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* Imaging

* Principi di fisica degli OCT
e SS-OCT

* AO-OCT & Imaging




Imaging




Ophthalmology

What is Imaging T

I termine 1maging ¢ stato inventato
qualche anno fa negli Stati Uniti, per
definire al meglio [I’evoluzione dei
processt di produzione e riproduzione
dell’1mmagine

* Identifica [l'integrazione tra tutti gl |EES
elementi, prodotti, tecnologie e servizi
che portano alla realizzazione di una
comunicazione visiva

In msieme f fia, informati




History of Imaging: afiood of innovation

e 1851 Hermann von Helmholtz

direct ophthalmoscope

e 1871 Adolf von Bayer

Nobel Prize in chemistry 1905, synthesized fluorescein dye

e 1887 L. Howe “Photographs of the interior of the eye”

Trans. Amer. Ophth. Soc. 1887

* 1915 Francis A. Welch and William Noah Allyn

world'’s first hand-held direct illuminating ophthalmoscope



1925/1932 Carl Zeiss by J.W. Nordenson

1930

1957

1961

1975

1979

1987

1991

modern ophthalmoscopy and photography
Stroboscopic flash by Harold Edgerton
“the man who stopped time”
Confocal microscopy by Marvin Minsk
father of artificial intelligence
Fluorescein angiography (FA) by Harold Novotny and David Alvis

The digital camera Kodak Laboratories by Steven Sasson

Scanning Laser Ophthalmoscopy SLO by Robert H. Webb

Digital photography integrated into a fundus camera by Topcon

Optical Coherence Tomography OCT by D. Huang, J. G. Fujimoto et al




Optical Coherence Tomography

Davib HUANG, ERIC A. SWANSON, CHARLES P. LIN,

JOEL S. ScHUMAN, WILLIAM G. STINSON, WARREN CHANG,
MicHAEL R. HEg, THoOMAS FLOTTE, KENTON GREGORY,
|CARMEN A. PuLiarrtO, JAMES G. FujiMmoTo*

Science, New Series, Vol. 254, No. 5035 (Nov. 22, 1991), 1178-1181.

Fig. 1. Schematic of the OCT scan-
ner. The SLD output is coupled
into a single mode fiber and split at
the 50/50 coupler into sample and SLD
reference arms. Reflections from
the two arms are combined at the

coupler and detected by the photo-
diode. Longitudinal scanning 1is
performed by translating the refer-

ence mirror with a stepper motor Detector Rl
stage at 1.6 mm s~ ', generating a Reference
3.8-kHz Doppler shift. The piezo-

clectric transducer (PZT) in the Demodulator AD Computer

sample arm further provides 21.2-
z phase modulation to the interferometric signal. Interferometric modulation of the output intensity
1s detected by the photodetector when the reference and sample arm delays are nearly matched. The
etector output is demodulated at the sum modulation frequency of 25 kHz to produce the envelope
f the interferometric signal, which is then digitized (AD) and stored on computer. A series of
ongitudinal scans are performed. The lateral beam position is translated after each longitudinal scan.




Device

Single line
scan

Scans/ Resolution
second (microns)

OCT1
1995

OCT2
2000

OCT3
Stratus
OCT 2002

100 A-scans x
500 points

100 A-scans x
500 points

512 A-scans
x1024 points

4096 A-scans X

100 20
100 20
500 10
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Principi di Fisica
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Finestra ottica d’utilizzo
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Andamento dell'attenuazione dovuta a 50 mm di acqua, in funzione della
lunghezza d'onda; S0 mm di acqua corrispondono circa al percorso di

andata e ritorno attraverso l'occhio umano .




Risoluzione Assiale e Trasversale

Risoluzione Assiale = A1 /A2 Risoluzione Trasversale =T1 /T2
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Comparison of OCT resolution and imaging depths to those of
alternative techniques; the “pendulum” length represents imaging
depth, and the “sphere” size represents resolution
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Field of view in OCT: viewing at the micrometer scale is possible
cells such as macrophages can be identified in the plaque

Occhio umano
0,1mm =100 um

- - - Blood vessels
Microscopio Ottico — Duct —= OCT range

0,2 um Gland
1um=0,001mm

— Cell layer

Microscopio Elettronico
0,1nm
1nm = 0,001 um

Cell

— Cell Nuclei
Nucleoli, Mitochondria, other large organelles
— Large proteins, Nucleotides & Ribosomes



Comparison of resolution and imaging depth for

ultrasound, OCT and confocal microscopy

Standard clinical ultrasound
can image deep structures, but
has limited resolution. Higher

frequencies yield finer
resolution, but ultrasonic
attenuation is increased
limiting image penetration.

The axial image resolution in
OCT ranges from 1 to 15 um
and is determined by the
coherence length of the light
source. In most biological
tissues, the imaging depth is
limited to 2 to 3 mm by
attenuation  from  optical
scattering.Confocal microscopy
has submicron resolution, but
optical scattering limits the
imaging depth to a few
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Resolution: limits of OCT [l

Low NA

Transverse Resolution

OCT can achieve high axial resolutions independent of numerical aperture. Using low
coherence interferometry, the axial resolution is inversely proportional to the bandwidth of the
light source. The transverse resolution is given by the focus spot size. The depth of field is
determined by the confocal parameter of the focused beam




Performance of OCT

ROI |‘Off d| perfO FMANCE riduzione della potenza del segnale

OCT con I'aumentare della profondita ( ~ 20dB/profondita di 2 mm)

SenS| b| | |ta rapporto segnale/rumore SNR; intensita riflessa o retrodiffusa
fino a ~ 95dB

Velocita d’acquisizione o d’imaging a-scan rate

Ra nge d INaMICO rapporto di potenza del segnale, tra la piu forte e la

piu debole riflessione A-scan che puo essere misurata (~ 40-50dB)




Illumination and observation of the retina
by (a) the fundus camera and (b) the SLO
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Confocal Scannig Laser Ophthalmoscopy
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Schematic Overwiev of AO-SLO

Adaptive optics light source
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Schematic Overview of AO-SLO



Adaptive Optics Scanning Laser Ophthalmoscopy
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Swept Source OCT
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Swept Source v/s Sepctral Domine OCT

o )=
Light source Swept laser SLD
Center wavelength 1,050 nm 840 nm
A-scan rate 100,000 Hz 50,000 Hz
Resolution (x) 20um 20um
Resolution (z) 8um 6um
B-scan measurement time 1.0 sec (96x) 1.0 sec (50x)
Imaging depth 2.6 mm 2.3 mm




Advantage of SS-OCT

- Velocita 5-10 volte maggiore

- Assenza di Roll-off di performance

- Miglior rapporto segnale/rumore SNR
- Larga area di scansione in retina

- Alta qualita in megapixel

- Maggiore Depth Resolution



Super Resolution OCT

Eye (2011) 25, 321-330

. AQ-cSLO

e ol

j commercial OCT
| UHR-OCT

« UHR-AO-OCT

commercial
cSLO

AO flood
illumination




Adaptive Optics OCT




AO &z Gemini Observatory

184 milioni di dollari
i 40 000 dollari/die per ognuno dei Telescopi. B

Example of adaptive opt|cs on globular cluster M13

/ |

Télescope Gemini North
sur le Mauna Kea (Hawaii)
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The Galactic Center at 2.2 microns
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Adaptive Optics Retinal Camera rtx1

En face reflectance imaging

Hashed non-coherent near-infrared illumination
Low-noise CCD camera

1.6 ym 2

250 line pairs per millimeter (lppmm) 2 3
4° x 4°2
PNG (Portable Network Graphic) , DICOM

@ogine eyes®






Benefit of Adaptive Optics
a) Increased lateral resolution

b) Reduced speckle size (granular artifact)
c) Increased sensitivity to weak reflections
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Adaptive Optics (AO) OCT
Reference
Aberrated irror |
wavefront
‘pref l
Wavefront
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Wavefront

Correction of ocular imperfections across a large pupil results in unprecedented
lateral resolution (2—3 mm), sufficient for resolving individual cells en face
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| commercial OCT
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W ;,u.,,»m SRET
AO - OCT

Robert J. Zawadzki |IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS,
VOL. 20, NO. 2, MARCH/APRIL 2014




OCT future

SS-OCT 1050mm)
AS-OCT 1310nm)
SLO

AO Adaptive Optics

OCM Optical Coherence Microscopy

Wide Field

A ireement



Optical Coherence Microscopy (OCM) combines the
coherent detection methods of OCT with confocal
microscopy. OCM provides enhanced penetration
depth compared to standard confocal microscopy,
while dramatically improving the resolution over
cross-sectional OCT imaging by James G. Fujimoto
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Yang Xu et al. published 27 Jun 2014 OPTICS EXPRESS
MISAM Multifocal Interferometric Synthetic Aperture Microscopy
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Il medico deve curare a volte, alleviare spesso, confortare sempre.

Edward Livingston Trudeau
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