
OPTICAL COHERENCE TOMOGRAPHY 
OF THE ANTERIOR SEGMENT   

 

Essay 
Submitted for Partial Fulfillment of M.Sc.Degree 

In Ophthalmology 
  

By 
 

Mona Mohammed Mohammed Abd-Alhady 

MB.B.CH 
 
 

Supervised by 

Prof. Dr. Saad Mohammed Rashad 
 

Professor of Ophthalmology 
Faculty of Medicine 

Ain-Shams University  
 
 
 

Dr. Dina Ezzat Abdel Aziz 
 

Assistant Professor of Ophthalmology 
Faculty of Medicine 

Ain-Shams University  
 
 
 
 
 
 
 
 

Faculty of Medicine 
Ain-Shams University 

Cairo-Egypt 



Acknowledgement 
I would like to express my appreciation and sincere 

gratitude to Prof. Dr. Saad Mohammed Rashad, Professor of 
Ophthalmology, Ain Shams University, for suggesting the 
subject and for his valuable and generous advice. His 
constructive encouragement and great patience were behind 
the accomplishment of this review. 

I wish to thank Dr. Dina Ezzat, Assistant Professor of 
Ophthalmology, Ain Shams University, for her valuable time 
and continuous guidance in preparing this essay. 

My deepest gratitude and appreciation are presented to 
my family for their sincere help and encouragement in my 
career and life. 

 



 

i 

Contents 
• Introduction and Aim of the Review......................................١ 

• Review of Literature 

CHAPTER ١: Optical Principle of OCT 

١. Measuring Micro-structural Information ............................................٥ 

٢. Theory .................................................................................................٧ 

٣. Tomographic Imaging.........................................................................٩ 

٤. Quality Parameters of AS-OCT........................................................١٣ 

٥. Optical System for Anterior Segment Imaging ................................١٥ 

CHAPTER ٢: Instrumentation and  Technique of AS-OCT 

١. Commercially Available Retinal-OCT .............................................١٦ 

٢. Conventional AS-OCT......................................................................١٨ 

٣. Prototype Real-time AS-OCT...........................................................١٩ 

٤. Hand Held OCT Probe......................................................................٢١ 

٥. Visante...............................................................................................٢٢ 

٦. Slit-Lamp Adapted OCT...................................................................٢٦ 

٧. Anterior Chamber / Cornea OCT......................................................٢٧ 

٨. Ultrahigh-Resolution OCT................................................................٢٨ 

٩. Alternative Methods of Imaging.......................................................٣٠ 

CHAPTER ٣: Interpretation of AS-OCT Image  

١. Qualitative Analysis..........................................................................٣٥ 

٢. Quantitative Analysis........................................................................٤٢ 

CHAPTER ٤: Clinical Applications of AS-OCT 

I) Corneal Imaging..................................................................................٥٠ 

١. Central Corneal Thickness........................................................٥٠ 

٢. Laser Assisted In-Situ Keratomileusis......................................٥١ 



 

ii 

٣. Intra-Corneal Inlays ..................................................................٥٥ 

٤. Keratoplasty ..............................................................................٥٦ 

II) Anterior Chamber Angle Imaging ......................................................٥٨ 

١. Angle Closure Glaucoma..........................................................٥٨ 

٢. Angle Closure Glaucoma with Corneal Opacity ......................٦٢ 

٣. Dynamic Studies .......................................................................٦٣ 

٤. Postoperative Role ....................................................................٦٤ 

III) Crystalline Lens Imaging..................................................................٦٧ 

١. Cataract Grading .......................................................................٦٧ 

٢. Postoperative Role ....................................................................٦٨ 

IV) Anterior Chamber Imaging ...............................................................٧٢ 

١. Biometry ...................................................................................٧٢ 

٢. Dynamic Studies .......................................................................٧٥ 

V) Iris Imaging .......................................................................................٧٧ 

١. Rubeosis Iridis ..........................................................................٧٧ 

٢. Iris Tumours..............................................................................٧٨ 

VI) Other Uses.........................................................................................٧٩ 

١. Scleral Imaging .........................................................................٧٩ 

٢. Role in Trauma .........................................................................٧٩ 

CHAPTER ٥: Advantages, Limitations, and Future of AS-OCT  

١. Advantages................................................................................٨٠ 

٢. Limitations ................................................................................٨١ 

٣. Future ........................................................................................٨٢ 

• Summary ................................................................................٨٣ 

• References...............................................................................٨٤ 

• Arabic Summary....................................................................٩٧ 



 

iii 

List of Tables 
 

 
Table No. 

 
 
 
١ 
 
٢ 
 

 

 
Title 

 
 
 
AS-OCT anterior chamber biometry results…………… 
 
AS-OCT imaging technique versus that of the UBM…. 
 

 
Page
 
 
 
٤٩ 

 
٨٠ 



 

iv 

List of Figures 
Fig No.  Title Page 

١.١ Schematic diagram of a typical OCT..........................................  ٤ 

١.٢ Low Coherence Interferometry ..................................................  ٦ 

١.٣ FD-OCT system ..........................................................................  ٨ 

١.٤ Experimental set-up for thermal-light full field OCT.................  ٩ 

١.٥ Tomography versus Topography...............................................  ١٠ 

١.٦ Image measurement using OCT .................................................... ١٠ 

١.٧ Dewarping of an OCT image of the macula ..............................  ١١ 

١.٨ Gray scale OCT image of the anterior chamber of a human eye 
obtained in-vivo ..........................................................................  ١٢ 

١.٩ False color representation of the same OCT anterior eye image 
shown in (fig. ١.٨) .......................................................................  ١٣ 

١.١٠ Schematic diagram of high speed fiber-optic interferometer 
OCT System................................................................................  ١٥ 

٢.١ Humphrey OCT system ..............................................................  ١٦ 

٢.٢ Stratus OCT system ....................................................................  ١٦ 

٢.٣ Topcon OCT and OTI OCT/SLO ...............................................  ١٧ 

٢.٤ Retinal-OCT image of an open chamber angle and 
corneoscleral region.................................................................  ١٨ 

٢.٥ Wide-field (١٦x٨ mm) AS-OCT cross-sectional image at the 
٤٥° meridian................................................................................  ٢٠ 

٢.٦ Three consecutive raster AS-OCT images (٧x٤ mm each, ١ 
mm apart) of the anterior chamber..............................................  ٢٠ 

٢.٧ The use of Hand Held OCT probe for real time anterior 
segment imaging .........................................................................  ٢١  

٢.٨ Visante OCT system ...................................................................  ٢٢ 



 

v 

Fig No.  Title Page 

٢.٩ Anterior chamber angle with the Visante OCT demonstrating 
angle visualization.......................................................................  ٢٣ 

٢.١٠ User interface and ergonomics of Visante ..................................  ٢٤ 

٢.١١ SL-OCT system: Zeiss meditec and Heidelberg engineering.....  ٢٦ 

٢.١٢ AC cornea OCT system ..............................................................  ٢٧ 

٢.١٣ Coronal OCT image reveals the nature of Descemet's 
detachment and location of the break .........................................  ٢٧ 

٢.١٤ Ex-vivo full-field UHR-OCT imaging of the anterior segment 
of unstained tissue samples of a rat eye ...................................  ٢٩ 

٢.١٥ Reflection of light and sound from the eye ................................... ٣٠ 

٢.١٦ UBM Instrumentation and Technique......................................  ٣١ 

٢.١٧ Anterior segment imaging by UBM ...........................................  ٣١ 

٢.١٨ Anterior chamber angle estimation with Orbscan IIz .................  ٣٣ 

٢.١٩ Anterior chamber image with Pentacam-Scheimpflug...............  ٣٣ 

٣.١ Histology of the anterior segment of the eye ...........................  ٣٥ 

٣.٢ OCT image of a normal anterior segment of the eye ...............  ٣٥ 

٣.٣ Microscopic Anatomy of the cornea ..........................................  ٣٦ 

٣.٤ OCT image of a healthy human cornea In-vivo .......................  ٣٦ 

٣.٥ Microscopic anatomy of the iris and the lens of the Rhesus 
monkey ........................................................................................  ٣٧ 

٣.٦ OCT imaging of the pupillary light reflex of a lightly 
pigmented eye ..........................................................................  ٣٧ 

٣.٧ OCT image of the angle region of a darkly pigmented eye 
revealing the anterior portion of the ciliary body......................  ٣٨ 

٣.٨ OCT image of the region just posterior to the limbus showing 
the posterior portion of the ciliary body...................................  ٣٨ 

٣.٩ Microscopic anatomy of the sclera ............................................  ٣٩ 



 

vi 

Fig No.  Title Page 

٣.١٠ OCT image of the iridocorneal angle demonstrating the scleral 
spur and angle recess...................................................................  ٣٩ 

٣.١١ Structures of the angle of the anterior chamber .......................  ٤٠ 

٣.١٢ OCT image of the angle region of a darkly pigmented eye ......  ٤٠ 

٣.١٣ Microscopic anatomy of the lens ...............................................  ٤١ 

٣.١٤ OCT image of a normal anterior segment in large field with 
visualization of the crystalline lens.............................................  ٤١ 

٣.١٥ Measuring CCT using OCT .......................................................  ٤٢ 

٣.١٦ OCT scan pattern for pachymetry mapping................................  ٤٣ 

٣.١٧ AS-OCT corneal pachymetry map...........................................  ٤٣ 

٣.١٨ Gonioscopy angle grading scales................................................  ٤٤ 

٣.١٩ Angle imaging and measurement using OCT.............................  ٤٥ 

٣.٢٠ OCT of the ACA region .............................................................  ٤٥ 

٣.٢١ OCT image of AOD ٥٠٠ and ARA ٥٠٠ ..................................  ٤٦ 

٣.٢٢ OCT image of TISA at ٥٠٠ µm and other angle parameters ....  ٤٦ 

٣.٢٣ Anterior chamber sizing using OCT: revealing the anterior 
chamber width and the anterior chamber depth..........................  ٤٨ 

٤.١ OCT image of the progression of keratoconus ...........................  ٥١ 

٤.٢ Abnormal pre-op OCT pachymetry map ....................................  ٥١ 

٤.٣ OCT of a cornea guttata ..............................................................  ٥٢ 

٤.٤ OCT of an early cornea guttata, colored scale............................  ٥٢ 

٤.٥ OCT of cornea one day after LASIK..........................................  ٥٢ 

٤.٦ Flap thickness and Residual stromal thickness measurement 
tool...............................................................................................  ٥٣ 

٤.٧ Ablation difference map..............................................................  ٥٤ 



 

vii 

Fig No.  Title Page 

٤.٨ Epithelial invasion on Lasik........................................................  ٥٥ 

٤.٩ Intrastromal Corneal Ring Segments ..........................................  ٥٥ 

٤.١٠ Revision Optics intra-corneal hyperopia correcting lens............  ٥٦ 

٤.١١ UBM image of a cornea after PKP .............................................  ٥٧ 

٤.١٢ PKP, colored and gray scale .......................................................  ٥٧ 

٤.١٣ Lamellar Keratoplasty.................................................................  ٥٧ 

٤.١٤ Descemet's Stripping Endothelial Keratoplasty (DSEK) ...........  ٥٧ 

٤.١٥ Normal temporal and nasal iridocorneal angle ...........................  ٥٨ 

٤.١٦ Angle closure by means of OCT.................................................  ٥٨ 

٤.١٧ Angle closure glaucoma due to plateau iris syndrome, UBM 
and AS-OCT imaging .................................................................  ٥٩ 

٤.١٨ UBM imaging of malignant glaucoma .......................................  ٦١ 

٤.١٩ AS-OCT imaging of malignant glaucoma before and after 
surgical treatment ........................................................................  ٦١ 

٤.٢٠ PAS, UBM and AS-OCT imaging..............................................  ٦٢ 

٤.٢١ Extensive PAS through opaque and thickened cornea ...............  ٦٣ 

٤.٢٢ Narrow angle with two scans under photopic condition and 
under mesopic condition .............................................................  ٦٣ 

٤.٢٣ OCT scan of acute angle closure attack......................................  ٦٤ 

٤.٢٤ OCT scan after LPI: permeable iridotomies and enlargement 
of the anterior chamber of (fig ٤.٢٣) ..........................................  ٦٤ 

٤.٢٥ UBM image of a functioning filtering procedure .......................  ٦٥ 

٤.٢٦ AS-OCT image of a diffuse filtering bleb ..................................  ٦٥ 

٤.٢٧ OCT of cystic blebs.....................................................................  ٦٦ 

٤.٢٨ OCT of encapsulated bleb...........................................................  ٦٦ 



 

viii 

Fig No.  Title Page 

٤.٢٩ OCT of flattened bleb.........................................................  ٦٦ 

٤.٣٠ Glaucoma drainage device ..........................................................  ٦٦ 

٤.٣١ Anterior and Posterior polar cataract visualized by Slit-lamp 
versus AS-OCT ...........................................................................  ٦٧ 

٤.٣٢ Slit-lamp grading of PCO and the corresponding OCT images .  ٦٩ 

٤.٣٣ OCT peaks obtained in the same eyes as in  (fig ٤.٣٢) ..............  ٧٠ 

٤.٣٤ Aspect of the anterior chamber on the day of diagnosis of CBS  ٧١ 

٤.٣٥ Posterior movement of the IOL after capsulotomy with Nd: 
YAG to the same eyes of (fig ٤.٣٤) ............................................  ٧١ 

٤.٣٦ Safety distances to be respected in Artisan phakic IOL 
implants .......................................................................................  ٧٢ 

٤.٣٧ Staar ICL Vault ...........................................................................  ٧٣ 

٤.٣٨ Myopic Verisyse / Artisan phakic IOL.......................................  ٧٤ 

٤.٣٩ Angle-Supported Anterior Chamber Lens ..................................  ٧٤ 

٤.٤٠ OCT image of the anterior segment of an eye implanting 
Artisan®IOL with and without accommodation, ACD 
measurement ...............................................................................  ٧٥ 

٤.٤١ Forward movement of the anterior pole of the crystalline lens 
relative to accommodation ..........................................................  ٧٦ 

٤.٤٢ Maximum forward movement of the anterior pole of the 
crystalline lens relative to the age ...............................................  ٧٦ 

٤.٤٣ Artisan Lens with and without accommodation stimulus...........  ٧٦ 

٤.٤٤ AS-OCT imaging of rubeosis iridis ............................................  ٧٧ 

٤.٤٥ Primary iris stromal cyst, UBM and OCT imaging ....................  ٧٨ 

٤.٤٦ Melanoma of the iris ...................................................................  ٧٨ 

٤.٤٧ Patient after perforating eye injury .............................................  ٧٩ 

٤.٤٨ Foreign body in anterior chamber angle .....................................  ٧٩ 



 

ix 

List of Abbreviations 
 
µm ........................................................................................................ Micrometer  
 
µW.......................................................................................................... Microwatt 
 
λ ............................................................................................................Wavelength 
 
٢-D..............................................................................................Two-Dimensional  
 
٣-D............................................................................................Three-Dimensional  
 
% ................................................................................................................. Percent 
 
A-scan ...........................................................................................Amplitude-Scan 
 
AC ...............................................................................................Anterior chamber 
 
AC Cornea OCT ............................................... Anterior Chamber / Cornea OCT  
 
ACA ................................................................................ Anterior Chamber Angle 
 
ACD ................................................................................ Anterior Chamber Depth  
 
ACG ............................................................................... Angle Closure Glaucoma  
 
ACW ...............................................................................Anterior Chamber Width  
 
AOD ٥٠٠,٧٥٠..................................Angle Opening Distance at ٥٠٠ and ٧٠٠ µm 
 
AP................................................................................................. Antero-posterior  
 
ARA ٧٥٠ ,٥٠٠ ..........................................Angle Recess Area at ٥٠٠ and ٧٥٠ µm  
 
AS-OCT ................................ Anterior Segment-Optical Coherence Tomography 
 
B-scan.............................................................................................Brightness-scan 
 
BCVA.......................................................................Best Corrected Visual Acuity  
 
C-scan ............................................................................................... Coronal-Scan 



 

x 

CBS ...............................................................................Capsular Block Syndrome 
 
CCD ..................................................................................Charge Coupled Device  
 
CCT.............................................................................. Central Corneal Thickness 
 
CLR.......................................................................................Crystalline Lens Rise  
 
D ................................................................................................................ Dioptres 
 
db............................................................................................................... Decibels  
 
DSEK ...........................................Descemet's Stripping Endothelial Keratoplasty  
 
FD-OCT............................................................................... Fourier-Domain OCT  
 
FDA ........................................................................Food and Drug Administration 
 
Fig..................................................................................................................Figure 
 
H & E .............................................................................. Haematoxylin and Eosin 
 
ICL .................................................................................Implantable Contact Lens  
 
Intacs............................................................ Intrastromal Corneal Ring Segments  
 
IOL..................................................................................................Intracular Lens 
 
IOP .......................................................................................... Intraocular Pressure 
 
LASIK........................................................ Laser Assisted In-Situ Keratomileusis 
 
LI ................................................................................................... Laser Iridotomy 
 
LPI ...............................................................................Laser Peripheral Iridotomy 
 
m/sec............................................................................................ Meter per second 
 
MHz ..................................................................................................... Mega Hertz 
 
mm ......................................................................................................... Millimeter 
 
MMC...............................................................................................MytoMyCineC 



 

xi 

mW........................................................................................................... Milliwatt 
 
nm.......................................................................................................... Nanometer 
 
No°..........................................................................................................No Degree 
 
OCP.......................................................................Optical Coherence Pachymetry  
 
OCT .................................................................... Optical Coherence Tomography 
 
ONH ...........................................................................................Optic Nerve Head 
 
OTI............................... Ophthalmic Technologies Inc, Toronto, Ontario, Canada 
 
PAS..........................................................................Peripheral Anterior Synaechia  
 
PCIOL .......................................................... Posterior Chamber Intraocular Lens  
 
PCO.................................................................... Posterior Capsular Opacification 
 
PCT ................................................... Posterior Capsular Opacification Thickness 
 
PDS.........................................................................Pigment Dispersion Syndrome  
 
pIOL..................................................................................Phakic Intraocular Lens 
 
PKP ................................................................................. Penetrating Keratoplasty 
 
POAG................................................................... Primary Open Angle Glaucoma 
 
Post-Op ........................................................................................... Post-Operative 
 
Pre-Op ..............................................................................................Pre-Operative 
 
RNFL ............................................................................Retinal Nerve Fiber Layer 
 
RSB ......................................................................................Residual Stromal Bed  
 
SD ............................................................................................. Standard Deviation 
 
sec ................................................................................................................ Second 
 
SL-OCT .......................................................................... Slit-Lamp Adapted OCT 



 

xii 

SLD ............................................................................. Super-Luminescent Diodes 
 
SLO .................................................................... Scanning Laser Ophthalmoscope 
 
TD-OCT ................................................................................. Time-Domain OCT  
 
TISA ٥٠٠,٧٥٠ ............................... Trabecular Iris Spur Area at ٥٠٠ and ٧٠٠ µm 
 
VA .....................................................................................................Visual Acuity 
 
vs................................................................................................................... Versus 
 
UBM.............................................................................Ultrasound Biomicroscopy 
 
UHR-OCT ...................................................................Ultrahigh-Resolution OCT  
 
US .......................................................................................................... Ultrasound 
 
WTW ..............................................................................White To White distance 
  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

INTRODUCTION 


