

Abbreviations: JHU, The Johns Hopkins University; MS, multiple sclerosis; PPMS, primary progressive MS; RRMS, relapsing-remitting MS; SPMS, secondary
progressive MS; U Penn, University of Pennsylvania; UTSW, The University of Texas Southwestern Medical Center; ellipses, not applicable.

(REPRINTED) ARCH NEUROL / VOL 65 (NO. 9), SEP 2008 WWW.ARCHNEUROL.COM
1219

©2008 American Medical Association. All rights reserved.
 at Johns Hopkins University, on April 10, 2009 www.archneurol.comDownloaded from 

http://www.archneurol.com


from 0.89 to 0.98. Intrarater ICCs were highest (Figure1),
and intervisit ICCs were also high (Figure 2). Although
still acceptable, interrater ICCs were the lowest (Figure3).
This approach effectively averaged the eyes of each sub-
ject, which are highly correlated, and may have slightly over-
estimated ICCs. When the analyses were repeated consid-
ering each eye separately (Table 3), ICCs remained high
but with wider confidence intervals. Mean (SD) RNFL thick-
ness was remarkably similar among centers for the MS pa-
tient and healthy subject cohorts (Figure 4).

COMMENT

We found that all RNFL measurements showed excel-
lent ICCs when examined for intrarater, interrater, and
intervisit reproducibility. Intrarater reproducibility was
stronger than intervisit reproducibility, indicating that
reproducibility within a given eye on a given day is greater

than reproducibility within a given eye on different
days.21,30 Quadrant thicknesses were more variable than
were mean RNFL thickness. The lower ICC for quad-
rants suggests that quadrantic analyses, although poten-
tially more sensitive to subtle changes, will decrease power
in clinical trials owing to poorer reproducibility. How-
ever, mean RNFL thicknesses are sensitive to abnormali-
ties in MS patients and highly reproducible, making them
appropriate to use for comparisons. The major limita-
tion of this portion of our investigation was the small
sample size studied.

Our data (Tables 2 and 3) are comparable to previ-
ously reported ICCs. One study measuring intervisit re-
producibility30 reported a mean RNFL thickness ICC of
0.83 and ICCs for quadrant thicknesses ranging from 0.62
to 0.81, whereas another group examining intrarater re-
producibility33 found a mean RNFL thickness ICC of 0.95
with quadrant thickness ICCs varying from 0.79 to 0.97.
Finally, a recent study of patients with glaucoma34 found
an intrarater mean RNFL thickness ICC of 0.98 and an
intervisit mean RNFL thickness ICC of 0.96.

Table 2. Optical Coherence Tomographic RNFL Thickness
ICCs Calculated Using Both Eyes of Each Subject

Variable ICC

Intervisit reproducibility
Mean RNFL 0.91
Nasal quadrant 0.94
Inferior quadrant 0.85
Superior quadrant 0.75
Temporal quadrant 0.77

Interrater reproducibility
Mean RNFL 0.89
Nasal quadrant 0.93
Inferior quadrant 0.82
Superior quadrant 0.66
Temporal quadrant 0.72

Intrarater reproducibility
Mean RNFL 0.98
Nasal quadrant 0.98
Inferior quadrant 0.91
Superior quadrant 0.88
Temporal quadrant 0.96

Abbreviations: ICC, intraclass correlation; RNFL, retinal nerve fiber layer.
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Figure 1. Intrarater reproducibility. Mean retinal nerve fiber layer (RNFL)
thicknesses from 3 optical coherence tomographic scans of each eye
(E-1 and E-2) of healthy control subjects (HC-A to HC-D) obtained by the
same rater on the same day.
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Figure 2. Intervisit reproducibility. Mean retinal nerve fiber layer (RNFL)
thicknesses of each eye (E-1 and E-2) of healthy control subjects (HC-A to
HC-D) obtained by 3 raters (A, B, and C) at 5 weekly visits.
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The most reproducible RNFL measurement in our
study was mean thickness, which correlates with previ-
ously published results.30-32 Averaging the mean RNFL
thicknesses from several consecutive scans increased
the ICC in one report. However, results from averaged
and nonaveraged data were similar, indicating that a
single scan can provide reliable results.30 Several groups
previously reported quadrant thickness reproducibility.
Four studies found that the nasal quadrant was the
most variable,25,32-34 and another found the greatest vari-
ability in the superior quadrant, followed by the nasal
quadrant.31 Our results indicate that the nasal quadrant
thickness was the most reproducible, whereas superior
quadrant thickness was the least reproducible. How-
ever, the mean superior quadrant thickness of our
healthy subjects was much greater than the mean nasal
quadrant thickness (superior, 139 µm, and nasal,
85 µm). A previous study35 found that macular sector
thickness variation increased with increasing macular
thickness. This seems to indicate that a similar phe-
nomenon may be seen with RNFL quadrant thick-
nesses, thus potentially explaining the decreased repro-
ducibility of the superior quadrant in our study.

In this study, we did not dilate pupils and found no
effect on the quality of the data, which is in keeping with
a previous report.30 Another study investigating whether
the technicians’ experience affected reproducibility found
that inexperienced technicians could generate useful mea-
surements.25 In our study, 2 technicians had 8 months
of OCT-3 experience, whereas 1 technician had 1 month
of experience (D.C., M.P., and E.G.-L.). We found that
all 3 technicians generated reproducible data.

Other groups have shown higher variation in pa-
tients with glaucoma and diabetes compared with healthy
subjects.31,36 To our knowledge, the reproducibility of OCT
in MS patients has not been reported previously. Our
cross-sectional study was limited because different pa-
tients were studied at each site. Although not ideal, the
only feasible way to compare large, geographically dis-
tant cohorts was to use age-matched subjects with simi-
lar demographic characteristics as found in our cohorts.
Despite the potential for ocular abnormalities of MS to
interfere with obtaining high-quality OCT scans, our

cross-sectional data obtained from 3 research centers ex-
amining separate MS cohorts were virtually identical. This
suggests that RNFL measurements are reproducible within
diverse MS patient groups, which is encouraging for the
potential use of OCT-3 as an outcome measure in clini-
cal trials. Use of a single model of the same machine also
offers advantages over magnetic resonance images ob-
tained using many different models and machine types.

Validation of OCT as an imaging biomarker in MS is
important because several aspects of the information it gen-
erates are unique. Imaging the RNFL allows direct mea-
surement of the unmyelinated axons of the central ner-
vous system.37 The capacity to image central nervous system
axons quickly and noninvasively, to minimize expense,
and to correlate structural abnormalities with visual dys-
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Figure 3. Interrater reproducibility. Mean retinal nerve fiber layer (RNFL)
thicknesses of each eye (E-1 and E-2) of healthy control subjects (HC-A to
HC-D) obtained by 3 different raters.

Table 3. Optical Coherence Tomographic RNFL Thickness
ICCs Calculated for Each Eye Separately

Variable

ICC (95% CI)

Right Eye Left Eye

Intervisit reproducibility
Mean RNFL 0.88 (0.76 to 0.96) 0.94 (0.87 to 0.98)
Nasal quadrant 0.93 (0.85 to 0.98) 0.95 (0.89 to 0.98)
Inferior quadrant 0.86 (0.71 to 0.95) 0.86 (0.73 to 0.95)
Superior quadrant 0.43 (0.18 to 0.73) 0.80 (0.62 to 0.93)
Temporal quadrant 0.78 (0.60 to 0.92) 0.67 (0.44 to 0.87)

Interrater reproducibility
Mean RNFL 0.85 (0.72 to 0.93) 0.92 (0.84 to 0.96)
Nasal quadrant 0.92 (0.85 to 0.97) 0.94 (0.87 to 0.97)
Inferior quadrant 0.87 (0.72 to 0.94) 0.78 (0.60 to 0.90)
Superior quadrant 0.16 (−0.09 to 0.47) 0.77 (0.59 to 0.89)
Temporal quadrant 0.72 (0.52 to 0.87) 0.62 (0.38 to 0.81)

Intrarater reproducibility
Mean RNFL 0.98 (0.89 to 0.99) 0.98 (0.92 to 0.99)
Nasal quadrant 0.98 (0.90 to 0.99) 0.98 (0.92 to 0.99)
Inferior quadrant 0.91 (0.62 to 0.99) 0.93 (0.69 to 0.99)
Superior quadrant 0.74 (0.20 to 0.98) 0.88 (0.53 to 0.99)
Temporal quadrant 0.98 (0.88 to 0.99) 0.93 (0.68 to 0.92)

Abbreviations: CI, confidence interval; ICC, intraclass correlation;
RNFL, retinal nerve fiber layer.
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Figure 4. Cross-center comparison. Mean retinal nerve fiber layer (RNFL)
thicknesses from patients with multiple sclerosis (A) and healthy control
subjects (B) at 3 research centers. JHU indicates The Johns Hopkins
University; U Penn, University of Pennsylvania; and UTSW, The University of
Texas Southwestern Medical Center.
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function add to the appeal of OCT as an imaging bio-
marker and outcome measure in clinical trials.16

We have demonstrated that OCT RNFL thicknesses
obtained in an MS clinic show excellent interrater, in-
trarater, and intervisit reproducibility in healthy con-
trols. In addition, RNFL measurements from MS and con-
trol cohorts from 3 different academic MS centers were
remarkably similar. This makes OCT an attractive po-
tential outcome measure for clinical trials of axonal-
protective therapeutics and as a potential marker for dis-
ease progression in MS patients.
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