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Near-infrared (NIR)3 (700 –2500 nm) in vivo im-
aging with semiconductor quantum dots (QDs) can
offer nonradioactive extraction of medical informa-
tion, thus providing new opportunities for clinical di-
agnostic imaging in deep (�1 cm) tissues for diagnos-
ing cancer and other tissue abnormalities (1 ). NIR light
can propagate over several centimeters because of the
low absorbance of tissue chromophores. However, flu-
orescent imaging performed with NIR contrast agents
had not been fully explored because of the limited
sources of these agents. The fluorophores for NIR im-
aging had been typically limited to the general class of
cyanine dyes such as indocyanine green. Molecule-
based fluorophores inherently suffered from limited
brightness because of enhanced coupling with vibra-
tional modes at longer wavelengths. As a result, fluo-
rescent molecules could not be easily found for emis-
sion wavelengths over 800 nm. Transitions in atomic
energy levels (i.e., transition metals) could be exploited
only after the drawbacks of low extinction and limited
tunability of the emission wavelength were addressed.
QDs represented a potentially ideal nanoemitter that
promised bright and multiplexed imaging in the NIR
region.

In 2003, simulations and modeling studies were
performed for optical imaging in turbid media such as
tissue and blood, and the results suggested 2 optimal
optical windows for QD NIR imaging—a first optical
window (FOW, 700 –900 nm) and a second optical
window (SOW, 1000 –1400 nm) (2 ). Lymphatic map-
ping and sentinel lymph node (SLN) biopsy was chosen

as a proof-of-concept experiment for in vivo QD NIR
imaging. SLN mapping was a good example for intra-
operative procedures routinely practiced clinically and
had the potential to be used in all solid tumors for
visually guided surgery and minimized dissection. A
QD probe was devised to be an approximately 20-nm
hydrodynamic (HD)-sized QD emitting at approxi-
mately 850 nm. The emission wavelength was chosen
within the FOW. The HD size was small enough to
guarantee the rapid flow and escape from the injection
site yet large enough for the selective retention at the
SLNs. Type-II QDs with an oligomeric phosphine
coating were successfully used to meet the design crite-
ria. An in-house– constructed operational NIR fluores-
cence imaging system, the predecessor of FLARETM,
beautifully showcased the identification of SLNs ap-
proximately 1 cm below the skin surface by use of re-
flectance imaging (3 ). It was possible to improve the
signal-to-noise ratios by over 100-fold by using QDs
that emit light at 1320 nm (instead of 850 nm) (2 ).
However, the lack of bright fluorescent probes and the
absence of sensitive charge-coupled device (CCD)
cameras in this SOW have impeded the use of this
highly sensitive spectral range for in vivo imaging. Our
group has recently made quantitative and comprehen-
sive comparisons for the imaging depths of NIR QDs in
the FOW and SOW (4 ). QDs in the SOW can currently
extend optical diagnosis to depths that are several-fold
deeper than those attainable with the FOW counter-
part (4 ) and are expected to reach deeper as the CCD
technology advances in the future. Because SLN map-
ping is a rudimentary application, targeting is not re-
quired for the contrast agent. Targeted imaging at the
cellular level is of paramount importance to solve many
of the most important clinical problems, including
early cancer detection. To achieve such imaging, the
signal-to-background ratio (SBR) must be enhanced
by many orders of magnitude, but such radical im-
provement in the SBR is unlikely with simple affinity-
based targeting because it relies on the concentration
gradient, which is heavily restricted by biodistribution,
clearance, and low target concentrations (5 ). The SBR
challenge can be overcome with QDs by acquisition of
a “turn-on” function for spectral (color) and/or fluo-
rescence intensity modulations in response to local en-
vironmental changes or particular binding events. For
example, SLN QDs with this turn-on function can be
used for simultaneous mapping and diagnosis of the
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malignancy. Sophisticated control of the QD surface is
a prerequisite for the development of such a turn-on
function (6 ). Innovations in tomographical optical im-
aging techniques that can exploit multiply scattered
photons from deep tissues are also required to achieve
deep and sensitive NIR QD imaging for clinical
applications.
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