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1. Introduction 

 
 Detection of small metastatic foci in 
dissected human lymph nodes of cancer patients is 
critically important for treatment. However, current 
state-of-the art histopathology procedures are too 
labor intensive to allow evaluating all dissected 
nodes in their entirety.  They microscopically 
examine only thin sections obtained from the 
central plane of each dissected node, and small but 
clinically important metastatic foci can be 
overlooked leading to a false-negative diagnosis. In 
this study, we investigate the use of novel 
three-dimensional (3D) quantitative ultrasound 
(QUS) methods to evaluate dissected nodes in their 
entirety. These QUS methods rely on frameworks 
developed during the past three decades to obtain 
QUS estimates that quantify tissue properties [1, 2]. 
Our hypothesis is that QUS methods using 
high-frequency ultrasound (HFU, >20 MHz) have 
the ability to detect small metastatic foci because 
these methods permit quantifying tissue properties 
at the microscopic level with fine spatial resolution 
(<100 µm). In recent studies, we have investigated 
13 QUS estimates derived from the quantification 
of envelope signal statistics and spectra of 
backscattered radio-frequency (RF) signals. An 
interactive graphical user interface (GUI) was 
developed to permit virtual 3D exploration of 
lymph nodes by displaying orthogonal cross- 
sectional views. In addition, a posteriori cancer 
probabilities were estimated at each voxel based on 
the QUS estimates and displayed using the GUI. 
 
2. Methods 

Patients who were scheduled for surgery to 
treat proven gastric, colorectal, or breast cancers 
were recruited for the study at the Kuakini Medical 
Center (KMC) in Honolulu, HI. According to 
standard practice, regional lymph nodes were 

dissected surgically and excised tissue specimens 
were sent to the KMC pathology laboratory where 
individual lymph nodes were prepared for 
ultrasound scanning and histology. 

For ultrasound scanning, individual lymph 
nodes were immersed in an isotonic saline (0.9% 
sodium chloride) bath at room temperature and 
were ultrasonically scanned in 3D using a 
single-element transducer (PI30, Olympus NDT, 
Waltham, MA) and custom HFU scanning system. 
The transducer had an aperture of 6.1 mm, an 
F-number of 2, a center frequency of 25.6 MHz, 
and a -6 dB fractional bandwidth of 67%. The 
backscattered ultrasound RF signals were digitized 
at 400 MS/s with 8-bit accuracy. Adjacent planes 
and RF lines were 25 µm apart to cover the entire 
node in 3D with sufficient spatial sampling. 

To guarantee the accurate detection of small 
metastatic foci, the lymph node underwent  
rigorous non-standard histology processing 
following ultrasound scanning. Briefly, the node 
was inked to recover orientation, cut in half, 
embedded in a cassette, fixed, sectioned at 50-µm 
intervals, and then stained with H&E. Digital 
photomicrographs of the stained slides were 
obtained with a slide scanner (NanoZoomer, 
Hamamatsu, Japan) with a pixel resolution of 0.46 
µm. Metastatic regions were then highlighted in 
each digital image using custom software.  

The raw RF data were processed to yield the 
13 QUS estimates. First, the 3D RF volume of data 
was separated into overlapping 3D cylindrical 
regions of interest (ROIs) of 1-mm diameter and 
1-mm length. Second, the normalized power 
spectrum of each ROI was estimated to obtain four 
QUS estimates using two independent ultrasound 
scattering models [3]. Third, the probability-density 
function (PDF) of the envelope of the ROI was 
computed to obtain the remaining 9 QUS estimates 
by fitting two different envelope-statistics models 
and by quantifying the difference between the PDF 
of the ROI and the Rayleigh PDF [3,4]. This 
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