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Qualitative and quantitative evaluation
of solitary thyroid nodules
with contrast-enhanced ultrasound:
initial results

Abstract To assess the feasibility of
contrast-enhanced ultrasound (CEUS)
of the thyroid gland and to evaluate the
potential of this method for character-
ising solitary thyroid nodules.18
patients affected by solitary thyroid
nodules (size range: 0.6 to 3.6 cm;
mean: 1.8 cm) confirmed by surgery
(nine papillary carcinomas, four fol-
licular carcinomas, three hyperplasias,
one follicular adenoma and one
Plummer’s adenoma) underwent pulse
inversion US at lowM.I. (0.06 to 0.08)
after i.v. injection of a 2.4-mL bolus of
SonoVue. Baseline echogenicity and
the dynamic enhancement pattern of
each nodule, in
comparison with adjacent thyroid
parenchyma, were assessed. Signal
intensity values on grey-scale images
were also calculated at baseline, 30 s,
60 s and 120 s after SonoVue admin-

istration. Following administration of
SonoVue, malignant nodules showed
absent (4 out of 13), faint dotted (4 out
of 13) and diffuse (5 out of 13) contrast
enhancement, in this last case inho-
mogeneous (4 out of 5 cases) or
homogeneous (1 out of 5). Benign
nodules showed diffuse contrast en-
hancement, both homogeneous (3 out
of 5) and heterogeneous (2 out of 5).
Quantitative data have confirmed
subjective findings, but CEUS never
modified precontrast analysis. CEUS
of thyroid gland is a feasible tech-
nique, but overlapping findings seem
to limit the potential of this technique
in the characterization of thyroid
nodules.
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Introduction

High-resolution ultrasound (HRUS) and color power
Doppler allow for the detailed depiction of the thyroid
and provide functional information about the vasculariza-
tion of normal and diseased gland [1]. Since HRUS is
increasingly being used for the evaluation of both the
thyroid gland and the neck, a dramatic increase in the
detection rate of non-palpable thyroid nodules is registered,
up to nearly 70% [2–5]. Consequently, thyroid incidenta-

lomas have become a real emerging epidemic and their
management a conundrum [6]. Many thyroid incidentalo-
mas are of little clinical significance since thyroid cancer is
an uncommon malignancy, representing 1.5% of all new
cancers and 0.23% of all cancer deaths in 2001 in the
United States [6]. Furthermore, surgery- or autopsy-based
studies reported that occult thyroid cancer is more common
than clinical apparent thyroid cancer, up to 36% in some
countries, thus demonstrating the slight biological sig-
nificance of many of these tumors [7, 8].
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Recently, new ultrasound techniques, such as pulse
inversion (PI) harmonic imaging, have been developed that
are extremely sensitive to non-linear effects of US interac-
tion with microbubble contrast agents [9]. Some studies,
carried out with a first-generation air-based contrast agent
(SH U 508A), have analysed time/intensity curves in the
characterization of solitary thyroid nodules, not providing
conclusive data [10, 11]. SonoVue is a new, second-
generation, stabilized microbubble preparation containing
sulphur hexafluoride. This latter has low solubility, is
isotonic and does not contain antigenic potential gas [12].
An early report showed that SonoVue may enable the
identification of some specific contrast-enhancement
patterns in different focal liver lesions [13–15].

The objective of this study was to assess the feasibility of
CEUS of the thyroid gland and to evaluate the potential of
this method for characterizing solitary thyroid nodules.

Materials and methods

Study population

From September 2003 to July 2004 18 consecutive patients
(10 women, 8 men; age range: 26 to 66 years, mean:
44.3 years) who were scheduled to undergo thyroidectomy
for a previously diagnosed solitary thyroid nodule (size
range: 0.6 to 3.6 cm; mean: 1.8 cm) were enrolled in this
prospective study and underwent CEUS of the thyroid
gland.

Ethical Committee permission was obtained and all
patients gave their full informed consent before the CEUS.
The procedure followed was in accordance with the
Declaration of Helsinki [16].

Baseline US

Scanningwasperformedbyone experienced radiologist (more
than 15 years in thyroid US imaging and more than 5 years in
CEUS) blinded to the final diagnosis with a commercially
available scanner (HDI 5000, ATL, Bothell, WA, USA) using
anelectronically focusednear-field linear array transducerwith
a 7- to 12-MHz bandwidth and provided with real-time
compound spatial imaging (SonoCT) and pulse inversion (PI)
imaging software. A color Doppler study of the thyroid gland
was performed with a pulse repetition frequency of 1200,
whereas power Doppler was used to detect slow flow. The
amplifier gainwas raised individually until randomcolor noise
appeared and then slightly lowered. Thewall filter was set low
(100 Hz). Once set, US parameters remained unchanged in
each patient.

A precontrast cine clip lasting approx. 10 s was acquired
for each lesion and digitally stored as raw data in a PC-
based workstation connected to the US unit via a standard
Ethernet link.

Contrast-enhanced US

The US contrast agent used in the present study was
SonoVue (Bracco, Milan, Italy) injected intravenously as a
bolus at a 2.4-mL dose, followed by 5 mL of normal saline
flush, using a 20- or 22-gauge peripheral intravenous
cannula [17]. A low frame rate (5 Hz) and a very low
mechanical index (MI=0.05–0.08) were used. Since bubble
disruption is strictly related to depth and focalization of a
US beam, focus was always placed deeper than the nodule
being examined in order to minimize microbubble disrup-
tion. Once set, US parameters remained unchanged in each
patient.

Each exam lasted about 5 min following bolus injection.
Three postcontrast cine clips lasting approx. 15 s were

acquired for each lesion, 10 to 25 s, 45 to 60 s and 110 to
125 s respectively after contrast agent administration and
digitally stored as raw data on a PC-based workstation
connected to the US unit via a standard Ethernet link.

Image analysis

Subjective evaluation Digital cine clips stored on the US
unit were reviewed retrospectively on screen by two
independent experienced radiologists not involved in the
US scanning and blinded to the final diagnosis. Cine clips
were presented in a random order, and the readers were
asked to evaluate in consensus each cine clip for nodule
location, size (measured in three diameters), echogenicity
(hyper-, iso- or hypoechoic), echotexture (solid, cystic or
mixed), margin (well defined, irregular or blurred) and the
presence of hyperechoic spots (coarse calcifications or
microcalcifications) in all detected nodules [18]. In
particular, in a grey-scale US study malignant features
were considered: (a) punctate microcalcification defined as
hyperechoic spots less than 2 mm with or without acustic
shadowing, (b) a marked hypoechoic pattern (more
hypoechoic than surrounding strap muscle) without pos-
terior shadowing, (c) irregular or microlobulated margin,
(d) a shape that is taller than it is wide [19].

The presence and pattern of blood flow by means of
color power Doppler was also evaluated and classed as
follows: type I, absence of blood flow; type II, perinodular
and absent intranodular blood flow; and type III, marked
intranodular blood flow [20]. Since a study reported the
intranodular vascular pattern as an independent risk factor
of malignancy, for the purpose of this study the presence
of intranodular blood flow (pattern III) was also
considered suspicious for malignancy [21].

Readers subjectively assessed in consensus lesion con-
trast enhancement. Lesions with predominantly higher,
similar or lower echogenicity compared with that of the
adjacent thyroid parenchyma were defined as hyperechoic,
isoechoic or hypoechoic respectively. The contrast-en-
hancement pattern was classified as absent, that is, with no
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difference in enhancement between the lesion before and
the lesion after microbubble contrast agent injection; dotted,
that is, with tiny separate spots of enhancement distributed
throughout the lesion; or diffuse, that is, with homogeneous
or heterogeneous enhancement of the entire lesion.

Readers were also asked to define each lesion as benign
or malignant on the basis of B-mode only, B-mode and CD,
and CEUS respectively. Both readers used in consensus a
five-point scale to grade diagnostic confidence: Grade 1
meant definitely benign; grade 2, probably benign; grade 3,
indeterminate; grade 4, probably malignant; and grade 5,
definitely malignant.

Statistical evaluation by means of the chi-square and
Fisher exact tests was performed. The significance level
was set at p less than 0.05.

Objective evaluation Since raw data were stored on a PC-
based workstation, the same sets of images selected for
reader assessment were also evaluated off-line by means
of a dedicated software (HDI Lab, ATL, Bothell, WA,
USA) [22, 23]. Signal intensity values on grey-scale
images were calculated at baseline and 10 to 25 s, 45 to
60 s and 110 to 25 s after SonoVue administration by
positioning operator-defined regions of interest (ROI) of
the same size (5 mm2). The ROIs were positioned within
the nodule in the adjacent thyroid parenchyma and in the
ipsilateral common carotid artery at the same depth.

All calculations of the signal intensity values were
performed using a linear scale, and the results were
transformed into logarithmic scale [logarithmic
intensity=10×log10 (linear intensity)] to reduce the wide
range of variation of the measured values and match the
intensity differences that are perceivable by the human eye

as different grey levels. The transformed values were
presented as average±standard deviation (SD).

AT-Student test was performed to assess whether or not
measured signal intensity differences were statistically
significant (p< 0.05).

Standard of reference

In all patients the final diagnosis was made by means of
histological analysis of resected specimens.

Results

Histology revealed 13 malignant tumors (9 papillary
carcinomas and 4 follicular carcinomas; size range: 0.6 to
3.6 cm; mean: 1.5 cm) and 5 benign lesions (3 hyperplasias,
1 follicular adenoma and 1 Plummer’s adenoma; size range:
1.7 to 3.5 cm; mean: 2.6 cm).

Unenhanced US

Table 1 shows baseline sonographic features of thyroid
nodules. 18 out of 18 nodules presented with at least one
sonographic feature suspected of malignancy, such as
microcalcification (n=6), a marked hypoechoic pattern
(n=7), irregular or microlobulated margins (n=9), a taller
than wide shape (n=6) or the presence of intranodular
blood flow (n=10). In particular, 13 out of 18 nodules
showed at least a B-mode sign of malignancy (5 out of 18
of which had a CD pattern III), whereas the remaining 5 out

Table 1 Analysis of baseline sonographic features of thyroid nodules

Nodule Size (cm) Echotexture Echogenicity Calcification Marked hypoechogenicity Margin Taller than wide CD pattern

1 1.5 Solid Hypoechoic No No Irregular Yes II
2 0.6 Solid Hypoechoic Yes (micro) Yes Well defined Yes II
3 3.5 Solid Hypoechoic No No Well defined No III
4 2 Solid Hypoechoic No No Well defined No III
5 1.8 Solid Hypoechoic No No Well defined No III
6 1.5 Solid Hypoechoic Yes (micro) No Irregular Yes II
7 0.8 Solid Hypoechoic No Yes Irregular Yes II
8 1.3 Solid Hypoechoic No Yes Irregular Yes II
9 1 Solid Hypoechoic No No Irregular Yes II
10 1.5 Solid Hypoechoic No Yes Irregular No III
11 2.7 Mixed Hypoechoic Yes (coarse) No Well defined No III
12 3.1 Solid Isoechoic No No Well defined No III
13 3.6 Solid Hypoechoic Yes (coarse) No Irregular No III
14 0.8 Solid Hypoechoic Yes (micro) No Well defined No II
15 1.5 Solid Hypoechoic Yes (micro) Yes Irregular No III
16 1.6 Solid Hypoechoic Yes (micro) Yes Irregular No III
17 1.7 Solid Hypoechoic Yes (micro) No Well defined No III
18 1.7 Solid Hypoechoic No Yes Well defined No II
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of 18 nodules did not show any B-mode sign of malignancy
but presented a CD pattern III.

At unenhanced grey-scale US, 6 out of 18 nodules were
considered to be definitely malignant, 7 out of 18 probably
malignant, 3 out of 18 probably benign and 2 out of 18
definitely benign (Table 2). When adding color Doppler
analysis, all three “probably benign” nodules were
included in the “indeterminate” class, a nodule previously
diagnosed as “probably malignant” was moved into the
“definitely malignant” class, and the two “definitely
benign” nodules were considered “probably benign”
(Table 2).

Contrast-enhanced US

No adverse events or side effects were recorded during or
immediately after the injection of SonoVue.

Overall, 4 out of 18 nodules (mean diameter: 0.9 cm)
showed no appreciable contrast enhancement after Sono-
Vue administration. Four out of 18 nodules (mean diameter:
1.3 cm) showed a faint contrast enhancement with a dotted
appearance but remained hypoechoic in comparison with
the adjacent thyroid parenchyma. Ten out of 18 nodules
(mean diameter: 2.3 cm) showed a diffuse contrast-
enhancement pattern. These observations were confirmed
by quantitative analysis, which showed a statistically
significant increase in echogenicity (>1.25 dB; p<0.005)
in nodules (10 out of 18) assessed as contrast-enhancing at
subjective evaluation, whereas a statistically insignificant
increase in echogenicity (<0.32 dB) was evidenced in the
remaining nodules (Table 3).

Malignant nodules showed absent (4 out of 13) (Fig. 1),
faint dotted (Fig. 2) (4 out of 13) and diffuse contrast-
enhancement (5 out of 13), in this latter case both
inhomogeneous (4 out of 5 cases) (Fig. 3) and homoge-
neous (1 out of 5). Benign nodules showed diffuse contrast

Table 3 Echogenicity of thyroid nodules before and after SonoVue administration

Baseline 25 s 60 s 120 s

Carotid 1.22±0.14 9.3±4* 4.39±1.84* 3.08±1.07*
Thyroid parenchyma 1.53±0.32 2.36±0.63* 1.82±0.5 1.62±0.38
Malignant nodules (13) 1.3±0.2 1.86±0.64* 1.55±0.36 1.4±0.28
Benign nodules (5) 1.28±0.31 3.94±0.69* 2.81±0.34* 1.55±0.21

All figures are mean values of parenchymal signal intensity (dB±SD)
*Statistically significant increase in echogenicity (p<0.05) was found both in normal thyroid parenchyma and nodules

Table 2 B-mode, B-mode and color Doppler (CD), and CEUS subjective assessment of thyroid nodules: comparison with histology

Nodule Precontrast B-mode Precontrast B-mode + CD CEUS Surgery

1 Probably malignant Probably malignant Dotted Papillary carcinoma
2 Definitely malignant Definitely malignant Absent Follicular carcinoma
3 Probably benign Indeterminate Diffuse homogeneous Plummer adenoma
4 Probably benign Indeterminate Diffuse heterogeneous Follicular carcinoma
5 Probably benign Indeterminate Diffuse homogeneous Follicular adenoma
6 Definitely malignant Definitely malignant Absent Papillary carcinoma
7 Definitely malignant Definitely malignant Absent Follicular carcinoma
8 Definitely malignant Definitely malignant Dotted Papillary carcinoma
9 Probably malignant Probably malignant Absent Papillary carcinoma
10 Probably malignant Definitely malignant Diffuse homogeneous Follicular carcinoma
11 Definitely benign Probably benign Diffuse homogeneous Hyperplasia
12 Definitely benign Probably benign Diffuse homogeneous Hyperplasia
13 Probably malignant Probably malignant Diffuse homogeneous Papillary carcinoma
14 Probably malignant Probably malignant Dotted Papillary carcinoma
15 Definitely malignant Definitely malignant Diffuse heterogeneous Papillary carcinoma
16 Definitely malignant Definitely malignant Diffuse heterogeneous Papillary carcinoma
17 Probably malignant Probably malignant Diffuse heterogeneous Hyperplasia
18 Probably malignant Probably malignant Dotted Papillary carcinoma

Note: CEUS never modified precontrast analysis (B-mode + CD US)
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enhancement, homogeneous in 3 out of 5 cases and
heterogeneous in the remaining two (Fig. 4) (Table 2).

All ten nodules with type III CD pattern revealed a
diffuse contrast enhancement at CEUS - both homoge-
neous (4 out of 10) or heterogeneous (6 out of 10) -
whereas all eight nodules showing a type II CD pattern
revealed no (4 out of 8) or faint dotted (4 out of 8) contrast
enhancement at CEUS.

CEUS never modified precontrast analysis (B-mode+
CD US) in any case.

Discussion

Approximately 4 to 7% of the general population have
palpable thyroid nodules, but both autopsy data and
nodules found incidentally on US suggest a true prevalence
of up to 70%, many of which are less than 1 cm in diameter
and non-palpable [2–5]. In clinical practice HRUS is
increasingly becoming an extension of a thyroid physical
examination, and it is conceivable that the number of
referrals to endocrinologists for incidentally discovered
thyroid nodules will also dramatically increase, raising
some concern about how to manage a real epidemic [6].
Cost/effectiveness issues are emphasized by the very low
rates of both malignancy among thyroid nodules and death

Fig. 1 a–c a Baseline axial image in a 32-year-old man shows an
isoechoic nodule sized 1 cm (arrow) in the right lobe of the thyroid.
b Color Doppler reveals a perinodular flow (pattern II). c On the
axial image obtained in the arterial phase (25 s after SonoVue

injection) the lesion shows lack of contrast enhancement (arrow);
note the strong enhancement of the ipsilateral carotid artery (C):
Papillary carcinoma (case # 9 of Tables 1 and 2)

Fig. 2 a–c a Baseline axial image in a 38-year-old man shows a
markedly hypoechoic nodule sized 1.3 cm (arrow) in the right lobe
of the thyroid. b Color Doppler reveals a perinodular flow (pattern
II). c On the axial image obtained in the arterial phase (25 s after

SonoVue injection) the lesion shows a faint dotted contrast
enhancement (arrow) (C: ipsilateral carotid artery): papillary
carcinoma (case # 8 of Tables 1 and 2)
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from thyroid cancer and by the long-term outcome of
benign thyroid nodules, which tend to remain benign for a
long time [24].

The usefulness of both grey-scale US and color Doppler
findings in predicting malignancy of thyroid nodules is still
controversial, especially when compared with fine-needle
biopsy [25, 26]. Several studies have addressed the issue of
the relative risk of malignancy of both grey-scale and color
Doppler findings in non-palpable thyroid nodules, suggest-
ing that probably no single pattern by itself should be used
as a definite criterion of malignancy, since a considerable
overlap of characteristic tissue in benign and malignant
lesions was found [21, 27–29]. In particular, even if a given
work was unable to demonstrate any value for US findings
as predictors of malignancy [30], other and more recent
studies suggest a predictive role for irregular or blurred

margins, microcalcifications, marked hypoechogenicity
and taller-than-average shape [19].

In our series, using the B-mode sonographic criteria
described above, 12 out of 18 nodules were assessed as
probably/definitely malignant, and all of them were
confirmed to be malignant by surgery. These malignant
nodules showed a type II CD pattern in 8 out of 12 cases
and a type III CD pattern in the remaining 4 cases.
Interestingly, other authors have reported that thyroid
carcinomas might show poor vascularization [10].

Using the same B-mode criteria, 6 out of 18 lesions were
considered to be probably/definitely benign, whereas
histology demonstrated one follicular carcinoma, one
follicular adenoma, one Plummer’s adenoma, and three
hyperplasias. Note that all these lesions showed a type III
CD pattern. According to previously published data, this
latter finding confirms again that color Doppler patterns,

Fig. 4 a–c a Baseline sagittal image in a 51-year-old woman shows
a 3.5-cm inhomogeneous hypoechoic nodule in the rigth lobe of the
thyroid. b Color Doppler reveals both perinodular and intranodular
flow (pattern III). c On the axial image obtained in the arterial phase

(25 s after SonoVue injection) the lesion shows diffuse but
inhomogeneous contrast enhancement (C: ipsilateral carotid artery):
Plummer’s adenoma (case # 3 of Tables 1 and 2)

Fig. 3 a–c a Baseline axial image in a 33-year-old woman shows a
2-cm inhomogeneous hypoechoic nodule (arrow) in the right lobe of
the thyroid (C: ipsilateral carotid artery). b Color Doppler reveals
both perinodular and intranodular flow (pattern III). c On the axial

image obtained in the arterial phase (25 s after SonoVue injection)
the lesion shows diffuse but inhomogeneous contrast enhancement:
follicular carcinoma (case # 4 of Tables 1 and 2)
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taken by themselves, should not be considered as highly
predictive for malignancy [29].

Some studies exploited the introduction of first-gener-
ation air-based contrast agent (SH U 508A, Levovist) with
color power Doppler techniques to characterize solitary
thyroid nodules. In one study, focusing on time/intensity
curves, thyroid carcinomas showed a significantly earlier
arrival time of Levovist vs. nodular hyperplasic benign
nodules and adenomas [11]. By contrast, other authors
observed no difference in the time of appearance of the
contrast enhancement but discovered regular and mo-
nophasic washout curves more frequently in the benign
lesions and irregular and polyphasic mostly in the malig-
nant ones [10].

Second-generation microbubble-based contrast agents,
such as SonoVue, allow the radiologist to perform
continuous imaging at low acoustic power, providing an
easier and more accurate depiction of tumour vascularity,
especially when considering microcirculation, not assess-
able by means of color power Doppler techniques [31–35].
In our series, all nodules with a type III CD pattern revealed
a diffuse contrast enhancement at CEUS, whereas all
nodules showing a type II CD pattern revealed absent or
dotted contrast enhancement at CEUS. This correspon-
dence between CD and CEUS patterns may explain why, in
our experience, CEUS did not change precontrast diag-
nostic confidence. None of the contrast-enhancement
patterns observed in our series was specific for malignancy,
but malignant nodules showed mainly absent or faint
dotted vascularization, whereas benign lesions showed
only diffuse vascularization, either homogeneous or inho-
mogeneous. Nevertheless, this subjective finding, con-

firmed by our quantitative data, could very well be related
to the size of the lesion rather than to the histology, since,
on average, in our series nodules measuring less than 1 cm
showed mainly absent vascularization, those between 1 and
2 cm revealed faint dotted contrast enhancement and,
finally, nodules with a diameter larger than 2 cm presented
diffuse contrast enhancement, irrespective of the histology.
It might be hypothesized that in smaller, even malignant,
nodules, the neoangiogenetic vascular bed is not yet
completely developed in comparison with the uncontrolled
cell proliferation typical of cancer [36].

Our study had limitations. The inclusion of patients
already scheduled for surgery of a nodule suspected of
being malignant may explain the high incidence of cancer
in our series. These inclusion criteria have led us to obtain
pathological proof, but in clinical practice the incidence of
cancer is by far lower, and thus further studies with larger
series are needed. This is of particular relevance in
countries with high incidence of multinodular goitre,
where cost/efficacy issues are also raised. Another poten-
tial limit of this study is that comparison of baseline and
CEUS images could be, at least in part, system dependent;
hence further studies with different equipment should be
considered. Furthermore, the exams were evaluated by
consensus. A separated, blinded revision would have
allowed testing interobserver concordance and objectivity
of CEUS-based characterization.

In conclusion, our experience demonstrates that CEUS
of thyroid gland is a feasible technique, but up to now
overlapping findings have seemed to limit the potential of
this technique in the characterization of thyroid nodules.
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