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ABSTRACT

Objective: To evaluate the effect of pathogenic treatments in the reduction of the retinal
nerve fiber layer (RNFL) in patients with Multiple Sclerosis (MS) by means of ocular imaging
technologies.
Material and methods: A total 155 eyes of 79 patients with MS were enrolled in this study. All
patients underwent a complete ophthalmic examination including best corrected visual
acuity using Snellen chart, colour vision using Ishihara pseudoisochromatic plates, visual
field examination, optical coherence tomography (OCT), scanning laser polarimetry (GDx)
and visual evoked potentials. The patients were re-evaluated after a one year period and
changes were assessed in order to detect differences between treatments using the Anova
statistical test. The patients were divided into four groups: 1) Patients without treatment,
2) Patients treated with interferon beta-1a, 3) Subjects who received interferon beta-1b, 4)
Patients treated using glatiramer acetate.
Results: There were no statistically significant differences between patients with or without
treatment and between the four groups (P>0.05, t test), but functional and structural
parameters showed greater loss in RNFL thickness in non-treated patients. Temporal
quadrant RNFL thickness measured by OCT was the parameter with the highest variation
(reduction of 4.97pm in patients without treatment vs 1.08pm in treated patients).
Conclusions: MS pathogenic treatment may be a protective factor in the RNFL loss that is
associated to the disease progression. More studies are needed.

© 2010 Sociedad Espaiiola de Oftalmologia. Published by Elsevier Espana, S.L.
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Influencia del tratamiento en la pérdida de fibras nerviosas de la retina
en pacientes con esclerosis muiltiple

RESUMEN

Palabras clave:

Capa de fibras nerviosas de la retina
Esclerosis multiple

Interferén

Tomografia de coherencia éptica
Polarimetria laser

Objetivos: Evaluar el efecto del tratamiento patogénico de la esclerosis multiple (EM) sobre
la pérdida de fibras nerviosas de la retina (CFNR) mediante técnicas de andlisis digital de
imagen.

Material y método: Se incluyeron 155 ojos de 79 pacientes con EM, a los que se explord la
agudeza visual medida con optotipos de Snellen, el defecto de refraccién y la visién de
colores, y se realizé perimetria automatizada, tomografia de coherencia déptica (OCT), po-
larimetria laser (GDx) y potenciales evocados visuales (PEV). Este protocolo se repitié al afio
y los cambios observados fueron comparados segun el tratamiento asignado mediante el

Potenciales evocados visuales

test de Anova; para lo que se dividi6 la poblacién en 4 grupos en funcién del tratamiento
recibido: 1) sin tratamiento, 2) interferén beta 1a, 3) interferén beta 1b, 4) acetato de glati-
radmero.

Resultados: No se detectaron diferencias significativas (test t, p > 0,05) entre los pacientes
con o sin tratamiento ni entre los 4 grupos, pero la mayoria de los parametros funcionales
y estructurales mostraron una tendencia a presentar mayores reducciones de la CFNR en
el grupo sin tratamiento. La mayor variacién aparecié en el cuadrante temporal de la CFNR
en la OCT (reduccién de 4,97 pm en pacientes sin tratamiento vs 1,08 pm en los tratados).
Conclusién: El tratamiento patogénico de la EM puede ser un factor protector para la reduc-
cién del espesor de la CFNR que se produce con la progresién de la enfermedad. Se nece-

sitan mas estudios.

© 2010 Sociedad Espaiiola de Oftalmologia. Publicado por Elsevier Espaiia, S.L.

Todos los derechos reservados.

Introduction

Multiple sclerosis (MS) can be approached with three different
types of treatment. The first is therapy with a pathogenic basis
or “fundamental treatment of the disease”, which aims at
preventing progression and outbreaks. This type of treatment
comprises immunosuppressors and immunomodulators
such as interferon (IFN), glatiramer acetate, azathioprine,
natalizumab and mitoxantrone. The second type of treatment
is focused on managing the outbreaks and is based on
corticoids, which reduce the intensity and duration of the
episodes but do not modify the disability. Finally, the third
type of treatment focuses on MS symptoms and endeavors to
improve spasticity, fatigue, cognitive deterioration, pain, etc.

To date there is no curative treatment for MS, although
pathogenic therapies have demonstrated a reduction in the
activity of the disease, diminishing the number of outbreaks
and possibly the progression of the disability. All the IFN
have exhibited clinical-radiological benefit compared to
placebo: IFN beta 1b subcutaneous (Betaferon®),1-3 IFN beta
la subcutaneous (Rebif 22® and Rebif 44®)4¢ e IFN beta 1la
intramuscular (Avonex®).” IFN beta 1b and 1a are considered
safe drugs, well tolerated and efficient for MS RR, both for
reducing the number of outbreaks and diminishing their
severity.13

The clinical benefit of glatiramer acetate is similar to the
IFN beta® with delayed radiological benefits.® This has led
to ponder a different pathogenic mechanism. It is an agent

with immunomodulating activity which induces antigen-
specific suppressive cells and interferes in the activation of
T-lymphocytes due to competition with the basic myelin
protein at the level of the class II major histocompatibility
antigen complex. It is administered subcutaneously in a dose
of 20 mg per day (Glatiramer®, Copaxone®).

MS is a chronic disease which produces progressive
neurological deficit and significant disability. Its etiology
is not entirely defined although nowadays most authors
consider it is due to inflammation processes, demyelinization
and axonal damage. At present there is evidence that the
axonal damage is directly related to permanent functional
disability’®11 and some papers go as far as suggesting that
said axonal damage can be monitored by measuring the
thickness of the retina nervous fiber layer (RNFL) with digital
imaging analysis techniques.1?13 It has also been suggested
that said techniques could be useful to monitor the patient
response to treatment in clinical trials of this disease.14-1?

The functional evaluation of the optic nerve is carried
out with an exploration of visual acuity and color vision,
campimetric techniques and electrophysiological tests, while
the structural evaluation utilizes digital imaging analysis
techniques such as optic coherence tomography (OCT) or
laser polarimetry (GDx).20-22

The objective of this study is to determine whether the
various types of MS treatments modify the rate of progressive
deterioration in the RNFL of MS patients vs. untreated
patients.
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Material and methods
Patients

This longitudinal and observational study included 79
patients with MS (155 eyes) that were assessed at baseline
and 12 months later.

The inclusion criteria were MS diagnostic confirmed by
a neurologist as per Posser’s criteria, visual acuity of 0.1 or
above in each eye to allow for the correct development of the
exploratory protocol and intraocular pressure applanation
values under 20mm Hg. The patients who had suffered an
optic neuritis outbreak within 6 months before their inclusion
in the study or who had an outbreak in the course of their
follow-up, as well as those who had a refraction defect over 5
spherical equivalent dioptres or 3 astigmatism dioptres were
excluded from the study.

The study was approved by the ethical committee of the
hospital and all participants signed an informed consent
detailing the objective of the study and the test comprising the
exploratoryprotocol, aswellasthe possibility ofleavingthe study
at any time. All the subjects had a complete ophthalmological
exploration which included visual acuity with Snellen optotype,
color test with 20 Ishirara isochromatic sheets, pupil reflexes,
ocular motility, refraction defect measurement, anterior pole
assessment, applanation tonometry, papillary funduscopic
assessment, computerized perimetry made with a Humphrey
field analyzer (Carl-Zeiss Meditec, Dublin, Calif. USA) utilizing
a 30-2 SITA Standard strategy program; OCT (Stratus OCT 3000.
Carl Zeiss Meditec, Dublin) utilizing the Fast RNFL thickness
protocol (3.4 mm circular scans) and the Fast macul protocol,

and assessment of the RNFL mean thickness, the thickness of
each of the four retinal quadrants and the macular volume;
and GDx with variable corneal compensation (GDx VCC, Laser
Diagnostic Technologies, San Diego, USA) centering the circular
3.2 mm diameter scans in the papilla in order to measure the
RNFL thicknesses (NFI, mean TSNIT, mean superior, mean
inferior and TSNIT standard deviation).

The neurological variables about the duration of the disease
and the score obtained in the EDSS (expanded disability status
scale) were also recorded.

The above explorations were made at baseline and one
year later to assess changes in the recorded parameters and
determine the correlation between said changes and the
therapy assigned to each patient.

Twelve months after the first assessment the patients were
reassessed applying the same parameters. A comparative
statistical analysis was made with the results after dividing
the patients in 4 groups on the basis of the treatment they
received. Accordingly, group 1 comprised the subjects with
MS and without prescribed treatment, group 2 were patients
who received INF beta 1a, group 3 included patients with
INF beta 1b and group 4 was made up of subjects with MS in
treatment with glatiramer acetate.

In said statistical analysis all the aforementioned variables
were recorded in a database drawn up with FileMaker Pro 5.0
software. The loss of RNFL thickness and macular volume
throughout the follow-up between the 4 groups was compared
with the Anova statistical test utilizing the SPSS version 15.0
software (SPSS Inc., Chicago, United States). Prior to the data
analysis, the match with normal values was compared with
the Kolmogorov-Smirnov test.

Table 1 - Differences in the mean value of each parameter, with standard deviation in brackets, between the exploration
at year 1 minus the baseline assessment, analyzing all the patients in the study and separated in treated and non-

treated. Significance of the comparison with the t for Student test between the changes of the treated vs. non-treated

groups.
Change at year Change in non-treated Change in treated Patient
VA (Snellen) 0.05 (0.15) 0.07 (0.16) 0.03 (0.13) 0.113
Ishihara Test -0.04 (2.90) -0.06 (2.88) -0.02 (2.92) 0.950
PA: MD (dB) 0.31 (3.70) 0.07 (4.45) 0.45 (3.17) 0.537
EDSS 0.13 (0.94) 0.34 (0.95) 0.00 (0.91) 0.029
VEP Latency (msec) ~1.49 (7.69) -2.52(7.78) -0.88 (7.64) 0.328
OCT
Medium thickness (pm) 3.48 (8.65) 3.42 (10.55) 3.53(7.25) 0.939
Superior thickness (jum) 2.75 (15.42) 3.75 (16.28) 2.12 (14.90) 0.528
Nasal thickness (um) 3.91 (15.59) 3.42 (15.41) 4.23 (15.77) 0.758
Inferior thickness (pm) 4.70 (14.25) 3.19 (19.12) 5.67 (10.02) 0.297
Temporal thickness 1 (pm) 2.59 (13.63) 4.98 (18.34) 1.08 (9.32) 0.085
Macular volume (mm?3) 0.08 (0.22) 0.06 (0.19) 0.10 (0.23) 0.396
GDX
NFI -0.64 (7.50) -0.75 (6.07) -0.69 (8.13) 0.969
Mean TSNIT (um) 0.77 (5.03) -0.42 (5.55) -0.75 (4.80) 0.770
Mean superior (pum) 0.19 (6.47) 1.40 (5.25) 0.47 (6.99) 0.506
Mean inferior (pm) 1.02 (7.09) 0.90 (6.82) -0.15 (7.23) 0.492
Std. Dev. TSNIT (pm) -0.64 (3.66) 1.34 (3.80) 0.86 (3.61) 0.542

Std. Dev. TSNIT: standard deviation temporal-superior-nasal-inferior-temporal; MD: mean deviation; EDSS: expanded disability status scale;

p: significance level; PA: perimetry; msec: milliseconds; pm: microns.
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Table 2 - Differences in the mean value of each parameter, with standard deviation in brackets, between the exploration

at year 1 minus the baseline assessment, analyzed on the basis of the group that received treatment.

Change at year 1 No treatment INF beta 1a INF beta 1B Glatiramer acetate
VA (Snellen) 0.07 (0.16) 0.004 (0.11) 0.09 (0.15) 0.03 (0.13)
Ishihara Test -0.06 (2.88) 0.18 (3.41) -0.05 (0.23) -0.55 (2.79)
PA: MD (dB) 0.07 (4.45) 0.60 (3.02) 0.48 (2.43) 0.07 (4.23)
EDSS 0.34 (0.95) 0.16 (0.58) -0.41 (1.07) 0.05 (1.24)
VEP Latency (msec) -2.52(7.78) -0.42 (7.06) 0.86 (6.25) -6.44 (10.62)
OCT
Medium thickness (um) 3.42 (10.55) 3.59 (7.42) 2.41 (8.44) 5.32 (6.03)
Superior thickness (pm) 3.75 (16.28) -0.96 (14.96) 7.13 (17.07) 5.40 (12.12)
Nasal thickness (pm) 3.42 (15.41) 7.19 (15.16) -0.54 (19.00) 2.15 (11.67)
Inferior thickness (pm) 3.19 (19.12) 6.57 (10.91) 1.27 (8.18) 9.45 (8.13)
Temporal thickness (pm) 4.98 (18.34) -0.11 (8.63) 1.59 (10.97) 4.25 (8.72)
Macular volume (mm3) 0.06 (0.19) 0.12 (0.23) 0.03 (0.27) 0.12 (0.15)
GDX
NFI -0.75 (6.07) -0.49 (6.53) 0.43 (9.00) -3.00 (11.28)
Mean TSNIT (um) -0.42 (5.55) -1.16 (3.91) -1.65 (6.13) 2.26 (4.81)
Mean superior (um) 1.40 (5.25) 0.06 (5.20) 0.05 (10.90) 2.24 (5.57)
Mean inferior (pm) 0.90 (6.82) -1.00 (6.54) -0.19 (7.99) 2.73 (8.13)
Std. Dev. TSNIT (um) 1.34 (3.80) 0.74 (3.92) 0.48 (3.64) 1.07 (2.93)

Std. Dev. TSNIT, standard deviation temporal-superior-nasal-inferior-temporal; MD, mean deviation; EDSS, Expanded disability status scale; PA,

perimetry; msec, milliseconds; pm, microns.

Results

A total of 79 patients were assessed, 26 male and 53 female
(Male/Female proportion of 2:3). Their mean age was 42.32
years (range: 19-66 years) and the mean evolution time of
the disease as from diagnostic was of 8.99 years (range: 0.5-
26 years). The predominant MS type was relapsing-remitting
type with 77 patients (97.46%), while only one patient exhibited
primary progressive MS (1.26%) and a further patient had a
secondary progressive form (1.26%). The mean score obtained
in the EDSS neurological disability scale was of 2.35 (range:
0-8) at the baseline evaluation and of 2.50 (range: 0-8.5) in the
one-year assessment of patients.

The results of all the parameters evaluated in this study
between the group of subjects with and without treatment,
as well as the significance of the comparison of the observed
changes are detailed in table 1. As illustrated in said table,
no significant differences were identified between the treated
and non-treated groups in what concerns functional and
structural parameters. However, we observed a tendency in
the majority of MS non-treated patients towards a greater loss
of RNFL thickness or functionality deterioration.

Table 2 shows the parameters obtained in both assessments
for subjects without treatment and the three subgroups of
treated patients.

The parameter which exhibited the biggest differences
between the treated and non-treated groups was the mean
RNFL thickness measured by OCT, with 90.13um at baseline
and 87.86pm in the one-year assessment.

Discussion

The objective of the study was to quantify the changes
observed during one year in the RNFL of MS patients’ eyes
and identify whether the type of treatment or absence thereof
exhibited any correlation with said changes.

The RNFL evaluation in patients with MS was proposed by
Frisen and Hoyt in 197421 as a useful method to assess the
sequels of previous outbreaks of optic neuritis and to detect
subclinical episodes of the disease. Typically, ophthalmoscopy
and black/white photographs of the retina were utilized
because they allowed a qualitative and subjective assessment
of the RNFL and optic nerve, but this method only detected
defects with losses over 50% of the retina ganglionary
cells.?223 At present, the application of digital imaging
analysis techniques such as OCT and GDx allow a quantitative,
objective and reproducible assessment of the RNFL. These
techniques, which are non-invasive and not dependent on
the analyst, are able to perform highly precise analyses and
provide quantitative measurements in a few minutes?42>
causing a minimum of discomfort to patients.

The reason for not including patients who had suffered
optic neuritis within six months prior to the beginning of the
study is that this is the period considered as necessary by most
authors for the measurements taken with digital imaging
analysis techniques such as OCT and GDx to register the
retrograde degeneration which occurs after an inflammatory
outbreak of the optic nerve, particularly in retrobulbar neuritis
cases 23:26-28
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It must be taken into account that the assessed groups
are not homogeneous because, as this is an observational,
non-interventionist study, the patients who did not receive
treatment and therefore were included in the non-treated
group exhibited slighter clinical forms of the disease or longer
periods of inactivity and smaller amounts of outbreaks,
whereas the patients who were assigned treatment had
more acute symptomatic expressions and therefore the
aggressiveness of the disease was greater in them than in the
control group. This gave rise to a bias which could explain
why the differences observed in the RNFL reduction figures
did not reach significance between the groups.

In a previous study carried out by our research group on 84
eyes a loss of RNFL in MS patients vs. healthy subjects in the
course of one year was observed, even in patients who had not
exhibited outbreaks of signs of activity of the disease during
the follow-up period. Similar results were observed by Toledo
et al.? A longitudinal study on 187 eyes of healthy subjects
assessed by means of OCT the physiological loss of retinal
fibers which takes place with aging and determined that a
normal individual has a mean RNFL reduction of 0.16pm per
year, this loss being higher over the age of 50.30 The results of
our study demonstrated a loss of 3.48um per year in patients
with MS.

The temporal RNFL thickness diminished a mean of 2.59pm
during the follow-up year in patients with MS, of which the
subjects who did not receive treatment had a mean reduction
0f4.98pm and those who did receive had areduction of 1.08pm.
This leads us to consider the existence of physiopathological
mechanisms other than optic nerve inflammation which
cause axonal damagel®'-33 and that said damage is smaller in
patients who receive pathogenic treatment for MS.

The above results may reinforce the theory of some authors
that the evaluation of RNFL by means of digital imaging
analysis techniques could be useful for following up the
progression of MS and for monitoring the treatment applied
in clinical trials.14-19
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