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Abstract

Background: Papillary thyroid carcinoma is the most common thyroid carcinoma worldwide. Key Words

Papillary thyroid carcinoma metastasis to the cervical region increases the probability of » papillary thyroid

local or regional recurrence and the requirement for further surgery. Contrast-enhanced carcinoma

ultrasound has been suggested as a possible adjunct diagnostic technique for evaluating » cervical lymph node
metastasis

papillary thyroid carcinoma metastatic lymph nodes in several studies. This meta-analysis
aims to evaluate the diagnostic accuracy of contrast-enhanced ultrasound for cervical
lymph nodes metastatic in papillary thyroid carcinoma patients.

» contrast-enhanced
ultrasound

» meta-analysis

Methods: A search for studies evaluating the role of contrast-enhanced ultrasound for
assessing cervical lymph nodes metastatic in papillary thyroid carcinoma patients from
January 2000 to May 2022 was performed in PubMed, Embase, OVID, and Web of Science
databases. The Quality Assessment of Diagnostic Accuracy Studies 2 evaluated the quality
of the studies. All analyses were performed using Review Manager 5.3 and Stata 17.0.
Results: A total of seven articles were finally included in this study. Perfusion type,
enhancement homogeneous, hilum absent, and perfusion defect were involved in the
meta-analysis as the standard of contrast-enhanced ultrasound, among which, perfusion
type showed the best diagnostic performance. The pooled estimated sensitivity,
specificity, positive likelihood, negative likelihood ratio, and diagnostic odds ratio of
perfusion type in contrast-enhanced ultrasound for detecting lymph node metastasis
were 0.95 (0.91, 0.97), 0.87 (0.69, 0.96), 7.51 (2.80, 20.14), 0.06 (0.03, 0.10), and 124.17

(42.78, 360.46), respectively. Heterogeneity was moderate.
Conclusion: The perfusion type in contrast-enhanced ultrasound has good diagnostic
performance for cervical lymph nodes metastasis in papillary thyroid carcinoma patients.
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Introduction

Papillary thyroid carcinoma (PTC) is the most common
thyroid carcinoma, accounting for 84% of all thyroid
cancers (1). The majority of PTCs have a low tumor growth
rate and a favorable prognosis, but few of them are highly
invasive, presenting with cervical lymph node metastasis
(CLNM) and extracapsular extension. The conventional

approach in situations of CLNM involvement is central/
lateral compartment neck dissection in addition to
thyroidectomy (2). PTC metastasis to the cervical region
increases the probability of local or regional recurrence
and the requirement for further surgery (3). The cervical
soft tissue adhesions and ruined normal architecture make
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the second surgery for the postoperative CLNM difficult.
As a result, preoperative lymph node metastatic detection
is critical for surgical strategy selection (4).

In individuals with PTC, conventional ultrasound
(US) examination was the preferred preoperative
examination. Because the standard US has a high
prevalence of false negatives for metastatic lymph
nodes, new objectives and precise approaches are
needed to predict CLNM in patients with PTC. Contrast-
enhanced ultrasound (CEUS) is a new tool that reflects
the microvascular conditions inside tumors and offers
new ways for thyroid cancer differential diagnosis (5,
6). Previous research has shown that CEUS can help
distinguish between benign and malignant thyroid
nodules and can detect external thyroidal extension more
accurately than conventional US (5, 7). CEUS has been
suggested as a possible adjunct diagnostic technique for
evaluating PTC metastatic lymph nodes in several studies
(8,9, 10, 11).

Our review found many studies investigating the
CLNM with CEUS by dynamic phase features in the thyroid
nodules but not the lymph node. So we carried out a
meta-analysis to compare the feature patterns of the
lymph node. Although we incorporated seven studies,
the indicators used to assess the diagnostic value of CEUS
in the included studies were inconsistent. There is no
generally accepted indicator in the diagnostic field of
the lymph node. We believe there is a need to conduct a
comprehensive-updated systematic review and meta-
analysis to synthesize the evidence on this important
topic. To address this, we carried out a meta-analysis to
compare the diagnostic efficacy of these approaches. To
our knowledge, this is the first research to focus on
analyzing the diagnostic accuracy of different indicators of
CEUS for evaluating PTC metastatic lymph nodes.

Methods
Literature search strategy

A systematic search for eligible studies was undertaken
using relevant keywords on PubMed, Embase, OVID,
and Web of Science from January 2000 to May 2022.
The keywords ‘contrast-enhanced ultrasound’, ‘thyroid’,
and ‘lymph node’ were combined with the Boolean
operators ‘AND’ and ‘OR’ to search the literature. No
restrictions on the language of publication existed in the
literature search. To increase the retrieval's specificity and
sensitivity, the author should check through the list of

recovered references for other retrieval procedures that
have not been found in comparable studies.

Study selection

We included articles that met the following inclusion
criteria:

1. pTC patients who were diagnosed with or without
CLNM;

2. study outcomes with the following available data:
true positive, false positive, false negative, and true
negative;

3. patientsin whom the diagnosis of CLNM was based on
the gold standard: pathological diagnosis;

4. full text was available.

We excluded the study for the following reasons:

1. studies that did not meet the inclusion criteria;
2. relevant results were not reported or cannot be used;
3. review, abstract, or duplicate publication.

Data extraction

A panel of two reviewers independently screened all titles
and abstracts identified by a literature search, obtained
full-text documents that may meet the inclusion criteria,
assessed their eligibility, and extracted the following
data from each eligible study: first author’s name, year
of publication, country of origin, language, sample size,
patient’s age, reference standard, and primary outcome
(true positive, false positive, false negative, and true
negative). The basic characteristics of the included
literature are shown in Table 1.

Quality assessment

Two reviewers assessed the quality of individual trials
using the diagnostic accuracy study quality assessment-
2(QUADAS-2) criteria recommended by the Cochrane
Diagnostic Test Accuracy Working Group. There were 14
standards in QUADAS-2, which were evaluated one by
one with ‘yes’, ‘no’, or ‘unclear’. Any differences in domain
assignments were resolved by consensus.

CEUS indicators

The indicators involved were

enhancement homogeneous,

perfusion
hilum

type,
absent, and
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The gold standard for lymph

node assessment
Surgical pathology

Studies design
Prospective

Contrast
agent
SonoVue

Siemens Acuson
S3000
GE LOGIQ E9

Instrument

Age (year)
NA

Sample size
201

Language
English

Country
China

Year of
publication

2022

Table 1 Characteristics of the included studies and patients.

Study
Fang

Surgical pathology
Surgical pathology

Prospective

Sonazoid
SonoVue

39.1+11.3
42.9+15.3

2022 China English 34
134

ei

Luo

Retrospective

Mindray Resona

China English

2020

Y Yu et al.

Surgical/core needle biopsy

pathology

4711 £13.87 GE LOGIQ E9 SonoVue Retrospective

2020 China English 55

Chen

Surgical/core needle biopsy
pathology or cytology

Surgical pathology

Surgical pathology

Retrospective

Prospective
Prospective

SonoVue
SonoVue
Sonazoid

Esaote MyLab
Twice
iU22 Philip

GE LOGIQ E9

49.5+13.8
39.9+10.9

English 319
English 190 44.37 +13.88
English 4

China
China
China

2017
2021
2021

Hong
Liu
i
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perfusion defect. The enhancement patterns were intense
or moderate homogeneous enhancement, heterogeneous
enhancement with a local perfusion defect, or none.
Perfusion types were classified as centrifugal or
centripetal. Centrifugal perfusion was defined as a
contrast agent filling from a central vessel to the
peripheral region. Centripetal perfusion was defined as
a contrast agent filling from the periphery to the central
region. Hilum absent was defined as the hilum not
enhanced perfused by the contrast agent. Perfusion defect
was defined as an absent perfusion area in the lymph node
and was distinguished as present or absent.

Statistical analysis

Meta-analysis was performed using Review Manager 5.3
and Stata 17.0. A bivariate random-effects model was used
for summary estimates of sensitivity and specificity with
95% CIs. We also derived the diagnostic odds ratio (DOR),
positive likelihood ratio (PLR), negative likelihood ratio
(DLR), and summary receiver operating characteristic
curve (SROC) from the pooled estimates. SROC curves
and the area under the curve (AUC) obtained from
the fitted bivariate random effects model were used to
summarize the overall test performance. The chi-square
test and I? statistics were used to test the heterogeneity. If
2 < 50% and P < 0.05, the homogeneity of the included
literature was considered to be good and the fixed-effects
model was used; if 12 > 50% or P > 0.05, it was considered
that there was heterogeneity between the studies, the
random effects.

Results
Search process

A total of 292 studies were identified by database search.
One hundred and sixteen duplicates were removed after
careful reading. Twenty studies meeting the inclusion
criteria were identified. Among the remaining 176, 156
were further excluded due to different research designs
(case reports/ abstract/letters) or irrelevant to the
topic. Finally, 20 studies meeting the inclusion criteria
were identified. Thirteen studies were excluded due to
incomplete data, no standard reference or irrelevant
studies (not about lymph node). Finally, seven studies
were included in this meta-analysis (8, 9, 10, 11, 12,
13, 14). Further information about the search process
and inclusion and exclusion criteria was shown in Fig. 1.
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Records identified through Additional records identified
database searching through other resource
(n=292) (n=0)

Duplicates removed
(n=116)

Records screened
(n=176)

l Records excluded(n=156)

Reviews and meta-analysis: n= 14
Case reports/Abstract/Letters: n=9
Irrelevant to study topic: n=133

|

Studies included in synthesis

Full-text articles excluded with
Irrelevant studies( not about lymph

No standard reference: n=1
Incomplete data for calculation: n=2

Full-text articles assessed
for eligibility — _
(n=20) reasons(n=13)
J node): n=10

quantitative(meta-analysis)
(n=7)

[Included] [ Eligibility ] [Screening] {identiﬁcation]

The final assessment results consider the quality and risk
of bias of each study acceptable.

Characteristics of studies

The descriptive characteristics of the included studies are
listed in Table 1. The studies were published between 2017
and 2022. Four studies enrolled patients prospectively
and three were retrospective. The sample size in each
study ranged from 12 to 266. Contrast agents varied
across studies, with five using Sonovue and two Sonazoid.
Reference standards varied among studies, with five
using surgical pathology, one surgical/core needle biopsy
pathology, and one surgical/core needle biopsy pathology
or cytology.

Quality assessment

According to QUADAS-2, the quality assessment of the
included articles was independently evaluated by two
reviewers (15). When the two reviewers did not agree
on the result, the final result would be determined by
discussion. If discrepancies exist, a third researcher would
independently perform proofreading. Discrepancies were
further discussed to achieve a high level of an agreement
if necessary. The overall quality assessment was shown in
Fig. 2.

Diagnostic performance of different indicators in
the CEUS

The studies included in our meta-analysis by different
indicators were listed in Table 2. The detailed analysis

Figure 1
Search results and flow chart of the meta-analysis.

by perfusion type, enhancement homogeneous, hilum
absent, and perfusion defect was shown respectively
(Fig. 3 and Table 3). The perfusion type subgroup
expressed higher sensitivity, specificity, AUC, and
DOR than the other three indicators used in CEUS for
evaluating CLNM.

The pooled sensitivity and specificity of perfusion
type were 0.95 (0.91, 0.97) and 0.87 (0.69, 0.96),
respectively. The AUC of perfusion type in CEUS was 0.96
(0.94, 0.98). PLR, NLR, and DOR of perfusion type were
7.51 (2.80, 20.14), 0.06 (0.03, 0.10), and 124.17 (42.78,
360.46), respectively.

Rregarding enhancement homogeneous, the pooled
sensitivity, specificity, and AUC were 0.83 (0.70, 0.91),
0.60 (0.51, 0.68), and 0.73 (0.69, 0.77) respectively. PLR,
NLR, and DOR of perfusion type were 2.07 (1.76, 2.45),
0.28 (0.17,0.47), and 7.33 (4.23, 12.72), respectively.

With respect to hilum absent, the pooled sensitivity,
specificity, and AUC were 0.77 (0.68, 0.84), 0.63
(0.44, 0.78), and 0.78 (0.74, 0.81), respectively. The
corresponding PLR, NLR, and DOR were 2.05 (1.33-3.14),
0.37 (0.27-0.51), and 5.48 (2.85-10.53), respectively.

And one more indicator, perfusion defect, was
conducted in the analysis. The sensitivity, specificity,
and AUC of perfusion defect in CEUS were 0.95 (0.89,
0.98), 0.57 (0.52, 0.61), and 0.91 (0.88, 0.93). PLR, NLR,
and DOR of perfusion defect were 2.19 (1.96-2.46), 0.08
(0.04-0.20), and 26.32 (10.51-65.91), respectively.

Publication bias and heterogeneity test

Deeks' funnel plot asymmetry test revealed no asymmetry
in perfusion type, enhancement homogeneous, hilum
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Figure 2
Methodological assessment of studies included
on the QUADAS-2 tool. QUADAS-2 is the quality of
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absent, and perfusion defect (P values of 0.61, 0.73, 0.74,
and 0.98, respectively) which revealed that there was no
possible publication bias in the pooled analysis in all the
analysis by all the indicators (Fig. 4).

Discussion

PTC metastasis to the cervical region increases the
probability of local or regional recurrence and the
requirement for further surgery (3). Early accurate
diagnosis of CLNM is crucial for the selection of
treatment for PTC patients. Thus, a significant challenge
for clinicians is to identify those lymph nodes harboring
a clinically relevant malignancy. Ultrasound is currently
the most commonly used diagnostic method for CLNM
of PTC. However, ultrasound is subjective and easily
leads to a missed diagnosis or misdiagnosis (16, 17).
CEUS is an accurate imaging method in the evaluation
of lymph node status, thus influencing the choice of
further examinations, as well as being useful in obtaining
an immediate and faster diagnosis which is used in the
lymph node related to solid tumors and diffuse large B-cell
lymphoma (18), cervical tuberculous lymphadenitis (19).
Our review found many studies investigating the CLNM

study quality assessment-2.

by assessing the features of the primary thyroid tumor.
So we carried out a meta-analysis to compare the feature
patterns of the lymph node itself.

The present meta-analysis of the literature aimed to
assess and determine the value of CEUS in the study of
PTC metastatic lymph nodes and its possible applications
in everyday clinical practice, generalizing the results in
the use of CEUS for the diagnosis and characterization of
PTC metastatic lymph nodes. Although we incorporated
seven studies, the indicators used to assess the diagnostic
value of CEUS in the included studies were inconsistent.
The index in CEUS to assess CLNM in the research was not
certain and sole. So one of the crucial goals of our research
is to determine the suitable indicator of CEUS for assessing
CLNM in PTC patients. To address this, we carried out a
meta-analysis to compare the diagnostic efficacy of these
approaches. To our knowledge, some of these dimensions
have not been discussed in relevant meta-analysis (20).
In the meta-analysis grouped by different indicators,
the diagnostic accuracy in the analysis by perfusion type
was the highest revealing a pooled sensitivity, specificity,
and AUC of 0.95 (0.91, 0.97), 0.87 (0.69,0.96), and 0.96
(0.94, 0.98), respectively. The analysis by perfusion type
supported a great capability of CEUS to characterize and
distinguish the metastatic lymph node from the normal
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Table 2 Results of analysis based on different indicators.

Author Year TP FP FN TN

Perfusion type Fang 2022 136 21 5 39
Luo 2020 11 32 29

Chen 2020 21 6 0 24

Hong 2017 72 3 5 107

Enhancement Hong 2017 8 76 27 130
homogeneous Liu 2021 92 20 36 42
Wei 2021 23 16 1 8

Hong 2017 105 57 21 132

Fang 2022 123 34 10 34

Luo 2020 25 35 17 57

Hilum absent Hong 2017 8 76 27 130
Liu 2021 106 6 60 18

Wei 2021 31 8 5 4

Fang 2022 143 14 34 10

Chen 2020 26 3 4 22

Perfusion defect = Hong 2017 32 130 1 156
Wei 2021 37 2 1 8

Wei 2022 25 1 0 8

Luo 2020 6 54 2 72

FN, false negative; FP, false positive; TN, true negative; TP, true positive.

ones, thus allowing correct management of PTC. The
heterogeneity observed across the studies was moderate.
The sensitivity and specificity of perfusion type were the
highest among the four indicators involved in our analysis.
Perfusion defect is an indicator with high sensitivity

A 9 SROC with Prediction & Confidence Contours B
K - " ’
%—f - PXad :
-
o  __.--

-
-
Pras
-

Sensitivity
o
o
2
Sensitivity
o
(5]

and low specificity leading to overtreatment due to the
increased false-positive results, which indicated that
perfusion defect is not a suitable indicator in CEUS.

CEUS can also be used to show clear visualization
differences in the vascularization patterns of benign
and malignant CLN, with one of the most common
US-B-Mode criteria for malignancy being the absence
of the hilus sign. An explanation for the absence of
conclusive CEUS results could be the large amount
of metastatic CLN with partial which
understandably has an influence on the quantitative
determination of the vascularization patterns and

necrosis,

parametric assessment of whole-lesion perfusion.
Although metastatic CLN may differ optically
from benign CLN, the software only registers

the amount of contrast-enhanced bubbles and
the perfusion pattern appearing in the region of
interest. This imbalance of necrosis and different inflow
characteristics influences the post-processing analysis.
That might explain why the sensitivity and specificity
of Hilum Absent are not high and the size of the lymph
node may influence the CEUS type. Despite areas of in
larger CLNs tend to have necrosis which was manifested
as perfusion defect in CEUS, while smaller CLNs potentially
have full contrast enhancement without necrotic areas.
We suggested lymph node size should be considered in
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Figure 3
SROC for CEUS in the diagnosis of CLNM in PTC

patients by (A) perfusion type, (B) enhancement
homogeneous, (C) hilum absent, and (D) perfusion
defect. SROC, summary receiver operating
characteristic curve; CEUS, contrast-enhanced
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Table 3 Diagnostic performance of CEUS by perfusion type, enhancement homogeneous, hilum absent, and perfusion defect

for the detection of CLNM from PTC patients.

PLR (95% Cl) DOR (95% Cl)

Sensitivity (95% Cl)  Specificity (95% Cl)

AUC (95% Cl)

NLR (95% Cl)

Index

7.51(2.80-20.14) 124.17 (42.78-360.46)

Perfusion type
Enhancement
homogeneous
Hilum absent
Perfusion defect

0.95(0.91-0.97)
0.83(0.70-0.91)

0.77 (0.68-0.84)
0.95 (0.89-0.98)

0.87 (0.69-0.96)
0.60 (0.51-0.68)

0.96 (0.94-0.98)
0.73(0.69-0.77)

0.06 (0.03-0.10)
0.28 (0.17-0.47)

2.07 (1.76-2.45)

7.33(4.23-12.72)

0.63 (0.44-0.78)

0.78 (0.74-

5.48 (2.85-10.53)

2.05(1.33-3.14)
26.32(10.51-65.91)

2.19(1.96-2.46)

0.37(0.27-0.51)
0.08 (0.04-0.20)

0.81)

0.57 (0.52-0.61)

0.91 (0.88-0.93)

AUC, area under the curve; CEUS, contrast-enhanced ultrasound; CLNM, cervical lymph node metastasis; DOR, diagnostic odds ratio; NLR, negative
likelihood ratio; PLR, positive likelihood ratio; PTC, papillary thyroid carcinoma.

the further study of CEUS. This might be the reason that
perfusion defect and enhancement homogeneous have
low diagnostic accuracy rate.

As shown in the analysis, no standard indicator
of CEUS was used in the diagnostic field of the lymph
node. Although a meta-analysis on a similar topic
was performed in the same year, these reviews failed to
analyze the pooled studies by different indicators and
to obtain a conclusion to suggest a reliable indicator for
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CEUS. The main study outcome was based on the four
indicators we included. Actually, some other parameters
were used in the studies included or the studies excluded.
The data were limited to performing a pooled study to

evaluate these parameters.

Our meta-analysis demonstrated that CEUS is a
non-invasive method of CLNM in PTC patients with a
relatively high-diagnostic sensitivity and specificity. The
potential source of heterogeneity between studies may

Deeks' Funnel Plot Asymmetry Test
pvalue = 0.73
4 (0]
° O sty
_____ Regression
Line
o]
[0}
08
7 ®
[ I
3 I
8 I
= I
I
I
121 I
I
|
I
I
|
141 |
. © T )
0 i 10 1000
Diagnostic Odds Ratio
Deeks' Funnel Plot Asymmetry Test
pvalue = 0.98
| (o] Study
i [ Regression
: Line
|
|
12 |
|
—~ I
@ |
@ I
= |
‘g 14 |
= |
- |
I
I
16 |
|
|
|
|
! e
© 1
1000

T T
1 100
Diagnostic Odds Ratio

Deeks’ funnel plot asymmetry test for CEUS in the diagnosis of CLNM in PTC patients by (A) perfusion type, (B) enhancement homogeneous, (C) hilum
absent, and (D) perfusion defect. CEUS, contrast-enhanced ultrasound; CLNM, cervical lymph node metastasis; PTC, papillary thyroid carcinoma.
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be the demographic characteristic of participants, study
design, type of contrast agent, and type of equipment.
Some limitations should be considered in this meta-
analysis. We believe the main one is the small number
of studies and patients included. Additionally, the
criteria of the levels in the indicators related to CEUS are
not objective, and most of the studies included do not
give details which may lead to inconsistency between
different studies. Concerning further research, detailed
and specific evaluation criteria in the measurement of
perfusion type should be listed in the further research
of CEUS.
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