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Article

Optical coherence tomography 
evaluation of retinal nerve 
fiber layer in longitudinally 
extensive transverse myelitis
Frederico C. Moura1, Danilo B. Fernandes1, Samira L. Apóstolos-Pereira2, 
Dagoberto Callegaro2, Paulo E. Marchiori2, Mário L.R. Monteiro1

ABSTRACT
Objective: To compare optical coherence tomography (OCT) measurements on the retinal 
nerve fiber layer (RNFL) of healthy controls and patients with longitudinally extensive 
transverse myelitis (LETM) without previous optic neuritis. Method: Twenty-six eyes from 
26 patients with LETM and 26 control eyes were subjected to automated perimetry and 
OCT for comparison of RNFL measurements. Results: The mean deviation values from 
perimetry were significantly lower in patients with LETM than in controls (p<0.0001). RNFL 
measurements in the nasal quadrant and in the 3-o’clock segment were significantly 
smaller in LETM eyes than in controls. (p=0.04 and p=0.006, respectively). No significantly 
differences in other RNFL measurements were found. Conclusion: Patients with LETM may 
present localized RNFL loss, particularly on the nasal side of the optic disc, associated with 
slight visual field defects, even in the absence of previous episodes of optic neuritis. These 
findings emphasize the fact that patients with LETM may experience attacks of subclinical 
optic nerve damage.
Key words: tomography, optical coherence, transverse myelitis, neuromyelitis optica, 
multiple sclerosis.

Avaliação da camada de fibras nervosas da retina na mielite transversal longitudi
nalmente extensa usando tomografia de coerência óptica

RESUMO
Objetivo: Comparar as medidas da camada de fibras nervosas da retina (CFNR) usando 
a tomografia de coerência óptica (TCO) em indivíduos normais e pacientes com mielite 
transversal longitudinalmente extensa (MTLE) sem episódio prévio de neurite óptica. 
Método: Vinte e seis olhos de 26 pacientes com MTLE e 26 olhos normais foram 
submetidos à campimetria computadorizada e TCO para comparação das medidas da 
CFNR. Resultados: Valores do parâmetro desvio médio da campimetria computadorizada 
foram significativamente menores nos pacientes com MTLE do que nos controles (p<0,001). 
Medidas da CFNR no quadrante nasal e no segmento 3 horas foram significativamente 
menores nos olhos dos pacientes com MTLE do que nos olhos normais (p=0,04 e p=0,006, 
respectivamente). Não foi encontrada diferença significante nas outras medidas da CFNR 
avaliadas. Conclusão: Pacientes com MTLE podem apresentar perda localizada da CFNR, 
particularmente na região nasal do disco óptico, associada a defeitos discretos de campo 
visual, mesmo na ausência de episódio prévio de neurite óptica. Estes achados sugerem 
que pacientes com MTLE podem apresentar acometimento subclínico do nervo óptico. 
Palavras-chave: tomografia de coerência óptica, mielite transversa, neuromielite óptica, 
esclerose múltipla. 
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Acute transversal myelitis (ATM) is a disease char-
acterized clinically by acute neurological dysfunction 
in motor, sensory and autonomic nerves and tracts of 
the spinal cord. Systemic diseases, ischemic events, in-
fections and demyelinating processes are the major eti-
ologies, while 16% have been referred to as idiopathic1. 
When fewer than two vertebral segments are involved, as 
seen on magnetic resonance imaging, the risk of develop-
ing multiple sclerosis (MS) is high. However, when three 
or more vertebral segments are affected, which is a con-
dition known as longitudinally extensive transverse my-
elitis (LETM)2, the risk of MS is low. LETM has a poorer 
prognosis and a higher risk of relapse, and is strongly as-
sociated with neuromyelitis optica (NMO). In fact, some 
authors consider ATM and LETM to be components of 
a single spectrum of disease3-5. In one study, NMO-IgG 
autoantibodies were detected in 52%6 of the patients with 
recurrent LETM and in 40% of the patients with a single 
episode of LETM4. The prognosis is worse for NMO than 
for MS and, since the treatment is currently different for 
these two conditions, early distinction of MS from NMO-
related disorders is of great importance6,7.

Optical coherence tomography (OCT) is a noninva-
sive technique that can detect retinal nerve fiber layer 
(RNFL) thickness abnormalities in different types of an-
terior optic pathway diseases8-14. Axonal loss can also be 
estimated by measuring the decrease in macular thick-
ness and volume caused by loss of retinal ganglion cell 
bodies that is induced by permanent axonal damage9. In 
previous studies, OCT scanning revealed axonal loss in 
MS patients both with and without previous optic neuri-
tis (ON), thus suggesting that OCT can detect subclinical 
optic nerve demyelination in such patients15,16. The tech-
nique has also been used to detect axonal loss in patients 
affected with NMO14,17.

Recently, Ratchford et al.17 evaluated average macu-
lar volume and RNFL thickness around the optic disc us-
ing OCT in patients with MS, NMO and LETM with and 
without previous episodes of ON. A significant difference 
was found between measurements on controls and 338 
non-ON eyes, indicating subclinical involvement in the 
latter group. No difference was found between controls 
and 17 non-ON eyes of patients with LETM or 8 non-ON 
eyes of patients with NMO. The authors suggested using 
OCT to help differentiate NMO from MS. Focal RNFL 
loss was not investigated. 

In addition to measuring average (360-degree) RNFL 
thickness, current OCT versions can provide separate 
thickness measurements for each of the four quadrants 
and for twelve 30-degree segments around the optic disc, 
thereby increasing the chances of detecting subclinical 
axonal loss. The purpose of this study was to evaluate av-
erage, quadrantic and segmental RNFL thickness mea-

surements using OCT in 26 patients with idiopathic 
LETM without previous episodes of ON, in order to in-
vestigate possible occurrences of subclinical, diffuse or lo-
calized involvement of the optic nerve in these patients.

METHOD 
Study design and sampling
This was an observational, prospective cross-section-

al study. Participants were recruited from the Depart-
ment of Neurology of the University of São Paulo Medi-
cal School. Approval from the Institutional Review Board 
Ethics Committee was obtained for the study. The study 
followed the principles of the Declaration of Helsinki and 
informed consent was obtained from all participants.

A total of 26 eyes from 26 patients (19 females) with 
idiopathic LETM without any previous episodes of optic 
neuritis and 26 eyes from 26 normal age-matched con-
trols (19 females) were studied. All subjects were subject-
ed to a complete ophthalmological examination includ-
ing standard automated perimetry (SAP) using the 24-2 
SITA-standard strategy (Humphrey Field Analyzer, Carl 
Zeiss Meditec, Dublin, CA, USA). Visual field (VF) and 
OCT examinations were performed on the same day or 
within a maximum period of one week.

The neurological inclusion criteria for the study were 
occurrences of monophasic sensory, motor or autonom-
ic dysfunction that were attributable to the spinal cord, 
with bilateral signs or symptoms and progression to nadir 
taking between 4 hours and 21 days, inflammation within 
the spinal cord demonstrated by cerebrospinal fluid (CSF) 
pleocytosis or elevated IgG index or gadolinium enhance-
ment on MRI, and spinal cord MRI abnormality involv-
ing three or more vertebral segments. The neurological 
exclusion criteria were extra-axial compressive etiology 
seen through neuroimaging, history of radiation to the 
spinal cord within the last 10 years, central nervous sys-
tem (CNS) manifestation of infectious diseases (includ-
ing syphilis, Lyme disease or viral infection), serological 
and clinical evidence of connective tissue disease, brain 
MRI abnormalities suggestive of MS or acute dissemi-
nated encephalomyelitis, and previous episodes of ATM. 

The ophthalmological inclusion criteria for the study 
were best corrected visual acuity of 20/25 or better in 
both eyes, spherical refraction within ±5D and cylinder 
refraction within ±4D, intraocular pressure <22 mmHg, 
and reliable VF. A reliable Humphrey VF test was defined 
as one with fewer than 33% fixation losses, false positive 
responses or false negative responses. The ophthalmolog-
ical exclusion criteria were histories of clinically apparent 
optic neuritis or other optic neuropathies, histories of in-
traocular pressure elevation, clinical signs of glaucoma-
tous optic neuropathy, and optic disc anomaly. In one pa-
tient, only one eye met the inclusion criteria. For the 25 
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patients in whom both eyes fulfilled the inclusion crite-
ria, one eye was randomly selected for analysis.

The possibility of visual dysfunction in LETM patients 
was evaluated using the mean deviation (MD) of SAP. The 
control group consisted of normal healthy volunteers re-
cruited from among the hospital staff. All the control sub-
jects had a normal ophthalmic examination and SAP vi-
sual field. Only one eye from each healthy subject was 
included in the analysis, and selection between the right 
and left eye was performed such that it matched the se-
lection in the patients with LETM. 

Optical coherence tomography
The subjects underwent ocular imaging with di-

lated pupils using commercially available OCT equip-
ment (Stratus-OCT, Carl Zeiss Meditec Inc., Dublin, 
CA, USA). The OCT scanning protocol has been de-
scribed in detail elsewhere9. RNFL thickness was mea-
sured using the “fast RNFL thickness protocol”. Peripap-
illary RNFL thickness parameters were automatically cal-
culated using the Stratus-OCT software (version 4.0.1). 
The RNFL thickness parameters evaluated in this study 
were the 360-degree average, the temporal quadrant (316-

45 degrees), superior quadrant (46-135 degrees), nasal 
quadrant (136-225 degrees) and inferior quadrant (226-
315 degrees), and each of the twelve 30-degree segments 
(with the 3-o’clock position as nasal). Image quality was 
assessed by an experienced examiner. Good-quality scans 
had to have focused images and signal strength greater 
than or equal to 7, and presence of the circular scan cen-
tered on the optic disc. 

Statistical analysis
The LETM eyes and control eyes were compared with 

regard to RNFL thickness parameters and SAP MD values 
using Student’s t test. Histogram analysis and the Shap-
iro-Wilk test confirmed that the distributions satisfied the 
normality assumption. Receiver operating characteristic 
(ROC) curves were used to describe the ability of Stratus 
OCT parameters to discriminate between the eyes of pa-
tients with LETM and the eyes of healthy subjects. P val-
ues less than 0.05 were considered statistically significant.

RESULTS
A total of 26 eyes from 26 patients with idiopathic 

LETM under investigation for NMO and without previ-

Table. Mean retinal nerve fiber layer thickness (µm) ±standard deviation, and area under receiver 
operating characteristic curves (AUC), for 26 eyes from patients with longitudinally extensive transverse 
myelitis (LETM) and 26 eyes from normal controls. 

LETM (n=26) Control (n=26) P AUC (SD)

Average 100.58±12.56 105.55±9.18 0.11 0.60 (0.07)

Quadrants

   Superior 124.12±21.16 130.35±13.78 0.21 0.59 (0.08)

   Nasal 73.85±15.03 82.46±14.42 0.04 0.65 (0.08)

   Inferior 134.42±20.47 137.12±20.89 0.64 0.54 (0.07)

   Temporal 70.08±11.55 72.27±14.55 0.55 0.53 (0.08)

Clock hours

   12 o’clock 127.04±31.42 136.85±23.04 0.21 0.64 (0.07)

   1 o’clock 116.85±29.01 122.12±20.82 0.45 0.55 (0.08)

   2 o’clock 88.73±20.14 99.81±22.16 0.06 0.69 (0.07)

   3 o’clock 55.65±12.99 67.62±16.53 0.006 0.72 (0.07)

   4 o’clock 73.15±16.86 77.81±15.76 0.31 0.59 (0.08)

   5 o’clock 120.77±23.26 124.58±21.57 0.54 0.53 (0.08)

   6 o’clock 144.81±30.37 152.98±25.09 0.33 0.58 (0.08)

   7 o’clock 137.38 ±23.93 138.27±25.13 0.89 0.47 (0.08)

   8 o’clock 73.08 ±17.94 72.58±13.82 0.91 0.50 (0.08)

   9 o’clock 56.54±11.05 57.23±8.54 0.81 0.51 (0.08)

   10 o’clock 84.38±15.45  86.69±14.58 0.58 0.53 (0.08)

   11 o’clock 124.85±30.64 134.27±16.03 0.17 0.57 (0.08)

LETM: longitudinally extensive transversal myelitis; AUC: area under receiver operating characteristic (ROC) curve. 
*Significant values are in italics.
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ous episodes of optic neuritis, and 26 eyes from 26 con-
trol individuals were studied. The mean age±standard de-
viation (SD) was 38.01±12.34 years (range: 18-65) in the 
LETM group and 30.01±12.06 years (range: 18-62) in the 
control group (p=0.96; Student’s t test). On SAP, the VF 
mean deviation (MD) for LETM eyes and control eyes 
was –2.51±1.15 decibels (dB) (range: –4.43 to –0.57 dB) 
and -0.97 ± 1.38 dB (range: –2.98 to 1.13 dB; p<0.0001), 
respectively.

The table shows RNFL thickness measurements for 
the two groups and AUC values. The RNFL thickness 
measurements in the nasal quadrant and in the 3-o’clock 
segment were significantly smaller in LETM eyes than 
in controls (p=0.04 and p=0.006, respectively). No oth-
er quadrant or segment of the optic disc presented any 
significant difference. The 3-o’clock segment yielded the 
highest AUC value (0.73; p=0.01). 

DISCUSSION
NMO, also known Devic’s disease, is a severe idio-

pathic inflammatory demyelinating disease defined by at-
tacks of ATM and ON, and it most often results in bi-
lateral blindness, paraplegia or quadriplegia18. Idiopathic 
LETM has a similar clinical presentation, with seeming-
ly NMO-related myelitis, but without evidence of ON4. 
Since NMO-related neural damage includes not only de-
myelination but also axonal loss and extensive necrosis 
with progressive and extremely severe course, early diag-
nosis and treatment are of fundamental importance for 
preventing severe neurological deficits. The differentia-
tion of NMO from multiple sclerosis is also of great im-
portance. The fact that several studies19-21 have shown that 
patients with NMO present a better response to early 
therapy with immunosuppressive drugs than to therapy 
with immunomodulating agents emphasizes the impor-
tance of an early and accurate diagnosis. 

Previous studies have demonstrated that OCT is a 
useful tool for diagnosing and following up several con-
ditions that cause anterior optic pathway damage, includ-
ing inflammatory and demyelinating diseases8-12,22-24. OCT 
has also been proposed as a biomarker for MS and as an 
aid for monitoring disease progression and treatment re-
sponse23,25,26. Studies using OCT have also shown a signif-
icant reduction of RNFL thickness in ON eyes of patients 
with NMO and MS, compared with normal eyes14,17,27. 
This reduction is greater in NMO eyes than in MS eyes, 
thus suggesting that optic nerve damage is more severe 
in the former17,27.

While axonal loss in eyes affected with ON is an ex-
pected finding, the subclinical axonal loss on OCT in eyes 
of patients with relapsing-remitting MS without a previ-
ous history of ON that has been observed in several stud-
ies8,15,28,29 is somewhat more surprising. This is an impor-

tant finding, because unaffected eyes of patients with re-
lapsing-remitting MS may be evaluated very different-
ly from the eyes of patients with LETM or NMO. Only 
two studies on unaffected eyes of patients with LETM 
and NMO have been published so far. Ratchford et al.17 
confirmed that OCT can detect retinal abnormalities in 
patients with MS without previous ON, but did not find 
any significant reduction in the RNFL thickness of un-
affected eyes of patients with “definite NMO” or LETM. 
These authors concluded that their findings were consis-
tent with the observation that patients with NMO rarely 
convert to a secondary progressive course and that dis-
ability in NMO primarily results from relapses, where-
as in MS, disability may result either from inflammato-
ry relapses or from slowly progressive axonal degenera-
tion, thereby leading to subclinical axonal damage. They 
also suggested that OCT measurements could help differ-
entiate unaffected eyes of patients with LETM or NMO 
from those of patients with MS. However, they only com-
pared average RNFL thickness measurements and their 
sample of NMO or LETM patients with unaffected eyes 
was relatively small (8 and 17, respectively). Likewise, de 
Seze et al.14 did not find any subclinical RNFL loss in the 
eyes of patients with extensive myelitis who were posi-
tive for anti-NMO antibodies. The study evaluated aver-
age and quadrantic RNFL thickness measurements, but 
the sample included only eight unaffected eyes of four 
myelitis patients. 

In the present study, LETM patients with no history 
of ON were evaluated using OCT for possible subclinical 
optic nerve involvement. In contrast with the two stud-
ies discussed above14,17, the RNFL thickness in the na-
sal quadrant and the 3-o’clock segment was found to be 
significantly smaller in LETM eyes than in control eyes. 
Our findings suggest that subclinical damage is possible 
in LETM and that it occurs as focal rather than general-
ized axonal loss. The differences between our study and 
previous studies may be partly explained by limitations 
in study parameters17 or sample size14. In conclusion, by 
measuring and comparing the RNFL thickness of each 
quadrant and 30-degree segment of a relatively large sam-
ple of eyes, we were able to detect localized neural loss 
that might have remained undetected if only the aver-
age (360-degree) thickness measurements had been used. 

Importantly, our results show that patients with 
LETM can be affected by subclinical ON associated with 
focal RNFL loss. Therefore, RNFL measurements using 
OCT could potentially be used to identify subclinical ax-
onal damage in patients with idiopathic LETM before ep-
isodes of optic neuritis occur. However, longitudinal stud-
ies with larger samples are required in order to fully ex-
plore the potential uses of OCT for evaluations on pa-
tients with NMO and idiopathic LETM. 
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