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Description of the thesis subject :

In line with an AMidex-funded collaborative project (see below) between two research teams at
Institut Fresnel (DiMABio and Phyti) and Hôpital Européen (Marseille’s site, Dr. F. Benmiloud), the
aim of this PhD thesis is to develop an advanced methodology and laser imaging device based on
speckle  contrast  analysis  [1-3],  to  highlight  the  vascularization  of  parathyroid  glands  during
thyroidectomy, and thus assist the surgical procedure in real time and without labelling. In this
very common procedure (35,000/year in France), a major challenge is to preserve the integrity of
the parathyroid vascular network (which is difficult to see despite the surgeon's trained eye), or
risk  disabling  side-effects  for  patients,  the  incidence  of  which can  be  high  [4].  The  vascular
imaging  technique  currently  used  in  the  OR  is  fluorescence  imaging,  which  has  a  number  of
drawbacks (injection of a bolus of fluorescent dyes that dissipate rapidly (~4 min) throughout the
vascular network, diffusion of biological tissues, etc.).

Relying on the expertise of research teams in speckle imaging [5-7], diffuse optical imaging in
tissues [8,9],  high-speed statistical image processing [10,11] and on the surgeon's own imaging
practice [13-15], the thesis scientific project will focus on the development of the imaging chain
(illumination and image capture device, image processing algorithms and display), which must be
designed to be real-time, ergonomic and sterilizable for rapid use in the operating room, with the
aim of obtaining preliminary test results in the operating room. A comparative study will also be
carried out with the methods used routinely (autofluorescence imaging and indocyanine green
angiography), which have disadvantages (need for marking in ICG angiography) that the project
intends to address. 

In addition, new scientific paths are to be explored in the PhD, including :
- optimization of real-time image processing and blood-flow/vascularity automatic segmentation,
relying on the skills  of  the Phyti  team in real-time statistical  image processing [10-12],  and in
particular  on unsupervised  segmentation algorithms that  can be  well  suited to the context  of
speckle contrast images [12].
-  exploring  the  ability  to  provide  quantitative  imaging  (blood  flow  velocity,  possibly  tissue
oximetry, etc.) using two-wavelength illumination for instance, and using the strong know-how of
the DiMABio team in quantitative diffuse optical imaging methods [8,9].
- assessing the interest of polarimetric sectioning in this context of correlation speckle imaging
[8,9],  which  can  prove  useful  in  order  to  gain  some  insight  on  the  3D  organization  of  the
vascularities around the parathyroid glands.
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Public summary of the collaborative scientific project :

Within  an  emerging  partnership  between  two  research  teams  at  the  Institut  Fresnel  and  the  Hôpital
Européen (Marseille site), the collaborative project AMidex SPECIALTHY (SPEckle Contrast Imaging in reAL-
time for safer THYroid surgery) [Sept. 2024-Aug. 2025] aims at developing a laser imaging methodology and
device based on speckle  contrast  analysis,  to highlight the vascularization  of parathyroid glands during
thyroidectomy, and thus assist the surgical procedure in real time and in a label-free manner. In this very
common procedure (35,000/year in France), a major challenge is to preserve the integrity of the parathyroid
vascular network (difficult to see despite the surgeon's trained eye), which, if damaged may lead to disabling
side-effects for patients, the incidence of which can be high. The imaging chain (illumination and image
capture  device,  image  processing  algorithms  and  display)  will  have  to  be  designed  to  be  real-time,
ergonomic and sterilizable for use within a short time frame in the operating room, with the aim of obtaining
preliminary clinical results by the end of this 1-year project. A comparative study will also be carried out with
routine methods (autofluorescence imaging and indocyanine green angiography), which have drawbacks
that the project intends to address (need for labelling for ICG angiography). Among the scientific paths to be
explored in the project, optimization of real- time image processing and the ability to provide quantitative
imaging (blood flow velocity, possibly tissue oximetry, etc.) will be the main topics of innovation sought.
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