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optical coherence tomography (ocr) is an outstanding exar; e c. a3i ec 3-,f s cs in
medicine. over the last decade, ocr has become an essent,a :33 - ::^:-a r,3 osy.
optical coherence tomography is a low-coherence, interferooe:e--!3se: ^:-- -rasive
medical imaging modality that can provide noncontact, hrgr-..r. ;: :- :-:ss-se:tLonai
images of biological tissue.

Generations

Several generations of the commercial version of the oCT ce. €€ -a,.8 5€:- ce.e:3€: T-e f .si
generation OCT t has transverse and axial resoiutions of approxirnaterl 20u anc i0 io 1"5* .:sce,crr.,el,i"
The second generation oCT 2 has similar hardware with an improved user interface. tsoth generations
acquire L00 vertical scans in a standard ocT scan in an acquisition time of approximately 1.2 seconds. The
recently released third generation OCT 3 machine has improved resolution of 8 to 1Op and acquires 512
vertical scans. An experimental ultra high resolution OCT system has been developed using Ti: niZOg laser
that provides an improved axial resolution of 2 to 3p. This resolution makes it possiUte,;;;;;,
otherwise unseen intermediate retinal layers, such as the retinal ganglion cell layer.'

Principle & Procedure -

oCT is based on the principle of "low coherence interferometry". The oCT device uses a light source
consisting of a near - infrared, low coherence super luminescent diode laser of g50nm wave lJngth. This
diode source connects with Michelson interferometer. ln low-coherence int"rt"ror";r, ;
interferometer is used with a broadband (white) light source. The beam of light ir"r,f,. ,"rr." ,,,O,li ,"i"
two at a half mirror; which creates a measurement and a reference path. The light is then reflected, by the
mirror in the reference arm and the sample
in the measurement arm, and recombined to
create interference before it hits a detector,
usually a photodiode, measuring the field
strength of the interfering beams of light.
Figure 1 below illustrates this setup. Since
the spectrum of the light used in low
coherence interferometry is broad,
interference is only be obser:v-ed when the
lengths of the measurement and reference
arm are matched to within the small
coherence length of that ,light, allowing for
verygood axial resolution.' :
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lnfrared light from the source is divided at an optical beam splitter into reference beam and measurement

b""r. ,r1" measurement beam is directed onto the patient's eye and is reflected from intraocLllar

Itlri.tr.", ut aif"r"nt distances The reflected measurement beam is composed of multiple echoes which

include the information about the range or distance and thickness of different intraocular structures The

r,"i"r"na" U"u, ir r"lected from a reference mlrror' The reflected reference beam returns to beam splitter

*h"r" it aorfin", with reflected rneasLlrement beam Both beams are combined resL'llting in a

Of,"^"m"*" a"ff"a,nterference The interference is measllred by means of a photo sensltive detector'

The echo time de ay ofthe measurement and reference beam ls compared and then signal is sent' whlch is

,.o."rr"j lL".rron,."lly and used within oCT's internal computer data acquisltion bank for analvsis ard

storage.

On Z axis, 1024 points are captLlred over a 2 mm depth to create a tissue density profile' with resolution of

iou.on*-trr,t,,,rtredeniityprofileisrepeatedupto512tlmes every5 60micronstogenerateacross

,"itionulirnag" S"u"raldata points over 2mm of depth are lntegrated bythe lnterferometer to constrLlct e

tomogram of-retinal structures lmage thus prod!cEd has an axlal resolution of 108 and a transverse

,"."ir'tio" of 2O1-t. The tomogram ]s dlsp a!eo ln e ther graY scale or false coJor on a hlgh resolution

computer ScTeen.

lnterpretation of Normal OCT lmaging

The physica basls oi lmaging depends on the contrast in optlcaL reflectivity between different tissue

-.rir,rrar*t. The proportion of incldent light which is directly back scattered bV a tissue structure

definesthereflectivityofthatstructure.TheocTsisnalfromatissuelayerisacombinationofits
,Jf"..iu,,, u"a the absorption and scattering properties of the overlying layersIhe intenslty of the

,"i".,"0 "0,.., 
sjgnal is represented on a logarithmic scale with varying degrees of brightness ThE

maxlmal opti.at r"tLction and ba ck scattering are represented by Red - Yellow colors' Theminlmal signa s

are repaesented by Blue - Black colors'

OCT lmaging of Normal Retina

The OCT can scan the macLlla, paripapillary region lncluding retinal nerveflbe' layer and optic nerve heac

region. There are 10 layers ofthe retina and cross sectional OCT image of the retinal layers are representec

like fig2.

tig.2

being non reflective is seen as a dark space. The vitreoretinal interface is demarcated by the
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contrast between the non reflect;ve vltreo!s ; -d i-: b:ckscatterlng su rface ofthe retina. The inner margin
ofretinashowsareaofbrghtbacksaa::e.,^a:'aa a, ar ihat corresponding to the nerve flber layer A
lighly reflective red ayer de inEares tl'E :.:::-.' ::-_r:.. of the retina and corresponds to RpE and
:horiocapillaries. A dark ayer of - - 'a 'a'a:'. .:, :aaa:'i -!: anterior to choriocapillaries layer and
'epresents the outer segrnent of rei r,e a'a'.'....'..': _: _:a'*aCiate ayers exhlbit rnoderate back
. "rreri1g.'ovFdi-id.rI,iFob\1r." "'" - :.-'"- ._:':'-'-' ,e

1)The Optic nerve head:
ira k. OCT is provided with

Itcan be identlf ec o. :_a :.: :.: ::
lwo SLdr P'ol o. o Io'o.i.,:,..-,. -

:..tral depression of cup and the

fig.3

-_e point at which choriocapillaris terminates at lamina cribrosa determines the
I :a boundaries. Extrapolation of these points to retinal surface defines a llne

.ament which measures disc diameter. The points at which nerve fiber layer

.--ninates determines the Cup. By thls scan OCT images can measures the optic
'--ie head and its parameters like Rim area, Disc diameter, Rim vo ume dlsc

, '=,, Cup disc ratio and Cup volume. ( Fig 4)

Optic disc scan consists of equally placed lines scans i
-tervals, centered on the optic d isc.

The Retinal Nerve fiber Layer: OCT measures the

fiA.4

of the retinal nerve fiber layer in the
-.apil ary reglon. RNFL thickness increases ;;-
:- macula to the optic disc. OCT 3 offers a
-:iy of RNFL thickness measurement and

, sls protocols like RNFL thickness Circle scan,

aircle scan, Concentric 3 rings protocol, RNFL

and Proportional circle. RNFL measurement
, clrcular scan of1.34 mm rad ius, centered on

i :rtic nerve head has been shown to have a

- rm eprodLcib lily. Mean RNt- lhickners is

-:ted using age adjusted RNFL thickness
! -.ie analysis protocol. (Fig- 5)

fis.5
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(3) Macula : The normalfovea ls identified by ts characteristlc
depression of the lnner retinal border secondary to the lateral
displacement of tissue anterlor to Henle's ayer.Themacular
scan is composed from six linear scans n a spoke pattern
configuration equallV spaced 30! apart. n the coior coded
macular thickness map b Lre co or represents thinner retina
and yellow green, thicker retine OCT has becol.ne part of
routine imaging modality u,,th suspecied or knowr maculaT
patho ogy. (FiC.6)

f c.6

lnterpretation of Abnormal OCT lmaging

Reflectivity pattern ofthe scanned images is used to nterpret abnormalfinding as fol ows:

Hyperreflectivity: lt can be caused by inf ammatory lnfi trate into any layer of retina, fibrosis ike discifornj
or other scar, hard exudates, and hemorrhages. Thin hemorrhages appear as thin, high reflective bands
with little effect on underlying tissue. Thick hemorrhages completely attenuate refiections from
underlying structures.

Hyporeflectivity: lt can be caused lly retinal edema, serous fluid, hypopigmentation of RpE.

NatureofFluid:ltisbasedonthebasisofreflectivity.serousfuidiseitheropticalyclearorhyporeflective,
b ood has both enhanced reflectivity and increased attenuation of incldent light. Exudate typically has
intermedlate appeara nce between b ood a nd serou5 f u d

Appl;cations

App -ar'or or OC car a< - -" a it.a d

(a) FolowUpoftheclinica course,understandlnBthepathogenesisofthedisease.

(b) For assessing the response to medical, surgical,lasertherapy.

(c) For documentation and explaininB the prognosis of a particular disease.

OCT in Glaucoma: OCT provides high resolution measurements and cross sectiona imagingoftheretina,
optic d isc and RNFL. Recent studies indicate that RNFL th in n ing to be the first sign of early glaucoma. The
main uses are

To evaluate the RNFLfor early (pre perimetric) gla u coma detection

To detect, study and follow the macular changes in hypotony induced maculopathy after elaucoma
surgery

To evaluate cystoid macular edema after combined cataract and giaucoma surgery.

OCI in Macular diseases: OCT provides reproducib e, high resolution, cross-sectional imaging ofthe retina
::,,,sdlzgnosis,monitoring,andquantitativeassessrnentofmacularpathology.
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a) Macular Hole: Diagnosis and staging of rnacu ar ho es by
: lmicroscopy can be difflcult for even the n'ros: exoerenced

=,:miners owing to sirrulating conditlons sLc. :s : :-: a, ro e,

:'60macJdr ract ola' .yroro-np. d_o c,::: c '. -.-:'--.---i
:qceltralcy.l.lr 5al,oLseJJ 'r r ol ro'_B__q'.. --:::' .- :

_etl_e'spontaneoLs re)olJrror o- p-og ess:o- c' '- -.-'.:'
- r.ular hole, and the response to surgicalinterveniior t'S:

Iig.l

(b) Epiretinal membrane: OCT -..:s ::-. a ::gioi s of
:'a S,i :::: a.afaint, diaphanous membTanes anc a,:. :: :

asset)me1l of tactors "o.lt-b,ri1g ro .. :.
rrormatior aboLl merb.ale lhr(iress. c!

adherence to retinal surface.

Cystoid macular edema: Although cystoid
-ges are vislble by slit lamp blor.icroscopy and
'escein angiography, only OCT can quantitatively
::s retinal thickness and demonstrate any
,:ated RPE structural anomalies beneath the
-atous retina, which can be obscured by leakage
,-giography. Measurements of retinal thickness
::T correlate more strongly with visual acuity
_ . p prF\en(eof leakage onanBiogrdphy.

fis.9

fig.8

(e) Diabetic retinopathy: : -:: , ; .-. -.-: .,...-..
'de":. - -.:-: .,. - '':':t:,:: - :. -
od:".r,__ i::- :'j: .::-, :_ -1,:- --.t.
se'lsi.::-:- 3 a- a_:;:a:. _:::::: -: -::- :.:a:..a
OCIatro3: gi'.esi-e a . .a - !:aa:i-a ai, a::re.altial
layers ihat helps n E a:r-r:- -.a€.s::-c:ro of ihe
pathogenesis of the dise.se p.oaeas. : .s a jseiu iool in
monitoring response to an intervention l. CS i,4 E.

fie.10
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(g) Cen al Serous Chorioretinopathy: lt is effective in

quantifying the amount ofserous fluid accllmulation in CSR'

It is also used to monitor the course of CSR. lt exhibit well

defined reflectionatflu dRPElnterface,whereaselevation
of RPE reflection above an optically c ear space occurs when

the plgment epithelium is detached.

fig.71

Limitations

presence of conditions lil<e asteroid hya osis, c oudy rned ;. :rlgi' asilgrnatism, decentred ensimplantanc

dense cataracts can compromise quality of the ton'ogr' -s

Limited transverse samPling
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