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           Basic Principles of Optical 
Coherence Tomography (OCT)  

 OCT technology is based on the principle of 
“indirect inferometry” which superimposes light 
waves for imaging [ 1 ]. The summation of waves 
results in either constructive or destructive inter-
ference of light, and this information is then 
translated into an A-scan. The horizontal summa-
tion of a series of A-scans is a B-scan, which is 
represented as the OCT cross-sectional image. 
A summation of B-scans results in C-scans or 
three- dimensional cross-sections. 

 Early OCT employed time domain techno-
logy. In time domain OCT, the reference arm 
contains a light source and mobile mirror, which 
changes the path length of the light with time [ 2 ]. 
When the time delay from both arms is congruent, 

constructive interference occurs, and when they 
are not the same, varying levels of constructive 
and destructive interference patterns are formed. 
An example of an OCT using time domain tech-
nology is Zeiss Stratus OCT. 

 More recently, spectral, or Fourier domain 
OCT, has been developed. In this technology, the 
reference arm is fi xed, resulting in a spectrum of 
interference pattern detected by the camera at any 
time point [ 3 ]. A mathematical algorithm known 
as the Fourier transformation is then carried out 
to generate the OCT image [ 3 ]. With this technol-
ogy, the imaging speed is dramatically improved, 
allowing for acquisition of a dense level of data 
and in effect decreasing motion artifacts and gen-
eration of three-dimensional data. In addition, the 
use of a broad wavelength light source results in 
high-resolution imaging. Examples of OCT 
devices using spectral domain are Spectralis 
(Heidelberg Engineering, Carlsbad, CA), Cirrus 
HD-OCT (Carl Zeiss Meditec, Dublin, CA), 
3D-OCT (Topcon Medical Systems, Oakland, NJ), 
and RTVue (Optovue, Fremont, CA) [ 4 ,  5 ]. 

 Although both technologies follow the same 
basic principle, studies comparing the two types of 
machines have found differences in the results gen-
erated. In addition to variability between time 
domain and spectral domain OCT, there is also vari-
ability in the results between the different spectral 
domain OCTs. This variability limits the longitudi-
nal assessment of data when a patient’s results are 
obtained on different machines over time. The dif-
ferences between the reproducibility of data among 
the different machines will also be highlighted.  
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  Fig. 11.1    Fundus photograph of non-arteritic ischemic 
optic neuropathy (NAION) in the left eye revealing a 
hyperemic, swollen nerve, nerve fi ber layer infarct, and 
dull foveal refl ex due to sub-retinal fl uid       

    OCT in the Analysis of Neuro- 
Ophthalmic Disorders 

 OCT does not replace the role of a careful neuro- 
ophthalmic evaluation. It supplements the clinical 
examination and can provide quantitative and lon-
gitudinal information. In this section, examples of 
neuro-ophthalmic disorders are shown in which 
OCT demonstrates areas of pathology not always 
clearly visualized on fundus examination. 

    Non-arteritic Ischemic Optic 
Neuropathy with Subretinal Fluid  

 Patients with a non-arteritic ischemic optic neu-
ropathy (NAION) typically present with altitudi-
nal fi eld loss. Central vision may be mildly to 
moderately affected. Hedges et al. fi rst reported 
several patients with central vision loss due to 
subretinal fl uid (SRF) associated with NAION 
[ 6 ]. These patients, unlike those with classic 
NAION, have more central visual loss due to 
SRF extending to the fovea. SRF can be diffi cult 
to identify on fundus exam (Fig.  11.1 ) but can be 
clearly seen on macular OCT (Fig.  11.2 ). As 
treatment of NAION is developed, exactly how 
therapy affects the nerve and/or the retina must 
be considered.

        Papilledema with Secondary 
Choroidal Neovascularization 
and Subretinal Fluid 

 Patients with papilledema typically do not 
present with acute central visual loss. An 
exception is when there are associated macular 
changes from SRF or a choroidal neovascular 
membrane (CNV) (see Fig.  11.3 ). Line scans 
through the macula help in locating the heme as 
subretinal and identifying the CNV (see Fig.  11.4 ). 

  Fig. 11.2    Fast macular scan in above patient with non-
arteritic ischemic optic neuropathy (NAION) in the left 
eye revealing increased macular thickness in the affected 

eye ( a ). Line scan through the optic nerve and macula 
clearly revealing severe disc edema with intraretinal and 
subretinal fl uid in the macula ( b )       
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Avastin injections have been benefi cial in treating 
CNV associated with papilledema. SRF involving 
the macula, as described by Hoye et al. in 1998, 
usually resolves, and visual acuity improves 
spontaneously as the cause of the papilledema is 
treated [ 7 ,  8 ].

        Toxic Optic Neuropathy 

 Patients with visual loss from toxic, hereditary, 
or nutritional optic neuropathies maybe mis-
taken for functional visual loss due to minimal 
abnormalities on fundus examination. The tem-
poral pallor and dull foveal refl ex on fundus 

exam is subtle (see Fig.  11.5 ). Retinal nerve fi ber 
layer (RNFL) and macular OCT studies clearly 
demonstrate abnormalities in RNFL thickness 
temporally and in the distribution of the papillo-
macular bundle fi bers (see Fig.  11.6 ) [ 9 ].

        Optic Nerve Drusen 

 Optic nerve drusen can give the appearance of 
blurred disc margins, similar to the appearance of 
true disc edema, or papilledema (see Fig.  11.7 ). 
RNFL scans show atrophy in optic nerve head 
drusen, whereas it shows increased RNFL 
thickness in optic nerve edema (see Fig.  11.8 ). 

  Fig. 11.3    Fundus photographs of a patient with long-standing poorly controlled papilledema presenting with acute, 
central, vision loss in her left eye due to a choroidal neovascular membrane affecting the macula       

  Fig. 11.4    Line scan from the left optic nerve to the macula revealing subretinal hemorrhage from choroidal neovascu-
lar membrane as the etiology of her central vision loss       
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  Fig. 11.5    Fundus photographs of a patient with bilateral toxic optic neuropathy demonstrating subtle optic nerve pallor 
and dull foveal refl exes       

  Fig. 11.6    Retinal nerve fi ber layer (RNFL) studies showing bilateral temporal thinning ( a ). Macular optical coherence 
tomography (OCT) demonstrating macular thinning in same patient with toxic optic neuropathy ( b )         
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Fig. 11.6 (continued)

  Fig. 11.7    Fundus photograph of blurred disc margins in 
the left eye of a patient with a presumed diagnosis of 
papilledema       

In addition, line scans through the optic nerve 
reveal differences in the contour of the optic 
nerve. Various studies have shown a characteris-
tic “bumpy” appearance of the internal contour 
of the optic nerve in optic nerve drusen, 
compared to the more smooth borders of eleva-
tion seen with true disc edema (see Fig.  11.9 ) 
[ 10 ,  11 ].

         Optic Nerve Pit 

 Patients with optic nerve pits have an optic nerve 
appearance that may be mistaken for an optic 
neuropathy or glaucoma. In characteristic cases, 
there may be a grayish appearance to the inferior 
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temporal rim (see Fig.  11.10 ). In more subtle 
cases, this may not be present. OCT can help 
clarify the diagnosis. Optic nerve pits often have 
inferior-temporal RNFL thinning on fast RNFL 
scan (see Fig.  11.11 ). When patients with an 
optic nerve pit present with central visual loss 
from neurosensory retinal fl uid, this may be fur-
ther mistaken for an acquired optic neuropathy 
(see Fig.  11.12 ). The correct diagnosis can be 
made by doing a line scan from the optic nerve to 
the macula, which reveals the “pit” as a schisis 
contiguous with fl uid in the neurosensory retina 
(see Fig.  11.13 ).

          Macular Edema from Fingolimod 

 A rare complication in the use of fi ngolimod in 
multiple sclerosis (MS) patients is visual loss 
from macular edema [ 12 ]. Macular edema may 
sometimes be diffi cult to diagnose on fundus 
examination (see Fig.  11.14 ). When MS patients 
present with central visual loss, it may be inac-
curately diagnosed as retrobulbar optic neuritis. 
Macular OCT (see Fig.  11.15 ) helps distinguish 
visual loss from macular edema versus that from 
retrobulbar optic neuritis by clearly demonstrat-
ing the intraretinal fl uid in the macula.

  Fig. 11.8    Fast retinal nerve fi ber layer (RNFL) scan of the left eye showing optic atrophy, as commonly seen in 
patients with optic nerve drusen       
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        Central Serous Retinopathy 

 Central serous retinopathy and optic neuritis can 
present with similar symptoms which can be espe-
cially confusing in MS patients. The fi ndings of 
central visual loss, color defect, and a relative affer-
ent pupillary defect can be present in both central 
serous retinopathy and optic neuritis. Similar to 
macular edema, central serous retinopathy can be 
diffi cult to identify on fundus exam. Macular OCT 
(see Fig.  11.16 ) is especially helpful in these cases 
by demonstrating the SRF (Fig.  11.17 ).

        Central Retinal Artery Occlusion 

 Patients with central retinal artery occlusion 
(CRAO) may also have clinical features sugges-
tive of an optic neuropathy because of the 

 presence of central visual loss, color defect, 
and relative afferent pupillary defect, with occa-
sional optic nerve edema (see Fig.  11.18 ). In the 
early stages of CRAO, the fundus examination 
often shows mild changes. Macular OCT more 
clearly demonstrates acute retinal thickening 
(see Fig.  11.19 ) [ 13 ] followed by more chronic 
inner retinal thinning in the chronic stages of 
CRAO.

        Demyelinative and 
Neurodegenerative Disorders 

 The use of OCT extends beyond the evaluation of 
the eye and retrobulbar optic nerve to provide 
insight into intracranial pathology. MS, Parkinson’s 
disease (PD), and Alzheimer’s disease (AD) all 
show changes on OCT specifi c to central nervous 

  Fig. 11.10    Fundus photograph of the left eye showing an 
optic nerve pit with an abnormal inferior disc rim which, in 
subtle cases, may be mistaken for disc pallor or thinning       

  Fig. 11.11    Fast retinal nerve fi ber layer (RNFL) scan showing an inferior-temporal segmental thinning of the left optic 
nerve that corresponds to the location of the optic nerve pit       

  Fig. 11.9    Line scan through the optic nerve showing 
characteristic “bumpy” internal contour of the optic nerve 
( green wavy line ), seen with optic nerve drusen. Drusen is 
seen as a hyper-refl ective mass ( arrow ) with a hypo- 
refl ective shadow       
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system disease, which may help in the diagnosis 
and management of these conditions. 

 A current area of intensive investigation is the 
use of OCT in demyelinating disease. When a 
patient presents with new onset optic neuritis, it is 
important to distinguish if he or she has MS, neu-
romyelitis optica (NMO), or a clinically isolated 
syndrome (CIS). Unlike CIS patients, those with 
MS may show subclinical RNFL loss in the unaf-
fected eye. Over time, MS patients also develop 

further RNFL loss in the affected eye, presumably 
from additional optic neuritis events compared to 
those patients with only CIS [ 14 – 16 ]. 

 OCT can help distinguish patients with NMO 
from MS. Studies have shown that more severe 
RNFL loss occurs after a single episode of optic 
neuritis in NMO compared to that in MS [ 17 ]. 
It is important to distinguish among patients with 
CIS, MS, and NMO, as the overall prognosis and 
management of these diseases are different. 

  Fig. 11.12    Central scotoma on Humphrey central threshold 30–2 visual fi eld test of a patient with a left optic nerve pit 
and subretinal fl uid       

 

J. Ho et al.



317

 OCT can also provide information regarding 
the type of MS. In a study by Costello, lower 
RNFL values were found with more severe forms 
of MS such as primary and secondary progres-
sive MS compared to patients with relapsing, 
remitting MS [ 18 ]. 

 In addition to the RNFL, recent OCT studies 
evaluating macular thickness have provided further 

insight into the pathologic course of MS. Macular 
thinning was found to be at the level of the inner 
and outer nuclear layer, and the ganglion cell 
layer (GCL) [ 19 ]. These patients with macular 
thinning did not have RNFL thinning, as one 
would expect, but did have more severe forms of 
MS. Multiple sclerosis not only causes demyelin-
ation, but also neuronal loss. Microcystic changes 

  Fig. 11.14    Fundus photographs of a patient with multiple sclerosis with macular edema related to fi ngolimod use       

  Fig. 11.13    Line scan through the left optic nerve showing the characteristic opening or “pit” ( arrow ) with fl uid extending 
into the neurosensory retina       

 

 

11 Application of Optical Coherence Tomography in Neuro-Ophthalmic Disorders



318

  Fig. 11.15    Fast MAC scan revealing bilateral macular edema as the cause of visual loss       

  Fig. 11.16    Fundus photograph of right central serous retinopathy in a patient with multiple sclerosis       
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in the retina have also been seen in optic neuritis, 
but this pathology is now being interpreted as a 
nonspecifi c secondary change that can be seen in 
a variety of other optic nerve disorders [ 20 – 23 ]. 

 In other neurodegenerative diseases, such as 
PD and AD, the distinctive patterns of RNFL 
thinning on OCT may play a role in the diagnosis 
and monitoring of these disorders and may give 
further insight into the understanding of associ-
ated visual symptoms. Degenerative changes 
occurring in the optic nerve in AD patients are 
seen as RNFL thinning. Marziani et al. [ 24 ] dem-
onstrated that the RNFL and RNFL and GCL 

thickness measurements on spectral domain 
OCT were reduced in all RNFL quadrants in 
AD patients compared with healthy subjects. 
In another study by Moreno-Ramos et al. [ 25 ], 
RNFL thinning was statistically correlated with 
both the Mini Mental State Examination and the 
Mattis Dementia Rating Scale scores in not only 
AD, but also in PD and dementia of Lewy bodies. 
Greater cognitive deterioration correlated with 
more severe RNFL thinning. These studies sup-
port RNFL measurement as a possible biomarker 
for the diagnosis and monitoring of various 
dementias. 

 Patients with PD have decreased dopamine 
levels that play an important role for various 
visual functions, including color vision and spa-
tial sensitivity. Dopamine is an important neu-
rotransmitter in the visual pathways, and 
pathology specimens have revealed its wide-
spread location in the retina [ 26 ,  27 ]. Previous 
studies have shown ERG and VEP changes in 
patients with PD [ 28 – 30 ]. Time domain OCT can 
show macular and RNFL layer changes in 
patients with early stages of PD [ 31 ]. Moschos 
et al. [ 32 ] found that patients with PD with no 
clinical optic nerve pathology had statistically 
signifi cant RNFL thinning in the inferior and 
temporal quadrants. Hajee et al. [ 33 ] also found 
paramacular thinning in PD patients without 
associated macular pathology. In both of these 
studies, the OCT fi ndings support that subclinical 
visual dysfunction can be detected in the early 
stages of PD.   

  Fig. 11.17    Line scan through the macula revealing subretinal fl uid as the etiology of visual loss       

  Fig. 11.18    Fundus photograph of mild macular changes 
from a left central retinal artery occlusion in a patient 
with diabetic retinopathy complaining of acute, severe 
visual loss       
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    Limitations of OCT in Neurologic 
Disorders 

    Limitations in OCT Software 

 Accurate quantitative analysis of the macular and 
RNFL thickness in neuro-ophthalmic disorders 
requires proper segmentation of the RNFL anat-
omy. In cases where the anatomy is altered from 
pathology or media opacities, “software break-
down” may occur and limit the accuracy of the 
data. For example, with optic nerve pathologies 
such as severe disc edema or papilledema, place-
ment of the 3.4 mm circular scan in the center of 
the optic nerve can be challenging because of the 
uneven elevation of the optic nerve along its cir-
cumference. This contour distortion can result in 
inaccurate measurements and diffi culty in assess-
ing progression or improvement of optic nerve 
edema. In media opacities like cataract or corneal 
scarring, degradation of the signal strength can 
limit the quality of the scan and give inaccurate 
results, especially with signal strengths under 7 
[ 34 ]. Therefore, clinical decisions cannot be 
based solely on numeric RNFL thickness mea-
surements, and the quality and reliability of each 
OCT scan must be individually evaluated for 
various possible artifacts. Research in improving 
the retinal segmentation software to reduce the 
incidence of “software breakdown” is currently 
underway. 

 With spectral domain OCT, limitations from 
motion and spatial resolution have been reduced. 
Scanning speed has tremendously increased with 

spectral domain OCT so that blink artifact, an 
inherent limitation in time domain technology, is 
decreased. Newer generation spectral domain 
technology also uses a broader imaging wave-
length, which improves axial resolution from 
approximately 10 μm to about 4 μm for most 
commercial devices. This improved resolution 
has allowed greater accuracy in detecting subtle 
pathology with spectral domain OCT.  

    Limitations of OCT Based on Patient 
Cooperation, Operator Skills, and 
Ocular Anatomy 

 Patient cooperation is an important factor that 
may infl uence the quality of a scan. Patients with 
neurologic disorders often have cognitive diffi -
culties that impair attention and concentration 
during the OCT procedure. For example, if a 
patient cannot maintain fi xation on the scan tar-
get or if he/ she blinks during the scan, this may 
result in motion or blink artifacts. These errors 
are seen as distorted, or “cut- off” OCT images. 
Spectral domain OCT technology decreases the 
incidence of these errors by operating at a faster 
scan speed. Some spectral domain OCTs, such as 
the Heidelberg Spectralis, also have a retinal 
tracker feature which decreases the incidence of 
motion artifact. 

 In addition to patient cooperation, signal 
strength is also affected by the operator and it can 
vary depending on the operator’s skill. Scans with 
a signal strength of less than 7 are associated with 
lower reproducibility [ 34 ]. Different results in the 

  Fig. 11.19    Line scan through the macula showing edema of the retinal layers, as often seen in patients with a central 
retinal artery occlusion       
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peripapillary RNFL measurements in time domain 
and spectral domain OCT can also be seen 
because of the variability in the manual placement 
of the 3.4 mm circle around the optic nerve among 
operators. Even in situations where the patient is 
cooperative and the operator is skilled, OCT val-
ues can have reduced reliability based on the 
patient’s ocular anatomy. For example, a longer 
axial length in high myopia, or a markedly tempo-
rally tilted optic disc [ 35 ] can give higher variabil-
ity in RNFL thickness measurements. (For further 
details regarding how ocular anatomy and age-
related changes can affect RNFL measurement, 
see “Limitations of OCT in Retinal Nerve Fiber 
Layer Measurement” in the chapter entitled, 
“Approach to the Diagnosis and Differentiation 
of Glaucomatous and Nonglaucomatous Optic 
Neuropathies.”)  

    Measurement Variability in OCT 
Technology in Multiple Sclerosis 

 Although the mean RNFL thickness in patients 
with MS can be reproducibly measured by skilled 
technicians with excellent interrater (ICC, 0.89), 
intrarater (ICC, 0.98), and intervisit (ICC, 0.91) 
results [ 36 ], the differences in technology and 
software can result in different RNFL measure-
ments between the time and spectral domain 
OCT devices. Although the RNFL thickness 
measurements in optic neuritis scanned from 
Stratus OCT have been shown to correlate well 
with those taken from Cirrus OCT, these mea-
surements are not the same [ 37 ]. In a study of 18 
patients with monocular acute optic neuritis 
within 6 months of presentation, Rebolleda et al. 
[ 37 ] showed that the RNFL in the nasal and tem-
poral quadrants was thicker with Stratus OCT 
than with Cirrus OCT, except when the RNFL 
was very thin. When the average RNFL thickness 
was ≤56 μm, Cirrus OCT gave a higher value 
than Stratus. These measurement differences 
may be due to differences in registration, pro-
cessing, and analysis. Differences in software 
segmentation algorithms may also account for 
this variation. The Cirrus spectral domain OCT 
aims to measure the bottom of the RNFL layer, 

whereas the Stratus time domain OCT focuses 
more at the top of the GCL [ 38 ]. 

 Furthermore, the Cirrus spectral domain OCT, 
compared with the Stratus time domain OCT, 
identifi ed a higher proportion of eyes with optic 
neuritis based on the internal normative database 
(44.4 % vs. 38 %). This greater sensitivity in 
measurement could be attributed to higher scan 
resolution and more accurate data registration of 
the instrument. In another study by Lange et al. 
[ 39 ] comparing MS eyes without optic neuritis to 
those with optic neuritis and to normal controls 
using Spectralis spectral domain OCT and Stratus 
time domain OCT, measurements between time 
domain and spectral domain OCT were highly 
correlated, but the absolute measurements were 
not interchangeable. These results were also sim-
ilar to those in a study done by Bock et al. [ 40 ] in 
which they compared differences in RNFL thick-
nesses in RRMS patients compared to normal 
controls, using time domain and Cirrus spectral 
domain OCT. 

 Studies have also shown differences in mea-
surements generated among the different spectral 
domain OCT equipment themselves. In a study 
by Watson et al. [ 4 ] fi ve different OCT devices 
(the Stratus time domain OCT, along with four 
spectral domain OCTs, including Topcon 3D 
OCT 1000, Optovue RTVue-100, Cirrus HD 
OCT, and Heidelberg Spectralis SD OCT) 
yielded statistically signifi cant differences in 
RNFL and central macular thickness (CMT) 
measurements in 92 eyes of patients with a his-
tory of optic neuritis and/or MS. The Cirrus and 
Spectralis OCT yielded lower RNFL measure-
ments, while the RTVue-100 and 3D OCT 1000 
yielded higher measurements compared to those 
of the Stratus OCT. The differences in CMT 
could arise from the nonstandard placement of 
the outer macular segmentation boundary line. 
The boundary line of the Stratus OCT aligns at 
the inner segment/outer segment junction, while 
it aligns at the outer RPE of the Cirrus/ 
RTVue- 100, at the inner RPE in the 3D OCT- 
1000, and at the Bruchs membrane in the 
Spectralis. Differences in sampling density, in the 
placement of the outer circle (Stratus/Cirrus at 
3.46 mm, RTVue-100/Spectralis at 3.45 mm, and 
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3D OCT-1000 at 3.40 mm), and in the signal 
strength scale are all likely to contribute to RNFL 
and CMT measurement differences. 

 Because of this variability between spectral 
domain and time domain OCT and among vari-
ous spectral domain OCTs, it is important to use 
the same instrument when following patients 
longitudinally.      
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