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INTRODUCTION

Differentiated thyroid carcinoma, particularly papillary 
thyroid carcinoma (PTC), is characterized by high nodal 
positivity on preoperative evaluation, with an incidence 
ranging from 30% to 80% depending on the detection 
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Objective: This study aimed to validate the risk stratification system (RSS) and biopsy criteria for cervical lymph nodes 
(LNs) proposed by the Korean Society of Thyroid Radiology (KSThR).
Materials and Methods: This retrospective study included a consecutive series of preoperative patients with thyroid cancer 
who underwent LN biopsy, ultrasound (US), and computed tomography (CT) between December 2006 and June 2015. LNs were 
categorized as probably benign, indeterminate, or suspicious according to the current US- and CT-based RSS and the size 
thresholds for cervical LN biopsy as suggested by the KSThR. The diagnostic performance and unnecessary biopsy rates were 
calculated.
Results: A total of 277 LNs (53.1% metastatic) in 228 patients (mean age ± standard deviation, 47.4 years ± 14) were 
analyzed. In US, the malignancy risks were significantly different among the three categories (all P < 0.001); however, CT-
detected probably benign and indeterminate LNs showed similarly low malignancy risks (P = 0.468). The combined US + CT 
criteria stratified the malignancy risks among the three categories (all P < 0.001) and reduced the proportion of 
indeterminate LNs (from 20.6% to 14.4%) and the malignancy risk in the indeterminate LNs (from 31.6% to 12.5%) 
compared with US alone. In all image-based classifications, nodal size did not affect the malignancy risks (short diameter 
[SD] ≤ 5 mm LNs vs. SD > 5 mm LNs, P ≥ 0.177). The criteria covering only suspicious LNs showed higher specificity and 
lower unnecessary biopsy rates than the current criteria, while maintaining sensitivity in all imaging modalities.
Conclusion: Integrative evaluation of US and CT helps in reducing the proportion of indeterminate LNs and the malignancy 
risk among them. Nodal size did not affect the malignancy risk of LNs, and the addition of indeterminate LNs to biopsy 
candidates did not have an advantage in detecting LN metastases in all imaging modalities.
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method [1,2]. The local recurrence rate of PTC is reported 
to be up to 35% during postoperative surveillance, and 
lymph nodes (LNs) missed during the initial surgery are 
a well-recognized source of recurrent/persistent disease 
[3,4]. Therefore, accurate detection and localization of 
metastatic LN during preoperative evaluation are important 
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Grayscale and color Doppler images were taken before biopsy. 
CT scans were obtained using multidetector CT scanners 
(16–256 channels). Pre-contrast CT images were obtained, 
and subsequently followed by contrast-enhanced CT scans 
within 40–43 s after a bolus injection of 90 mL of iodinated 
nonionic contrast agent (300–350 mg I/mL). Detailed CT 
scan parameters are described in Supplementary Material 1.

Image Analysis and Image-Based Classification of 
Cervical LNs

Two experienced radiologists (R–E. Y. and J–h. K., with 
9 and 20 years of experience in thyroid US, respectively), 
who were blinded to all clinical information, independently 
analyzed all US and CT images. A consensus was obtained by 
the two reviewers for discordant cases. 

LNs were classified as probably benign, indeterminate, 
or suspicious based on the KSThR guidelines [6]. Based 
on US findings, LNs were considered suspicious if they 
exhibited any of the following features: echogenic foci, 
cystic changes, cortical hyperechogenicity, or abnormal 
vascularity on Doppler imaging. When LN showed any 
cystic change, calcification, or strong or heterogeneous 
enhancement on CT, they were classified as suspicious. 
Probably benign LNs were defined as those that showed 
an echogenic hilum on US, hilar fat on CT, hilar vessel 
vascularity on US, or enhancement on CT without features 
of suspicious LNs. Indeterminate LNs were defined as LNs 
that did not have imaging features of suspicious or benign 
LNs. Detailed imaging criteria for US and CT are described in 
Supplementary Material 2.

LNs were further classified according to their final 
imaging classification, which was determined based on 
both CT and US features. For the integrative evaluation of 
US and CT, suspicious LNs were defined as those exhibiting 
suspicious features on either US or CT. Probably benign LNs 
were defined as LNs exhibiting probably benign features on 
either US or CT and no suspicious features on both US and 
CT, whereas indeterminate LNs were defined as LNs showing 
indeterminate features on both US and CT. The KSThR 
guidelines recommend biopsy of suspicious LNs with a short 
diameter (SD) > 3–5 mm and indeterminate LNs with an SD 
> 5 mm in preoperative patients with possible or proven 
thyroid cancer [6]. 

US-Guided Biopsy and Reference Standard
All US-guided biopsies were performed by board-certified 

radiologists who were aware of the size, location, and 

for precisely determining the extent of surgery and reducing 
the risk of repetitive surgery [4,5]. 

Although ultrasound (US) is the primary imaging modality 
for evaluating LNs in patients with thyroid cancer [5-8], it 
is limited by operator dependence and inability to visualize 
deep-seated or shadowed regions [9]. Recently, the added 
role of contrast-enhanced computed tomography (CT) has 
been used to detect additional LN metastasis [8,10-14]. Since 
2016, the Korean Society of Thyroid Radiology (KSThR) has 
provided practice guidelines for imaging-based diagnosis of 
cervical LNs, including a US- and CT-based risk stratification 
system (RSS) and biopsy criteria for patients with suspected 
or proven thyroid cancer [6,15]. In this guideline, biopsy is 
recommended for suspicious and indeterminate LNs on US 
and CT, with size thresholds of 3–5 and 5 mm, respectively 
[6,15]. Although these categories are important in practice, 
the exact performance and unnecessary biopsy rates of the 
US-, CT-, and combined US + CT-based categories using the 
KSThR have not been investigated. Therefore, we aimed to 
validate the current US- and CT-based RSS and size thresholds 
for biopsy of cervical LNs as suggested by the KSThR.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional 
Review Board of the Seoul National University Hospital (IRB 
No. H-1506-107-682). The requirement for patient consent 
was waived because of the retrospective nature of the 
study. 

Study Population
A consecutive series of patients who underwent fine-

needle aspiration (FNA) or core-needle biopsy (CNB) for 
neck lesions as part of the preoperative staging of thyroid 
cancer between December 2006 and June 2015 were 
included. The exclusion criteria were as follows: 1) history 
of other malignancies or previous surgery for thyroid 
cancer; 2) FNA or CNB for lesions other than LNs; and 3) no 
corresponding CT images. One hundred and sixty patients in 
this study population have been previously reported [14]. 
A previous study evaluated the added value of CT to US in 
distinguishing metastatic from benign LNs.

US- and CT- Image Acquisition 
US images of the thyroid and neck were obtained by 

radiologists or radiology residents under the supervision 
of radiologists using linear transducers (7.5–15.0 MHz). 
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extent of the primary tumors. Grayscale and color Doppler 
images were obtained before the biopsy. The biopsies were 
targeted for LNs with indeterminate or suspicious features 
on imaging and for benign-looking LNs upon the attending 
physician’s request (CT probably benign LNs, n = 19: two 
with large nodal size, seven with round shape, two with 
advanced primary tumor, four with equivocal suspicious 
features on US, and four with an indistinct hilum). Fine-
needle aspiration and thyroglobulin (FNA-Tg) measurement 
was performed concurrently when the primary cancer was 
suspected to be a differentiated thyroid carcinoma. For CNB, 
spring-activated needles were used for Tg staining.

The final diagnosis of LNs was determined based on the 
biopsy results on a node-by-node basis because the resected 
and image-detected LNs could not be directly correlated 
in a level-by-level correlation. LN matching on US and CT 
was performed by a radiologist (J.Y.L., with nine years of 
experience in head and neck imaging). LNs were selected 
and labeled by matching the images with the corresponding 
US, CT, and final diagnosis reports. Efforts were made to 
reduce inaccuracies by matching the size measured on 
imaging with adjacent anatomical landmarks. LNs were 
diagnosed as malignant if they met at least one of the 
following criteria: 1) confirmation based on cytology or 
histopathology and 2) FNA-Tg cutoff > 8.3 ng/mL or greater 
than the serum Tg levels for cystic LNs [16]. The FNA-Tg 
cutoff results were only adapted for cystic LNs because of 
the possibility of false-positive results in ectopic benign 
thyroid tissue within the LN [17,18]. LNs were designated as 
benign when they showed benign cytology on FNA or when 
the biopsy specimen on CNB showed lymphoid tissue with 
no tumor and negative Tg immunohistochemistry results. 
Details of the US-guided biopsy methods and reference 
standards are presented in Supplementary Material 3.

Statistical Analysis
To compare the demographic characteristics of benign 

and metastatic LNs, student’s t-test, chi-square test, or 
Fisher’s exact test were used as appropriate. The frequency 
and malignancy risk, according to each category of the 
KSThR guidelines, were calculated as percentages. For each 
diagnostic category, malignancy risks of size stratified LNs 
(SD ≤ 5 mm and SD > 5 mm) were calculated and compared 
using the Fisher’s exact test. The diagnostic performances of 
the US-, CT-, and US + CT-based categories were assessed by 
calculating their sensitivity, specificity, positive predictive 
value, negative predictive value, and diagnostic accuracy. 

Subsequently, the LNs were dichotomized into two 
groups: biopsy-indicated and biopsy-not indicated, based 
on the criteria for biopsy from the 2021 KSThR guidelines. 
Seven different biopsy criteria were simulated according 
to the US-, CT-, and US + CT-based categories and size 
thresholds (Table 1): 1) any suspicious LNs; 2) suspicious LNs 
> 3 mm SD; 3) suspicious LNs > 5 mm SD; 4) any suspicious 
or indeterminate LNs; 5) suspicious LNs > 3 mm and 
indeterminate LNs > 5 mm; and 6) suspicious LNs > 5 mm 
and indeterminate LNs > 5 mm. Diagnostic performance 
for the diagnosis of metastasis and unnecessary biopsy 
rates (percentage of biopsied benign LNs among all benign 
LNs) were calculated. The diagnostic performance and 
unnecessary biopsy rates of different biopsy criteria were 
compared using McNemar’s test. 

Interobserver agreement of US- and CT-based 
classifications was calculated between the two radiologists 
using Cohen’s kappa (κ) statistic. Values < 0.20 indicated 
slight agreement; 0.21–0.40, fair agreement; 0.41–0.60, 
moderate agreement; 0.61–0.80, substantial agreement; 
and 0.81–1.00, near-perfect agreement.

All statistical analyses were performed using MedCalc 
software version 20.112 (MedCalc) and SPSS version 23 for 
Windows (IBM). All tests were two-sided, and P-values < 0.05 
were considered statistically significant.

RESULTS

Patient demographics and clinical characteristics of 
the LNs are listed in Table 2. Among 55276 patients who 
underwent FNA or CNB, those with a history of other 
malignancies (n = 6768) or previous surgery for thyroid 

Table 1. Simulated different size thresholds for biopsy for cervical 
lymph nodes in thyroid cancer

Classification
Size 

stratified 
criteria

Description

Suspicious LNs only (1) Any suspicious LNs
(2) Suspicious LN > 3 mm in SD
(3) Suspicious LN > 5 mm in SD

Suspicious and (4) Any suspicious and indeterminate LNs
  indeterminate LNs   (5)* Suspicious > 3 mm and Indeterminate 

  > 5 mm

  (6)* Suspicious > 5 mm and Indeterminate 
  > 5 mm

*Biopsy criteria of the Korean Society of Thyroid Radiology. 
LN = lymph node, SD = short diameter
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cancer (n = 793) were excluded. Furthermore, patients 
who underwent FNA or CNB for lesions other than LNs (n = 
47427) and those who did not undergo corresponding CT 
imaging (n = 60) were excluded. Finally, 277 LNs from 228 
patients (61 males and 167 females; mean age, 47.4 ± 14 
[standard deviation] years; age range, 34–61 years) were 
included (Fig. 1).

Of the 277 LNs, 130 (46.9%) were benign and 147 
(53.1%) were metastatic. The groups were balanced in 
terms of age (46.5 ± 11.7 years vs. 48.1 ± 15.2 [standard 
deviation] years, P = 0.374) and sex (% of female patients, 
78.5% vs. 68.6%, P = 0.384). The mean long diameter (LD) 
of the primary tumors was 11.7 mm (range, 2.6–20.8 mm). 
The diagnoses of primary thyroid cancer included PTCs (n 
= 217), follicular carcinoma (n = 1), medullary carcinoma 
(n = 4), anaplastic carcinoma (ATC) (n = 2), poorly 
differentiated carcinoma (PDTC) (n = 1), metastasis (n = 
1), and unspecified malignant tumors (n = 2). The mean 
LD of the primary tumor (P = 0.009), mean SD (P < 0.001), 
and LD of metastatic LNs (P = 0.002) were significantly 
larger than those of benign LNs. Regarding nodal locations, 

metastatic LNs were less frequently observed in level II and 
more frequently observed in level VI than benign LNs (P = 
0.007). 

Malignancy Risk of US-, CT-, and US + CT-Based 
Categories and Size

In US, the overall malignancy risks of the probably 
benign, indeterminate, and suspicious categories were 
1.4% (95% CI: 0.04–8.2), 31.6% (95% CI: 18.7–49.9), and 
84.2% (95% CI: 70.3–100.0), respectively (difference of 
malignancy risks, P < 0.001). In contrast, the malignancy 
risks of the CT probably benign, indeterminate, and 
suspicious categories were 12.5% (95% CI: 2.6–36.5), 7.5% 
(95% CI: 3.0–15.5), and 85.6% (95% CI: 71.9–101.2), 
respectively. Although the malignancy risk of suspicious 
LNs was significantly higher than that of the probably 
benign (P < 0.001) and indeterminate LNs (P < 0.001), the 
malignancy risk of indeterminate and probably benign LNs 
was not significantly different between the two groups (P = 
0.468) (Table 3). 

When LNs were categorized according to their final 

Table 2. Demographic and clinical characteristics of patients and lymph nodes 

Parameter Benign Metastasis P
No. of patients 107 121 -
Sex, female:male 84:23 83:38 0.384
Age at diagnosis, yr 46.5 ± 11.7 48.1 ± 15.2 0.374
No. of LNs 130 147 -
Method of diagnosis 0.544

FNA 106 (81.5) 121 (82.4)
CNB   19 (14.6)   17 (11.5)
Both   5 (3.8)   9 (6.1)

Mean maximal size of largest primary tumor, mm 10.5 ± 7.3 13.5 ± 9.7 0.009
Mean maximal size of LN, mm   9.4 ± 4.3 11.5 ± 6.7 0.002
Mean SD of LN, mm   5.8 ± 2.4   8.5 ± 5.2 < 0.001
Laterality in relation to the largest primary tumor, mm 0.270

Ipsilateral 106 (81.5) 128 (87.1)
Contralateral   24 (18.5)   19 (12.9)

Location 0.007
Level I   2 (1.5)   0 (0.0)
Level II   25 (19.2) 13 (8.8)
Level III   30 (23.1)   46 (31.3)
Level IV   55 (42.3)   64 (43.5)
Level V   7 (5.4)   2 (1.4)
Level VI   6 (4.6)   18 (12.2)
Supraclavicular fossa   5 (3.8)   4 (2.7)

Data are mean ± standard deviation or number of lesions with percentage among benign or metastatic lymph nodes in parentheses unless 
otherwise indicated.
LN = lymph node, FNA = fine-needle aspiration, CNB = core needle biopsy, SD = short diameter 
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imaging categories based on combined US + CT features, 
suspicious LNs (having suspicious features on either US 
or CT), indeterminate LNs (indeterminate on both US and 
CT), and probably benign LNs (benign features either on US 
or CT) had malignancy risks of 80.1%, 12.5%, and 1.6%, 
respectively. Malignancy risk was significantly different 
between each risk category (suspicious vs. indeterminate, 
P < 0.001; indeterminate vs. probably benign, P < 0.001). 
When compared to the US criteria, the combined diagnosis 
of US and CT resulted in a decrease in the proportion of 
indeterminate LNs (from 20.6% to 14.4%) and malignancy 
risk (from 31.6% to 12.5%). 

When LNs were further categorized by size (Table 4), 
indeterminate LNs (0%–22.7%) and probably benign 
LNs (0%) > 5 mm showed a low malignancy risk (Fig. 2). 
However, tiny indeterminate LNs (< 3 mm SD) showed 
a relatively high malignancy risk based on US (66.7%) 
and combined US + CT diagnosis (50%). In contrast, the 
malignancy risk of suspicious LNs was high overall (65.4%–
100.0%), even when their sizes were ≤ 5 mm (Fig. 3). The 
malignancy risks of small (≤ 5 mm SD) and large (> 5 mm SD) 
LNs did not show significant differences in suspicious (US, 
P = 0.274; CT, P = 0.673; US + CT, P = 0.422) or indeterminate 
LNs (US, P = 0.177; CT, P = 0.588; US + CT, P = 0.767).

Interestingly, high incidence of metastatic LNs were 
observed in groups with tiny US indeterminate LNs observed 
(SD ≤ 5 mm, 37.9%–66.7%), rather than those with large 
US indeterminate LNs (SD > 5 mm, 0%–22.7%). On CT, the 

Patients who had undergone FNA or CNB from 
December 2006 to June 2015 (n = 55276)

277 LNs from the remaining 228 patients

Benign 
(n = 130)

Malignant 
(n = 147)

  History of other malignancy (n = 6768)
  History of previous surgery for thyroid cancer (n = 793)
  FNA or CNB for lesions other than LNs (n = 47427)
  No corresponding CT imaging (n = 60)

Fig. 1. Flow chart of the study population. A total of 55276 patients with screened from thyroid cancer patients who underwent US, CT 
and biopsy for cervical LNs. After excluding patients with past history of other malignancy, previous thyroid cancer surgery, and no CT 
images, 277 LNs from 228 patients were included in this study. US = ultrasound, FNA = fine-needle aspiration, CNB = core-needle biopsy, 
CT = computed tomography, LNs = lymph nodes

Table 3. Malignancy risk of US-, CT-, US + CT-classified LNs 

Classification 
of LNs

All LNs*
Malignant 

LNs*
Malignancy risk†

US

Suspicious 152 (54.9) 128 (87.1) 84.2 (70.3, 100.0)

Indeterminate   57 (20.6)   18 (12.2) 31.6 (18.7, 49.9)

Probably benign   68 (24.5)   1 (0.7) 1.4 (0.04, 8.2)

CT

Suspicious 160 (57.8) 137 (93.2)   85.6 (71.9, 100.0)

Indeterminate   93 (33.6)   7 (4.8) 7.5 (3.0, 15.5)

Probably benign 24 (8.7)   3 (2.0) 12.5 (2.6, 36.5)

US + CT

Suspicious 176 (63.5) 141 (95.9) 80.1 (67.4, 94.5)

Indeterminate   40 (14.4)   5 (3.4) 12.5 (4.1, 29.2)

Probably benign   61 (22.0)   1 (0.7) 1.6 (0.04, 9.1)

Suspicious LNs: Suspicious on either US or CT; indeterminate 
LNs: Indeterminate on both US and CT; and probably benign LNs: 
Benign features on either US or CT. Comparison of malignancy 
risks: US probably benign vs. indeterminate, P < 0.001; US 
suspicious vs. probably benign, P < 0.001; US indeterminate vs. 
probably benign, P < 0.001. CT suspicious vs. indeterminate, 
P < 0.001; CT suspicious vs. probably benign, P < 0.001; CT 
indeterminate vs. probably benign, P = 0.437. US + CT suspicious 
vs. indeterminate, P < 0.001, US + CT suspicious vs. probably 
benign, P < 0.001, US + CT indeterminate vs. probably benign, P = 
0.024.
*Data represent the number of lesions, with percentages in 
parentheses, †Malignancy risk is calculated as the number of 
malignant LNs divided by the total number of LNs and is presented 
as a percentage (95% CI).
US = ultrasound, CT = computed tomography, LN = lymph node, CI = 
confidence interval
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Table 4. Malignancy risk of US-, CT- and US + CT-classified LNs according to size thresholds

Size

US CT US + CT

Malignant 
LNs

All LNs 

Malignancy 
risk 

(malignancy/
all), % 

Malignant 
LNs

All LNs 

Malignancy 
risk 

(malignancy/
all), %

Malignant 
LNs

All LNs 

Malignancy 
risk 

(malignancy/
all), %

Suspicious
SD < 3 mm 1 (0.8) 1 (0.7) 100.0 1 (0.7) 1 (0.6) 100.0 1 (0.7) 1 (0.6) 100.0
3 ≤ SD < 5 mm 17 (13.3) 26 (17.1)   65.4 26 (19.1) 33 (20.6)   78.8 27 (19.1) 39 (22.2)   69.2
5 ≤ SD < 8 mm 53 (41.4) 64 (42.1)   82.8 54 (39.7) 64 (40.0)   84.4 56 (39.7) 71 (40.3)   78.9
8 ≤ SD < 10 mm 19 (14.8) 20 (13.2)   95.0 19 (14.0) 20 (12.5)   95.0 19 (13.5) 21 (11.9)   90.5
SD ≥ 10 mm 38 (29.7) 41 (27.0)   92.7 37 (27.2) 42 (26.3)   88.1 38 (27.0) 44 (25.0)   86.4
All 128 (100.0) 152 (100.0)   84.2 136 (100.0) 160 (100.0)   85.6 141 (100.0) 176 (100.0)   80.1

Indeterminate
SD < 3 mm 2 (11.1) 3 (5.3)   66.7 1 (14.3) 5 (5.4)   5.4 1 (20.0) 2 (5.0)   50.0
3 ≤ SD < 5 mm 11 (61.1) 29 (50.9)   37.9 3 (42.9) 38 (40.9)   7.9 2 (40.0) 19 (47.5)   10.5
5 ≤ SD < 8 mm 5 (27.8) 22 (38.6)   22.7 3 (42.9) 44 (47.3)   6.8 2 (40.0) 17 (42.5)   11.8
8 ≤ SD < 10 mm 0 (0.0) 2 (3.5)     0.0 0 (0.0) 3 (3.2)   3.2 0 (0.0) 2 (5.0)     0.0
SD ≥ 10 mm 0 (0.0) 1 (1.8)     0.0 0 (0.0) 3 (3.2)   3.2 0 (0.0) 0 (0.0)     0.0
All 18 (100.0) 57 (100.0)   31.6 7 (100.0) 93 (100.0)   7.5 5 (100.0) 40 (100.0)   12.5

Probably benign
SD < 3 mm 0 (0.0) 6 (8.8)     0.0 1 (33.3) 4 (16.7)   16.7 1 (100.0) 7 (11.5)   14.3
3 ≤ SD < 5 mm 1 (100.0) 22 (32.4)     4.5 0 (0.0) 6 (25.0)   25.0 0 (0.0) 19 (31.1)     0.0
5 ≤ SD < 8 mm 0 (0.0) 30 (44.1)     0.0 1 (33.3) 8 (33.3)   33.3 0 (0.0) 28 (45.9)     0.0
8 ≤ SD < 10 mm 0 (0.0) 4 (5.9)     0.0 1 (0.0) 3 (12.5)   12.5 0 (0.0) 3 (4.9)     0.0
SD ≥ 10 mm 0(0.0) 6 (8.8)     0.0 1 (33.3) 3 (12.5)   12.5 0 (0.0) 4 (6.6)     0.0
All 1 (100.0) 68 (100.0)     1.5 3 (100.0) 24 (100.0) 100.0 1 (100.0) 61 (100.0)     1.6

Unless otherwise indicated, data are numbers of lesions with percentage in parentheses. Comparison of malignancy risks between 
LNs with SD ≤ 5 mm vs. > 5 mm, US suspicious LNs, P = 0.274, US indeterminate LNs, P = 0.177, CT suspicious LNs, P = 0.673, CT 
indeterminate LNs, P = 0.588, US + CT suspicious LNs, P = 0.422, US + CT indeterminate LNs, P = 0.767.
US = ultrasound, CT = computed tomography, LN = lymph node, SD = short diameter

Fig. 2. A 79-year-old female with right papillary thyroid carcinoma. An enlarged lymph node (10 mm in short diameter) at the right level 
II with right papillary thyroid carcinoma showing a LN with a preserved echogenic hilum, which was classified as probably benign on US 
(A). This LN shows loss of the hilum (arrow) on axial contrast-enhanced CT (B) and is classified as indeterminate. Core needle biopsy 
confirmed a benign hyperplastic lymph node. CT = computed tomography, US = ultrasound, LN = lymph node

A B
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malignancy risk of indeterminate LNs was low, regardless of 
tumor size (3.2%–7.9%).

Diagnostic Performance and Rate of Unnecessary Biopsy 
according to KSThR LN Size Cutoff Classifications

In all imaging modalities, criteria (4), (5), and (6), as 
shown in Table 1, with a combination of suspicious and 
indeterminate LNs showed a relatively low specificity 
(16%–69%) and high unnecessary biopsy rate (27%–84%) 
(Table 5). Criteria covering suspicious LNs resulted in a 
significant improvement in specificity (13–30 percentage 
points [p.p] in criteria (1) vs. (4), all, P < 0.001, 13–36 p.p 
in (2) vs. (5), P ≤ 0.026; and 13–39 p.p in (3) vs. (6), P ≤ 
0.014) in all imaging modalities. A significant reduction in 
unnecessary biopsy rate was observed on US and CT (27–66 
p.p in criteria (1) vs. (4), P ≤ 0.003; 13–36 p.p in (2) vs. (5), 
P ≤ 0.043 and 13–15 p.p in (3) vs. (6), P ≤ 0.015) while 
preserving sensitivity. 

Among these criteria, the biopsy criteria for any 
suspicious LNs showed an overall high diagnostic sensitivity 
(87%–93%), specificity (73%–82%), and accuracy (85%–
88%), with a low unnecessary biopsy rate (18%–27%) 
in all imaging modalities. Criteria (1) and (2) showed a 
significantly higher sensitivity than criterion (3) for all 
imaging modalities (P < 0.012). The diagnostic specificities 
and accuracies of Criteria (1), (2), and (3) did not show 
significant overall differences (Figs. 4-6).

Interobserver Agreement of CT Categories
In the US, the two readers showed substantial agreement 

for the three-tiered classification (κ = 0.801; 95% CI: 
0.739–0.863) and the binary classification of suspicious LNs 
(κ = 0.88; 95% CI: 0.826–0.938). For CT, the two readers 
showed moderate agreement (κ = 0.773; 95% CI: 0.684–
0.862) for determining the three-tiered classification and 
nearly perfect agreement (κ = 0.957; 95% CI: 0.909–1.000) 
for determining the binary classification (Supplementary 
Table 1).

DISCUSSION

Our study demonstrated that, unlike the US-based 
classification, CT-identified indeterminate and probably 
benign LN categories based on the KSThR guidelines have 
similarly low malignancy risks (7.5% vs. 12.5%). In all 
image-based classifications, the malignancy risks of LNs 
were not significantly affected by size. In addition, biopsy 
criteria including only suspicious LNs showed higher 
specificity (82.3%–87.7% vs. 16.2%–51.5%) and lower 
unnecessary biopsy rate (12.7%–14.5% vs. 33.5%–43.1%) 
without compromising sensitivity (74.8%–93.2% vs. 
76.9%–97.9%) compared to the current criteria, including 
suspicious and indeterminate LNs in US, CT, and combined 
US + CT criteria.

Although CT is widely used as a complementary imaging 
modality to US for evaluating LN in thyroid cancer [5], the 
malignancy risk and biopsy criteria for US, CT, and combined 

Fig. 3. A 65-year-old female with left papillary thyroid carcinoma. A small lymph node (3 mm in short diameter) at the left level III 
showing suspicious features of hyperechogenicity on US (arrow) (A). Strong enhancement is noted on axial contrast-enhanced CT (arrow 
in B) and is classified as suspicious LN. Fine-needle aspiration confirmed a metastatic papillary thyroid carcinoma. US = ultrasound, CT = 
computed tomography, LN = lymph node 
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US and CT based on KSThR have not yet been validated. Our 
study has additional value because previous studies have 
mainly focused on the diagnostic performance of US and CT 
features based on level-by-level analyses [10,12,19-21]. This 
is the first study to validate the US-, CT-, and combined US 
+ CT-based KSThR RSS and size thresholds for the biopsy of 
cervical LN on a node-by-node basis. 

The current KSThR guidelines adopt a size range for 
cervical LNs in patients with thyroid cancer, which 
recommends biopsy for suspicious LNs > 3–5 mm and for 
indeterminate LNs > 5 mm in SD [6]. However, our results 
demonstrated that the current biopsy criteria covering 
both indeterminate and suspicious LNs had relatively low 
specificity and high unnecessary biopsy rate. Meanwhile, 
biopsy criteria covering only suspicious LNs showed high 

specificity and reduced unnecessary biopsy rates, while 
maintaining high sensitivity for detecting metastatic LNs. 
Additionally, nodal size did not influence the malignancy 
risk in suspicious and indeterminate LNs. This is consistent 
with recent observations revealing no associations between 
size and malignancy risk in indeterminate LNs [22,23]. 
This result supports the idea that the size threshold based 
on SD may not effectively detect metastatic LNs during 
the preoperative evaluation of thyroid cancer. Recent 
observations have suggested that the characteristics of 
the primary tumor, such as multiplicity, extrathyroidal 
extension, or nonparallel orientation, rather than 
their nodal sizes, could be risk factors for metastatic 
LNs in indeterminate LNs [22,23]. Interestingly, small 
indeterminate LNs were associated with high risk of 

Table 5. Diagnostic performance of US- and CT-based risk stratification criteria according to various size thresholds for biopsy

Modality Classification Size stratified criteria* Sensitivity Specificity Accuracy Unnecessary biopsy rate 
US† Suspicious (1) 87 (81, 92) 82 (74, 88) 85 (80, 89) 19 (12, 28)

(2) 86 (80, 92) 82 (74, 88) 84 (79, 88) 19 (12, 28)
(3) 75 (67, 82) 89 (82, 93) 81 (76, 86) 12 (7, 19)

Suspicious and  (4)   99 (96, 100) 52 (43, 60) 77 (72, 82) 49 (37, 62) 
  indeterminate (5) 89 (84, 94) 66 (57, 74) 79 (73, 83) 34 (25, 45)

(6) 78 (70, 85) 50 (43, 57) 62 (57, 68) 27 (19, 37)
CT‡ Suspicious (1) 93 (88, 97) 82 (75, 88) 88 (84, 92) 18 (11, 27)

(2) 92 (87, 96) 82 (75, 88) 88 (83, 91) 18 (11, 27)
(3) 75 (67, 82) 88 (81, 93) 81 (76, 85) 12 (7, 20)

Suspicious and (4)   98 (94, 100) 16 (10, 24) 88 (68, 96)   84 (69, 100)
  indeterminate (5) 95 (90, 98) 46 (37, 55) 72 (66, 77) 54 (42, 68)

(6) 77 (69, 83) 52 (43, 60) 65 (59, 71) 49 (37, 62)
US + CT§ Suspicious (1) 96 (91, 99) 73 (65, 81) 85 (81, 89) 27 (19, 37)

(2) 95 (90, 98) 73 (65, 81) 85 (80, 89) 27 (19, 37)
(3) 77 (69, 83) 82 (75, 88) 79 (74, 84) 18 (11, 27)

Suspicious and (4)   99 (96, 100) 46 (37, 55) 74 (69, 49) 54 (42, 68)
  indeterminate (5) 97 (92, 99) 60 (51, 69) 79 (74, 84) 40 (30, 53)

(6) 78 (71, 85) 69 (61, 77) 74 (68, 79) 31 (22, 42)

Data are percentage with 95% confidence interval in parentheses. 
*Criteria (1) through (6) refer to any suspicious LNs; suspicious LNs > 3 mm in short diameter (SD); suspicious LNs > 5 mm in SD; 
any suspicious and indeterminate LNs; suspicious LNs > 3 mm and indeterminate LNs > 5 mm in SD; and suspicious LNs > 5 mm and 
indeterminate LNs > 5 mm, respectively, as shown in Table 1, †Comparison of sensitivity: US criteria (1) vs. (4), P = 0.278, criteria (2) 
vs. (5), P = 0.368, criteria (3) vs. (6), P = 0.491. Comparison of specificity: criteria (1) vs. (4), P < 0.001, criteria (2) vs. (5), P = 0.005, 
criteria (3) vs. (6), P = 0.002. Comparison of accuracy: criteria (1) vs. (4), P = 0.491, criteria (2) vs. (5), P = 0.002, criteria (3) vs. 
(6), P = 0.121. Comparison of unnecessary biopsy rate: criteria (1) vs. (4), P = 0.003, criteria (2) vs. (5), P = 0.043, criteria (3) vs. (6), 
P = 0.015, ‡Comparison of sensitivity: US criteria (1) vs. (4), P = 0.045, criteria (2) vs. (5), P = 0.464, criteria (3) vs. (6), P = 0.689. 
Comparison of specificity: criteria (1) vs. (4), P < 0.001, criteria (2) vs. (5), P < 0.001, criteria (3) vs. (6), P < 0.001. Comparison of 
accuracy: criteria (1) vs. (4), P < 0.001, criteria (2) vs. (5), P < 0.001, criteria (3) vs. (6), P < 0.001. Comparison of unnecessary biopsy 
rate: criteria (1) vs. (4), P < 0.001, criteria (2) vs. (5), P < 0.001, criteria (3) vs. (6), P < 0.001, §Comparison of sensitivity: US criteria (1) 
vs. (4), P = 0.560, criteria (2) vs. (5), P = 0.556, criteria (3) vs. (6), P = 0.780. Comparison of specificity: criteria (1) vs. (4), P < 0.001, 
criteria (2) vs. (5), P = 0.026, criteria (3) vs. (6), P = 0.014. Comparison of accuracy: criteria (1) vs. (4), P = 0.002, criteria (2) vs. (5), 
P = 0.096, criteria (3) vs. (6), P = 0.987. Comparison of unnecessary biopsy rate: criteria (1) vs. (4), P = 0.048 criteria (2) vs. (5), P = 
0.124, criteria (3) vs. (6), P = 0.066.
US = ultrasound, CT = computed tomography, LNs = lymph nodes
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Fig. 4. Comparison of diagnostic performance and unnecessary biopsy rates according to US based classifications and size threshold 
simulations in Korean Society of Thyroid Radiology (KSThR) guideline for cervical LNs. Graphs show sensitivity (A),  specificity (B), 
accuracy (C), and  unnecessary biopsy rate (D) of LN classifications according to the size cutoffs in KSThR guideline. Criteria (1): Any 
suspicious LNs. Criteria (2): Suspicious LNs > 3 mm in SD. Criteria (3): Suspicious LNs > 5 mm in SD. Criteria (4): Any suspicious and 
indeterminate LNs. Criteria (5): Suspicious LNs > 3 mm and indeterminate LNs > 5 mm in SD. Criteria (6): Suspicious LNs > 5 mm and 
indeterminate LNs > 5 mm. US = ultrasound, LN = lymph node, SD = short diameter 

malignancy in this study. In this retrospective cohort, small 
indeterminate LNs may have selective biopsy, which may 
paradoxically resulted in high malignancy risk. In addition, 
it is also worth considering the possibility that suspicious 
features in tiny malignant LNs might have been undetected 
because of their small size and mistakenly classified as 
indeterminate. Given that the accurate detection of cervical 
LN metastasis is becoming increasingly important for 
determining the extent of surgery and whether to enroll in 
active surveillance (AS), understanding the impact of size 
cutoffs for each LN category is important. An appropriate 
biopsy indication can be selected to determine the most 
important factors for optimizing patient management. 
Omitting biopsy in indeterminate LNs spared a substantial 
proportion of patients (approximately 19.0%–28.7%, 
according to our study) from unnecessary, painful biopsy and 
additional medical costs. In addition, psychological stress 
due to the presumptive diagnosis of cervical LN metastasis 

is avoided, which could influence the decision to perform 
AS. For suspicious LNs, biopsies should be considered 
regardless of their size, although they may not be routinely 
required for large indeterminate LNs. In the case of small 
indeterminate LNs with high malignancy risk, it is necessary 
to carefully evaluate their imaging features along with 
the characteristics of the primary tumor to determine the 
indications for biopsy.

This study had several limitations. First, in addition to its 
retrospective nature, all patients were recruited from a single 
tertiary referral center; therefore, selection bias might exist. 
Second, the number of probably benign or indeterminate 
LNs was small for subcategorization, because most probably 
benign and small indeterminate LNs are not candidates for 
biopsy in practice. Considering that biopsy was performed 
in only a few cases for probably benign and indeterminate 
LN categories, the overall malignancy risk could have been 
overestimated. Future studies with larger sample sizes from 
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multiple centers may mitigate these limitations. Third, 
not all the thyroid cancer subtypes were included in this 
study. Most were conventional PTC, and very small cases 
of PDTC and ATC were included; thus, the importance of CT 
features suggestive of metastasis from undifferentiated 
thyroid cancer might have been underestimated. Finally, 
given that this study was based on a retrospective node-by-
node analysis, the clinical relevance of these CT features in 
surgical management could not be determined.

In conclusion, integrative evaluation of US and CT was 
helpful in reducing the proportion of indeterminate LNs and 
malignancy risk. Nodal size did not affect the malignancy 
risk of LNs on either US or CT. The addition of indeterminate 
LNs to biopsy candidates did not provide an advantage in 
detecting LN metastasis using any imaging modality. These 
results could potentially refine the current RSS for cervical 
LNs in patients with thyroid cancer. Future studies with 
prospective data from larger populations are required to 

fully elucidate the relevance of these criteria. 
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Fig. 5. Comparison of diagnostic performance and unnecessary biopsy rates according to CT based classifications and size threshold 
simulations in Korean Society of Thyroid Radiology (KSThR) guideline for cervical LNs. Graphs show  sensitivity (A), specificity (B), 
accuracy (C), and unnecessary biopsy rate (D) of LN classifications according to the size cutoffs in KSThR guideline. Criteria (1): Any 
suspicious LNs. Criteria (2): Suspicious LNs > 3 mm in SD. Criteria (3): Suspicious LNs > 5 mm in SD. Criteria (4): Any suspicious and 
indeterminate LNs. Criteria (5): Suspicious LNs > 3 mm and indeterminate LNs > 5 mm in SD. Criteria (6): Suspicious LNs > 5 mm and 
indeterminate LNs > 5 mm. CT = computed tomography, LN = lymph node, SD = short diameter
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Fig. 6. Comparison of diagnostic performance and unnecessary biopsy rates according to US + CT  based classifications and size threshold 
simulations in Korean Society of Thyroid Radiology (KSThR) guideline for cervical LNs. Graphs show sensitivity (A), specificity (B), 
accuracy (C), and unnecessary biopsy rate (D) of LN classifications according to the size cutoffs in KSThR guideline. Criteria (1): Any 
suspicious LNs. Criteria (2): Suspicious LNs > 3 mm in SD. Criteria (3): Suspicious LNs > 5 mm in SD. Criteria (4): Any suspicious and 
indeterminate LNs. Criteria (5): Suspicious LNs > 3 mm and indeterminate LNs > 5 mm in SD. Criteria (6): Suspicious LNs > 5 mm and 
indeterminate LNs > 5 mm. US = ultrasound, CT = computed tomography, LN = lymph node, SD = short diameter
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