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A Multimodality
Molecular Imaging

Molecular imaging is a newly emerging and rapidly
developing biomedical imaging field in which the
modern technologies and instruments are being
merged to study biological and medical processes,

as well as diagnosing and managing diseases. In the study of
molecular imaging, the three research focuses are the imaging
techniques, specific molecular probes, and molecular imag-
ing applications in pathology and pharmacology. Therefore,
novel molecular imaging theories and algorithms, new mo-
lecular probes, multimodality molecular imaging prototype
systems, experiments, and biomedical applications are intro-
duced as a whole project.

Focusing on the core theory of in vivo fluorescent labeling,
molecular imaging and related techniques, systems, and deep-
seated issues of radionuclide labeling molecular imaging, our
work is to develop a research platform for the discipline in
China and actively promote the domestic development and
manufacturing of related diagnostic facilities.

The work is supposed to offer several new effective means
for exploring the pathology, clinical diagnostics, monitoring,
and efficacy evaluation in the treatment of cancers or other
fatal diseases. The results are expected to dramatically speed
up the developing tempo of new drugs by reducing the time
for preclinical research, and providing an in vivo quantitative
assessment of toxic side effects and efficacy of the drug, and
exploring drug-administering routes, stereostructure, pharma-
cometrics, and the impact of animal species on drug efficacy.
In addition, what we achieved may promote the basic research
of life sciences, and open a new era of in vivo, dynamic, and
continuous probes into a gene’s functions, cellular dynamics,
and the whole process of life activity. The enforcement of the
project will greatly facilitate the realization of a number of
key national goals in population and public health [1]–[3].

The work has the following objectives preset for its imple-
mentation: propagation theory of light in complicated organ-
isms with strong scattering property and related inverse
algorithms; a unified computational framework and algorith-
mic platform for data analysis and treatment; a framework for
demonstration and appraisal of the in vivo molecular imaging;
and a prototype system for fluorescence or nuclide-labeling

imaging. Based on these objectives, a series of biological
experiments were conducted. Furthermore, the experimental
results provided the information to optimize algorithms and
systems. The work will explore the molecule’s impact on the
nuclide-tagging process applicable to clinical medicine and
the fluorescence-tagging process applicable to the models of
small animals [4]–[6].

The following sections demonstrate our work so far in detail.
Two types of optical molecular imaging modalities are presented
in the ‘‘Optical Molecular Imaging’’ section: fluorescence molec-
ular tomography (FMT) and bioluminescence tomography (BLT).
Nuclide medical imaging and probe studies in molecular imaging
are studied in the ‘‘Nuclide Molecular Imaging’’ and ‘‘Molecular
Probe’’ sections, respectively. We discuss the biological applica-
tions related to molecular imaging in the ‘‘Biological Applica-
tion’’ section and conclusions are drawn in the end.

Optical Molecular Imaging

Fluorescence Molecular Tomography
In the recent years, FMT has developed rapidly as a promising tool
for in vivo small animal imaging because of its ability to resolve
three-dimensional (3-D) spatial distributions of fluorescence
probes associated with molecular and cellular functions [7]. A
prototype of FMT is also developed. The progress on imaging sys-
tem construction, photon migration modeling, and the correspond-
ing reconstruction methods are reported in the following sections.

Development of Imaging Systems
First, a fiber-contact imaging system based on a photomulti-
plier tube (PMT) was developed, which works within the
near-infrared spectral range under continuous-wave mode [8]
(Figure 1). In this system, a small animal was dipped into
matching fluid in a glass cup, with 16 launch fibers and 16
detector fibers placed alternatively around the boundary of the
cup at each horizontal plane. The 16 detector fibers were con-
nected to only one PMT by using an optical multiplexer to
alter the detector channels. To get rid of the influence caused
by the background light, the laser is modulated by a low-
frequency sinusoidal function, and the detected signal of the
same frequency is extracted for reconstruction. Compared
with the charge-coupled device (CCD)-based imaging system,
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it is relatively simple and considerably inexpensive because it
uses only one PMT. Besides, the proposed imaging instrumen-
tation was designed as a highly automated system in which all
the components can work harmoniously. Moreover, it could
either act as a diffusion optical tomography (DOT) system or
work as fluorescence tomography to achieve the location of
the embedded fluorescence probes. For the latter, two kinds
of experiments, with and without the embedded fluores-
cence probes, are required, and the difference of the de-
tected values yields the fluorescence photon field. Figure 2
shows phantom experiments based on the proposed imaging
system and the corresponding
reconstructed results.

Recently, a CCD-based non-
contact fluorescence tomog-
raphy of 360� geometry
projections was developed.
The 3-D surface of the imaging
animal had been reconstructed
using a filtered back-projection
method, after taking photos of
the animal through different
projections [9]. The influence
of the prospective effects on the
accuracy of the derived infor-
mation and the image quality
of noncontact fluorescence
tomography was also studied
[10], [11].

Monte Carlo Method for Photon
Migration Modeling
We began to study the photon propagation models in bio-
logical tissue in 1998. First, a controlled Monte Carlo (MC)
method was developed to calculate the time-dependent trans-
mittance of light through a thick tissue, especially for the evalua-
tion of the contribution from early-arriving photons [12].
Recently, we proposed a table-based random sampling
(TBRS) algorithm to simulate photon propagation in a
turbid medium [13] based on the theory of the MC method.
It retained the merits of flexibility and accuracy of the
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Fig. 1. System scheme of the fiber-contacted PMT-based optical tomography [8].
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Fig. 2. The experimental setup for DOT and FMT is separately shown in (a) and (c). The corresponding reconstructed distribu-
tion of the absorption parameter is plotted in (c), whereas (d) shows the estimated distribution of fluorescence probes [8].
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conventional MC method and adapted well to complex geo-
metric media and various source shapes but significantly
reduced the computing time. To verify the feasibility of the
TBRS algorithm, we compared its results with the simula-
tion results of the conventional MC method and the finite ele-
ment method (FEM) and with the results of phantom experiments.
Good agreement was found among the results.

New Imaging Reconstruction Method
Along with the development of imaging systems, we have
also proposed several inversion methods. For the system
shown in Figure 1, a parallel reconstructed scheme for inho-
mogeneous mediums with unknown absorption properties is
proposed, where fluorescence and tissue absorption could be
reconstructed at the same time [14].

Based on a linear scheme, a series of inversion skills are
developed, with the forward model of diffusion equations
solved either by FEM or by analytical method [15]–[18].
For example, preiteration-based fast reconstruction meth-
ods are proposed [15], [16], where the time-consuming iter-
ations are executed before data acquisition, and for updated

measurements, only a matrix-vector multiplication and
simple postprocessing are required. Additionally, in the
preiteration step, a two-order iteration expression is
employed for the approximation of generalized inverse
matrix, which exponentially accelerates the convergence
rate when compared with the one-order form. Figure 2(d) is
an example of reconstruction using the fast preiteration
method for experiment data.

Recently, we reported a new reconstruction algorithm by
combining an adaptive mesh refinement technique and the
analytical solution of diffusion equations [18]. In the adapt-
ive procedure, the optimization method of an interior point
conjugate gradient method with trust region (interior/CG) is
employed to determine the distribution of fluorescent targets.
Numerical studies have been performed on a parallel plate
FMT system with matching fluid. Computational experiment
results show that reconstructions of targets embedded in tur-
bid media are accurate and fast using the algorithm proposed,
as shown in Figure 3. Because of the combination of the
adaptive mesh refinement technique and the analytical solu-
tion of diffusion equations, the reconstruction took an
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Fig. 3. Discretization evolution in the reconstruction is illustrated sequentially in (a), (b), and (c), from uniformly coarse mesh to
selectively refined meshes. Top 70% of the contour levels of reconstructed fluorescence distribution are shown in (d)�(f), in
which the red cubes represent the real targets. The edge-to-edge distance for fluorescent targets are 0.3 cm (e) and
0.15 cm (f) [18].

We can achieve high computation efficiency

and spatial resolution for models with irregular

shape and inhomogeneous distributions of

optical parameters.
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