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Background: Conventional ultrasound and contrast-enhanced ultrasound (CEUS) are commonly used 
in the diagnosis of benign and malignant thyroid nodules. However, the value of the two methods in the 
diagnosis of benign and malignant thyroid nodules remains controversial.
Methods: PubMed, Medline, EBSCO, Science Direct, Cochrane Library, China National Knowledge 
Infrastructure (CNKI) database and manual journal retrieval were searched from January 2000 to January 
2022, to include research on conventional ultrasound or CEUS in the diagnosis of benign and malignant 
thyroid nodule related clinical studies. Meta-analysis was conducted using RevMan5.3 and Stata Corp to 
analyze the sensitivity and specificity of conventional ultrasound and CEUS in the diagnosis of benign and 
malignant thyroid nodules with 95% confidence interval (CI) as indicators. Heterogeneity of the results was 
evaluated by Q test and I2 in RevMan5.3. Deek’s method was used to evaluate publication bias.
Results: A total of 1,378 nodules were included in 11 literatures, including 535 malignant thyroid nodules 
and 843 benign thyroid nodules. Heterogeneity tests conducted for CEUS diagnostic sensitivity of the 6 
included literatures indicated that there was no heterogeneity among the study groups [Q=2.05, degree of 
freedom (df) =5.00, I2=0.00%, P=0.84]. The combined sensitivity was 0.87, with 95% confidence interval 
(CI): 0.82 to 0.90. Heterogeneity tests on the diagnostic specificity of CEUS of the six included literatures 
suggested that there was heterogeneity among the different study groups (Q=14.27, df =5.00, I2=64.96%, 
P=0.01). The combined specificity was 0.84 (95% CI: 0.78 to 0.89). Heterogeneity tests performed on 
the sensitivity of five conventional ultrasound diagnosis articles revealed that there was heterogeneity 
among different study groups (Q=13.62, df =4.00, I2=70.64%, P=0.01). The combined sensitivity was 0.86 
(95% CI: 0.78 to 0.92). Heterogeneity tests on the specificity of conventional ultrasound diagnosis in five 
included literatures indicated that there was heterogeneity among different study groups (Q=16.94, df =4.00, 
I2=76.39%, P=0.00). The combined specificity was 0.84 (95% CI: 0.75 to 0.90). There was no bias in the 
included literature.
Discussion: The sensitivity of CEUS in the diagnosis of benign and malignant thyroid nodules was 
slightly higher than that of conventional ultrasound, which provides a reference for the clinical diagnosis of 
benign and malignant thyroid nodules.
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Introduction

The thyroid is often included in routine clinical health 
examinations, and the detection rate of thyroid diseases is 
increasing each year, with thyroid nodules being the most 
prevalent thyroid diseases. In addition, there is an increasing 
incidence of thyroid nodules in younger patients. Thyroid 
disease is 8 times more common in women compared to 
men (1-3). Thyroid lesions are mostly benign, presenting as 
nodular goiter and thyroid tumors. However, a small number 
of thyroid nodules are malignant lesions, with the majority 
being thyroid cancers. In adults, thyroid nodules occur 
about 45–56% of the time, of which 5.0–6.5% are thyroid 
cancers. Thyroid carcinoma can be classified into four 
types according to pathological features, namely, follicular 
carcinoma, papillary carcinoma, medullary carcinoma, 
and undifferentiated carcinoma (4-7). Thyroid nodules 
are usually insidious, with no obvious clinical symptoms 
and can be easily missed. Clinical scientific examination is 
particularly important for effective diagnosis. In addition, 
there are significant differences in surgical methods, resection 
scope, and postoperative management between benign and 
malignant thyroid nodules. Accurate preoperative assessment 
of benign and malignant nodules can provide accurate 
guidance for treatment. Therefore, in clinical practice, 
the differential diagnosis of benign and malignant thyroid 
nodules has become a widespread concern (8,9).

Clinically, there are a variety of methods to distinguish 
between benign and malignant thyroid nodules, including 
ultrasound, computer scanning technology, and nuclide 
scanning. Conventional ultrasound examination has 
many advantages, such as safety, low costs, simple to use, 
repeatable, and no radioactivity, and thus, has been widely 
used in clinical practice (10-12). Conventional ultrasound 
images of thyroid malignant nodules are characterized 
by irregular shape, unclear edge, non-uniformity, 
microcalcification, low echo, and aspect ratio greater than  
1 (13). However, conventional ultrasound has great 
limitations in the diagnosis of clinically complicated 
benign and malignant thyroid nodules. For example, 
it is often difficult to determine small thyroid cancers, 
multiple nodules, and benign and malignant nodules using 
conventional ultrasound images. When thyroid glial cysts are 
accompanied by intracystic bleeding, or if benign nodules 
calcify or automate hematoma, or when thyroid cystic 
solid nodules develop into “zombie nodules”, conventional 
ultrasound images often cannot correctly diagnose the 
condition. In addition, ultrasound features of some thyroid 

nodules are not obvious. In such cases, conventional 
ultrasound techniques do not meet clinical needs (14-16).

Contrast-enhanced ultrasound (CEUS) is a new 
ultrasonic diagnostic technology, which has a great 
application prospect in the diagnosis of benign and 
malignant thyroid nodules (17,18). Unlike conventional 
ultrasound, CEUS can reveal not only morphological 
changes, but also functional features of the thyroid (19). 
CEUS makes use of the gas-liquid interface generated by 
contrast agent microbubbles to enhance doppler signals 
to fully display the specific characteristics of tumor blood 
vessels. Furthermore, the distribution of the contrast agent 
can be observed in various thyroid lesions in real time 
(20,21). Among all organs in the human body, the thyroid is 
one of the endocrine organs with abundant blood perfusion. 
When patients undergo CEUS examination, the normal 
thyroid gland parenchyma shows a uniform enhancement 
pattern (22). When thyroid nodules appear, the difference 
between the CEUS mode and normal thyroid parenchyma 
is enhanced. During the growth and formation of benign 
and malignant thyroid nodules, abundant new blood vessels 
are formed, which can be distinguished from the blood 
perfusion pattern of normal thyroid tissues. In addition, 
compared with benign thyroid nodules, the degree of 
differentiation of newly formed vascular endothelial cells 
in malignant nodules is lower, the connections between 
cells are not as tight, and the terminals of the blood vessels 
are open. Therefore, CEUS can be used to differentiate 
between benign and malignant thyroid nodules according 
to their various pathological features (23-25). However, 
some studies pointed out that partial volume effect is 
enhanced due to the occurrence of small nodules in CEUS 
diagnosis of thyroid nodules. The false-negative diagnosis 
was caused by the absence of prominent neovascularization 
in micropapillary carcinoma and the degeneration that 
may reduce the vascular density of nodules resulting in 
the loss of contrast media (26,27). At the same time, some 
malignant nodules (medullary carcinoma and lymphoma) 
have equal or high enhancement and are often confused 
with benign nodules. Inflammatory nodules cause damage 
to surrounding tissues and blood vessels, resulting in low 
enhancement of nodular fibrosis. Nodules accompanied by 
Hashimoto are mainly fibrotic, with massive destruction 
of blood vessels and low enhancement of CEUS. The 
influence of the above factors will lead to false positive 
results of thyroid nodules diagnosed by EUS. Therefore, at 
present, the value of CEUS in the diagnosis of benign and 
malignant thyroid nodules is still controversial, and whether 
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its diagnostic value is superior to conventional ultrasound 
needs to be verified by many samples.

A meta-analysis was performed on the published 
literature examining the use of conventional ultrasound and 
CEUS for the diagnosis of thyroid nodules. The diagnosis 
and prediction ability of the two ultrasonic diagnosis 
methods for thyroid malignant nodules was systematically 
evaluated and compared. We present the following 
article in accordance with the PRISMA-DTA reporting 
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-22-254/rc).

Methods

Literature searching

Relevant literatures published in PubMed, MEDLINE, 
EBSCO, Science Direct, Cochrane Library, and CNKI 
were identified using the following keywords: “contrast 
enhanced ultrasound”, “conventional ultrasound”, 
“diagnosis”, “thyroid nodules”, “benign”, and “malignant”. 
Relevant literatures published between January 2000 and 
January 2022 were manually searched in professional 
journals to avoid omissions, and the literatures were 
searched for human subjects.

In the retrieval process, the combination of subject words 
and free words was used several times to obtain references 
that can be included. The search engines were then used 
to track down each document. The quality of the included 
literature was assessed using RevMan 5.3 provided by the 
Cochrane Collaboration.

Literature inclusion and exclusion criteria

The following inclusion criteria were applied: (I) ambiguous 
diagnostic study on benign and malignant thyroid nodules; 
(II) histopathological diagnosis by surgery or acupuncture 
was used as the gold standard; (III) patients were adults 
older than 18 years; (IV) the true positive, false positive, 
false negative, and true negative values of diagnosis could be 
obtained directly or indirectly in the study; (V) the sample 
size in the study was more than 30 cases.

The following exclusion criteria were applied: (I) case 
reports, reviews, meetings, letters, etc.; (II) histopathological 
features were not used as the gold standard in the study; 
(III) literatures with less than 30 subjects; and (IV) 
literatures with insufficient data to determine the diagnostic  
indicators.

Data extraction

Two professionals used a unified Microsoft Excel (Microsoft, 
USA) spreadsheet to independently conduct literature 
screening and data extraction. The results were cross-
checked and any disagreements were resolved through 
discussion. The extracted data included the following: (I) 
the general information of included studies such as title, first 
author, and publication year; (II) the basic characteristics 
of the research study, such as sample size and detection 
method; (III) the test results of the diagnostic indicators; 
and (IV) the detection rate of thyroid malignant nodules in 
each study and the data (sensitivity and specificity) used to 
determine the accuracy of the test.

Literature evaluation criteria

The Quality Assessment Tool for Diagnostic Accuracy 
Studies (QUADAS) was adopted to evaluate the included 
studies. For each included literature, the quality evaluation 
was carried out and rated as “yes”, “no”, or “unclear”. 
Meeting this criterion was “yes”, not meeting or not 
mentioned was “no”, failure to acquire information from the 
literature was “unclear”. The studies were rated based on 
their risk of bias and applicability to the research questions. 
Applicability and bias risk were considered “low”, “high”, 
or “unclear”. If there was a dispute, it should be resolved 
through discussion. 

Statistical analysis

RevMan 5.3 (Cochrane, USA) and Stata Corp (Stata Corp, 
USA) were used for statistical analyses. The risk bias of 
the included references was assessed using the bias risk 
assessment map. The sensitivity and specificity of different 
ultrasonic diagnosis methods were analyzed, and the 
sensitivity and specificity were quantitatively combined 
to draw the combined summary receiver operating 
characteristic (SROC) curve. The sensitivity and specificity 
of conventional ultrasound and the CEUS detection 
methods were calculated and compared and expressed 
with a 95% confidence interval (CI). Heterogeneity was 
assessed across studies using the Q test and heterogeneity 
test (I2). If heterogeneity existed, the random-effects model 
was used for meta-analysis. If heterogeneity did not exist, 
the fixed-effects model was used for meta-analysis. Deek’s 
method was used to evaluate publication bias. Funnel plots 
of different diagnostic indicators were used to test potential 

https://gs.amegroups.com/article/view/10.21037/gs-22-254/rc
https://gs.amegroups.com/article/view/10.21037/gs-22-254/rc
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Figure 1 The document retrieval process.
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publication bias, and sensitivity analysis was performed. 
The forest map was output by the software, which extracted 
95% CI and P of the results to judge the results of meta-
analysis. P<0.05 was considered statistically significant.

Results

Search results and basic information of the documents

A total of 178 articles were obtained through database 
retrieval (n=134) and manual journal retrieval (n=44). There 
were 2 repeated papers, 43 unqualified papers, and 8 papers 
which were excluded for other reasons. From the remaining 
81 papers, a reading of the abstracts and titles resulted in 
the elimination of 12 articles. A further 43 research reports 
and review articles were eliminated, resulting in 26 articles 
from databases and 44 articles from manual journal retrieval 

remaining. All the remaining papers were read in full text, 
and 12 literatures from database retrieval and 5 articles from 
manual journal retrieval with incorrect research types were 
excluded. Another 3 articles from database retrieval and 3 
articles from manual journal retrieval were excluded as the 
required diagnostic results were incomplete or unavailable. 
The research object was not thyroid nodules in 2 articles 
from database retrieval and 1 article from manual journal 
retrieval were also excluded. Finally, 11 articles (28-38) were 
included in this meta-analysis. Figure 1 shows a flow chart 
of literature retrieval process.

The basic information of the literatures was extracted 
by reading the contents of the publications. In the 11 
included literatures, there were 1,378 thyroid nodules 
in total, including 535 malignant thyroid nodules and 
843 benign thyroid nodules. The sample sizes of the 11 
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Table 1 The basic information of the included literatures

First author
Publication 

year
Number of 

nodules
Number of malignant 

nodules
Number of benign 

nodules
Diagnostic method

Deng (28) 2014 175 56 119 CEUS

Jin (29) 2017 74 34 41 CEUS

Li (30) 2015 80 50 30 CEUS

Liu (31) 2019 131 72 59 Conventional ultrasound

Li (32) 2015 103 53 50 Conventional ultrasound

Shuzhen (33) 2012 291 66 225 Conventional ultrasound

Wang (34) 2019 102 27 75 Conventional ultrasound

Wu (35) 2016 96 4 92 CEUS

Zhang (36) 2010 104 51 53 CEUS

Zhao (37) 2019 117 57 60 CEUS

Zhao (38) 2015 102 63 39 Conventional ultrasound

CEUS, contrast-enhanced ultrasound.

included studies ranged from 77 to 291. The 11 articles 
described in detail the diagnostic indicators of thyroid 
malignant nodules by conventional ultrasound and CEUS, 
with the histopathological diagnosis obtained by surgery or 
acupuncture as the gold standard. The quality evaluation 
of the 11 included papers showed that 8 articles were grade 
A (72.72%), 1 was grade B (9.10%), and 2 were grade C 
(18.18%). Table 1 shows the basic characteristics of the 
included literatures. The risk bias evaluation chart of 
references was drawn using RevMan 5.3 (Figure 2). Figure 3 
is a summary of risk bias in the references.

Heterogeneity evaluation 

The heterogeneity of the two diagnostic methods in the 
included literature was evaluated. The heterogeneity results 
of CEUS diagnosis showed that there was no heterogeneity 

in sensitivity and heterogeneity in specificity among the 
studies (I2=0, 64.96%). The heterogeneity of conventional 
ultrasound diagnosis showed that there was heterogeneity in 
sensitivity and specificity among studies (I2=70.64, 76.39%). 
There was high heterogeneity between the data of the two 
examination methods, so the random effects model was used 
for analysis and constructing the SROC curve.

Meta-analysis of CEUS diagnosis

A total of 6 included articles (28-30,35-37) analyzed the 
diagnostic results of CEUS. Figure 4 is a forest plot of the 
sensitivity and specificity of the individual CEUS studies 
and the aggregate of the studies. The diagnostic sensitivity 
of CEUS was tested for heterogeneity and no heterogeneity 
was detected among the study groups [Q=2.05, degree of 
freedom (df) =5.00, I2=0.00%, P=0.84]. The combined 

High Unclear Low

Patient selection 

Index test 

Reference standard 

Flow and timing

0% 25% 50% 75% 100%
Risk of bias

0% 25% 50% 75% 100%
Applicability concerns

Figure 2 The evaluation chart of risk bias in the included literature.
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sensitivity was 0.87, 95% CI: 0.82 to 0.90. The lowest 
sensitivity was 0.75, 95% CI: 0.19 to 0.99, and the highest 
sensitivity was 0.89, 95% CI: 0.78 to 0.96. Heterogeneity 
testing on the diagnostic specificity of CEUS of the 6 
included literatures indicated that there was heterogeneity 
among the different study groups (Q=14.27, df =5.00, 
I2=64.96%, P=0.01). The combined specificity was 0.84, 
95% CI: 0.78 to 0.89. The lowest specificity was 0.66, 95% 
CI: 0.49 to 0.80, and the highest specificity was 0.92, 95% 
CI: 0.82 to 0.98. Figure 5 shows the SROC curve of CEUS. 
The closer the SROC curve is to the upper left corner of 
the image, the greater the area under the SROC curve and 
the higher the diagnostic accuracy. The CEUS diagnosis 
results demonstrated that the proportion of false negatives 
and false positives was low, and the diagnostic accuracy was 
relatively high.

Meta-analysis of conventional ultrasound diagnosis

A total of 5 included articles (31-34,38) analyzed the 
diagnostic results of conventional ultrasound. Figure 6 
shows a forest plot of the sensitivity and specificity of 

individual and aggregate studies of conventional ultrasound. 
The heterogeneity test on the sensitivity of 5 conventional 
ultrasound diagnosis articles showed that there was 
heterogeneity among different study groups (Q=13.62, 
df =4.00, I2=70.64%, P=0.01). The combined sensitivity 
was 0.86, 95% CI: 0.78 to 0.92. The lowest sensitivity 
was 0.74, 95% CI: 0.54 to 0.89, and the highest sensitivity 
was 0.94, 95% CI: 0.86 to 0.98. Heterogeneity testing 
for the specificity of conventional ultrasound diagnosis 
in the 5 included literatures indicated that there was 
heterogeneity among different study groups (Q=16.94, df 
=4.00, I2=76.39%, P=0.00). The combined specificity was 
0.84, 95% CI: 0.75 to 0.90. The lowest specificity was 0.64, 
95% CI: 0.47 to 0.79, and the highest specificity was 0.93, 
95% CI: 0.84 to 0.98. Figure 7 shows the SROC curve 
of conventional ultrasound. The closer the SROC curve 
is to the upper left corner of the image, the greater the 
area under the SROC curve and the higher the diagnostic 
accuracy. The conventional ultrasonic diagnosis results 
showed that the proportion of false negative and false 
positive was low, and the diagnostic accuracy was relatively 
high.

Sensitivity analysis

Sensitivity analysis was conducted by changing the analysis 
model. Meta-analysis results showed that there was no 
significant change in the summary results of different 
analysis models, indicating that the included literatures had 
good stability.

Discussion

In recent years, the incidence of thyroid nodules has shown 
an increasing trend, with the age of onset being younger. 
The incidence of thyroid nodules is about 45–56%, of 
which about 5.0–6.5% are malignant thyroid nodules. 
Thyroid cancer can be classified into four types according to 
pathological features, namely, follicular carcinoma, papillary 
carcinoma, medullary carcinoma, and undifferentiated 
carcinoma (39). For benign and malignant thyroid nodules, 
there are significant differences in surgical methods, 
resection scope, and postoperative management during 
treatment. Accurate preoperative assessment of benign and 
malignant thyroid nodules can provide accurate guidance 
for treatment. Therefore, it is very important to use 
accurate and effective diagnostic methods for the follow-up 
treatment of thyroid nodules.
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Figure 3 A summary diagram of the risk bias evaluation of the 
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Figure 5 The SROC curve of CEUS. SROC, summary receiver 
operating characteristic; CEUS, contrast-enhanced ultrasound; 
AUC, area under curve; SENS, sensitivity; SPEC, specificity.

Figure 4 A forest plot showing the sensitivity and specificity of individual and aggregate CEUS studies. CI, confidence interval; df, degree of 
freedom; CEUS, contrast-enhanced ultrasound.

Conventional ultrasound, as the most basic examination 
method, has many advantages. In the Guidelines for 
the Diagnosis and Treatment of Thyroid Nodules and 
differentiated Thyroid Cancer, it is recommended that 
all patients with thyroid nodules be diagnosed by routine 
ultrasound. Conventional ultrasound images of thyroid 
malignant nodules are characterized by irregular shape, 
unclear edge, non-uniformity, microcalcification, low echo, 
aspect ratio greater than 1, etc. This diagnostic method has 
been widely used in clinical practice. However, for multiple 
nodules and benign and malignant nodules, conventional 
ultrasound examination has certain limitations, often 
resulting in missed diagnosis and misdiagnosis (40-42).  
CEUS, as a new ultrasonic diagnosis technology, 
has gradually become more popular. The degree of 
differentiation of newly formed vascular endothelial cells 
in malignant nodules is generally low. Furthermore, the 
connection between cells is not tight, which is manifested 
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Figure 6 A forest plots showing the sensitivity and specificity for individual and aggregate studies of conventional ultrasound. CI, confidence 
interval; df, degree of freedom.

Figure 7 The SROC curve of conventional ultrasound. SROC, 
summary receiver operating characteristic; AUC, area under curve; 
SENS, sensitivity; SPEC, specificity.

by the open end of blood vessels and other features. CEUS 
can detect these pathologies for diagnosis. However, to date, 
there is no unified evaluation standard for CEUS. It has 
been reported that this new ultrasonic diagnostic method 
has high sensitivity and specificity. Therefore, the current 
published literatures regarding conventional ultrasound and 
CEUS diagnosis of thyroid nodules were included in this 
meta-analysis. The diagnosis and prediction ability of these 
two ultrasonic diagnostic methods for thyroid malignant 
nodules were systematically evaluated and compared 
through meta-analysis. 

A total of 11 literatures were included, including 5 
conventional ultrasound studies. The diagnostic sensitivity 
of conventional ultrasound was tested for heterogeneity and 
the results indicated that there was heterogeneity among 
different study groups. The combined sensitivity was 0.86, 
95% CI: 0.78 to 0.92. The lowest sensitivity was 0.74, 95% 
CI: 0.54 to 0.89, and the highest sensitivity was 0.94, 95% 
CI: 0.86 to 0.98. Heterogeneity tests for the specificity 
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of conventional ultrasound diagnosis in the 5 included 
literatures showed that there was heterogeneity among the 
different study groups. The combined specificity was 0.84, 
95% CI: 0.75 to 0.90. The lowest specificity was 0.64, 95% 
CI: 0.47 to 0.79, and the highest specificity was 0.93, 95% 
CI: 0.84 to 0.98. The heterogeneity tests for diagnostic 
sensitivity of CEUS revealed that there was no heterogeneity 
among the study groups. The combined sensitivity was 
0.87, 95% CI: 0.82 to 0.90. The lowest sensitivity was 
0.75, 95% CI: 0.19 to 0.99, and the highest sensitivity was 
0.89, 95% CI: 0.78 to 0.96. Heterogeneity tests on the 
diagnostic specificity of CEUS of the 6 included literatures 
indicated that there was heterogeneity among different 
study groups. The combined specificity was 0.84, 95% 
CI: 0.78 to 0.89. The lowest specificity was 0.66, 95% CI: 
0.49 to 0.80, and the highest specificity was 0.92, 95% CI: 
0.82, to 0.98. Comparison of the specificity and sensitivity 
of the two types of thyroid nodule ultrasound revealed 
that the combined specificity of CEUS studies was similar 
to that of conventional ultrasound, while its sensitivity 
was slightly higher than that of conventional ultrasound. 
In addition, the area under the SROC curve reflected the 
diagnostic value of the method. The greater the area under 
the curve, the higher the diagnostic value. In this study, 
the area under the curve of the two-thyroid ultrasound 
diagnostic methods was greater than 0.7, indicating that 
both had high diagnostic value. The area under the curve 
of conventional ultrasound was more than 0.9, indicating 
that it had very high diagnostic value. This was not 
consistent with the study by Radzina et al. (2021) (43),  
and the reasons for this may be as follows: there were few 
cases of multi-source nodules in the included studies; and 
thyroid nodules were typical.

In summary, the ability of conventional ultrasound and 
CEUS to diagnose benign and malignant thyroid nodules 
was evaluated in this meta-analysis, providing evidence-
based recommendations for clinical practice guidelines. In 
clinical studies, conventional ultrasound is utilized as the 
basis of diagnosis, and CEUS is performed to accurately 
evaluate complex situations, providing a more accurate 
reference for subsequent treatments.

Conclusions

In this meta-analysis, literatures related to the diagnosis 
of benign and malignant thyroid nodules by conventional 
ultrasound and CEUS were evaluated with the aim of 
determining the accuracy of different ultrasound methods 

in the diagnosis of benign and malignant thyroid nodules. 
The meta-analysis results confirmed that the combined 
specificity of CEUS studies was similar to that of 
conventional ultrasound, while its sensitivity was slightly 
higher than that of conventional ultrasound. However, the 
potential of CEUS in the differential diagnosis of benign 
and malignant thyroid gland requires the development of a 
unified diagnostic criteria. At the same time, more samples 
and higher quality studies are needed for further in-depth 
investigation to provide more accurate and effective basis 
for clinical practice.
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