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Abstract--The diagnosis for thyroid nodules is currently made via 
an FNA biopsy. It is estimated that somewhere between 250,000 
and 300,000 thyroid FNA biopsies are performed in the United 
States annually. However, a large percentage (approximately 
70%) of these biopsies turn out to be benign. The purpose of this 
study is to evaluate whether ultrasound elastography can be used 
as a screening tool to reduce the number of FNA procedures on 
benign thyroid nodules. Ultrasound data previously acquired 
from 34 thyroid nodules in 31 FNA-bound patients were used. 
Pulsation from the carotid artery was used to compress the 
thyroid nodules, and the strain was calculated off-line. A metric, 
called diastolic strain variation index (DSVI), was computed for 
each nodule during diastole as the standard deviation of strain 
within a thyroid nodule. Based on the derived DSVI value, 
thyroid nodules were retrospectively classified into 2 types: I) no 
FNA (observation-only) and II) FNA. The DSVI value of benign 
nodules (n=22) was significantly higher than that of malignant 
nodules (n=12) (p=0.0000016). Using an DSVI cut-off value of 
0.019%, 18 nodules were classified as type I, all of which were 
benign, while 16 nodules were classified as type II, 12 malignant 
and 4 benign. This suggests that ultrasound elastography could 
have screened out 18 type-I nodules, reducing the number of 
FNAs by 53%. Because aggressive FNA management of thyroid 
nodules is costly, thyroid elastography could be employed in the 
future for more appropriate utilization of healthcare resources in 
handling thyroid nodules. 
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I. INTRODUCTION 
  A thyroid nodule is abnormal growth of cells within the 
thyroid gland and can be non-cancerous (benign) or cancerous 
(malignant). The diagnosis for nodule malignancy is currently 
made via a fine needle aspiration (FNA) biopsy, which draws 
cytological samples from the nodule using a 25-gauge needle. 
It is estimated that somewhere between 250,000 and 300,000 
thyroid FNA biopsies are performed annually in the United 
States. However, a large percentage (approximately 70%) of  
these biopsies turn out to be benign [1]. Thus, considering the 
increasing number of thyroid nodules being detected and the 
vast number of benign nodules undergoing FNA biopsies, the 
challenge lies in judiciously deciding which nodules should be 
aspirated. 
  US elastography measures the tissue deformation in response 
to stress to derive and display tissue stiffness. Recent studies 
demonstrated the potential of applying US elastography to the 
thyroid gland in noninvasively differentiating between 
malignant and benign thyroid nodules [2-5]. In a study by 
Lyshchik et al. [6], the elastic modulus of excised thyroid 
tissues was shown to correlate with the malignancy of thyroid 
nodules. They observed that malignant thyroid nodules are 5 

times stiffer than normal thyroid tissue while benign nodules 
are only 1.7 times stiffer than normal tissue. They reported 
that US elastography could be used for differential diagnosis 
of thyroid cancer [3].  
  Previous elastography studies [3,5,7] employed the freehand 
external compression. Bae et al. [2] developed a new approach 
where the carotid artery was used as an in vivo compression 
source, taking advantage of its inherent periodic pulsation (e.g., 
expansion of the carotid artery lumen diameter during systole) 
and its position (adjacent to the thyroid).  
  Different from the previous studies where only static strain 
was used, in this paper we have investigated the use of a 
thyroid nodule’s dynamic properties in nodule classification. 
We have also evaluated the feasibility of using ultrasound 
elastography as a pre-FNA screening tool to reduce the 
number of FNA biopsies being performed on benign thyroid 
nodules. By detecting those nodules that are almost certainly 
benign, the number of FNA biopsies performed on benign 
nodules could be reduced to improve the utilization of FNA in 
diagnosing malignant nodules. 

II. METHOD 
A. Ultrasound elastography using carotid artery pulsation 
  Since the thyroid gland is adjacent to the carotid artery, the 
inherent periodic pulsation of the carotid artery was used for 
thyroid elastography [2]. During systole, the carotid artery 
expands its diameter due to high blood pressure, which 
compresses the thyroid against the trachea in the medial-
lateral direction. Since soft tissues are nearly incompressible, 
compression in the medial-lateral direction causes thyroid 
expansion in the anteroposterior and superior-inferior 
directions. Because ultrasound is highly sensitive to the 
displacement along the beam (axial) direction, we estimated 
thyroid strain in the anteroposterior direction.  
  Figure 1 shows an example of thyroid strain induced by 
pulsation of the carotid artery. The data were acquired from a 
healthy volunteer at 270 fps to attain high temporal resolution. 
An ROI (a red rectangle in Fig. 1) is first placed within the 
thyroid gland, and its strain is computed by averaging all the 
strain values in the neighborhood of 2 mm x 2 mm. By 
repeating this over multiple strain images, a strain vs. time 
plot is generated as shown in Fig. 1. The thyroid expansion in 
the axial direction during systole results in positive peaks. 

B. Diastolic strain fluctuation 
  For a single cardiac cycle, a strain vs. time plot (generated 
from the data acquired at 270 fps) could be divided into three 
phases as shown in Fig. 2. The zero time instance in Fig. 2 
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