Enhancement of Hemodynamic Contrast in the Cancerous Breast by Controlled Articulation
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INTRODUCTION Details of blood delivery to tissue and bulk fluid redistribution among the various INDIVIDUAL Hb SIGNAL COMPONENT RESULTS (cont.)
tissue compartments frequently are impacted by disease or trauma. For example, derangements in
hemodynamic states, accompanied by increased tissue stiffness and local edema, is a common
breast cancer phenotype [1]. Accordingly, we have hypothesized that externally applied mechanical
forces can produce distinct dynamic responses between diseased and healthy tissues, thereby
enhancing diagnostic image contrast. Additional evidence for this sort of contrast-enhancing effect
comes from correspondences that we have observed between fNIRS-based hemodynamic image
data and results of computed estimates of internal mechanical stress and pressure distributions, as a
function of various applied articulation maneuvers [2]. The latter suggest that spatial distributions of
hemodynamic variables in the fNIRS images represent redistributions of blood Iin response to
changes in the internal stress. Here we present results from a pre-clinical study that we have
conducted, using a recently developed an fNIRS-based breast imaging system [3], to evaluate the
hypothesis that image contrast between breast tumors and surrounding healthy tissue may be
enhanced via controlled articulation maneuvers.

Fig. 8. Orthogonal 2D sections of 3D reconstructed image of HbT stress-
relaxation response (Hb concentrations are normalized to the maximum
value), for a 40 y/o subject with a 6-cm IC in the right breast, following a
full-compression protocol. (Similar findings are obtained for all
components of the Hb signal and all compression-protocol variants.) A
substantially larger response is seen in the affected breast, and the
position of the maximum correlates well with the known tumor location.
However, the image contrast and resolution are low.

Results in Figs. 6-8 show that the articulation-based fNIRS imaging data
do contain the necessary diagnostic information. But we need a way to
Increase the discriminatory power. Consequently...
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Fig. 3. The four phases of a quasi-static
compression protocol.

Following a five-minute baseline scan, the skin-optode contact pressure was rapidly (~2 s) increased to a level
of either 4.4 N or 7.1 N, and data collection continued during the subsequent period of stress relaxation (60-
120 s). Optical data were analyzed offline: application of a low-pass filter with a 0.2-Hz cutoff frequency was 0

followed by use of the Normalized Difference Method to reconstruct images of oxygenated and deoxygenated Fig. 10. Orthogonal 2D sections (from top to bottom: coronal, sagittal and axial) of 3D spatial maps of the MD calculated
hemoglobin (HbO, HbD), tissue oxygen saturation (HbSat), and blood volume (HbT) [4]. using Eq. (1). To emphasize large-MD features, images are thresholded to show only regions with MD > 5.5. While
similar results are obtained for all pairings of Hb-signal components, the images shown are MDs derived from the
(HbT,HbD) pair. From data collected during stress relaxation following a 4.4-N ML compression. (a) Subject with breast
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unsurprising if, in absolute terms, the differences between the mechanical properties of healthy and diseased tissues are
small in comparison to their averages. In that case it would be expected that all breasts would respond in a more similar
manner to a strong perturbation, while a milder one would better distinguish them.

by a statistically significant amount. However, the difference is
not sufficiently large to permit use of the SSD ratio as a
diagnostic metric of breast cancer in individual cases.

CONCLUSION

Results presented show controlled articulation maneuvers can improve image contrast between breast tumors and both
the surrounding healthy tissue and the contralateral breast. Breast-cancer diagnostic power is thereby improved.
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