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Abstract 

A majority of women with early stage breast cancer select breast conservation surgery (BCS) 

over mastectomy. A key issue with BCS, however, is the high percentage of patients (30-60%) 

who require additional surgery to remove residual cancer that was not identified during the initial 

operation. This is especially true for patients with lobular carcinomas since they are difficult to 

detect. At Utah Valley University, a high-frequency (HF) ultrasonic method has shown promise 

as a rapid, intraoperative method for detecting residual breast cancer in surgical margins. The 

objective of this project was to determine the sensitivity of HF ultrasound to lobular carcinoma 

using histology mimicking phantoms and surgical margins. Phantoms were created from distilled 

water, agarose powder, 10X TBE stock solution, and polyethylene microspheres (98-μm dia.) 

and fibers (35-μm dia.) to simulate breast tissue histology. Three experiments were conducted 

with specimens containing only microspheres (E1), only fibers (E2), and a mixture of both (E3) 

to more accurately model breast tissue histology. Microsphere and fiber weight percents were 

varied for each specimen. Pitch-catch measurements were acquired using 50-MHz transducers, 

a HF ultrasound system, and glycerol as the coupling agent. Attenuation showed definite trends 

for E1 and E3, but no trend for E2. Peak density showed no trend for any of the experiments. 

HF ultrasonic tests on margin specimens from two studies performed at the Huntsman Cancer 

Institute (90 patients total) showed that both attenuation and peak density were most sensitive 

to lobular carcinomas. Both phantom and surgical margin results indicate that HF ultrasound 

shows a higher sensitivity to lobular carcinoma histologies as compared to ductal carcinoma 

histologies. 
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Sensitivity of high-frequency ultrasound to breast 
cancer lobular carcinomas:  results from phantom and 

surgical specimen studies 

1 Introduction 

Determining the pathology of soft tissues non-invasively and in real time would benefit several 

medical procedures including screening, endoscopy, and biopsy as well as exploratory and 

surgical procedures.  In particular, the use of such a method for the intraoperative assessment 

of margins in breast conservation surgery (BCS) would significantly improve the quality of care 

for breast cancer patients.  Obtaining negative (cancer free) margins in BCS is critical for local 

control of cancer in the affected breast, and failure to obtain negative margins during BCS 

results in additional surgery for 30-60% of patients [1-6].  A number of methods are therefore 

being investigated for the intraoperative evaluation of margin status, including small specimen 

radiography, radio-frequency spectroscopy, optical methods, and terahertz wave methods [7-

12]. 

Invasive lobular carcinoma (ILC) comprises 5-15% of breast cancers, and is more difficult to 

detect radiographically than ductal carcinomas due to its diffuse growth characteristics [13].  ILC 

typically infiltrates tissue in single-cell wide filaments dispersed through the stroma.  Diagnostic 

imaging methods, therefore, show lower sensitivities for ILC as compared to ductal carcinomas, 

including mammography, ultrasound, and magnetic resonance imaging (79%, 68%, and 83% 

sensitivities, respectively) [14].  Negative margins are particularly difficult to achieve for ILC, with 

six studies reporting 49-63% positive or close margins following the initial surgery, and one 

study reporting 39% positive or close margins with the use of full thickness excision and 

oncoplastic surgery [15].  Many patients with ILC therefore end up receiving multiple (three or 

more) surgeries and often a mastectomy due to the inability to obtain negative margins. 

Ultrasonic wave propagation in tissues strongly depends on histological features including cell 

structure, cell number density, tissue microstructure, and tissue heterogeneity [16].  Ultrasound 

therefore has the potential to differentiate between normal, benign, and malignant pathologies in 

breast tissue [17].  For example, Jeong et al. (2008) used 2-10 MHz ultrasonic tomography to 

map regions in eight mastectomy specimens into three tissue types:  Normal, benign changes, 

and invasive carcinoma [18].  The use of frequency dependent attenuation and high resolution 

scans ( 1 mm) provided a significant degree of correlation to histopathology, yielding an 80% 

sensitivity, 90% specificity, and 86% accuracy.  High-frequency (HF) ultrasound has been used 

to detect histological changes associated with mammary tumors in mice at 10-25 MHz [19], to 

differentiate normal and malignant human breast epithelial cells in monolayer cell cultures at 20-

50 MHz [20], to determine tumor size and margin status in 2-5 mm thick slices of ductal 

carcinoma tissue with scanning acoustic microscopy at 15-50 MHz [21], and in mouse tumors 

following photodynamic and radiation therapies [22,23]. 

The objective of this study was to investigate the sensitivity of HF ultrasound in the 20-80 MHz 

range to lobular carcinomas in margin surgical specimens.  Histology mimicking phantoms were 
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constructed with fibrous and spherical inclusions to simulate ductal and lobular microstructures, 

and were tested with HF ultrasound.  The sensitivity of the ultrasound to inclusion type, size, 

and concentration was compared.  Finally, the results were compared to those from a 17-patient 

pilot study of HF ultrasound on BCS surgical specimens [24].  This pilot study, performed at the 

Huntsman Cancer Institute in Salt Lake City, Utah, demonstrated a high sensitivity to lobular 

carcinomas as compared to benign tissue and ductal carcinomas.  The goal of this study was to 

validate the pilot study results with corroborating phantom data. 

2 Methods 

2.1 Phantoms 

Four experiments were conducted with histology mimicking breast tissue phantoms:  E1, E2, 

E3, and E4.  Breast tissue phantoms were created using 10X TBE Solution, distilled water, and 

agarose powder to create 3% agarose phantoms by concentration. Agarose was used as the 

phantom medium as a result of its well-characterized performance, the ease of fabrication, and 

the flexibility to incorporate additional ingredients to achieve a range of target acoustic 

properties [25].  Polyethylene microspheres (Cospheric, 58-550 μm diameter) and/or microfibers 

(Mini Fibers, Inc., 35 μm diameter, 6.35 mm length) were added to the phantoms in layers to 

eliminate the production of air bubbles and ensure proper distribution of the inclusions within the 

phantoms. A first layer of agarose was poured into a molding tray and polyethylene inclusions 

were gently mixed into the layer until evenly distributed. In order to not disturb the previous 

layer, the base layers were allowed to cool and solidify before consecutive layers were added. 

Upon solidification, a successive layer of agarose with inclusions was carefully added. This 

process was continued for following layers before a final layer of agarose, without inclusions, 

was added to act as a coupling layer. Three phantoms of 3% agarose, equivalent thickness, 

and without inclusions were also produced as controls for each experiment. 

In experiment E1, polyethylene microspheres (90-106 μm) were added to the phantoms in 4-

mm thick layers. Total thickness for each phantom was approximately 20 mm. Microspheres 

were measured into six increment weights ranging from 10-60 mg to produce six phantoms that 

simulated a range of breast tissue densities. Each increment weight was divided into four equal 

portions for inclusion into the phantoms (each portion for each boundary between agarose 

layers). An image of the completed phantoms can be seen in Figure 1a. 

In experiment E2, microfibers were added to the phantoms in 2-mm thick layers. In E2, each 

phantom totaled approximately 6-9 mm thick to more closely match the surgical specimens. The 

microfibers were measured into six increment weights (10-60 mg) to produce six phantoms that 

simulated a range of breast tissue densities. The microfibers were divided into two equal 

portions for inclusion into the phantoms. A thin 2-mm layer of agarose was poured into a 

molding tray and allowed to solidify. Upon solidification the microfibers were evenly distributed 

across the top of the layer utilizing a fine-tipped paint brush, which prevented clumping and 

allowed fiber separation and dispersion. A consecutive, equally thick layer of agarose and 

microfiber inclusions was added following the same process. A final layer of agarose without 
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microfiber inclusions was then added to the phantom to act as a coupling layer. Three 8-mm 

phantoms of 3% agarose without microfibers were made as controls. 

In experiment E3, a combination of both polyethylene microspheres (90-106 μm) and 

microfibers were used to more accurately mimic the fibrous and glandular tissues of the breast. 

The microspheres (5-30 mg) and microfibers (10-60 mg) were measured into six increment 

weights to produce six phantoms that simulated a range of breast tissue densities. Each weight 

increment was divided into equal parts for inclusion in the phantoms. The same process 

described in experiment E2 was utilized for phantom fabrication in this experiment. Three 8-mm 

thick phantoms of 3% agarose without inclusions were made as controls. A photomicrograph of 

a completed phantom is shown in Figure 1b. In experiment E4, phantoms were made with equal 

weight percent of microspheres (0.8%), but with varying microsphere diameter (58-550 μm).  

 

Figure 1:  (a) Phantoms from experiment E1.  (b) Micrograph of phantom from experiment E3. 

2.2 Ultrasound Testing 

Pitch-catch (through-transmission) measurements were acquired from the phantom specimens 

with the use of a HF ultrasound system equivalent to the one used in the 17-patient pilot study.  

This system consisted of two 50-MHz immersion transducers (Olympus NDT, V358-SU, 12.7-

mm OD, 6.35-mm active element diameter), a HF square-wave pulser/receiver (UTEX, UT340), 

and a 1-GHz digital oscilloscope (Agilent, DSOX3104A).  An aluminum test fixture supported the 

tissue specimen and held the transducers in contact with the sample.  Phantoms were tested in 

a manner similar to surgical specimens.  The phantoms were placed inside a resealable plastic 

bag and positioned on the test fixture.  The transducers were acoustically coupled to the outside 

bag with glycerin.  The broadband transducers were driven with a half square wave of 100-volt 

amplitude and 10-ns width.  Ultrasonic waveforms were averaged in the signal acquisition. 

Triplicate waveforms were collected from multiple positions on each phantom.  Specimen 

thickness was recorded for each measurement. 

Parameters measured included peak density, attenuation, and wave velocity.  Peak density is 

the number of peaks (maxima) and valleys (minima) in a specified frequency band of the power 

spectrum of a HF ultrasound signal. Peak density is a spectral parameter that is obtained from 

coherent, broadband ultrasonic signals and has been found to correlate with breast tissue 
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pathology [24].  Peak densities were derived from the time-domain waveforms by performing a 

Fourier transform and counting the number of peaks and valleys in the 20-80 MHz region of the 

resulting power spectra.  Attenuation and velocity were calculated by scaling the waveforms to 

account for receiver gain and tissue thickness, and using a Hilbert transform to obtain the 

waveform envelopes and their corresponding amplitudes and arrival times. 

3 Results 

3.1 Pilot Study Results 

Figure 2 shows the peak density and attenuation results from the BCS surgical specimen study 

conducted at the Huntsman cancer Institute [24].  The study included 17 patients and 34 

specimens.  The study showed that peak density most closely matched five broad tissue 

categories corresponding to (1) fat necrosis, fibroadenomas, and tubular adenomas (FA-FN); 

(2) normal tissue; (3) benign pathologies including benign calcifications, atypical ductal 

hyperplasia, fibrocystic changes, and benign papilloma; (4) ductal carcinomas, in situ and 

invasive (DC); and (5) lobular carcinomas, in situ and invasive (LC).  Attenuation showed less of 

a correlation to these five pathology categories.  However, both peak density and attenuation 

showed the greatest sensitivity to attenuation. 

 

Figure 2:  HF ultrasound results from BCS surgical specimen study. 

3.2 Phantom Results 

Figures 3 and 4 show the HF ultrasound results from experiments E1 and E3, respectively.  

Both sets of results show that attenuation increases with inclusion concentration, but that peak 

density does not show any significant trend.  Additionally, the attenuation for E1 (microspheres 

only) shows a greater trend than the attenuation for E3 (microspheres and microfibers).  The 

results indicate that HF ultrasound is more sensitive to spherically shaped microstructures, such 

as lobules, rather than fiber-shaped structures, such as ductules.  The results from experiment 

E2 support this conclusion, showing no trend for either peak density or attenuation with 

increasing microfiber concentration. 



 
22nd International Congress on Acoustics, ICA 2016 
Buenos Aires – 5 to 9 September, 2016                                                

 
Acoustics for the 21st Century… 

   

6 
 

 

Figure 3:  HF ultrasound results from phantom experiment E1. 

 

Figure 4:  HF ultrasound results from phantom experiment E3. 

Figure 5 shows the results from experiment E4, where the microsphere diameters were varied 

but the total concentration (weight percent) was kept constant.  Bars for 0-m size are controls 

(no microspheres).  The results show that both peak density and attenuation are sensitive to 

microsphere diameter to different degrees.  Peak density exhibits the greatest sensitivity, with a 

sharp rise for the smallest microspheres (58 and 98 m).  Attenuation displays an almost linear 

trend with microsphere diameter.  In contrast, peak density follows an inverse diameter trend.  

This inverse diameter trend suggests that peak density’s sensitivity to microsphere size is due 

to a Mie scattering phenomenon, where the scattering becomes significantly more efficient as 

the microsphere size approaches the wavelength of the ultrasound in the agarose (60 m for 25 

MHz, which is the peak frequency of the ultrasonic waveform after transmission through the 

phantom). 
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Figure 5:  HF ultrasound results from phantom experiment E4. 

The results from experiments E1 and E3 (Figures 3 and 4) demonstrate that attenuation is most 

sensitive to the concentration of spherical (lobular-type) scatterers, whereas the results from 

experiment E4 demonstrate that peak density is most sensitive to the size of the spherical 

scatterers at small tissue scales.  Most interesting, the results from experiment E2 indicate that 

both peak density and attenuation are less sensitive to cylindrical (ductule-type) scatterers than 

they are to spherical (lobular-type) scatterers.  These results are consistent with the surgical 

specimen results shown in Figure 2, where both peak density and attenuation display greater 

response to lobular carcinomas as compared to ductal carcinomas and benign pathologies. 

4 Conclusions 

The goal of this study was to explore the comparative sensitivity of high-frequency ultrasound 

(20-80 MHz) to lobular-type and ductule-type microstructures using histology mimicking 

phantoms.  A 17-patient pilot study on BCS surgical specimens provided preliminary results that 

the parameters peak density and attenuation were sensitive to lobular carcinomas as compared 

to ductal carcinomas and benign pathologies such as atypical ductal hyperplasia.  The results 

from four phantom experiments strongly support the results from the pilot study, showing that 

peak density and attenuation are much more sensitive to lobular-type microstructures 

(microspheres) than to ductule-type microstructures (microfibers).  Future work will include 

creating and testing phantoms with more histologically accurate microstructures, and comparing 

the phantom work with a detailed analysis of HF ultrasound results from a 73-patient BCS 

surgical specimen study recently completed at the Huntsman Cancer Institute.  
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