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This thesis aimed to provide more insight in the mechanisms of neuroaxonal 

degeneration in longstanding MS by using OCT and to determine the added value 

of OCT in management of the disease. This !nal chapter summarises and critically 

discusses the results of the methodological and clinical data. Finally, we address the 

overall conclusions and the possible implications for future research. 

METHODOLOGIC AL CONSIDER ATIONS

Physiological variation 

During the past decade, OCT has been described as a promising method for imaging of 

neuroaxonal degeneration in MS.1,2 Because OCT was suggested to be especially useful 

in longitudinal studies, the reliability of the technique is very important. This is even 

further underpinned by the fact that newer, high-resolution SD-OCT technology makes 

it possible to detect changes in the thickness of numerous retinal layers with a very high 

accuracy (12 μm). Aside from multiple other studies, we also have investigated the test-

retest and inter-rater reliability of the SD-OCT machine. The results were consistent. All 

studies reported excellent inter- and intra-observer reliability for the assessment of the 

pRNFL using SD-OCT.3-6 Additionally, a more recent study has shown that the newer 

segmentation algorithms, able to quantify more individual retinal layers, also show 

excellent reliability.7 

Because the reliability of the technique is good, it is even more important to be aware 

of other potentially in#uencing factors, as the magnitude of these changes may exceed 

the degree of atrophy which can be reliably quanti!ed in the eye of a patient su$ering 

from MS. In chapter 2.1 we prospectively investigated whether physiological variation 

could cause detectable changes in pRNFL thickness and macular volume in healthy 

human subjects as measured by SDOCT. 

The results of this study clearly demonstrated that the pRNFL thickness and the 

total macular volume (TMV) changed signi!cantly under physiological conditions. 

Importantly, the degree of thickness changes were clearly above the level of 

measurement noise of the OCT machine.4 Since no invasive physiological or laboratory 

measures were obtained during this study, it was not possible to identify the responsible 

mechanisms. Subjects who performed physical exercise in this study were requested 

to refrain from drinking during the exercise period, possibly leading to a mild state of 

dehydration. Whereas dehydration would be expected to cause thinning of the pRNFL 

and TMV due to decreasing cell volumes, an increase in thickness was observed. This 

could be explained by the runners’ electrolyte status, which may in#uence the cellular 

volume in the retina. With the data available in this study however, such a theory 
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could not be tested. Multiple other studies have also reported a signi!cant degree of 

variability of retinal layer thicknesses.8-11 Several hypotheses have been put forward, 

such as changes in blood #ow, retinal metabolism, standing position, and !nally, 

disease related factors. Although all hypothesis are feasible to some extent, the !rst is a 

particularly realistic hypothesis and this was further investigated by a re-analysis of our 

data. In this study, described in chapter 2.2, we used new software to exclude all retinal 

blood vessel related segmentation artefacts and compared these data with the classical 

segmented data. The results showed however that these blood vessel artefacts masked, 

rather than caused, the observed physiological changes. Thus, as hyperaemia seemed a 

very unlikely explanation for the observed physiological changes, we explored whether 

oral hydration may be of importance in this matter. In the prospective study described 

in chapter 2.3, we investigated whether oral hydration could cause shortterm retinal 

changes and if so, if they would exceed what could be expected from normal ageing. 

Firstly, the randomised trial using a 2hour hydration escalation protocol with three 

consecutive SD-OCT assessments showed that there were no signi!cant di$erences 

of retinal layer thicknesses between the three groups at any time-point. Secondly, the 

18month follow up study with two SD-OCT assessments revealed signi!cant ageing 

related changes of the GCL. 

Taken together, there is signi!cant short-term variability of retinal layers caused by 

physiological variation, as well as longitudinal ageing-related changes over time. The 

physiological variation can however not be explained by diurnal or exercise induced 

changes in retinal blood #ow, or hydration status. The jury is still out on which of the 

many hypotheses put forward (see above) can explain this reproducible phenomenon. 

At presence, the practical advice from these studies is that in absence of strenuous 

physical exercise or dehydration retinal OCT can be reliably used in a routine clinical 

settings. 

Scan quality: OSCAR-IB criteria

Evidently, in order to achieve the previously reported high accuracy and good 

reproducibility, an OCT scan has to be of su%cient quality. In chapter 3.1, the 

measurement artefact due to misplacement of the measurement beam was investigated. 

The results clearly showed that misplacement of the laser resulted in such a large 

measurement artefact (95%CI ±9µm, maximum size of error 42µm) that it may easily 

mask recognition of pRNFL loss due to neuroaxonal degeneration in MS. Importantly, 

the study describes a sign (regional heterogeneity of ONL/OPL re#ectivity) by which 

retrospective identi!cation of the error has become possible. Given the magnitude of 

the potential measurement artefact, we believe recognition of this artefact is relevant 

for multicentre studies using OCT. Using this sign will lead to rejection of these scans, 

preventing the use of incorrect, distorted data.
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Before publication of the measurement artefact described in chapter 3.1, a small set of 

OCT quality control criteria were published by others.12 Inter–rater agreement based 

on these (restricted) quality control criteria was not satisfactory. We therefore aimed 

to revise the consensus quality control criteria, including the sign described in chapter 

3.1 and other published measurement artefacts. The development process of the 

‘OSCAR-IB’ criteria is described in chapter 3.2. The set of seven criteria was tested by 

an international group of neuro(ophthalmo)logists and OCT experts. Using the criteria 

for evaluating scan quality increased the inter–rater agreement substantially, which 

is particularly important in a multi-centre setting. Improved agreement regarding 

the rejection of scans of insu%cient quality will also be relevant for the overall 

success in detecting small degrees of neurodegeneration which may otherwise be 

masked by measurement noise. An important secondary advantage of the OSCAR-IB 

criteria is the increased awareness of pitfalls of the OCT operator. After an OCT scan 

is performed, measurement artefacts can be recognised, but most often can not be 

corrected retrospectively. Having knowledge of the potential pitfalls in advance, will 

lead to overall higher quality scans, as some artefacts (S, C, I, B) can be prevented at the 

moment of scanning. 

The OSCAR-IB criteria were developed and validated in a large and heterogeneous 

cohort. In order to extend the use of these criteria, an external validation was needed. In 

chapter 3.3, we aimed to test the practicability and reliability of the OSCAR-IB criteria in a 

worldwide multi-centre setting. Twenty independent raters from thirteen international 

OCT expert centres participated in the study. The results showed that the OSCAR-IB 

criteria proved to work even better than in the pilot study (chapter 3.2). A substantial 

level of agreement was reached (inter-centre kappa of 0.7). In order to investigate the 

agreement between centres, a training- and test-set of OCT scans were composed. The 

trainingset was designed to ensure the researcher/OCT operator gets familiar with the 

use of the OSCAR-IB criteria. The test-set is used to perform an examination, in order to 

test whether the application of the criteria is used correctly. OCT experts participating 

in this study agreed that making these sets of scans with more broadly available would 

be helpful in order to increase quality of OCT scans in future clinical OCT trials. We have 

therefore made the training- and test-set of this manuscript available online (www.oscar-

ib.org). This way, MS researchers, OCT operators and researchers at international OCT 

reading centres can get familiar with the OSCAR-IB criteria (trainingset), and perform 

an examination (testset) in order to obtain a OCT quality assessment certi!cation.

To sum up, we believe that use of these validated quality control criteria is of major 

importance. Using the criteria will enhance reliability of the method, especially when 

used longitudinally and in multi-centre settings. Additionally, overall scan quality will 

increase due to awareness of pitfalls, reducing the amount of rejected scans.
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CLINIC AL CONSIDER ATIONS: OC T IN LONGSTANDING MS

Retinal layer thickness and clinical disability

A consistent !nding in patients with MS is thinning of the retina as assessed by OCT. 

Data on retinal layer thickness provides valuable information on the visual system in 

patients with MS. There are however good arguments that atrophy of certain retinal 

layers also re#ects more global neuroaxonal degeneration of the CNS. Therefore, 

besides the relationships between visual function and OCT measures,13 many studies 

have investigated the structure-function relationship between retinal layer thickness 

and clinical disability in MS. Although not part of this thesis, we also have investigated 

the relationship between retinal layer thickness and the expanded disability status 

scale (EDSS) score. Our !ndings showed that atrophy of the innermost retinal layers 

(pRNFL and GCC) was signi!cantly and negatively associated with EDSS score, but 

only in eyes of MS patients without a history of ON. Consistent with our !ndings, many 

studies reported a signi!cant negative correlation between pRNFL thickness and 

EDSS.14-23 Yet, some studies did not con!rm this !nding in patients with progressive 

MS.24,25 More recent reports including multiple retinal layers, reported signi!cant 

inverse correlations between the mean pRNFL and macular thickness with EDSS, while 

the OPL thickness showed a signi!cant positive correlation with EDSS score.26 Likewise, 

Tatrai et al reported inverse correlations between the EDSS and the GCC and mean 

overall pRNFL.27

Overall, there is a clear structure-function association between clinical disability and 

retinal layer thickness in MS, suggesting that atrophy of especially the innermost retinal 

layers is indeed a re#ection of global neuroaxonal degeneration of the CNS.

Retinal layer thicknesses and disease heterogeneity

The disease course in MS is very heterogeneous and mechanisms of pathology may 

di$er between these types. We therefore investigated in chapter 4.1, the relationship 

between disease course heterogeneity, including benign MS, and retinal layer 

thicknesses in longstanding MS. This study demonstrated that retinal layer thicknesses, 

particularly of the innermost retinal layers (pRNFL, GCC), were signi!cantly related to 

the heterogeneous disease course in MS, but only in MSNON eyes. We observed most 

severe atrophy of the innermost retinal layers in patients with SPMS. In PP and benign 

MS a relative preservation of these layers was observed, suggesting rather limited 

susceptibility to cerebral neuroaxonal degeneration in these disease types. This !nding 

may be of relevance in future trials, using OCT as an outcome measure for neuroaxonal 

degeneration. The results of other previous studies exploring pRNFL thickness in 

di$erent disease types were somewhat inconsistent. No di$erences in pRNFL thickness 
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were found between patients with PPMS and relapsing onset MS by some groups,19,24,28,29 

while others described signi!cantly lower pRNFL thickness in progressive disease 

stages, compared with patients with RRMS or CIS.30-32 The inconsistency of these results 

may be caused by the small sample sizes, especially of the progressive subgroups. 

More recent studies comparing disease types using multiple retinal layers reported the 

most severe atrophy of the innermost layers in SPMS, followed by RRMS and PPMS,33,34 

although this trend was not reported by Albrecht et al, who reported that all MS 

subtypes had signi!cant thinning of the pRNFL and the GCL and IPL.26

Besides the typical disease courses, 10 to 20% of all patient experience a relative mild 

clinical disease course, called benign MS (BMS). In our study, we observed signi!cantly 

more thinning of the macular GCC and the pRNFL and pINL in typical MS, compared 

with BMS. Nevertheless, patients with BMS still revealed considerably more retinal 

atrophy than HC eyes. Finally, although retinal layer thickness of patients with BMS 

clearly di$ers from patients with typical MS, the data also revealed that OCT data 

should not be used solely to distinguish between a benign and a typical disease course. 

Importance of (sub-)clinical episodes of optic neuritis

Clearly, the anterior visual pathway is a frequent target of the MS disease process. Some 

studies have shown with postmortem analysis, that almost all patients with MS are 

expected to have typical changes in the retinal structures and optic nerve. Importantly, 

this was observed in eyes with and without a history of MSON.35 In eyes with a known 

history of MSON, a certain degree of axonal degeneration is expected.24 A recent meta-

analysis con!rmed this !nding, but the authors also reported considerable thinning of 

the pRNFL in eyes of MS patients without a history of MSON.36 Petzold et al investigated 

the pRNFL thickness of patients with MSON, patients with MSNON and healthy controls. 

They reported a mean decrease of 20.38 μm (95% CI –22.86 to –17.91 μm) in MSON 

eyes, compared with HC eyes. Importantly, also in MSNON eyes a signi!cant thinning 

of the pRNFL compared with HC (-7.08 µm, 95% CI –8.65 to –5.52) was observed. To 

illustrate this, !gure 1 shows the peripapillary ring scans (1A) and the macular volume 

scans (1B) of both eyes of a female patient with RRMS, who experienced an episode of 

ON in OD multiple years before scanning. The pRNFL (1A) as well as the macular GCC 

(1B) show substantial thinning in the a$ected eye (OD), compared with the una$ected 

eye (OS). 

In chapter 4.1, clear di$erences between MS disease types were observed in MSNON 

eyes, but not in MSON eyes. This lack of di$erence in MSON eyes is probably due to the 

large impact of the experienced episode of ON on the retinal layers. The damage caused 

by the in#ammatory lesion in the optic nerve will most probably have superseded the 

more subtle e$ects of the disease subtype.
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These reports, together with the !ndings from chapter 4.1 have important implications 

for the use of OCT as an outcome marker for neurodegeneration in MS trials or patient 

management. Especially when used cross-sectionally, it is of major importance to take 

into account the history of ON, as an episode of ON will mask the more subtle changes 

caused by global neuroaxonal degeneration. Consequently, sub-clinical atrophy of the 

retinal layers in MSNON eyes are probably a better re#ection of global CNS damage 

than the retinal layers in severely damaged MSON eyes.

 !

 "

#$

Figure 1. (A) Peripapillary ring scans (both eyes) of a female RRMS patient with a history of ON in OD, but 
not in OS. The global mean pRNFL thickness is clearly less in in the a$ected eye (OD, 84 µm) compared to the 
una$ected eye (OS, 103 µm). (B) Macular volume scan (both eyes, OD upper section, OS lower section) of a 
female RRMS patient with a history of ON in OD, but not in OS. The coloured thickness maps, together with 
the 1, 3, and 6 mm grids, show the thickness (µm) of the ganglion cell complex (GCC) for every retinal sector. 
The a$ected eye (OD) shows severe thinning of the GCC compared to the una$ected eye (OS).

Trans-synaptic axonal degeneration 

Since the availability of newer segmentation software, it is possible to identify more 

individual retinal layers besides the pRNFL and TMV. Accordingly, new possibilities 

came up to investigate layer speci!c atrophy. Multiple studies have investigated this, 

and a consistent !nding was the clear presence of atrophy of especially the innermost 

layers, the pRNFL and the macular GCL or GCC, in both eyes with and without history 
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of ON.26,27,34,37 Data is however contradictory for the outermost layers which lie beyond 

the GCL, in particular the INL. In human retinal post-mortem samples, atrophy of the 

INL was demonstrated after about 20 years of disease duration.38 Of the in vivo studies 

using OCT, only Saidha et al reported thinning of the INL and outer plexiform layer 

(OPL) in a subgroup of MSNON eyes and suggested this thinning was the results of a 

primary retinal process.39 In contrast, several other studies reported preservation of the 

INL.26,40,41 

Nevertheless, apart from the inconsistency regarding the retinal layers beyond the INL, 

multiple studies have shown that the innermost retinal layers are severely damaged in 

MSON eyes, but also, to a lesser extent, in MSNON eyes. In case of MSON eyes, it appears 

that the in#ammatory lesion in the optic nerve causes chronic demyelination, eventually 

leading to axonal damage. This damage is then represented in the thickness of the 

pRNFL due to retrograde degeneration. The question is however, how it is possible that 

even MSNON eyes show, although less evident than in MSON eyes, signi!cant thinning 

of the pRNFL and other inner retinal layers. Previous results from patients with a stroke 

suggest this thinning may be caused by retrograde trans-synaptic degeneration.42,43 

The !rst experimental evidence for trans-synaptic axonal degeneration was !rst 

published by van Buren et al in 1963.44 It is now understood that trans-synaptic axonal 

degeneration can occur following any damage to the CNS, and has therefore been 

suggested as a possible mechanisms of spreading of neuroaxonal degeneration in 

MS.36,43 There is early experimental data showing thinning of the retinal layers following 

optic nerve axotomy.45 Acquired transsynaptic retrograde axonal degeneration 

however, has only recently been demonstrated in humans in vivo.42,43

This hypothesis of trans-synaptic degeneration as a mechanism by which 

neurodegeneration spreads to the CNS in MS, is strengthened by the consistent !ndings 

reported in chapter 4.2 and other studies investigating the retinal layer atrophy in MS. 

All studies reported clear atrophy of the inner retinal layers (pRNFL, GCL), but a relative 

preservation of the more outer layers (OPL, ONL, ORLs) in MSNON eyes.26,37,40 Chapter 

4.2 reports extensive damage of the inner retinal layers, but almost no atrophy could 

be shown beyond the INL after an average disease duration of 20 years. This !nding 

suggests that global damage in the CNS spreads towards the retina by retrograde 

trans-synaptic degeneration and that there may be a physiological barrier capable of 

halting this mechanism (the retinal INL). The rationale for such a physiological barrier 

might be that otherwise any form of trans-synaptic degeneration, if not stopped, could 

potentially spread through the human CNS, destroying all nerve cells eventually.

Chapter 4.2 describes the presence of retrograde trans-synaptic axonal degeneration, 

leading to retinal atrophy of the innermost layers. There is however also good 

evidence for this mechanism in the other direction; anterograde trans-synaptic 
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axonal degeneration. Interestingly, patients with a history of bilateral ON showed 

distinct, localised atrophy of the visual cortex, to a much larger extend than patients 

without any history of ON. This suggests that damage within the visual system causes 

not only retrograde (towards the retina), but also anterograde trans-synaptic axonal 

degeneration, leading to atrophy of at least V1 in the visual cortex. 

Bi-directional trans-synaptic degeneration in the visual pathway 

In order to further investigate the presence of bi-directional trans-synaptic 

degeneration, the visual system is a suitable model. In chapter 4.3 we have therefore 

explored the structure-structure relationship between damage to the posterior and 

anterior visual pathway, in order to explore the co-existence of antero- and retrograde 

trans-synaptic axonal degeneration in longstanding multiple sclerosis (MS). Besides, 

this study also investigated how damage of the visual system is associated with damage 

to the rest of the brain. Interestingly, this study provided evidence for the presence 

of both retrograde and anterograde transsynaptic axonal degeneration in the visual 

pathway of patients with MS. Additionally, it was demonstrated that thinning of the 

retinal pRNFL and GCC did not only re#ect visual pathway damage, but was also related 

to global white and grey matter atrophy.

Regarding the visual pathway, the present !ndings are consistent with previous 

studies. Others have found that in patients with optic neuritis, the integrity of the 

optic radiations,46-48 but also the visual cortex49,50 revealed damage after episodes 

of ON. The present study extends on these studies however, by investigating 

individual retinal layers, the complete visual pathway and the global brain. Although 

no previous studies have explored these structures together, some studies have 

investigated the structurestructure relationship between retinal layer thickness and 

white and grey matter atrophy. Results were however inconsistent. In several studies, 

signi!cant associations were found between pRNFL thickness and brain parenchymal 

fraction.16,20,22,51 Associations with brain volume however, including multiple 

substructures, are still not entirely clear.16,18,20,22,52 Two more recent studies using data 

on multiple segmented retinal layers showed the potential of this new segmented OCT 

as a measure for neuroaxonal degeneration, as they reported that retinal measures 

seem to re#ect global central nervous system pathology in MS, with distinct retinal 

layers each associated with distinct CNS processes.53 Additionally, Zimmermann et al 

described the pRNFL and GCL as parameters of neuroaxonal damage and were both 

linked to whole brain as well as white and grey matter atrophy.54 

These data, together with the data from our study, suggest that trans-synaptic 

degeneration may not be restricted to the visual pathway and may disseminate through 

the whole brain. However, we believe that trans-synaptic degeneration is not solely 
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responsible for the observed relationships between retinal layer thickness and global 

brain atrophy. If it would be, a devastating ‘domino-e$ect’ would ensue a$ecting the 

entire brain. Therefore, the observed damage to the global brain might be more likely 

caused by a global mechanism a$ecting the entire brain, including the visual system. 

Taken together, the thickness of the pRNFL and GCC re#ect damage of multiple 

components of the visual pathway, suggesting co-existence of bi-directional (trans-

synaptic) degeneration. Additionally, retinal layer thickness also re#ects global white 

and grey matter atrophy. If bi-directional trans-synaptic degeneration is responsible for 

the latter, or a more global mechanism, remains to be elucidated.  

MMO: a new MS phenotype, or a non-speci!c !nding?

Recently, a potentially new sign in MS was described by Gel#and et al.55 This new sign, 

microcystic macular oedema (MMOa), is characterised by the presence of cystic areas 

of hypore#ectivity in the INL of the retina, visible on the OCT scan (Figure 2). These 

microcysts are associated with increased INL thickness, are more common in MSON 

eyes than in MSNON eyes and are considered to indicate breakdown of the blood-

retinal barrier.55,56 The presence of MMO, and as a logical consequence also increased 

INL thickness, have shown to be associated with increased disability,55,56 and some have 

even suggested MMO should be considered as a new MS phenotype.56

Figure 2. Microcystic macular oedema (MMO) in the left eye of an untreated male patient with RRMS. He had 
experienced an episode of ON in the a$ected eye 17 years ago. The MMO is characterised by several clear 
cystic areas of hypore#ectivity in the inner nuclear layer.

a Ironically, the American group who discovered this new sign published their !rst two papers in British 

Journals for which reason the most frequently used acronym has become MMO (from oedema) as opposed 

to MME (from edema). This linguistic prelude aside, MMO is a misnomer and the term “microcystic macular 

changes” has been suggested as an alternative [Kisimbi BRAIN 2013, Abegg BRAIN 2012].
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Whereas the presence of MMO has shown to be related to disability in MS, it is important 

to note that it is not speci!c for MS. After evaluation of our own cohort of patients with 

longstanding MS (N=230), we found that the prevalence of MMO in longstanding MS 

(0.8%) was substantially lower than reported by others at an earlier disease phase.57 

More importantly however, we also reported a case of MMO in a patient with relapsing 

isolated optic neuritis, which indicates that MMO, although present in MS, is not speci!c 

for MS. This lack of speci!city is further con!rmed in a VUmc study by Burggraa$ et 

al, where, besides re!ning and validating the diagnostic criteria for MMO, the clinical 

spectrum of MMO is discussed.58 Burggraa$ et al reported that the clinical spectrum of 

MMO is much broader than previously expected and that MMO was also present in age-

related macular degeneration, epiretinal membranes, postoperative lesions, diabetic 

retinopathy, vascular occlusion, optic neuropathy, central serous chorioretinopathy, 

medication (interestingly not !ngolimod) and miscellaneous causes. 

Clearly, MMO is present in a broad range of diseases, but the aetiology remains unclear. 

The localisation of MMO is almost exclusively within the poorly vascularised INL of the 

perimacular rim, suggesting Müller cell pathology to be part of the cause of MMO, as 

Müller cells transverse through the entire retina with the bulk of their cell bodies in 

the INL. Moreover, the Müller cells are involved in maintaining the water homeostasis 

of the retina, possibly leading to formation of microcysts when dysfunctional. 

Experimental and clinical data however strongly suggest that MMO may be a result 

of neurodegeneration, through retrograde trans-synaptic degeneration.59,60 If so, this 

would also explain the association between MMO and clinical disability and radiological 

disease activity. 

Returning to the title of this paragraph, the presence of MMO has some predictive 

value in MS, but the precise cause and its clinical signi!cance remain to be elucidated. 

We believe that one should be careful with considering MMO a new MS phenotype as 

MMO is clearly present in many other diseases besides MS, and clinical implications are 

still unknown. Longitudinal follow-up of patients with MMO may unravel the aetiology 

and clinical importance of this new clinical sign. 

CONCLUSIONS 

Chapters 2 and 3 of this thesis investigated the methodological issues of the SD-OCT 

technique, while Chapter 4 focused on the clinical application of OCT in patients with 

longstanding MS. 
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The main conclusions of this thesis are:

  Retinal OCT is a reliable and accurate tool to quantify the thickness of individual 

retinal layers, but there is signi!cant short-term variability of retinal layers caused 

by physiological variation.

  The use of quality control criteria increases scan quality and consequently enhances 

the reliability of the method, especially for longitudinal studies and in multi-centre 

settings.

  Only the innermost retinal layer thicknesses are associated with clinical disability 

and were associated with visual pathway and global brain damage, expectedly as a 

result of retrograde and anterograde transsynaptic degeneration. 

  The INL of the retina appears to act like a physiological barrier to retrograde 

transsynaptic degeneration.

  The interpretation of OCT data in MS is critically dependent on knowledge of prior 

episode(s) of optic neuritis, because any subtle changes will be masked by the 

severe atrophy caused by the in#ammatory lesion in the optic nerve.

  Microcystic macular oedema (MMO) in MS is more frequent in MS patients with a 

history of optic neuritis and is related to disability. MMO is however not speci!c for 

MS and the aetiology remains unknown. 

  There is a need for future longitudinal studies to further substantiate the functional 

and structural relationships suggested by the published, mainly cross-sectional 

data.

FUTURE PERSPEC TIVE 

In the past decade, retinal OCT has matured into a reliable and sensitive tool for 

assessing neuroaxonal degeneration in patients with MS and data on the subject is 

still rapidly accumulating. Especially with the development of new segmentation 

software, allowing segmentation of individual retinal layers, OCT is a promising tool for 

quantifying neuroaxonal degeneration in MS.

Currently, OCT is used in observational studies and clinical trials in MS. The most 

important future applications for OCT lie in monitoring disease progression over time 

in a clinical setting and assessing the degree of neuroaxonal degeneration in clinical 

trial settings. For the !rst, OCT can be of great value in monitoring subtle changes in 

neuroaxonal damage in patients with MS. The degree of neuroaxonal damage is not 

always in accordance with clinical outcomes, making a precise assessment tool more 

important. This assessment gives an objective impression of damage to the CNS, which 

can be of important predictive value regarding clinical disability in the future. 
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The fact that OCT can assess retinal layer thickness with a very high accuracy and 

reliability, is not painful or upsetting for the patient and is relatively quick, makes OCT 

a particularly useful tool to assess neuroaxonal degeneration in a clinical trial setting. 

In the coming years, many clinical trials with new neuro-protective, or even neuro-

restorative agents will be performed. In these trials, QC controlled retinal OCT will 

enable the accurate and longitudinal assessment of the potential neuro-protective or 

neuro-restorative e$ect of these agents. 

Future studies should focus on the collection of longitudinal OCT data. Whereas cross-

sectional data on OCT has given important insights in structural di$erences between 

patients with MS and healthy controls and its relationship with clinical disability and 

brain pathology, longitudinal data is absolutely essential to explain the mechanisms 

underlying these relationships. Currently available longitudinal data is performed 

with the methodologically limited time-domain OCT and these data are not su%cient 

for demonstrating longitudinal associations between OCT and clinical disability. 

Therefore, longitudinal data with the more reliable SD-OCT, important because of 

the well recognised inter-eye and inter-subject di$erences, will help to investigate 

the predictive value of OCT on disease progression. Particularly the use of newer 

segmentation software enabling identi!cation of the individual retinal layers, is a 

promising development and should be further investigated in larger and preferably 

longitudinal studies.

Besides the development of new software for SD-OCT machines, several improvements 

in OCT technology are being investigated. One of the promising new technologies is 

polarization-sensitive OCT (PS-OCT). PSOCT does not only detect the intensity, but 

also the polarization state of backscattered light from the retina. By detecting the 

birefringence and depolarisation of the di$erent tissues, particularly highly structured 

ones, such as axons which are packed with a 9nm neuro-!lament network, PSOCT yields 

depthresolved information of the order of these structures. Therefore, PS-OCT may be a 

promising tool to investigate axonal pathology early, prior to ensuing atrophy.

In summary, since the application of OCT in MS two decades ago, new data and insights 

regarding the usefulness of OCT in the management of MS have accumulated. The 

technology evolves and improves quickly and the acquired insights, with high quality 

longitudinal data being available in the near future, will likely open a window for the 

investigation and unravelling of the mechanisms underlying neuroaxonal degeneration 

and related disability in patient su$ering from MS.
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