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Abstract: This meta-analysis aimed to identify the accuracy of contrast-enhanced ultrasonography (CEUS) on the
diagnosis of thyroid nodules. PubMed, Chinese Biomedical Medical databases (CNKI), Wan Fang (Chinese), and
EBSCO database were searched from inception through April 15, 2015 without language and geographic restric-
tions. MetaDisc version 1.4 software was applied for this meta-analysis. We calculated the summary statistics for
sensitivity (Sen), specificity (Spe), positive and negative likelihood ratio (LR+/LR-), diagnostic odds ratio (DOR), and
receiver operating characteristic (SROC) curve. Twenty-five eligible studies were included in this meta-analysis. A
total of 424 in 1154 nodules is malignant thyroid tumors. After all thyroid lesions were histologically confirmed by
CEUS, the pooled Sen was 0.88 (95% confidence interval [Cl] 0.85-0.91); the pooled Spe was 0.90 (95% CI 0.88-
0.92). The pooled positive LR+ was 8.69(95% ClI 5.78-13.09); the pooled negative LR- was 0.15 (95% Cl 0.12-0.19).
The pooled DOR of CEUS in the diagnosis of thyroid nodules was 63.18 (95% ClI 37.82-105.53). The area under
the SROC curve was 0.946 (standard error [SE] = 0.010). Our meta-analysis indicates that CEUS may have high
accuracy in diagnosis the difference between benign and malignant thyroid nodules. US is a traditional tool in the
diagnosis thyroid nodules. However, with the development of science and technology, the emerging of CEUS signifi-
cantly improve accuracy in the diagnosis thyroid nodules.
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Introduction

Thyroid nodules are a common clinical prob-
lem. The prevalence of thyroid nodules is high
in recent years, and approximately 8% of them
may be an indicator of malignant nodules [1].
With the development of high-frequency ultra-
sound (US) imaging techniques, the detection
rate of thyroid diseases has greatly been
improved [2]. In spite of conventional US, as the
preferred imaging method for diagnosing thy-
roid diseases, is inexpensive, worldwide avail-
able, non-invasive, no radiation and provides
information regarding the characteristics asso-
ciated with nature of thyroid nodules, such as
margins, echogenicity, presence of microcalcifi-
cation, and vascular flow. However, the US’s key
limitation is weak in the differentiation benign
from malignant nodules. In order to improve the
accuracy in the diagnosis of thyroid nodules, a

large number of methods for detection of thy-
roid nodules are assessed, such as Color-
Doppler ultrasound (CDUS), Elastosonography,
Contrast-enhanced ultrasound (CEUS) and so
on. While CEUS has been used as an effective
technique to improve the sonographic diagno-
sis of pseudocapsules in thyroid nodules, which
is dynamic enhancement patterns of focal thy-
roid nodules immediately. CEUS has been intro-
duced for diagnostic imaging in the renal, liver,
heart, pancreas, trauma, and several other
organs, which is based on employs microbub-
ble contrast agents and complementary har-
monic pulse sequences and ultrasound [3]. And
CEUS can provide much better characterization
of focal thyroid nodules than conventional US
and the real-time of it has been widely applied
to differentiate malignant from benign thyroid
nodules in recent years. Some studies have
proved the value in diagnosis of CEUS for thy-
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roid nodules [4-6]. However, few studies have
analyzed the accuracy of CEUS in differentiat-
ing benign and malignant thyroid nodules.
Therefore, present meta-analysis was objeced
to identify the accuracy of contrast-enhanced
ultrasonography (CEUS) on the diagnosis of thy-
roid nodules.

Methods
Literature search

PubMed, Chinese Biomedical Medical databas-
es (CNKI), Wan Fang (Chinese) and EBSCO
databases were searched from inception
through April 15, 2015 without language and
geographic restrictions. The search terms
include ultrasound, contrast-enhanced ultraso-
nography, ultrasound contrast imaging, CEUS,
thyroid nodules, diagnostic accuracy, Meta-
analysis or QUADAS. Literature review and man-
ual search method were applied to prevent
missing the literature. Two authors carried out
the process of the literature retrieval. Any dis-
agreement was resolved by a final consensus.

Selection criteria

The inclusion criteria for the current meta-anal-
ysis were as follows: (1) The clinical cohort
study or diagnostic test was designed in the
studies; (2) CEUS was used in differential diag-
nosis between malignant and benign thyroid
nodules; (3) All thyroid nodules were diagnosed
by CEUS firstly, then by pathologic diagnosis;
and (4) Studies must conclude data for estimat-
ing sensitivity (Sen.), specificity (Spe), positive
and negative likelihood ratio (LR+/LR-), diag-
nostic odds ratio (DOR), and receiver operating
characteristic (SROC) curve. If the study could
not meet the above following inclusion criteria,
it would be excluded. We chose the latest and
largest data when the studies existed repeat
data.

Data extraction

Two observers were extracted data carefully
from all included studies by using a standard-
ized form. The following information was
extracted: the first author’s surname, publica-
tion year of article, geographical location, lan-
guage of publication, ethnicity, sample size,
gender (males/females), mean age, instru-
ment, contrast agent, “gold standard”, etc. And

12883

we have collected True positive (TP), true nega-
tive (TN), false positive (FP), and false negative
(FN) in the fourfold (2x2) tables. The group of
ethnicity was classified as Asian, European,
Oceania.

Quality assessment

The quality of diagnostic accuracy studies
(QUADAS) tool [7] was applied to evaluate the
quality of the studies included in this meta-
analysis by two researchers assess indepen-
dently. Study design-related issues and the
validity of the study results are assessed by the
QUADAS tool which contained 14 items. And
scored as following: “yes” = 2, “no” = 0O,
“unclear” = 1. Range of QUADAS score was 0 to
28; and when score over 22 presents a good

quality.
Statistical analysis

We analyzed the forest plots and summary
receiver operating characteristic (SROC) curves
using freeware Meta-DiSc, version 1.4 (Uni-
versidad Complutense, Madrid, Spain) soft-
ware. The pooled summary statistics for sensi-
tivity (Sen.), specificity (Spe), positive and nega-
tive likelihood ratio (LR+/LR-), and diagnostic
odds ratio (DOR) with their 95% confidence
intervals (Cls) was calculated. We obtained the
summary receiver operating characteristic
(SROC) curve and the corresponding area under
the curve (AUC) [8]. The Spearman correlation
coefficients were assessed to test the thresh-
old effect. And we used the Cochran’s Q-statistic
and I° test to judge potential heterogeneity
between studies [9]. The I? statistic represent-
ed the percentage of total variation contributed
by a between-study variation ranging from 0%
to 100%. If I>’>50% was indicated to be repre-
sentative of statistically significant heterogene-
ity, then random effects model (the Mantel-
Haenszel method) was used. If not, fixed-
effects model (the Der-Simonian and Laird
method) was applied [10]. For our original anal-
ysis, we limited meta-analysis to trials judged to
be of low risk of bias.

Results
Study characteristics

Initially, one hundred and thirty potentially rele-
vant articles were identified. After reviewing
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Table 1. Characteristic of case-control studies included in the study

- Sample size Gender  Age Contrast 2x2 table UADAS
Author Year Country Languag-e Ethnicity Malign-ant Benign (M/F) (yeirs) Instrume-nt agent TP FP TN FN Qscore
Jiang T [11] 2013 China Chinese Asian 31 64 4/38 45 Mylab Sonovue 28 5 3 59 22
Li M [12] 2011  China Chinese Asian 34 48 27/55 42 Siemens  SonoVue 31 3 3 45 21
Lin SB [13] 2012 China Chinese Asian 68 96 54/110 42 Siemens SonoVue 62 6 6 90 21
Zhang HL [14] 2013 China Chinese Asian 12 85 14/83 51.2 Siemens  SonoVue 11 2 1 83 23
Chen LB [15] 2013 China Chinese Asian 47 53 8/34 50.3 Siemens  SonoVue 43 15 4 38 22
Xu YB [16] 2013 China Chinese Asian 59 33 27/65 454 Siemens  SonoVue 54 4 5 29 20
Liu ZW [17] 2015 China Chinese Asian 53 73 42/84  41.6 Siemens SonoVue 47 7 6 66 22
Zhao Y [6] 2010 China Chinese Asian 17 22 6/31 41.1 GE SonoVue 16 3 1 19 20
Pan JS [18] 2013  China Chinese Asian 17 72 10/71 427 - SonoVue 13 2 4 70 22
Cantisani V [19] 2013 Italy Chinese European 19 34 13/35 494 AplioXG  SonoVue 15 3 4 31 25
Nemec U [20] 2012 Australia  Chinese Oceania 11 31 10/36 52.1 Philips SonoVue 8 5 3 26 26
Deng J [21] 2014 China Chinese Asian 56 119 42/104 46.3 Siemens  SonoVue 46 18 10 101 23
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Records identified through database searching
PubMed (n=39), CNKI (n=22) Wan Fang (n=11)
and EBSCO (n=7)

ative LR- was 8.69 (95% CI
5.78-13.09) and 0.15 (95% CI
0.12-0.19), respectively. The

A
57 articles

Articles excluded consisting of 22
repeated articles

pooled DOR of CEUS in the
diagnosis of thyroid nodules
was 63.18 (95% CI37.82-

48 articles

By reading title or abstract, total 9
articles were eliminated (5 were
reviews: 4 animal models)

105.53) (Figure 3). The area
under the SROC curve was
0.946 (standard error [SE] =

0.010) (Figure 4).

25 articles

By reading the full text, total 23
articles were eliminated (3 without
control groups; 20 was did not
provide sufficient data)

Discussion

Figure 1. Flow chart for literature screening.

these articles, 22 repeated articles were
excluded, 4 articles were excluded for animal
study, 5 systematic reviews were excluded, 3
studies did not establish control group, and 20
articles were excluded because they did not
provide sufficient data for this study. Finally,
25studies included in our study, and a total of
12 case-control studies’ data were identified,
including 1154 samples (424 cases and 730
controls). All these studies were published from
1986 to 2014. The characteristics of included
studies are showed in Table 1. The selection
process of eligible articles are showed in Figure
1.

Atotal of 424 in 1154 nodules is malignant thy-
roid tumors. We preformed the sonographic
contrast agent SonoVue by Intravenous admin-
istration in including studies. As a whole, seven
studies were used Siemens ultrasound, two
studies were used Phillips ultrasound and GE
ultrasound, respectively, and three studies
were used others brands.

Quantitative data synthesis

Due to the significant heterogeneity among the
studies, so we choose the random effects
model. Diagnostic accuracy of CEUS was mea-
sured as pooled Sen (Spe, LR+ and LR- (Figure
2). Our meta-analysis disclosed that the pooled
Sen was 0.88 (95% CI 0.85-0.91); the pooled
Spe was 0.90 (95% Cl 0.88-0.92). There is no
threshold effect that there was no significant
correlation (r=-0.067, P=0.837) between sen-
sitivity and specificity. Furthermore, we
observed that the pooled positive LR+ and neg-
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Previous studies reported that
a separate nodule noticed on
ultrasound examination was
missed on palpatory examina-
tion [22]. Common clinical
practice chose the US to screen patients with
suspected thyroid nodules firstly, because it's
relatively inexpensive, worldwide available,
non-invasive, lack of radiation and so on. But
US is not a high degree of confidence in diag-
nosing or excluding malignancy thyroid nodules
[23], With the development of science and
technology, microbubble contrast agents were
employed for US, then CEUS has emerged and
gradually matured for diagnosing thyroid nod-
ules [24]. Several early studies have implied
that assessing nodules vascularity is essential
in diagnosing nodules features [25]. Finding a
valid modality to characterize the nodule lesion
is necessary to differentiate malignant form
benign nodules. Several recent studies indicat-
ed that CEUS is more accurate than other tradi-
tional inspections in detection and character-
ization nodules [4, 20]. But CEUS is less accu-
rate than pathological diagnosis relatively.In
this meta-analysis pathological diagnosis is
used as golden criterion that means absolutely
exact accuracy. Therefore, CEUS just as an aux-
iliary diagnosis, before the pathological diagno-
sis is employed in differential diagnosis malig-
nant form benign thyroid nodules. CEUS is still
widely used in clinical practice but the accuracy
of CEUS has controversy. So we made meta-
analysis to systematically evaluate the accura-
cy of CEUS for differential diagnosis between
benign and malignant thyroid nodules in our
study.

A comprehensive and reliable conclusion on
the accuracy of CEUS in the diagnosis of thyroid
nodules was provided by our study. This Meta-
analysis absorbed 12 independent studies
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Figure 3. Forest plot of DOR of CEUS for the diagnosis of thyroid nodules.
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Figure 4. SROC curve for the accuracy of CEUS in the diagnosis of thyroid nod-

ules.

including 1003 thyroid nodules patients. The
results showed that the pooled Sen, Spe, and

DOR of CEUS in the diagnosis of thyroid nod-

ules were 88, 90 and 63.18%, respectively. In
summary, our results demonstrate that CEUS
might have high accuracy for diagnosing thyroid
nodules. So CEUS may be a good tool for dif-
ferential diagnosis between benign and malig-
nant thyroid nodules and plays an important
role in predicting prognosis of thyroid nodules
patients. Our results demonstrated that there
was no significant correlation between Sen and
Spe in the meta-analysis.
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Heterogeneity exist- manuscript.

Acknowledgements

ed in early individual stud-
ies, but we were not car-
ried out subgroup analy-
ses. As a whole, our find-
ing strongly suggests that
CEUS is a high accuracy in
qualitative diagnosis of
thyroid nodules, which is
consistent with early stu-
dies.

Limitations and strengths

There are some limitations
in this meta-analysis.
Firstly, our results indicat-
ed to be representative of
statistically significant het-
erogeneity due to relative-
ly low-quality included
studies. Secondly, it exists
some subjects’ selection
bias in retrospective stud-
ies. In additions, the reli-
ability and validity are
adversely affected in our
results due to the majority
of included studies origi-
nated from China.

Conclusions

The meta-analysis implies
that CEUS may have high
accuracy in differential
diagnosis between benign
and malignant thyroid
nodules. Therefore, CEUS
may be a good tool for the
diagnosis of thyroid nod-
ules. However, further
detailed studies are still

required to confirm our finding due to the limita-
tion mentioned above.
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