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Abstract
Introduction: Ultrasonography (US) and computed tomography (CT) are the
most common diagnostic modalities of cervical lymph node metastasis of
thyroid cancer, but few studies have been conducted to compare their diagnostic accuracy, with inconclusive results.
Material and methods: Multiple databases including PubMed, Springer,
EMBASE, Ovid, and the Cochrane Library were searched with the keywords
“thyroid cancer OR thyroid carcinomas”, “cervical lymph nodes”, “metastatic
OR metastasis”, and “ultrasonography OR ultrasound OR CT OR computed
tomography” in June 2018. Full-text articles comparing diagnostic accuracy
of US and CT were reviewed. Meta-analyses were conducted to estimate
sensitivity and specificity. The forest plots of sensitivity and specificity and
summary receiver operating characteristic curves (SROC) are also presented
in this article.
Results: Finally, 8 of 1785 studies which eventually met the inclusion criteria
were selected in this study. The mean sensitivities and specificities of CT in
whole and central cervical areas were 0.65, 0.56 and 0.89, 0.83, respectively,
while for US, the sensitivities and specificities were 0.58, 0.39 and 0.89,
0.91, respectively. The area under the curve (AUCs) observed of CT and US in
whole, central and lateral cervical areas were 0.79 vs. 0.79, and 0.76 vs. 0.67.
Because only a few articles were included in this study, publication bias was
not assessed.
Conclusions: The diagnostic accuracy of US and CT was comparable. The
specificity of these two methods was much higher than the sensitivity.
Key words: thyroid cancer, cervical, metastasis, diagnosis.

Introduction
For patients with papillary thyroid cancer (PTC), cervical lymph node
metastasis (LNM) is one of the most important prognostic factors and
occurs in nearly 30–90% of cervical lymph nodes located around the thyroid gland in the neck [1–3]. Despite the fact that LNM does not increase
the overall risk of mortality of PTC patients, it actually affects the possibility of local tumor recurrence [4–6]. The high rates of recurrence of PTC
suggest that many patients have cervical lymph node metastasis before
initial surgery. Moreover, if these metastases could be detected and re-
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moved promptly, both recurrence and morbidity
could be reduced [7]. LNM could affect surgical
treatment and patient management. It is vital
that clinicians evaluate cervical LNM adequately
and make treatment decisions regarding indications and extent of surgery, which are the most
contested issues in clinical management. Clinically, apparent cervical LNM may be preoperatively
detected by palpation or imaging studies, including ultrasonography (US), computed tomography
(CT), magnetic resonance imaging (MRI), and positron emission tomography (PET) [8, 9].
In the past, detection of cervical lymph node
metastasis was based primarily on palpation,
which may not be accurate. The enlarged cervical
lymph nodes may not be palpated when they are
small or located behind the sternocleidomastoid
muscles, carotid artery or jugular vein. Detection
by imaging of LNM is much more accurate than
by clinical palpation. US is one of the most common and widely used primary imaging modalities for preoperative evaluation of differentiated
thyroid cancer [10]. US can be used to guide aspiration of thyroid nodules and detect suspicious
lymph nodes, and sometimes it has been regarded as the gold standard and preferred method
for thyroid cancer. The American Thyroid Association guidelines recommend preoperative US for
lymph nodes in patients undergoing thyroidectomy after needle aspiration biopsies demonstrate
malignancy [11]. It is a simple, fast and sensitive method, and high-resolution ultrasound can
detect lymph nodes as small as 5 mm, and therefore can determine the extent of surgery [12–15].
US is a commonly recommended imaging method for evaluating LNM in patients with PTC [11],
but it has some limitations, including operator
dependency, subjectivity, and superficial examination areas. Compared with US, CT has proved
to be an accurate modality in detecting LNM of
head and neck squamous cancer [16, 17]. CT may
play a role in depicting lymph nodes in occult areas and evaluating tumor extension to adjacent
structures, which is limited in US. It could overcome the drawbacks of US, and show the location, extent and invasion of adjacent structures,
which could be used to assess metastatic probability [18].
Though several studies have explored the features and diagnostic values of US and CT of LNM
in PTC patients [19–21], only a few studies have
been conducted to compare these methods for
detecting cervical LNM, and their comparison results of diagnostic accuracy were different. The
aim of the present study was to compare the diagnostic accuracy between US and CT in the initial evaluation of cervical LNM for patients with
thyroid cancer.
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Material and methods
Search strategy
Studies on the diagnostic accuracy of US and
CT were searched comprehensively in databases
including PubMed, Springer, EMBASE, Ovid, and
the Cochrane Library from inception to June 2018.
The systematic review and meta-analysis was undertaken with no language restriction, and the
following keywords were used in the independent
and efficient searching process: 1) thyroid cancer
OR thyroid carcinomas; 2) cervical lymph nodes;
3) metastatic OR metastasis; 4) ultrasonography
OR ultrasound OR CT OR computed tomography.
The terms were assembled with the connection
symbol “AND” in searching, and to obtain the
missing relevant studies, the reference lists of
identified articles were also reviewed.

Citation selection
The titles and abstracts of the identified articles were screened independently by two of our
members (Chen YH and Zhang YQ). Then, full texts
of the studies likely to be relevant were obtained.
The studies had to meet the following inclusion
criteria: 1) A diagnostic study; 2) Comparison of
the accuracy of ultrasonography and CT; 3) Patients with thyroid cancer; 4) Full text available
on the university network; 5) All cited studies had
informed consent from each study participant and
protocol approval by an ethics committee or institutional review board.
Exclusion criteria: 1) Studies on other disease;
2) Studies with incomplete outcome data (without
original or comparable data); 3) No full text.
The included articles were determined by two
investigators together, who checked whether the
study met the above‑mentioned conditions. All
disagreements were resolved through discussion
to reach a consensus.

Data extraction
The two reviewers reviewed the full texts of the
articles independently and extracted the detailed
data. In this study, the characteristics extracted
included the name of the first author, year of publication, year of onset, time range of diagnosis,
sex distribution, age range of patients, sample
size and detection site. In this study, the extracted
parameters mainly included the true positive (TP),
true negative (TN), false positive (FP), and false
negative (FN), and the clinical utility indices (CUI)
were calculated (CUI+ = TP*TP/(TP + FN)*(TP + FP),
CUI– = TN*TN/(TN + FP)*(TN + FN)). The data extracted were determined by investigators together and if any dispute occurred, a third investigator
was asked to solve it.
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Risk of bias
We performed bias analysis to assess the quality of included articles, and the table of risk was
presented with the criteria of QUADAS-2.

Statistical analysis
The meta-analyses were performed with STATA
10.0 software. As a diagnostic test, the overall
sensitivity and specificity of US and CT, as well
as their corresponding 95% confidence intervals
(CIs), were calculated on the basis of TP, TN, FP and
FN. The forest plots of the sensitivity and specificity and the summary receiver operating characteristic curves (SROC) were also generated. In our
study, a p-value < 0.05 was considered as statistically significant.

Results
Search results
In total 1785 related studies (660 in PubMed,
350 in Springer, 273 in EMBASE, 393 in Ovid,
and 109 in the Cochrane Library; 1743 in English,
21 in Chinese, 12 in Korean, 6 in German and 3 in
French) were initially identified from the databases and reviewed in depth. Finally, 8 articles (7 in
English and 1 in Chinese) [22–30] met all the inclusion criteria. The remaining 1777 articles were
excluded due to duplication (416), irrelevant studies (574), incomplete outcome data (488), reviews
(293), or lack of the full text (6). Figure 1 shows
the flow diagram of the study search process and
the reasons for exclusion. Eight studies were included in the whole detection site of cervical
lymph nodes, and 5 of them studied the central
site and 4 studied the lateral site.

Characteristics of included studies
Detailed data of the included articles are shown
in Table I. In total, 8917 patients with thyroid cancer were included in these studies, and the nodes
in the LNM group and the no-LNM groups were
4776 and 4141, respectively. Table II shows the TP,
TN, FP, FN and CUI of each article.

Quality assessment
The risk of bias table for evaluating each study
is shown in Table III.

Results of meta-analysis
Comparison of the whole cervical area
The forest plots for the combined sensitivity
and specificity of CT and US in the whole cervical
area are shown in Figures 2 and 3, respectively.
The figures show that the sensitivity and specificity of CT were 0.65 (95% CI: 0.54–0.75) and 0.89

(95% CI: 0.73–0.96), and those of US were 0.58
(95% CI: 0.46–0.69) and 0.89 (95% CI: 0.79–0.95).
Both the sensitivities and specificities of these
two methods were comparable (p > 0.05). The
SROC that evaluated these two promising technologies for diagnosing cervical lymph nodes from
thyroid cancer are presented in Figures 4 and 5,
respectively. As shown in the figures, the area under the SROC curve (AUC) was 0.79 (95% CI: 0.75–
0.83) for CT, and 0.79 (95% CI: 0.75–0.82) for US.
No statistically significant difference in AUC was
observed between these two methods (p > 0.05).

Comparison of the central cervical area
Four of the 8 included studies examined the
central cervical area. The results are presented in
Figures 6 and 7. The sensitivity and specificity of
CT were 0.56 (95% CI: 0.38–0.72) and 0.83 (95%
CI: 0.68–0.91), respectively, and those of US were
0.39 (95% CI: 0.25–0.54) and 0.91 (95% CI: 0.77–
0.97), respectively. There was no significant difference between these two methods. Figures 8 and 9
show that the SROC and the AUCs of CT and US
were 0.76 (95% CI: 0.72–0.80) and 0.67 (95% CI:
0.63–0.71), respectively. The AUC of CT was much
larger than that of US.

Discussion
According to the results above, both CT and US
could be useful methods to diagnose LNM in the
clinic, especially in specificity. Similarly to previous
1785 initial articles identified
in database searches:
– PubMed
– Springer
– Embase
– Ovid
– Cochrane Database

1369 remained after duplicates
removed
573 excluded due to irrelevant
study
796 remained after screening
the titles and abstracts
788 excluded due to:
– incomplete outcome data
– reviews
– not full-text
8 articles remained
Figure 1. Flow diagram of study search process and
reasons for exclusion
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Whole
US
Prospective cohort study
74/328
58/9
24 to 85
2009
Yoon

February 2006 to September 2007

Whole
US
Prospective cohort study
52/58
4/16
25 to 72
2012
Seo

August 2008 to August 2011

Whole
US
Prospective cohort study
122/24
43/103
19 to 73
2018
Li

March 2016 to March 2016

Whole, central, lateral
US
Prospective cohort study
187/371
45/207
15 to 82
2013
Lee

January 2007 to May 2010

Central
US
Prospective cohort study
3826/2751
–
–
2016
Kim

January 1997 to June 2015

Whole
US
Prospective cohort study
238/351
121/468
16 to 83
2010
Choi YJ

January 2007 to December 2008

Whole, central, lateral
US
Prospective cohort study
160/192
44/255
20 to 74
2009
Choi JS

February 2006 to April 2007

Whole, central, lateral
US
Prospective cohort study
117/66
7/30
20 to 68
January 2005 to December 2005
2008
Ahn

Year of onset
Year
Study

Table I. Details of the articles included in this study

Age range

Sex distribution
(male/female)

Sample size
(LNM/no LNM)

Experimental design

Gold standard

Detection site
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studies [26, 31], our results showed that relatively
low sensitivity and high specificity of both US and
CT in preoperative detection of LNM from patients
with PTC were observed (Figures 2, 3, 6, and 7).
Theoretically, CT scans may have higher sensitivity
for detecting LNM location. The results of our meta-analyses indicated that compared with US, CT
had even comparable sensitivity and specificity in
the whole and central site. However, according to
Figures 4, 5, 8, and 9, the areas under the SROC
curve in the whole site between US and CT shows
no significant difference. But in the central cervical area, the AUC of CT was much larger than that
of US, which means that CT is superior for central
lymph node metastasis.
After the pathologic examination of the specimen, central compartment neck dissection combined with total thyroidectomy is recommended
[32]. But the use of central dissection is controversial when LNM is clinically negative, as the necessity is still not standardized clinically [33, 34]. In
our study, we did not conduct a comparison of the
lateral cervical area due to the limited number of
included articles. However, all the previous studies
[23, 27, 28] have shown that the sensitivities of
both CT and US in detecting the lateral cervical
area were higher than the sensitivities in detecting the central cervical area, while the difference
of specificity of these two methods in detecting
lateral and central cervical areas was not statistically significant. There are two possible explanations for this. Most tumors in the head and neck
metastasized to lateral lymph nodes, and studies
have mainly focused on lymph node metastasis
in the lateral area [35, 36]. The diagnostic criteria
for lateral lymph nodes may be not applicable for
the central compartment. Besides, the anatomical
complexity of the thoracic inlet and the difficulty
in reading the imaging results may also limit the
application of imaging methods in the central compartment.
Based solely on our statistical results, we recommend CT as the detection method due to its
larger AUC than US. However, the cost of CT in
examining the thyroid gland is much higher than
that of US. The patients and radiologist could
choose the appropriate detection methods considering the cost-benefit principle. In view of the
low sensitivity of both CT and US in the central
cervical area, more diagnostic studies should be
conducted to assess the accuracy of CT and US in
the central compartment, or new methods should
be found and used to diagnose the central LNM.
There are some potential limitations in this
study. First of all, high observer bias may exist for
the non-blind surgical approaches, and the perception of both surgeons and patients could influence the diagnostic results. Second, publication
bias in our study was not assessed, due to the fact
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TP

Site
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2

3
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57

245

22

0

39

39

11

9

20

FP

17

19

36

13

67

80
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156

9

37

46

19

9

27

FN

CT

326

55

13

47

267

314

2506

329

4

149

153

39

7

46

TN

0.52
Satisfactory

0.19
Poor

0.44
Poor

CUI–

0.72
Good

0.67
Good

0.47
Poor

0.64
Good

0.31
Poor

0.63
Satisfactory

0.74
Good

0.58
Satisfactory

0.62
Satisfactory

0.94
Excellent

0.7
Good

0.14
Poor

0.57
0.5
Satisfactory Satisfactory

0.25
Poor

0.37
Poor

0.33
Poor

0.27
Poor

0.82
Excellent

0.44
Poor

0.53
0.61
Satisfactory Satisfactory

0.67
Good

0.52
Satisfactory

0.63
Satisfactory

CUI+

58

36

67

52

26

78

1052

75

46

59

105

56

17

73

TP

5

6

9

12

9

21

113

27

3

38

41

9

5

14

FP

Table II. True positive (TP), true negative (TN), false positive (FP), false negative (FN), clinical utility indices (CUI)+ and CUI– of each study
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350
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1
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52
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0.74
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0.47
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0.61
Satisfactory

0.06
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0.59
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Satisfactory

0.47
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0.3
Poor
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Poor
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Satisfactory
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0.17
Poor

0.33
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Table III. Risk of bias table for this meta-analysis
Ahn

Choi JS

Choi YJ

Kim

Lee

Li

Seo

Yoon

Was a consecutive or random sample
of patients enrolled?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Was a case-control design avoided?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Did the study avoid inappropriate
exclusions?

Yes

Yes

Unclear

Yes

Unclear

Yes

Yes

Yes

Could the selection of patients have
introduced bias?

Low

Low

Low

Low

Low

Low

Low

Low

Are there concerns that the included
patients do not match the review
question?

Low

Low

Low

Low

Low

unclear

Low

Low

Were the index test results
interpreted without knowledge
of the results of the reference
standard?

No

No

No

No

No

No

No

No

If a threshold was used, was it prespecified?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Could the conduct or interpretation
of the index test have introduced
bias?

Low

Low

High

Unclear

Low

Low

Low

Low

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

Low

Low

Low

Low

Low

Low

Low

Low

Is the reference standard likely
to correctly classify the target
condition?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Were the reference standard results
interpreted without knowledge of
the results of the index test?

No

No

No

No

No

Unclear

No

No

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

Low

Low

High

Low

Low

Low

Unclear

Low

Are there concerns that the target
condition as defined by the reference
standard does not match the review
question?

Low

Low

Low

Unclear

Low

Low

Low

Low

Was there an appropriate interval
between index test(s) and reference
standard?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Did all patients receive a reference
standard?

Yes

Yes

Yes

Yes

Unclear

Yes

Yes

Yes

Did all patients receive the same
reference standard?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Were all patients included in the
analysis?

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Could the patient flow have
introduced bias?

Low

Low

Low

Low

Low

Low

Low

Low

that few articles were included, and the limited
numbers of patients as well as articles included in
our study would affect the quality and the results
of the study (Table III). Also, because of the lack
of stage information of thyroid carcinoma, the accuracy of the US and CT could be affected. Furthermore, in our study, there may be some information bias, resulting from devices changes in the
wide time range of onset in included studies, and
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images changes of the different or blinded radiologist. In clinical practice, regular instrument maintenance and calibration, standardized training of
radiologists and unified standard of diagnosis are
necessary to reduce the information error.
In conclusion, the results of our meta-analysis
demonstrated comparable diagnostic accuracy of
US and CT. The specificity of both these methods
was much higher than the sensitivity. More sen-

Arch Med Sci

Diagnostic potential of ultrasonography and computed tomography in differentiating cervical lymph node metastasis of thyroid cancer:
a systematic review and meta-analysis
Study ID
		

Sensitivity
(95% CI)

Study ID
		

Specificity
(95% CI)

Yoon/2009

0.77 [0.66–0.86]

Yoon/2009

0.99 [0.98–1.00]

Seo/2012

0.63 [0.49–0.76]

Seo/2012

0.95 [0.86–0.99]

Li/2018

0.70 [0.62–0.78]

Li/2018

0.54 [0.33–0.74]

Lee/2013

0.57 [0.50–0.64]

Lee/2013

0.85 [0.81–0.88]

Choi YJ/2010

0.34 [0.28–0.41]

Choi YJ/2010

0.94 [0.91–0.96]

Choi JS/2009

0.71 [0.64–0.78]

Choi JS/2009

0.80 [0.73–0.85]

Ahn/2008

0.77 [0.68–0.84]

Ahn/2008

0.70 [0.57–0.80]

Combined		
0.65 [0.54–0.75]


Q = 116.81,
df = 6.00

p < 0.001
I2 = 94.86
[92.37–97.36]
0.30.9
Sensitivity

Combined

0.89 [0.73–0.96]


Q = 146.64,

df = 6.00

p < 0.001
I2 = 95.91
[94.05–97.76]
0.31.0
Specificity

Figure 2. Forest plot for the combined sensitivity and specificity of CT in the whole cervical area

Study ID
		

Sensitivity
(95% CI)

Study ID
		

Specificity
(95% CI)

Yoon/2009

0.78 [0.67–0.87]

Yoon/2009

0.98 [0.96–1.00]

Seo/2012

0.69 [0.55–0.81]

Seo/2012

0.90 [0.79–0.96]

Li/2018

0.55 [0.46–0.64]

Li/2018

0.63 [0.41–0.81]

Lee/2013

0.42 [0.35–0.49]

Lee/2013

0.94 [0.91–0.96]

Choi YJ/2010

0.32 [0.26–0.38]

Choi YJ/2010

0.92 [0.89–0.95]

Choi JS/2009

0.66 [0.58–0.73]

Choi JS/2009

0.79 [0.72–0.84]

Ahn/2008

0.62 [0.53–0.71]

Ahn/2008

0.79 [0.67–0.88]

Combined

0.58 [0.46–0.69]

Combined

0.89 [0.79–0.95]


Q = 101.94,
df = 6.00

p < 0.001
I2 = 94.11
[91.13–97.10]
0.30.9
Sensitivity


Q = 115.50,
df = 6.00

p < 0.001
I2 = 94.81
[92.27–97.34]
0.41.0
Specificity

Figure 3. Forest plot for the combined sensitivity and specificity of US in the whole cervical area
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1.0

1.0

7

7

1
2

5

6

4

Sensitivity

Sensitivity

6

0.5

2
1
5

0.5
4

3

3

0

0
1.0

0.5
Specificity
Observed data
Summary operating point
SENS = 0.65 [0.54–0.75]
SPEC = 0.89 [0.73–0.96]
SROC curve AUC = 0.79 [0.75–0.83]
95% Confidence contour
95% Prediction contour

0

Figure 4. Summary receiver operating characteristic curves (SROC) of CT in the whole cervical area
Study ID
		

Sensitivity
(95% CI)

1.0

0.5
Specificity
Observed data
Summary operating point
SENS = 0.58 [0.46–0.69]
SPEC = 0.89 [0.79–0.95]
SROC curve AUC = 0.79 [0.75–0.82]
95% Confidence contour
95% Prediction contour

0

Figure 5. Summary receiver operating characteristic curves (SROC) of US in the whole cervical area
Study ID
		

Specificity
(95% CI)

Kim/2016

0.39 [0.37–0.40]

Kim/2016

0.91 [0.90–0.92]

Lee/2013

0.41 [0.32–0.50]

Lee/2013

0.90 [0.86–0.93]

Choi JS/2009

0.67 [0.57–0.75]

Choi JS/2009

0.79 [0.73–0.85]

Ahn/2008

0.72 [0.53–0.86]

Ahn/2008

0.44 [0.20–0.70]

Combined

0.56 [0.38–0.72]

Combined

0.83 [0.68–0.91]


Q = 48.43,
df = 3.00
 p < 0.001
I2 = 93.81
[89.37–98.25]


Q = 66.19,
df = 3.00
 p < 0.001
I2 = 95.47
[92.50–98.43]

0.30.9
Sensitivity

0.21.0
Specificity

Figure 6. Forest plot for the combined sensitivity and specificity of CT in the central cervical area
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Study ID
		

Sensitivity
(95% CI)

Study ID
		

Specificity
(95% CI)

Kim/2016

0.27 [0.26–0.29]

Kim/2016

0.96 [0.95–0.97]

Lee/2013

0.23 [0.16–0.32]

Lee/2013

0.97 [0.94–0.99]

Choi JS/2009

0.53 [0.43–0.63]

Choi JS/2009

0.80 [0.73–0.85]

Ahn/2008

0.55 [0.36–0.73]

Ahn/2008

0.69 [0.41–0.89]

Combined

0.39 [0.25–0.54]

Combined

0.91 [0.77–0.97]


Q = 47.35,
df = 3.00
 p < 0.001
I2 = 93.66
[89.09–98.24]
0.20.7
Sensitivity


Q = 120.13,
df = 3.00

p < 0.001
I2 = 97.50
[96.14–98.86]
0.41.0
Specificity

Figure 7. Forest plot for the combined sensitivity and specificity of US in the central cervical area

1.0

1.0

1

Sensitivity

Sensitivity

2

0.5
43

2

0.5

1

4
3

0

0
1.0

0.5
Specificity
Observed data
Summary operating point
SENS = 0.56 [0.38–0.72]
SPEC = 0.83 [0.68–0.91]
SROC curve AUC = 0.76 [0.72–0.80]
95% Confidence contour
95% Prediction contour

Figure 8. Summary receiver operating characteristic curves (SROC) of CT in central cervical area

0

1.0

0.5
Specificity
Observed data
Summary operating point
SENS = 0.39 [0.25–0.54]
SPEC = 0.91 [0.77–0.97]
SROC curve AUC = 0.67 [0.63–0.71]
95% Confidence contour
95% Prediction contour

0

Figure 9. Summary receiver operating characteristic curves (SROC) of US in the central cervical area
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sitive methods are required to detect LNM in the
central neck.
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