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Abstract Aim: To evaluate the usefulness of ultrasound (US) using contrast agent and elasto-
sonography in the characterization of thyroid nodules.
Materials and methods: From November 2006 to July 2007, 23 patients with single thyroid
nodules underwent B-mode US and power Doppler, US examination using contrast agent,
elastosonography and fine needle aspiration cytology (FNAC). Sixteen patients underwent
thyroidectomy.
Results: The 23 nodules included 14 benign and 9 malignant lesions. Analysis of time/intensity
curves showed that wash-in (8.8� 1.3 vs 12.1� 2.6 s; p Z 0.002, t-test) and peak enhance-
ment (15.3� 4.6 vs 22.2� 3.9 s; p Z 0.001, t-test) occurred significantly earlier in the malig-
nant nodules than in the benign nodules. Wash-out was monophasic in 70% of benign nodules,
but in none of the malignant nodules; polyphasic in 30% of benign nodules and in 100% of
malignant nodules. Polyphasic wash-out showed a statistically significant association with ma-
lignancy (p Z 0.0007, c2). Polyphasic wash-out yielded a sensitivity of 100%, specificity of 71%,
positive predictive value (PPV) of 69%, negative predictive value (NPV) of 100% and diagnostic
accuracy of 83%. In 78% of the benign nodules (11/14) elastosonographic patterns was 1e2
(elevated elasticity); in 88% of the malignant nodules (8/9) elastosonographic patterns was
3e4 (reduced elasticity). Elastosonography yielded a sensitivity of 88%, specificity of 78%,
PPV of 72%, NPV of 91% and diagnostic accuracy of 82%. Elastosonographic patterns 3e4 is
associated with malignancy (p Z 0.001, c2).
Conclusion: US using contrast agent and elastosonography can be a useful diagnostic tool in the
evaluation of single thyroid nodules, particularly when FNAC result is non-diagnostic or sug-
gests a follicular lesion, and in nodules <1 cm.

Sommario Scopo: Valutare l’utilità dell’ecografia con ecoamplificatore e dell’elastosonogra-
fia nella caratterizzazione del nodulo tiroideo.
Materiali e metodi: Periodo novembre 2006eluglio 2007, studiati 23 pazienti con nodulo
solitario tiroideo, sottoposti a ecografia B-mode e power Doppler, ecografia con mezzo di
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contrasto, elastosonografia e FNAC (Fine Needle Aspiration Citology). Sedici pazienti sono stati
sottoposti a tiroidectomia.
Risultati: I 23 noduli studiati comprendevano 14 lesioni benigne e 9 maligne. Alla valutazione
delle curve intensità/tempo le lesioni maligne presentavano un tempo di wash-in (8,8� 1,3 vs
12,1� 2,6 secondi; p Z 0,002, t-test) e un tempo di picco (15,3� 4,6 vs 22,2� 3,9 secondi;
p Z 0,001, t-test) significativamente più precoci rispetto alle lesioni benigne. La fase di
wash-out presentava andamento monofasico nel 70% dei noduli benigni e in nessuno dei ma-
ligni; polifasico nel 30% dei noduli benigni e nel 100% dei maligni. L’andamento polifasico è
associato in maniera statisticamente significativa (p Z 0,0007, c2) alla malignità. L’andamen-
to polifasico ha mostrato sensibilità del 100%, specificità del 71%, VPP (valore predittivo po-
sitivo) del 69%, VPN (valore predittivo negativo) del 100% e accuratezza diagnostica dell’83%.
Nel 78% (11/14) dei noduli benigni sono stati rilevati i pattern elastosonografici 1e2 (maggiore
elasticità), nel 88% (8/9) dei noduli maligni i pattern 3e4 (minore elasticità). L’elastosonogra-
fia ha mostrato sensibilità dell’88%, specificità del 78%, VPP dell’72%, VPN del 91% e accura-
tezza diagnostica del 82%. Il pattern elastosonografico 3e4 è associato (p Z 0,001, c2) alla
malignità.
Conclusioni: L’ecografia con ecoamplificatore e l’elastosonografia possono rappresentare
ausili diagnostici nella valutazione del nodulo tiroideo solitario, soprattutto quando la FNAC
è non diagnostica, quando indica lesione follicolare e nei noduli <1 cm.
ª 2008 Elsevier Masson Srl. All rights reserved.

Introduction

Thyroid nodules are frequently detected at ultrasound (US)
screenings, and they occur in 50% of the elderly population
[1]. In 80% of cases single nodules are benign (colloid nod-
ules, simple cysts and thyroiditis), 10e15% are follicular ad-
enomas and 5% are carcinomas [2]. Nodules requiring
surgery should be selected using diagnostic tools with an el-
evated NPV. US is the most sensitive diagnostic imaging
technique in the diagnosis of thyroid nodules. However,
US is not sufficiently sensitive and specific in the diagnosis
of malignancy; and the predictive value is not high or low
enough to exclude the necessity to perform fine needle as-
piration cytology (FNAC) [3e5].

FNAC provides information concerning the nature of the
thyroid nodule with a diagnostic accuracy of 92e95% [6,7].
However, there are 2 important shortcomings to FNAC, such
as non-diagnostic results (due to inadequate sample qual-
ity) and in follicular thyroid neoplasms. These diagnostic
limitations can be overcome by employing new diagnostic
methods of elevated accuracy which can differentiate be-
nign from malignant nodules, such as US contrast agents
and elastosonography. Intravascular US contrast agents per-
mit detection of neoplastic growth characterized by tortu-
ous blood vessels and arteriovenous shunts [8,9].

Elastosonography examines the mechanical and elastic
properties of the soft tissue which rely on the composition
and structural organization of the macromolecules. One of
the mechanical properties is the elasticity which deter-
mines the deformation or distortion of the tissues in
response to external compression. Some pathological con-
ditions induce considerable changes in the soft tissue
structure modifying the elastic properties and leading to
an increased firmness and a reduced mobility of the
involved tissue.

The aim of this study was to evaluate the usefulness of
US using contrast agent and elastosonography in the
characterization of single thyroid nodules.

Materials and methods

Patient population

From November 2006 to July 2007, 23 patients (5 males and 18
females), age range 20e82 years (mean age 44 years) underwent
US examination which revealed a single thyroid nodule (8e53 mm
in diameter).

Clinical evaluation

Clinical history was obtained and all patients underwent clinical
examination. Thyroid-stimulating hormone (THS), thyroid peroxi-
dase antibodies (anti-TPO), thyroglobulin antibodies (anti-Tg), and
calcitonin levels were determined.

B-mode US and power Doppler

All patients underwent B-mode US to evaluate dimensions of the
nodule, echogenicity, presence of perinodular halo, and presence
and types of calcifications. Vascularization of the nodule was
studied using power Doppler (PD) and classified as follows: no
blood flow, mainly perinodular blood flow, intranodular and
perinodular blood flow. US examinations were performed using
Hitachi EUB 8500 Logos equipment (Hitachi Medical Systems,
Tokyo, Japan) and a linear 13 MHz probe.

US using contrast agent

US examination was performed, baseline and after bolus injection
of contrast agent (SonoVue, Bracco, Milan, Italy) 2.4 ml, 1 ml/s,
followed by 10 ml physiological solution, using a peripheral intrave-
nous cannula of 20 Gauge. The examination was performed using
Technos MPX equipment (Esaote Biomedica, Genoa, Italy) in con-
tinuous imaging with low mechanical index (MI Z 0.05e0.08) and
contrast-specific algorithm contrast tuned imaging (CnTI). The ex-
amination lasted 3 min from the start of contrast agent injection.
Dedicated software elaborated all obtained data during the 3 min
of scanning providing time/intensity curves. We evaluated arrival
of the contrast agent (wash-in), the time required to reach peak
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enhancement and the wash-out phase (monophasic/polyphasic).
Wash-in was defined as the first point on the curve showing signal
intensity corresponding to 10% of the basic value of the signal
recorded at the start of the scanning. Peak time or duration of
the wash-in phase was considered as the time elapsed between
the start of contrast agent injection and the peak enhancement.

Elastosonography

Elastosonographic examinations were performed using EUB 8500
Logos equipment (Hitachi Medical Systems, Tokyo, Japan) and
a 13 MHz linear probe to which a flat base had been applied to
achieve optimal adherence to the tissue as well as uniform com-
pression. For the elaboration of the data, we used dedicated soft-
ware CAM (Combined Autocorrelation Method) with an algorithm
able to process in a very short time all radio-frequency impulses
coming from the lesion while minimizing the artifacts caused by
lateral dislocation. An indicator showed in real-time the correct
performance of the examination through a scale of values from
1 to 5 which appeared on the side of the elastosonographic im-
age. The signal coming from the examined tissue was immediately
processed (‘‘real-time’’) and the elastogram was displayed over
the B-mode image in a color scale: red (soft tissue), blue (inelas-
tic tissue) and green (intermediate). During the procedure, the
quality of the examination was evaluated and considered accept-
able only if the elastosonographic image was continuously dis-
played over the B-mode with the illuminated indicator showing
a value between 3 and 5. The elastosonographic images thus ob-
tained were classified in 4 patterns according to the elasticity
(Fig. 1).

FNAC

All nodules underwent cytological analysis after US guided FNAC
using 23 Gauge needles and 5 ml syringes. FNAC was performed af-
ter the study of the vascular pattern, the examination using con-
trast agent and elastosonography in order to avoid post biopsy
alterations. Sixteen patients underwent thyroidectomy with histo-
logical analysis of the surgical specimen. Outcome of cytological
and histological examination was compared with outcome of US ex-
amination using contrast agent and elastosonography.

Statistical analysis

Statistical analysis was carried out using the Student t-test un-
paired and c2 test, considering for both a statistically significant
value of 5%. Sensitivity, specificity, PPV, NPV were calculated as
well as diagnostic accuracy of the monophasic/polyphasic wash-
out curve and elastosonography in the identification of malignant
nodules.

Ethical approval for this study was granted by the Medical
Research Ethics Committee of our university, and informed consent
was obtained from all patients.

Results

Cytological analysis yielded the following result: 9 benign
lesions (8 colloid/hyperplastic nodules and 1 affected by
chronic inflammation), 11 suspicious lesions (6 follicular
lesions, 3 Hürtle cell lesions, 2 suspected carcinomas) and 3
malignant lesions. Sixteen patients underwent surgery (all
patients whose FNAC outcome was suspicious or positive for
carcinoma, and 2 due to the size of the nodules although
FNAC outcome was benign).

Histological examination of the 16 nodules evidenced 7
benign lesions (1 struma, 2 Hürtle cell adenomas, 4 micro/
macrofollicular adenomas) and 9 malignant lesions (7
papillary carcinomas, 1 Hürtle cell carcinoma, 1 undiffer-
entiated carcinoma). Histological and cytological analysis
diagnosed 14 benign and 9 malignant lesions among the 23
studied nodules.

TSH was normal (0.27e4.2 mUI/l) in 19 patients, in-
creased in 2 and reduced in 2; anti-Tg was normal
(<20 UI/ml) in 18 patients and increased in 5 patients;
anti-TPO was <10 UI/ml in 14 patients and >10 UI/ml in 9
patients. Calcitonin levels were normal in all patients.

At B-mode US examination, 9 nodules (2 malignant and 7
benign) were isoechoic, 14 (7 malignant and 7 benign) were
hypoechoic (p Z 0.182, c2). Microcalcifications were found
in 4 malignant nodules and in none of the benign nodules
(p Z 0.006, c2); macrocalcifications were found in 4 benign
nodules and in none of the malignant nodules. A perinodu-
lar halo was visible in 10 nodules (3 malignant and 7 benign)
but not in 13 nodules (6 malignant and 7 benign)
(p Z 0.431, c2).

PD examination revealed no blood flow in 1 benign
nodule, mainly perinodular blood flow in 14 nodules (5
malignant and 9 benign) and intranodular and perinodular
blood flow in 8 nodules (4 malignant and 4 benign)
(p Z 0.574, c2).

Evaluation of time/intensity curves showed that wash-in
occurred significantly earlier in malignant lesions than in
benign lesions (8.8� 1.3 vs 12.1� 2.6 s; p Z 0.002, t-test)
(Fig. 2a, b).

Peak enhancement (peak time) occurred significantly
earlier in malignant nodules than in benign nodules
(15.3� 4.6 vs 22.2� 3.9 s; p Z 0.001, t-test).

Wash-out phase was regular and monophasic in 10/14
benign nodules (70%) and in none of the malignant nodules;
irregular and polyphasic in 4/14 benign nodules (30%) and in
9/9 malignant nodules (100%) (Fig. 2 a,b; Table 1). Irregular
and polyphasic wash-out curves showed a statistically sig-
nificant association with malignancy (p Z 0.0007, c2). Anal-
ysis of wash-out curves showed a sensitivity of 100%,Fig. 1 Elastosonographic patterns.
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specificity of 71%, PPV of 69%, NPV of 100% and diagnostic
accuracy of 83%.

Elastosonographic pattern 1 (Fig. 3) was found in 2/14
benign nodules (14%) and in none of the malignant nodules;
pattern 2 (Fig. 4) in 9/14 (64%) benign nodules and in 1/9
(12%) malignant nodules; pattern 3 (Fig. 5) in 3/14 (22%) be-
nign nodules and in 4/9 (44%) malignant nodules; pattern 4
(Fig. 6) in none of the benign nodules and in 4/9 (44%) ma-
lignant nodules (Table 2). In 11/14 benign nodules (78%)
elastosonographic patterns was 1e2, and in 8/9 malignant
nodules (88%) elastosonographic patterns was 3e4. Elasto-
sonography yielded a sensitivity of 88%, specificity of 78%,
PPV of 72%, NPV of 91% and diagnostic accuracy of 82%.
Elastosonographic patterns 3e4 showed a significant associ-
ation with malignancy (p Z 0.001, c2).

Discussion

High resolution US has made it possible to identify non-
palpable thyroid nodules [10,11] which are frequently
found in the general population (19e46%) [12]. Numerous
studies have analyzed the relationship between US findings,
blood flow and the risk of malignancy in thyroid nodules
[13e15] but so far with discordant results. US can reach a di-
agnostic accuracy of more than 90% in the diagnosis of car-
cinoma, particularly papillary carcinoma, but neither US
nor FNAC are sufficiently accurate in the diagnosis of follic-
ular carcinoma [16].

FNAC is considered the most accurate diagnostic
method. However, there are 2 important shortcomings to
FNAC, such as non-diagnostic results due to inadequate
sample quality and in follicular thyroid neoplasm or Hürtle
cell lesions. Inadequacy of the sample quality is reported in
7e29.5% of FNAC [6,17,18]. Inadequate FNAC, performed at
least twice, poses the problem concerning the most

appropriate management of the patient. Some authors rec-
ommend surgical treatment for all nodules when FNAC re-
sult is non-diagnostic, whereas others recommend surgery
only in nodules which are considered suspicious on the basis
of clinical and laboratory results. FNAC is furthermore rec-
ommended only in nodules presenting a maximum diameter
>10 mm, but not in micronodules unless they present suspi-
cious US and blood flow characteristics. In the presence of
follicular proliferation or Hürtle cells, cytological analysis
cannot differentiate adenoma from carcinoma, as the dif-
ferential diagnosis is based on the presence of capsular or
vascular involvement. Histological examination is therefore
recommended after thyroidectomy, even though only 10e
20% of the excised nodules are malignant. Neoplastic prolif-
eration is characterized by anarchic neoangiogenesis with
numerous tortuous vessels and arteriovenous shunts [8,9].
Intranodular vessels are small with a slow blood flow result-
ing in a weak PD flow signal. Intravascular contrast agents
can depict newly formed tumor vascularity. Analysis of
the transit of contrast agent through the neoplastic lesions
using time/intensity curves provides quantitative and ob-
jective information.

Calliada et al. [19] evaluated time/intensity curves
(morphology of the curve, peak value and time, mean du-
ration of enhancement and wash-out characteristics) af-
ter injection of first generation contrast agent in
a study of 29 solid focal lesions of the thyroid (2 malig-
nant and 27 benign). Evaluation of intensimetric data
showed slightly different results with frequent overlaps;
however, peak enhancement occurred significantly earlier
in carcinomas and peak enhancement was more intense
than in benign lesions. Spiezia et al. [20] studied 54 thy-
roid nodules using first generation contrast agent and
analysis of time/intensity curves. Wash-in occurred signif-
icantly earlier in carcinomas than in hyperplastic nodules
and adenomas (8.1� 1.41 vs 19.6� 2.2 and 16.1� 2.8 s;
p< 0.0001) while peak enhancement occurred earlier in
carcinomas and adenomas than in benign hyperplastic
nodules (14.6� 1.2 and 23.1� 3.8 vs 33.0� 3.0 s;
p< 0.0001). No significant difference was revealed in
peak intensity, final signal intensity and variation in inten-
sity signal from hyperplastic nodules, adenomas and carci-
nomas. Appetecchia et al. [21] used a second generation
contrast agent in 20 patients with thyroid nodules and
evaluated wash-in time, intranodular blow flow and
wash-out time. The neoplastic lesions (4 follicular

Fig. 2 Time/intensity curves of a benign nodule (a) and a malignant nodule (b).

Table 1 Characteristics of the wash-out phase

Wash-out
monophasic

Wash-out
polyphasic

Total

Malignant nodules 0 9 9
Benign nodules 10 4 14

Total 10 13 23
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adenomas and 6 carcinomas) showed early wash-in, a pe-
ripheral homogeneous enhancement pattern, rapid cen-
tripetal progression and persistence of contrast agent in
the nodule. A rapid wash-out was observed in 6 cases.
The non-neoplastic lesions (uninodular goiter) showed
a different perfusion as compared to the surrounding
healthy parenchyma.

In our study, time/intensity curves obtained after
administration of US contrast agent were evaluated partic-
ularly for wash-in time, peak time and the characteristics
of the wash-out curve. Wash-in occurred significantly
earlier in malignant lesions as compared to benign lesions
(8.8� 1.3 vs 12.1� 2.6 s; p Z 0.002, t-test). These results
are in agreement with the results obtained by Calliada

Fig. 4 Elastosonographic pattern 2.

Fig. 3 Elastosonographic pattern 1.
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et al. [19], Spiezia et al. [20] and Appetecchia et al. [21].
The early wash-in in neoplastic lesions could be explained
by the rapid blood flow through the arteriovenous shunts.
Peak enhancement occurred significantly earlier in the ma-
lignant nodules as compared to the benign lesions
(15.3� 4.6 vs 22.2� 3.9 s; p Z 0.001, t-test). This observa-
tion is in agreement with the results obtained by Calliada

et al. [19], Spiezia et al. [20]. Wash-out phase was regular
and monophasic in 10/14 (70%) benign nodules and in none
of the malignant nodules; irregular and polyphasic in 4/14
(30%) benign nodules and in 9/9 (100%) malignant nodules.
Irregular and polyphasic wash-out curves showed a statisti-
cally significant association with malignancy (p Z 0.0007,
c2). Analysis of wash-out curves showed a sensitivity of

Fig. 5 Elastosonographic pattern 3.

Fig. 6 Elastosonographic pattern 4.
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100%, specificity of 71%, PPV of 69%, NPV of 100% and diag-
nostic accuracy of 83%. Argalia et al. [22] examined 61 sin-
gle thyroid nodules (43 benign and 18 malignant) using first
generation contrast agent and time/intensity curves. The
curves were regular and monophasic in 93% of benign le-
sions and in 11% of malignant lesions, whereas, they were
irregular and polyphasic in 89% of malignant lesions and in
7% of benign lesions (sensitivity 88%, specificity 93%).

Bartolotta et al. [23] examined contrast enhancement
characteristics in 18 patients with single thyroid nodules
(13 malignant and 5 benign lesions) using US after adminis-
tration of SonoVue. Three enhancement patterns were
identified: absent, dot-like and diffused (homogeneous or
inhomogeneous). None of the enhancement patterns
were found to be specific of malignancy, but malignant
nodules tended to have no or dot-like vascularization,
whereas benign lesions had homogeneous or inhomoge-
neous vascularization.

The mechanical properties of the soft tissues rely on the
composition and structural organization of the macromol-
ecules. One of the mechanical properties is the elasticity
which determines the deformation or distortion of the
tissues in response to external compression (Young’s mod-
ulus of elasticity). Some pathological conditions induce
considerable changes in the soft tissue structure modifying
the elastic properties and leading to an increased firmness
and a reduced mobility of the involved tissue.

Elastosonography analyses the changes in radio-fre-
quency (RF) coming from a structure before and after
application of external compression. There are basically
two different elastosonographic techniques which are re-
lated to the type of stimulus employed to compress the
examined structures: manual compression and mechanical
compression which is obtained by emitting low-frequency RF
impulses. The most frequently employed and studied elas-
tosonographic technique is currently real-time free-hand US
elastosonography using gradual manual compression and
a US transducer which permits immediate visualization of
the obtained elastogram displayed over the B-mode image.
The result of the elastosonographic examination can be
influenced by a series of factors: large calcifications and
thyroid cysts, carotid artery pulsations and out-of-plane
displacement of the lesion due to the compression, as the
thyroid is surrounded by anatomical structures which can be
displaced, such as the windpipe and the jugular vein,
because there is no bone structure in the area which can
serve as a basis for the soft tissues being compressed. The
examination can be difficult to perform if the nodule is
situated in the lower portion of the gland in patients with
a short, thick neck.

Lyshchik et al. [24] evaluated sensitivity and specificity
of elastosonography in the differentiation of benign and
malignant thyroid nodules (52 lesions: 22 malignant and
30 benign). Two different imaging methods were used:
real-time elastosonography and off-line processing of strain
image reconstruction using RF data obtained during US ex-
amination. Thyroid gland tumor strains were measured, and
the strain index (normal thyroid gland-to-tumor strain
ratio) was calculated. A strain index value greater than 4
proved to be a significant predictor of malignancy
(p< 0.01) with a specificity of 96% and sensitivity of 82%.

Tanaka et al. [25] evaluated the ability of elastosonogra-
phy to differentiate benign from malignant thyroid tumors
by studying 290 nodules (140 benign, 150 malignant) and
identifying 4 elastosonographic patterns of decreasing elas-
ticity. Malignant lesions were classified as pattern 4 in
62.6%, pattern 3 in 13.6%, pattern 2 in 12.9% and pattern 1
in 10.9% of cases. Benign lesions were classified as pattern
4 in 19.6%, pattern 3 in 4.4%, pattern 2 in 16.7% and pattern
1 in 59.4% of cases. A statistically significant difference be-
tween benign and malignant lesions was found. Elastosonog-
raphy yielded a sensitivity of 89.1%, specificity of 59.4% and
diagnostic accuracy of 74.7%. Sensitivity was higher (91.9%)
when the elastosonographic pattern was associated with
B-mode US findings suspicious for malignancy.

Rago et al. [26] studied 92 patients who had surgical
treatment of single thyroid nodules due to compression
symptoms or because FNAC outcome was suspicious. Tissue
elasticity was evaluated and 5 grades of decreasing elastic-
ity were identified: 49 nodules (all benign) were grades 1
and 2; 13 were grade 3 (1 carcinoma and 12 benign nod-
ules); 30 nodules (all carcinomas) were grades 4 and 5.
Grades 4 and 5 showed an elevated predictive value for ma-
lignancy (p< 0.0001), with a sensitivity of 97%, specificity
of 100%, PPV of 100% and NPV of 98%.

In our series, elastosonographic pattern 1 was found in
2/14 benign nodules (14%) and in none of the malignant
nodules; pattern 2 in 9/14 (64%) benign nodules and in 1/9
(12%) malignant nodules; pattern 3 in 3/14 (22%) benign
nodules and in 4/9 (44%) malignant nodules; pattern 4 in
none of the benign and in 4/9 (44%) malignant nodules.
Patterns 1e2 were found in 11/14 (78%) benign nodules,
while patterns 3e4 were found in 8/9 (88%) malignant
nodules. Elastosonography yielded a sensitivity of 88%,
specificity of 78%, PPV of 72%, NPV of 91% and diagnostic
accuracy of 82%. Elastosonographic patterns 3e4 showed
a significant association with malignancy (p Z 0.001, c2).

Conclusions

The results of this study show that analysis of time/
intensity curves provide useful quantitative data in addition
to data obtained using B-mode US and PD. This information
is particularly useful when FNAC outcome is non-diagnostic
or suggests a follicular lesion, and in the evaluation of small
nodules (<1 cm). Elastosonography is a useful complemen-
tary tool in the diagnosis of thyroid carcinoma.
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Table 2 Elastosonographic patterns

Pattern 1 Pattern 2 Pattern 3 Pattern 4 Total

Malignant
nodules

0 1 4 4 9

Benign
nodules

2 9 3 0 14

Total 2 10 7 4 23
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