


better predictor of the patient’s recurrence-free
survival than pathologic complete response.



(Verasonics Inc, Kirkland, WA). Ultrafast plane wave
imaging was performed using a 5-MHz transmit pulse
cycle. Spatial angular compounding was used to
improve image quality whereby successively steered
and overlapping plane wave transmissions were per-
formed using 5 equally spaced angles in the ±18�

range.10 An acoustic output of 1.1 MPa was employed
and measured using a hydrophone scanning system
(AIMS III; Onda Corp, Sunnyvale, CA).

Two parallel convolution filters were applied to
the radio frequency data sequences to measure the

relative strength of the received time-domain signals
relative to a pair of Gaussian-weighted Hermite poly-
nomial functions of orders 2 and 8, denoted GH2 (t)
and GH8(t), respectively.8 For each image spatial
location, spatial angular compounding was performed
by averaging the acquisitions over all steered plane
wave transmissions. The signal envelope for each of
these filtered and compounded data sequences were
then calculated using a Hilbert transformation. The
relative strength of these filter outputs is color coded
whereby the lower frequency (GH2) backscatter

Figure 1. Schematic diagram of a first-generation real-time B-scan and H-scan ultrasound (US) imaging system. This clinically translatable

and programmable system incorporates a (A) graphic user interface for controlling radio frequency data acquisition and signal processing

including (B) variable control of the parallel convolution filters used to derive the H-scan ultrasound image. System-level data flowchart (C)

details ultrasound image reconstruction and dual (D) H-scan (left) and B-scan (right) display.
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signals was assigned to the R channel and the higher
frequency (GH8) components to the B channel. The
envelope of the original unfiltered compounded data



intensity. This trend is much more pronounced from



channel data (P = .06). A comparison between control
and treated animal group measurements collected on
the same experimental day revealed significant differ-
ences at 7 days for the H-scan ultrasound data
(P = .04), at 48 hours and 7 days for the blue channel
data (P < .02), and at baseline for the red channel data
(P = .03). Further analysis of blue and red channel
data versus tumor size at baseline discovered no nota-
ble relationship for the former (R2 = 0.02, P = .53)



termination was performed, and the results are shown
in Figure 7. Analysis of cancer cell proliferation scores
versus ultrasound imaging results revealed no signifi-
cant trends (P > .23). Conversely, and of note from
the therapy group findings, there were statistically sig-
nifi



Figure 6. Representative histology stains for (A) Ki 67 (cell proliferation, black arrows) and (B) caspase-3 (cell apoptosis, black arrows) of

tissue sections from control and treated tumors. Group measurements are summarized for (C) tumor size, (D) Ki 67, and (E) caspase-3 at

animal termination.
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Using a luciferase-positive breast cancer xenograft
model, H-scan ultrasound was used to image the
developed tumors following administration of a single
session of neoadjuvant chemotherapy (ie, paclitaxel)
versus sham treatment. Both in vivo H-scan ultra-
sound imaging bioluminescence imaging was per-
formed at baseline and again at 24, 48, and 168 hours




