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Abstract: Objective: To evaluate the differential diagnostic potential of lesion stiffness assessed by the sonoelasto-
graphic strain index ratio (SR) for thyroid nodules coexist with Hashimoto thyroiditis (HT). Methods: A total of 50 focal
thyroid nodules from 36 patients with HT (mean age 38.4 years; range 19-77) scheduled for fine-needle aspiration
or thyroid surgery were included. After a routine conventional ultrasound evaluation, real-time ultrasound elastogra-
phy examinations were performed. Strain and area ratios of each lesion were calculated within the same machine.
Histological diagnosis was used as the reference standard. The elastography images were scored according to the
Asteria elasticity score. The area under the curve (AUC) and cut-off point were obtained by receiver operating curve
(ROC). Sensitivity, specificity and accuracy were compared. Results: A total of 38 nodules were benign and 12 were
malignant on pathology. The mean strain ratios of benign and malignant lesions were 2.89 and 7.83 respectively.
When a cut-off point of 5.03 was used, SR had a sensitivity of 75.0%, a specificity of 92.1% and an accuracy of
84.0%. The AUC values were 0.836. The diagnostic accuracy of the SR was superior to that of elastographic score.
Conclusion: Real-time elastography is a promising tool for differential diagnosis of thyroid nodules coexist with HT,
and SR measurement could be an effective predictor. The best cut-off point for benign and malignant nodules in
patients with HT was 5.03.
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Introduction

Hashimoto thyroiditis (HT) is a very common
chronic autoimmune disease with lymphocytic
infiltration and fibrosis. This inflammation is pri-
marily related to the formed autoantibodies
against to the thyroid tissue [1]. The disease
causes stiff gland while changing the ultra-
structure of the thyroid gland. Nodules are fre-
quently seen in HT. Malignancy is also observed
in HT patients with nodule of similar frequency
[2, 3]. In fact, there is an increased risk of lym-
phoma and possibly an increased risk of papil-
lary thyroid carcinoma in patients with HT [4, 5].

For this reason, it is important to detect the
malignancy in thyroid nodule in HT patients.
Ultrasound (US) has emerged as an excellent
tool for detecting thyroid nodules. But it has

limitations in the differential diagnosis between
benign and malignant nodules, especially for
atypical nodules. Elastography is a newly devel-
oped technique that measures the elasticity
(degree of tissue distortion) of thyroid nodules
using ultrasonography under the application of
an external force [6]. Elastography may reduce
unnecessary surgeries and has been reported
to be useful in the assessment of malignancy
[7]. Malignant nodules are harder in consisten-
cy and have a greater elastography score and
strain index under elastographic evaluation.
However, the diagnostic value of strain ratio
(SR) measurement in patients with HT has not
been well documented. Thus, the goal of the
present study was to investigate whether SR
measurement method can be applied as
effective predictors in characterizing lesions
precisely.


http://www.ijcem.com

Thyroid nodules and sonoelastographic strain ratio

Table 1. Elasticity score of thyroid nodules and elastographic characteristic of each score

1 Elasticity in the whole examined area
2 Elasticity in a large portion of the examined area

3 No elasticity in a large portion of the examined area

4 No elasticity in the whole examined area

Homogeneously green

Almost the whole tumor is in light green with some
peripheral and/or central blue areas

Almost the whole tumor is in hard blue with some
light green and red areas

Homogenously hard blue

Materials and methods
Patients

The study was performed in accordance with
the ethical guidelines of the Declaration of
Helsinki and was approved by the institutional
ethics board of Qingdao University Affiliated
Hospital. From June 2012 to May 2013, a total
of 50 thyroid nodules in 36 patients with HT (2
males and 34 were females; age range, 19 to
77 years; mean age, 38.4 years) were analyzed
in the study. Of these patients, 17 (47.2%) pre-
sented with a single nodule, and 19 (52.7%)
exhibited multiple nodules. The final diagnoses
were confirmed by cytology after fine-needle
aspiration (FNA) or histology after thyroid sur-
gery. The indication for surgery was goiter with
compressive symptoms or progressive growth,
or suspicion of malignancy. Surgery was also
scheduled for FNA-proven malignancy. Follow-
up of 6 months or more was performed for
each benign nodule diagnosed by FNA.

The diagnosis of HT was made in the presence
of a positive test for thyroglobulin antibody
(TgAb) and/or thyroid peroxidase (TPOAb) anti-
body, and a hypoechoic pattern of the thyroid at
us.

Ultrasound examinations

All examinations were performed using a
Hitachi HA-900 (Hitachi Medical, Tokyo, Japan)
US scanner. A linear array transducer having a
15- to 4-MHz frequency bandwidth was used
for all the conventional US and real-time elasto-
sonography examinations.

Conventional ultrasound examination

For all patients, the US examination started
with B-mode and color Doppler imaging. The
patient was positioned on his or her back with
the neck slightly extended over a pillow. The
suspicious regions including the nodules and
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the surrounding tissue were examined careful-
ly. On conventional US, the following features
were evaluated for every nodule: lesion shape,
border, number, echo, halo, calcification, flow
classification, flow resistance index, and neck
lymph node swelling, etc. Color Doppler ultra-
sound was carried out on all patients to evalu-
ate the vascularity of the thyroid nodule. Four
types of vascularity were identified. O: no blood
flow, I: little blood flow, 1~2 point blood flow,
pine diameter <2 mm, lI: centre blood flow, one
main blood vessel, Ill: abundant blood flow, at
least four blood vessels, interweave [8].

Real-time elastosonography in elasticity imag-
ing score

After conventional US, real-time elastosonogra-
phy images were obtained by the same opera-
tor using the same transducer. With US probe,
light compression was applied to the anterior
neck above the examined lesion to fix the posi-
tion of the thyroid gland and limit its lateral
movement. US elastographic measurement
was performed using the same real-time instru-
ment and the same probe. The probe was
placed on the neck with light pressure, and a
box was highlighted by the operator that includ-
ed the nodule to be evaluated. It was important
that the level of pressure was maintained con-
stantly throughout the examination, and the
pressure indicators on the screen were readed
as 2~4. The US elastogram was displayed over
the B-mode image in a color scale that ranges
from red, for components with greatest elastic
strain (i.e. softest components), to blue for
those nodes with no strain (i.e. hardest compo-
nents). The US elastographic image was
matched with an elasticity color scale and clas-
sified into four scores on the classes of tissue
stiffness: Table 1 [9].

Real-time elastosonography in elasticity stain
ratio

After obtaining the strain image, we used the
SR software, which the US machine was
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Figure 1. Measure the strain ratio of the thyroid nodule and sternocleidomastoid. A: the thyroid lesion, B: the ster-
nocleidomastoid. The strain ratio of B/A as the strain index.

Table 2. Diagnostic performance of conventional ultrasound criteria in differentiating thyroid nodules

US feature PTC (n=12) BN (n=38) P Sensitivity (%) Specificity (%)

Shape Irregular 9 8 0.0000 75 78.9
Oval 3 30

Margin Poor 8 18 0.0215 66.7 52.6
Well 4 20

Hale Presence 4 17 0.4215 33.3 55.2
Absence 8 21

Echo Hypoecho 11 20 0.0000 91.6 47.3
Nonhypoecho 1 18

Calcification Micro 7 1 0.0000 58.3 97.4
None or coars 5 37

Flow grade Gradell~IlI 8 18 0.0172 66.7 52.6
Grade 0~I 4 20

equipped with, to measure the SR of the thyroid
nodule and sternocleidomastoid. We first con-
toured the target lesion as A, then selected the
sternocleidomastoid as B, and the SR of B/A as
the strain index was obtained, which reflected
the lesion stiffiness, (Figure 1).

The US images were acquired, reviewed, and
interpreted by two ultrasonographers, who had
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5 years of experience in thyroid US and 2 years
of experience in US elastography and were
blinded to the patients’ final diagnosis.

Statistical analysis

The statistical analyses were carried out using
SPSS version 16.0 (Chicago, IL, USA). Statistical
analysis was performed for all variables with
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Figure 2. ROC curve analysis of stain ratio measure-
ment in differential diagnosis of benign and malig-
nant nodules with HT.

paired Student’s t-test or t-test. Receiver oper-
ating characteristics (ROC) curve analysis was
performed to evaluate the diagnostic accuracy
of elastosonography with elastography score
and SR in the diagnosis of malignancy. ROC
curves were used to determine sensitivity,
specificity, and also to extrapolate the optimum
cut-off value for SR. Two-tailed P<0.05 was
considered to be statistically significant.

Results

Of the 50 nodules, 12 (24%) were malignant
and 38 (76%) were benign. The result showed
that papillary thyroid carcinoma (100%) and
nodular goiter (47.3%) were the commonest
malignant and benign types respectively.

Conventional US

The diagnostic performances of the main fea-
tures of conventional US in detecting malignan-
cy were summarized in Table 2. The presence
of microcalcifications (sensitivity shown as
58.3%, and specificity shown as 97.4%, P=
0.000) was the most predictive US feature for
malignancy and had the highest specificity. The
highest sensitivity was found for hypoechoic
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Figure 3. ROC curve analysis of elasticity score and
stain ratio in differential diagnosis of benign and ma-
lignant nodules with HT.

nodules (91.6%), but specificity was very low
(47.4%). Only the presence of a halo sign was
not predictive of malignancy (sensitivity shown
as 33.3% and specificity shown as 55.2%,
P=0.421).

Real-time elastosonography in elasticity imag-
ing score

Of all 50 nodules, 28 had an elasticity score of
1-2, of which 27 benign and one malignant; 22
had an elasticity score of 3-4, of which 11
benign and 11 malignant. Elasticity scores of
1-2 were observed in the majority of benign
nodules, while scores of 3-4 were in the major-
ity of malignant nodules. The sensitivity, speci-
ficity and accuracy were 91.7%, 71.1% and
76.0% respectively.

Real-time elastosonography in elasticity stain
ratio

Comparing the same depth of thyroid tissue,
the mean SR for malignant lesions was 7.83,
and for the benign lesions it was 2.87. There
were statistically significant differences betw-
een the SR of malignant and benign nodules
(P<0.05).
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The following below curve (Figure 2) demon-
strates the ROC for SR measurement method
in characterizing the nature of thyroid lesion;
malignant or benign. The area under the curve
(AUC) was 0.836 with 95% Cl level ranging from
0.681-0.990. The maximal Youden Index was
0.67 while calculating the best cut-off point.
The best cuto-ff point was 5.03. With the best
cut-off point, the sensitivity, specificity and
accuracy for SR index method was 75.0%,
92.1% and 84.0% respectively. The diagnostic
accuracy of the SR was superior to that of elas-
tographic score (Figure 3).

Discussion

It is well known that benign and malignant nod-
ules can coexist within diffuse HT [10]. Concorti
et al. [11] reported 1.6 times increased cancer
risk in nodules with HT according to the general
population with nodules. Being entirely differ-
ent in treatment and prognosis between HT
and thyroid cancer, it is very important to clarify
diagnosis before surgery. The FNA has proved
to be an efficient tool for thyroid cancer diagno-
sis. Despite the advantages of FNA, it is an
invasive procedure and subject to sampling
and analysis uncertainties. Thus, more reliable
criteria for determining which nodules should
be aspirated and which should be followed up
are needed [12].

US is a particularly useful tool in the detection
and measurement of thyroid nodules as well as
improving the quality of FNA sampling. In com-
parison with the previous literature [13], our
study showed microcalcifications was the most
predictive US feature for malignancy. Other fea-
tures like poor margin halo and irregular shape
were commoner within malignant lesions.
These features, however, were not specific
enough to reliably diagnose malignancy.

Malignant lesions are often associated with
changes in the mechanical properties of tissue;
therefore elastography has been used to differ-
entiate cancers from benign lesions in pros-
tate, breast, thyroid, and liver [14, 15]. Real-
time elastosonography has great potential as
an adjunctive tool for the diagnosis of thyroid
cancer with HT. In a review of 92 patients with
single thyroid nodule, Rago et al. [16] scored
tissue stiffness on US elastography from one
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(greatest elastic strain) to five (no strain). In 32
patients which conventional US failed to predic-
tive of malignancy, an elasticity imaging score
observed in six of seven (86%) malignant
lesions. US elastography showed great poten-
tial as an adjunctive tool for the diagnosis of
thyroid cancer. But it was reported that nodules
with macrocalcifications were responsible for a
high false positive rate on elastosonography
[47]. Thus, we selected 36 patients who had
solid nodules without coarse calcification for
the analysis. Conventional US maintains a piv-
otal importance to define which nodules are
suitable for the US elastographic characteriz-
ation.

In the previous study of the application of SR
for US elatography in diagnosis of benign and
malignant thyroid nodule [18, 19], there was
fewer reports on the precise cut-off point
reported on the literature. Liu et al. [18] report-
ed that cut-off point of 5.25 describe the best
diagnostic performances with the sensitivity of
81.5% and specificity of 96.8%; the diagnostic
accuracy of the SR was superior to that of elas-
tographic score. In that study, SR of the lesion
and thyroid parenchyma was measured. Since
sonographic appearance of HT is very complex,
it may be not accurate by measuring SR of the
lesion and thyroid parenchyma. Therefore we
measure SR of the lesion and sternocleidomas-
toid instead of thyroid parenchyma. Similarly, in
our study we found 5.03 was the best cut-off
point to characterize the nature of thyroid
lesions with the sensitivity of 75.0%, specificity
of 92.1% and accuracy of 84.0%. With SR mea-
surement method, we significantly improved
the diagnostic performances than conventional
US method. Compared to the elastographic
score (sensitivity of 91.7%, specificity of 71.1%,
and accuracy of 76.0%), ROC curve analysis
showed the diagnostic accuracy of the SR was
superior to that of elastographic score. Since
the diagnostic value of SR measurement and
elastographic score in patients with HT has not
been well documented, larger prospective stud-
ies are needed to confirm these results and
establish the diagnostic accuracy of this new
technique.

In conclusion, US elastography is a promising

imaging technique that is useful in the differen-
tial diagnosis of thyroid nodules with HT. The
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SR measurement is a more accurate way which
can provide quantitative information. The best
cut-off point for benign and malignant nodules
in Hashimoto disease was 5.03.
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