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Abstract—The fluorescence molecular tomography (FMT)
image quality could be improved significantly with
reconstructed optical properties using diffuse optical
tomography (DOT). However, different DOT algorithms and
different constraint parameters usually lead to DOT images of
obvious different image quality. In this paper, simulation
experiment results demonstrate that the FMT image quality is
robust to the great variation in DOT image quality.

I. INTRODUCTION

N recent years, fluorescence molecular tomography (FMT)
has emerged as an important imaging tool for observing
molecular function for whole body small animal and entire
tissues. The optical imaging tool can quantitatively resolve
the fluorescence target distribution, which is corresponding
to the molecular function such as protein-protein interaction,
drug metabolism, tumor proliferation and apoptosis, etc [1].
The optical properties of small animals and biological
tissues are usually heterogeneous. The priori information of
tissue optical properties distribution influences the
reconstructed fluorescence image quality [2-4]. At present,
two strategies are used to handle the heterogeneous optical
properties. First, Normalized Born method has been proposed
[2], [5], [6] to correct the heterogeneous optical properties
influences by dividing the measured fluorescence signals
with its corresponding excitation light signals. When using
Normalized Born method, the optical properties are assumed
homogeneous. Second, the optical properties can be firstly
reconstructed using diffuse optical tomography (DOT). The
reconstructed optical properties were then used as the priori
information for FMT. The reconstructed optical properties in
this paper were called the priori DOT information. When
using the priori DOT information, Y. Tan et al. [3]
demonstrated that the reconstructed fluorescence yield was
consistent with that obtained using spectroscopic methods. Y.
Lin et al. [4] reported that the true fluorophore concentration
could be recovered when both the priori structural
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information and the priori DOT information were utilized.
Many other improved FMT images when using the priori
DOT information were also reported [7-9].

All the reported results demonstrated that the
reconstructed FMT image qualities were improved when
using the priori DOT information. However, it should be
noted that DOT reconstruction is an ill-posed problem. With
the measured excitation signals, the reconstructed DOT
images would usually be different when using different
reconstruction algorithms. In addition, for the same
reconstruction algorithm, different constraint parameters
such as the lower and upper bounds of optical properties
would lead to different DOT images. Therefore, one problem
is whether the different DOT images would lead to great
variation of the FMT image quality? In this study, simulation
studies were performed to answer this question. Model based
iterative image reconstruction scheme (MoBIIR) [10] was
used for reconstructing optical properties. Two different
optimization algorithms LSQR and MINRES were employed
for updating the optical properties in the inner iteration. For
each algorithm, two different optical properties lower bounds
were set. Therefore, four DOT images with obvious different
image contrast were generated from a same set of measured
excitation light signals. FMT reconstructions were performed
when guided by the four different DOT images. The results
demonstrated that the obvious variation in DOT images
doesn’t lead to obvious variation of the FMT images.
Therefore, the FMT image is robust to the priori DOT
information.

The outline of this article is presented as follows. In
section II, the reconstruction methods are described. Section
IIT describes the simulation experiment and results. Finally,
we discuss and conclude our study in section IV.

II. METHODS

In the near infrared spectral window, the light propagation
in highly scattering tissue media ( 1, < ,u_;) is usually
described by the diffusion equation. When excited by a
continuous wave point source, the mathematical model for
FMT is described by two coupled diffusion equations as
follows:
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where subscript x indicates excitation wavelength and
subscript m indicates emission wavelength. @  —is the

1

5373



photon density, g is the absorption coefficient, and

ax,am

D, =1/3u',,,) is the diffusion coefficient with z',  as

the reduced scattering coefficient. For simplicity, the optical
properties at both excitation and emission wavelength are
typically assumed the same. 6(r—r,) 1is the point source

term at position 7, . A collimated laser source beam can be

modeled as an isotropic source which is one transport mean
free path /tr =3D_ beneath the illumination surface. n(r) is
the fluorescence yield, which describes the fluorescence
target distribution. The diffusion equation is solved by the
finite element method.

Absorption optical property is reconstructed before
reconstructing the fluorescence target distribution. As shown
in Fig. 1, DOT is implemented using the model based
iterative image reconstruction scheme [10]. When the media
of interest is sampled in voxels, the sensitivity matrix J is
calculated using the adjoint method [11]. Then, in each inner
iteration, the absorption property is updated using the
following equation:

ST+ ADA, =J AD_, )

where A®_is the difference between the measured and
calculated excitation light photon densities; / is identity
matrix; 4, is the regulation parameter. Optimization method

such as LSQR or MINRES could be used to solve Eq. (2)
After implementing the MoBIIR scheme, a line searching
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Fig. 1. DOT reconstruction method.

method was added to further decrease the mismatch |A<Dx|

between the measured and the calculated excitation light
signals.

With the knowledge of optical properties, the FMT inverse
problem is formulated as follows:

W'W+4,Dn=w"o"", 3)

where ©7* is the measured photon densities at different
detector points; W is the sensitivity matrix and is calculated
using the adjoint method [11]; A, is the regulation parameter.
Gauss-Newton method is used to solve Eq. (3).

III. EXPERIMENT and RESULTS

A. Simulation Experiment

As shown in Fig. 2, the two small black circles of 0.3cm
radius represent the absorbers and the fluorescence targets.
The optical properties inside the two small circles are
4, =03cm™, g =10.0cm The background optical
properties inside the larger black circle of 1.25c¢m radius are
4, =0.Icm™”, 1. =10.0cm™ . The fluorescence yield is set to
1 inside the two small circles and 0 in the background. 60
sequential illuminated excitation light sources were placed
equally at 6-degree step. The detector points are located in
+40° field of view of the corresponding light source. The
synthetic data were generated using the finite element
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Fig. 2. Simulation experiment setup. The two small black circles
represent the absorbers and the fluorescence targets.

TABLE 1. Experiment cases.

case 1 case 2 case 3 case 4
Algorithm LSQR LSQR MINRES  MINRES
lower bound (cm™) 0.1 0.05 0.1 0.05
upper bound (cm™) 0.4 0.4 0.4 0.4
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Fig. 3. The reconstructed DOT and FMT images. The images in the first row are DOT images of different cases. The images in the second row are
FMT images of different cases.
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Fig. 5. FMT results with homogeneous and real optical properties. (a) The
. . . . FMT image assuming homogeneous optical properties. (b) The FMT image
D 1 9 3 4 assuming real optical properties. (c) The accumulated fluorescence yield.

cases

(b) B. Results
Fig. 4. Statistic results of DOT and DOT guided FMT. (a) The maximum ’ . .
absorption value of the left and right absorbers for the four cases. (b) The Inner region which is more than 0.1cm away from the outer

accumulated fluorescence yield of the left and right fluorescence targets for boundary was selected as the region of reconstruction and
the four cases. sampled into 0.05¢cmx0.05cm small voxels. DOT images
were reconstructed in four cases, as shown in Table I. The

method. lower bound of absorption coefficient was selected close to
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the background absorption coefficient. In case 1 and case 2,
LSQR was run with 50 iterations. In case 3 and case 4,
MINRES was run with 10 iterations. The initial value in all
cases was g, =0.lem™, 4z =10.0cm™ . The maximum outer

iteration number for all cases was set to 5. The regulation
parameter of all cases was 2% of the maximum diagonal
value of J'J . In FMT image reconstruction, Gauss-Newton
method was run with 50 iterations. Non negative constraint
was applied. The regulation parameter in all cases was 2% of
the maximum diagonal value of W W . The initial value was
set to zero.

The DOT and FMT images of the four cases are shown in
Fig. 3. It can be seen that the contrast of the DOT images is of
great variation. As shown in Fig. 4(a), the maximum
absorption value of the four DOT images varies greatly. In
contrary, the image contrast of the FMT images guided by the
DOT images doesn’t change much. We accumulated the
fluorescence yield inside regions which are less than 0.5cm
away from the real targets’ centers. As shown in Fig. 4(b),
the accumulated values are from 85.8% to 90.8% of the real
value. Obviously, the accumulated fluorescence yield doesn’t
change much.

The FMT images with homogeneous
(#,=0.lem™, . =10.0cm™ ) and real optical properties are

shown in Fig. 5. Obviously, the image quality deteriorates
when assuming homogeneous optical properties. At the same
time, the reconstructed fluorescence yield assuming
homogeneous optical properties were much less that with
accurate and the priori DOT information.

IV. DISCUSSION AND CONCLUSION

From the experiment results, we can see that the FMT
image quality is improved significantly when using the priori
DOT information. At the same time, the FMT image guided
by DOT images of obvious different image qualities doesn’t
change much. Therefore, the FMT image quality is robust to
the priori DOT information. It should be also be noted that the
accumulated fluorescence yield of the left target using
accurate optical properties was about 95.6% of the real value,
which are a little more accurate than that with the priori DOT
information. That means, if we are able to design a better
DOT method leading to a DOT image which approximates
real one better, FMT image quality with the priori DOT
information still has the potential to be slightly improved. To
further validate the conclusions, further investigation will be
focused on designing more complex experiment and applying
more criterions to evaluating DOT and FMT image qualities.
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