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Abstract: Objective: To investigate the clinical value of high-frequency color Doppler ultrasound (HFCDU) in the 
differential diagnosis of benign thyroid nodules and thyroid carcinoma. Methods: A total of 92 patients treated in 
Pudong New Area People’s Hospital for thyroid nodules from June 2015 to July 2016 were recruited as subjects. 
All of them underwent HFCDU tests before surgery and received the postoperative pathological diagnosis which 
was used as the gold standard. The results obtained from HFCDU and pathological examination for the differential 
diagnosis of benign and malignant thyroid nodules were compared and analyzed. Meanwhile, the size, shape, 
boundary, internal echo, internal and surrounding blood flow signal of these two types of nodules were examined 
for comparison. Results: There were 107 nodules in 92 patients. The sensitivity, specificity, and accuracy of HFCDU 
were 93.55%, 86.67% and 90.65% respectively. The value of the areas under the curve (AUC) calculated from the 
receiver operating characteristic (ROC) curve was 0.923, and the 95% confidence interval (CI) was 0.886-0.967. 
The differences in boundary, shape, aspect ratio, internal echo, posterior echo, calcification and other indices be-
tween benign and malignant thyroid nodules were significant (P<0.05). The result from the multi-variant logistic 
regression analysis showed that factors such as unclear boundary, irregular shape, aspect ratio > 1, blood flow > 
grade 2, and uneven internal echo were all correlated with thyroid nodule malignancy. Conclusion: HFCDU can be 
applied clinically for the differential diagnosis of benign and malignant thyroid nodules as it has high sensitivity, 
specificity and can present clear imaging features.
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Introduction

Thyroid carcinoma is one of the most common 
malignant tumors clinically, and its incidence 
and mortality rates have been increasing each 
year [1]. Since its clinical symptoms during early 
stage are quite unnoticeable, most cases of 
this disease are often discovered at middle or 
late stage, which makes the patients miss the 
best time for surgical cure, and severely threat-
ens their health and life [2]. Hence, it is of great 
importance to find an effective diagnostic 
method for the early detection of thyroid carci-
noma, so that patients’ survival rate can be 
improved [3]. In the past, the conventional 
ultrasound was adopted as a main diagnostic 
tool for diagnosing benign and malignant thy-
roid nodules in clinic, but its accuracy was not 
good enough, as the results were often affect-
ed by various factors, such as examiner’s skill 

level. However, due to the continuous develop-
ment of medical technology and sonography, 
people have begun to apply color Doppler ultra-
sound in the clinical diagnosis of benign and 
malignant lesions, and have achieved quite 
good outcomes [4, 5]. This study aimed to 
investigate the diagnostic value of high fre-
quency color Doppler ultrasound (HFCDU) in 
the differential diagnosis of benign thyroid nod-
ules and thyroid carcinoma, and to provide 
some useful information for supporting its 
extensive clinical application.

Materials and methods

Case selection

The study retrospectively analyzed a total of 92 
patients who were treated in Pudong New Area 
People’s Hospital for thyroid diseases and 
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received both HFCDU and pathological diagno-
sis from June 2015 to July 2016. All patients 
signed informed consents and the study was 
approved by the Ethic Committee of Pudong 
New Area People’s Hospital.

Inclusion criteria: 1) Patients with thyroid dis-
eases underwent both HFCDU and pathological 
diagnosis; 2) Patients were willing to cooperate 
with the treatment; 3) Patients’ medical records 
were complete.

Exclusion criteria: 1) Patients had other severe 
thyroid diseases in addition to thyroid nodules, 
or the acoustic halo couldn’t be detected in thy-
roid nodules; 2) Patients experienced recur-
rence of malignant thyroid nodules after sur-
gery, or had hyperplasia of one thyroid lobe 
caused by the hypoplasia of thyroid and para-
thyroid in the opposite lobe; 3) Patients had 
benign thyroid nodules generated by the scar 
and proliferation of the residual thyroid tissue 
or other factors after treatment.

Examination methods

The high-frequency ultrasound diagnosis was 
performed by SIMENS Acuson Antares and 
Mindray DC-Expert II, and the standard diag-
nostic procedure was implemented. Patients 
were lying in supine position on the examina-
tion bed, with shoulders elevated by pillow and 
head tilted backwards to expose the front neck 
area. The frequency of the ultrasound probe 
was 3.5 MHz. Two physicians who were experi-
enced in thyroid inspection by high-frequency 
ultrasound worked together to measure and 
describe patients’ imaging features presented 
by color Doppler ultrasound. Meanwhile, the 
blood flow in patients’ thyroid, nodules and 
their surrounding area were examined by color 
Doppler flow imaging (CDFI). All patients 
received surgical treatments correspondingly 
after the diagnosis, and the surgical pathologi-
cal examination was set as the gold standard.

Patients’ characteristics

Patients’ age, gender, course of thyroid dis-
ease, treatment history, results of color ultra-
sound and pathological diagnosis, and values 
of various indices, such as thickness, integrity 
and blood flow of the acoustic halo, were 
obtained for the study.

The nodular goiters usually contain more than 
two nodules with the following features: irregu-

lar shape, no presence of capsule or calcifica-
tion, low or mixed internal echo, no change in 
posterior echo, no enlarged peripheral lymph 
node, blood flow signal at grade 0-1, maximum 
velocity of blood flow at 26.84±11.07 cm/s and 
resistance index at 0.51±0.11.

The thyrophyma usually contains single nodule, 
with features as follows: regular shape, pres-
ence of capsule, low internal echo, no calcifica-
tion, enhanced posterior echo, no enlarged 
peripheral lymph node, blood flow signal at 
grade 0-1, maximum velocity of blood flow at 
29.09±10.23 cm/s and resistance index at 
0.54±0.05.

The thyroid cyst normally contains single nod-
ule, with regular shape, presence of capsule, 
no internal echo, no calcification, enhanced 
posterior echo, no enlarged peripheral lymph 
node and blood flow signal at grade 0.

The thyroid carcinoma usually contains single 
nodule, with irregular shape, no capsule, low or 
mixed internal echo, with or without calcifica-
tion or peripheral lymph node swelling, no 
change or attenuation in posterior echo, blood 
flow signal at 1-3 grade, maximum velocity of 
blood flow at 40.02±21.03 cm/s and resis-
tance index at 0.71±0.03.

Outcome measures

The shape, boundary, aspect ratio, internal 
echo, posterior echo, calcification and blood 
flow of thyroid were checked and the results 
were recorded. The blood flow signal of nodules 
was rated according to Adler semi quantitative 
classification [6]. Grade 0, no visible blood flow 
signal; grade 1, no more than 2 visible punctate 
blood flow signals; grade 2, one visible blood 
vessel or 3-4 punctate blood flow signals; gra- 
de 3, more than 1 visible blood vessel or more 
than 4 punctate blood flow signals. Criteria for 
defining benign and malignant nodules by 
HFCDU were based on the malignancy risk-
stratification in the guidelines for thyroid car- 
cinoma by American Thyroid Association in 
2015 [7]. According to nodules’ suspicious fea-
tures shown in image, the risk of malignancy 
can be classified into five levels: high suspicion 
of malignancy, intermediate suspicion of malig-
nancy, low-suspicion of malignancy, very low 
suspicion of malignancy and benign. The patho-
logical diagnosis was set as the gold standard. 
The accuracy, sensitivity and specificity of HF- 
CDU in the differential diagnosis were observ- 
ed for analysis.
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Statistical analysis

Statistical software SPSS 26.0 was applied  
for the data analysis. The count data were 
expressed by constituent ratio (%), and the 
comparison between groups was performed  
by X2 test; the quantitative data were present- 
ed by mean ± standard deviation, and the co- 
mparison between groups was performed by  
t test. In order to evaluate the diagnostic va- 
lue of the HFCDU, the values of the areas un- 
der the curve (AUC) were calculated from the 
receiver operating characteristic (ROC) curve. A 
value of P<0.05 was considered as statistically 
significant.

Results

Patients’ characteristics

Among the 92 patients, there were 33 mal- 
es and 59 females, who were aged 40-78 

(62.5±5.0 years). Patients’ course of disease 
lasted for 1-8 years (5.5±2.0 years). The total 
number of thyroid nodules was 107, of which 
there were 84 solitary nodules and 23 multiple 
nodules. There were 43 cases where nodules 
were at the left lobe and 64 cases at the right 
lobe. The biggest lesion was 42 mm × 37 mm × 
25 mm in size, while the smallest one was 12 
mm × 7 mm × 5 mm. Pathological results: 
There were 62 benign cases (adenoma 7, ade-
nomatous goiter 8, nodular goiter 47) and 45 
malignant cases (papillary carcinoma 37, med-
ullary carcinoma 2, follicular carcinoma 2, 
undifferentiated carcinoma 3, lymphoma 1).

The ROC curve of the HFCDU examination

The ROC curve was plotted using sensitivity as 
ordinate and 1-Specificity as abscissa, and val-
ues of AUC were calculated accordingly. The 
AUC for HFCDU in diagnosing the nature of thy-
roid nodules was 0.923, and the 95% confi-
dence interval (CI) was 0.886-0.967 (Figure 1).

Comparison of the results by HFCDU and 
pathological examination

It can be seen from the results that the sensi-
tivity, specificity, and accuracy of HFCDU were 
93.55% (58/62), 86.67% (39/45) and 90.65% 
(97/107) respectively (Table 1).

Correlation between HFCDU indices and 
pathological examination in the differential 
diagnosis of benign and malignant thyroid 
nodules

The results of HFCDU showed that there were 
statistically significant differences in the bound-
ary, size, aspect ratio, internal echo, posterior 
echo, calcification and other indices between 
benign and malignant thyroid nodules (all 
P<0.05). See Table 2, Figures 2 and 3.

Indices that are correlated with malignant 
thyroid nodules

The multi-variant logistic regression analysis 
was conducted for indices including boundary, 
shape, aspect ratio, internal echo, posterior 
echo, blood flow and presence of calcification. 
The result showed that unclear boundary, irreg-
ular shape, aspect ratio > 1, blood flow > grade 
2, and uneven internal echo were correlated 
with the thyroid nodule malignancy (Table 3).

Figure 1. The ROC curve for HFCDU in diagnosing 
benign and malignant thyroid nodules. HFCDU, high-
frequency color Doppler ultrasound.

Table 1. Comparison of results of HFCDU and 
pathological examination

HFCDU
Pathological examination

Total amount
Benign Malignant

Benign 58 6 64
Malignant 4 39 43
Total 62 45 107
Note: HFCDU, high-frequency color Doppler ultrasound.
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Discussion

The incidence and mortality rates of thyroid 
carcinoma are quite high. Most of the patients 

indicating that HFCDU combined with two-
dimensional ultrasound can deliver a quite sat-
isfactory result in terms of sensitivity and speci-
ficity, which aligned with other people’s findings 

Table 2. Comparison of ultrasound indices in benign and malignant nodules 
(n, %)
Sonographic features Malignant (n=45) Benign (n=62) X2 value P value
Boundary Clear 6 (13.33) 46 (74.19) 23.182 0.000

Unclear 39 (86.67) 16 (25.81)
Shape Irregular 38 (84.44) 29 (46.77) 8.134 0.004

Regular 7 (15.56) 33 (53.23)
Aspect ratio ≤ 1 15 (33.33) 49 (79.03) 23.578 0.000

> 1 30 (66.67) 13 (20.97)
Internal echo Even 5 (11.11) 35 (56.45) 20.075 0.000

Uneven 40 (88.89) 27 (43.55)
Posterior echo No attenuation 26 (57.78) 49 (79.03) 8.428 0.004

Attenuation 19 (42.22) 13 (20.97)
Calcification Yes 22 (48.89) 11 (17.74) 13.022 0.000

No 23 (51.11) 51 (82.26)
Blood flow Grade 0 3 (6.67) 25 (40.32) 9.254 0.007

Grade 1 8 (17.78) 19 (30.65)
Grade 2 15 (33.33) 10 (16.13)
Grade 3 19 (42.22) 8 (12.90)

Figure 2. Sonographic features of nodular goiter. A. Regular boundary of the nodule 
and low echo found by two-dimensional ultrasound; B. Blood flow signal in nodule ob-
served by color Doppler ultrasound.

Figure 3. Sonographic features of thyroid papillary carcinoma. A. Irregular boundary 
of the nodule and low echo found by two-dimensional ultrasound; B. High blood flow 
signal around nodule caught by color Doppler ultrasound.

don’t have any noti- 
ceable symptoms du- 
ring the early stage, 
and the disease is 
often discovered wh- 
en it already reaches 
middle or late stage, 
which makes the pa- 
tients miss the best 
time for the surgical 
cure [8, 9]. Therefore, 
for patients with th- 
yroid carcinoma, an 
effective early diag-
nosis and a timely 
treatment can be im- 
portant means to im- 
prove the prognosis. 
At present, ultrasou- 
nd is commonly used 
as an imaging meth-
od for differentiating 
benign and malign- 
ant thyroid nodules in 
clinic, but the con-
ventional two-dimen-
sional ultrasound te- 
chnique still has so- 
me limitations [10]. 
With the rapid devel-
opment of sonogra-
phy, HFCDU has be- 
en gaining increasing 
po-pulation in the cl- 
inical practice.

In this study, there 
were 107 nodules in 
92 patients. The pa- 
thological examinati- 
on was set as the 
gold standard, and 
the sensitivity, spe- 
cificity and accura- 
cy of HFCDU in the 
differential diagnos- 
is of benign and ma- 
lignant nodules were 
93.55%, 86.67% and 
90.65% respectively, 
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[11-15]. Meanwhile, the shape and boundary of 
benign nodules were quite different from malig-
nant ones, and there was no apparent acoustic 
halo, presence of calcification or rich blood flow 
in benign nodules as opposed to malignant thy-
roid nodule, indicating that the high-frequency 
sonographic features of these two types of thy-
roid nodules are quite clear and different. This 
might be due to the fact in thyroid carcinoma, 
the infiltrative growth in malignant tumor can 
make the boundary looked unclear and fuzzy 
(angular and microlobulated). However, since 
the sample size in the present study was rela-
tively small, research with a larger sample size 
would be necessary in the future for further 
verification. In healthy thyroid tissue, there is 
usually homogeneous low to intermediate level 
of echo, while in thyroid nodules, there can be 
abnormalities in acoustic halo, echo, calcifica-
tion and blood flow. In addition, the benign nod-
ule usually has a comparatively regular shape, 
clear boundary and little internal blood flow dis-
tribution, while the blood flow in the malignant 
one is quite high [16-18]. In recent years, there 
have been many clinical studies demonstrat- 
ing that the imaging features of the thyroid  
nodules, such as irregular shape, fuzzy bound-
ary, low internal echo, micro-calcification, rich 
blood flow, are closely related to the level of 
malignancy, which can be regarded as high-risk 
factors of malignant thyroid lesions [19-24]. 
Therefore, it can be suggested that the high-
frequency ultrasound can provide more reliable 
basis for the clinical diagnosis of benign and 
malignant thyroid nodules.

As an investigative study, there were still some 
shortcomings. First of all, the standard need to 
be further improved and refined, in order to 
avoid the overlapping of total scores of benign 
and malignant lesions and enhance the speci-

Clinically, the diagnostic accuracy can be im- 
proved by including indices such as shape, 
internal echo, calcification, posterior echo, bl- 
ood flow signal of the nodule.

Acknowledgements

This work was supported by Academic Leaders 
Project of Shanghai Pudong New Area Health 
System (PWRd2017-06); Funding for Major 
Weak Disciplines of Shanghai Pudong New 
Area Health System (PWZbr2017-10).

Disclosure of conflict of interest

None.

Address correspondence to: Yuan Zhang, Depart- 
ment of Ultrasound, Pudong New Area People’s Ho- 
spital, No.490 Chuanhuan South Road, Pudong New 
Area, Shanghai City 201200, China. Tel: +86-021-
20509000-2100; E-mail: zhangyuan694e@163.
com

References

[1] Wang H, Liu M, Yang J and Song Y. High fre-
quency ultrasound features and pathological 
characteristics of medullary thyroid carcinoma. 
Pak J Pharm Sci 2016; 29: 2269-2271.

[2] Yang ZF and Zhan WW. Diagnostic value of ul-
trasound in thyroid nodules with Hashimoto’s 
thyroiditis background. Journal of Diagnostics 
Concepts & Practice 2012; 11: 176-181.

[3] Zheng J, Xu JF, Li HF, Luo H, Peng QH and Shi 
QL. Recognition of sonographically detected 
calcification patterns and its relationship with 
thyroid cancinoma. Chinese Journal of Ultra-
sound in Medicine 2013; 29: 389-391.

[4] Ahn BC, Ahn G, Kim DH, Kim KD, Jeong SY, Lee 
SW and Lee J. Size measurement of the thyroid 
gland on a magnified pinhole thyroid scan us-
ing an ultrasonic device measuring distance 

Table 3. Indices that are correlated with thyroid 
nodule malignancy
Variant P value OR value 95% CI
Unclear boundary 0.081 1.043 0.619-2.906
Irregular shape 0.088 0.991 0.147-0.942
Aspect ratio > 1 0.004 2.816 2.736-6.002
Posterior echo 0.437 1.385 0.813-1.253
Presence of calcification 0.257 0.996 0.803-1.104
Blood flow > grade 2 0.003 2.204 1.724-6.335
Uneven internal echo 0.002 2.306 2.431-5.997
Note: CI, confidence interval.

ficity and accuracy of the diagnosis; second-
ly, a prospective study with a larger sample 
size would be necessary for further verifica-
tion; lastly, this study only investigated the 
performance of HFCDU in the diagnosis of 
thyroid nodules, while other methods were 
not involved for comparison and analysis, 
this might become a research topic for us to 
pursue in the future.

In conclusion, HFCDU can serve as a major 
method for diagnosing thyroid nodules, and 
has high value when being applied for the dif-
ferential diagnosis prior to the operation. 

mailto:zhangyuan694e@163.com
mailto:zhangyuan694e@163.com


Clinical value of high-frequency color Doppler ultrasound

2336 Int J Clin Exp Med 2018;11(3):2331-2336

from the pinhole to the thyroid gland. Ann Nucl 
Med 2015; 29: 111-117.

[5] Lin JS, Bowles EJA, Williams SB and Morrison 
CC. Screening for thyroid cancer: updated evi-
dence report and systematic review for the US 
preventive services task force. JAMA 2017; 
317: 1888-1903.

[6] Pakbaznejad Esmaeili E, Hurmerinta K, Rice D 
and Suomalainen A. Ultrasonographic localiza-
tion of the thyroid gland for its optimal shield-
ing prior to lateral cephalometric radiography: 
a pilot study. Dentomaxillofac Radiol 2016; 45: 
20150341.

[7] Cho RI, Choe CH and Elner VM. Ultrasonic 
bone removal versus high-speed burring for 
lateral orbital decompression: comparison of 
surgical outcomes for the treatment of thyroid 
eye disease. Ophthal Plast Reconstr Surg 
2010; 26: 83-87.

[8] Nam SJ, Yoo J, Lee HS, Kim EK, Moon HJ, Yoon 
JH and Kwak JY. Quantitative evaluation for dif-
ferentiating malignant and benign thyroid nod-
ules using histogram analysis of grayscale  
sonograms. J Ultrasound Med 2016; 35: 775-
782.

[9] Jung SJ and Kim DW. Ultrasonographic and cy-
topathological features of an inflammatory 
pseudonodule in the thyroid gland. Diagn Cyto-
pathol 2016; 44: 725-730.

[10] Liu MJ, Liu ZF, Hou YY, Men YM, Zhang YX, Gao 
LY and Liu H. Ultrasonographic characteristics 
of medullary thyroid carcinoma: a comparison 
with papillary thyroid carcinoma. Oncotarget 
2017; 8: 27520-27528.

[11] Leonard DS and Timon C. Prospective trial of 
the ultrasonic dissector in thyroid surgery. 
Head Neck 2008; 30: 904-908.

[12] Chen KY, Chen CN, Wu MH, Ho MC, Tai HC, Kuo 
WH, Huang WC, Wang YH, Chen A and Chang 
KJ. Computerized quantification of ultrasonic 
heterogeneity in thyroid nodules. Ultrasound 
Med Biol 2014; 40: 2581-2589.

[13] Glogovsek M, Gaberscek S and Zorman M. A 
simple graphical quantitative analysis of ultra-
sonography images to decide when to perform 
fine needle aspiration biopsy in diagnosing 
malignancy in solid thyroid nodules? A two cen-
tres prospective study. Hell J Nucl Med 2015; 
18: 25-30.

[14] Sista F, Schietroma M, Ruscitti C, De Santis G, 
De Vita F, Carlei F and Amicucci G. New ultra-
sonic dissector versus conventional hemosta-
sis in thyroid surgery: a randomized prospec-
tive study. J Laparoendosc Adv Surg Tech A 
2012; 22: 220-224.

[15] Kim SY, Lee E, Nam SJ, Kim EK, Moon HJ, Yoon 
JH, Han KH and Kwak JY. Ultrasound texture 
analysis: Association with lymph node metas-
tasis of papillary thyroid microcarcinoma. PLoS 
One 2017; 12: e0176103.

[16] Li PY, Sun H and Chen XP. Clinical value of high 
frequency ultrasonography in the detection of 
thyroid calcification in the identification of thy-
roid benign and malignant nodules. Modern 
Journal of Integrated Traditional Chinese and 
Western Medicine 2013; 22: 306-307.

[17] Zhao SJ and Zhang YP. Application of high-fre-
quency ultrasonography in differential diagno-
sis of benign and malignant thyroid nodules. 
Jilin Medical Journal 2012; 33: 2073-2074.

[18] Liu XM and Li W. Clinical values of two-dimen-
sional ultrasound and color Doppler ultra-
sound in the differential diagnosis of benign 
and malignant thyroid nodules. Chinese Jour-
nal of Medical Physics 2015; 32: 755-757.

[19] Yin GY, Min H, Zhang GH, Ren WD and Li H. The 
application value of conventional high frequen-
cy ultrasound and ultrasound elastography in 
the identification of benign and malignant thy-
roid nodule. Prog Mod Biom 2016; 16: 3894-
3897.

[20] Dan HJ. Advances in differential diagnosis of 
thyroid nodules using high-resolution ultra-
sound. Clin Focus 2016; 31: 286-288.

[21] Dong YM, Ye YM, Li HL and Liu H. Clinical ap-
plication value of High frequency color doppler 
ultrasound in the diagnosis of benign and ma-
lignant thyroid nodules. China Medicine and 
Pharmacy 2015; 5: 182-186.

[22] Kuru B, Atmaca A, Tarim IA, Kefeli M, Topgul K, 
Yoruker S, Elmali M and Danaci M. Risk factors 
associated with malignancy and with triage to 
surgery in thyroid nodules classified as Bethes-
da category III (AUS/FLUS). Eur J Surg Oncol 
2016; 42: 87-93.

[23] Tian FL, Liu CR and Yang B. High-resolution ul-
trasonography for distinguishing benign from 
malignant thyroid nodules. J Med Postgrad 
2016; 29: 841-844.

[24] Dong HX and Chen J. Observation on diagnos-
tic value of color doppler ultrasound in differ-
entiating benign and malignant thyroid lumps. 
China Medical Herald 2015; 12: 94-97.


