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Objective: To evaluate the ultrasonography (US) features for diagnosing metastasis in cervical lymph nodes (LNs) in patients
with thyroid cancer and compare the US classification of risk of LN metastasis between European and Korean guidelines.
Materials and Methods: From January 2014 to December 2018, US-guided fine-needle aspiration was performed on 836 LNs
from 714 patients for the preoperative nodal staging of thyroid cancer. The US features of LNs were retrospectively reviewed
for the following features: size, presence of hilum, margin, orientation, cystic change, punctate echogenic foci (PEF), large
echogenic foci, eccentric cortical thickening, abnormal vascularity, and cortical hyperechogenicity. A multiple logistic regression
analysis was performed to identify the independent US features for the diagnosis of metastatic LNs. The diagnostic performance
of independent US features was subsequently evaluated. LNs were categorized according to the Korean Thyroid Imaging
Reporting and Data System (K-TIRADS) and European Thyroid Association (ETA) guidelines, and the correlation between the
two sets of classifications was assessed.

Results: Absence of the hilum, presence of cystic changes, PEF, abnormal vascularity, and cortical hyperechogenicity were
independent US features of metastatic LNs. Cystic changes, PEF, abnormal vascularity, and cortical hyperechogenicity showed
high specificity (86.8%-99.6%). The absence of the hilum had the highest sensitivity yet low specificity (66.4%). When LNs
were classified according to the ETA guidelines and K-TIRADS, they yielded similar categorizations of malignancy risks and
were strongly correlated (Spearman coefficient, 0.9766 [95% confidence interval, 0.973-0.979]). According to the ETA
guidelines, 9.8% (82/836) of LNs were classified as “not specified.”

Conclusion: Absence of hilum, cystic changes, PEF, abnormal vascularity, and cortical hyperechogenicity were independent
US features suggestive of metastatic LNs in thyroid cancer. Both K-TIRADS and the ETA guidelines provided similar risk
stratification for metastatic LNs with a high correlation; however, the ETA guidelines failed to classify 9.8% of LNs into a
specific risk stratum. These results may provide a basis for revising LN classification in future guidelines.
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INTRODUCTION prognosis [1]. However, DTCs manifest as regional lymph
node (LN) metastases at the time of diagnosis in 30%-80%
Differentiated thyroid carcinoma (DTC) is the most of cases [2-5]. The accurate preoperative diagnosis of
common malignant thyroid tumor, with an excellent LN metastasis is important for patients with DTCs to
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determine the optimal surgical extent and reduce persistent
or recurrent disease and reoperation complications [6].
Moreover, LN metastasis is an important prognostic

factor; particularly, lateral LN metastasis increases the

risk of locoregional recurrence and decreases the rate of
disease-free survival among patients with papillary thyroid
carcinoma [1,4,7,8].

Ultrasonography (US) is the most sensitive method for
the detection of metastatic LNs. Several US features have
been used to differentiate metastatic LNs from benign LNs,
including size enlargement, absence of fatty hilum, round
shape, hyperechoic cortical change, calcification, cystic
change, and abnormal vascularity on Doppler imaging [9-16].
Recently, several guidelines for thyroid cancer have defined
suspicious LNs in the assessment of DTC [17-19]. The Korean
Thyroid Imaging Reporting and Data System (K-TIRADS),
proposed by the Korean Society of Thyroid Radiology/Korean
Thyroid Association, and the European Thyroid Association
(ETA) guidelines for cervical US scans have categorized LNs
into three groups. However, the US features corresponding
to each category are not the same between K-TIRADS and
the ETA guidelines, and the diagnostic performance of
US features suggestive of metastatic LNs from DTC shows
different results between studies [9,10,13,20-22]. Thus,
this study aimed to evaluate the US features for diagnosing
metastasis in cervical LNs in patients with thyroid cancer
and compare the classification of risk of LN metastasis
between the current ETA guidelines and K-TRADS.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional
Review Board of our institution. The requirement for
informed consent was waived owing to the retrospective
nature of the analyses and use of anonymized medical
records. Methods and data reporting were performed in
accordance with the Standards for Reporting of Diagnostic
Accuracy Studies [23].

Patient Selection

Consecutive patients with DTC who underwent US-guided
fine needle aspiration (FNA) of the LNs at our institution
between January 2014 and December 2018 were included.
Patients were included if they met the following criteria:
1) underwent FNA for preoperative evaluation and 2) had
a final diagnosis of DTC for thyroid cancer. Patients were
excluded if they had undergone FNA of the LNs for persistent
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or recurrent disease after surgery for thyroid cancer or if
they had not undergone subsequent surgical resection or
follow-up imaging for at least 1 year. Finally, 836 LNs from
714 patients were included in this study (Fig. 1).

US and US-FNA

Thyroid US examination was performed using an iU22 or
HDI-5000 unit (Philips Healthcare) or an EUB-7500 unit
(Hitachi Medical Systems) with a 5-14-MHz linear high-
frequency probe. All US examinations and US-guided FNAs
were performed by radiologists under the supervision of
staff radiologists with > 14 years of clinical experience in
evaluating thyroid US images. Radiologists classified LNs
into benign, indeterminate, and suspicious according to the
2016 K-TIRADS [24]. Radiologists performed US-guided FNA
of an indeterminate or suspicious LN when it may affect the
surgical extent of thyroid cancer, regardless of their size.
Sonographically benign LNs were examined at the clinician’s
discretion. When there are multiple suspicious LNs in one
compartment, an easily accessible LN is selected for FNA.

Imaging Analysis

US images were evaluated independently by two
radiologists with 11 and 5 years of experience in thyroid US
imaging, respectively, who were unaware of the patients’
clinical histories, previous imaging results, or cytopathology
results. Any disagreements after independent interpretations
were resolved by discussion, and consensus results were
used for the main study analysis.

The US findings of the LNs were evaluated for the
following features: location (levels I-VI), size, presence
of hilum, margin (smooth or irregular), orientation
(parallel or nonparallel), presence of cystic change,

FNA of lymph nodes in patients with differentiated thyroid carcinoma
(n = 1803)

Follow-up loss (n = 260)
Duplication (n = 29)
Post op (n = 678)

‘ Final diagnosis in 836 lymph nodes from 714 patients ‘

‘ Benign (n = 250) ‘ ‘ Malignant (n = 586) ‘

Fig. 1. Flow chart of the study population. FNA = fine needle
aspiration
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punctate echogenic foci (PEF, echogenic foci < 1 mm), large
echogenic foci (> 1 mm), eccentric cortical thickening,
abnormal vascularity (peripheral or diffuse), and cortical
hyperechogenicity. For size measurement, the short and long
diameters were both measured in the most representative
longitudinal nodal plane showing the LN maximum and
minimum diameters, and the long-to-short diameter (L/S)
ratio was calculated. For LNs with a hilum, the presence of
eccentric cortical thickening was evaluated. LNs in which
the cortex does not show a uniform thickness around the
hilum and are thickened focally at least twice the narrowest
point of the cortex were classified as having eccentric
cortical thickening [25]. Cortical hyperechogenicity was
assessed using a reference structure of the anterior neck
muscles (strap or sternocleidomastoid muscles).

Classification of LNs

US features were used to stratify the risk of malignancy
of LNs into three categories of the K-TIRADS and ETA
guidelines (probably benign, indeterminate, and suspicious
in K-TIRADS and normal, indeterminate, and suspicious for
malignancy in the ETA guidelines) (Supplementary Table 1).
LNs were classified as “not specified” by the ETA guidelines
if they satisfied at least one of the following criteria: 1)
presence of normal hilum and round shape, 2) presence of
normal hilum and increased size (short axis > 8 mm in level
IT and > 5 mm in levels III and IV), or 3) absence of normal
hilum, oval shape, and normal size.

Reference Standard

LNs were finally diagnosed as metastatic if they
showed malignant FNA cytology and/or elevated washout
thyroglobulin (Tg) (> 8.3 ng/mL) [26]. Considering the
false positivity of washout Tg, in case of increased washout
Tg levels with benign or insufficient cytological results, the
patient was diagnosed with metastatic LN by repeat biopsy
or surgical resection. LNs with benign or indeterminate FNA
cytology and normal washout Tg were finally diagnosed
as benign if they satisfied at least one of the following
criteria: 1) confirmation based on the surgical specimen,
2) subsequent repeat FNA or core-needle biopsy, and 3)
decreased size on follow-up imaging after more than 1 year.

Statistical Analysis

To compare the clinicoradiological features between
metastatic and benign LNs, a t test was used for continuous
variables, and the chi-square or Fisher’s exact test was
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used for categorical variables. A multivariable logistic
regression analysis following a series of univariable analyses
was used to identify independent US features associated
with metastatic LNs in patients with thyroid cancer.
univariable and multivariable analyses were based on
generalized estimating equations with a logit link function
to account for data clustering. The diagnostic performance
of US features that showed a significant independent
association with metastatic LNs for diagnosing metastatic
LN was subsequently evaluated in terms of sensitivity,
specificity, positive and negative predictive values, and
diagnostic accuracy. Interobserver agreement between

the two radiologists was calculated using Cohen’s kappa
statistic. Values less than 0.20 were considered indicative
of slight agreement, 0.21-0.40 indicative of fair agreement,
0.41-0.60 indicative of moderate agreement, 0.61-0.80
indicative of substantial agreement, and 0.81-1.00
indicative of near-perfect agreement.

The K-TIRADS and ETA guidelines were applied to the
US findings, and the estimated malignancy rates were
calculated for each guideline category. Correlations between
K-TIRADS (1, 2, and 3 for probably benign, indeterminate,
and suspicious categories, respectively) and the ETA (1, 2, 3,
and 4 for normal, indeterminate, suspicious for malignancy,
and not specified, respectively) guidelines were analyzed
using Spearman'’s rank correlation coefficients.

All statistical analyses were performed using SAS version
9.4 (SAS Institute) and MedCalc version 19.1 (MedCalc
Software). All tests were two-sided, and a p value < 0.05
was considered statistically significant.

RESULTS

Study Population

A total of 836 LNs from 717 patients were included in
this study. Of the 836 LNs, 250 (29.9%) were benign, and
586 (70.1%) were metastatic, including 573 with papillary
thyroid carcinoma, 12 with follicular variant papillary
thyroid carcinoma, and 1 with follicular carcinoma. A total
of 250 benign LNs were confirmed by additional biopsy
(n = 11), a decrease in size on serial follow-up US imaging
(n =227), or surgical resection (n = 12). The preoperative
serum Tg were measured in 285 patients, and there was no
significant difference in the mean serum Tg level between
benign and metastatic LNs (34.68 + 68.15 ng/mL for
benign LNs and 68.39 + 315.82 ng/mL for metastatic LNs,
p =0.171).
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US Features for Diagnosing Metastatic LNs from Thyroid
Cancer

Table 1 lists the clinical and US features of benign
and metastatic LNs. Metastatic LNs were significantly
associated with male sex (38.2% vs. 24%, p < 0.001).
Among the US features, the size of LNs and L/S ratio,
irreqular margin, non-parallel orientation, eccentric cortical
thickening, absence of hilum, presence of cystic change,
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presence of cystic changes, PEF, abnormal vascularity, and
cortical hyperechogenicity were independently significantly
associated with metastatic LNs (Figs. 2-4).

Table 2. Results of Multivariable Logistic Regression Analysis
of the Association between US Features and Metastatic Lymph
Nodes

PEF, peripheral vascularity, and cortical hyperechogenicity US Features Adjusted e
. . . . OR Confidence Interval
were associated with metastatic LNs. Large echogenic -

. . . Absence of hilum 2.407 2.056-2.758 < 0.001
foci within LNs were more common in metastatic LNs; it RS 84.259 10.034-707.544 < 0.001
however, this difference was not significant (3.2% vs. Punctate echogenic foci  3.105 1.810-5.325 <0.001
6.5%, p = 0.057). The results of the multivariable logistic Abnormal vascularity 5.860 2.976-11.537 < 0.001
regression analyses to determine the independent US Cortical 7.907 4.495-13.908 < 0.001
features associated with metastatic LNs from the thyroid are hyperechogenecity
listed in Table 2. The US features of the absence of hilum, OR = odds ratio, US = ultrasonography
Table 1. Summary of Demographic and Ultrasonography Features

Characteristics Benign (n = 250) Metastatic (n = 586) Malignancy Rate (%) P

Sex < 0.001

Male 60 (24.0) 224 (38.2)

Female 190 (76.0) 362 (61.8)
Age, year* 47.86 + 12.85 47.53 + 14.21 0.063
Location 0.051

Level I 25 (10.0) 48 (8.2)

Level III 70 (28.0) 214 (36.5)

Level IV 144 (57.6) 306 (52.2)

Level V 5 (2.0) 3 (0.5)

Level VI 6 (2.4) 15 (2.5)
Short diameter, cm* 0.419 + 0.16 0.603 + 0.39 < 0.001
Long diameter, cm* 1.144 + 0.56 1.197 + 0.67 0.001
Size enlargement 62 (24.8) 284 (48.5) 82.1 < 0.001
L/S ratio < 1.5 24 (9.6) 140 (23.9) 85.4 <0.001
L/S ratio < 2 74 (29.6) 308 (52.6) 80.6 <0.001
Margin < 0.001

Smooth 180 (72.0) 173 (29.5) 49.0

Irregular 70 (28.0) 413 (70.5) 85.5
Orientation 0.049

Parallel 240 (96.0) 541 (92.3) 69.3

Nonparallel 10 (4.0) 45 (7.7) 81.8
Eccentric cortical thickening 48 (28.9) 50 (58.8) 33.9 < 0.001
Hilum < 0.001

Absent 84 (33.6) 501 (85.5) 85.6

Present 166 (66.4) 85 (14.5) 33.9
Cystic changes 1(0.4) 151 (25.8) 99.3 < 0.001
Punctate echogenic foci 33 (13.2) 304 (51.9) 90.2 < 0.001
Large echogenic foci 8 (3.2) 38 (6.5) 82.6 0.057
Abnormal vascularity 15 (6.0) 386 (65.9) 96.4 < 0.001
Cortical hyperechogenecity 33 (13.2) 491 (83.8) 93.7 < 0.001

Data are expressed as the number of cases with percentages in parentheses unless otherwise indicated. *Data are expressed as mean +

standard deviation. L/S ratio = long-to-short diameter ratio
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Diagnostic Performance of Each US Feature for the features of LNs suggestive of metastasis. Although absence
Depiction of Metastatic LNs of the hilum showed a relatively high sensitivity (85.5%),
Table 3 presents the diagnostic performance of the US it was limited by a relatively low specificity (66.4%). In

Fig. 2. Transverse ultrasonography images of metastatic lymph nodes in a 65-year-old female showing diffuse hyperechogenicity
with punctate echogenic foci without demonstrable normal hilar structure (A). Doppler study reveals increased vascularity in the
peripheral of the lymph node (B).

Fig. 3. Transverse (A) and longitudinal (B) ultrasonography images of the metastatic lymph node in a 41-year-old female
showing intranodal cystic changes (arrow) with cortical hyperechogenicity and punctate echogenic foci.

Fig. 4. Transverse ultrasonography image of metastatic lymph nodes in a 36-year-old female showing no demonstrable echogenic
hilum or hilar vascularity. Cortical echogenicity is similar to that of the anterior neck muscle.
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Table 3. Diagnostic Accuracy of US Findings for Metastatic Lymph Nodes
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US Features

Sensitivity

Specificity

PPV

NPV

Accuracy

Absence of hilum

Cystic changes

Punctate echogenic foci
Abnormal vascularity
Cortical hyperechogenecity

85.5 (501,/586)
25.8 (151/586)
51.9 (304/586)
67.7 (397/586)
83.8 (491/586)

66.4 (166/250)
99.6 (249/250)
86.8 (217/250)
94.0 (235/250)
86.8 (217/250)

85.6 (501/585)
99.3 (151/152)
90.2 (304/337)
96.4 (397/412)
93.7 (491/524)

66.1 (166/251)
36.4 (249/684)
43.5 (217/499)
55.4 (235/424)
69.6 (217/312)

79.8 (667/836)
47.8 (400/836)
62.3 (521/836)
75.6 (632/836)
84.7 (708/836)

Data are % with the raw number of nodules in parentheses. NPV = negative predictive value, PPV = positive predictive value, US =

ultrasonography

contrast, the other features, namely cystic change, PEF,
abnormal vascularity, and cortical hyperechogenicity,
showed high specificities (86.8%-99.6%). However,
the sensitivity was relatively low (25.8%-67.7%) for

cystic changes, PEF, and abnormal vascularity. Cortical
hyperechogenicity showed relatively high sensitivity
(83.8%) and the highest diagnostic accuracy (84.7%).

Interobserver Agreement of Sonographic Features

The interobserver agreement on sonographic features
is summarized in Table 4. Between readers 1 and 2, the
strength of agreement ranged from fair to substantial (kappa
value [x] range, 0.224-0.654). PEF and abnormal vascularity
showed substantial interobserver agreement (k = 0.654 and
Kk = 0.609, respectively). Eccentric cortical thickening and
irregular margins showed fair interobserver agreement (x =
0.224 and k = 0.331, respectively). Other features, including
echogenic hilum or hilar vascularity, large echogenic foci,
cystic changes, and cortical hyperechogenicity, showed fair
agreement.

LN Classification according to the ETA Guidelines and
K-TIRADS

The classification of LNs according to the ETA guidelines
and K-TIRADS and the malignancy rate of each category
are shown in Table 5. The overall malignancy risks for
the normal, indeterminate, and suspicious malignancy
categories of the ETA guidelines were 13.8%, 28.3%, and
90.0%, respectively, while those for the probably benign,
indeterminate, and suspicious categories of the K-TIRADS
were 13.4%, 29.9%, and 90.0%, respectively. In the
assessment of ETA categories, 82 of 836 LNs (9.8%) did not
meet the criteria for any pattern and were thus classified
as “not specified.” The malignancy risk of LNs classified
as “not specified” was 19.5% (16/82 LNs). The correlation
coefficient between the categorizations according to the
K-TIRADS and ETA guidelines was 0.9766 (95% confidence
interval, 0.973-0.979; p < 0.001).

kjronline.org https://doi.org/10.3348/kjr.2022.0358

Table 4. Inter-Observer Agreement of Sonographic Features

Sonographic Features Kappa . 95%
Confidence Interval
Eccentric cortical thickening 0.224 0.144-0.304
Echogenic hilum 0.524 0.461-0.588
Hilar vascularity 0.509 0.445-0.574
Irregular margin 0.331 0.272-0.389
Nonparallel orientation 0.461 0.354-0.568
Punctate echogenic foci 0.654 0.602-0.706
Large echogenic foci 0.477 0.356-0.598
Abnormal vascularity 0.609 0.556-0.662
Cortical hyperechogenecity 0.467 0.409-0.523
Cystic change 0.453 0.369-0.536

Table 5. Malignancy Rate of Lymph Nodes Classified according
to the K-TIRADS and ETA Guidelines

No. Metastatic ~ Malignancy
of Cases Lymph Nodes  Rate (%)

ETA guideline category

Normal 109 15 13.8

Indeterminate 46 13 28.3

Suspicious for 599 542 90.0

malignancy

Not specified 82 16 19.5
K-TIRADS category

Probably benign 157 21 13.4

Indeterminate 77 23 29.9

Suspicious 602 542 90.0

ETA = European Thyroid Association, K-TIRADS = Korean Thyroid
Imaging Reporting and Data System

DISCUSSION

Our study demonstrated that the absence of hilum,
presence of cystic changes, PEF, abnormal vascularity, and
cortical hyperechogenicity were independent US features

differentiating metastatic LNs from benign LNs in thyroid
cancer at preoperative evaluation. Cystic change, PEF,
abnormal vascularity, and cortical hyperechogenicity showed
high specificities (86.8%-99.6%). The absence of hilum
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had the highest sensitivity; however, the specificity was low
(66.4%). When LNs were classified according to K-TIRADS
and the ETA guidelines, the corresponding categories of

the two guidelines showed similar malignancy rates with

a high correlation between both guidelines. However, the
ETA guidelines failed to categorize LNs into a specific risk
stratum in 9.8% of LNs.

Several US features have been proposed to differentiate
metastatic LNs from benign LNs in thyroid cancer, including
size enlargement, absence of fatty hilum, round shape,
nonparallel orientation, eccentric cortical thickening,
hyperechoic cortical change, calcification, cystic change,
and abnormal vascularity on Doppler imaging [11,16,21].
Among these, five US features, namely hilum absence,
presence of cystic changes, PEF, abnormal vascularity, and
cortical hyperechogenicity, were independently associated
with metastatic LNs. Our study results differed from those
of Yoo et al. [21], which showed that eccentric cortical
thickening and cortical hyperechogenicity were significantly
associated with metastatic LNs. This is possibly due to the
difference in the study population (central LN vs. all LNs)
and the imaging analysis method. In our study, eccentric
cortical thickening was analyzed only in LNs with the hilum,
according to a previous study [25]. Lee et al. [27] reported
similar results in that the presence of cystic changes, EF,
abnormal vascularity, and cortical hyperechogenicity were
independently associated with metastatic LNs. However,
contrary to the results of our study, the absence of a hilum
was not revealed as an independent factor suggesting
metastatic LNs. This is probably because we analyzed a
larger patient group in our study (836 vs. 346). Moreover,
our study analyzed the interobserver agreement for US
features suggestive of metastatic LNs in patients with
thyroid cancer, and, to our knowledge, such results have not
been previously reported. All five US features independently
associated with metastatic LNs showed moderate to
substantial agreement (0.467-0.654).

Among the five significant US features, four showed
very high specificity: presence of cystic changes, PEF,
abnormal vascularity, and cortical hyperechogenicity.
Particularly, cystic changes showed high specificity (99.6%).
This is consistent with previous studies reporting 100%
specificity for cystic changes [9,11,21,22]. In our study,
one patient with cystic changes, identified as benign LNs,
was diagnosed with tuberculosis. Although the sensitivity
of cystic changes was as low as 25%, this feature showed
a very high specificity for diagnosing metastatic LNs
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from DTC. The diagnostic performance of each US feature
reported in our study was within the range reported in
previous studies: hilum absence (sensitivity, 31.6%-100%;
specificity, 18.6%-92.4%), cystic changes (sensitivity,
11.0%-34.0%; specificity, 87.7%-100%), calcification
(sensitivity, 10.0%-49.5%; specificity, 93.0%-100%),
abnormal vascularity (sensitivity, 32.7%-86.0%; specificity,
57.1%-97.0%), and cortical hyperechogenicity (sensitivity,
53.1%-86.0%; specificity, 42.9%-95.9%) [9,11,16,21,22].
The sensitivity calculated for PEF was slightly higher than
that in previous reports (51.9%), possibly due to the
higher-resolution imaging of US used today. The absence
of hilum showed the most diverse range of diagnostic
performances in previous studies.

Other findings such as size, L/S ratio, irregular margin,
and nonparallel orientation were different in the univariable
analysis, yet there was no significant difference in the
multivariable analysis. Regarding size, we analyzed
all variables, including short and long diameter, size
enlargement (short axis > 8 mm in level II and > 5 mm in
levels IIT and 1V), and L/S ratio (< 1.5 or 2.0), and did not
found significant results in the multivariable analysis.

Among the various thyroid nodule-related guidelines
currently available, only K-TIRADS and EU-TIRADS
categorize LNs into three categories: normal, indeterminate,
and suspicious for malignancy in the ETA guidelines
and probably benign, indeterminate, and suspicious in
K-TIRADS. Both the ETA guidelines and K-TIRADS provide
effective malignancy risk stratification with a high
correlation. However, the US features corresponding to
each category were different. For normal (probably benign
according to K-TIRADS) and indeterminate categories, both
K-TIRADS and the ETA guidelines are defined as having
no suspicious features and classified according to the
presence or absence of hilum. However, the ETA guidelines
also consider shape (round or ovoid) and size [19]. These
factors render the ETA guidelines complex, making them
less useful in clinical practice, and 9.8% of LNs were “not
specified.” According to our study, shape (assessed by L/S
ratio) and size did not show a significant relationship with
malignancy, and the ETA guidelines had a high correlation
with the malignancy rate according to K-TIRADS, which
does not consider size and shape. Therefore, when defining
benign and indeterminate LNs, the shape and size can
be excluded. With this taken into consideration, 82 cases
classified as “not specified” according to the ETA guidelines
can also be included in the classification.
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The definition of US features corresponding to the
suspicious for malignancy category (suspicious in K-TIRADS)
is almost identical, although K-TIRADS includes large EF
and PEF as suspicious US features. In our study, although
a large EF was more common in metastatic LNs than in
benign LNs, the difference was not significant. This is
consistent with the findings of a previous study [21].
Macrocalcifications in LN are a marker of nodal disease,
regardless of whether they are benign or malignant. Among
benign causes, macrocalcifications most often result from
prior granulomatous infections, especially tuberculosis
and histoplasmosis. Other, less common causes include
sarcoidosis, silicosis, and amyloidosis [28,29]. Although
the prevalence of a large EF was low in this study and
showed no significant association with that of metastatic
LNs in patients with thyroid cancer, the malignancy rate
was as high as 82.6%. Thus, LNs with a large EF should be
considered as pathologic LNs and require biopsy to exclude
metastatic LNs in patients without an evident history of
granulomatous infections such as tuberculosis.

Our study has several limitations. First, the evaluation
of cases was retrospective, all patients were recruited at a
single tertiary referral center, and FNA was not performed
for all LNs, leading to an unavoidable bias for selecting LNs
for FNA. The high prevalence of metastatic LNs in the study
population may have overestimated the malignancy risk for
each US predictor. This may be related to the relatively high
malignancy rate of LNs that were categorized as benign in
our study. Furthermore, there may have been interobserver
in the interpretation of the US features of LNs. Thus,
prospective multicenter studies are required to validate the
generalizability of our findings.

In conclusion, this study identified the absence of hilum,
presence of cystic changes, PEF, abnormal vascularity, and
cortical hyperechogenicity as independent US features that
could discriminate between metastatic and benign LNs.
Both K-TIRADS and the ETA guidelines provided similarly
effective risk stratification for metastatic LNs with a high
correlation. However, the ETA guidelines failed to classify
9.8% of the LNs into a specific risk stratum. Our research
results may provide a basis for revising the LN classification
in future guidelines.

Supplement

The Supplement is available with this article at
https://doi.org/10.3348/kjr.2022.0358.
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