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Abstract: Objective: This study aimed to investigate the characteristics of suspicious thyroid nodules of different 
pathological types on contrast-enhanced ultrasound (CEUS) with quantitative analysis software (Qlab). Methods: A 
total of 101 suspicious thyroid nodules were recruited from 90 adult patients undergoing ultrasound (US), CEUS and 
fine-needle aspiration cytology (FNCA). The CEUS characteristics were quantitatively analyzed by investigators blind 
to the pathological information. Results: In 68 benign thyroid nodules, the proportion of single nodules was higher 
(54.4%) than that of miliary nodules (n = 2-4), and most of them were identical-in, slow-out and hypoenhancement 
as compared to adjacent normal tissues. In 17 malignant thyroid nodules, most of them were slow-in, identical-out 
and more hypoenhancement as compared to adjacent normal tissues on CEUS. Conclusion: Benign thyroid nodules 
show identical-in, slow-out and hypoenhancement while malignant thyroid nodules have slow-in, identical-out and 
more hypoenhancement as compared to adjacent normal tissues on CEUS. Quantitative analysis of thyroid nodules 
on CEUS may help to identify suspicious nodules and select a proper treatment.

Keywords: Suspicious thyroid nodules, contrast-enhanced ultrasound

Introduction

Ultrasonography (US) is the most frequently 
used clinical tool in the examination of thyroid 
nodules. The detection rate of thyroid nodules 
has increased up to 67% of the population in 
recent years However, less than 10% of thyroid 
nodules are malignant [1-4] and US usually has 
a low accuracy for the differentiation between 
benign and malignant thyroid nodules [4, 5]. 

Previous studies have demonstrated that the 
characteristics of thyroid nodules on US are 
associated with an increased risk for malignan-
cy [6-8]. For example, in the Thyroid Imaging 
Reporting and Data System (TIRADS) [9-11], 
nodules with solidity, hypoechogenicity or 
marked hypoechogenicity, microlobulated or 
irregular margins, microcalcifications, and tall-
er-than-wide shape are defined as suspicious 
malignancy. The sensitivity of TIRADS is 88%, 
and its specificity is only 49%. Especially, nod-
ules of grade 4 (4a-one suspicious US feature; 
4b-two suspicious US features; 4c-three or four 
suspicious US features) have a significantly 

increased risk for malignancy. However, its clini-
cal use is still very limited.

Recent years, contrast-enhanced ultrasonogra-
phy (CEUS) has been widely used in different 
organs to display microcirculation and nutrient 
vessels of space-occupying lesions. Some stud-
ies show that CEUS is helpful to differentiate 
benign thyroid nodules from malignant ones 
[12-14], while others reveal that CEUS has lim-
ited value in the assessment of thyroid nodules 
[15]. In most of these studies, the grading or 
scoring system is used to subjectively evaluate 
CEUS characteristics of thyroid nodules depend-
ing on the experience of the examiner. A more 
objective and repeatable scoring system (such 
as quantitative analysis) is required for the 
assessment of the role of CEUS in the differen-
tial diagnosis of thyroid nodules.

This study was to investigate the CEUS charac-
teristics of suspicious thyroid nodules (TIRADS- 
4) with quantitative analysis software (Qlab), 
aiming to evaluate the role of CEUS in the dif-
ferential diagnosis of thyroid nodules.
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Table 1. Demographics of patients with 
suspicious thyroid nodules (nodules: n = 101; 
patients: n = 90)
Parameters Value
Male/female 25/65
Age (y, mean ± SD) 50.7 ± 12.3
Diameter (wide, mm, mean ± SD) 9.1 ± 4.8
Diameter (tall, mm, mean ± SD) 6.9 ± 3.4
Solitary/multiple 15/75

Materials and methods

Patients

From November 2013 to July 2014, more than 
6000 patients underwent the thyroid examina-
tion by US in our hospital. The suspicious thy-
roid nodules of these patients were evaluated 
in the present study.

The inclusion criteria were as follows: 1). 
Patients presented solid or mainly solid thyroid 
nodules on US; 2). There were less than 3 solid 
nodules; 3). The nodule size was greater than 
0.3 cm but smaller than 3 cm; 4). One of the 
nodules had at least one suspicious feature 
(solid component, hypoechogenicity or marked 
hypoechogenicity, microlobulated or irregular 
margins, microcalcifications, and taller-than-
wide shape) on US.

The exclusion criteria were as follows: 1). 
Nodules were dominantly cystic; 2). Patients 
had thyroiditis; 3). Patient had pregnancy; 4). 
Patient had grade III-IV cardiac function; 5). 
Patient had severe pulmonary hypertension. 

A total of 101 suspicious nodules were recruit-
ed from 90 adult patients (25 males and 65 
females; age range, 23-71 years; mean ± SD, 
51 ± 12 years) for prospective analysis (Table 
1).

This study was approved by the Ethics 
Committee of Renji Hospital School of Medicine, 
Shanghai Jiaotong University. Informed con-
sent was obtained from each patient before 
study.

Conventional US and CEUS

All the ultrasound examinations were per-
formed with commercially available scanners 
(Philips IU22 Bothell, WA), equipped with an 

L12-5 transducer for conventional US and an 
L9-3 for CEUS. The US focus was placed at the 
same level during the thyroid examination.

The US parameters were modified for each sus-
picious nodule to optimize the image quality. On 
US, the thyroid nodules were evaluated for the 
following characteristics: 1). Composition (Solid 
or mixed); 2). Echogenicity (as compared to 
adjacent normal thyroid parenchyma) classified 
as hyper/isoe/hypochogenicity; 3). Margins 
(well circumscribed, or irregular); 4). Shape 
(wider than tall, or taller than wide); 5). 
Calcifications (microcalcification smaller than 1 
mm, macrocalcification larger than 1 mm, or no 
calcification) [10].

CEUS

After US examination, the largest section of the 
suspicious nodule was selected and the trans-
ducer was switched to the harmonic CEUS 
mode. The focus was placed at the bottom level 
of the nodule. CEUS was performed at low 
acoustic intensities (low-mechanical index < 
0.10) to minimize microbubble destruction and 
artificial signal loss.

The contrast medium SonoVue (2.4 mL; BR1; 
Bracco, Milan,Italy) was injected intravenously 
as a bolus, followed by injection of normal 
saline (5 ml). Representative images were cap-
tured. If the patient had more than two suspi-
cious nodules, another 2.4 mL of SonoVue was 
injected 10 min later, and image was captured 
and stored again. Each image acquisition last-
ed at least 1.5 min after the bolus injection.

The images were quantitatively analyzed with 
the QLAB quantification software. A single 
region of interest (ROI) was selected manually 
and contained the whole nodule. The same ROI 
area was copied to the adjacent thyroid tissues 
as a control (Figures 1-3).

On CEUS, the thyroid nodules were evaluated 
for the following characteristics: 1). Rise time 
(RT): RT (nodule) < RT (normal) means rapid 
filling-in, otherwise slow filling-in. 2). Time to 
peak (TP): TP (nodule) < TP (normal) means 
rapid filling-in, otherwise slow filling-in. 3). 
Wash-in slope (WIS): WIS (nodule) < WIS (nor-
mal) means slow wash-in, otherwise rapid 
wash-in. 4). Mean transit time (MTT): TP (nod-
ule) < TP (normal) means fast wash-in, other-
wise slow wash-in. 5). Time from peak to one 
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half (TPH): TPH (nodule) < TPH (normal) means 
rapid wash-out, otherwise slow wash-out. 6). 
Peak intensity (PI): PI (nodule) < PI (normal) 
means hypoenhancement, otherwise hyperen-
hancement. 7). Area under the curve (AUC): 
AUC (nodule) < AUC (normal) means hypoen-
hancement, otherwise hyperenhancement. 8). 
Peaking time Echo Std (PES): PES (nodule) < 
PES (normal) means homo-enhancement, oth-
erwise hetero enhancement.

US examination was performed by one experi-
enced examiner (P. Li). The quantitative analy-
sis was performed by a trained sonographer 
(Y.Z. Hu) and 20 random image analyses were 
repeated by another sonographer (S.F. Jiang). 
These sonographers were blind to clinical data 

and other imaging findings. The interobserver 
agreement was good (k = 0.852).

Fine-needle aspiration cytology (FNAC)

After CEUS examination, FNAC was performed 
for nodules with suspicious features by the 
same sonographer performing CEUS examina-
tions. Each lesion was aspirated at least twice, 
and the aspirated materials were placed onto 
1-2 glass slides and immediately transmit for 
cytopathological examination. Additional stain-
ing was performed if necessary. Cytological 
analysis was done based on the Bethesda clas-
sification system [16]. The FNAC results were 
classified into six categories: unsatisfactory (I), 

Figure 1. Sagittal view of a solitary thyroid nodule in left lobe on double synchronous contrast-enhanced ultraso-
nography in a 50-year-old female patient (A and B). The nodule was solid, well margined, and wider than tall, and 
showed hypoechogenicity, and no calcifications (B). This nodule was proved to be benign by FNAC (Bethesda II). 
Region of interests (ROI) was selected in the nodule (ROI 1) and the adjacent normal thyroid tissues (ROI 2). The 
nodule showed rapid filling-in, rapid wash-out and hyper-enhancement as compared to the adjacent normal tissues 
(A and C). 
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benign (II), follicular lesion of undeterminate 
significance (III), follicular neoplasm (IV), suspi-
cious of malignance (V), and malignant (VI).

Benign group included colloid nodules, adeno-
matous hyperplasia, lymphocytic thyroiditis, 
Graves’ disease, and follicular adenoma.

Malignant group included papillary thyroid car-
cinoma, poorly differentiated carcinoma, med-
ullary thyroid carcinoma, undifferentiated carci-
noma and others.

Category III and IV included follicular neoplasm, 
follicular neoplasm/Hurtle cell type, and nod-
ules with atypical presentations was the inde-
terminate group if malignancy could not be 
excluded.

The unsatisfactory nodules were not included 
for further analysis and patients with unsatis-
factory nodules received FNAC again 3 months 
later.

Statistical analysis

Statistical analysis was performed using a sta-
tistical package (SPSS 19.0, Chicago, IL). Chi-
squared test or Wilcoxon test was used to com-
pare the quantitative data of CEUS. A value of P 
< 0.05 was considered statistically significant. 

Results

Among 101 thyroid nodules, 68 were benign (4 
underwent surgery and were proved to be fol-
licular adenomas) and 17 were malignant (16 

Figure 2. A solitary thyroid nodule in left lobe from a 23-year-old female patient was solid, and showed hypoecho-
genicity, irregular margins, taller than wide shape and no calcifications (B). This nodule was proved to be malignant 
by FNAC (Bethesda VI, papillary carcinomas). Region of interests (ROI) was selected in the nodule (ROI 1) and 
adjacent normal thyroid tissues (ROI 2). The nodule displayed slow filling-in, identical-out and significant hypo-
enhancement as compared to the adjacent normal thyroid tissues (A and C).
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papillary carcinomas and 1 follicular adenocar-
cinoma were surgically removed), 11 were inde-
terminate, and 5 were unsatisfactory nodules 
(FNAC sampling error or other reasons).

US features

Of 68 benign nodules, 54 (79.4%) showed 
hypoechogenicity, 3 (4.4%) hyper/isoecho-
genicity and 11 (16.2%) mixed echogenicity; 40 
(58.8%) were well circumscribed and 28 
(41.2%) irregular; 55 (80.9%) were wider-than-
tall and 12 (17.7%) taller-than-wide; 32 (47.1%) 
had no calcifications, 13 (19.1%) presented 
macrocalcification and 23 (33.8%) displayed 
microcalcifications.

There were 37 (54.4%) nodules having 1 suspi-
cious feature, 21 (30.9%) having 2 suspicious 

features, 8 (11.8%) having 3 suspicious fea-
tures and 2 (2.9%) having 4 suspicious 
features.

Of malignant nodules, 11 (64.7%) showed 
hypoechogenicity and 6 (35.3%) mixed echo-
genicity; 4 (23.5%) were well circumscribed and 
13 (76.5%) irregular; 6 (35.3%) were wider-
than-tall and 11 (64.7%) taller-than-wide; 2 
(11.8%) had no calcifications, 6 (35.3%) pre-
sented macrocalcification and 9 (52.9%) dis-
played microcalcifications.

There were 4 (23.5%) nodules having 1 suspi-
cious feature, 5 (29.4%) having 2 suspicious 
features, 7 (41.2%) having 3 suspicious fea-
tures and 1 (5.9%) having 4 suspicious 
features.

Figure 3. A solitary thyroid nodule in right lobe from a 37-year-old male patient was solid, and showed hypoecho-
genicity, irregular margins, taller than wide shape and no calcifications (B). It was proved as an indeterminate lesion 
by FNAC (Bethesda IV, follicular neoplasm). Region of interests (ROI) was selected in the nodule (ROI 1) and adjacent 
normal thyroid tissues (ROI 2). The nodule showed comparable filling-in, wash-out and iso-enhancement as com-
pared to adjacent normal thyroid tissues (A and C).
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A significant difference (P = 0.020) was ob- 
served among suspicious nodules with suspi-
cious features of different grade features. 
However, when the nodules with 1 suspicious 
feature were not included in the analysis, there 
was no significant difference among them (P = 
0.097) (Table 2).

CEUS characteristics

As compared to the adjacent normal tissues, of 
68 benign nodules, 29 showed rapid filling-in 
while 39 slow filling-in; 33 showed rapid wash-
out while 35 slow wash-out; 19 had hyperen-
hancement while 49 hypoenhancement; 40 
revealed homo-enhancement while 26 hetero- 
enhancement.

There was no significant difference (P > 0.05) 
at the wash-in time between benign nodules 
and adjacent normal tissues; but significant dif-
ference was observed at the wash-out time 
between them (P < 0.05). Benign nodules 
showed hypoenhancement as compared to the 
adjacent normal tissues (P < 0.01) (Figure 1).

Among 17 malignant nodules, 2 showed rapid 
filling-in while 15 slow filling-in; 7 displayed 
rapid wash-out while 10 slow wash-out; 4 

There was no significant differences in all CUES 
parameters in the indeterminate nodules as 
compared to adjacent normal tissues, benign 
nodules and malignant nodules (Figure 3).

Discussion

This study investigated the CEUS characteris-
tics of thyroid nodules with suspicious US fea-
tures which were then grouped into begin or 
malignant ones.

US features have been shown to be good pre-
dictors of malignancy in clinical practice. 
Studies on “TI-RADS” show nodules classified 
as TIRADS grade 4 or 5 (having at least one 
suspicious US feature) have higher than 36% 
probability of malignancy, while nodules with-
out suspicious US features had a 2-28% prob-
ability of malignancy [17]. In the present study, 
results showed the proportion of nodules with 
1 suspicious US feature (46.5%) was similar to 
that of other nodules (53.5%) and had a higher 
probability of benign lesions (54%). There was a 
significant difference among nodules with sus-
picious features of different grades. However, 
after removing the nodules with 1 suspicious 
feature from the analysis, there was no signifi-

Table 2. Ultrasonographic findings of suspicious thyroid nodules
Benign (68) Malignant (17) Indeterminate (11)

Composition
    Solid 57 (83.8%) 11 (64.7%) 11 (100%)
    Mixed 11 (16.2%) 6 (35.3%) 0
Echogenicity
    Hypoechogenicity 54 (79.4%) 11 (100%) 10 (90.9%)
    Hyper/isoechogenicity 3 (4.4%) 0 1 (9.1%)
Margins
    Well circumscribed 40 (58.8%) 4 (23.5%) 7 (63.6%)
    Irregular 28 (41.2%) 13 (76.5%) 4 (36.4%)
Shape
    Wider than tall 55 (80.9%) 11 (64.7%) 7 (63.6%)
    Taller than wide 13 (19.1%) 6 (35.3%) 4 (36.4%)
Calcifications
    No calcifications 32 (47.1%) 2 (11.8%) 4 (36.4%)
    Microcalcifications 23 (33.8%) 9 (52.9%) 5 (45.56.7%)
    Macrocalcification 13 (19.1%) 6 (35.3%) 2 (18.2%)
Suspicious features
    1 37 (54.4%) 4 (23.5%) 6 (54.5%)
    2 21 (30.9%) 5 (29.4%) 4 (36.4%)
    3 8 (11.8%) 7 (41.2%) 1 (9.1%)
    4 2 (2.9%) 1 (5.9%) 0

showed significant hyperen-
hancement while 13 hypoen-
hancement; 2 presented 
homo-enhancement while 15 
hetero-enhancement (Figure 
2).

The wash-in time of malignant 
nodules was different (P < 
0.05) was different from that 
of adjacent normal tissues, 
while the wash-out time was 
comparable between them (P 
> 0.05). Malignant nodules 
showed significant hypoen-
hancement as compared to 
adjacent normal tissues (P < 
0.01) (Table 3).

After subtracting the back-
ground (adjacent normal tis-
sues), marked differences 
were noted at the wash in 
time, wash out time and peak 
intensity between benign and 
malignant nodules (P = 0.035, 
P = 0.019, and P = 0.044, re- 
spectively).
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Table 3. Analysis of CEUS features of suspicious thyroid nodules
Benign* 

(68) P/t Malignant* 
(17) P/t Indeterminate* 

(11) P/t

Rise time (RT)
    Fast 30 0.077/0.098 2 0.031/0.045 4 0.691/0.793
    Slow 38 15 7
Time to peak (TP)
     Fast 29 0.061/0.136 2 0.006/0.013 4 0.929/0.753
    Slow 39 15 7
Wash in slope (WIS)
    Fast 35 0.876/0.265 7 0.507/0.567 7 0.130/0.107
    Slow 33 10 4
Mean transit time (MTT)
    Fast 30 0.299/0.622 9 0.381/0.098 2 0.063/0.067
    Slow 38 8 9
Time from peak to one half (TPH)
    Fast 33 0.035/0.002 2 0.149/0.105 4 0.477/0.184
    Slow 35 15 7
Peak intensity (PI)
    Hypoenhancement 49 0.000/0.000 15 0.007/0.007 4 0.328/0.371
    Hyperenhancement 18 2 7
Area under the curve (AUC)
    Hypoenhancement 49 0.000/0.000 13 0.007/0.009 3 0.248/0.230
    Hyperenhancement 19 4 8
Peaking time Echo Std (PES)
    Homo-enhancement 27 0.042/0.126 15 0.007/0.010 4 0.079/0.731
    Hetero-enhancement 40 2 3
Footnotes: *Values are expressed as number unless otherwise indicated.

cant difference among remaining nodules. 
Thus, it is difficult to exactly evaluate the malig-
nancy of thyroid nodules of grade 4 by tradition-
al US.

CEUS is a new means for the detection of micro-
vasculartion of thyroid nodules. In the present 
study, benign nodules showed identical-in, slow 
wash-out and hypoenhancement as compared 
to the adjacent normal tissues. On histopathol-
ogy, the benign thyroid nodules (such as nodu-
lar goiters and follicular adenomas) typically 
showed a complete capsule; some nodules dis-
played fibrosis, calcification, or liquefaction, 
which degraded the echogenicity on US and 
displayed hypoenhancement on CEUS.

Ma etc. found the slow filling-in and hypoen-
hancement were the features of most malig-
nant thyroid nodules which exhibited absent or 
incomplete ring enhancement on CEUS [7]. In 
our study, malignant nodules showed slow fill-
ing-in, identical-out and hypoenhancement as 
compared to adjacent normal tissues. After 

subtracting the background (adjacent normal 
tissues), malignant nodules showed slow filling-
in, rapid wash-out and significant hypoen-
hancement as compared to benign nodules.

Most malignant nodules (especially papillary 
carcinomas) have fibrosis, calcification, focal 
necrosis and aberrant blood vessels which may 
lead to hypoechogenicity on US and hypoen-
hancement on CEUS.

Although FNAC has been considered as the 
gold standard for the evaluation of thyroid nod-
ules, it is costly and has a high risk in assess-
ment. US is a convenient and non-invasive 
means for the assessment of thyroid nodules. 
The accuracy of CEUS in combination with US is 
superior to that of CEUS alone in the quantita-
tive and qualitative evaluation of thyroid 
nodules.

There were still limitations in our study. The 
number of both malignant and indeterminate 
nodules was small, and thus our result might 
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not be generalized. Most of benign nodules in 
the present study did not receive surgical inter-
vention, and the false negative of FNAC would 
bias our results. It is necessary to follow up 
these patients once every 3 months, and a sec-
ond FNAC or surgery is taken.

Conclusion

Benign thyroid nodules display identical-in, 
slow wash-out and hypoenhancement while 
malignant thyroid nodules present slow filling-
in, identical-out and significant hypoenhance-
ment as compared to the adjacent normal thy-
roid tissues on CEUS. Quantitative analysis of 
CEUS features may help to identify suspicious 
nodules and select a proper treatment.
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