
ORIGINAL RESEARCH

167

2576-2508/ C  AUDT 2018·http://www.AUDT.org

* Corresponding author: Department of Ultrasound, First Hospital of Shanxi Medical University, Taiyuan, 030001, China.
e-mail: liuliping1600@sina.com

Analysis of Characteristics Microvessel Density 
of Thyroid Malignant and Benign Nodules on 
Contrast-Enhanced Ultrasonography
Jingjing Liu, MD, Liping Liu, MD *, Yanjing Zhang, MD, Yufang Zhao, MD, Yanhong Hao, MD, Tingting Li, 

MD, Xiaochun, Huang, MD

Department of Ultrasound, First Hospital of Shanxi Medical University, Taiyuan, China.
Received October 29, 2018; revision requested January 29, 2019; revision received November 12; accepted November 28.

Objective: To analyze the contrast-enhanced ultrasonography (CEUS) characteristics and microvessel density (MVD) of thyroid 
carcinomas vs. benign thyroid lesions, and to determine the value of CEUS in the clinical diagnosis of thyroid carcinoma.

Methods: Forty-five patients (34 women, 11 men; mean age, 45.95 ± 12.20 years) with 57 thyroid nodules underwent 
preoperative CEUS with SonoVue (injected as a bolus via an elbow vein). The CEUS data were analyzed using QLAB 
quantitative analysis software. The enhancement patterns and quantitative parameters of thyroid carcinoma were evaluated. 
Additionally, immunohistochemistry was performed to evaluate MVD.

Results: Most malignant nodules showed hypo-enhancement, and this enhancement pattern had 68.18% sensitivity and 92.31% 
specificity in diagnosing thyroid carcinomas. Most benign nodules showed ring enhancement, which had 46.15% sensitivity 
and 100% specificity in diagnosing benign nodules. Compared with the peripheral glandular tissue, thyroid carcinomas had 
significantly smaller peak intensities (PI) and wash-in slopes (P < 0.05). Malignant nodules had significantly lower MVD than 
benign nodules (P < 0.05). A positive correlation was between the PI and MVD (P < 0.01).

Conclusion: CEUS can improve the diagnosis of thyroid carcinomas, and is a useful complement to conventional 
ultrasonography.
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Thyroid nodules are the second most common 
endocrine disease [1,2]. The incidence of thyroid 
nodules has gradually increased in recent years, 

and almost 5%–15% of these nodules are malignant 
[3–8]. Conventional ultrasonography has emerged as the 
preferred imaging method for the diagnosis of thyroid 
diseases. However, the complexity of thyroid lesions 
and the overlapping ultrasonographic characteristics 
of benign and malignant nodules make a preoperative 
diagnosis difficult. 

Compared with conventional ultrasonography, 

contrast-enhanced ultrasonography (CEUS) has been 
reported to improve the detection of malignant focal 
liver lesions [9,10]. It was a milestone for diagnostics 
in liver tumors. Recent studies have evaluated similar 
application of CEUS in characterizing thyroid gland 
tumors [11-15]. It is well known that the thyroid 
gland has an abundant microvasculature, and that 
the parenchyma of normal thyroid shows rapid and 
uniform enhancement after intravenous injection of 
contrast agents [16]. Moreover, the use of the second-
generation ultrasound contrast agent SonoVue can 
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improve the visualization of the microvasculature on 
CEUS by enhancing the backscatter of the blood flow to 
clearly depict tiny blood vessels within the lesion. This 
property is used to increase the blood flow difference 
between diseased and normal tissue, which has important 
implications for the differential diagnosis of benign and 
malignant lesions and can improve diagnostic accuracy. 

Based on the Guidelines for clinical application 
of contrast-enhanced ultrasound in China, there are 
differences in the enhancement pattern of benign and 
malignant thyroid nodules. In this paper, we analyzed the 
CEUS characteristics and microvessel density (MVD) 
of thyroid carcinomas vs. benign thyroid lesions to 
determine the value of CEUS in the clinical diagnosis of 
thyroid carcinoma.

Patients and Methods 

Patients
This study involved 45 patients with 57 pathologically 

confirmed thyroid nodules, and they were treated in our 
hospital between October 2013 and October 2014. All 
patients underwent conventional ultrasonography and 
CEUS before surgery. Informed consent was obtained 
from all patients or their families before examination.

CEUS image acquisition
In this study, we used the PHILIPS IU 22 color 

Doppler ultrasound machine equipped with a linear 
array transducer (5–12MHz), pulse inversion harmonic 
imaging technology and random analysis software. All 
thyroid nodules were evaluated, including location, 
size, shape, and blood-flow distribution, using both 
conventional ultrasonography and CEUS. In the long 
axis view, the entire nodule and the surrounding normal 
thyroid tissue were examined. If it was necessary to 
select a short-axis section, the contralateral normal 
thyroid tissue was used as a reference.

Before CEUS, we instructed the patients to calm 
themselves and not to swallow. We then switched to 
the contrast mode and placed the focus deeper than the 
nodule. Next, the patients were injected with a 2.4-mL 
bolus of suspending agent (SonoVue; Bracco, Italy) via a 
vein in the elbow, followed by 5 mL physiological saline, 
and press the key timing. Each nodule was scanned 
for at least 120 s. The enhancement of the nodules was 
observed, and dynamic images were recorded.

CEUS image analysis
The enhancement of the thyroid nodule relative to 

the surrounding tissue was categorized into hyper-, 
iso-, hypo-, and ring-enhancement patterns. In the last 
category, the periphery of the thyroid lesions exhibited 

enhancement, resembling a ring structure. Offline 
analysis was performed with QLAB. The region of 
interest was placed within the nodule over the thyroid 
parenchyma, taking care to avoid large blood vessels and 
calcifications. Spanning time intensity curve respectively, 
gamma curve were obtained by fitting the mathematical 
model of the gamma, provided by the curve of perfusion 
parameters with arrival time (AT), peak intensity (PI), 
mean transit time (MTT), wash-in slope (WIS), and time 
to peak (TTP).

Immunohistochemical analysis
We selected 30 large, paraffin-embedded thyroid 

tissue samples that had been preoperatively examined 
using CEUS for immunohistochemical staining. The wax 
block was frozen for 5 minutes and then sliced into 5µm-
thick sections. The slices were baked for 3 h at 70°C and 
then deparaffinized with xylene, followed by 90% and 
70% anhydrous alcohol (two times each). To eliminate 
endogenous peroxidase activity, we incubated the slices 
in 3% hydrogen peroxide solution for 15 min and then 
washed them with phosphate-buffered saline (PBS). The 
slices were placed in citrate buffer solution (pH, 6.0) 
and autoclaved for 2 min. The slices were washed again 
in PBS, incubated with mouse anti-CD34 monoclonal 
antibody (dilution, 1:100) at 37°C for 60 min, and re-
washed in PBS. PV-9002 Polink-2 plus (two steps, 
reagents 1 and 2) was used as the secondary antibody, 
and the tissues were incubated with each reagent at 37°C 
for 15–20 min. The tissues were washed with PBS after 
incubation. Diaminobenzidine was added to the slices 
under a microscope to control the reaction time, and the 
slices were then rinsed with tap water. The slices were 
counterstained with hematoxylin, differentiated with 1% 
hydrochloric acid alcohol, and tap water blue. Finally, 
the slices were dehydrated in a gradient alcohol series, 
treated with xylene, and sealed with neutral balata.

MVD
MVD was calculated according to the double-

blind method described by Weidner [17]. Under low 
magnification (×40), the area with highest number of 
microvessels was identified as a “hot spot,” and the 
microvessels in this area were counted under high 
magnification (×200) [18]. Vessels with a luminal area 
greater than the diameter of eight red blood cells did not 
count as microvessels.

Statistics
Statistical analyses were performed using SPSS 

software (version 17.0). Count data were assessed using 
the chi square test. Quantitative CEUS characteristics 
of thyroid nodules and the surrounding glandular 
tissue were compared using the paired-samples 
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t-test. The MVDs of benign and malignant thyroid 
nodules were compared using the two independent-
samples nonparametric test, the Mann–Whitney U test. 
Quantitative parameters and MVD were evaluated by 
the Spearman’s Rank correlation analysis. P < 0.05 was 
considered to be a significant difference.

Results 

General characteristics
Of the 45 study patients, 11 were men, and 34 were 

women. The mean age of the patients was 45.95 ± 12.20 
years (range, 15–67 years). The maximum diameters 
of the lesions ranged from 3 to 48 mm. The 45 study 
patients had a total of 57 thyroid nodules, 44 nodules 
were malignant and 13 were benign. They were papillary 
carcinoma, 32; papillary microcarcinoma, 10; follicular 
variant of papillary microcarcinoma, 1; and medullary 
carcinoma, 1. Among the 13 benign nodules, 12 were 
nodular goiter and 1 with adenomatoid nodule.

CEUS
Of the 44 thyroid carcinomas in this study, 2 of 

them showed hyper-enhancement; 12 showed iso-
enhancement; and 30 showed hypo-enhancement. Of 
the 13 benign nodules, 4 showed hyper-enhancement, 2 
showed iso-enhancement, 1 showed hypo-enhancement, 
and 6 showed the ring enhancement. In total, 68.18% 
(30/44) of the thyroid carcinomas showed hypo-
enhancement, and the sensitivity and specificity of 
this enhancement pattern in the diagnosis of thyroid 
carcinoma were 68.18% and 92.31%, respectively. 
Benign thyroid nodules mostly showed ring enhancement 
(46.15%, 6/13) or hyper-enhancement (30.77%, 4/13). 
The sensitivity and specificity of the ring-enhancement 
pattern in the diagnosis of benign thyroid nodules were 
46.15% and 100%, respectively (Table 1).

Quantitative analysis of the CEUS images showed 
that compared with the surrounding glandular tissue, 
thyroid carcinomas had significantly lower PI and 
significantly smaller WIS (P < 0.05 for both) (Table 2).

Table 1 Enhancement pattern of 57 thyroid nodules

Group hyper-enhancement iso-enhancement hypo-enhancement ring-enhancement

Benign group 4 2 1 6

Malignant group 2 12 30 0

χ2 4.807 0.258 14.801 18.061

P 0.028 0.611 < 0.001 < 0.001

Immunohistochemical analysis
The MVD of malignant thyroid nodules was 17.51 ± 

3.38 per high-power field, while that of benign nodules 
was 27.67 ± 1.63 per high-power field. The MVD of 

Table 2 The comparison of quantitative CEUS parameters between thyroid malignant nodules and peripheral glands (Mean ± SD)

Group n RT PI MTT WIS TTP

Malignant nodules 44 9.43±6.72 6.68±5.23 11.96±6.59 0.64±0.51 24.28±14.46

Peripheral glands 44 8.58±5.57 10.53±6.72 13.41±8.19 1.20±0.72 22.61±7.12

t value 1.096 -4.602 -0.375 -6.385 1.094

P value 0.279 < 0.001 0.710 < 0.001 0.280

RT, arrival time; PI, peak intensity; MTT, mean transit time; TTP, time to peak; WIS, wash-in slope

malignant nodules was significantly lower than that of 
benign nodules (P < 0.05) (Table 3) (Fig. 1 and 2). A 
positive correlation existed between the PI and MVD 
(rCD34=0.942, P < 0.01).

Table 3 The comparison of MVD counts between benign and malignant thyroid nodules (Mean ± SD)

Item Malignant group Benign group Z value P value

n 20 10

AMC ± SD  17.51±3.38 27.67±1.63 -4.25 < 0.001

AMC, Average number of microvessel count; SD, Standard deviation
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Discussions 
As the  most  sens i t ive  means  of  evaluat ing 

thyroid morphology, US can evaluate the size and 
characteristics of non-palpable nodules, and reveal 
lymph-node metastases. However, it is also well 
known that conventional US has a moderate accuracy 
for characterizing the nature of thyroid nodules 
depending on the tumor vasculature [19]. Color Doppler 
ultrasonography and Power Doppler ultrasonography 
detect mostly large blood vessels, and are not sensitive 
for detecting small intratumoral vessels. The use of the 
second-generation contrast agent SonoVue, a “blood 
pool-imaging agent,” can compensate for the deficiencies 
of Doppler ultrasonography in this area. CEUS 
technology is a current research hot spot and is widely 
used in clinical practice. However, most research studies 
have investigated the use of CEUS in focal liver lesions; 
its application in thyroid nodules is a topic of ongoing 
research. The complex characteristics of thyroid nodules 
lead to differences in the enhancement patterns of benign 
and malignant thyroid nodules.

Zhang et al. [20] showed that ultrasound contrast 
perfusion differed between benign and malignant thyroid 
lesions. Most benign nodules showed ring enhancement, 
while inhomogeneous enhancement was mainly detected 

in malignant nodules in their study. Bartolotta et al. [21] 
considered that the size of thyroid nodules may affect 
their CEUS features; they found mainly diffuse contrast 
enhancement in nodules larger than 20mm, regardless 
of the histology, whereas nodules measuring less than 
10mm lacked vascularization. They concluded that the 
enhancement pattern on CEUS was not specific to the 
diagnosis of thyroid carcinoma.

In our study, thyroid carcinomas mostly showed 
hypo-enhancement (30/44). This suggested that thyroid 
carcinomas had poor blood supply. These results were 
consistent with those of Moon et al and Deng J et al. 
[22-23]. The poor enhancement of thyroid carcinomas 
might be attributable to the following: (Ⅰ) during 
the development of thyroid carcinomas, cancer tissue 
invades the intratumoral blood vessels, leading to 
vascular necrosis; (Ⅱ) small, newly formed thyroid 
nodules may not yet possess abundant vasculature; (Ⅲ) 
tumor emboli may cause vascular stenosis or blockage 
[23]; and (Ⅳ) enhancement patterns depend on not only 
the quantity and shape of tumor vessels but also their 
patency, and not all intratumoral vessels are patent and 
functional. In this study, 12 malignant nodules showed 
iso-enhancement and 2-showed hyper-enhancement, 
which may be related to thyroid disease occurrence, 
development process. If the individual nodules are too 

Figure 1 A 39-year-old female with a 1.13*0.91cm nodule in the left 
thyroid lobe. (A) Gray-scale US showed a hypoechoic solid nodule 
with calcification in the left lobe of the thyroid gland. (B) CDFI: There 
was no obvious blood flow in the nodule. (C) The nodule showed 
hypo-enhancement. (D) Surgical pathology showed a papillary thyroid 
carcinoma (HE, ×100). (E) Immunohistochemical staining of the thyroid 
nodule showed a lower microvessel density (CD34, ×100).

Figure 2 A 42-year-old female with a 1.03*0.91 cm nodule in the 
right thyroid lobe. (A) Gray-scale US showed a mixed echoic nodule 
with calcification in the right lobe of the thyroid gland. (B) CDFI: There 
were blood flow signals in the nodule. (C) The iso-echoic area of the 
nodule showed hyper-enhancement. (D) Surgical pathology showed a 
nodular goiter, part of follicular epithelial hyperplasia, interstitial fibrous 
tissue hyperplasia, hyaline change and calcification (HE, ×100). (E) 
Immunohistochemical staining of the thyroid nodule showed a higher 
microvessel density (CD34, ×100).
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small, the enhancement and the boundary of the nodule 
are not clear, some nodules were due to its rich blood 
supply after enhancement compared with the surrounding 
without too much of the difference or show hyper-
enhancement.

In this study, benign nodules were more likely to 
exhibit ring enhancement and hyper-enhancement. This 
may be explained by the fact that most benign nodules 
showed expansive growth, resulting in compression of 
the surrounding tissue; these nodules were encapsulated, 
and the blood vessels around the capsule give the 
appearance of ring enhancement on CEUS. Additionally, 
thyroid adenomas have abundant blood supply. In the 
present study, most benign thyroid nodule exhibited 
hyper-enhancement on CEUS. These results correspond 
with those reported by Moon et al. [22]. In our study, one 
benign thyroid nodule showed hypo-enhancement, which 
may be involved in calcification, fibrosis, hemorrhage 
and necrosis within the nodule.

Quantitative analysis of the CEUS images revealed 
that compared with the surrounding glandular tissue, 
thyroid carcinomas had significantly lower PI and 
WIS. WIS has also been shown to correlate with neo-
arterisation. In addition, because of bits of neocapillaries, 
a small quantity of contrast agent would centralize in 
the tumor, thus resulting in a gentler WIS [24]. This 
result is consistent with the hypo-enhancement pattern 
of most thyroid carcinomas. RT, MTT and TTP are 
mainly affected by the blood flow rate. It indicates that 
there is no differences between the blood flow rate of 
thyroid carcinoma and the surrounding glands. The 
above parameters are more objective than macroscopic 
observation, and may therefore have clinical value in 
the diagnosis of thyroid carcinoma. Real-time dynamic 
CEUS observation of thyroid nodules can identify 
capsular invasion, which is difficult to detect on two-
dimensional ultrasound, and is helpful for the diagnosis 
of thyroid carcinoma.

The MVD, which quantifies tumor angiogenesis, was 
evaluated using immunohistochemistry in our study. The 
analysis showed that malignant nodules had significantly 
lower MVD than benign nodules (P < 0.05), which 
further confirms that thyroid carcinomas have poor blood 
supply. This may be related to the occurrence of fibrosis 
and calcification in thyroid carcinomas. In addition, with 
improvement in ultrasonographic diagnosis, increasing 
number of lesions are detected early, when they have 
not yet developed rich vascular networks or formed 
arteriovenous fistulas. Moreover, a positive correlation 
existed between the PI and MVD. While contrast-
enhanced ultrasound PI partly reflects MVD, it indirectly 
reflects the blood perfusion of the lesions. In conclusion, 
hypo-enhancement is an important CEUS pattern 

characteristic of malignant thyroid nodules.
Our study has several limitations. First, only some 

pathological types of thyroid nodules were studied. 
Second, the sample size of this study was small, and 
the proportions of benign and malignant nodules 
differed greatly; a larger sample size is required to 
definitively determine the CEUS characteristics of 
thyroid nodules. Third, only large lesions were subjected 
to immunohistochemistry, and the accuracy of our 
conclusions needs to be confirmed in smaller lesions.

Conclusion
In summary, the CEUS characteristics of thyroid 

nodules can facilitate the diagnosis of thyroid carcinoma, 
and potentially play a more important role in the 
noninvasive diagnostic approach, which has clinical 
significance.
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