
Initial Clinical Evaluation of Laser Optoacoustic I maging System
for Diagnostic Imaging of Breast Cancer

Introduction
Optoacoustic Tomography (OAT) is a new medical imaging 
modality with a primary application in early detection and 
diagnosis of breast cancer.  Optoacoustic tomography combines 
the most advantageous features of light and sound imaging. The 
advantages of optoacoustic tomography for breast cancer 
detection include (1) pronounced tissue contrast arising from
differences in the optical properties of tumors and normal 
tissues, and (2) high image resolution provided by acoustic 
detection within an ultrawide band of ultrasonic frequencies.

Optical contrast between normal and malignant tissues in the breast 
can be significantly greater than the contrast in ultrasound imaging 
and other imaging modalities due to its functional rather than 
anatomical origins.  The primary optoacoustic contrast is provided 
by the dense network of microscopic blood vessels in tumor 
angiogenesis. Furthermore, the blood in aggressively growing 
malignant tumors is hypoxic relative to benign tumors.  Therefore, 
imaging using four laser wavelengths matching the absorption 
peaks in oxy- and deoxy-hemoglobin, water and lipids provides a 
means for quantitative diagnosis of breast cancer. Just two laser 
colors are sufficient for qualitative differentiation. Clinical studies 
performed initially in phantoms, then in mastectomy specimens, and 
finally, in breast cancer patients have demonstrated potential 
capability of OAT to detect and noninvasively diagnose early breast 
tumors.

Conclusions 

•Optoacoustic Imaging is a new real-time imaging modality which 
combines the advantages of optical illumination (high contrast and 
molecular specificity) and ultrasound detection (high resolution of better 
than 1 mm).

•Sensitivity of optoacoustic imaging may permit detection of early tumors 
through the depth of the breast independently of age of the patient.

•Diagnostic utility based on measurement of hemoglobin concentration 
and blood oxygenation in tumors is promising; further studies are 
underway to better evaluate the technique’s capabilities and guide 
commercialization.  

Figure 2.  Digital x-ray mammography image of the breast showing a round, 
apparently benign tumor (left panel).  Optoacoustic image of the same breast 
showing a focus of high concentration of hypoxic blood in the tumor, indicating 
aggressive growth. Patient’s history revealed that this tumor increased in size by 
two times over the past year. Biopsy revealed that this tumor was a papilloma,  
distributed suspicious cells were found, and the tumor was excised.

Figure 1. Patient positioned on the examination platform and the
optoacoustic tomography system, including laser, electronic console and 
detection probe.  Expanded view of the imaging probe with illumination 
cone underneath the patient examination bed. Transparent plastic sheets 
contain the breast and coupling medium while allowing unimpeded 
optoacoustic coupling.

Discussion

The absorption spectrum of four primary light absorbing molecules in 
the breast tissue  (water, lipids, hemoglobin, and oxyhemoglobin) in 
the near infrared region allows diagnostic characterization of tumors. 
The amount of blood is substantially higher in malignant tumors 
compared with normal breast  tissue.  This increased hemoglobin 
concentration gives rise to a more than two-fold increase in the 
brightness of optoacoustic image features in comparison with normal 
tissue. The spatial resolution of optoacoustic images allows 
visualization of sub-millimeter structures. Preliminary comparison of 
brightness of optoacoustic images obtained at two wavelengths yields 
qualitative differentiation of fibroadenomas and carcinoma tumors. 
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Methods

27 patients at UTMB Galveston were enrolled in the study after both 
abnormal mammogram (BIRADS 4-5) and ultrasound studies indicated 
biopsy was appropriate.  Subjects consented and optoacoustic imaging was 
performed prior to biopsy. Patients were positioned prone with their breast 
suspended into the probe for simultaneous optical and acoustic coupling.  
An articulated arm was used to deliver light at either 757 nm  from 
Alexandrite laser, or 1064 nm from Nd:YAG laser uniformly to the breast.  A 
hemicylindrical array of  64 acoustic detectors coupled peripherally around 
the breast detected the signal which was then reconstructed using a filtered 
backprojection algorithm.

Results

Optoacoustic images were compared qualitatively against ultrasound and 
mammogram images for signal intensity and localization. Optoacoustic 
images provided greater contrast especially in radiologically dense breasts. 

Figure 3.  Poorly differentiated infiltrating ductal carcinoma not visible on x-ray 
mammogram was detectable by optoacoustic image showing distribution of 
hypoxic blood in the breast.

Figure 4.  Optoacoustic images of a ductal carcinoma obtained at 757 nm (left) 
and 1064 nm (right). Images are scaled to max brightness, however, left image 
is originally brighter showing high concentration of hypoxic blood. 
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