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Abstract
Near-infrared (NIR) optical imaging is a noninvasive and nonionizing modality that is emerging as a diagnostic tool
for breast cancer. The handheld optical devices developed to date using the NIR technology are predominantly
developed for spectroscopic applications. A novel handheld probe–based optical imaging device has been recently
developed toward area imaging and tomography applications. The three-dimensional (3D) tomographic imaging
capabilities of the device have been demonstrated from previous fluorescence studies on tissue phantoms. In
the current work, fluorescence imaging studies are performed on tissue phantoms, in vitro, and in vivo tissue mod-
els to demonstrate the fast two-dimensional (2D) surface imaging capabilities of this flexible handheld-based
optical imaging device, toward clinical breast imaging studies. Preliminary experiments were performed using tar-
get(s) of varying volume (0.23 and 0.45 cm3) and depth (1-2 cm), using indocyanine green as the fluorescence
contrast agent in liquid phantom, in vitro, and in vivo tissue models. The feasibility of fast 2D surface imaging
(∼5 seconds) over large surface areas of 36 cm2 was demonstrated from various tissue models. The surface
images could differentiate the target(s) from the background, allowing a rough estimate of the target’s location
before extensive 3D tomographic analysis (future studies).
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Introduction
Handheld-based optical imaging devices have been developed for
breast imaging to accelerate the clinical translation of the technology
toward cancer diagnosis. Several of these handheld devices have been
tested in vivo on human subjects [1 2 3 4 5, selected publications].
However, they are unable to contour to the curvature of human
breast tissue because all these devices used flat-probe faces. The pre-
dominant applications to date have been either toward spectroscopic
measurement of tissue optical properties or two-dimensional (2D)
localization studies of abnormal tissue within the breast. Recently,
a handheld optical imaging device has been developed in our Optical
Imaging Laboratory [6] toward imaging large tissue surfaces using a
flexible probe face that contours to different tissue curvatures. The
device is intended to augment current clinical imaging modalities
for breast cancer detection and diagnosis. The three-dimensional
(3D) tomographic ability of the device has been demonstrated on
large tissue phantoms using a fluorescence-enhanced–based imaging
technique [7]. Herein, preliminary studies are performed on tissue
phantoms, in vitro, and in vivo tissue models to demonstrate the fast
2D surface imaging capabilities of this flexible handheld-based opti-
cal imaging device toward clinical breast imaging studies.
Materials and Methods

Instrumentation
The instrumentation for the handheld optical imaging device con-

sists of a 785-nm, 500-mW laser diode source and an intensified
charge-coupled device (ICCD) camera detector (with 550-850 nm
bandwidth at the intensifier end) as shown in Figure 1. The source
light is launched onto and collected from the tissue surface using a
handheld-based probe head (4 × 9-cm2 imaging area). The handheld
probe consists of 6 points of illumination and 165 points of collec-
tion (as shown in Figure 2) of optical signals through optical fibers,
which connect the probe head to the source and detector. The total
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tissues. The device has been tested extensively in the past on homo-
geneous slab phantoms (with sample results shown here). The device
has been tested for CW-based fluorescence optical imaging in vitro as
well as in vivo. The fluorescence studies demonstrate the ability of the
handheld device to perform fast 2D imaging and also detect a fluores-
cent target within a heterogeneous tissue-mimicking background as
well as real human breast tissue (on using subtracted images). Future
work will involve fast coregistered imaging of human breast tissue to
enable 3D tomography in human subjects using this novel handheld-
based optical device.
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