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Measuring the corneal thickness...

Pachynetry: ~
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What do we know?
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Corneal Thicknes:
IS Not Uniform!
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What do we know?
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A.J. Kanellopoulos and G. Asimellis,

dnvivo twodimensional epithelial imaging of corneal epithelial thickness in noeyre

by anterior segment optical coherence tomography: a clinical refersin =~~~

Cornea €3-00329 (2013) ?

LaserVision.gr

T

L hohd



LaserVision.gr

Why is

Co

rneal Thickness so Important?

Ocular Health

Indicator

Refractive Surger

|IOP Adjustmeng

Glaucoma

Ectasia indicator

T

A P

wEndothelial Cell damage

wC dzOBySraphy

w CornealOedema Bulluskeratopahy Posterior polymorphous dystrophy,
wHerpes Keratitis

wScreening for LASIK or PRK
wPostOperative Assessment

wA Thin CorneaDanger of Misreading IOP

wKeratoconus
wPostLasik ectasia
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Corneal Imaging Today

XNJ LIARTf & | XAYUSHNJ'f

ophthalmic departments

Would an orthopedic surgeaiwday operateon a fracture
without an xray?
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The many choices

Whichtechnology isnore
suitable fora corneal
pachymetry measurement?

LaserVision.gr

‘ UltraSoundcontact, slitlamp adapted),

‘ Scanning Ultrasound Imaging (Biomicroscopy),

‘ InterferometricBiometry,
|
‘ Confocal + Specular Microscopy,

|
‘ Scheimpflug Imaging (Pentacam),

[
‘ Scanning Slit Bear(bScalp

‘ Optical Coherence Tomography (antersggment).
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Classification

What?

Local thickness,
peripheral thickness

Two-dimensional
map

Resolution

Sublayer
discrimination

LaserVision.gr

RTepery

How? Modality?

Contact
Acoustic

Immersion

Optical
Non-contact

How well?

Precision + Accurag
Speed and Ease
Spatial Scale

Other data provided
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Comparison of Pachymetry Methods (1)

_/
UltraSound : : : : :
" S Optical SlH.amp Specular Microscopy  ScannineSlit Based
TraditionalUltraSound Biomicroscopy and
Scanning VHBS Pachymetry Based (Orbscan

Based on anterieinferior
surface reflections

Measures focal distance

10-20 MHz sound waves e
through anteriorg inferior

50-MHz up to 76MHz Image doubling, manual

Both contact and non

contact Non-contact

Contact Immersion (Saline Bath) Non-contact

Nosublayempachymetry SublayePachymetry Nosublayempachymetry Nosublayempachymetry Nosublayermpachymetry

High resolution 2D
mapping

Easy to obtain peripheral
difficult to standardize

Low resolution, No-D No 2D \[e}21D) 2-D data display

Not reliable peripherally Not reliable for periphery Not reliable for periphery Peripheral pachymetry

Most common method PostOp lamellar thicknes:
used clinically visualization

Applicable for post

Provides cell counts refractive pachymetry

SlitLamp mounted

Provides cell layer
visualization

Concurrent topography
Elevation data

Fast, simple, dry techniqu Sublayedetail

Simple to use

U
D
®.
=
D
D
®)

- e \EQNET rv
edematous corneas, complicated technique, anual, observer

dependent precision

(for contact): risk for
corneal abrasion

Passing through center o
twice

9
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Comparison of Pachymetry Methods (2)

\

Optical Coherence %pglrfli:rlel_nc::\g
Tomography Reflectometry

Infrared interferometry
(similar to OCT)

Infrared interferometry

Non-contact Non-contact

SleliEye ey ey Limited potential for

sublayempachymetry
2-D data display

2-D not currently available

Easy to acquire data, eas

to standardize : :
Applicable for intra

operative measurements

Applicable to Post
operative assessment

Measures through opacit Intraoperative

high resolution scans

Not possible to provide
maps

May require Anterior
adapter

Confocal Microscopy

ThroughFocusing

Tight focus through corne;
structures

coOUIULIU TAY,

sublayerpachyme_try and

Periphery requires
repositioning
Cellular morphology;
detects microbial presenc

Highresolution, can
quantify haze/scatter

Slow, poor penetration of
opacity

Laser Doppler
Interferometry

Dual beam Doppler lase

Non-contact

Nosublayerimaging

No 2D

Nor reliable for periphery

Plus, can measure axial
length

Simple, good precision,

Minimal clinical experienc

Scheimpflug Imaging

(Pentacam)

Scheimpflug focusing

Highresolution

2-dimensional

Peripheral data
Excellent for preand post
operative assessment

Highly studied

Possibly overeporting CC

Elevation, keratometry,
anterior & posterior data




LaserVision.gr

a3
LLkend




The Laws of Optics Impose Constraints

@

\ g

100 U
30
eimpflug Imaging
10
OCT,
3

1
>
0.3 1.0 3.0 10 30
Depth range (log mm)
-
-~ D
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UltraSound

Principle of wreflection of elastic wave due to
operation: different elastic modulus

—a N generated b
UltraSound Waves reflected ' /‘ " B piezoelectric
Emitter / Transducer from elastic boundaries R\ element

n H acting as

high emitter
frequency
LaserVision.gr

mechanical

pulses, detected by
the same
element
acting as

transducer




Traditional

UltraSound

LaserVision.gr

Traditional UltraSound

w10-20 MHz sound waves
wContact
wNosublayempachymetry

wNot accurate for edematous corneas, difficult to
reposition/standardize location with precision

Pros

Penetration through opaqueé

cornea.

Widely established, most
common clinical method

cons

Repeatability, difficult to
reposition, standardize

Not reliable for periphery

Possible risk of corneal

abrasion,

Requires contact (need fo

anesthetic),

a\'
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The Ubiquitous UltraSound
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Scanning UltraSound - Artemis

wimpedance changereflection

LaserVision.gr



VHF Scanning UltraSound Artemis

CORNEAL REPORT Notes:

Name:

Gender: Male

DOB:

1D: ASG20111205N
Eye: 0D (Right)
Scan Date:  Dec 05,2011
Status: Pre-OP

L

a

Mcan Epithelial Thickness Overall — S0um '
Mimimum Stromal Thackness 159um o
Minimum Corncal Thickncss S4dom :
Meam Comeal Thickness i€ 03 mm  $52um 3
Mean Comeal Thickness i 3-6mm  S66um 4
Minimum Resshial Stroma —_— 4
Mesn Stromal Componcnt of Flap ~ +-eeme La
Mcam Flap Depth Oversd] —— ‘
Moan Flap Dcpth @ 0-3 i — 2
Mcam Flap Depth ¢ 36 mm AR '

Corneal Thickness :
LaserVision.gr Stromal Thickness




UltraSound

Biomicroscopy
and Scanning wPostOp lamellar thickness visualization

VHFUS

LaserVision.gr

VHF Scanning UltraSound Artemis

w50-MHz up to 76MHz
wSublayeiPachymetry

standardize

wSublayedetail (can visualize LASIK flap)

wRequires saline bath, risk of abrasion, complicated
technique, difficult to standardize.

wHigh resolution 2D mapping
wEasy to obtain peripheral measurements, difficult to

Pros

White-to white
visualization

Epithelial and
stromal thickness

2-D maps

Corneal
pachymetry

Cons
Difficultto maintain
centration

Long acquisition
time

Requires saline
immersion

\

’__
<
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Confocal Microscopy

Principle of

wTight focusing and increased contrast through equal

operation: optical length illumination and detection optical paths
:_?:f\ow — —t= —> ‘“'?+\-\ }/;,. ........
— :;;// /7 = \

Optical Conjugates

LaserVision.gr

RTepery

L LoD



Confocal

Microscopy

to detection "~ illumination source

wContact

: wHighresolution withsublayermpachymetry and
Tlght focus cellular details

through w2-D views
Corneal wPeriphery requires repositioning

i i w Cellular morphology; detects microbial presence
Structures wHighresolution, can quantify haze/scatter
w Slow, poor penetration of opacity

LaserVision.gr

gpithelium

‘.I.l BO \AJ rr} a rl .’g -
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- P troma
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....... s “endothelium
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A Confocal Microscopy
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Partial Coherence Techniques

OLCR (Optical Low Cohereiiflectometry

- May
®  Claiming no false readings
non-contact, no
accuracy an& ncern i form ~ through no need for any
° reproducnblllty) Cgtgﬁl,zgtfg,?ﬁ“ )eas y performed, indentation of drops.

measure
separately
the

the cornea, . :
cpitheliurg

Axial aiming beam
-_——
LaserVision.gr e E



Optical Low Coherence Reflectometry
P y

Axial aiming beam

(Owe’a/
ngb@a,,
Twospots on cornea Onespot
Distancefrom slit lampto patient either too short or too long. Bothspots convergentcorrect distanc

LaserVision.gr



Optical Low Coherence Reflectometry
J y

L)
wlnfrared interferometry (similar to OCT) = .
- wNon-contact
Optlcal Low wLimited potential for sublayer pachymetry \
Coherence «2-D not currently available

Reﬂectometry wApplicable for intreoperative
measurementsdgduring refractive

surgery)

LaserVision.gr
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Interferometric Biometry

J
Infrared interferometr - :
(similar to OCT) Nez Limited potential for
’ sublayempachymetr
contact yetpachymetry
| . ical L heren
| LenSta®00 (Haaebtreit) Sleeel Lot ColslEnee
.3 Reflectomet
2-D not currently Can be used to obtain
available most biometry data
A.JohrKanellopoulos and Geordesimellis
oCorrelatiorBetween Central Corneal Thickness, Anterior Chamber Depth, and Corneal Keratometry
as Measured by Oculyzer Il and WaveLight OB820 in Preoperative Cataract Batigatg
Journal oRefractive Surgery 28 (12), 8980 (2012)

LaserVision.gr
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Interferometric Biometry

OLCI (Optical Low Coherence Interferometry)

EyeSuite™ - A-5can B3

H = S Q O rnaxic 02.06.1960

Examination 2 of 11.12.08
Analysis 9, standardized

S oD

25 -

1[,@

15

AD [mm] LT [mm] RT [Mm] AL [mm] CCT  Cornea thickness
.01 4.64 200~ 23.96 [ A0 Adusous depth
LT Lens thickness
3.04 4.61 200+ 2394 ¥ R  Retinathickness
.04 4 &0 200+ 2396 [#] AL Audallength
3.00 4.66 200 23.97 e oo
302 4 65 2007 2396 [z Lid System constant
Average 494 pm 3.02 mm 4.63 mm 200 pm 23.96 mm
Standard desw. 1.1 0.018 0.025 oo 0.013

o[ Cance ]

LaserVision.gr
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Infrared interferometry

Time Domain vs.
Frequency Domain

LaserVision.gr

Anterior-
Coherence Tomography

Segment Optical

/

AKin to submarine
ultrasound, but insteac
of sound waves,
photons.

Relative difference in
path lengths of
reference and

measurement arms

determines
interference pattern.

Time Domain Frequency Domain

Scanning mirror Fixed mirror

Fourier Domain Processing

Low
Coherence Source

Beam
A splitter

Scanning mirror

Detector

°

Partial Coherence
maintains interference over
short distances (interference length)



Anterior-Segment Optical
Coherence Tomography

A-Scan

N
HM L[ hl 'f 'y ”“ a ey - NN
| ya \’3::1.‘:\\
.1~| | i f" | \ i Z AR
|l I ?I #l ‘ v, 511‘1\ AN
(| . i b ¥
J h ) A_A_l | [ l __41‘ | - j| i = : ! ‘-"l-"}\‘,\
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‘ 1
\I.

B-Scan N

Multiple optical Ascans combine to produce cressctional image at different meridians

LaserVision.gr
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Anterior-Segment Optical
Coherence Tomography

/

Source center

wavelength Tissue density

Penetration Length
L Depends on:

Water absorption
Source power minimizationdictates
acquisition rate use of either 830, 980
or 1300>m sources.

L uohd
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Source and Wavelength Matter a lot!

1310 nm

wDeeper
penetration




LaserVision.gr

Anterior-Se

egment Optical
Coherence Tomography

%

Pros

wNon-contact,

wSublayempachymetry,

w2-D data display,

wEasy to acquire data, easy to standardize
wApplicable to Posbperative assessment,
wMeasures through opacity,

wVery High Resolution,

wSelect meridional scans.

Cons

wSome developed for retinal imaging,
and thus require Anterior Segment
adaptor,

wLimited view (W/AS adaptor),
wSmall penetration depth,

Dedicated
systems sca
wider (1216

mm) and
deeper (67
wCan be slow (TimBomain), rﬁm)(

wSoftware yet to be fully developed.
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Clinical Applications
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Mechanical

Femtosecond assisted
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Pachymetry with AS-OCT
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Spectral (Fourier) Domain AS-OCT

Jean Baptiste Joseph Fourier RTVuel00,iVue (Optovuelnc.
(21 March 176& 16 May 1830 Fremont, CA),

mercibeaucoup, Jean!

OCT/SLO Combination Imaging Sys
(Optos Inc. Marlborough, MA),

Higher SD OCT SS1000 CASIAI‘ o0meyCorp. Nagoya,
resolution systems /— Japan) (dedicated AS),

(Fourier available for AS X Copernicus SOCODftoPolTechnolog)
DSo_mal? imaging S.AZawiercie Poland),

Igha :
In;:reeaes(,_jed Procgssin SpectraliOCT (Heidelberg Engineel
P GmbH, Heidelberg, Germany)
(Dedicated AS)

EnvisuC2200 & C230@(optigen
Morrisville, NC)

. 2
LaserVision.gr -
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Time-Domain vs Spectral Domain AS OCT

1310 nm 830 nm
3-6mm 2.3 mm
18 um 5um
60 um 5-10 um
128 - 512 1024

2048 26,000

0.25 - 0.5 sec (1 scan per merid) 0.31 sec (5 scans per meridian)
Approx. 12-14 mm 4 -6 mm

V-Trac system aligns images on

corneal vertex Corneal vertex

Dedicated Anterior Segment Hybrid Anterior/Posterior Segment

e \ iy
]

)
L io b))



Time-Domain vs Spectral Domain AS OCT

The Need for Speed

Spectral Domain OCT scan speed minimizes the motion

-
(o]
o
o
o

LaserVision.gr

l Time Domain OCT
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High Resolution allows for Clinical
Applications

- . ,"'}
Incision %"

LASIK flap visualization

Uihebd
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Clinical Applications
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Clinical Applications
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Clinical Applications

A.J. Kanellopoulos and G. Asimellis,

dntroduction of quantitative and qualitative cornea optical coherence tomography findings

induced by collagen crofisking for keratoconus: a novel effect measurement benchénark
Clinical Ophthalmology 7, 32835 (2013)

—
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Pachymetry with AS-OCT

/
gon  Pachymetry Map 6mm x 6mm A ]
780 h/ ¢Qa KAIK Nbazf dzi A 2
_ accurate boundargefinition

700

Pachymekry:

Pachyrnetry skatistics within central Srm zone

SN-ITEZ-Brm): | 22 S-I(2-5rm): | 17
Min: | 52g Location ¥: | 277
Min-Median: | _15 Min-Max: | 47

Min thickness ak(-0,607mmm, -0.277mm) indicated as *

380

Map produced by interpolation
340

L uohd
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Pachymetry with AS-OCT - Keratoconus

Pachymetry Map

L LoD



Pachymetry with AS-OCT - DSAEK

Pachymetry Map

oh)

.. e 2
LaserVision.gr
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660
—620
— 580
—540

300 pm

LaserVision.gr

Pachymetry with AS-OCT - LASIK

Pachymetry Map 6mm x bmm

A

CLiehd
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Epithelial Pachymetry with AS-OCT

80
75
70
— 65
—60
[ 55
50
45
40
35
30
25
20 pm

an0 Pachymetry Map S 6mm x 6mm  Epithelium Map S 6mm x bmm

740
700
—660
20
580
540
500
460
420
380
340
300 pm

A.J. Kanellopoulos and G. Asimellis,

OGAnterior segment optical coherence tomograplagsisted topographic corneal epithelial
thickness distribution imaging of a keratocomagientt <

Case Reports in Ophthalmology4-78 (2013)

L LoD
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Epithelial Pachymetry with AS-OCT - KCN

S

Pachymetry Map

6mm x 6mm  Epithelium Map S 6mm x 6mm a0
ggg Pachymetry Map S 6mm x 6mm  Epithelium Map S 6mm x 6mm a0
740
700
—660
620
| 580
540
500
460
420
380
340
300 pm

A.J. Kanellopoulos and G. Asimellis,

OGAnterior segment optical coherence tomograplagsisted topographic corneal epithelial
thickness distribution imaging of a keratocomagientt <

Case Reports in Ophthalmology4-78 (2013)

LaserVision.gr
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Scheimpflug Imaging

High resolution requires small
depth of field (small f#)

detector

.‘\O.‘l‘s e o -
(SIS TS Wil s e e
sometihunng, \ay

focus » noun !
life cenTRE , fTOC

Image plane

Lens and Image plane
are typically parallel

Lens plane

Focal plane
parallel to both
Focal plane Lens and Image planes

if the subject plane is not
parallel to the image plane, it will be
in focus only along a line that intersects
the plane of focus

1111111111

I
~
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heimpflug Imaging

J
Theodor Scheimpflug m tilt the lens!
(7 October, 186% 22 August 19111
Ichdankelhnensehr, Theodor!
Scheimpflug
intersection
Scheimpflug principle:
) ) : The lens is positioned so that
subject completely in focusl the image plane, the lens plane, and the
subject plane intersect

’:

L LoD



Scheimpflug Imaging

Principle of wHighresolution, high depth of field
operation: Imaging

Very fast
acquisition

Sequential
Images
(25/50)

software
analysis 2
LaserVision.gr S
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Scheimpflug Imaging

wNon-contact
wHighresolution
_ w2-dimensional reconstruction
Schelmpﬂug wPeripheral data
: wExcellent for preand postoperative assessment
Imaglng wHighly studied
wPossibly overeporting CCT
wElevation, keratometry, anterior & posterior data

Clinical Instruments

wPentacam (Oculus),

wOculyzer Il (WaveLight)
w Galilei Zeime)

3
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LastName: |
First Name: |
1D: |

DatectBith  [15061392  Eyec [Right
ExamDate:  [25.11.2011 Time: [17:3214

Exam Infoc |

0° Coenea Front
/ - RE |7.95 men K1: Il?.50
&7, /j‘! R [[3tmm k2[00
20" Am[Toiwm ke [#20

s [0k @y [@27 Ay [350
ey 072 Rpec [820mm R [663mm

0° Comea Back
f -\. R [665 mm k1 [€00
‘ « Rs |538 K2 |670

z o' RAm [831m Km [63D
s [oK gy @0 asg [070
e P71 Rper: [688mm  Rrino[5:33

PupiCenter.  + lﬁ I)iﬁl' Foo_a!'
Pachy Apex: [ooo- [ooa
Thinoest Locat: © 483 = [=
K Max. (Front): 5050 [ EET

Comea Volume: S548mm?  KPD: +1.2D0
Chamber Volume:  [280mm®  Angle:  [456°
ACDeph(n} [380mm  PupdDia [287 vm

EnhstIOPl 10P{Sum): Io‘.3 mmHg  Lens Th: I
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Pachymetry with Scheimpflug

LastName: |
First Name: I
1D: I
=== DatectBith  [15061992  Eyec [Fight
ExamDate:  [2511.2011  Time: [17.3214 }
Examinfoc |
el
Coenea Front ._,{*
At [795mm k1 [425D =
' « Rs: |7.34 men K2 [460D ﬁ
, 20t Am [T6hwm  km [#2D 40 —
s [oK @y [z asg [350 P
A e
N\ v [072 Rper [E20mem Arinc [683rom 3
io' Conea Back
f ~, Rt [68mm k1 [§00 7
8 7%Rs [F8/mm k2 [€70 S
270" Rm [6.31 men Km: |63D X
os: [oK oy @07 A [070
F,‘:fmllan Rpec [688mm  Rmino[5.33mm
" f Pachy: men i)
PupiCenter  + [48Bym imu i«m
y Pachy Apex : |4$nm laoo Io.uo
F_-.' Thirnest Locat: O [483ym [o® [0
’ | KMax (Fony  [5050 [oe [79
F -% ComesVokme:  [S48rm>  KPD:  [+12D
LA
E . se A ChamberVolume:  [Z50mm®  Anglec  [456° 050%
ACDephlnt}  [380mm  Pupi Dia [287 men Difference
Enter I0P| 10P(Sum) [+43maHg Lens Th: |
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Same patient, same dg

Pentacam




How Can we Compare?

- - — —
5 NCBI  Resources [¥/How To (¥

Publed ;..

US Mational Librany of Medicine
Mational Institutes of Health

PubMed 7| corneal thickness comparison

ERSS Save search  Advanced

Show additional filters

Article types
Clinical Trial
Review

More .

Text availability
Abstract available
Free full text available
Full text available

Publication
fdates

Display Settings: [>| Summary, 20 per page, Sorted by Recently Added send to:

Results: 1 to 20 of 536 Page of 27 MNext>  Last=»

Evaluation of central corneal thickness afier cataract surgery. penetrating keratoplasty and long-
1. term soft contact lens wear.

Sel S. Trau S, Knak M, Kalinski T. Kaiser D, Kruse FE, Huchzermeyer C. Duncker Gl. Paulsen F,
Auffarth GLL, Nass M.

Cont Lens Anterior Eye. 2013 Apr 18, doi:pii: 31367-0484013)00044-1. 10.1016/].clae.2013.03.002. [Epub ahead of
print]

FPMID: 23602346 [PubMed - as supplied by publisher]

Related citations

3
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How Can we Compare?

pp WYYy 2NXI

584-‘ « "/A". 7,' % ' ’_. & ol
m- ~ '.4-.. s .’:' " o i
536
] ‘,,.. Ocuiyzerll = 4928 + 0.9205 AS-OCT
504j M0 460 480 SO0 520  SA0 S0 580 600
488 AS-OCT
e Caution!

Oculyzerll
EEREEEER

Central Corneal Thickness (pm)
w
S

3

456 §
o 5 = Pentacam may
‘ ‘ : : 2 s a overestimate CCT
Oculyzerll AS-OCT HF-UBM g = 7.4
g Mean = +12.20
A.JohrKanellopoulosioannisM. Aslanidesand Georgésimellis LA = -31.83
oHighResolutiorPentacam, Anterior Segment OCT, and Higdguency Ultrasound E 50
Biomicroscopy for Corneal Mapping: Comparative Study
CEOptorrl3-082-0P 2013) o
R % w0 W s R ? v
Corneal thickness average (AS-OCT Oculyzer II) (in
LaserVision.gr . | E



Thank you for your attention
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