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Выступающий
Заметки для презентации
First I would like to thank the organizing and program committee for giving me an opportunity to present my paper here. I have a pleasure to greet you all. My paper is devoted to early photon fluorescence molecular tomography.
People here in Saratov know me as an expert in diffuse optical tomography. It is for the first time I turn to fluorescence molecular tomography. Why? The answer this question is the same as other scientists would give. Firstly, turning to small objects gives hope to obtain sub-millimeter resolution which is important to experimental oncology. Secondly, fluorescence tomography provides a wider range of opportunities for tissue functional diagnostics. 
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Выступающий
Заметки для презентации
Today I won’t show you any reconstructions. I will only present some theoretical results. First I derive some relations which describe a model we propose for reconstruction. Then I evaluate resolution with a criterion which was proposed and validated for diffusion tomography. 
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Measurement data: comparison with DOT 

( , , , )s s dt tΓ r r is the temporal point spread 
function (TPSF) 
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 Time-resolved optical projections (DOT)       
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 Ratio of fluorescence flux to exciting radiation flux (FMT)       
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Выступающий
Заметки для презентации
Last century Dr. Vladimir Lyubimov suggested to use time-resolved optical projections as measurement data in diffusion tomography. These data are beneficial in the view of spatial resolution minimization because they are determined for a single time-gating delay of receiver [ti-di]. Time-gating delay is chosen as small as possible and such as to give a satisfactory signal-noise ratio.  In fluorescence tomography, the role of time-resolved optical projection is played by the ratio of fluorescence flux to exciting radiation flux measured for selected counts of diffuse temporal responses. 
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Basic equations  

V.V. Lyubimov, Opt. Spectrosc. 88: 282 (2000) 

 System of diffusion equations       
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 Asymptotic estimate for the source function       
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Выступающий
Заметки для презентации
For the simulation of fluorescence excitation and propagation in a scattering medium, we need to solve this system of diffusion equations. It is for the photon density of exciting radiation [fai-и] and the photon density of fluorescence [fai-f]. Here [di] and [mju-a] are the optical parameters, [s] are the source functions, [delta-mju-a-f] is the fluorophore absorption coefficient, [gamma] is the quantum yield of fluorescence, [tau] is the fluorescence lifetime and so on.  Here we consider the leading edge of the transmitted exciting pulse. Then we can obtain an asymptotic estimate for the source function as follows. 
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Solutions for the photon densities    
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Выступающий
Заметки для презентации
The solution for the photon density [fai-f] can be presented in this form.  Here [dji] is the Green function. After using the known property of solutions for the diffusion equation we can obtain the following equation for the density ratio.
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Equation for the flux ratio  
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Выступающий
Заметки для презентации
By changing from the density ratio to the ratio of fluxes on the boundary we obtain this equation which describes the reconstruction model in terms of fluorophore absorption coefficient [delta-mju-a-f].
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 Our simplifying assumptions 

 The scattering medium and the fluorescence 
inhomogeneity have identical optical 
parameters                       and                   .              

 The Green function derivatives of exciting 
radiation and fluorescence are equal each 
other.  

 The velocity of the center of instantaneous 
photon distributions is constant in the most 
part of the volume. 

ae af aµ µ µ≅  e fD D D≅ 

Выступающий
Заметки для презентации
Our aim is to evaluate resolution. To achieve this aim, we make some assumptions to simplify the expression we obtained for the flux ratio. Firstly, we assume that the scattering medium and the fluorescence inhomogeneity have identical optical properties. Secondly, the Green function derivatives of exciting radiation and fluorescence are equal to each other. Thirdly, the velocity of the center of instantaneous photon distributions is constant in the most part of the volume. 
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 Resulting equation that describes the model  
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Выступающий
Заметки для презентации
With these assumptions we come the this simple form of the equation which describes our reconstruction model.



9 

 Comparison of FMT with DOT  
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 Diffuse optical tomography of absorbing 
inhomogeneities       

 Fluorescence molecular tomography     

A.B. Konovalov, V.V. Vlasov, Quantum Electron. 44: 719 (2014) 

Выступающий
Заметки для презентации
Let us compare the sensitivity functions for fluorescence tomography and diffusion tomography in the case of reconstruction of absorbing inhomogeneities. You can see that the only difference between them is the coefficient in the red circle. 
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 Transmission geometry as a simplest example  
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Выступающий
Заметки для презентации
To quantitatively evaluate the effect of this coefficient, we add the following assumptions. Let us consider the transmission geometry as a simple example. Assume that the source and the receiver are opposite each other and take for Green function the simplest expression for infinite medium.
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 The banana-shaped distributions  
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Выступающий
Заметки для презентации
Here you can see the calculated banana-shaped distributions for fluorescence tomography for two fluorophore lifetimes and for diffusion tomography. They correspond to the these values of optical parameters. You can see that visually, the distributions look alike.
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 Standard deviation plots  
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Выступающий
Заметки для презентации
For quantitative confirmation, we calculate the standard deviation of photons from their average trajectory which is a straight line for above banana-shaped distributions. Here you can see standard deviation plots for different fluorophore lifetimes in comparison with similar plots for diffusion tomography. They are seen to be close each other. These results suggest that the resolution of fluorescence tomography is close to the resolution of diffusion tomography and can be evaluated in the same way as we use for diffusion tomography.



 Characteristics for photon distributions  
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 The photon average trajectory (PAT) 

V.V. Lyubimov, Opt. Spectrosc. 86: 251 (1999) 

 The root-mean-square deviation  of photons from the PAT 

V.V. Lyubimov et al., Phys. Med. Biol. 47: 2109 (2002) 

Выступающий
Заметки для презентации
What is this way?  Many years ago doctor Lyubimov proposed that spatial resolution in diffusion tomography could be evaluated just from the standard deviation of photons from their average trajectory. Later this hypothesis was found absolutely true if only the method of photon average trajectories is used. If the full banana-shaped distributions are used for reconstruction, the standard deviation should be multiplied by a coefficient which depends on geometry and the reconstruction method.
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PSFs for transmission geometry 

lim max ,δ ξ≅ ⋅∆ where         is a coefficient that depends on the 
geometry and the reconstruction technique 

ξ

A.B. Konovalov, V.V. Vlasov, Quantum Electron. 44: 239 (2014) 

Average trajectories Banana-shaped distributions  

Выступающий
Заметки для презентации
This is demonstrated by results obtained in this work for a 8 cm thick layer. You can see point spread functions for the method of average trajectories on the left and for reconstruction with full banana-shaped distributions on the right. The point spread functions differ from one another. So, the corrected formula for spatial resolution evaluation takes this form.    
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Some estimates for coefficient  ξ

0.4ξ ≅

A.B. Konovalov, V.V. Vlasov, Quantum Electron. 44: 719 (2014) 

0.3ξ ≅

8 cm 

Выступающий
Заметки для презентации
In this paper we obtained empirical estimates for the coefficient [xi]. For transmission geometry, longitudinal and transverse resolutions should be estimated with [xi] taken to these values.
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Comparison of two geometries  

0.4ξ ≅

2 cm 

Выступающий
Заметки для презентации
What value must we choose for reflectance geometry? This slide compares two geometries for small animal imaging: reflectance and transmittance in the case of estimating the longitudinal resolution. They look alike. From this comparison we can choose this value of coefficient [xi] for the reflectance geometry.  
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Banana-shaped zones for different depths  
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Выступающий
Заметки для презентации
We estimate the resolution for three depths of fluorescence inhomogeneity: 8; 5 and 2 mm. The corresponding time-gating delays are as follows.  
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Resolution for reflectance FMT  
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Выступающий
Заметки для презентации
Here you can see the resulting plot that shows the dependence of the resolution on the depth of fluorescence inhomogeneity. Thus, we can conclude that the sub-millimeter resolution can be obtained in theory.
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Conclusion and further research 

 According to our theoretical estimates 
Lyubimov model can reconstruct 
fluorescence tomograms with high – 
submillimeter – resolution . 

 Our further research is aimed at developing 
a numerical experiment to verify the 
theoretical results . 

Выступающий
Заметки для презентации
So we can conclude that in principal Lyubimov’s model can reconstruct fluorescence images with high – sub-millimeter – resolution. Our further research is aimed at developing a numerical experiment to verify the theoretical results I have presented.
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Выступающий
Заметки для презентации
Here are the publications we refer to.
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The authors thank you for your time! 

   Vitaly Vlasov Alexander 
        Konovalov 

Выступающий
Заметки для презентации
Thank you for your time.
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