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1. Introduction

Abstract Objective: To assess the accuracy of US-elastography in the evaluation of indeterminate
thyroid nodules, using the cytological/histopathological analysis as the reference.
Patients and methods: Fifty patients with 73 indeterminate thyroid nodules were enrolled in this
prospective study. They were examined using US features and elastography scoring according to
Rago criteria; then, fine-needle or postoperative biopsy was taken and diagnosis was made.
Results: Fifty patients with 73 indeterminate thyroid nodules were included, 16 nodules were
malignant and 57 were benign. On US elastography, all 57 nodules diagnosed as benign had a score
of 1-3, while 15 of 16 (93.75%) diagnosed as carcinoma had a score of 4-5, with 93.3% sensitivity,
100% specificity and 97.8% accuracy. Combined US findings with elastography revealed that
hypoechogenicity/score 4-5 was most predictive of malignancy with sensitivity 80%, specificity
100%; and accuracy 93.4%. The strain ratio cutoff value for malignant nodules was determined
as 2.3. Five nodules out of sixteen had SR between 2.31 and 4 (sensitivity 96% and specificity 83%).
Conclusion: Thyroid nodules with suspicious US criteria can be evaluated by US elastography that
seems to be a useful addition for the assessment of such indeterminate nodules. It may reduce
FNAC or select a nodule for aspiration.
© 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http:
creativecommons.org/licenses/by-nc-nd/4.0/).

malignancy (1). The recommended treatment of indeterminate
lesions remains the surgical excision of the nodule (2).

Nodular thyroid disease is a common finding where the major- Ultrasonographic (US) examination is an accurate method

ity of thyroid nodules are benign; however, 15-30% of thyroid

for detecting thyroid nodules, but its use in differentiating

nodules are classified as indeterminate or suspicious for between benign and malignant thyroid nodules is relatively
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low (3). Fine-needle aspiration (FNA), has a high sensitivity
and specificity in differentiating malignant from benign thy-
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Nuclear Medicine.

10-20% are indeterminate (i.e. unable to discriminate between
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benign follicular adenoma and thyroid carcinoma, either follic-
ular thyroid cancer or the follicular variant of a papillary thy-
roid carcinoma) (5). Presurgical selection by fine-needle
aspiration cytology is limited by the finding of indeterminate
diagnosis in approximately 10 to 20% of cases (2). A surgical
approach is generally recommended in such nodules even if
more than 70% of them are benign at histological examina-
tion, so excisional biopsy is the best for differentiation (6).

The newly developed real-time ultrasound elastography
(USE) has been previously applied to differentiate malignant
from benign lesions and to determine tissue stiffness and strain
information noninvasively. The principle of USE is to acquire
two ultrasonographic images (before and after tissue compres-
sion by the probe), and to track tissue displacement by assess-
ing the propagation of the US beam by a dedicated software.
The US elastogram was displayed over the B-mode image in
a color scale that ranged from red, for components with great-
est elastic strain (i.e. softer components), to blue for those with
no strain (i.e. harder components) (7).

2. Patients and methods

2.1. Study patients

The study included 50 consecutive patients with indeterminate
thyroid nodules (41 women; median age 46.5 yr; range 19—
73 yr/9 men; median age 57.5yr; range 37-78) seen from
May 2012 and August 2013. They were selected according to
our inclusion criteria.

Inclusion criteria: Suspicious nodules for malignancy were
included in the study with ultrasound criteria of being solid
or predominantly solid nodules (cystic portion < 50%), having
hypoechoic pattern, with a predominant vertical development
and internal microcalcifications.

Patients with nodules larger than 40 mm, purely cystic with-
out solid components, and shell-calcified nodules that could
cause color-coding problems were excluded from the study.
Sixteen nodules were malignant and 57 were benign. The final
diagnosis was based on the cytology reading in those who did
not have surgery and the histopathology reading in those who
had surgery.

2.2. Technique of examination

Thyroid US and US elastography were performed using a real-
time ultrasound (Toshiba Aplio-XG machine using 10-13-
MHz. linear transducer).

The sonographic examinations were performed in three
steps. B-mode ultrasound was performed first, then in the sec-
ond step color Doppler was performed and the third step was
real-time sonographic elastography using the same probe dur-
ing the same examination.

The patient was positioned on his back with the neck is
hyper-extended over a pillow and the chin is elevated. The
transducer was applied to the neck using adequate amount
of gel. Starting the examination with B-mode imaging, during
B-mode US, thyroid gland lesions were identified and a region
of interest for elastography was identified. A careful evaluation
of the following US parameters was performed on all thyroid
nodules: echogenicity, presence or absence of the halo sign (a
hypoechoic rim surrounding a nodule is comprised of a

pseudocapsule that is caused by fibrous connective tissue), spot
microcalcifications (presence of hyperechoic spots less than
2 mm, without acoustic shadowing), and color flow Doppler
pattern that was defined as (type I) the absence of blood flow,
(type II) perinodular and absent or slight intranodular blood
flow, and (type III) marked intranodular and absent or slight
perinodular blood flow (8).

Shear wave elastography was performed, the probe was
placed on the neck with light pressure and a box was high-
lighted by the operator that included the nodule to be evalu-
ated, and compression was performed repeatedly in a vertical
direction with light pressure and was followed by decompres-
sion. The pressure must be applied (and released) with a con-
tinuous movement exerted at a right angle to the proximal
plane of the lesion, and care should be taken to avoid lateral
displacement of the probe. A scale is available on the machine
to measure whether adequate compression was used (Figs. 1—
3).

In the case of multiple nodules, each nodule is evaluated
separately and the strain value ratio (strain index) of thyroid
nodule to normal thyroid parenchyma or muscle was
calculated.

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 with no strain (i.e. hardest components).

The elastograms thus obtained were classified according to
the scores by Rago et al. (9). Elasticity according to Rago et al.
(thereafter, Rago criteria) originated from the elastography
scale by Ueno et al. (10) and was applied to thyroid nodules
and elastography scores were classified on a scale of 1-5.
Nodules with Rago scores of 4 and 5 were classified as suspi-
cious for malignancy (Fig. 4).

Thyroid nodule can be evaluated by the following:

2.2.1. Elasticity scores in thyroid nodules
That can be given based on the following criteria (11):

1. Low stiffness over the entire nodule; the entire nodule is
evenly shaded green, as is the surrounding thyroid tissue.
2. Low stiffness over most of the nodule; the nodule is almost
completely green but with some blue spots.
3a. Low stiffness at the periphery, and high stiffness in
the center of the nodule; the central part of the no-
dule is blue; the peripheral part is green.
3b. High stiffness over most of the nodule; the nodule is
almost completely blue but with some green spots.

4. High stiffness over the entire nodule; the entire nodule is
evenly shaded blue.

5. High stiffness over the entire nodule and surrounding tis-
sue; both the nodule and surrounding area are blue.

2.2.2. Strain ratio

Strain represents the amount of deformation; thus, stiff tissue
shows less strain than softer tissue. A thyroid lesion may have
different levels of stiffness within it, depending on the cellular-
ity and the composition of the nodule. Information from these
clastograms helps to assess the relative stiffness of the lesion
compared with its surrounding tissues and within itself.
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Fig. 1 Showing the automated scale (represented by waves, we select the best downward wave as seen in the yellow box) and color scale

that ranges from red (i.e. softest components) to blue (hardest components).
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Fig. 2 Showing inadequate compression, the downward waves did not reach the baseline and are not symmetrical.
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Fig. 3 The same nodule after adequate compression.

e According to Kagoya et al. (12), the strain index of the thy-
roid nodule and that of the sternomastoid muscle was mea-
sured and the nodule to muscle strain ratio was calculated.
They found that: (SR) > 1.5 correlates with malignancy,
(SR) < 1.5 correlates with benignity.

e According to Ning et al. (13), 4.2 was chosen as the cutoff
point for malignant and benign diseases.

All of the patients underwent fine-needle aspiration biopsy
under ultrasound guidance within 5 days of the real-time sono-
graphic elastography evaluation. A 23-gauge needle was used
with an attached 5-mL syringe for fine-needle aspiration biop-
sies. The cytological diagnoses of the thyroid nodules were
compared with real-time sonographic elastography imaging
features.

3. Results

The study included fifty patients (age range, 21-80 years),
including 41 women (age range, 21-80 years) and nine men
(age range, 37-78 years), who were enrolled in the study.

Based on histopathological findings, a total of 50 cases with
73 indeterminate nodules, 16 nodules (21.9%) had a final diag-
nosis of malignancy on histopathology: 13 papillary thyroid
carcinomas, including 8 classic variants, four follicular vari-
ants, and one tall cell variant; one minimally invasive follicular
carcinoma; and two medullary carcinomas. Of 73 nodules, 57
(78.1%) were benign at histopathology: 50 follicular adenomas,
6 hyper plastic nodules, and one colloid nodule.

Based on Conventional Ultrasound Imaging, 73 indetermi-
nate nodules were identified, and most of the nodules were
solid (n_62) 84.9% or predominantly solid (n_11) 15% with
marginal cystic component.

Nodule hypoechogenicity (sensitivity 81% and specificity
62%; accuracy 67.4), absent halo sign (sensitivity 61% and

specificity 19.3%; accuracy 26.1%), spot microcalcifications
(sensitivity 66.7% and specificity 72%; accuracy 69.5%),
blurred or speculated margins (sensitivity 84% and specificity
62%; accuracy 68%) and an A/T of 1 cm or greater (sensitivity
80% and specificity 64%; accuracy 67%) were the US patterns
most predictive of malignancy.

A hypoechoic pattern was observed in forty-five nodules
(43.8%), 32 benign nodules and 13 malignant nodules, 13 nod-
ules (40.6%) did not show the halo sign, 9 nodules (28.1%)
had a predominant vertical development and microcalcifica-
tions were found in nine of sixteen (56.2%) malignant nodules.
Two malignant nodules (2.7%) were isoechoic and one nodule
(1.3%) was hyperechoic. Of benign nodules, eight nodules
were isoechoic (10.9%) and seventeen nodules were hypere-
choic (23.2%) (Table 1).

Regular margins were observed in 60 nodules (82.2%), and
irregular margins were seen in 13 nodules (17.8%). The pres-
ence of dense macrocalcifications larger than 2 mm was not
predictive of malignancy, with a sensitivity of 22% and a speci-
ficity of 79.6%. This type of calcification was detected in 15
nodules by the conventional US. Two of the 15 nodules were
malignant.

Single US pattern was not predictive of malignancy. The
combination of echographic patterns could increase the speci-
ficity, but decreased the sensitivity of conventional US in inde-
terminate nodules. The most predictive combination was the
absence of halo sign with the presence of spot microcalcifica-
tions (Sensitivity 61%, specificity 95% and accuracy 82.2%)
(Table 2).

Based on Color flow Doppler pattern, the pattern of intran-
odular blood flow taken alone was not predictive of malig-
nancy (sensitivity 6.7% and specificity 96.7%; accuracy 67.4).

Based on US elastography, of the 57 benign nodules, 41
nodules (71.9%) had a score of 1 or 2 (15 nodules had a score
of 1, and 26 nodules had a score of 2). Of the sixteen malignant
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Fig. 4 Elasticity scores of thyroid nodules (10).

Table 1 Sensitivity, specificity and accuracy of US patterns in histopathologically proven thyroid nodules.

Benign nodules (» = 57) Malignant nodules (z = 16) Sensitivity (%) Specificity (%) Accuracy

Hypoechogenicity Present 32 13 81 62 67.4
Absent 25 3
Halo sign Present 51 3 64 82 53.2
Absent 6 13
Spot-microcalcification Present 17 9 64 72 68.3
Absent 40 7
Type Ill-vascularization  Present 10 9 6.4 97 67.4
Absent 47 7
nodules, fifteen (93.7%) had a score of 4 or 5 (eight nodules of 3, and none of the malignant nodules had a color score of
had a score of 4, and seven nodules had a score of 5). Of the 1 or 2 (Tables 3 and 4).
57 benign nodules, 16 (28.0%) nodules had a score of 3. Sixteen nodules were malignant and 57 were benign.

Only one of the malignant lesions (6.2%) had a color score Sensitivity and specificity of the US-elastography for thyroid
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Table 2  Sensitivity, specificity and accuracy of combination of US patterns in histopathologically proved thyroid nodules.

BN(57) CA(16) Sensitivity (%) Specificity (%) Accuracy
Absent Halo sign/Hypoechogenicity
Both present - 13 60 93.5 78.3
One absent 32 3
Absent Halo sign/Spot microcalcification
Both present - 9 61 93.5 82.6
One absent 17 7
Hypoechogenicity/Spot mlcrocaluﬁcatlon
Both present 9 53.3 90.3 78.2
One absent 32 7
Absent Halo sign/Hypoechogenicity|Type 111 vascularization
Both present - 9 6.7 100 69.4
One absent 32 7
Hypoechogenicity-|Spot mzcrocalclﬁcatlon/T}pe 111 vascularization
Both present 6.7 100 69.4
One absent 32 7
Absent Halo sign/Spot mzcroaaluﬁcanon/ Type 111 vascularization
Both present 9 6.7 100 69.4
One absent 17 7

cancer diagnosis were 92.3% and 82.1% respectively. The pos-
itive and negative predictive values were 54% and 98.2%
respectively. The accuracy of the technique was 82.4% when
the best cutoff point of 2.31 was used.

Thus, all 57 cases with a final diagnosis of benign nodule
(Figs. 5 and 6) had a score of 1-3, while 15 of 16 (93.75%) with
a final diagnosis of carcinoma (Fig. 7) had a score of 4-5, with
a sensitivity of 93.3%, a specificity of 100% and an accuracy of
97.8%. One of the 16 nodules with the histological diagnosis of
follicular variant of papillary thyroid carcinoma had a score of
3 (Fig. 8).

Among benign lesions, the score was 1 in 15 and 2 in 2 of
the 6 hyperplastic nodules; it was 1 in 17, 2 and 3 in 40 of
the adenomatous nodules, and these data suggest that adeno-
matous nodules have a higher stiffness with respect to the
hyperplastic nodules (Table 3).

Combined US findings with US elastography reveals that
hypoechogenicity/score 4-5 was most predictive of malignancy
with sensitivity 80% and specificity 100%; and accuracy 93.4%
in addition to the presence of spot microcalcifications/score 4—
5 with sensitivity 66.7% and specificity 100%; and accuracy
89.1% and the absent halo sign/score 4-5 with sensitivity
60% and specificity 96.7%; and accuracy 84.7% (Table 4).

Sensitivity of the US-elastography for thyroid cancer diag-
nosis was 92.3% and 82.1% respectively. The positive and neg-
ative predictive values were 54% and 98.2% respectively
(Table 5). The accuracy of the technique was 82.4%.
Elastosonography was more accurate than US and color
Doppler US in characterizing thyroid nodules (p = 0.002).

The strain ratio value measured for the histological proven
malignant nodules varies between 2.31 and 4. Five nodules out
of sixteen had SR between 2.31 and 4 (sensitivity 96% and
specificity 83%). The cutoff value for malignant nodules was
2.3, obtained with receiver operating characteristic (ROC)
curve analysis.

4. Discussion

Sonographic elastography is based on the combined visualiza-
tion of tissue elasticity (strain) and the velocity at which the tis-
sue deformation occurs. Some of the major advantages of real
time sonographic elastography are its ease of performance, its
noninvasiveness, and its suitability of use during routine ultra-
sound examinations. In addition, this imaging technique facil-
itates the dynamic visualization of lesions during compression
(14).

Ultrasound features predictive of malignant nodules
include the presence of irregular margins, marked hypoe-
chogenicity, microcalcifications, taller-than-wide shape, and
intranodular vascularity (15).

According to the current results, nodule hypoechogenicity
(sensitivity 81% and specificity 62%; accuracy 67.4), absent
halo sign (sensitivity 61% and specificity 19.3%; accuracy
26.1%), spot microcalcifications (sensitivity 66.7% and speci-
ficity 72%; accuracy 69.5%), blurred or speculated margins
(sensitivity 84% and specificity 62%; accuracy 68%) and an
A/T of 1 cm or greater (sensitivity 80% and specificity 64%;
accuracy 67%) were the US patterns most predictive of malig-
nancy in agreement with Rago.

Another recent study by Rania and Khaled (16) revealed
that ill-defined margins, spot microcalcifications and AP/T
diameter more than 1 cm were the most predictive ultrasound
patterns of malignancy.

In the current study, absence of halo sign combined with
the presence of spot microcalcifications and absent halo
sign/hypoechogenicity were most predictive of malignancy
(sensitivity 60% and specificity 93.5%), in agreement with
Rago et al. (5) who stated that combined US features and
color Doppler become highly predictive of malignancy only
when multiple patterns are simultaneously present in a thyroid
nodule.
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A 45 year old female with neck swelling. By conventional US, a fairly defined Solid nodule is seen within the right lobe. Color

doppler shows central and perinodular vascularity. By elastography: elasticity was absent in most of the examined (almost the whole
nodule is displayed in light blue with some regions of light green). Elasticity score: 3, strain ratio: 0.99, cytological findings: hyper plastic

nodule.
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Fig. 6 A 23 year old female with neck pain. By conventional US there is an isoechoic well defined right lobe solid nodule with preserved
halo sign seen in the right lobe. Color doppler reveled perinodular vascularity. By elastography: color coding revealed flexibility in most of
the nodule (almost the whole nodule is displayed in light green with some peripheral and/or central blue areas). Elasticity score: score 2,

strain ratio: 0.32, cytological findings: follicular adenoma.

Conventional US does not provide information regarding
hardness of the nodule and this is the role of USE. US elastog-
raphy was developed to determine tissue stiffness and strain
information noninvasively (17).

Strain represents the amount of deformation; thus, stiff tis-
sue shows less strain than softer tissue. A thyroid lesion may
have different levels of stiffness within it, depending on the

cellularity and the composition of the nodule. Information
from these elastograms helps to assess the relative stiffness of
the lesion compared with its surrounding tissues and within
itself (3).

Asari et al. (18) reported that the Real-time USE is based
upon the principle that the softer parts of tissues deform more
rapidly than the harder parts under compression, thereby



646

S.F. Abdelrahman et al.

TosHiea |
TOSHIBA

2012/11/06
10:26:20 AM

- Thyroid

Time: 319 msec

s |
Draw |

i ®on O aut

Elastos
graphy

5 Draw

Fig. 7 A 37 year old female, with neck swelling: By conventional US there was a well defined complex lesion with a solid component.
Color doppler revealed internal and perinodular vascularity. By elastography: absent elasticity throughout the area examined (the whole

nodule is displayed homogeneously in dark blue). Elasticity score
carcinoma.
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Fig. 8 A 35 year old female with a neck swelling showing a well defined isoechoic solid nodule within the left side of the isthmus. By
color doppler faint perinodular vascularity is noted. By elastography: elasticity absent in most of the examined (almost the whole nodule is
displayed in light blue with some regions of light green). Elasticity score 3, strain ratio 3.25, cytological findings: follicular variant of

papillary thyroid carcinoma.

allowing objective determination of tissue maximum diameter
with an indeterminate result on conventional ultrasound. An
elasticity score of 4-5 was highly predictive of malignancy,
with a sensitivity of 90.63%, a specificity of 89.47% and an
accuracy of 90.20%.

In the present study the most US features suggestive of
malignancy were, absence of halo sign combined with the pres-
ence of spot microcalcifications as well as combined absent
halo sign/hypoechogenicity and all were confirmed by US elas-
tography that revealed a score of 1-3 in all benign cases with
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Table 3 Distribution of elasticity scores in group patients.

Elasticity BN(57) CA(16) Sensitivity Specificity Accuracy
score

Score 1 15 -

Score 2 26 -

Score 3 16 1

Score 4 - 8

Score 5 - 7

Score 1-3 57 1

Score 4-5 — 15 92.3% 82.1% 82.4

only one case scored as score 3 and had these US suspicious
features, revealed after that being classic variant of papillary
thyroid carcinoma.

We had 16 nodules that were malignant and 57 were
benign. Sensitivity and specificity of the US-elastography for
thyroid cancer diagnosis were 92.3% and 82.1% respectively
with the accuracy of 82.4% in agreement with Rago et al.
(5). The positive and negative predictive values were 54%
and 98.2% respectively.

All the 57 cases with a final diagnosis of benign nodule had
a score of 1-3, while 15 of 16 (93.75%) with a final diagnosis of
carcinoma had a score of 4-5, with a sensitivity of 93.3%, a
specificity of 100% and an accuracy of 97.8%. One of the 16
nodules with the histological diagnosis of follicular variant
of papillary cancer had a score of 3.

Among benign lesions, the score was 1 in 15 and 2 in 2 of
the 6 hyperplastic nodules; it was 1 in 17, 2 and 3 in 40 of
the adenomatous nodules. Although the number of hyperplas-
tic nodules is too small to allow a reliable statistical evaluation,

these data suggest that adenomatous nodules have a higher
stiffness with respect to the hyperplastic nodules.

Combined US findings with US elastography reveals that
hypoechogenicity/score 4-5 was most predictive of malignancy
with sensitivity 80% and specificity 100%; and accuracy 93.4%
in addition to the presence of spot microcalcifications/score 4—
5 with sensitivity 66.7% and specificity 100%; and accuracy
89.1% and the absent halo sign/score 4-5 with sensitivity
60% and specificity 96.7%; and accuracy 84.7%.

The strain ratio value measured for the histological proven
malignant nodules varies between 2.3 and 4. Five nodules out
of sixteen had SR between 2.3 and 4 (sensitivity 96% and
specificity 83%). The cutoff value for malignant nodules was
2.3.

Sensitivity of the combination between elasticity scores and
strain ratio was 92.3% and specificity 82.1% respectively. The
positive and negative predictive values were 55.6% and 98.8%
respectively, and the accuracy of the technique was 82.4%
(Table 5). Elastosonography was more accurate than US and
color Doppler US in characterizing thyroid nodules
(» = 0.002).

These results revealed that combined techniques were supe-
rior to US alone and added more significant value when com-
pared with US elastography alone in agreement with Moon
et al. (19). On the other hand, conventional US maintains a
pivotal importance to define which nodules are suitable for
the US elastographic characterization.

So, thyroid nodules with suspicious criteria can be further
evaluated by US elastography that seems to be a useful addi-
tion for the assessment of such indeterminate nodules, as it
can help to reduce FNAC or at least allow to select nodule
(or nodular zone) for aspirations. Further prospective studies
are needed to refine US-elastography for improving its diag-
nostic capability.

Table 4 Combined US findings with elasticity scores and strain ratio.

BN(57) MN(16) Sensitivity (%) Specificity (%) Accuracy
Absent halo sign/score 4-5/SI > 2.3
Both present - 13 60 96.7 84.7
One absent —
Present halo sign/score 1-3/SI < 2.3
Both present 40 1 40 19.3 26.1
One absent 17 -
Hypoechogenicity/score 4-5/SI > 2.3
Both present - 13 80 100 93.4
One absent 32
Absent hypoechogenicity/score 1-3/SI < 2.3
Both present 25 1 6.7 38.7 28.3
One absent 32 3
Spot microcalcifications/score 4-5/SI > 2.3
Both present - 9 66.7 100 89.1
One absent 17 5
Absent microcalcifications/score 1-3/SI < 2.3
Both present 27 - 6.7 29 21.7
One absent 30 5
Type III vascularization/score 4-5/SI > 2.3
Both present - 9 6.7 100 69.7

One absent 2 7
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Table 5 Sensitivity, specificity and accuracy of strain ratio.

Strain ratio BN(57) MN(16) Sensitivity Specificity Accuracy
<23 57

>23 upto 4 = 92.3% 83% 82.4

>4 - 11
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