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ABSTRACT

Optical coherence tomography (OCT) is a non-contact, non invasive imaging modality that helps diagnosing a variety of
diseases involving the eye. It provides quantitative measurements of retinal nerve fiber layer (RNFL), optic nerve head and
macular thickness parameters 2 and can be used as a valuable tool in many intraocular surgeries.

This article discusses the applications of different OCT systems available commercially for diagnosing and managing
various ophthalmic conditions. Furthermore, future directions of OCT technology, clinical uses and benefits are also
discussed.

Different articles published fill year 2014 majorly in between 2005 to 2014, obtained from online search engines Pubmed
and Google Scholar were used in preparation of this review. Those articles were included that contained information
regarding OCT and its uses in various ophthalmologic conditions and its future advancements. We excluded those articles
that did not contain relevant information regarding OCT and its uses.

Due to advancements in OCT technology, it is now possible to reveal the structural changes associated with retinal diseas-
es that help in improving early analysis and monitoring of disease progression and response to treatment.

Three generations of OCT have been introduced fill date. Early versions of this technology i.e. OCT 1 and OCT 2 are
relatively slow, limiting both the amount of data to be captured and the quality of image. The older versions required
dilation of the pupil but the latest version, the Stratus OCT can be used without dilating the pupil.®

Commercially, OCT is employed in diverse applications including diagnostic medicine, interventional cardiology and art
conservation. Ophthalmology is still the most important field of OCT application because of transparent ocular structures.

KEY WORDS: Optical Coherence Tomography (OCT), Retinal Nerve Fiber Layer (RNFL) thickness, Glaucoma, Diabetic
Retinopathy.

INTRODUCTION research body. It includes ultra high-resolution OCT
(UHR-OCT), SD-OCT with longer wavelength light making
deep tissue penetration easy, and swept-source OCT

In the medical field, optical techniques are of great impor- (SSOCT).

tance because these are low cost and safe, offering good
therapeutic prospective. Advancements in OCT technol-
ogy have made it possible for its relevance in an extensive
diversity of applications but its medical application is still
dominating.*¢

Itis quoted in a paper that the SS-OCT is 5 to 10 times faster
than that of the SD-OCT, and can achieve more accurate
axial resolutions in tissue. '

OCT was first infroduced by Huang et al. in 1991.7 It allows

in vivo imaging of ocular tissue to a very high magnifica- OCT - PRESENT APPLICATIONS

tion, making it an easy method of assessment of internal

eye structures. It helps in obtaining refinal images from By using ultra-speed high-resolution OCT, three-dimension-
which retinal estimates can be made which have been al OCT imaging can be obtained providing wide-range
proved to be helpful in diagnosing various diseases.®? mapping and visualization of retinal microstructure. The

high-data obtaining speeds allow data sets of high-densi-
SD-OCT known as OCT-3, is 100 fimes faster than older ty with large numbers of slanted positions on the retina
versions. This increased rate diminishes the possibility of reducing the possibility of missing any focal pathologies.'™
motion artifacts, decreases the chance of missing lesions 16
and enhances the resolution. Advancements in SD-OCT

OW TO RETIN

also permit precised choroidal thickness measurements
that was not possible with older versions. The choroidal
changes observed by SDOCT are now being appreciated.
As a result it is now the emerging point of interest for
research. 1013

Apart from commercially available OCT systems, proto-
type OCT systems have added to an ever-growing

PAKISTAN

OCT is used widely to obtain high-resolution images of
both the anterior and posterior eye segments. Nowadays,
various diseases are evaluated by using OCT. It also
provides assessment of axonal integrity as in macular
degeneration and multiple sclerosis. Many researches
indicate that OCT may be used as a consistent tool for
observing the disease progression involving the eye. Differ-
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ential diagnosis is made easy by imaging structures at such
levels that were not possible previously such as in differenti-
ating retinal detachment from retinoschisis. '7

Estimates of retinal thickness is significant in monitoring
various diseases such as macular edema, glaucoma,
macular holes, optic disc pit maculopathy etc. OCT plays
an important role in recognizing retinal nerve fiber layer
(RNFL) loss long before the appearance of symptoms
leading to better prognosis of the disease.'® ” The early
detection of changes in retina helps clinicians to identify
the cause potentially before the patient suffers objective
limitations.

Measurements of RNFL thickness is dependent on transpar-
ency of the anterior and posterior retinal planes. The OCT
software has a predefined algorithm that identifies the
outer limits of retina at the inside of a greatly reflective
layer possibly the retinal pigment epithelium (RPE) and the
choriocapillaries. Two laminae are seen at the interface.
The internal streak may signify the reflective part or the
neurosensory retina whereas the outer line is considered to
relate histologically with RPE. 2

OCT & glaucoma:

Glaucoma shows gradual loss of retinal ganglion cells
(RGC:s) leading to reduced retinal thickness. ' It has been
found that before the visual field defect is clinically symp-
tomatic, 30% or more of RGCs are already lost. Significant
loss in thickness may lead to visual field defects and optic
disc cupping. ZIt is reported that thinning of retina starts in
the initial stages of glaucoma, therefore, it can be used as
a predictive indicator for glaucomatous damage.

OCT was found to be more sensitive to detect early nerve
fiber layer loss than other techniques such as visual fields or
red-free photography.? It has the ability to spot focal
defects in the RNFL occuring in early glaucoma with high
accuracy.?

It is now possible to perform automatic measurements of
circumpapillary RNFL thickness with the recent develop-
ment of OCT. '** Kafieh et al. in their study have suggested
that even earlier than noticeable changes in the visual
field occur, there is reduction of RNFL thickness in diseased
eyes which is observed by using OCT.%

OCT & maculopathy:

OCT can help in diagnosing and quantifying various
macular diseases, including idiopathic macular hole,
maculopathies, macular pits etc. #-28 While talking about
macular diseases the first thing coming to mind is macular
edema in which macular thickness can be easily assessed
by OCT rather than by biomicroscopy which has a limited
extent to which edema can be detected.

For visual loss, macular edema is found to be one of the
major causes in which there is abnormal fluid buildup
within the retina with increase in retinal thickness usually
from the break in blood-retinal barrier.?-* This is found in
diabetic retinopathy, retinal vein occlusion, uveitis etc.

Conventional methods for evaluating macular edema,
like slittamp biomicroscopy, stereoscopic photography
and fluorescein angiography, are found to be relatively
insensitive fo tiny changes in retinal thickness. OCT has
facilitated the clinicians to spot and assess even minute
changes in macular thickness.®!

Imaging of macular holes and other pathologies in the

vitreofoveal interface has also become feasible with
high-speed OCT offering three dimensional images to
facilitate further precision and minute observations of the
infraretinal structural changes.®> OCT has also shown its
significance in differentiating neurosensory layer and
retinal epithelial layer detachment. ** Measurements by
this technique are found to be highly accurate. 33

Owing to the defined resolution of OCT, it may possibly be
a supportive device fo track anatomical features of
idiopathic macular holes longitudinally over time. Recent-
ly, OCT has been used to follow the sequence of events
leading fo macular hole formation. In a research by
Shimozono et al. in 2011, it is stated that due to vitreofove-
al traction, the anteroposterior powers result in splitting of
retina, following full-thickness macular hole documented
longitudinally by OCT. %

OCT may aid discriminating actual holes from partial
thickness holes, macular pseudo-holes and cysts. It helps in
staging the hole and quantifying the diameter of the hole
and in assessing the risk of hole formation in the fellow eye.
37

In age-related maculopathy, retinal thinning and an
increased reflectivity of the choroid due to lack of
pigment in the retinal pigment epithelial layer is identified
easily by OCT. These areas are seen as regions of
increased reflectivity on the tomogram.

Thus, OCT is able to validate the anatomical configura-
fions. Macular examination by using OCT helps in the
diagnosis and allows follow-up of the macular pathologies
after surgical repair.¥”

OCT & diabetic retinopathy:

OCT can detect significant variation of retinal thickness in
patients with diabetic retinopathy even when macular
edema is not clinically significant. ¥ Goebel et al. in their
study suggested that OCT plays major role in evaluating
retinal thickness of diabetic patients with excellent repro-
ducibility and great reliability.® Another study by Roy Beck
et al. concluded that OCT was found fo be very helpful in
evaluating the three crucial changes in diabetes which
include macular edema, retinal swelling and detachment
of retina.*!

Furthermore, OCT is stated to be useful for diagnosing and
differentiating tractional retinoschisis from retinal detach-
ment in patients with proliferative diabetic retinopathy
and macular elevation.

OCT & retinal vascular diseases:

A detailed analysis of retinal structure is obtained by 3D
cross-sectional retfinal levels at high resolution.* Retinal
vessels can be visualized because of the high resolution
imaging leading to more objective diagnosis in retinal
vascular diseases including retinopathy of prematurity,
hypertensive retinopathy etc. Moreover, vessel visualiza-
tion also allows to follow fundus color changes for better
understanding of the structure and localizing retinal
lesions.*

Preeclampsia and eclampsia cause retinopathy similar to
hypertensive retinopathy with papilloedema, hemorrhag-
es, cotton wool spots, retinal detachment, and lesions of
the retinal pigment epithelium (RPE) which can be easily
detected by using OCT.*
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OCT & optic neuritis in multiple sclerosis (MS):

Optic neuritis (ON) is a very common presentation of
multiple sclerosis (MS). It occurs often as the initial symp-
tom of CNS demyelination. RNFL is that part of brain where
nerve fibers are not enclosed with myelin sheath because
it develops from optic cup, thus making the OCT examina-
tion particular for demyelinating nerve injury contrasting to
brain MRI changes, which reflect a range of various types
of tissues in the brain.*

The measurement of RNFL thickness represents a feasible
way of monitoring axonal loss in MS patients as RNFL
comprises of unmyelinated axons.”, “Studies have
suggested that eyes with a history of optic neuritis
revealed reduction in RNFL thickness, showing occurrence
of axonal loss. 4!

OCT & visual disorders in Alzheimer's Disease (AD):

Visual disorders are usually noted in patients with Alzhei-
mer's disease affecting the visual field. Many studies have
suggested that the visual field defects are probably due
to nerve degeneration in the visual cortex.® % Recent
studies have suggested that refina and optic nerve
degeneration also add to the occurrence of such
disorders in AD patients.5 5

In an OCT based study by Yan Lu et al. in 2010, the RNFL
thickness was measured in normal individuals and patients
with Alzheimer's disease and was found to be reduced in
patients with Alzheimer's disease. Reduction in RNFL
thickness might be due to loss of nerve leading to neuro-
nal cell body loss.> It is suggested that OCT is a simple
method and this technique could be used in improving
the diagnosis of individuals who are affected clinically by
memory disturbances.®

Miscellaneous:

In Parkinson's disease, visual impairment is due to loss in
dopaminergic neurons in retina. This loss is believed to alter
visual process by altering the axons that form the RNFL.
OCT is found to be an efficient tool in ruling out such
disorders.””

The choroidal tumor appears similar to normal choroid
when the overlying retina is normal and appears less
reflective than normal when the overlying refina is not
normal. These small alterations in tumor appearance can
easily be diagnosed by using OCT. %%

OCT also accomplished its name in localizing laser scars,
disciform scars, choriorefinal atrophy, and choroidal
neovascularization and many other retfinal disorders.
Other retinal diseases like X-linked retinitis pigmentosa,
juvenile macular retinoschisis, idiopathic polypoidal
choroidal vasculopathy, idiopathic juxtafoveolar retinal
telangiectasis and pigment epithelial hyperplasia can
also be diagnosed by OCT.

Comparison of OCT with older modalities:

Comparing the Retinal Thickness Analyzer (RTA) and OCT
Scanners for retinal thickness measurements in macular
diseases, it is noted that media opacities produce less
hindrance for OCT than for RTA which is helpful in a way
that in populatfions with frequent occurrence of media
opacity, images can be achieved in a larger fraction of
eyes by OCT than by RTA. &

Ophthalmoscope, the most commonly used instrument
showed many limitations while compared with OCT. Differ-
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ent researches were conducted to compare its validity
and it was found to be inferior than OCT.¢'-¢2 Another study
by Hibbs et al. stated that OCT alongwith fundoscopy is
valueable.®

OCT is different from ultrasound B-scan which uses sound
waves rather than light rays in providing higher resolution.
It is also found to be helpful in detecting the detachments
of retinal layers which are not easily observed by biomi-
croscopy.

Oct & lts Future:

While talking about the future of OCT, it is an excellent
option to be used in medical diagnosis. It can be fiber
optic based, allowing inexpensive incorporation with
endoscopes and catheters. It is compact and portable
and can be done without direct contact with the tissue. It
is comparatively fast, allowing real time imaging of tissues
at arate not available with MRI or CT scan. '7:¢

Recent advancements in SD-OCT have now helped
imaging the choroid which was not possible earlier.’®
Further advancements are expected to offer enhanced
understanding of choroid involvement in refinal diseases
using various techniques.

§$S-OCT & Longer wavelength OCT

An exact choroid estimation by OCT should be made by
measuring upto the interface of choroid and sclera.(59)
Studies using Cirrus OCT suggested almost accurate
revelation of the choroid by looking upto choroid-sclera
interface in just 70-75% of included eyes. ° 12 Eyes with
even clear choroid-sclera inferface have not been
reported with Spectralis OCT but prototype OCT using
longer wavelength have verified an improved estimation
of the choroid, also through opague media . SS-OCT s also
anticipated to be of great help in visualizing the choroid.™

The visualization of choroid-sclera interface is expected to
improve because of longer-wavelength OCT systems
including $S-OCT. This can be helpful in conditions in which
the choroid is thicker than normal, and it is difficult to
assess the entire thickness

Doppler optical coherence tomography

Traditional examinations like, indocyanine green (ICG)
and fluorescein angiography are now taken inferior to
Doppler OCT which is a promising technology that localiz-
es the accurate position of vascular abnormalities using
cross-sectional imaging. Doppler OCT can assess the flow
and volume of blood and evaluate the abnormalities in
retinal and choroidal vasculature ¢

CONCLUSION

Modifications in OCT software, enhancement and
competent data processing are essential for valuable
assessment of retinal and choroidal changes in posterior
segment diseases. OCT technology offers enhanced
understanding, proper monitoring of disease progression
and its response to various treatment modalities
employed in eye diseases especially chorioretinal diseas-
es. This expansion has updated the ophthalmic practice
over the period of last ten years. Further advancements in
OCT technology are expected to be of greater help in
assessing diseases more easily and in more depth.
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