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Purpose To evaluate the inter-system agreement and diagnostic performance of experi-
enced readers using two Thyroid Imaging Reporting and Data Systems (TI-RADS).
Materials and Methods A total of 481 thyroid US images were collected retrospectively.
Four experienced radiologists independently reviewed the images and documented the US
features and final assessments based on the Korean TI-RADS (K-TIRADS). The final Ameri-
can College of Radiology (ACR) TI-RADS score was calculated using individual US feature
scores. The final assessments from both TI-RADS systems were used to evaluate inter-read-
er and inter-system agreement. The diagnostic performance metrics, including sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and unneces-
sary biopsy rate, were calculated and compared.

Results Among the 481 US images, 157 were benign, 184 were malignant, and 140 were
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negative images. In the final assessment, substantial agreement was observed between the two TI-
RADS systems (k = 0.61) for all four readers. The mean AUC did not differ significantly between ACR TI-
RADS and K-TIRADS (p = 0.52). Compared with K-TIRADS, ACR TI-RADS demonstrated significantly high-
er sensitivity and NPV but significantly lower specificity, PPV, and unnecessary biopsy rates (p < 0.001).
Conclusion Substantial agreement was observed between the final assessments of ACR TI-RADS and
K-TIRADS. The mean AUC did not differ significantly between the two TI-RADS categories, reflecting
consistent image interpretation and patient management regardless of the system.

Index terms Thyroid Imaging Reporting and Data System; Thyroid Nodule; Neoplasm;
Ultrasonography; Fine-Needle Aspiration Biopsy

INTRODUCTION

Despite the high prevalence of thyroid nodules in up to 68% of the general population (1-3),
only 5%-15% of thyroid nodules are malignant, emphasizing the need for accurate risk strati-
fication (4). US is the standard imaging modality for thyroid nodule evaluation because of its
cost-effectiveness, widespread accessibility, noninvasiveness, and absence of radiation expo-
sure (5, 6). It also allows real-time guidance for fine-needle aspiration biopsy, facilitating the
histopathological diagnosis of suspicious nodules. Nevertheless, interobserver variability, in
which differences in image interpretation can cause inconsistent classification and patient
management, remains a major limitation of thyroid US (7, 8). To address this issue, several
guidelines that incorporate US descriptors, collectively known as the Thyroid Imaging Report-
ing and Data Systems (TT-RADS), have been developed (5, 6, 9, 10). TI-RADS provides a stan-
dardized lexicon for thyroid nodule descriptions based on US features and establishes risk
categories to guide clinical decision-making. However, variations in the classification criteria
and clinical applications exist among the different TIRADS versions, as no universal system
has yet been established.

Although the published TI-RADS systems employ similar US descriptor categories, they dif-
fer in how these features are applied to determine the final assessment category. Many pattern-
based TI-RADS approaches derive the final assessment based on the presence of suspicious US
features (5, 9, 10). In contrast, the American College of Radiology (ACR) TI-RADS assigns nu-
merical points to individual US features and sums them to determine the final assessment cat-
egory—representing a score-based TI-RADS (6). Although these systems share US descriptors,
the final assessment categories of pattern-based versus score-based systems may differ de-
pending on how conclusions are derived. Several previous studies comparing the performance
of thyroid US risk stratification systems have relied on individual US features retrospectively
extracted from examination reports, with final assessments retrospectively categorized based
on different TI-RADS (11-13). Direct comparisons of the agreements and differences in perfor-
mance outcomes based on the final assessment categories provided by readers using different
TI-RADS scores have not been investigated.

In this study, inter-reader agreement, differences in performance measures, and inter-sys-

tem agreement were evaluated among experienced readers using the score-based ACR TI-
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RADS and pattern-based Korean Society of Thyroid Radiology TI-RADS (K-TIRADS) on the
same image datasets.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional Review Board of Yonsei Universi-
ty Severance Hospital, Seoul, Korea (IRB No. 2024-3991-001); Seoul National University Hospi-
tal, Seoul, Korea (IRB No. H-2311-149-1487), and Ewha Womans University Mokdong Hospital,
Seoul, Korea (IRB No. 2023-09-024-001).

The requirement for informed consent was waived for access to medical records and US

image review.

STUDY POPULATION

A total of 511 thyroid US examinations from 511 patients were retrospectively reviewed at
Referral Centers A (n = 311) and B (n = 200) between January 2020 and December 2020. Based
on the final cytopathological diagnosis, 511 representative US images were selected by expe-
rienced radiologists at Seoul National University Hospital (J.Y.L.) and Ewha Womans Univer-
sity Mokdong Hospital (J.C.), who had 10 and 15 years of experience in thyroid imaging, re-
spectively. Thirteen images were excluded because the entire lesion was not completely
captured, and 17 were excluded because of inadequate image quality for interpretation. Fi-
nally, 481 thyroid US images from 481 patients were included in the analysis (Fig. 1).

READING SESSIONS WITH EXPERIENCED READERS
Four board-certified radiologists with 23, 17, 16, and 3 years of experience in thyroid imag-

ing participated in this study. US images were uploaded to a dedicated web-based system
built for this reader study (Fig. 2). Each reader independently reviewed the US images for im-

age analysis, blinded to the patients’ clinical and cytopathological information.

Fig. 1. Diagram illustrating the inclusion of 481 thyroid US images.

From January to December 2020, consecutive thyroid US examinations were reviewed in two centers

!

Seoul National University Hospital: Ewha Womans University Mokdong Hospital:
311 thyroid US examinations 200 thyroid US examinations
\ ]

30 cases excluded
« 13 masses larger than 30mm so that the whole image
of the mass was not fully captured
« 17: inadequate image quality for interpretation

A
‘ 481 thyroid US images were included ‘

Y !

Seoul National University Hospital: Ewha Womans University Mokdong Hospital:
284 thyroid US images 197 thyroid US images
I I
] Y Y ] v v
‘ Benign 78 H Negative 90 H Malignant 116 ‘ ‘ Benign 79 H Negative 50 H Malignant 68 ‘
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Fig. 2. Web-based interface shows a grayscale US image on the left and an input panel on the right, where
readers record individual US features and final K-TIRADS assessments, while ACR TI-RADS assessments
were later calculated from these recorded features.

ACR = American College of Radiology, K-TIRADS = Korean TI-RADS, TI-RADS = Thyroid Imaging Reporting
and Data Systems
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The readers were instructed to analyze the US images according to the following thyroid
US descriptors: composition, echogenicity, shape, margin, and echogenic foci. The defini-
tions of each US descriptor and final assessment are summarized in Table 1 (10, 14). Individ-
ual descriptors provided by the readers were converted into ACR TI-RADS scores, from
which the corresponding ACR TI-RADS final assessment was determined (6). The readers
also provided a final K-TIRADS assessment based on the Korean Society of Thyroid Radiology
2021 K-TIRADS (Supplementary Table 1) (10).

DATA AND STATISTICAL ANALYSIS

Histopathological results obtained from surgical resections, US-guided fine-needle aspira-
tion, or core biopsies were used as reference standards. Those with cytopathologically con-
firmed benign lesions or typically benign US findings and lesions that remained stable on
follow-up imaging for more than one year were also included.

Fleiss’ x statistics were used to evaluate the inter-reader agreement of the four readers on
individual US descriptors and for each final ACR TI-RADS and K-TTRADS assessment. Cohen’s
k values (unweighted, linearly weighted, and quadratically weighted) were used for inter-sys-
tem agreement between ACR TI-RADS and K-TIRADS final assessments. k <0.20, 0.21-0.40,
0.41-0.60, 0.61-0.80, and =0.80 indicate slight, fair, moderate, substantial, and almost per-
fect agreement, respectively (15). For the final assessment category agreement, individual fi-
nal assessments and binary classifications, that is, classifying TI-RADS 1-3 and 4-5 as ‘nega-
tive’ and ‘positive’ assessments, respectively, were analyzed based on the threshold at which
aspiration was considered for nodules with a higher suspicion of malignancy. Stratified anal-
yses were conducted separately based on the pathological diagnosis of benign or malignant

tumors. The diagnostic performance, including sensitivity, specificity, positive predictive val-
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ue (PPV), negative predictive value (NPV), accuracy, and area under the receiver operating
characteristic curve (AUC), were compared between ACR TI-RADS and K-TIRADS. The un-
necessary biopsy rate was defined as the proportion of negative or benign cases among nod-
ules recommended for biopsy based on the size-based criteria of each system (K-TIRADS or
ACR TI-RADS). The rates of the two systems were compared. The standard errors of the diag-
nostic performance metrics were estimated and compared using a nonparametric bootstrap
method with 1,000 re-samples.

Statistical analyses were performed using R software version 4.3.2 (R Foundation for Statis-

tical Computing, Vienna, Austria). A p-value of <0.05 was considered statistically significant.

RESULTS

A total of 481 patients were included in the study (392 women [81.5%] and 89 men [18.5%];
mean age, 54 years; range, 18-86 years). Among the 481 US images, 184 (38.3%) were malig-
nant, 157 (32.6%) were benign, and 140 (29.1%) were negative without focal abnormalities.

The mean size of the 341 benign and malignant nodules was 16.7 & 8.8 mm (range: 5-51 mm).

AGREEMENT ON INDIVIDUAL US DESCRIPTORS AND FINAL ASSESSMENTS

The agreements among the four experienced readers on individual US descriptors, ACR TI-
RADS, and K-TIRADS final assessments are summarized in Table 2. Moderate agreement was
observed for individual US descriptors (x range, 0.41-0.48), with the highest agreement for
echogenic foci (x = 0.48; 95% confidence interval [CI], 0.46-0.51). When stratified by patholo-
gy, the agreement for echogenic foci remained highest in both the benign and malignant
subgroups (x = 0.43; 95% CI, 0.38-0.47 and k = 0.54; 95% CI, 0.50-0.58, respectively).

For the final assessments, the readers showed moderate ACR TI-RADS and K-TIRADS

Table 2. Agreement of Individual US Descriptors and Final Assessments for ACR TI-RADS and K-TIRADS

Overall (n=481) Benign (n =184) Malignant (n = 157)

US Descriptors

Composition 0.42 (0.39-0.44) 0.31(0.26-0.36) 0.23(0.17-0.28)

Echogenicity 0.41 (0.39-0.43) 0.27(0.22-0.32) 0.27(0.23-0.32)

Shape 0.42 (0.40-0.45) 0.10 (0.05-0.16) 0.45 (0.40-0.51)

Margin 0.41 (0.39-0.44) 0.23(0.18-0.28) 0.35(0.30-0.39)

Echogenic foci 0.48 (0.46-0.51) 0.43 (0.38-0.47) 0.54 (0.50-0.58)
ACRTI-RADS

Final assessment 0.53 (0.51-0.55) 0.31(0.27-0.35) 0.34(0.29-0.38)

Final assessment (binary) 0.69 (0.66-0.73) 0.34(0.27-0.40) 0.44 (0.38-0.50)
K-TIRADS

Final assessment 0.54 (0.52-0.56) 0.29(0.25-0.33) 0.27(0.23-0.31)

Final assessment (binary) 0.68 (0.64-0.71) 0.38(0.32-0.45) 0.40 (0.34-0.46)

Data are expressed as Cohen’s k (95% confidence interval).

Binary classification of final assessment: TIRADS 1-3 considered negative, 4-5 considered positive.

ACR = American College of Radiology, K-TIRADS = Korean TI-RADS, TI-RADS = Thyroid Imaging Reporting
and Data Systems

https://doi.org/10.3348/jksr.2024.0054 7
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agreement (k = 0.53; 95% CI, 0.51-0.55 and x = 0.54; 95% CI, 0.52-0.56, respectively). ACR TI-
RADS and K-TIRADS demonstrated substantial agreement when categorized into binary as-
sessment groups (k = 0.69, 95% CI, 0.66-0.73 and k = 0.68, 95% CI, 0.64-0.71, respectively).
When grouped by pathology (benign and malignant), fair agreement was observed for ACR
TI-RADS (x = 0.31; 95% CI, 0.27-0.35 and x = 0.34; 95% CI, 0.29-0.38, respectively) and K-TI-
RADS (k = 0.29; 95% CI, 0.25-0.33 and x = 0.27; 95% CI, 0.23-0.31, respectively) (Figs. 3, 4).
When categorized into binary assessment groups, fair agreement was observed for the benign
ACR TIRADS subgroup (k = 0.34; 95% CI, 0.27-0.40) and the benign and malignant K-TIRADS
subgroups (x = 0.38; 95% CI, 0.32-0.45, x = 0.40; 95% CI, 0.34-0.46, respectively). Moderate
agreement was observed in the malignant ACR TI-RADS subgroup (k = 0.44; 95% CI, 0.38-0.50).

AGREEMENT BETWEEN ACR TI-RADS VS. K-TIRADS FINAL ASSESSMENTS

The agreement between the individual readers’ ACR TI-RADS and K-TIRADS final assess-
ments and their averages are summarized in Table 3. Moderate to substantial agreement was
observed between the ACR TI-RADS and K-TIRADS assessments across the four readers (un-
weighted « range, 0.53-0.71). Using unweighted measures, the average of the four readers
demonstrated substantial agreement between the ACR TI-RADS and K-TTRADS assessments

Fig. 3. US image shows a 7-mm nodule in the left thyroid lobe, lower isthmic portion, in a 49-year-old wom-
an, which was confirmed as papillary thyroid carcinoma by fine-needle aspiration and subsequent surgery,
with three readers assessing it as ACR TI-RADS and K-TIRADS 4 or 5, and one reader assessing it as ACR TI-
RADS 2 and K-TIRADS 3, as summarized in the table.

ACR = American College of Radiology, K-TIRADS = Korean TI-RADS, TI-RADS = Thyroid Imaging Reporting
and Data Systems

Reader 1 Reader 2 Reader 3 Reader 4

Composition  Solid or almost Solid or almost Mixed cystic and solid ~ Solid or almost
completely solid completely solid completely solid

Echogenicity Hypoechoic Hypoechoic Hyper or isoechoic Hypoechoic
Margin Lobulated orirregular Lobulated orirregular Well (smooth) Lobulated orirregular
Echogenic foci  None or comet tail None or comet tail None or comet tail None or comet tail
Shape Wider than tall Wider than tall Wider than tall Wider than tall
ACR TI-RADS 4 4 2 4
K-TIRADS 4 5 3 4

jksronline.org
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Fig. 4. US image shows a 10-mm nodule in the right mid-lobe of the thyroid in a 43-year-old woman, which
was confirmed as benign (Bethesda II) by fine-needle aspiration, with two readers assessing it as TI-RADS 2
or 3 and the other two readers assessing it as TI-RADS 4 or 5, as summarized in the table.

ACR = American College of Radiology, K-TIRADS = Korean TI-RADS, TI-RADS = Thyroid Imaging Reporting
and Data Systems

Reader 1 Reader 2 Reader 3 Reader 4

Composition  Spongiform Mixed cystic and solid Mixed cystic and solid ~ Solid or almost
completely solid

Echogenicity Hypoechoic Hyper or isoechoic Hyper or isoechoic Hypoechoic
Margin Well (smooth) Well (smooth) Well (smooth) Well (smooth)
Echogenicfoci Noneorcomettail Punctate echogenicfoci None or comet tail None or comet tail
Shape Wider than tall Taller than wide Wider than tall Wider than tall
ACR TI-RADS 2 5 2 4
K-TIRADS 2 4 3 4

Table 3. Agreement Among Readers Using ACR TI-RADS vs. K-TIRADS Final Assessment Categories

Unweighted Linearly Weighted Quadratically Weighted Binary
Readerl  0.60(0.55-0.65) 0.80 (0.78-0.83) 0.92 (0.90-0.94) 0.63 (0.57-0.70)
Reader2  0.71(0.66-0.75) 0.87 (0.84-0.89) 0.95 (0.94-0.96) 0.92 (0.89-0.96)
Reader3  0.53(0.48-0.58) 0.76 (0.73-0.79) 0.90 (0.89-0.92) 0.91 (0.88-0.95)
Reader4  0.60 (0.55-0.65) 0.78 (0.75-0.82) 0.90 (0.87-0.92) 0.74 (0.68-0.80)
Average  0.61(0.58-0.64) 0.81(0.78-0.83) 0.92 (0.91-0.93) 0.80 (0.77-0.83)

Data are expressed as Cohen’s k (95% confidence interval).

Binary classification of final assessment: TIRADS 1-3 considered negative, 4-5 considered positive.

ACR = American College of Radiology, K-TIRADS = Korean TI-RADS, TI-RADS = Thyroid Imaging Reporting
and Data Systems

(unweighted x = 0.61; 95% CI, 0.58-0.64). When weighted measures were applied, almost per-
fect agreement was observed (linearly weighted x = 0.81, 95% CI: 0.78-0.83; quadratically
weighted x =0.92, 95% CI: 0.91-0.93). The average agreement among the four readers demon-
strated almost perfect agreement when the final assessments were classified into binary as-
sessment groups (x = 0.80; 95% CI, 0.77-0.83). Supplementary Table 2 presents the stratified
reader agreement analysis based on the pathology.
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DIAGNOSTIC PERFORMANCES OF ACR TI-RADS AND K-TIRADS
The diagnostic performances of the individual readers using ACR TI-RADS, K-TIRADS, and

their averages are shown in Table 4. Compared with K-TIRADS, all three readers demonstrat-
ed higher sensitivity and NPV but lower specificity and PPV when using ACR TI-RADS (all p <
0.05). One reader showed significantly higher specificity when using the ACR TI-RADS, where-
as no significant differences were observed for the other diagnostic indices. The AUC did not
differ significantly between ACR TI-RADS and K-TIRADS across the four readers (all p < 0.05).

Compared with K-TIRADS, average sensitivity (88.2%; 95% CI, 84.5-91.8 vs. 79.2%; 95% CI,
74.8-83.6) and NPV (91.8%; 95% CI, 89.1-94.6 vs. 87.5%; 95% CI, 84.4-90.6) were significantly
higher in ACR TI-RADS (all p < 0.001). However, average specificity, PPV, and unnecessary bi-
opsy rates were significantly lower in ACR TI-RADS than in K-TIRADS (82.0%, 95% CI, 78.7-
85.3 vs. 89.1%, 95% CI, 86.4-91.7; 75.7%, 95% CL, 71.0-80.4 vs. 82.0%, 95% Cl, 77.5-86.5; 33.0%,
95% CI, 26.9-39.0 vs. 37.6%, 95% CI, 31.8-43.5; all p < 0.001). When using ACR TI-RADS, the av-
erage AUC of the four readers was not significantly different from that of K-TIRADS (AUC:
0.903; 95% CI, 0.882-0.927 vs. 0.900; 95% CI, 0.879-0.921; p = 0.52).

DISCUSSION

This study evaluated the intersystem agreement and diagnostic performance differences
among experienced readers using score-based ACR TI-RADS and pattern-based K-TTRADS on
the same test dataset. The ACR TI-RADS and K-TIRADS assessments by the four experienced
readers showed substantial agreement. Compared with K-TIRADS, significantly higher aver-
age sensitivity and NPV were observed for ACR TI-RADS, with a trade-off between lower
specificity and PPV. The overall diagnostic performance, as measured by the AUC, did not
differ significantly between ACR TI-RADS and K-TIRADS. These findings indicate that experi-
enced readers can achieve high TI-RADS assessment agreement without significant differ-
ences in performance outcomes between the pattern- and score-based TI-RADS systems.

The agreement on individual US descriptors was moderate for all 481 images (k = 0.41-
0.48). Because these individual US descriptors form the basis of the final ACR TI-RADS and K-
TIRADS assessments, the moderate agreement between the readers for ACR TI-RADS (k =
0.53) and K-TTRADS (x = 0.54) was expected and consistent with previous studies (7, 8, 16).
However, the agreement decreased for US images containing benign or malignant nodules,
showing only slight to fair agreement (x = 0.10-0.54). The inclusion of ‘negative’ US images
likely contributed to the higher overall agreement in the complete dataset, as experienced
readers tend to demonstrate high concordance in these cases. Both systems demonstrated
substantial agreement in the binary classification of the final assessments (ACR TI-RADS: k =
0.69, K-TIRADS: x = 0.69), reflecting strong consistency across readers when making patient
management decisions.

Despite moderate agreement in the individual US descriptors of the two TI-RADS, agree-
ment between ACR TI-RADS and K-TIRADS among the four experienced readers was moder-
ate to substantial (x = 0.53-0.71). The two TI-RADS differ in how individual US features are
weighted and integrated to determine the final assessment category—that is, the score-based

vs. pattern-based approach. To the best of our knowledge, this is the first study to evaluate

https://doi.org/10.3348/jksr.2024.0054
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the intersystem agreement between different TI-RADS classifications. Our findings indicate
that despite structural differences, agreement in the final assessment using different TI-
RADS scores remained relatively consistent when assessed by experienced readers.

In this study, ACR TI-RADS showed higher sensitivity and NPV, whereas K-TIRADS exhibit-
ed higher specificity and PPV, consistent with previous studies (11, 17, 18). Among experi-
enced readers, the overall accuracy and AUC did not differ significantly between ACR TI-
RADS and K-TIRADS, indicating similar diagnostic performance despite structural
differences. The average unnecessary biopsy rate was significantly lower for ACR TI-RADS
than for K-TIRADS, reflecting the stricter biopsy criteria of ACR TI-RADS, which require larg-
er nodule sizes for biopsy in category 3 (=25 mm vs. =20 mm) and category 4 (=15 mm vs.
=10 mm) (19). Therefore, clinicians should recognize the strengths and limitations of each
system and apply them appropriately in the clinical context. The average AUCs of the experi-
enced readers for ACR TI-RADS and K-TIRADs were 0.903 and 0.900, respectively. Although
the final assessment was based on US image analyses of individual US features, where mod-
erate agreement was observed even among experienced readers, it is evident that the cur-
rently used TI-RADS offers high diagnostic performance in differentiating thyroid nodules,
thereby providing reliable guidance for patient management.

This study had certain limitations. First, it used US images that were retrospectively cap-
tured by the operators and were not included as the readers. Second, for the ACR TI-RADS;
the final assessments were based on the sum of the scores for the US descriptors provided by
the readers instead of being directly provided by the readers. Because the readers sequential-
ly assessed the images for individual US features and K-TIRADS, K-TIRADS assessments may
have had less influence on the use of ACR TI-RADS assessments based on summed ACR
scores. Third, only experienced readers were included in this study. Less experienced read-
ers were excluded because the type of training and level of expertise critically affected indi-
vidual US feature assessment. Finally, of the various pattern-based systems, K-TIRADS was
used (5, 9, 10) because it is used in daily practice in Korea. Therefore, other pattern-based TI-
RADS may yield different results when applied to our study samples.

In conclusion, this study demonstrated that experienced readers achieved moderate to
substantial agreement in final assessments when using ACR TI-RADS and K-TIRADS. The
mean AUC did not differ significantly between the two TI-RADS types, reflecting the consis-
tency in image interpretation and patient management, regardless of the TI-RADS used.

Supplementary Materials
The Supplement is available with this article at http://doi.org/10.3348/jksr.2024.0054.
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