rétiniennes

Mesure de la perfusion sanguine retinienne
par holographie Doppler et correction
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Raw camera footage @ 67 kHz Reconstructed holograms Power Doppler image
512 frames 7 ms
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Puyo, L., Paques, M., Fink, M., Sahel, J. A., & Atlan, M. (2018). In vivo laser Doppler holography of the
human retina. Biomedical optics express, 9(9), 4113-41209.






Securite de l'exposition oculaire :
éclairage laser diffus



reconstruction

incident light

- - -
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computed sampled
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_ incident light
reconstruction -
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Bratasz, Zofia, Olivier Martinache, Yohan Blazy, Angele Denis, Coline Auffret, Jean-Pierre Huignard, Ethan Rossi et al.
"Diffuse laser illumination for Maxwellian view Doppler holography of the retina." arXiv preprint arXiv:2212.13347 (2022).



4 )

MPE of the retina (ISO) : MPE of the cornea (ISO) for divergent
average uniform irradi- illumination : , reached for a
ance of total laser power of impinging on

total laser power of the cornea.
(wide-field illumination)

MPE of the cornea (ISO) for convergent
illumination : , reached for a
total laser power of impinging
on the cornea.

EUROPE
ISO 15004-1 : 2007
ISO 15004-2 : 2007
maximum permissible exposure, wavelength A > 770 nm

Bratasz, Zofia, Olivier Martinache, Yohan Blazy, Angele Denis, Coline Auffret, Jean-Pierre Huignard, Ethan Rossi et al.
"Diffuse laser illumination for Maxwellian view Doppler holography of the retina." arXiv preprint arXiv:2212.13347 (2022).



4 )

MPE of the retina (ANSI) : e
, reached MPE of the cornea (ANSI) :
for a total laser power of , reached
impinging on the for a total laser power of
retina. (wide-field illumination) impinging on

. ﬂ/ the cornea.
V J/

USA
American National Standard for Safe Use of Lasers
ANSI Z136.1-200
maximum permissible exposure, wavelength A > 770 nm

Bratasz, Zofia, Olivier Martinache, Yohan Blazy, Angele Denis, Coline Auffret, Jean-Pierre Huignard, Ethan Rossi et al.
"Diffuse laser illumination for Maxwellian view Doppler holography of the retina." arXiv preprint arXiv:2212.13347 (2022).



Bratasz, Zofia, Olivier Martinache, Yohan Blazy, Angele Denis, Coline Auffret, Jean-Pierre Huignard, Ethan Rossi et al.
"Diffuse laser illumination for Maxwellian view Doppler holography of the retina." arXiv preprint arXiv:2212.13347 (2022).



Imagerie fonctionnelle grand champ
des vaisseaux choroidiens et retiniens

~ 512x512 px frame, 12-bit, 67 kHz















Correction numerique des
aberrations

Abhishek Kumar, Wolfgang Drexler, and Rainer A Leitgeb. Subaperture correlation based digital adaptive optics for full field optical
coherence tomography. Optics express, 21(9):10850-10866, 2013.

Laurin Ginner, Abhishek Kumar, Daniel Fechtig, Lara M Wurster, Matthias Salas, Michael Pircher, and Rainer A Leitgeb. Noniterative
digital aberration correction for cellular resolution retinal optical coherence tomography in vivo. Optica, 4(8):924{931, 2017.
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Plane wavefront Tilted wavefront Aberrated wavefront
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Composite images
of blood tlow



A power spectrum A power spectrum

low flow ® high flow ®
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retinal f’t«qrisé eins



A power spectrum A power spectrum

forward flow 0 backward flow ®
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negative Doppler shifts



out-of-plane flows
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Avg. arterial
resistivity
index :
0.25
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Anterior posterior
segment 1maging

Puyo, Léo, Clémentine David, Rana Saad, Sami Saad, Josselin Gautier, José Alain Sahel, Vincent Borderie, Michel Paques, and
Michael Atlan. "Laser Doppler holography of the anterior segment for blood flow imaging, eye tracking, and transparency
assessment." Biomedical optics express 12, no. 7 (2021): 4478-4495.






micron and millisecond

Puyo, Léo, Clémentine David, Rana Saad, Sami Saad, Josselin Gautier, José Alain Sahel, Vincent Borderie, Michel Paques, and
Michael Atlan. "Laser Doppler holography of the anterior segment for blood flow imaging, eye tracking, and transparency
assessment." Biomedical optics express 12, no. 7 (2021): 4478-4495.
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Quelle utilisation clinique ?



Glaucome






Occlusion de la veine
centrale de la rétine






Neuropathie optique
ischemique anterieure



contralateral eye

ONH oedema
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Evaluation quantitative du flux
sanguin retinien






Retinal
Arteries

And
veins
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Retinal
Arteries
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Total blood volume rate in arteries
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Glaucome
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Occlusion de la veine
centrale de la rétine
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Neuropathie optique
ischemique anterieure



AION
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Holographie Doppler en
avec une camera en
streaming

~ 512x512 px frame, 12-bit,

streaming camera
Ametek Phantom S710
Input throughput:
~10GB/s







I,

~512*512 px frame, 12-b

ing camera

stream
Ametek Phantom S710
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~ 512*512 px frame, 12-bit, 25 kHz

streaming camera
Ametek Phantom S710




~512*512 px frame, 12-bit,

streaming camera
Ametek Phantom S710




Biomarqueurs quantitatifs issus
de I'holographie Doppler



Quantitative
hemodynamics

™\ YRS

Blood volume rate
+

Arterial resistivity index

Micro
rheology

average wall-to-wall arterial velocity profile

R* =0.48108 Vmax =8.8124 alpha =0.83028 beta =2.0065

o
£
E
>
=
3]
ie)
[4¥]
b=
[43]
I~
®
=
=
o=
@
=
=

section

Blood viscosity assessed from
velocity profiles

Passive
elastography

Onde anti symétrique F(1,1)

Velocity of bending waves in
arteries

Measurement of the arterial wall elasticity using the
velocity of flexural waves in retinal blood vessels
Gabrielle Laloy-Borgna; Léo Puyo; Michael Atlan;

Stefan Catheline J Acoust Soc Am 150, A168 (2021)
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OCT holographique en temps reel
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Interferogram data courtesy of Maciej Wojtkowski & Egidijus Auksorius (ICTER). OCT rendering : 512x512 px , 12- b|t 20 kHz
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Clinical study generation from batch
processing of Doppler holograms

Prototyping of analysis

routines Software implementation

Statistical analysis



Technology
open source software
’ transfer

Batch processing
of PBs of source data

Medical
research

Medical
raw data

Source data Rendering

multicentric routines &
para M EES

Absolute measurements
inter-patient validation
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Quinze-Vingts hospital Rothschild Foundation hospital Advanced Ophthalmic Imaging Lumibird Cuantel Medical ONERA
Paris Paris Laboratory, University of Clermont-Ferrand Chatillgg

Pittsburgh



Engaging in Open Source Software for
high-performance imaging




Free software, open source codebase and support : www.digitalholography.org

Avgitay

'y Service Software, Devices & Education About Us Partners Donate Contact
Aotograr®
Open-source parqallel computing sofgware, for high-speed
digital holography
World' s first real-time digiFtah hologmam rendering and analysis for

Doppler and OCT at \20,000'framBllBer second (>10 GB/[s) with
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Free software, open source codebase and support : www.digitalholography.org
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Volunteer ?

Get your eye
fundus at the Quinze-Vingts Eye
hospital in Paris, France
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Open source software : &
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Light through retinal vessels from a

diffuse, Doppler-broadened secondary source
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