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Abstract: Objective: This study aims to analyze the differences in the contrast-enhanced ultrasound features be-
tween papillary thyroid microcarcinoma (PTMC) and papillary thyroid carcinoma (PTC) (diameter > 10 mm). Methods: 
A total of 59 thyroid cancer patients with 63 pathologically confirmed thyroid cancer nodules were enrolled in this 
retrospective study. Contrast-enhanced ultrasound features were evaluated for each nodule. Results: Patients with 
PTMC more frequently exhibited dotted enhancement, well-defined margins, and hypoenhancement, while patients 
with PTC (diameter > 10 mm) more often exhibited diffuse heteroenhancement, ill-defined margins, isoenhance-
ment and hypoenhancement (P=0.001, 0.000, and 0.000, respectively). Peak intensity, wash in slope, and area 
under the curve were significantly higher in PTC (diameter > 10 mm) than in PTMC (P=0.000, 0.000, and 0.005, 
respectively); rising time, time to peak, and time from peak to one half were significantly shorter in PTC (diameter > 
10 mm) than in PTMC (P=0.030, 0.003, and 0.002, respectively). Multivariate stepwise logistic regression analysis 
revealed that peak intensity, time from peak to one half and wash in slope were the most significantly different pa-
rameters (odds ratio =6.392, P=0.001; odds ratio =0.777, P=0.011 and odds ratio =0.021, P=0.049, respectively). 
Conclusion: The distinct differences of contrast-enhanced ultrasound in PTMC and PTC (diameter > 10 mm) provide 
important insights into the pathology of them, which is essential for optimal clinical diagnosis and treatment.

Keywords: Contrast-enhanced ultrasound, qualitative pattern, quantitative parameter, papillary thyroid microcarci-
noma, papillary thyroid carcinoma, pathology

Introduction

Thyroid nodules occur frequently in the general 
population. The incidence of thyroid cancer has 
increased steeply in recent years; consequent-
ly, the detection of malignant thyroid nodules 
during an ultrasonographic examination is 
important. Gray-scale ultrasonography (GSUS) 
and color Doppler ultrasonography (CDUS) are 
conventional imaging techniques used for the 
detection of malignant thyroid nodules [1-4]. 
However, the accuracy of these two modalities 
is not high, and they have limited effectiveness 
in detecting malignant thyroid nodules [5]. 

Recently, the introduction of CEUS as a promis-
ing tool for the study of the microvascular flow 
pattern in thyroid lesions has provided valuable 
indicators regarding the differentiation of be- 

nign from malignant thyroid nodules [6-8]. For 
example, Zhang et al. [6] concluded that the 
enhancement patterns of CEUS were helpful in 
the differential diagnosis of thyroid nodules. 
Ring enhancement was valuable in the diagno-
sis of benign thyroid nodules, whereas hetero-
geneous enhancement was useful in the detec-
tion of malignant thyroid nodules. Nemec et al. 
[7] reported that there was a significant differ-
ence (P<0.001) in CEUS enhancement data 
between benign and malignant thyroid nodules. 
Quantitative analysis using CEUS contributed in 
the differentiation of benign from malignant 
thyroid nodules. These previous studies eluci-
dated the diagnostic value of CEUS; however, 
little is known about the relationship of CEUS 
features between PTMC and PTC (diameter [d] 
> 10 mm). If the maximum d of a PTC tumor is 
≤10 mm, it is defined by the World Health 
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Organization (WHO) as a PTMC. Recent studies 
have shown that tumor size was one of the sig-
nificant prognostic factors for thyroid cancer, 
and it should be taken into account in its man-
agement. A larger lesion size (d > 10 mm) has 
been reported to be the best predictor of extra-
thyroidal extension and cervical lymph node 
metastasis (CLNM) [9-11]. For example, Kim et 
al. evaluated 354 PTC patients. They found that 
tumor diameters > 10 mm and hypoechogenici-
ty predicted the presence of central compart-
ment lymph node metastases [11]. We hypoth-
esize that there is a linkage of CEUS features 
between PTMC and PTC tumors (d > 10 mm). 
Consequently, the aim of this study was to ana-
lyze the differences in CEUS qualitative pat-
terns and quantitative features between PTMC 
and PTC tumors (d > 10 mm) to evaluate the 
potential of CEUS in their characterization.

Materials and methods

Study population

From July 2014 to October 2015, 59 patients 
(9 men and 50 women) aged 26-69 years 
(mean, 49 years) with 63 thyroid nodules were 
verified as having PTC by surgical pathology. All 
patients were selected preoperatively on the 
basis of suspicion of malignant thyroid lesions 
on conventional ultrasonography (US). Thirty-
eight patients underwent US-guided fine-nee-
dle aspiration cytology (FNAC) preoperatively. 
Twenty-one patients did not underwent FNAC 
preoperatively. They underwent surgery due to 
suspicious malignant nodules on US findings. 
All patients underwent preoperative CEUS 
examination and were evaluated retrospective-
ly in this study. The study was approved by the 
Ethics Committee of Shanghai Renji Hospital, 
School of Medicine, Shanghai Jiao Tong Unive- 
rsity, and written informed consent was obta- 
ined from all patients before undergoing CEUS. 

Of these patients, 55 had solitary malignant 
lesions, 3 had two malignant lesions, and 1 had 
three malignant lesions, while the d of one 
malignant nodule was <5 mm and was exclud-
ed. The inclusion criteria were as follows: nod-
uled > 5 mm (for nodules <5 mm, it was difficult 
to maintain the imaging plane unchanged dur-
ing CEUS because of breathing and arterial pul-
sations); and age > 18 years. The exclusion cri-
teria were as follows: previous side effects 
caused by contrast agents; pregnancy; breast-
feeding; and severe cardiopulmonary insuffi-
ciency. According to tumor size, the enrolled 
patients were divided into two groups, namely 
the PTMC and PTC groups. 

Ultrasonographic examination

A Philips iU22 ultrasonography system (Philips, 
Bothell, WA, USA) equipped with a L12-5 trans-
ducer was used for conventional ultrasound 
examination and a L9-3 transducer were used 
for CEUS. Before CEUS, the thyroid nodule and 
the lymph nodes were scanned carefully using 
GSUS and CDUS. The depth, gain, and focal 
zone were optimized during examination. The 
nodule’s maximum diameter was measured. 
Then, the suspect malignant nodule was exam-
ined using CEUS. The largest section of the 
nodule was selected for evaluation. The con-
trast agent used was Sulphurhexafluoride (So- 
noVue, Bracco, Milan, Italy). A contrast agent in 
a 2.4-mL suspension was injected as a bolus 
within 1 to 2 seconds through the antecubital 
vein followed by a 5-mL 0.9% saline solution 
flush. CEUS was used in low mechanical index 
mode (0.07); the focus was always set at the 
bottom of the nodule plane. When CEUS was 
initiated, the imaging section was maintained 
unchanged for each patient. The contrast-en- 
hanced images of each suspect malignant nod-
ule were observed continuously for 3 min. 
Digital video clips were stored on the hard disk 
of the machine in DICOM format. All CEUS imag-
es were analyzed separately by two experi-
enced sonographers. All of the image reviewers 
were blinded to the patient clinical information 
and pathological findings.

Qualitative CEUS pattern analysis

CEUS enhancement patterns were as follows. 
(1) The degree of contrast agent distribution 
was classified into diffuse enhancement and 
dotted enhancement. Diffuse enhancement 

Table 1. Univariate analysis of patients charac-
teristics of PTMC and PTC (d > 10 mm)

Characteristics PTMC PTC (d > 10 
mm) P value

Gender
    Male 7 2 0.301
    Female 30 20
Age (yrs) 50±11 48±13 0.260
Tumor size (mm) 7.19±1.30 17.46±7.47 0.000
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was defined as wide distribution of the contrast 
agent throughout the entire nodule with hetero-
geneous or homogeneous enhancement. Dif- 
fuse heterogeneous enhancement was defined 
as diffuse and heterogeneous enhancement of 
the nodule at the peak time of enhancement. 
Diffuse homogeneous enhancement was de- 
fined as diffuse and homogeneous enhance-
ment of the nodule at the peak time of enhance-
ment. Dotted enhancement was defined as 
enhancement involving tiny and separate spots 
of contrast agent distributed throughout the 
nodule. (2) The margin type was divided into a 
well-defined margin and an ill-defined margin. 
(3) The degree of enhancement was classified 
as isoenhancement, hypoenhancementor hy- 
perenhancement. It was defined as isoenha- 
ncement when the nodule echogenicity was 
equal to that of the thyroid parenchyma. It was 
defined as hypoenhancement when the nodule 
echogenicity was lower than that of the thyroid 
parenchyma. It was defined as hyperenhance-
ment when the nodule echogenicity was higher 
than that of the thyroid parenchyma. 

Quantitative CEUS parameter analysis

The time-intensity curve (TIC) quantitative anal-
ysis was carried out using Q-LAB software 
(Philips Medical Systems, Bothell, WA). A region 
of interest was drawn within the whole area of 
the nodule. The signal intensity of each nodule 
was expressed in decibels (dB). The TIC indices 
were as follows: peak intensity (PI [in dB]) 
defined as the curve’s maximum intensity 
minus the baseline intensity (BI); rising time (RT 

that drops to 50%; and area under the time-
intensity curve (AUC [in dBsec]).

Statistical analysis

Statistical analysis was performed using SPSS 
version 17.0 software (SPSS Inc., Chicago, IL, 
USA). Qualitative data were compared using 
the Chi-square or Fisher P tests. Quantitative 
data were expressed as the mean (± standard 
deviation [SD]) and analyzed using the Student’s 
t test. All data that were confirmed to be statis-
tically significant on univariate analysis were 
further analyzed using multivariate logistic 
regression. A p value <0.05 was considered as 
being statistically significant. 

Results

Demographic characteristics

Patient characteristics are detailed in Table 1. 
Univariate analysis demonstrated a significant 
difference in tumor size between the PTMC and 
PTC groups (7.19±1.30 mm vs 17.46±7.47 mm; 
P=0.000), while there was no significant differ-
ence in patient age and sex between the two 
groups (P=0.260 and 0.301, respectively).

Qualitative CEUS pattern analysis in PTMC and 
PTC tumors

As shown in Table 2, patients with PTMC tumors 
more often exhibited dotted enhancement, a 
well-defined margin, and hypoenhancement, 
while patients with PTC tumors more often 
exhibited diffuse heteroenhancement, an ill-

Table 2. Comparison of qualitative CEUS pattern features between 
PTMC and PTC (d > 10 mm)

Patterns PTMC (n, %) PTC (d > 10 
mm) (n, %) P value

The degree of contrast agent distribution
    Diffuse heterogeneous enhancement 14 (35.0) 18 (78.3)
    Diffuse homogeneous enhancement 3 (7.5) 3 (13.0) 0.001
    Dotted enhancement 23 (57.5) 2 (8.7)
Margin type
    Well-defined margin 22 (55.0) 2 (8.7) 0.000
    Ill-defined margin 18 (45.0) 21 (91.3)
Enhancement degree
    Hypoenhancement 37 (92.5) 11 (47.8)
    Isoenhancement 3 (7.5) 10 (43.5) 0.000
    Hyperenhancement 0 (0) 2 (8.7)

[in sec]) defined as the time 
from 5% of the curve’s maxi-
mum intensity to 95% of 
that; time to peak (TTP [in 
sec]) defined as the time the 
lesions reach the curve’s 
maximum intensity; wash in 
slope (WIS [in dB/sec]) is 
calculated by subtracting 
the intensity at 5% of the 
curve’s maximum intensity 
from that at 95% of the 
curve’s maximum intensity, 
and dividing this by the RT; 
time from peak to one half 
(TPH [in sec]) defined as the 
time from the highest inten-
sity of the curve to when 
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defined margin, isoenhancement and hypoen-
hancement (P=0.001, 0.000, and 0.000, res- 
pectively). A total of 23 (57.5%) patients with 
PTMC tumors exhibited dotted enhancement, 
22 (55.0%) with PTMC tumors exhibited a well-
defined margin, and 37 (92.5%) with PTMC 
tumors exhibited hypoenhancement. A total of 
18 (78.3%) patients with PTC tumors showed 
diffuse heteroenhancement, 21 (91.3%) with 
PTC tumors showed an ill-defined margin, 10 
(43.5%) with PTC tumors showed isoenhance-
ment, and 11 (47.8%) with PTC tumors showed 
hypoenhancement (Figures 1 and 2).

Quantitative CEUS parameter analysis of PTMC 
and PTC tumors

The values of the quantitative CEUS parame-
ters are detailed in Table 3. Patients with PTMC 
and PTC tumors showed significant differences 
in all of the quantitative CEUS parameters. The 
PI, WIS, and AUC were significantly higher in 

PTC tumors than in PTMC tumors (P=0.000, 
0.000, and 0.005, respectively), whereas the 
RT, TTP, and TPH were significantly shorter in 
PTC tumors than in PTMC tumors (P=0.030, 
0.003, and 0.002, respectively).

Multivariate logistic regression analysis

Multivariate logistic regression analysis reve- 
aled that WIS was the most significantly differ-
ent parameter between the PTMC and PTC 
groups (odds ratio [OR] =0.008; 95% confi-
dence interval [CI], 0.000-0.532; P=0.024; 
Table 4). Subsequently, we analyzed the above 
data using multivariate stepwise logistic regres-
sion. It was found that PI (OR=6.392; 95% CI, 
2.111-19.355; P=0.001), TPH (OR=0.777; 95% 
CI, 0.641-0.943; P=0.011), and WIS (OR=0.021; 
95% CI, 0.000-0.979; P=0.049) differed signifi-
cantly between the PTMC and PTC groups. 
Among these parameters, PI was the most sig-
nificantly different (Table 5).

Figure 1. Ultrasound images of a 
47-year-old female PTMC patient 
with a 7.0 × 5.2 mm nodule. A. GS- 
US showed a hypoechoic nodule 
with calcifications (arrow). B. CDUS 
image showed poor blood signals in 
the nodule (arrow). C. CEUS image 
showed dotted enhancement (ar-
row) in the nodule.
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The TIC features of PTMC and PTC tumors

The shape of all of the TICs indicated a rapid 
and high level of enhancement of the wash-in 
curve together with a quick wash out; this was 
the characteristic feature of PTC tumors. A mild 

findings were similar to data previously pub-
lished in some aspects. Previous studies have 
shown that a larger thyroid tumor size was one 
of the statistically significant prognostic factors 
for thyroid cancer. Wang et al. evaluated the 
ultrasonographic features of 513 PTC nodules 

Figure 2. Ultrasound images 
of a 28-year-old female PTC 
patient with a 28.9 × 16.3 
mm nodule. A. GSUS image 
showed a hypoechoic nodule 
with calcifications (arrow). B. 
CDUS image showed striped 
and dotted blood signals in 
the nodule (arrow). C. CEUS 
image showed diffuse het-
eroenhancement (arrow) in 
the nodule.

Table 3. Comparison of quantitative CEUS parameter 
features between PTMC and PTC (d > 10 mm)

Parameters PTMC (Mean ± SD) PTC (d > 10 mm) 
(Mean ± SD) P value

RT (sec) 11.01±10.77 6.99±2.80 0.030
TTP (sec) 71.36±25.79 54.74±14.07 0.003
PI (dB) 6.93±1.88 9.84±1.93 0.000
WIS (dB/sec) 0.84±0.53 1.41±0.57 0.000
TPH (sec) 29.50±13.51 21.88±5.47 0.002
AUC (dBsec) 575.52±188.50 727.94±221.06 0.005
RT: rising time; TTP: time to peak; PI: peak intensity; WIS: wash in 
slope; TPH: time from peak to one half; AUC: area under the curve.

and low level of enhancement of the 
wash-in curve combined with a delayed 
wash out was the characteristic TIC fea-
ture of PTMC tumors (Figure 3).

Discussion

The present study demonstrated that the 
qualitative CEUS patterns and quantita-
tive features were distinctly different in 
the PTMC and PTC tumors, especially 
regarding the three quantitative parame-
ters: PI, TPH, and WIS. Among these three 
parameters, PI played a key role in charac-
terizing the PTMC and PTC tumors. These 
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[12]. They found that larger tumor size (d > 10 
mm) was one of the significant factors for pre-
dicting CLNM (P<0.05; OR=2.093) [12]. Lee et 
al. studied 320 PTC patients with suspected 
extrathyroidal extension, and found that a larg-
er tumor size (P<0.001) was one of the best 
predictors of extrathyroidal extension [10]. 
CEUS, a non-invasively diagnostic imaging tech-
nique, has already been recommended for clini-
cal use. It can contribute effectively in the  
evaluation of tumor microvascularity [13, 14]. 
However, few studies have compared CEUS fea-
tures between PTMC and PTC tumors. Hence, 
we used both qualitative and quantitative anal-
yses with CEUS to explore the characteristics of 
these tumors.

The qualitative CEUS results indicated that, in 
the PTMC group, CEUS mainly showed dotted 
enhancement, well-defined margins, and hy- 
poenhancement; in the PTC group, CEUS main-
ly exhibited diffuse heteroenhancement, ill-
defined margins, isoenhancement and hypoen-
hancement. The CEUS features can provide 
valuable information on the blood supply inside 

PTC tumors, PTMC tumors exhibited the most 
hypoenhancement and dotted enhancement 
under CEUS because of the presence of intra-
nodular necrosis and fibrosis. Massive new 
blood vessels develop to meet the require-
ments of tumor growth. Thus, isoenhancement 
and hyperenhancement were observed more in 
PTC tumors than in PTMC tumors. In addition, 
PTC tumors are also associated with intranodu-
lar necrosis and fibrosis, but the ratio of blood 
vessels in PTC tumors is more than that in 
PTMC tumors; thus, they always exhibit the 
characteristics of diffuse heterogeneous en- 
hancement. Generally, in thyroid cancer, new 
vessels distribute in the surrounding and cen-
tral areas. Along with thyroid tumor growth, the 
distribution of massive blood vessels is cen-
tered in the tumor’s surrounding area, and the 
tumor always grows invasively outwards; this 
contributes to the formation of the tumor’s ill-
defined margin in CEUS involving PTC. In con-
trast, in the PTMC group, because of the pres-
ence of fewer blood vessels in the tumor 
including the surrounding area, most tumors 
showed well-defined margins when visualized 
using CEUS [17]. These findings were in agree-
ment with those of similar studies to some 
degree. Bartolotta et al. [19] revealed that the 
CEUS enhancement pattern of thyroid cancer 
was closely related to nodule size; enhance-
ment appeared to be mostly absent enhance-
ment in nodules with a d<10 mm, dotted 
enhancement was evident in nodules with a d 
of 10-20 mm diameter, and diffuse enhance-
ment was present in nodules with a d > 20 mm 
[18]. The reason for these findings may be that 

Table 4. Multivariate logistic analysis of the CEUS qualitative pat-
terns and quantitative parameters 
Patterns and parameters OR 95% CI P value
The degree of contrast agent distribution 1.118 0.256-4.872 0.882
Margin type 4.033 0.093-174.042 0.468
Enhancement degree 14.078 0.900-220.149 0.059
RT 1.322 0.821-2.129 0.250
TTP 0.787 0.570-1.087 0.146
PI 12.220 0.972-153.684 0.053
WIS 0.008 0.000-0.532 0.024
TPH 0.816 0.640-1.039 0.098
AUC 0.988 0.958-1.019 0.446
RT: rising time; TTP: time to peak; PI: peak intensity; WIS: wash in slope; TPH: time 
from peak to one half; AUC: area under the curve; OR: odds ratio; CI: confidence 
interval.

Table 5. Multivariate stepwise logistic 
analysis of the CEUS qualitative patterns and 
quantitative parameters
Parameters OR 95% CI P value
PI 6.392 2.111-19.355 0.001
TPH 0.777 0.641-0.943 0.011
WIS 0.021 0.000-0.979 0.049
PI: peak intensity; TPH: time from peak to one half; WIS: 
wash in slope; OR: odds ratio; CI: confidence interval.

nodules. The degree of per-
fusion of the contrast agent 
is determined by the amount 
of new blood vessels. Previ- 
ous studies have shown that 
growth of the tumor takes 
place in two stages, namely 
the pre-vascular stage and 
the vascular stage [15, 16]. 
The pre-vascular stage en- 
compasses the tumor’s sl- 
ow-growing phase in the 
absence of blood vessels. 
The vascular stage encom-
passes the tumor’s fast-
growing phase in the pres-
ence of blood vessels. With 
fewer blood vessels than 
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in smaller thyroid cancer nodules, the growth 
rate of neoangiogenetic vessels is slower than 
the rate of cancer cell proliferation. However, in 
our study, we confirmed that the CEUS enhance-
ment pattern of PTMC was mainly dotted 
enhancement, whereas mainly diffuse het-
eroenhancement was observed in PTC tumors 
with a d > 20 mm, and PTC tumors with a d of 
10-20 mm. More importantly, the quantitative 
CEUS features for PTMC and PTC tumors have 
not been previously explored; so we highlighted 
the distinction in quantitative CEUS features 
between the PTMC and PTC groups.

In the present study, PTC tumors showed a 
shorter RT, TTP, and TPH, a steeper WIS, and a 
higher PI than PTMC tumors. The shorter the RT 
and TTP, the more rapid the filling-in rate of the 
contrast agent. The steeper the WIS, the more 
rapid the wash-in rate of contrast agent. The 
shorter the TPH, the more rapid the wash-out 
rate of the contrast agent. Previous studies 
have shown that RT and TTP can accurately 
reflect the blood supply component of liver 
tumors [19, 20]; the blood supply ratio of the 
hepatic artery and portal vein can determine 
this. When the proportion of the hepatic artery 

blood supply is larger, the RT is faster and the 
TTP is shorter. Conversely, when the proportion 
of the portal vein blood supply is increasing, the 
RT is slower and the TTP is prolonged. Con- 
sequently, we hypothesized that along with thy-
roid cancer growth, the artery blood supply may 
be increased significantly as compared with the 
venous blood supply. Thus, RT and TTP were 
shorter in patients with PTC than in patients 
with PTMC. Additionally, because of the pres-
ence of massive neocapillaries, a large amount 
of contrast agent would concentrate in the 
tumor, leading to the significantly high PI and 
steep WIS in PTC tumors. We found that PTC 
tumors showed more rapid washout than PTMC 
tumors. The reasons for this remain unclear. 
Some studies involving the liver have reported 
the possible causes. Yang et al. [21] pointed 
out that early hepatocellular carcinoma was 
usually fed by portal veins, and as a result the 
wash-out time was prolonged. The metastases 
from hepatocellular carcinoma generally exhib-
ited rapid wash-out. This may be related to the 
increased tumor arterial vascular supply. Kong 
et al. [22] demonstrated that smaller intrahe-
patic cholangiocarcinoma nodules had a larger 
number of tumor vessels, and that homoge-

Figure 3. The different TIC features in CEUS of PTMC and PTC (d > 10 mm). A. TIC of PTMC, showing slower wash-in, 
prolonged wash-out and lower PI. B. TIC of PTC (d > 10 mm), showing rapider wash-in, accelerated wash-out and 
higher PI.
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neous arterial enhancement and rapid wash-
out were observed. Hence, we postulated that 
that there was a greater increase in tumor arte-
rial vessels in PTC than in PTMC, which led to 
faster washout in PTC. 

Multivariate regression analysis revealed that 
PI, TPH, and WIS differed significantly between 
the PTMC and PTC groups. Among these, PI 
was found to be the most significantly different 
parameter regarding the characterization of 
PTMC and PTC. This phenomenon is not fully 
understood. We postulated that PI may be the 
best parameter that can reflect tumor artery 
supply. Because of the presence of massive 
new capillaries, especially arteries, a large 
amount of contrast agent would concentrate in 
the tumor; then tumor perfusion would be 
increased, leading to the significantly high PI in 
PTC tumors [23].

The limitations of our study were as follows. 
First, the sample size was relatively small. A 
multicenter study involving a large sample size 
should be considered in the future to strength-
en the findings. Second, in our study there was 
a lack of similar data for PTMC and PTC from 
conventional US and histological confirmation 
about perfusion changes in CEUS; this will be 
required in a future study. Third, because thy-
roid cancer of other pathological types was not 
encountered in the current study, a large series 
study including thyroid cancer of all pathologi-
cal types is needed.

Conclusion

PTMC and PTC may display various enhance-
ment patterns and different enhancement 
parameters on CEUS, especially regarding the 
three quantitative parameters: PI, TPH, and 
WIS. These changes may be as a result of simi-
lar pathological changes. CEUS may have the 
potential to provide essential information on 
the characteristics of PTMC and PTC and indi-
rect information on the pathological mecha-
nisms involved, which is essential for optimal 
clinical diagnosis and treatment.
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