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Automated 3D Doppler Ultrasound Imaging for Comprehensive Breast Lesion Assessment
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Abstract— Breast cancer is the most common cancer in
women worldwide. There are two million diagnoses
and 685,000 deaths annually. Early diagnosis is critical
to reducing mortality. Although screening with
mammography has been shown to have reduced breast
cancer-related mortality through early detection,
dense breast tissues reduce mammographic sensitivity,
potentially delaying diagnoses and contributing to
poorer outcomes. Therefore, there is a need for more
accessible and cost-effective supplemental screening
technologies, especially for high-risk populations and
women with dense breasts. To address these
challenges, a promising approach involves combining
widely available, cost-effective, and accessible

ultrasound-based technologies with economical
hardware, software modules, and automated
techniques. Among these technologies, Doppler

imaging plays a crucial role in the clinical evaluation
of breast abnormalities, as intratumoural blood flow
has been shown to correlate with the aggressiveness
and histological grade of the tumour. The development
of a novel automated, portable, and patient-dedicated
3D automated breast ultrasound (ABUS) system for
point-of-care breast cancer supplemental screening
holds significant promise. The proposed system has
previously demonstrated the capability to generate
accurate whole-breast B-mode images, which can aid
in the early detection of breast cancer in women with
dense breasts. Additionally, it offers the advantage of
incorporating Doppler imaging to assess blood flow
within suspicious lesions, a capability not commonly
available with commercial ABUS systems. By
leveraging Doppler imaging in conjunction with 3D B-
mode ABUS, this innovative approach could improve
breast cancer-related health outcomes and equity in
access to healthcare, especially for underserved and
vulnerable populations.
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I. INTRODUCTION

Breast cancer is the most common cancer in women
worldwide. There are two million diagnoses each year and

685,000 deaths [1]. Apart from adjuvant therapies, such
as chemotherapy or hormone treatment, timely diagnosis
is a primary pathway by which breast cancer mortality rate
can be reduced [2]. Mammography currently stands as the
gold standard in breast cancer screening; however, it has
reduced sensitivity in women with dense breasts [3].
Malignancies are more difficult to identify in women with
more dense fibroglandular tissue compared to fatty
adipose tissue. Additionally, breast density alone is a
strong, independent risk factor for developing breast
cancer [4]. This has the potential to delay diagnoses,
contributing to overall poorer outcomes in populations
with dense breasts. Navigating the intricacies involved
with screening women with dense breasts may often
require additional supplemental imaging, such as
magnetic resonance imaging (MRI) and tomosynthesis
[5]. However, these procedures are often costly and
require  experienced technicians, making them
inaccessible in limited-resource settings. Therefore, there
is a need for the development of accessible, cost-effective,
and point-of-care technologies for the early diagnosis of
breast cancer, especially in underserved populations and
women with dense breasts.

Conventional ultrasound (US) is a non-invasive and
widely accessible imaging modality, making it particularly
suitable for this application. However, B-mode US images
somewhat incompletely convey the severity of tumours.
Doppler US, which utilizes the Doppler effect to
characterize blood flow, is particularly useful when
imaging breast tissue as it can provide information on
intratumoural blood flow, which correlates with tumour
aggressiveness and histological grade. [6] Furthermore, it
can help distinguish between some cysts and anechoic
malignant lesions [7]. Specifically, power Doppler (PD)
and superb microvascular imaging (SMI) are both
techniques that can be used to visualize intratumoural
blood flow given their ability to image low-velocity blood
flow as well as flow within microvasculature [8], [9], [10].

Our lab has previously designed and constructed a
cost-effective, wearable 3D automated breast ultrasound
(ABUS) device, as shown in Fig. 1, which can generate
whole breast images using any commercially available US
system and transducer. Integrating automated 3D whole
breast imaging with diagnostic Doppler characterisation



has the potential to facilitate definitive diagnosis of breast
cancer in increased-risk populations, especially in women
with dense breasts. This work represents the first
integration of 3D Doppler imaging with an ABUS system,
a capability currently lacking from commercial systems
[11]. As such, this paper focuses on the integration and
characterization of 3D Doppler imaging within our
previously developed 3D ABUS device.

Il. METHODS

A. System Description and Software Components

The design and functionality of the 3D ABUS
system, including its scanning mechanism and imaging
reconstruction, have been described in detail in previous
work [12], [13]. We extended our system’s capability by
modifying image reconstruction and visualization. This
included capturing color voxels alongside grayscale
voxels, as well as optimizing scanning parameters to
minimize presence of artifacts. The system is comprised
of a custom 3D-printed wearable base that conforms to
patient anatomy, an adjustable compression assembly to
stabilize the breast, and a mechanically driven scanning
mechanism [14]. While the system can be adapted to any
commercial ultrasound system, for testing purposes, a
Canon Aplio i700 US system (Canon Medical Systems,
Tochigi, Japan) and a high-resolution 14L5 (10 MHz)
linear transducer were used. Our imaging system
includes a workstation capable of real-time US image
acquisition, 3D US reconstruction, multi-planar
visualization, and a complementary (CBUS) acquisition
approach to improve resolution [15], [16].
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FiGc 1. Computer-aided design (CAD) illustrating the 3D ABUS
system with the patient-dedicated base and the motorized drive
for scanning the US transducer.
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B. Phantom Description

The 3D Doppler capabilities of the hardware and
software were tested using two custom-designed flow
phantoms. The first mimicked a vessel embedded in
tissue, which was designed using Fusion360 (Autodesk,
San Francisco, CA) and Meshmixer (Autodesk, San
Francisco, CA). The vessel mimic was then 3D-printed
(Form3BL, Formlabs, Sommerville, MA) using
photopolymerization of a proprietary resin (Elastic50A,
FormLabs, Sommerville, MA). The model had an overall

diameter of 25 mm, a vessel inner diameter of 2 mm, and
a vessel wall thickness of 0.65 mm. These parameters
were selected for consistency with physiological vessel
morphology, as shown in Fig. 2. The printed vessel was
embedded in colloidal agar-based background material,
consisting of 3% agar by mass. 8% glycerol by mass was
added to provide the phantom’s speed-of-sound to be the
same as that of soft tissue, approximately 1540 m/s [17].
The phantom mixture was also enriched with 1% cellulose
to simulate the acoustic backscattering of breast
parenchymal tissue [17]. The phantom was constructed by
suspending the vessel in an acrylic box and pouring the
molten agar mixture around it.

Fic 2. Computer-aided design (CAD) illustration of the 3D
printed vessel embedded in the flow phantom. The outer
diameter of the overall structure is 25 mm, the vessel inner
diameter is 2 mm, and the vessel wall thickness is 0.65 mm.

A second, wall-less, phantom was created by placing
silicon vasculature (Fig. 3) into an acrylic mold. The
vasculature was cast using silicon rubber (Mold Star,
Macungie, PA) into 3D-printed negative molds to make
two vessel networks. Branches of the negative mold were
aligned with 20-gauge galvanized steel wire (BEN-MOR,
St-Hyacinthe, QC) before pouring the silicon mixture to
act as a skeleton. The diameter of either end of the
vasculature was 10 mm, which narrowed to 3 mm in the
middle. The vessel networks were inserted into the acrylic
mold through the inlet and outlet. They were then joined
inside the acrylic mold by inserting branches from one
network into holes at the end of the second network’s
branches. Molten agar was then poured into the mold and
allowed to harden before the two halves of the vasculature
were pulled out, creating wall-less channels.

FiG 3. Image of silicon vasculature used to create the wall-less
phantom. Diameters on either end of the vasculature are 10 mm,
which narrows to 3 mm in the middle where the two halves join.

C. Doppler Signal Quantification

To simulate blood flow during the 3D scan, a blood-
mimicking fluid (BMF) (Shelley Medical Imaging




Technologies, London, Ontario, Canada) was pumped
through the phantom [18]. Flow rates of 14.1 cm/s and
30.5 cm/s were used for SMI and PD images of the vessel
mimic phantom, respectively. A flow rate of 6.5 cm/s was
used for the wall-less phantom for both PD and SMI
images. During the scan, the transducer collected a series
of 2D PD and SMI images as it was translated across the
phantom, which were reconstructed into a 3D Doppler (or
SMI) image as the 2D images were acquired.

Images of the vessel mimic phantom were visually
inspected to ensure full saturation of the Doppler signal
within the channels. The 3D Doppler images of the wall-
less phantom were evaluated through a comparison of
vessel lengths with contrast-enhanced computed
tomography (CT) images. For CT imaging, the phantom
was filled with water and an 8% concentration of lohexol
CT contrast agent (Omnipaque 350 mg/mL, GE
Healthcare, United States). Vessels in the 3D Doppler and
CT images were segmented, and the vessel centerlines
were extracted using 3D Slicer (3D Slicer, Boston,
Massachusetts, Version 5.2.2). Centerline lengths were
compared across 3D PD, 3D SMI, and CT images.

I1l. RESULTS AND DISCUSSION

In addition to the design and fabrication of a novel 3D
Doppler phantom, the proof-of-concept 3D Doppler
ABUS images of the flow phantom are shown in Figs. 4
and 5. These results demonstrate the feasibility of 3D
Doppler imaging using the 3D ABUS system.
Importantly, this proof-of-concept demonstrates the
ability of the ABUS system to reconstruct 3D images
using both PD and SMI Doppler ultrasound, which is a
capability not available with commercial systems. Figure
4 demonstrates the flow of fluid through the vessel mimic
as its vessel channels are fully saturated with Doppler
signal. The 3D Doppler images of the vessel mimic are
also able to be dynamically viewed at any oblique and
non-oblique views, such as coronal, transverse, and non-
oblique visualization angles.

Fic 4. 3D Doppler ABUS images of the vessel mimicking
phantom consisting of a 3D-printed vessel embedded in an agar

gel. The top row shows a) coronal and b) transverse views of the
vessel with SMI signal while the bottom row shows c) coronal
and d) transverse views of the vessel with PD signal. The X, v,
and z axes correspond to out-of-plane, in-plane, and elevational
directions.

Figure 5 shows the segmented vessels in the wall-
less phantom from the 3D PD and SMI images registered
and overlapped with the CT images. These images show
the saturation of the vessel branches by the Doppler
signal. Vessel lengths in CT, PD, and SMI images were
428.54 mm, 450.24 mm, and 446.73 mm, respectively.
Overall, vessel lengths were within 5% of each other. The
mean distance between vessels from CT and 3D US
images was 0.78 + 0.5 mm.

FiG 5. Coronal view of overlapping vessel segmentations for a)
CT and PD images, and b) CT and SMI images of the wall-less
phantom. The X, y, and z axes correspond to out-of-plane, in-
plane, and elevational directions, respectively.

V1. CONCLUSION

We successfully developed an automated, cost-
effective, portable, and patient-dedicated 3D ABUS
system capable of 3D PD and SMI imaging, which marks
the first whole-breast 3D Doppler image acquisition and
generation using any commercially available US system
and transducer equipped with Doppler capabilities. This
addresses a critical gap in current ABUS technology and
expands its diagnostic utility beyond conventional B-
mode imaging. These results demonstrate the potential to
improve the characterization of breast cancers, especially
in increased-risk populations, including those with dense
breasts. The improved characterization capabilities would
allow for earlier detection, diagnosis, and overall increase
in the likelihood of survival in populations impacted with
breast cancer. Future studies will include 3D ABUS
imaging of flow phantoms with disorganized and chaotic
blood flow patterns as well as healthy volunteer and
patient imaging.
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