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Contrast-enhanced ultrasound (CEUS) is widely used to evaluate tumor microcirculation, which
is useful in the differential diagnosis between benignity and malignancy. In the last 10 years, the
applicability of CEUS to thyroid nodules has greatly improved due to technological refinements
and the development of second-generation contrast agents. In this review, we summarize the
applications of CEUS for thyroid nodules, focusing on the imaging findings of malignant and
benign nodules in the existing literature and the use of those findings to predict malignancies,
with an additional brief description of the utilization of CEUS for other thyroid-related diseases.
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Introduction

Contrast-enhanced ultrasound (CEUS) is considered to be an effective technique to evaluate
microvascularization, which is important because angiogenesis is the basis for neoplastic growth
[1]. CEUS parameters aid in characterizing lesions and evaluating tumor angiogenesis [2]. CEUS
was first used in the diagnostic work-up of focal liver lesions, and international ultrasonography
guidelines recommend CEUS as the method of choice for focal liver lesions if B-mode and Doppler
ultrasonography (US) are inconclusive [3]. As time passed, CEUS was additionally applied to the study
of the kidneys [4], prostate, breasts [5], and testes [6].

Thyroid nodules are a common finding in the general population, and their detection rate is
increasing with the widespread use of US. Most thyroid nodules are benign, and fewer than 5% are
malignant [7]. In the last decade, the applicability of CEUS to thyroid-related disease greatly improved
due to the development of more advanced US equipment and the introduction of second-generation
contrast agents (SonoVue, Bracco Imaging, Milan, Italy) for the characterization of malignant thyroid
nodules. SonoVue consists of sulfur hexafluoride microbubbles (2-10 pm); after configuration, it is
injected intravenously as a small bolus when used for CEUS. The microbubbles stay in the circulation
for a period of time [8], during which the ultrasound system is focused on the region of interest (ROI).
When microbubbles in the blood flow past the imaging window, they reflect a unique echo that
stands in contrast to the surrounding tissue due to the mismatch of multiple orders of magnitude
between the echogenicity of the microbubbles and the tissue. The ultrasound device converts the
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Contrast-enhanced ultrasound of thyroid nodules

patterns of strong echogenicity into a contrast-enhanced image
of the ROLI. In this way, the echo of the bloodstream is enhanced,
permitting the dynamic detection of microvessels.

The use of SonoVue in the thyroid gland was first reported by
Bartolitta, who stated that malignant thyroid nodules measuring
less than 1 ¢cm in diameter mostly did not show vascularization,
those between 1 and 2 cm in diameter showed faint dotted contrast
enhancement, and nodules with a diameter larger than 2 cm
presented diffuse contrast enhancement [9]. This pivotal finding
demonstrated that malignant thyroid nodules had an enhancement
pattern related to the size of the tumor. Since that report was
published, CEUS has been widely performed for the differential
diagnosis between benign and malignant thyroid nodules.

CEUS Examination of Thyroid Nodules

Most studies have performed CEUS for thyroid nodules according
to the following criteria: (1) histopathologically confirmed (surgical
or US-quided biopsy) thyroid nodules, (2) solid or almost solid
(<25% cystic) nodules on conventional US, (3) thyroid nodules with
malignant tendencies (e.g., Thyroid Imaging Reporting and Data
System [TI-RADS] category 4 on conventional US), and (4) modules
larger than 0.5 cm in diameter.

Common exclusion criteria are (1) nodules with coarse
calcifications, (2) predominantly cystic nodules, (3) a nodule
diameter <5 mm, and (4) pregnancy.

The general process of CEUS for thyroid nodules is as follows. The
largest view of the nodule is chosen before switching to the CEUS
mode from conventional US. The focus zone is always placed at
the bottom level of the nodule, and CEUS is performed using a low
mechanical index (MI) (<0.10). SonoVue is injected intravenously
as a bolus at a dose from 1.2 to 4.8 mL, followed by a 5-mL saline
flush. The timer on the US machine is started during the CEUS
process, and the images obtained during the next 2-3 minutes are
digitally stored as raw data.

The diagnosis of thyroid nodules includes both a qualitative
analysis and a quantitative analysis, mainly depending on the
CEUS enhancement patterns of thyroid nodules relative to the
surrounding parenchyma, including the following parameters. The
enhancement degree (i.e., hyperenhancement, isoenhancement,
and hypoenhancement) of the thyroid nodule is defined as a peak
intensity higher than, equal to, or lower than the perinodular
tissue, respectively. The enhancement pattern is defined as either
centripetal enhancement, if enhancement moves from the periphery
to the center, or entire enhancement, if the peripheral and central
areas synchronously show enhancement. Homogeneous lesions are
defined as those in which the entire lesion shows full enhancement,
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regardless of the enhancement degree, while heterogeneous lesions
are enhanced lesions that contain areas without any enhancement.
Wash-in and wash-out refer to enhancement that appears or
disappears earlier, at the same time as, or later than the perinodular
tissue, respectively. Ring enhancement is defined as an enhanced rim
of peritumoral tissue that appears in the early phase and becomes
more distinct in the late phase [10].

During the post-processing quantitative analysis of thyroid
nodules, the operator manually draws an ROI covering the tissue to
be studied, and a color map is automatically generated by the built-
in analysis package or by using quantification software. Then, further
and smaller ROIs of a similar size are hand-drawn on the color map
within the tumor, and the following quantitative parameters are
automatically calculated: peak intensity, the maximum intensity of
the time-intensity curve, time to peak, the time needed to reach
peak intensity, the mean transit time, the time for which intensity is
higher than the mean value, and area under the time-intensity curve,
proportional to the total volume of blood in the ROl and the sum of
the areas of wash-in and wash-out [11].

Complications and Disadvantages of CEUS

CEUS suffers from the following limitations that have been
described in the literature. First, microbubbles last only 5-10
minutes in circulation because they are taken up either by immune
system cells or by the liver or spleen. Second, ultrasound produces
more heat as the frequency increases, so the ultrasonic frequency
must be carefully adjusted. Third, microbubbles burst at low
ultrasound frequencies and at high Mls, which is a measure of
the negative acoustic pressure of the ultrasound imaging system.
Increasing the MI increases image quality, but there are tradeoffs
with microbubble destruction. Microbubble destruction can cause
local microvasculature ruptures and hemolysis [12].

Rare reports of fatal events have been reported with CEUS. The
overall rates of adverse reactions from the use of SonoVue was
reported to be 0.0086%, which appears to be lower than the
comparable rates for contrast agents used in computed tomography
or magnetic resonance imaging [13].

CEUS Patterns Characteristic of
Malignant Thyroid Nodules

Hypoenhancement is considered to be a major CEUS pattern
characteristic of malignant thyroid nodules (Fig. 1) [14-17],
especially for thyroid tumors 10 mm or less in diameter [18]. This
finding is counterintuitive, because malignant tumors in other
organs are well supplied by blood vessels. Hypoenhancement in
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malignant thyroid nodules has also been termed an "absent”
pattern in some studies [19]. The main reason that thyroid malignant
tumors show a lack of blood supply is that the tumors grows with
complex neovascularization inside it; once the growth outweighs
neovascularization, necrosis and embolus formation happens
within the tumor, ultimately leading to hypoenhancement on CEUS.
Moreover, Zhou et al. [20] found that instead of hypoenhancement,
the nodule-to-perinodule peak intensity ratio showed the best
diagnostic efficiency, with an optimal cutoff value of 0.9.
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Heterogeneous enhancement is another important CEUS pattern
characteristic of malignant thyroid nodules (Fig. 2) [21-24]. Ma
et al. [21] observed that the blood vessels of malignant nodules
are typically aberrant and tortuous. Most malignant nodules
contain areas of fibrosis, calcification, or focal necrosis, which
may explain the trend for heterogeneous enhancement. Moreover,
heterogeneous enhancement was found to be the best indicator for
predicting malignancy in multivariate logistic regression analysis.

Heterogeneity has generally been considered to be a subjective,

8:09:49 PM 8/31/2016
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a

Fig. 1. Conventional ultrasonography
(US) and contrast-enhanced ultrasound
(CEUS) imaging of papillary thyroid
carcinoma in a 32-year-old man.

A. Gray-scale US shows a hypoechoic solid
nodule in the right thyroid lobe with a
poorly defined margin, assessed as Thyroid
Imaging Reporting and Data System
category 4C. B. Color Doppler US shows
branching vessels (arrow) within the mass.
C. CEUS shows hypoenhancement with
penetrating vessels (arrow) in the mass.
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qualitative CEUS characteristic. However, Jin et al. [25] used
an algorithm to quantify the heterogeneity of enhancement of
solid thyroid nodules on CEUS. The heterogeneity value (HV) was
calculated as standard deviation/mean intensityx 100 (using Adobe
Photoshop). The heterogeneity ratio (HR) was calculated as the ratio
of the HV of the nodule to that of the surrounding parenchyma.

8:17:30 PM 12/16/2016

8:21:46 PM 12/16/2016
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HV and HR were significantly higher in malignant nodules than in
benign nodules. This algorithm used for the assessment of image
heterogeneity on CEUS examinations may be a useful adjunct
to conventional US for the differential diagnosis of solid thyroid
nodules.

As well as quantifying enhancement heterogeneity, CEUS can

8:17:58 PM 12/16/2016

Fig. 2. Conventional ultrasonography (US) and contrast-enhanced
ultrasound (CEUS) imaging of papillary thyroid carcinoma in a
64-year-old man.

A. Gray-scale US shows a mixed-texture nodule (arrow) in the
left thyroid lobe with calcification, assessed as Thyroid Imaging
Reporting and Data System category 4B. LCCA, left common carotid
artery. B. Color Doppler US shows peripheral and interior blood flow.
C. CEUS shows heterogeneous isoenhancement in the mass.
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also be used to assess thyroid nodules using other indicators, most
notably arrival time and time to peak. Some published studies
have shown that earlier wash-in, wash-out, and time to peak were
associated with malignancy [18,26-30]. This could be due to the
reduced microvascularization in carcinomas as a result of necrosis.
Conversely, Yuan et al. [31] and Wu et al. [32] recently reported
that the majority of thyroid carcinomas were enhanced later than
the surrounding thyroid gland. Furthermore, in some studies,
quantitative evaluations did not prove useful for distinguishing
between benign and malignant nodules, as the time parameters
were different between malignant and benign lesions, but not
significantly so [33].

Nemec et al. [29] found that relative enhancement during the
wash-out curve (ratio of enhancement at 20 seconds after peak
enhancement to baseline intensity) was lower in malignant nodules
than in benign nodules, and 2.35 was the optimal threshold of this
parameter for differentiating benign and malignant thyroid nodules.
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CEUS Patterns Characteristic of
Benign Thyroid Nodules

In contrast to the various CEUS patterns characteristic of malignant
nodules, the consensus on diagnostic criteria for benign nodules
is that homogeneity and ring enhancement are the most two
valuable CEUS indicators for predicting benignity (Fig. 3), and these
parameters have frequently been evaluated in studies [14,15,22-
24,34].

To summarize, CEUS is a promising noninvasive technique for
the differential diagnosis of benign and malignant thyroid nodules
(Table 1). According to meta-analyses, its sensitivity is 85% to 88%,
and its specificity is 88% to 90% [35,36]. However, some studies
[17,21,23,24,28,33] have found that the contrast enhancement
pattern might overlap between malignant and benign thyroid
nodules. Some nodules with typically benign contrast enhancement
patterns exhibited malignant behavior; for instance, some benign
nodules had non-homogeneous enhancement due to necrosis.

TIS: 1.4
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Mi:1.2
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Fig. 3. Conventional ultrasonography (US) and contrast-enhanced
US (CEUS) imaging of thyroid adenoma in a 35-year-old woman.
A. Gray-scale US shows an isoechoic nodule in the left thyroid lobe
with a well-defined margin, assessed as Thyroid Imaging Reporting
and Data System category 3. B. Color Doppler US shows mainly
interior blood flow, with absent peripheral blood flow. C. CEUS
shows homogeneity and ring enhancement in the mass.
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Table 1. Criteria and diagnostic value for CEUS in the differential diagnosis between benign and malignant thyroid nodules

Study Year Diagnostic criteria for malignancy Sensitivity Specificity Accuracy
Schleder et al. [14] 2015 No wash-out or wash-out in late phase 21/26 69/75 90/101
Jiang et al. [15] 2015 Non-homogeneous, hypoenhancement 44/49 67/73 111/122
Maetal. [21] 2014 Heterogeneous enhancement 85/94 71/78 156/172
Zhang et al. [22] 2010 Heterogeneous enhancement 45/51 49/53 94/104
Zhang et al. [24] 2016 Low enhancement or a peripheral irregular ring 82/82 49/75 121/157
Cantisani et al. [26] 2013 Heterogeneous, absent wash-in 15/19 31/34 46/53
Wendl et al. [28] 2016 Accelerated TTP at the center of the lesion 16/20 19/30 35/50
Nemec et al. [29] 2012 Relative enhancement of 2.35 as the optimal threshold 10/13 22/33 32/46
Yuan et al. [31] 2015 Irregular shape of enhanced lesions 35/37 36/41 71/78
Zhang et al. [37] 2017 Heterogeneous enhancement 58/75 230/244 288/319
Lietal. [42] 2015 Non-homogeneous and low enhancement 44/50 24/30 68/80
Giusti et al. [43] 2014 TTP index >0.98 7/13 46/50 53/63
Deng et al. [45] 2014 Hypoenhancement 46/56 101/119 147/175

CEUS, contrast-enhanced ultrasound; TTP, time to peak.

Therefore, many scholars combined CEUS with other US methods to
improve diagnostic accuracy.

CEUS Combined with Conventional US

Zhang et al. [37] combined CEUS with an assessment of TI-RADS
categories based on conventional US in the differential diagnosis
of thyroid nodules, and found that the combination significantly
improved the diagnostic accuracy (96% vs. 90%), especially for TI-
RADS class 4 thyroid nodules. In another study, Kwak et al. [38]
used TI-RADS and hypo-enhancement by CEUS criteria to predict
malignancy. Furthermore, Zhao et al. [16], Li and Luo [17], and
Zhang et al. [39] similarly concluded that combining CEUS with
conventional US could improve diagnostic accuracy.

CEUS Combined with Real-Time Elastography
and Conventional US

Real-time elastography (RTE) is a reproducible sonographic
assessment of tissue consistency using external compression or
carotid artery vibrations [40]. Similar to palpation, the rationale
of RTE is that cancerous nodules are stiffer, with less elastic
deformation than the surrounding thyroid tissue or benign thyroid
nodules (Fig. 4).

A previous study [41] reported that the combination of US, RTE,
and CEUS could increase both the sensitivity and specificity of all
three methods. With regard to comparisons between individual
methods, most studies [20,42,43] showed that RTE was the most
valuable tool. Giusti et al. [44] found that RTE and CEUS showed no
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advantages over US, and in a further study, demonstrated that the
information added by CEUS was less sensitive than that provided by
US and RTE.

CEUS Combined with Acoustic Radiation Force
Impulse Imaging

Acoustic radiation force impulse imaging (ARFI) is a novel US-
based elastography method enabling the quantitative measurement
of tissue stiffness derived from qualitative RTE. Deng et al. [45]
reported that the combination of conventional US, ARFI, and CEUS
significantly improved diagnostic accuracy compared with any of
these modalities singly or a combination of conventional US and
ARFI (Fig. 5).

Zhan et al. [46] used ARFI as a preliminary screening tool for the
differential diagnosis of thyroid nodules, while CEUS was used as
a supplement for nodules that were difficult to distinguish by ARFI.
CEUS can be combined with a processing technique to represent
3-dimensional (3D) internal flow.

Molinari et al. [47] developed an image processing technique for
characterizing the intranodular vascularization of thyroid lesions by
3D CEUS imaging. The results showed that malignant nodules had
higher values for the number of vascular trees, vascular density, the
number of branching nodes, 2D and 3D tortuosity, and the inflection
count metric. This technique enables quantitative 3D CEUS and
skeletonization to be used in the differential diagnosis of thyroid
lesions.

In addition to the differential diagnosis of benign and malignant
thyroid nodules, CEUS has been applied to assess other thyroid-
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related diseases.

CEUS Evaluation of US-Guided Laser Ablation
for Benign Thyroid Nodules

Ma et al. [48] evaluated the single-session complete ablation rate of
US-guided percutaneous laser ablations for benign thyroid nodules,
and found that all nodule volumes significantly decreased from the
original size at 1 day after ablation.

CEUS is regarded as the main method for evaluating laser
ablation treatment. During the procedure, if CEUS shows nodules
with a small amount of residual tissue at the edge, the patient
requires further ablation treatment until the remnants of the lesion
disappear completely.

294

Ultrasonography 37(4), October 2018

Jia Zhan, et al.

Fig. 4. Conventional ultrasonography (US), real-time elastography
(RTE), and contrast-enhanced US (CEUS) imaging of thyroid
adenoma in a 35-year-old man.

A. Gray-scale US shows a hypoechoic solid nodule in the right
thyroid lobe with calcification assessed as Thyroid Imaging Reporting
and Data System category 4C. B. RTE is mainly red and slightly
yellow, which means that the nodule is probably hard. C. CEUS
shows heterogeneous isoenhancement in the mass.

CEUS Detection of Extrathyroid Extension
or Neck Lymph Node Metastasis in Papillary
Thyroid Carcinoma

In a previous study, CEUS and tumor size were compared between
extrathyroid extension (ETE) and non-ETE groups [49]. Multivariate
stepwise logistic regression analysis demonstrated that the
time from peak to one-half tumor size and wash-in slope were
significantly different between the ETE and non-ETE groups.

Xiang et al. [50] evaluated the value of CEUS as a non-invasive
tool for detecting neck lymph node metastasis and the enhancement
patterns of malignant lymph nodes for papillary thyroid carcinoma.
Their results showed that heterogeneous enhancement, perfusion
defects, microcalcification, and centripetal/hybrid enhancement were
specific criteria for malignant lymph nodes in a univariate analysis.
Furthermore, Hong et al. [51] reported a similar conclusion.
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CEUS Used to Evaluate Papillary Thyroid
Carcinoma Patients with Breast Cancer

Wei et al. [52] found that the mean and peak intensities were higher
in thyroid cancers in patients with breast cancer than in those without
breast cancer, and these parameters were significantly associated
with the microvessel density count and vascular endothelial growth
factor expression.

Conclusion

The present review showed that no isolated CEUS feature is
capable of predicting malignancy in thyroid nodules with acceptable
diagnostic accuracy. However, the presence of some CEUS features
such as hypoenhancement and heterogeneity can be used to
identify nodules with an elevated risk for malignancy; in addition,
homogeneity and ring enhancement indicate benignity.
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Fig. 5. Conventional ultrasonography (US), acoustic
radiation force impulse imaging (ARFI), and contrast-
enhanced US (CEUS) imaging of thyroid adenoma in
a 35-year-old man.

A. Gray-scale US shows a hypoechoic solid nodule in
the isthmus with capsule contact assessed as Thyroid
Imaging Reporting and Data System category 4C.
B. ARFI is mainly red and slightly yellow, and the
median shear wave velocity was 7.82 m/sec, which
means that the nodule was very hard. C. CEUS shows
hypoenhancement in the mass.

Moreover, with further research, CEUS could potentially play a
more important role in the detection of extranodular extension
of malignant nodules and in evaluating treatment response.
Nevertheless, more studies are required to standardize the technique
and to confirm its usefulness.
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