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            Introduction 

 Neuromyelitis optica (NMO) is an infl ammatory 
demyelinating autoimmune disease of the cen-
tral nervous system (CNS), classically affecting 
optic nerve(s) uni- or bilaterally and the spinal 
cord with an extensive involvement. It can be 
monophasic, but most of the time relapsing. 
Progressive form seems very rare (<1 %) and 
questionable. For a long time, NMO has been 
thought to be a variant of multiple sclerosis 
(MS), but clinical, neuroimaging, immunologi-
cal, and pathological fi ndings enable us nowa-
days to strictly distinguish both of them [ 1 ]. 
NMO affects older people than MS (mean age of 
40 years old)—most often female patients (sex 
ratio F/H = 9). Clinical relapse of optic neuritis 
and myelitis is considered more severe than in 
MS because of usually incomplete recovery [ 2 , 
 3 ]. All patients suffering from neuromyelitis 
optica (NMO) had a past history of clinical optic 
neuritis [ 4 ]. In the last decade, knowledge about 
NMO physiopathology has much improved, 
notably with the discovery of an NMO-specifi c 
autoantibody directed against aquaporin 4 
(AQP4) protein, which is the main channel regu-

lating water homeostasis in CNS [ 5 ,  6 ]. New rare 
phenotypes have also been described, involving 
the brain in an extensive manner [ 7 ,  8 ] or involv-
ing more specifi cally locations with high expres-
sion of AQP4 (periaqueductal, periventricular; 
[ 7 ,  9 – 11 ]). More sensitive tests for anti-AQP4 
antibody (Ab) detection have been developed 
[ 12 ]. It has been demonstrated that patients pre-
senting only 1 episode of transverse myelitis 
[ 13 ] or 2 or more episodes of isolated optic neu-
ritis [ 14 ] being positive for anti-AQP4 Ab have a 
high risk to develop other severe relapses and 
NMO. In the same way, up to 5–6 % of patients 
suffering from chronic relapsing ON or single 
isolated ON or relapsing isolated ON presented 
anti-AQP4 Ab [ 15 ]. Thus, a concept of high-risk 
syndrome for clinical NMO conversion has 
emerged and allowed early therapeutic interven-
tion in a disease where sequelae are the conse-
quence of relapse and not the consequence of 
progressive lesion accumulation. For all these 
reasons, NMO criteria have to evolve, and 
recently the Mayo Clinic Research Group with 
other international experts proposed modifi ed 
criteria for neuromyelitis optica spectrum disor-
ders (NMOSD) [ 16 ]. This classifi cation should 
replace the historical notion of Devic disease. In 
these new proposed criteria, anti-AQP4 Ab 
detection takes a major place. Thus, patients 
without ON can be diagnosed as NMOSD. 

 Except in Asian countries, NMOSD remains 
a rare disease and more rare than MS. While the 
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fi rst optical coherence tomography study (OCT) 
in MS was published in 1999 [ 17 ], the fi rst OCT 
studies in NMO were published a decade later 
[ 18 ,  19 ]. As NMOSD is not yet considered as 
a variant of MS, OCT fi ndings in NMOSD are 
also quite different from MS. OCT may help to 
distinguish NMOSD patients from MS patients 
and appears as a wonderful outcome measure 
to evaluate retinal axonal loss and effi cacy of 
potential aggressive therapies in NMOSD. 

 In this review, we will fi rstly focus on eyes 
with past history of optic neuritis (ON eyes) in 
NMOSD and then develop the arguments in favor 
or against a subclinical retinal axonal loss in non-
 ON eyes (NON eyes) of NMOSD patients. We 
will also consider the potential correlations 
between OCT values and disability and the added 
value of optic ways magnetic resonance imaging 
(MRI).  

    Optic Neuritis Eyes of NMOSD 
Patients 

 Most of the published NMOSD studies investi-
gating anterior visual pathways damage by 
OCT in comparison to healthy controls (HC) or 
MS patients reported a severe retinal axonal 
loss versus HC [ 18 – 26 ] and a more severe reti-
nal axonal loss in NMOSD than in MS [ 19 – 22 , 
 24 ,  25 ,  27 – 31 ] as illustrated in Fig.  6.1 . One 
study was interested only in NMOSD patients 
[ 32 ]. Up to now, all OCT studies in NMOSD 
involved adult patients. No study has been 
interested in OCT fi ndings of pediatric NMOSD 
patients.

      NMOSD Versus HC 

 All studies including NMOSD patients and HC 
demonstrated that peripapillary retinal nerve 
fi ber layer (pRNFL) and total macular volume 
(TMV)/macular thickness were signifi cantly 
reduced after 1 or more clinical episodes of ON 
versus HC. Ratchford et al. reported that a single 
episode of ON in NMOSD causes an estimated 

decrease of 31 μm in pRNFL thickness compared 
to an estimated decrease of 10 μm in RRMS [ 20 ]. 
All studies reporting subanalysis of pRNFL 
quadrants reported signifi cant atrophy in all 
quadrants for comparison of NMOSD and HC 
[ 18 ,  19 ,  24 – 26 ].  

    NMOSD Versus MS 

 Most of the studies including NMOSD and MS 
patients demonstrated that global pRNFL and 
TMV/macular thickness were signifi cantly reduced 
after ON in both diseases but with a signifi cant 
greater extent in NMOSD [ 19 – 22 ,  24 ,  25 ,  27 ,  29 , 
 33 ], which is in agreement with consideration that 
ON is clinically more severe in NMOSD than in 
MS [ 2 ,  3 ]. Moreover visual disability of 
NMOSD-ON eyes is worse than in MSON eyes [ 3 , 
 20 ,  24 ,  25 ,  27 ,  29 ,  31 ]. One additional study high-
lighted no signifi cance but only a trend toward sig-
nifi cance about a decreased VA in NMOSD-ON 
eyes versus MSON eyes [ 28 ]. Most of the previous 
OCT studies in NMOSD did not adjust for the 
number of clinical ON [ 19 – 22 ,  24 ,  25 ,  28 ,  29 ,  31 ] 
and/or did not perform statistical analysis with gen-
eralized estimation equation (GEE) models. The 
number of ON episodes increases the retinal axonal 
loss [ 29 ] and GEE is the best adapted statistical test 
for data with hierarchical structure including clus-
ters of eyes on an individual level. Nevertheless, 1 
study involving NMOSD and MS patients with 
only 1 MSON episode showed a greater pRNFL 
decrease in NMOSD [ 20 ] and another one with 
adjustment to the number of ON episodes showed 
more global pRNFL in NMOSD [ 27 ]. 

 If post-ON retinal axonal loss seems to be 
higher in NMOSD than in MS, it seems not to 
involve all pRNFL quadrants with the same mag-
nitude or as in MS. Compared to MS patients, 
NMOSD patients present frequently an inferior 
[ 19 ,  22 ,  24 ,  25 ,  27 ,  29 ] and a superior [ 22 ,  24 ,  27 , 
 29 ] pRNFL atrophy after ON. Since temporal 
pRNFL atrophy is predominant in MSON eyes, 
comparison of NMOSD-ON eyes and MSON 
eyes rarely found more marked temporal pRNFL 
atrophy in NMOSD-ON eyes [ 19 ,  24 ,  25 ]. 
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Merle et al. found temporal pRNFL atrophy in 
NMOSD eyes versus MS eyes but ON and NON 
eyes were mixed for both populations [ 19 ]. 
Interestingly nasal/temporal (N/T) pRNFL ratio 
in NMOSD remains in normal range [ 24 ,  26 ] 
arguing in favor of a more overall atrophy in 
NMOSD than in RRMS. 

 Only three studies did not show signifi cant 
difference in retinal atrophy between NMOSD 
and MS [ 23 ,  26 ,  34 ]. In the fi rst study, the authors 
compared ON eyes affected by only 1 episode of 

ON between NMOSD and MS and showed no 
difference in macular RNFL and GCIP thick-
nesses. However, INL thickness of NMOSD pop-
ulation was signifi cantly thicker than in the MS 
population, and the NMOSD population closed 
to that already published in another paper [ 22 ] 
presented signifi cantly more pRNFL atrophy 
than MS. The second study [ 34 ] did not highlight 
signifi cant pRNFL differences between ON eyes 
of NMOSD and MS ( p  = 0.46). Indeed, it seems 
that patients with NMOSD presented more ON 

  Fig. 6.1    Peripapillary and macular OCT scan from a 
healthy control (HC; female 30 years old), a multiple scle-
rosis associated optic neuritis eye (MSON eye; female 32 
years old), and a neuromyelitis optica spectrum disorder 
associated optic neuritis eye (NMOSD-ON eye; 28 years 
old). MS and NMOSD-ON eyes suffered from 1 episode 
of clinical ON. Patients’ ON eyes presented peripapillary 

retinal nerve fi ber layer ( pRNFL ), macular ganglion cells 
layer ( mGCL ) atrophy, and macular inner nuclear layer 
( mINL ) thickening versus HC. In MSON eye, pRNFL 
atrophy predominates on temporal quadrant with an 
increased nasal/temporal ( N/T ) ratio. In NMOSD-ON eye, 
all pRNFL quadrants are involved by atrophic process and 
N/T ratio is normal       
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episodes than MS patients. The third study [ 26 ] 
found pRNFL thinning in some nasal quadrants 
with a TMV decreasing in NMOSD versus MS, 
but after adjustment, notably including the num-
ber of ON episodes in GEE analysis, differences 
did not persist any longer. 

 It remains quite diffi cult to summarize all pre-
viously referenced NMOSD-OCT studies 
because all of them have not included MS patients 
or HC and because comparison sometimes 
included mixed MSON and NON eyes or specifi -
cally investigated MSON eyes or NON eyes or 
both.  

    Microcystic Macular Edema 

 For highlighting microcystic macular edema 
(MME), it is mandatory to perform OCT with a 
4th-generation OCT (spectral- domain OCT). In 
MS, MME might occur in the absence of any 
clinical MSON episode [ 35 – 37 ]. However, these 
three studies did not report optic nerve imaging 
of the MME eye without MSON, and it is diffi -
cult to consider that MME and severe pRNFL 
thinning could be due to only retrograde trans-
synaptic degeneration. Five studies investigated 
specifi cally or reported MME in NMOSD. All 
these studies showed that NMOSD patients with 
MME have always presented at least 1 clinical 
episode of ON [ 24 ,  26 ,  30 ,  32 ,  36 ]. MME is most 
often located in the inner nuclear layer (INL) and 
sometimes the inner plexiform layer (IPL). It is 
not specifi c of neuroinfl ammatory diseases [ 38 ], 
but it is a marker of severe optic neuropathy as 
illustrated in an NMOSD patient in Fig.  6.2a–e .

   The proportion of NMOSD patients present-
ing MME is ranged between 8.7 and 25.6 % and 
the proportion of NMOSD-ON eyes with MME 
between 6.3 and 29.8 % [ 24 ,  26 ,  30 ,  32 ,  36 ] 
(Table  6.1 ) [ 19 ,  21 ,  24 ,  26 ,  30 ,  32 ,  35 – 39 ]. MME 
seems more frequently observed in NMOSD than 
in MS [ 32 ,  36 ]. NMOSD patients with MME 
presented thinner pRNFL than NMOSD patients 
without MME [ 32 ]. In agreement with this last 
fi nding, it has been shown that patients with MME 
have presented more episodes of ON than those 
without, but these latter were younger [ 30 ]. All 

pathologies included MS, CRION, and Whatever 
the cause of ON (MS, NMOSD, Chronic 
Relapsing Infl ammatory Optic Neuropathy) is, 
MME is associated with a thinner pRNFL than 
the contralateral eye not affected by ON, but not 
with a lower total macular volume [ 36 ]—proba-
bly because of the slight INL thickening observed 
on ON eyes in this cohort. In MS, INL thicken-
ing is observed in MME eyes but also in MSON 
eyes without MME compared to contralateral 
NON eyes [ 35 ]. Fernandes et al. did not report 
MME in their cohort but interestingly reported 
the same INL thickening in NMOSD eyes with 
only 1 episode of ON versus HC but also versus 
MS patients with only 1 episode of MSON [ 23 ]. 
INL thickening seems to be of greater magnitude 
in NMOSD versus MS. MME is not always high-
lighted on an OCT scan, whereas ocular fundus 
may show macular changes (Fig.  6.2c–e ). Inner 
nuclear layer thickening may be the ultimate step 
before microcyst formation.

   In MS, the “outer” retinal layers (ORL; INL to 
photo receptor layer) seem not to be involved in 
the retinal atrophic process [ 21 ,  26 ,  40 ]. Balk and 
coworkers discussed a potential retinal neuro-
plasticity [ 40 ,  41 ]. In NMOSD, the same external 
retinal conservation has been found [ 26 ] whereas 
the thickness of ONL, which takes part of ORL, 
has been reported signifi cantly increased in 
NMOSD-ON eyes presenting MME [ 24 ]. A 
recent study coupling OCT and optic nerve imag-
ing in a MS/NMOSD/idiopathic ON cohort sug-
gested that optic nerve with clinical or subclinical 
T2 lesion might be associated with an INL and 
ONL thickening whatever the presence of MME 
[ 42 ]. If ORL in NMOSD-ON eyes did not suffer 
from a retinal atrophic process, a thickening pro-
cess may be discussed.   

    Non-optic Neuritis Eyes of NMOSD 
Patients: Is There Any Subclinical 
Retinal Involvement in NMOSD? 

 If a large majority of OCT studies considered that 
NMOSD patients affected by ON presented a 
more severe retinal atrophy than MS patients, 
subclinical retinal axonal loss in NMOSD is more 
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discussed. Only studies including HC [ 18 – 26 ] 
enable us to really discuss whether or not a sub-
clinical retinal axonal loss in NMOSD exists. 
However, Park et al. [ 25 ] did not show interest in 
NMOSD-NON eyes, and in two other studies [ 22 , 
 23 ], all NMOSD eyes presented past history of 
ON. Regardless of the very few patients without 
ON in the NMOSD group, the French collabora-
tive work was not able to do a statistical compari-
son, but pRNFL values between HC and 

NMOSD-NON eyes were very comparable [ 18 ]. 
Global peripapillary RNFL [ 24 ,  34 ] and total 
macular volume [ 24 ] of NMOSD-NON eyes 
appear in some studies similar to HC eyes. In 
other studies, macular involvement in NMOSD- 
NON eyes is highlighted [ 21 ,  26 ,  30 ]. GCIP [ 21 , 
 30 ], average macular thicknesses/TMV [ 21 ,  30 ], 
and GCL volume [ 26 ] are reduced in NMOSD- 
NON eyes versus HC. Merle et al. [ 19 ] showed 
that global pRNFL value was signifi cantly 

a b
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  Fig. 6.2    Peripapillary and macular OCT scan from an 
NMOSD patient who alternatively experienced multiple 
optic neuritis on both sides. Clinical episodes were more 
severe on the left side. ( a ) Right peripapillary OCT scan 
showing slight pRNFL atrophy and normal N/T pRNFL 
ratio. ( b ) Left peripapillary OCT scan showing profound 
pRNFL atrophy and normal N/T pRNFL ratio. ( c ) Ocular 
fundus OCT image centered on fovea showing macular 
changes. ( d ) Ocular fundus OCT image centered on fovea 

( red arrow ) showing macular changes ( circled in yellow ) 
and papilla ( white arrow ). ( e ) Vertical OCT macular scans 
showing microcystic macular edema (MME) in the inner 
nuclear layer ( white arrows ) and in the inner plexiform 
layer ( yellow arrow ).  Red arrows  indicated areas without 
any individualized cystic lesions typical of MME at a 
location with macular changes on ocular fundus (possible 
INL thickening)       
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reduced in NMOSD-NON eyes versus HC, and a 
recent work [ 26 ] only found signifi cant atrophy in 
temporal and naso-inferior quadrants of pRNFL. 

 If subclinical retinal involvement may be dis-
cussed in NMOSD, it seems that it is probably of 
a lesser extent than in MS since it has been 
reported that there are lower global pRNFL [ 27 ] 
and temporal pRNFL [ 26 ] values in MS-NON 
eyes than in NMOSD-NON eyes. 

 Astroglial cells and Müller cells are AQP4- 
expressing cells. Müller cells are located inside 
the retina and astroglial cells inside the RNFL 
and the optic nerve [ 43 ,  44 ] but also in the chi-
asma, optic tract, and brain. Without any clinical 
ON episode, anti-AQP4 Ab may induce their 
pathological process directly on these cells inside 
the different retinal layers (astrocytes and Müller 
cells) and on the rest of the optic ways (astro-
cytes). Some NMOSD studies have already 
described extensive [ 8 ] or more located brain 
abnormalities [ 7 ,  10 ], particularly in the brain-
stem and near the lateral ventricules where the 
lateral geniculate nucleus and the posterior part 

of optic radiations (OR) are located, respectively. 
As it has been demonstrated in MS [ 45 ], a retro-
grade transsynaptic degenerative process cannot 
be excluded in NMOSD.  

    How Could OCT Help to Distinguish 
NMOSD and MS? 

 Firstly, we propose to focus on ON eyes and 
what could be in favor of NMOSD (versus MS) 
is the presence of more severe pRNFL atrophy 
in global analysis but more particularly in 
another quadrant than temporal quadrant and a 
more frequent maculopathy (more atrophy, 
more MMO) associated with worse visual dis-
ability. Secondly, we propose to focus on NON 
eyes and an absence of temporal pRNFL atro-
phy would be in favor of NMOSD. In Table  6.1 , 
the main results of OCT studies in NMOSD and 
MS are summarized. 

 Kim recently proposed that after a fi rst  episode 
of ON, global pRNFL less than 78.9 μm associ-

    Table 6.1    Clinical and OCT characteristics of eyes with or without optic neuritis in NMOSD and MS [ 19 ,  21 ,  24 ,  26 , 
 30 ,  32 ,  35 – 39 ]   

 Optic neuritis eyes  Non-optic neuritis eyes 

 Disease  NMOSD a   MS b   NMOSD a   MS b  

 Visual disability  Moderate to severe  Slight to severe  Absent  Slight 

 pRNFL thickness  ↘↘↘  ↘↘ c   = d   ↘ c  

 Nasal/temporal ratio  =  ↗↗  =  ↗ 

 Total macular volume  ↘↘↘  ↘↘  = d   ↘ 

 Inner retinal layer volume  ↘↘↘  ↘↘  = d   ↘ 

 Outer retinal layer volume  ↗  ↗  =  = 

 Median proportion of eyes 
with microcystic macular 
edema e  

 20 % [6.3–29.8]  4.42 % [0–6.4]  0 % [0–0]  0.2 % [0–2.7] 

  Macular inner retinal layers (IRL) include retinal nerve fi ber layer (RNFL), ganglion cell layer (GCL), and inner plexi-
form layer (IPL). Macular outer retinal layers (ORL) include inner nuclear layer (INL), outer plexiform layer (OPL), 
and outer nuclear layer (ONL) 
  NMOSD  neuromyelitis optica spectrum disorder,  MS  multiple sclerosis,  pRNFL  peripapillary retinal nerve fi ber layer 
  a References for NMOSD: Gelfand et al. [ 32 ], Sortichos et al. [ 30 ], Schneider et al. [ 24 ], Kaufhold et al. [ 36 ], Outteryck 
et al. [ 26 ] 
  b References for MS: Gelfand et al. [ 39 ], Saidha et al. [ 35 ], Kaufhold et al. [ 36 ], Burggraaff et al. [ 37 ], Schneider et al. 
[ 24 ], Abegg et al. [ 38 ] 
  c Predominantly in temporal quadrant 
  d Few papers reported subclinical retinal axonal loss in NMOSD on pRNFL (Merle et al. [ 19 ]) or macular parameters 
(Syc et al. [ 21 ], Sortichos et al. [ 30 ], Outteryck et al. [ 26 ]). Subclinical retinal axonal loss in NMOSD remains matter 
of debate but seems of lower extent than in MS 
  e By considering the patient as statistical unit, macrocystic macular edema is reported in 20 % (8.7–25.6) within NMOSD patients 
and in 3 % (2.7–6.1) within MS patients. These percentages depend in each cohort on the number of included MS patients 
without past history of optic neuritis and on the number of included NMOSD patients with only spinal cord involvement  
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ated with a high-contrast visual acuity of less 
than 0.4 logMar leads to a specifi city of 100 % in 
favor of NMOSD diagnostic [ 33 ]. 

 Further multicentric collaborative studies with 
spectral-domain OCT and larger cohorts would 
be able to examine the question in more detail 
and to confi rm or not the results of all previous 
exploratory OCT studies in NMOSD.  

    OCT and Magnetic Resonance 
Imaging in NMOSD 

 Another imaging biomarker that may help to dis-
tinguish these two diseases is optic nerve mag-
netic resonance imaging (MRI). In NMOSD, 
demyelinating lesion seen on MRI may involve 
more frequently the posterior part of the optic 
nerve and the chiasma [ 46 ,  47 ] with a greater 
extent [ 47 ] than in MS. To date no study has cou-
pled optic nerve MRI and OCT assessments in 
NMOSD. One could expect that T2 lesion length 
in NMOSD may be higher in NMOSD than in 
MS, but these 2 latter studies with semiquantita-
tive measurements remain contradictory. It was 
recently shown that 3D Double Inversion 
Recovery (DIR) sequence was superior to coro-
nal 2D Short Tau Inversion Recovery - Fluid 
Attenuated Inversion Recovery (STIR-FLAIR) 
sequence in the detection of T2 optic nerve lesion 
[ 48 ]. This 3D sequence allows a direct T2 hyper-
signal length measurement, strongly associated 
with retinal axonal loss in a MS/NMOSD/idio-
pathic ON cohort [ 42 ] as illustrated in an 
NMOSD patient in Fig.  6.3a–e .

   If similar metabolic measurement by 
proton(H+)-magnetic resonance spectroscopy 
(H-MRS) in NMOSD and HC argued in favor of 
brain white matter (WM) sparing in NMOSD 
[ 49 ], many diffusion tensor imaging (DTI) stud-
ies [ 50 ] showed altered DTI parameters in 
NMOSD versus HC in many tracts and notably 
optic radiations [ 50 – 53 ]. In addition, voxel-based 
morphometry studies [ 50 ,  54 – 56 ] showed atro-
phic process in WM and grey matter of NMOSD 
patients. Recently, a Brazilian study group 
showed for the fi rst time a high correlation 
between average pRNFL thickness and perical-

carine cortical thickness [ 56 ]. In this study, many 
other cortical areas were reduced in NMOSD 
versus HC. In MS associated ON, a relationship 
between retinal thicknesses and occipital cortex 
thickness seems to be weaker [ 40 ,  41 ].  

    Disability in NMOSD and OCT 
Correlations 

 In NMOSD, mild to very good correlations   
between retinal thicknesses (peripapillary RNFL 
and/or macular thicknesses) and visual disability, 
scored by high-contrast visual acuity or low- 
contrast visual acuity or visual fi eld or P100 
latency, have been found [ 18 – 22 ,  24 ,  26 ,  29 ]. 
These correlations were stronger and more likely 
to be observed specifi cally in the ON eye group. 

 Correlation studies between OCT values and 
EDSS remain contradictory. Very few studies 
investigated this issue [ 18 ,  19 ,  26 ,  34 ,  56 ]. No 
[ 19 ] or moderate correlations with trend toward 
signifi cance (pRNFL in ON eyes [ 34 ]) or moder-
ate signifi cant correlations between EDSS (visual 
FS included) and few OCT parameters (TMV 
and GCC [ 26 ]) but also excellent correlation 
(global pRNFL/EDSS without visual FS [ 18 ], 
global pRNFL/EDSS [ 56 ]) have been reported. 
No correlations were observed by focusing on 
NON eyes [ 26 ,  34 ]. Furthermore, NMOSD 
patients with MME did not present higher clini-
cal disability [ 30 ]. Since there are an obvious link 
between disease duration and the age of the 
patient but also the probability for the patient to 
present with an ON episode, lower RNFL values 
were reported signifi cantly associated with lon-
ger disease duration [ 34 ]. Expanded disability 
status scale is a disability scale established for 
MS patients [ 57 ]. It includes visual, brainstem, 
pyramidal, sensory, cerebellar, bladder/bowel, 
and cognitive functional scores. It does not seem 
to be the best adapted disability scale for 
NMOSD, whereas it is the most widely used. 
Neurologists are used to performing EDSS scores 
during their consultation and other disability 
scales require more time to be performed. There 
is a need for the development of a more specifi c 
disability scale in NMOSD [ 58 ], A more specifi c 

6 OCT Findings in Neuromyelitis Optica Spectrum Disorders



92

a b c

d e

  Fig. 6.3    Brain 3D double inversion recovery (DIR) MRI 
sequence and peripapillary OCT scans of an NMOSD 
patient with past history of severe bilateral optic neuritis. 
( a ) Coronal reconstruction centered on optic nerves show-
ing bilateral T2 hyperintensities ( yellow  and  red arrows  
for the right and left optic nerves, respectively) in retro-
bulbar ( top image ) and orbital ( bottom image ) portions. 
( b ) Axial reconstruction showing bilateral extended T2 
hyperintensities on optic nerves. The length of T2 hyper-
intense lesion measured between both  colored dotted lines  

is 38 mm for both sides. ( c ) Oblique reconstruction along 
the right ( yellow arrow ) and the left ( red arrow ) optic 
nerves showing extended T2 hyperintensities. ( d ) Right 
profound global pRNFL atrophy (40 μm) with nasal/tem-
poral pRNFL ratio in normal ranges according to 
Heidelberg Spectralis Healthy Controls database. ( e ) Left 
profound global pRNFL atrophy (37 μm) with nasal/tem-
poral pRNFL ratio in normal ranges according to 
Heidelberg Spectralis Healthy Controls database       
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disability scale may be validated in the future but, 
OCT will probably remain a better biomarker of 
brain axonal loss in MS than in NMOSD.  

    Follow-Up Study of NMOSD 
Population 

 There is only one study reporting longitudinal 
OCT follow-up in NMOSD population [ 59 ]. With 
3rd-generation OCT (time domain), the authors 
found signifi cant retinal axonal loss in global 
pRNFL and all 4 classical pRNFL quadrants by 
comparing 2 different OCT assessments of a 
NMOSD cohort ( n  = 30). The 2 OCT assessments 
were spaced 18 months in mean. Retinal axonal 
loss was only observed on eyes affected by ON 
previous to the fi rst assessment and may occur 
independently of relapses (ON or not) during the 
follow-up. This pRNFL decreasing is diffi cult to 
explain but we can make different hypotheses. 
Peripapillary RNFL decreasing may be secondary 
to ON that occurred previous to the fi rst assess-
ment (<3 months after relapse) because pRNFL 
decrease in MSON eyes begins at the third month 
and seems maximal at 6 months, with some data 
in favor of a continuing axonal loss in the affected 
eye for at least 12 months [ 60 ,  61 ]. The authors 
argued also that new ON occurring in ON eyes 
have potentially been missed by both patient and 
neurologist and that few patients presented ON 
during the follow-up. Up to now, no OCT study 
with SD-OCT and longitudinal NMOSD follow-
up has been published. Because of its higher defi -
nition (<5 μm) and higher reproducibility [ 62 , 
 63 ], SD-OCT will be better than TD-OCT to 
appreciate retinal axonal loss in a follow-up study.  

    Diffi culties of OCT Studies 
in NMOSD 

 Optical coherence tomography studies in 
NMOSD remain more diffi cult to perform than 
in MS. NMOSD is a rare disease and most of the 
monocentric studies already published included 
small-sized population ( n  < 30). Multicentric 
OCT studies have to emerge in NMOSD in order 

to increase the power of statistical analyses, but 
an additional diffi culty in a multicenter study 
will be to perform OCT scans with the same 4th- 
generation OCT device. However, the Baltimore 
OCT study group recently showed a good con-
cordance between CIRRUS (Zeiss) and 
Spectralis (Heidelberg) OCT scan for retinal 
segmentation using an open source segmentation 
algorithm [ 64 ]. 

 Optic neuritis in NMOSD are more severe 
than MS and, in spite of aggressive therapeutic 
management, it is not unusual to observe severe 
sequelae and some cases of blindness. It has been 
previously reported that up to 54 % of 
NMOSD-ON eyes with monophasic disease 
course were totally blind [ 2 ] and that bilateral 
severe visual loss (<1/10) appeared in a median 
time of 13 years [ 3 ]. Weak residual visual func-
tion after ON leads to diffi culty in the acquisition 
of OCT and to an OCT of lesser quality. 

 Another diffi culty is to know if we have to 
consider anti-AQP4 Ab-negative and 
Ab-positive patients together or if they are two 
different types of NMOSD disease. Recently, it 
has been discussed that NMOSD patients nega-
tive for anti- AQP4 Ab could have anti-myelin-
oligodendrocytes-glycoprotein Ab [ 65 ] or that 
NMOSD patients could have both anti-AQP4 
and anti-KIR4.1 Ab [ 66 ]. Kir4.1 is a ubiquitous 
potassium channel notably coexpressed with 
AQP4 by Müller cells. 

 Indeed, NMOSD patients are older than MS 
patients. Older patients have greater chance to 
have other confounding ocular pathologies and 
naturally thinner retinal thickness [ 67 ]. 
Obviously, complete ophthalmological evalua-
tions may exclude these confounding factors. 

 NMOSD is more frequent in Asian countries 
and Afro-Caribbean populations [ 1 ]. Peripapillary 
RNFL thickness and macular volume are known 
to vary according to ethnic origin [ 68 – 70 ]. As an 
example, Asian, Hispanic, and Indian people 
have thicker pRNFL than European people. Thus, 
cautiousness is required for comparing OCT 
studies with Caucasian patients and OCT studies 
with Asian patients. It has to be taken into account 
when matching to HC or MS patients is per-
formed—notably for future multicentric studies.  

6 OCT Findings in Neuromyelitis Optica Spectrum Disorders



94

    Advantages of OCT Studies 
in NMOSD 

 Benign MS are very rare in NMOSD. Thus it 
seems unlikely to miss (physician) or to forget 
(the patient) any ON episode. It is very important 
in OCT study to know how many ON episodes 
occurred because the more ON episodes occur, 
the more atrophy you observed. 

 Subclinical retinal involvement (directly 
within the retina or as a result of optic ways 
involvement) remains discussed in NMOSD and 
very probably of a lesser extent in NMOSD than 
in MS. In MS, it is diffi cult to know if retinal 
atrophy occurring without any clinical episode of 
ON is due to subclinical MSON or to axonal ret-
rograde transsynaptic degeneration. For testing 
potential neuroprotective drugs at the acute phase 
of ON, this could be an advantage of studies in 
NMOSD versus studies in MS.  

    Conclusion 

 OCT is a wonderful tool for evaluating retinal 
axonal secondary to ON in neuroinfl amma-
tory diseases affecting the optic nerve—nota-
bly NMOSD. OCT may help to differentiate 
NMOSD and MS. In future NMOSD thera-
peutic trials, OCT has to be an evaluation cri-
terion. Multimodal studies (OCT, optic nerve 
and brain MRI, visual evoked potentials) are 
still lacking in NMOSD and are necessary to 
better understand the optic ways involvement 
in NMOSD. Multicentric follow- up studies 
will be able to clearly confi rm or not a sub-
clinical axonal loss in NMOSD, particularly 
in macula.     
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