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Abstract. The aim of the present study was to discuss the 
various appearances of thyroid carcinomas on real-time 
contrast-enhanced ultrasound (CEUS) in association with 
tumor size. The appearances of 68  thyroid carcinomas 
confirmed by pathology were retrospectively analyzed. The 
lesions were divided into 3 groups by maximum diameter 
<10, 10‑20 and >20 mm, respectively. For each lesion, absolute 
enhancement beginning time, relative enhancement beginning 
time, homogeneity, with or without perfusion defect, enhance-
ment order, enhancement intensity and enhancement margin 
type were evaluated by CEUS. The majority of thyroid carci-
nomas were enhanced later than the surrounding thyroid gland. 
The predominant enhancement pattern of all the 68 thyroid 
carcinomas in the 3 groups was mainly heterogeneous and 
concentric enhancement, and the lesions mostly showed less 
clear or poorly defined enhancement margins. There was no 
significant difference among the 3 groups (P>0.05). Thyroid 
carcinoma with diameters <10 and 10‑20 mm exhibited low 
enhancement, while thyroid carcinomas with diameters 
>20 mm showed high enhancement. With the increase of 
the lesion's maximum diameter, the probability of perfusion 
defect increased by 28.57, 54.29 and 75.00%, respectively, 
and there was a significant difference among the 3 groups 
(P<0.05). CEUS characteristics are associated with tumor size 
to a certain extent, and can provide valuable information for 
clinical diagnosis.

Introduction

Thyroid nodules are commonly encountered lesions and 
have been observed in 50% of autopsied patients  (1). The 
estimated annual incidence rate of 0.1% in the US suggests 
300,000 newly diagnosed nodules as of 2005 (2). Although 

only 1 of 20 clinically identified nodules is malignant (3), it 
is important to exclude the presence of a malignant thyroid 
lesion (2,4).

Previous studies have demonstrated the feasibility of 
contrast‑enhanced ultrasound (CEUS) for the differentiation 
of benign and malignant thyroid nodules (5). Nemec et al (6) 
reported that the complete CEUS data of 42 patients (73.8% 
benign and 26.2% malignant nodules) revealed a significant 
difference in enhancement between benign and malignant 
nodules. Furthermore, CEUS demonstrated a sensitivity of 
76.9%, specificity of 84.8% and accuracy of 82.6%. Quantitative 
analysis of CEUS using a microbubble contrast agent allows 
the differentiation of benign and malignant thyroid nodules 
and may potentially serve, in addition to grey‑scale and 
Doppler ultrasound, as an adjunctive tool in the assessment 
of patients with thyroid nodules. Hornung et al (7) reported 
that CEUS represents a highly sensitive method for the detec-
tion of the microvascularization of thyroid carcinomas. Future 
studies should compare these findings to benign pathologies 
in order to establish CEUS as a standard diagnostic procedure 
in the preoperative evaluation of suspicious thyroid nodules. 
Zhang et al  (8) reported that CEUS enhancement patterns 
were different in benign and malignant lesions. Ring enhance-
ment was predictive of benign lesions, whereas heterogeneous 
enhancement was helpful for detecting malignant lesions.

The ultrasonic imaging characteristics of 68 patients with 
thyroid carcinoma proved by pathology were retrospectively 
analyzed in the present study. The correlation of real‑time 
CEUS characteristic was mainly discussed in association with 
the lesion size.

Materials and methods

Study population. The study was approved by the Ethics 
Committee of Shanghai Pudong New Area People Hospital 
(Pudong, Shanghai, China), and patient consent was obtained. 
A total of 158 thyroid tumor cases were examined with CEUS 
in the hospital between January  2012 and August  2014. 
In total, 68 patients with thyroid carcinoma confirmed by 
pathology were recruited in the study. There were 31 male and 
37 female patients with a mean age of 39.2±12.8 years (range, 
24‑75 years) except thyroid diffuse diseases. All the 68 cases 
were solitary lesion with a mean diameter of 18±9 mm (max, 
5‑32 mm). Written informed consent was obtained from all 
the patients prior to the exam. All the cases were diagnosed 
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by histological evaluation: Papillary carcinoma was diagnosed 
in 53 patients, follicular carcinoma in 11, papillary follicular 
carcinoma in 3 and medullary carcinoma in 1.

Ultrasound techniques. Siemens Sequoia 512 color Doppler 
ultrasound (Siemens, Bavaria, Germany) with the contrast pulse 
sequencing (CPS) image condition, probe model 15L8Ws and 
a frequency of 7 MHz were used in the examination. All the 
patients were examined in the same conditions of mechanical 
index, depth, gain and time gain compensation. The contrast 
agent was SonoVue® (SonoVue, Bracco, Italy); 25 mg lyophi-
lized powder with 5 ml saline configured as a suspension, 
artificially agitated well.

Image analysis. Subjects lay supine on the examination table 
with their neck hyper‑extended. All the examinations were 
performed by the same experienced operator. A two‑dimen-
sional high‑frequency probe was used to observe location, 
size and Doppler flow signals of thyroid nodules. The largest 
section of the lesions was selected as the ultrasound imaging 
section, and when possible, the whole image and the 
surrounding area of the thyroid nodule were observed. The 
focus point was the place at the trailing edge of the lesion, and 
the gain was adjusted to reveal only the lesion boundaries. 
Subsequently, CPS was initiated by bolus injection through 
the elbow vein with 2.5 ml contrast agent, washed with 5 ml 
saline. When CPS started, the operator fixed the probe and 
asked the patient to avoid swallowing. The whole dynamic 
imaging process was stored on the machine's hard disk and 
ultrasound workstation for subsequent memorial processing 
and analysis. Real‑time ultrasound contrast images were 
analyzed by the physicians with 5 years of ultrasound scan-
ning experience. Each physician was blinded to the results 
of another physician. A senior physician analyzed the images 
when there were different opinions. The physicians discussed 
the images to provide the final agreement. In total there 
were 68 cases of thyroid cancer divided into 3 groups by the 
maximum diameter of the nodules; <10, 10‑20 and >20 mm. 
On observing the real‑time ultrasound imaging process, 
the following data and analysis interpretation angiography 
characteristics were recorded: i)  Absolute enhancement 
beginning time: From contrast agent bolus injected to contrast 
agent appearance; ii) relative enhancement beginning time: 
Contrast normal thyroid lesions began to increase early or 
late; iii) uniformity of enhancement: Homogeneous or hetero-
geneous enhancement (Fig. 1); iv) the existence of perfusion 
defects (Fig. 2); v) enhanced sequence: Concentric, eccentric 
or diffuse; vi)  intensity of enhancement (compared to the 
surrounding normal thyroid): High, equal or low enhance-
ment; vii) enhancement of lesion border: Clear, less clear or 
ill boundary (Fig. 3); For iii)-vii) characters were analyzed in 
contrast to the peak.

Statistical analysis. The SAS 8.0 statistical software (SAS 
Institute Inc., Cary, NC, USA) was used for data analysis. 
Measurement data are expressed as mean ± standard deviation. 
Analysis of variance was used in the absolute enhancement 
beginning time of thyroid cancer. Enhancement characteristics 
were analyzed by the χ2 test, and P<0.05 was considered to 
indicate a statistically significant difference.

Results

Absolute enhancement beginning time of normal thyroid and 
thyroid cancer. The contrast agent began to increase 8‑17 sec 

Figure 1. Contrast‑enhanced ultrasound (CEUS) image of a 45‑year‑old male 
patient with a thyroid carcinoma of the left thyroid lobe demonstrating homo-
geneous or heterogeneous enhancement.

Figure 2. Contrast‑enhanced ultrasound (CEUS) image of a 39‑year‑old 
female patient with a thyroid carcinoma of the right thyroid lobe demon-
strating the existence of perfusion defects.

Figure 3. Contrast‑enhanced ultrasound (CEUS) image of a 42‑year‑old 
female patient with a thyroid carcinoma of the right thyroid lobe demon-
strating enhancement of the lesion border; less clear or ill boundary.
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after injection in the normal thyroid tissue, with an average 
of 12.28±1.16 sec. In total, 68 cases of thyroid cancer were 
enhanced. The absolute enhancement beginning time for the 
diameter of carcinoma being <10, 10‑20 and >20 mm was 
15.21±3.62, 14.88±3.45 and 14.59±3.17 sec, respectively. There 
was no statistical significance among the 3 groups (P>0.05).

Association between relative enhancement beginning time and 
size of thyroid cancer. The 3 groups of thyroid cancer enhanced 

later than the surrounding normal thyroid (Table I). There was 
no statistical significance among the 3 groups (P>0.05).

Association between enhancement characteristics and size 
of thyroid cancer. All the 3 groups of thyroid cancer showed 
heterogeneous and concentric enhancement (Table II). There 
was no statistical significance among the 3 groups (P>0.05). In 
lesions with diameters <10 mm or between 10‑20 mm, insig-
nificant enhancement was usually observed, while in lesions 
with diameter >20  mm, hyper‑enhancement was usually 
observed. The difference was statistically significant (P<0.05). 
With the increase of diameter, the perfusion defects of nodules 
increased by 28.57, 54.29 and 75.00%, respectively. The differ-
ence was statistically significant (P<0.05).

Discussion

A tumor is a type of typical vascular‑dependent lesion. Small 
blood vessels with diameters <40 µm can be detected by 
CEUS. Previously, clear results have been achieved in studying 
tumor vascular perfusion features by CEUS for focal liver 
lesions, but the study of its application in thyroid nodules was 
only preliminary (9‑12). In the present study, real‑time CEUS 
images for 68 cases of patients with thyroid cancer were retro-
spectively analyzed with the main purpose of exploring the 
association between characteristics of thyroid carcinomas in 
real‑time CEUS and tumor sizes.

In the present study, the absolute enhancement beginning 
time for different lesions were not statistically significant, as the 
enhancement beginning time following injection of the contrast 
agent could be affected by various factors, such as differences 
in time of contrast agent bolus injection among different opera-
tors and difference in intimate circulation of the contrast agent 
among different individuals. Therefore, relative enhancement 
beginning time was used to evaluate the enhancement time of 
different lesions. The majority of lesions enhanced later than 
the surrounding thyroid gland and the differences in features 
of enhancement for lesions among different groups were not 
statistically significant. The predominant enhancement pattern 
in different groups was heterogeneous concentric enhancement, 
and the majority of lesions showed less clear or poorly defined 
margins following enhancement. The study by Zheng et al (13) 
reported that 35 thyroid carcinomas presented three enhance-
ment patterns with CEUS. These were type  I: 23  lesions 
enhanced in a pattern of ring with centripetal fill‑in, however, 
the central part had no contrast agent filling; type II: 5 lesions 
enhanced regularly and homogeneously; and type III: 7 lesions 
enhanced irregularly and homogeneously. 

We believe that the above enhancement features are in 
accordance with the pathological features. Vascular patho-
logical anatomy for thyroid cancer is complicated. Generally, 
neovascular could be divided into surrounding and central area, 
which showed different vascular distribution characteristics. 
Blood vessels in the surrounding area are relatively concen-
trated and the tumor usually grows infiltratively outward, which 
leads to the formation of less clear or poorly defined margins 
following enhancement; while blood vessels in the central area 
are relatively less concentrated. Therefore, the difference in 
the abundance of blood vessels between the surrounding and 
central area are the main reason for concentric enhancement. 

Table II. Association between enhancement characteristics and 
size of thyroid cancer.

	 Tumor diameter, mm
Enhancement	 ------------------------------------------------
characteristics	 <10, n	10-20, n	 >20, n	 χ2	 P‑valuea

Cases	 21	 35	 12
Uniformity of
enchancement
  Homogeneous	   3	   4	   2	   0.0099	 0.9209
  Heterogeneous	 18	 31	 10
Perfusion defects	   6	 19	   9	   6.9695	 0.0083
Enhanced sequence
  Concentric	 13	 23	   8	   0.0576	 0.9716
  Eccentric	   5	   4	   1
  Diffuse	   3	   8	   3
Intensity of
enhancement
  High	   1	   3	   7	 14.4743	 0.0001
  Equal	   3	   5	   3
  Low	 17	 27	   2
Enhancement of 
lesion border
  Clear	   1	   4	   2	   0.7126	 0.3986
  Less clear	   5	 11	   2
  Ill	 15	 20	   8

aThe P-values reflect the differences between enhancement character-
istics in the different nodule size groups.

Table I. Association between relative enhancement beginning 
time and size of thyroid nodules.

Relative	 Tumor diameter, mm
enhancement	 -----------------------------------------------
beginning time	 <10, n	 10-20, n	 >20, n	 χ2	 P‑valuea

Cases	 21	 35	 12
Earlier	   2	   3	   1	 0.0192	 0.9905
Equal	   6	   9	   3	 0.0712	 0.9650
Later	 13	 23	   8	 0.1079	 0.9475

aThe P-values reflect the differences between enhancement character-
istics in the different nodule size groups.
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For the growth heterogeneity and neovascular damage caused 
by malignant infiltration, thyroid cancer is always combined 
with fibrosis and hyalinization degeneration. The original 
vascular networks would be damaged, which results in coexis-
tence of abundant blood supply in certain areas and inabundant 
blood supply in other areas. Existence of various arteriovenous 
fistulas enhanced the imbalance of vascular networks (14). All 
the abovementioned reasons contribute to the heterogeneous 
enhancement in CEUS for thyroid cancer.

As indicated in the present study, the incidence of perfu-
sion defect within lesions increased with the increase of 
lesion diameter, which is consistent with the growth feature 
of malignant tumor. A previous study reported that during the 
growth of the malignant tumor, the doubling time for vascular 
endothelial cells and tumor cells is different, which indicates 
that the tumor growth speed is much higher than the formation 
speed of microvessels (15). The increase of the microvessel 
number is relatively slower and the incidence is more evident 
with the growth of the tumor. With the growth of the tumor, 
the blood supply in the lesion is poorer, so the incidence of part 
or complete defect is higher, and this results in a higher rate of 
local perfusion defects.

Bartolotta et al (5) identified that the enhancement pattern 
of thyroid nodules in CEUS was closely associated with nodule 
size, which was indicated as an inabundant blood supply in 
CEUS for malignant lesions <10 mm, few nodular enhance-
ments for 10‑20 mm lesion and diffuse enhancement for lesions 
>20 mm. With a larger sample, the enhancement features in 
CEUS for groups with different lesion sizes were analyzed in 
this study. The results indicate that, in groups with a lesion diam-
eter <10 mm and between 10‑20 mm, CEUS mainly showed a 
not significant enhancement, but mainly hyper‑enhancement in 
the group with a lesion size >20 mm. The following may be the 
reasons for this: Growth of the tumor consists of two stages, 
from the slow‑growing stage without blood vessels (pre‑vascular 
phase) to fast‑growing stage with blood vessels (vascular phase). 
Without or with fewer blood vessels, the enhancement observed 
in CEUS for relatively smaller tumors was mainly insignificant 
enhancement. When the tumor grows quickly, various new 
blood vessels form under the introduction of multiple angio-
genic factors to meet the requirements of fast growth. With 
complicated vascular network, hyper‑enhancement was usually 
observed in relatively large thyroid cancer lesions.

In conclusion, there is a certain correlation between 
enhancement features in CEUS for thyroid cancer and lesion 
size. In lesions with diameters <10 mm or between 10‑20 mm, 
insignificant enhancement was usually observed, while in 
lesions with diameters >20  mm, hyper‑enhancement was 
usually observed. The incidence of perfusion defects within 
the lesion increases with larger lesion diameters. Real‑time 
CEUS can provide valuable information for clinical diagnosis.
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