
 

 

Introduction 
 
Nuclear imaging techniques are essential tools 
of disease imaging and scientific study in the 
clinical and research settings. Techniques in-
cluding Positron Emission Tomography (PET), 
Single Photon Emission Computed Tomography 
(SPECT) and autoradiography provide research-
ers with extremely sensitive visualization of in-
jected tracers throughout an organism or bio-
logical specimen. A recent development in the 
field of radioisotope imaging has been the abil-
ity to visualize a decay signal of a radioisotope 
utilizing a cooled and highly sensitive CCD cam-
era. This optical decay signal is Cerenkov Radia-
tion (CR); the visible wavelength light produced 
by a charged particle travelling through a dielec-
tric medium faster than the speed of light in 
that medium [1]. 

The Cerenkov optical phenomenon has been 
utilized since the 1940’s for photomultiplier 
tube scintillation counting [2, 3], detection of 
subatomic particles for physical and astronomi-
cal studies and the estimation of fuel rod activ-
ity in nuclear power plants. However, consider-
able interest has been generated following dem-
onstration of the imaging of this light using bio-
luminescence imaging equipment, in vivo [4]. 
Optical imaging techniques pair high resolution 
and sensitivity to provide a fundamental re-
source for preclinical biomedical research.  
 
Cerenkov radiation 
 
The first observation of CR is believed to be an 
account from Dr. Curie over a century ago [5]. 
Pavel A. Cerenkov later characterized the phe-
nomenon, which earned him a share of the 
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1958 Physics Nobel Prize together with Ilya 
Frank and Igor Tamm. The radiation is polarized 
and continuous with an intensity distribution 
that is inversely proportional to the square of 
the wavelength. Thus, the majority of the light is 
in the ultraviolet (UV) and blue end of the visible 
spectrum (Figure 1A). It is most commonly ob-
served as the blue glow in the cooling ponds of 
spent nuclear fuel. 
 
The charged particles released upon radioactive 
decay may include electrons (such as β- parti-
cles, Auger electrons and conversion electrons), 
positrons (β+), and α-particles. As these parti-
cles travel, they lose energy through interac-
tions with the surrounding matter. In the biologi-
cal context this matter is almost always water. 
At speeds below the speed of light in water, the 
randomly oriented water molecules will align 
with the passing of the charged particle. After 
the particle passes, these aligned water mole-
cules along this path will relax back to a lowest 
energy state. In cases when the particle is trav-
eling at super-relativistic phase velocities (i.e. 
faster than the speed of light in that medium), 
these polarized molecules relax by releasing 
energy in the form of visible radiation lumines-
cence.  
 
The threshold speed for CR production is the 
phase velocity, or speed of light in that medium. 
The β-particle velocities (v) as a function of en-
ergy can be calculated from Equation 1.  

 
Here, c is the speed of light in a vacuum, E is 
the particle energy and Eo is the mass of the β-
particle at rest, in the same units as E. The 
number of Cerenkov photons produced along 
the β-particle’s path can be calculated using the 
Frank-Tamm formula over a specified region of 
the light spectrum as Equation 2 [6]. 

Here θ is the fine structure constant (1/137), 
the λ’s define the spectral range, n is the refrac-
tive index of the material and φ is the velocity of 
the β-particle divided by c. The threshold energy 
to produce CR can be solved for a β-particle in 
water (with a refractive index of 1.33), to yield a 
minimum energy reqiurement of 263 keV. Many 
of the β-particles produced by 18F decay pos-
sess greater energy than this threshold and 
therefore produce CR (the 18F endpoint energy 
is 633 keV and mean is 250 keV). For radionu-
clides that are studied for biomedical applica-
tions (including 225Ac), α-particles are generally 
not of sufficient energy to produce light directly. 
However, the CR emissions of daughter iso-
topes’ decay particles have been detected [7]. It 
should be noted that as this process is refrac-
tive index dependent: the Emin is reduced to ≥ 
219 keV in tissue (using an approximate refrac-
tive index of 1.4) [8]. A direct illustration of this 
dependence on refractive index is the measure-
ment of light produced in varying media (Figure 
1B). 
 
At this time, several studies have theoretically 
and experimentally evaluated nearly all of radio-
isotopes of interest for CR production [7, 9, 10]. 
The β-particle energy spectrum and branching 
ratios for a given radionuclide determines the 
amount of CR produced photons. Thus, for com-
monly used radionuclides the number of CR 
photons produced per disintergration follows 
the trend of 90Y > 68Ga > 15O > 11C > 124I > 89Zr 
> 18F > 64Cu. For a particular Cerenkov imaging 
application, different parameters must be 
weighed for the choice of radionuclide including 
the amount of light produced, radiolabeling 
strategy, half-life of the tracer, and biological 
implications of the higher energy particles. 
 
Cerenkov luminescence imaging overview 
 
The use of the CR light for direct optical imaging 
using a CCD was first described by Cho et al., 
from observations of radioactivy in microfluidic 
chips [11]. Cerenkov luminescence imaging 
(CLI), coined in 2009 by Robertson et al., pairs 
the production of visible light from radiotracers 
with widely used small animal imaging equip-
ment optimized for preclinical imaging [4]. Opti-
cal imaging techniques are workhorses in the 
biomedical-imaging field that enable interroga-
tion of sub-microscopic to macroscopic fea-
tures. All optical imaging methods are based on 
acquisition of photons traveling through and or 
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interacting with tissue and cellular components. 
Among the most widely used techniques for in 
vivo animal imaging are planar and tomographic 
fluorescence imaging and bioluminescence im-
aging [12].  
 
Despite their utility, these techniques are largely 
restricted to preclinical use. Factors that have 
prevented translation from the bench to the 
bedside include depth-penetration considera-
tions, regulatory issues and toxicity. Notably, 
bioluminescent substrates (luciferin and coelen-
terazine) and enzymes (luciferase) are weakly 
immunogenic and there are, to the best of our 
knowledge, only two currently approved fluores-
cent probes (the non-specific indocyanine green 
and fluorescein [13-15]). While clinical trials of 
fluorescent systems continue to progress [16, 
17], Cerenkov imaging provides an opportunity 

to bridge the optical (preclinical) and nuclear 
(clinical) gap using approved tracers and thera-
peutic agents. Therefore, the CR derived from 
clinical agents (e.g. 18F-FDG) in conjunction with 
highly sensitive optical imaging equipment may 
enable facile clinical translation of optical imag-
ing.  
 
Visualizing radiolabeled compounds using opti-
cal systems presents several unique advan-
tages but also challenges. Approximate calcula-
tions reveal the workflow advantages of CLI for 
preclinical studies. One to two animals can be 
scanned in small animal PET equipment, often 
requiring a scan of 10 minutes or more. In CLI, 
as many as five animals can be imaged simulta-
neously, and a white light image of the subjects 
is also provided for anatomical context. Biolumi-
nescent imaging units are considerably cheaper 

Figure 1. Cerenkov Light and Characteristics. A) Cerenkov radiation (CR) is produced by a charged particle traveling 
through a dialectric medium faster than the speed of light (in a vacuum) divided by the refractive index of that me-
dium. Relaxation of the molecules in the medium, polarized by the passage of the charged particle, produces visible 
light weighted towards the higher energy of the spectrum. The profile of the CR is centered at the blue, as shown with 
68Ga (18.5 MBq) in 0.1 M HCl diluted in water, using a Molecular Diagnostics M5 spectrophotometer. B) Equal activi-
ties of F-18 samples (3.952 MBq, 20µL) were diluted in 2 mL of water (H2O, refractive index: n=1.3359), ethanol 
(C2H5OH, n=1.366), saltwater (H2O and saturating NaCl, n=1.377) along with a control sample of water without ra-
dionuclide. Samples were read for 20 exposures of 12.5 seconds using Stanford Photonics XR Mega 10 intensified 
charge-coupled device camera system in a 24 well plate. C) Cerenkov luminescence imaging (CLI) and D) PET imag-
ing of nude mice bearing C6-FLuc tumor injected via tail vein with 18F-FDG at 0.5, 1, 2 h post-injection.  
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than the majority of small animal PET systems, 
with lower service costs. These combined ad-
vantages are particularly relevant for studies 
that involve many subjects over extended peri-
ods of time. Using the radiotracer as an internal 
light source is also advantageous as it reduces 
non-specific background signal for the object 
being imaged. In contrast, fluorescent com-
pounds require an external excitation source. 
This creates substantial background from sur-
face reflectance, greater tissue autofluores-
cence as well as in homogenous excitation 
throughout the volume due to the different ab-
sorption properties of tissues.  
 
Radiotracer imaging 
 
Small animal imaging systems that pair a sensi-
tive CCD camera with an animal isolation cham-
ber are widely used for the visualization of biolu-
minescent signals in genetically modified cells 
and animals. No significant changes in imaging 
procedures are required for CLI, other than re-
placing injection of a bioluminescent substrate 
with that of a radiotracer. Furthermore, no ge-
netic manipulation is needed to introduce ex-
pression of one of the luciferases. The following 
sections of this review discuss the applications 
of directly performing CLI on different classes of 
labeled compounds and agents for varied pur-
poses. These include therapeutic monitoring, 
reporter gene imaging and optically guided sur-
gery. Following these, a description of some of 
the inherent and technical challenges to the use 
of CLI are detailed, along with developing ap-
proaches to overcome these issues. 
 
Small molecule radiotracers 
 
The most commonly used PET radiotracer is 
undoubtedly 18F-FDG. This modified glucose 
molecule accumulates at sites of upregulated 
metabolism, delineating proliferating and in-
flammed regions. Reported doses of 18F-FDG 
imageable with CLI are the same as those used 
for standard small animal PET studies 
(approximately several MBq / few hundred µCi). 
Imaging of 18F-FDG using CLI has been shown to 
strongly correlate with the absolute concentra-
tions as defined in small animal PET (Figure 1C 
and 1D) [10, 18].  
 
Beyond detection of a tumor, 18F-FDG has also 
been used to monitor disease progression and 
efficacy of therapy [19]. Robertson et al. have 

demonstrated CLI’s usefulness in preclinical 
investigations of drug efficacy, monitoring re-
sponse to the treatment of lymphoma xeno-
grafts with MLN4924, a small molecule inhibitor 
of NEDD8-activating enzyme. This drug prevents 
cellular proteasome function and has been 
shown to induce death in a variety of cancer cell 
lines [20]. CLI was used to show a statistically 
significant correlation between total 18F-FDG 
uptake (by CLI and PET) and treatment of the SC 
xenografts. 
 
In a similar approach, Xu et al. utilized both 18F-
FDG and 18F-FLT in order to investigate the re-
sponse of H460 (lung) and PC3 (prostate) xeno-
grafts to treatment with bevacizumab [21]. This 
monoclonal antibody targets vascular endothe-
lial growth factor (VEGF) and is FDA approved to 
treat colorectal, non-small cell, kidney and cer-
tain brain tumors. The authors were able to 
demonstrate a high correlation between PET 
and CLI for both tracers. Their results further 
indicate that the efficacy of immunotherapy 
could be monitored in a high-throughput and 
low cost manner using CLI. 
 
Small molecule imaging agents for non-
oncological applications have also been ob-
served with CLI. The radiolabeled acetylcholi-
nesterase (AChE) inhibitor, 2-[18F] fluoro-CP-
118,954, has been imaged using PET and CLI 
post-mortem. AChE activity is strongly reduced 
in post-mortem tissues of Alzheimer’s disease 
patients [22]. The tracer showed high uptake in 
the striatum on both PET and CLI in healthy 
mice. This region is rich in AChE activity, demon-
strating that this agent may be useful for identi-
fication and diagnosis of the neurodegenerative 
disease. 
 
Finally, these techniques have also been lever-
aged for non-animal studies. Light produced 
from fluorine was detected in a microfluidic de-
vice [11] and 32P distribution has been imaged 
in a plant growth model [23]. 
 
CLI and radiotherapy 
 
The ability to image the spatial distribution and 
concentration of therapeutic radionuclides is of 
considerable interest to the nuclear medicine 
community. For some of these isotopes, such as 
131I, imaging is relatively easy given that the 
decay scheme includes abundant gamma emis-
sion for planar scintigraphy and SPECT. How-
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ever, other therapeutic nuclides such as 90Y or 
the α-emitting radionuclides are considerably 
more difficult to detect. CLI has been utilized in 
several recent studies in order to achieve imag-
ing in preclinical models. In mice, free 90YCl3 
was visualized to rapidly accumulate in the liver 
and bone [10]. The 90Y radionuclide has also 
been imaged in an innovative chelate capture 
scheme. Here, a protein was engineered to bind 
to a chelate appendage, which can be ex-
pressed in vivo, or used in a pretargeting ap-
proach. Results showed that chelated 90Y 
cleared from background tissues over several 
hours, while remaining specifically in tumors 
expressing the protein [24]. It should be noted 
that CLI imaging of 90Y may provide an alternate 
means to efficiently image this nearly pure β-
particle emitter, as compared to low count PET 
and SPECT [25, 26]. 
 
225Ac produced considerable luminescence 
when imaged using small-animal optical imag-
ing eqiupment [7]. This has spurred interest in 
the potential to image it in vivo, along with other 
α-emitters such as 230U, 212At and 212Bi. The 
massive α-particle (relative to a positron) does 
not itself produce CR [9]. However, many of 
these radionuclides involve several decay path-
ways that have significant Cerenkov photon pro-
duction efficiencies. Modeling of the decay 
chain and yields has indicated that there is po-
tential benefit for CLI in imaging these radionu-
clides [27]. However, in some instances the 
long half-lives of the daughters preclude its be-
ing used in a clinical setting. 
 
Reporter gene CLI 
 
Nuclear imaging is a powerful technique to visu-
alize gene expression. It has been used to track 
cells and/or monitor induction of specific genes 
[28, 29]. A well-established reporter gene ex-
pression strategy is the herpes simplex virus 
type 1 (HSV1) thymidine kinase (TK) gene. This 
enzyme (HSV1-tk) phosphorylates and thus 
traps a number of substrates only within the 
transfected cells. These substrates include 
many CR emitting small molecules such as 124I-
FIAU, 124I-FEAU and 18F-FHBG. The latter has 
been used to show that reporter gene expres-
sion can be visualized using CLI in a glioma 
model in mice [30]. 
 
Thyroid specific uptake of iodine has long been 
exploited for radioablation of thyroid neoplasms. 

This phenomenon is mediated by the sodium 
iodide symporter, a surface protein that actively 
transports I- into thyroid cells [31]. This was first 
visualized using radioactive iodine for CLI in 
wildtype mice [10]. Furthering this approach, 
Jeong et al. have used CLI for visualization of 
iodide symporter expression in transduced cells. 
This technique enables high throughput identifi-
cation of 131I accumulation specifically in im-
planted cells [32]. 
 
Macromolecule radiotracers 
 
The imaging of larger radiolabeled structures 
such as peptides, antibodies and nanoparticles 
is also amenable to CLI. For example, a dual-
targeting peptide for RGD (binding αvβ3 integrin) 
and bombesin (binding gastrin receptor) was 90Y
-labeled. The probe visualized prostate cancer 
xenografts with high specificity [10]. Likewise, 
the clinically approved Her2/neu tumor targeted 
antibody, trastuzumab, can be visualized with 
this technique. Long lived radionuclides such as 
89Zr (78.4h) [7, 33] and 124I (100.2 h) [23] have 
been conjugated to the full sized monoclonal 
antibody to image tumors overexpressing the 
receptor in mouse models. Longitudinal optical 
imaging of mice with these compounds can be 
useful to visualize the clearance time and spe-
cific accumulation of these long circulating and 
specific agents. 
 
Nanoparticle probes have garnered great inter-
est over the past decade for biomedical applica-
tions. This is because nanoparticles possess 
unique and tuneable biological, chemical and 
physical properties for imaging and therapy. Iron 
oxide nanoparticles generate negative contrast 
in magnetic resonance (MR) imaging and have 
been widely used as a preclinical nanoparticle 
platform. Labeling of these particles with 124I 
enabled triple modality imaging of the distribu-
tion of the probe for MR, CLI and PET particle 
trafficking to the lymph nodes [34]. 
 
Cerenkov-guided surgery 
 
Molecular specificity using nuclear and optical 
techniques has tremendous potential in the 
surgical setting to guide resection using tar-
geted and specifically accumulated agents in 
diseased tissue. Intraoperative imaging of a 
radionuclide using CLI is feasible, as demon-
strated by Holland et al. using Her2/neu mono-
clonal antibody targeted to cancerous cells [33]. 
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The 89Zr-DFO-trastuzumab radiotracer deline-
ated BT-474 (Her2/neu-overexpressing) and 
MDA-MB-468 (Her2/neu-low expression) tu-
mors. Temporal PET and CLI were used to evalu-
ate the probe’s long-term distribution (Figure 2). 
CLI-guided surgery was then performed to re-
sect the BT-474 tumors. Margins of the tumor 
were clearly visible following removal of skin, 
and complete removal of the immunotargeted 
cells was confirmed after surgery.  
 
These results show a tumor region that was 
visible using optical imaging as late as 144 
hours post-injection. This indicates that one 
injection would be sufficient for pre-, intra-, and 
post-surgery imaging. In this context, a radio-
tracer can be used first to determine the exact 
tumor size and location using pre-surgery PET, 
followed by definition of accurate tumor margins 
intraoperatively, and finally to confirm the effi-
cacy of the operation using CLI before closure 
and post-surgery PET. This application may have 
significant advantages over current intraopera-
tive radiation detection systems, such as hand-
held gamma probes.  
 
Challenges regarding CLI 
 
There are three primary difficulties encountered 
when using radiotracers as an illumination 

source for preclinical imaging. As the CR proc-
ess is dependent on decay and therefore a re-
duction in the amount of ‘active’ material, an 
important consideration is the half-life of the 
tracer being used. This is a commonly encoun-
tered issue in the nuclear imaging field, but a 
new limitation for optical studies. While the 110 
min half-life of 18F may be suitable for imaging 
of glucose uptake and accumulation over sev-
eral hours, it is not suitable for longer experi-
mental investigations that might require days – 
unless re-injection of 18F-FDG is feasible. How-
ever, there are many options in the radiolabel 
used, and many Cerenkov generating radionu-
clides possess a long half-life (such as 89Zr; 78 
h). 
 
The second issue concerning practical CLI is 
that there is relatively little light produced 
through this process, in comparison to standard 
bioluminescent and fluorescent strategies. For 
example, models estimate that the number of 
visible wavelength photons generated by 18F in 
a typical 18F-FDG rodent acquisition (using 100 
µCi) would be several million photons per sec-
ond, orders of magnitude lower than that of a 
typical bioluminescent study [35]. This is partly 
compensated through the lack of a non-specific 
background signal. Further, for all but the short-
est-lived PET radiotracers, the time of acquisi-

Figure 2. Intraoperative CLI. Intraoperative optical CLI of mouse 4 during surgical resection of the BT-474 (HER2/neu 
positive) tumor at 144 hours postadministration of 89Zr-DFO-trastuzumab. A) Preoperative optical CLI of mouse 4 
prior to surgical incision. B) Intraoperative optical CLI of the exposed tumor immediately prior to resection. Note the 
increased intensity of the CLI signal owing to reduced attenuation and scattering from removal of the skin. C) Re-
sected tumor (upper left corner) and the exposed incision site showing the complete loss of CLI signal in the exposed 
region of the mouse. Modified with permission from Holland et al. [33]. 
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tion can be extended in order to capture greater 
numbers of photons for imaging purposes. How-
ever, the relative paucity of CR requires that 
other illumination sources be removed. In the 
diagnostic and operative setting, this presents a 
problem, as the ambient light required in a nor-
mal working environment must be strictly con-
trolled. This suggests that laparoscopic and en-
doscopic applications might provide an ideal 
environment for clinical CLI. 
 
A final difficulty involves the spectral character 
of the light. The blue-weighted Cerenkov is par-
ticularly well attenuated by tissues [36]. Thus, 
there is considerable loss of detectable lumi-
nescence as the activity source moves further 
from the surface of the animal. This presents a 
problem for deep tissue imaging of larger ani-
mals. However, subcutaneous tumors are easily 
discernible as are organs of high tracer uptake 
such as the kidneys, spleen, thymus and even 
the heart in rodent models. 
 
Several approaches are currently being pursued 
in order to leverage advantages of Cerenkov 
luminescence imaging to overcome some of 
these technical challenges, discussed in the 
following sections. 
 
Cerenkov excitation of fluorophores 
 
UV and blue light are strongly attenuated in tis-
sues. This limitation for deep tissue imaging of 
Cernekov can possibly be overcome through 
fluorescent strategies. Here, the aim is to con-
vert the blue-weighted CR to longer wavelengths 
for enhanced penetration. Cerenkov-induced 
fluorescent imaging has been demonstrated 
using a variety of fluorescent probes including 
small molecules [37] and quantum dot (QD) 
nanoparticles [38, 39], as seen in (Figure 3A). 
QD nanoparticles are in many ways ideal fluo-
rescent particles for excitation by a continuous 
UV-weighted photon source such as CR. QDs 
absorb light continuously up to their emission 
wavelength, are photostable and easily conju-
gated to biologically relevant molecules. Fur-
ther, they possess fluorescent emission profiles 
that are characteristically narrow [40, 41]. To-
gether, these features allow the CR to be 
pushed out of the easily attenuated blue/green 
region and into the near infrared. It also enables 
multiplexing as multiple QD excited by the same 
CR source can be discerned separately using 
appropriate filters. This contrasts with conven-

tional PET imaging, as all detected coincidence-
photons posses the same energy of 511 keV 
and cannot be separated from each other 
(Figure 3B and 3C). 
 
Cerenkov for photoactivation therapy 
 
The photoactivation of compounds involves the 
degradation of a ‘caged’ compound to an active 
state through a chemical process. These proc-
esses can involve biological stimuli (such as 
enzymatic cleavage) or physical activating 
events (such as X-ray [42] or UV-light [43]). A 
commonly used photoactive strategy is the 
DMNP-luciferin bioluminescence system. Here, 
the caged substrate (DMNP-luciferin) undergoes 
photolytic cleavage of a caging-group under 365 
nm UV-irradiation. This releases luciferin, the 
substrate for the luciferase enzyme, a biolumi-
nescent genetic reporter. However, at this low 
wavelength the activating light penetrates tis-
sues poorly, making external illumination ineffi-
cient. Ran et al. activated a caged luciferin sub-
strate through whole-body internal illumination 
by 18F-FDG (Figure 3D and 3E). This study was 
able to demonstrate that 18F-FDG was efficient 
at photolytic activation of the DMNP-luciferin 
using cells in vitro, as well as in luciferase ex-
pressing cancer cells in a mouse model [44]. 
 
The linear accelerators used for external beam 
irradiation in the clinical setting function by de-
livering high doses of shaped electron and pho-
ton beams. At sufficient energy, these externally 
impinging electrons are capable of producing 
CR. Detectable levels of light were generated in 
a solid phantom and the amount of light pro-
duced increased linearly with beam energy (up 
to 18 MeV), to a fluence rate of approximately 
1.1 µW/cm2 [45]. This light was then used to 
excite protoporphyrin IX (PpIX), a fluorescent 
agent that also has therapeutic properties 
through production of reactive oxygen species. 
This demonstrates the feasibility of this ap-
proach for dual therapy from the beam itself 
and radiation-induced phototherapy localized to 
the beam path.  
 
Cerenkov luminescence tomography and dy-
namic imaging 
 
Several groups have pursued CR as an internal 
illumination source for tomographic reconstruc-
tion (Cerenkov luminescence tomography, CLT). 
External illumination, e.g. fluorescent tomogra-
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phy, can undergo several confounding interac-
tions including non-homogeneous excitation, 
surface reflection and autofluorescence. The 
internal illumination from radiotracers reduces 
these issues and has the advantage of being 
quantitatively validated using established nu-
clear tomographic techniques. 
 
Several models to solve for the reconstruction 

have been pursued [46,47]. Using 18F-FDG, at 
imaging times and doses similar to those for 
PET and CLI, LI et al. demonstrated that fused 
CLT/CT and PET/CT had high correspondence 
[48], using a finite element mesh method 
(Figure 4). SPECT techniques have also been 
used to validate CLT reconstruction, for example 
with a 131I source [49]. In a recent development, 
using an 18F-FDG tracer, a more sophisticated 

Figure 3. Fluorescent and Photo-activation by CR. To provide for a solution to the depth limitation problem of the blue-
weighted CR as well as enable multiplexing in CLI, use of fluorescent compounds has been investigated. A) The princi-
ple of secondary Cerenkov-induced fluorescence is to use the radiotracer produced CR in order to excite a fluorescent 
molecule, protein or nanoparticle. This then emits light shifted to the red which can penetrate deeper tissue. B) A 
demonstration of the multiplexing capabilities of CLI with fluorophores. Here quantum dots with different emission 
wavelengths were subcutaneously implanted in the back of a mouse. 18F-FDG was then intravenously administered 
and the filter defined emission of each fluorophore was captured and C) combined. The Cerenkov light from a radio-
tracer can be used to initiate photodegradation of caged compounds into their active form. D) Scheme of photoacti-
vation of DMNP-luciferin; CR activates the compound enabling the substrate to be consumed by the luciferase en-
zyme to produce light. E) In vitro assay demonstrating success in using 18F-FDG to activate the caged substrate and 
the production of light by luciferase expressing cells. 
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finite element SP3 model has been used (to bet-
ter approximate optical properties of heteroge-
neous tissues) [50]. Such approaches may be 
appealing to budget-limited laboratories provid-
ing greater reconstruction speed and lower 
processing requirements. 
 
Addressing the processing time required for this 
complex model, Zhong et al. have investigated a 
reconstruction model using L1/2 regularization 
[51]. This approach could be employed in the 
future for very short half-life radionuclides (e.g. 
15O and 11C, t1/2 of 2.04 and 20.4 min, respec-
tively). Additional information may also be de-
rived from the spectral profile of the CR, which 
passes through several tissue specific absorp-
tion domains. Spectrally defined measurements 
therefore enable three-dimensional reconstruc-
tion from a single (not rotated) surface image. 

This was demonstrated with 32P-ATP and 
readings using bandpass filters for 600, 
620, 640 and 660 nm for tomographic 
whole body distribution in a mouse [46]. 
 
A non-tomographic approach to achieve 
organ (and tumor) delineation is to utilize 
the dynamic distribution of optical con-
trast agents [52]. Taking advantage of an 
electronic camera’s ability to aquire 
frames at high speed, coupled with algo-
rithms for clustering signals (on a per 
pixel basis) as a function of time, it is 
possible to anatomic compartmentaliza-
tion maps. Recently it has been shown 
that CR produced from 32P-ATP and 18F-
FDG can be used for such anatomical 
distinction [53]. This dynamic CLI strat-
egy offers interesting opportunities for 
compartment modeling of dynamic tracer 
distribution and automatic demarcation 
of tumor uptake. 
 
Conclusions 
 
The use of Cerenkov emissions for opti-
cal identification of the distribution of 
radiotracers has generated intense inter-
est in the imaging field. It enables the 
facile imaging of radiotracer distribution 
for a variety of useful biomedical and 
preclinical applications using optical im-
aging equipment. Applications using com-
mon and experimental PET and therapeu-
tic radiopharmaceuticals have the poten-
tial to accelerate preclinical nuclear re-

search. As well, the technique may enable facile 
translation of optical imaging techniques into 
the clinic with a focus on intraoperative and 
endoscopic applications. 
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Figure 4. Cerenkov Luminescence Tomography. Reconstructed 
Cerenkov luminescence tomography images fused with CT 
images. A) Coronal cross section showing bladder and heart 
and B) sagittal cross section at tumor. C), D) Corresponding 
fused PET/CT images. 
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