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Background: The aim of this study was to explore the diagnostic and therapeutic performances of the 
artificial intelligence (AI), American College of Radiology (ACR), and Kwak Thyroid Imaging Reporting and 
Data Systems (TIRADSs) using the size thresholds for fine needle aspiration (FNA) and follow-up defined in 
the ACR TIRADS.
Methods: This retrospective study included 3,833 consecutive thyroid nodules identified in 2,590 patients 
from January 2010 to August 2017. Ultrasound (US) features were reviewed using the 2017 white paper of 
the ACR TIRADS. US categories were assigned according to the ACR/AI and Kwak TIRADS. We applied 
the thresholds for FNA and follow-up defined in the ACR TIRADS to the Kwak TIRADS. The diagnostic 
and therapeutic performances were calculated and compared using the McNemar or DeLong methods.
Results: The AI TIRADS had higher specificity, accuracy, and area under the curve (AUC) than did the 
ACR and Kwak TIRADS (specificity: 64.6% vs. 57.4% and 52.69%; accuracy: 78.5% vs. 75.4% and 73.0%; 
AUC: 88.2% vs. 86.6% and 86.0%; all P values <0.05). Meanwhile, the AI TIRADS had a lower FNA rate 
(FNAR), unnecessary FNA rate (UFR), and follow-up rate (FUR) than did the ACR and Kwak TIRADS 
using the size thresholds of the ACR TIRADS (specificity: 30.9% vs. 34.4% and 36.9%; accuracy: 41.1% vs. 
47.8% and 48.7%; AUC: 34.2% vs. 37.7% and 41.0%; all P values <0.05). In addition, the Kwak TIRADS 
incorporating the size thresholds of the ACR TIRADS was almost similar to the ACR TIRADS in diagnostic 
and therapeutical performance.
Conclusions: The ACR TIRADS can be simplified, which potentially enhances its diagnostic and 
therapeutic performance. The method of score-based TIRADS (counting in the Kwak TIRADS and 
weighting in the ACR and AI TIRADS) might not determine the diagnostic and therapeutic performances of 
the TIRADS. Thus, we propose choosing a straightforward and practical TIRADS in daily practice.
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Introduction

Ultrasound (US) has long been recognized as the most 
effective method for detecting and characterizing thyroid 
nodules (1). Over the past two decades, professional 
organizations and other groups have developed a multitude 
of independent risk stratification systems (RSSs) (2-6).  
However, a worldwide communicable RSS does not 
presently exist.

In 2017, the American College of Radiology (ACR) 
proposed a 5-tier approach based on a quantitative scoring 
system (2), referred to as the ACR Thyroid Imaging 
Reporting and Data System (TIRADS), which showed 
superior diagnostic performance compared to other RSSs 
(7-11). However, concerns have been raised that the ACR 
TIRADS implements a quite complicated calculation 
algorithm. In 2019, Wildman-Tobriner et al. (4) proposed 
the artificial intelligence (AI) TIRADS that uses an AI 
algorithm to simplify the ACR TIRADS. The simple 
version of the AI TIRADS eliminates 6 scores and decreases 
2 scores of US features. Recent studies have proven that 
the AI TIRADS has a better diagnostic performance and 
yields a lower unnecessary fine-needle aspiration (FNA) rate 
(UFR) compared with the ACR TIRADS (12-14).

The ACR TIRADS and the TIRADS proposed by Kwak 
(Kwak TIRADS) are score-based TIRADS. In contrast to 
the ARC TIRADS, the Kwak TIRADS applies points for 
all suspicious US features, and these points are added up 
to give a numeric score leading to a final category (15), an 
approach which has been proven to be practical and easily 
applicable (4,15). Recent studies have demonstrated that 
the diagnostic performance of the Kwak TIRADS was 
superior to that of the ACR TIRADS, without considering 
the size thresholds for FNA (16,17). Meanwhile, the 
Kwak TIRADS, which incorporates the size thresholds 
of the ACR TIRADS for FNA, showed higher diagnostic 
performance and a lower UFR than did the ACR TIRADS 
(6,18-20). The ACR TIRADS provides 2 different size 
thresholds for each category to determines the therapeutic 
recommendations of FNA: follow-up or no further 
evaluation (NFE). However, few studies have compared 
the diagnostic and therapeutic performances of the above 3 
TIRADS in follow-up and NFE. 

Therefore, the purpose of our study was to compare 
the diagnostic and therapeutic managerial performance 
(including FNA, follow-up and NFE) using 3 score-based 
TIRADSs (the ACR, AI, and Kwak TIRADS) and to apply 
the size threshold of the ACR TIRADS to FNA and follow-

up. We present the following article in accordance with 
the STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-592/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The Scientific 
Research and Clinical Trials Ethics Committee of the First 
Affiliated Hospital of Zhengzhou University of China (No. 
2022-KY-0974-001) approved this study and granted a 
waiver of written informed consent for use of data due to 
the retrospective nature of the study.

Patients

This study was conducted from January 2010 to August 
2017, during which time 4,022 nodules were identified in 
2,714 consecutive patients who underwent US examinations 
followed by US-FNA or surgery to diagnose thyroid 
nodules at our institution. Of the 4,022 nodules, 189 were 
excluded due to a lack of definitive cytopathologic results or 
incomplete US imaging data (Figure 1). 

US examination and image analysis

Thyroid US was performed with a 5 to 12-MHz linear 
array transducer and a real-time US system (Aplio-300; 
Toshiba Corporation, Tokyo, Japan). US examinations 
were performed by a senior radiologist with 33 years of 
experience in thyroid imaging. All the US examinations 
complied with the American Institute of Ultrasound in 
Medicine (AIUM) protocol for thyroid scanning. US 
images of the thyroid nodules were acquired by carefully 
scanning the thyroid and adjacent tissues, both transversely 
and longitudinally. US features of the thyroid nodules 
that underwent US-FNA or surgery in 2 weeks were 
prospectively recorded by the radiologist according to 
composition, echogenicity, margins, calcification, and shape, 
which is similar to the ACR lexicon for describing thyroid 
nodules.

US features were used to classify thyroid nodules 
in the ACR, AI, and Kwak TIRADS (Figure 2). Points 
were assigned to each nodule for the separate categories 
according to the different TIRADS guidelines (2,4,15). 
The sum of the points in each guideline determined the 
TIRADS level assigned to each nodule. According to the 
relevant guidelines, the Kwak TIRADS is divided into 

https://qims.amegroups.com/article/view/10.21037/qims-22-592/rc
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Figure 1 Flowchart showing the recruitment of study participants. US-FNA, ultrasound fine needle aspiration.

4,022 nodules in 2,714 consecutive patients 
underwent US examinations (source population)

3,999 nodules in 2,693 patients

23 Nodules in 21 patients incomplete ultrasound image data

166 nodules in 103 patients were excluded for a lack of 
definitive cytopathologic results

3,833 nodules in 2,590 patients
(study population)

1,785 malignant nodules
1,342 surgery
443 US-FNA

2,048 benign nodules
825 surgery

1,223 US-FNA

Figure 2 Score assignments of ACR, AI, and Kwak TIRADS. ACR, American College of Radiology; AI, artificial intelligence; TIRADS, 
Thyroid Imaging Reporting and Data System; TR, Thyroid Imaging Reporting and Data System category.
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TR 3 (0 point), TR 4A (1 point), TR 4B (2 points), TR 
4C (3–4 points), and TR 5 (5 points), while the ACR/AI 
TIRADS is divided into TR 1 (0–1 point), TR 2 (2 points), 
TR 3 (3 points), TR 4 (4–6 points), and TR 5 (≥7 points).  
Identification and evaluation of US features were 
determined retrospectively by 2 radiologists (with 13 and 
12 years, respectively, of clinical experience in performing 
thyroid US scans and evaluating thyroid US images), with 
any disagreements being resolved by discussing it again and 
getting a unified result. The reviewers had no knowledge of 
the final pathological diagnosis, and they assessed the US 
features of the thyroid nodules according to the guidelines 
for lesion reporting published in the 2017 ARC TIRADS 
white paper.  

We applied the size thresholds proposed by the ACR 
TIRADS to the Kwak TIRADS according to the similar 
estimated malignancy rates (2,15). Table 1 shows the 
recommended size thresholds for biopsy and follow-up in 
the 3 TIRADSs. In our study, we defined the cutoffs that 
were suspicious for malignancy as ≥4 for the AI and ACR 
TIRADS and as ≥4B for the Kwak TIRADS. Additionally, 
thyroid nodules were classified as FNA or no-FNA nodules 
according to the size thresholds of the ACR TIRADS for 
FNA. Furthermore, no-FNA nodules were divided into 
follow-up and NFE according to the thresholds of the ACR 
TIRADS for follow-up. 

Data and statistical analysis  

The UFR was calculated as the proportion of benign 
nodules in the nodules recommended for FNA. The missed 
cancer rate (MCR) was calculated as the percentage of all 
malignant nodules recommended for NFE. The follow-
up rate (FUR) was calculated as the proportion of follow-

up nodules in the no-FNA nodules. The false-negative 
rate (FNR) was calculated as the proportion of no-FNA 
malignant nodules in all malignant nodules.

The demographics between patients with benign and 
malignant nodules were compared using the independent 
2-sample t-test for continuous data and the chi-squared test 
for categorical data. All quantitative values are expressed 
as mean ± standard deviation (SD). We evaluated the 
diagnostic performance of the 3 TIRADSs, including 
specificity, sensitivity, positive predictive value (PPV), 
negative predictive value (NPV), and accuracy with 95% 
confidence intervals (CIs). We also evaluated the clinical 
management performance including the FNA rate (FNAR), 
UFR, FNR, and MCR. The above diagnostic and clinical 
management performances were compared using McNemar 
test or DeLong test. Areas under the receiver operating 
characteristic curve (AUCs) were calculated and compared 
using the DeLong method. The statistical analysis was 
performed with SPSS 26.0 (IBM Corp., Armonk, NY, USA) 
software and MedCalc 18.2.1 (MedCalc Software Ltd., 
Ostend, Belgium) software. A two-sided P value of <0.05 
was considered to be statistically significant. 

Results

Baseline clinicopathological characteristics

A total of 3,833 thyroid nodules in 2,590 patients were 
included in our study. Demographics of the patients 
and nodules are summarized in Table 2. There were 
more female patients than male patients (1,979 vs. 611; 
P<0.001). Patients with benign thyroid nodules were 
significantly older than patients with malignant nodules 
(mean 49.6±11.6 vs. 45.0±11.6 years; P=0.56). Malignant 
thyroid nodules were significantly smaller than benign 

Table 1 Recommended ACR TIRADS size thresholds for ACR, AI, and Kwak TIRADSs, according to similar estimated malignancy rates

Suspicious Recommended size thresholds ACR/AI Kwak

Mildly suspicious FNA if ≥2.5 cm TR 3 TR 4A

Follow if ≥1.5 cm

Moderately suspicious FNA if ≥1.5 cm TR 4 TR 4B

Follow if ≥1.0 cm

Highly suspicious FNA if ≥1.0 cm TR 5 TR 4C

Follow if ≥0.5 cm TR 5

ACR, American College of Radiology; AI, artificial intelligence; TIRADS, Thyroid Imaging Reporting and Data System; FNA, fine needle 
aspiration; TR, Thyroid Imaging Reporting and Data System category.
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Table 2 Clinical and demographic characteristics of the patient population

Parameter Total Malignant Benign P value

Sex <0.001

Male 611 (23.6) 282 (22.6) 329 (24.5)

Female 1,979 (76.4) 965 (77.4) 1,014 (75.5)

Nodules 3,833 1,785 (46.6) 2,048 (53.4)

Age (years) 47.2±12.1 45.0±11.6 49.6±11.6 0.56

Nodule size (mm) 16.7±14.5 12.6±11.7 20.4±15.8 <0.001

Values are presented as mean ± standard deviation or n (%).

nodules (mean 12.6±11.7 vs. 20.4±15.8 mm; P<0.001). 
Papillary thyroid carcinomas were the most frequently 
excised malignant nodules, with the number of excisions by 
malignant nodule type recorded as follows: 1,707 papillary 
thyroid carcinomas, 35 follicular carcinomas, 20 medullary 
carcinomas, and 23 others. Nodular goiters were the most 
commonly excised benign nodules, with the number of 
excisions by benign nodule type recorded as follows: 1,802 
nodular goiters, 42 adenomas, 81 Hashimoto thyroiditis 
nodules, 41 inflammatory lesions, and 82 others).

US features of the nodules are summarized in Table 3.  
Among the 1,785 malignant nodules,  surgery was 
performed on 1,342 nodules and FNA was performed on 
the remaining nodules. Among the 2,048 benign modules, 
surgery was performed on 825 nodules and FNA was 
performed on the remaining nodules. Almost all of the 
malignant nodules were solid or almost completely solid 
(92.5%). Compared to the benign modules, the malignant 
nodules were hypoechoic (80.8% vs. 41.2%), their margins 
were more often irregular or lobulated (65.8% vs. 13.6%), 
and they showed more punctate echogenic foci (56.1% vs. 
12.5%). All suspicious features documented on thyroid US 
were significantly more frequent in the malignant nodules 
than in the benign nodules.

The diagnostic performance according to US-based final 
assessment categories

To investigate the diagnostic performance of the ACR, 
AI, and Kwak TIRADS, the sensitivity, specificity, accuracy, 
PPV, NPV, and AUC were calculated and compared using 
the McNemar or DeLong methods (Table 4 and Figure 3). 

Among the guidelines, specificity, PPV, and accuracy 
were highest with the AI TIRADS (64.6%, 95% CI: 62.7–
66.8%; 70.0%, 95% CI: 68.2–71.9%; and 78.5%, 95% CI: 
77.3–79.8%), followed by the ACR TIRADS (57.4%, 95% 

CI: 55.1–59.5%; 66.3%, 95% CI: 64.6–68.2%; and 75.3%, 
95% CI: 74.0–76.9%) and the Kwak TIRADS (52.9%, 95% 
CI: 50.8–55.2%; 64.0%, 95% CI: 62.1–65.8%; and 73.0%, 
95% CI: 71.7–74.4%). The sensitivity was similar among 
the 3 TIRADSs (AI TIRADS: 94.5%, 95% CI: 93.4–
95.4%; ACR TIRADS: 96.0%, 95% CI: 95.1–96.9%; Kwak 
TIRADS: 96.1%, 95% CI: 95.1–97.0%). The NPV was also 
similar among the 3 TIRADSs (AI TIRADS: 93.0%, 95% 
CI: 91.8–94.2%; ACR TIRADS: 94.3%, 95% CI: 93.0–
95.6%; Kwak TIRADS: 93.9%, 95% CI: 92.5–95.3%).

 

Therapeutic performance according to size thresholds of the 
ACR TIRADS

We evaluated the impact on therapeutic performance 
using the FNAR, UFR, FUR, FNR, and MCR (Table 5).  
The AI TIRADS had lower FNAR, UFR, and UR (30.9%, 
41.1%, and 34.2%, respectively) than did the ACR 
TIRADS (34.4%, 47.8%, and 37.7%, respectively) and 
Kwak TIRADS (36.9%, 48.7%, and 41.0%, respectively), 
but the FNR was similar among the 3 TIRADS (61.4%, 
61.0%, and 59.3%, respectively). Meanwhile, our data 
showed no significant difference in MCR between the 
ACR and AI TIRADS (25.8% vs. 24.1%; P>0.05), or 
between the Kwak and AI TIRADS (21.8% vs. 24.1%; 
P>0.05). The Kwak TIRADS had a lower MCR (21.8%) 
than did the ACR TIRADS (25.8%) and the AI TIRADS 
(24.1%). Furthermore, the number of malignant nodules 
recommended for follow-up was 635, 657, and 669 for the 
ACR, AI, and Kwak TIRADS, respectively. The number of 
malignant nodules recommended for NFE was 424, 370, 
and 356 for the ACR, AI, and Kwak TIRADS, respectively.

Discussion 

US is the primary diagnostic tool used in the diagnosis 
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and management of thyroid nodules (21). Previous studies 
have summarized different ultrasonic signs of thyroid 
nodules and further proposed TIRADSs to distinguish the 
degree of malignancy (2-5). However, there is no globally 
unified RSS. Our study proved that the AI TIRADS has 
better overall diagnostic performance (AUC and accuracy) 
and specificity than do the ACR and Kwak TIRADS. 
Our results also indicated that the AI TIRADS has better 
clinical management performance (lower FNAR, UFR, 
and FUR) than do the ACR and Kwak TIRADS using 
the size thresholds of the ACR TIRADS. In addition, the 
Kwak TIRADS incorporating the size thresholds of the 

ACR TIRADS was almost similar to the ACR TIRADS 
in diagnostic and therapeutic performance. These results 
suggested that the AI TIRADS could be better at avoiding 
overdiagnosis and mitigating the risk of potentially missed 
cancer.

First, we need to acknowledge that our data had a high 
malignant rate of thyroid nodules; however, this phenomenon 
also appears in previous studies to varying degrees (22) and 
arises due to several factors impacting the composition of 
the selected data. For example, different surgical or FNA 
indications in the researcher’s hospital may lead to different 
malignant rates. It may also be closely related to a patient’s 

Table 3 Clinical and sonographic characteristics of thyroid nodules

Parameter Total, n (%) Malignant, n (%) Benign, n (%) P value 

Composition <0.001

Cystic 91 (2.4) 9 (0.5) 82 (4.0)

Mixed cystic and solid 1,114 (29.1) 124 (6.9) 990 (48.3)

Solid or almost solid 2,622 (68.4) 1,652 (92.5) 970 (47.3)

Spongiform 6 (0.2) 0 (0) 6 (0.3)

Echogenicity <0.001

Anechoic 91 (2.4) 9 (0.5) 82 (4.0)

Hyperechoic 1,255 (32.7) 173 (9.7) 1,082 (52.8)

Hypoechoic 2,286 (59.6) 1,443 (80.8) 843 (41.2)

Very hypoechoic 174 (4.5) 150 (8.4) 24 (1.2)

Cannot be determined 27 (0.7) 10 (0.5) 17 (0.8)

Shape <0.001

Not taller than wide 3,023 (78.9) 1,147 (64.3) 1,876 (91.6)

Taller than wide 810 (21.1) 638 (35.7) 172 (8.4)

Margin <0.001

Smooth 1,299 (33.9) 139 (7.8) 1,160 (56.6)

Ill-defined 853 (22.3) 268 (15.0) 585 (28.6)

Irregular or lobulated 1,453 (37.9) 1,174 (65.8) 279 (13.6)

Extrathyroidal extension 228 (5.9) 204 (11.4) 24 (1.2)

Echogenic foci <0.001

No 2,098 (54.7) 594 (33.3) 1,504 (73.4)

Large comet-tail 70 (1.8) 3 (0.2) 67 (3.3)

Macrocalcifications 378 (9.9) 170 (9.5) 208 (10.2)

Peripheral calcifications 29 (0.8) 16 (0.9) 13 (0.6)

Punctate echogenic foci 1,258 (32.8) 1,002 (56.1) 256 (12.5)
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own willingness to operate or undergo FNA. In addition, a 
higher nodule grade on US or distinctive aspects of a patient’s 
clinical history and examination may also be associated 
with different malignant rates. Meanwhile, patients are far 
more likely to undergo resection if there are nondiagnostic, 

indeterminate, or suspicious findings on cytology. 
Our results showed that the AI TIRADS has a better 

diagnostic performance than do the ACR and Kwak 
TIRADS in terms of specificity, accuracy, AUC, and PPV. 
The diagnostic performance was calculated according to 
the 3 TIRADSs using US feature-based final assessment 
categories. The US features of the ACR TIRADS were 
based on a literature review, expert consensus, and the 
partial analysis of a database of proven nodules. Early 
studies of this system have been encouraging. The AI 
TIRADS, which is a simplified version of the ACR 
TIRADS (4), eliminates 6 and decreases 2 scores of US 
features. For example, in the composition category, the AI 
TIRADS suggests that these 2 features be assigned new 
point values of 0 and that solid nodules be assigned 3 points. 
This simplified scheme focuses on solid nodules, which is 
in line with data from Middleton et al. (23) who showed 
that solid nodules had a 4-time higher risk of malignancy 
than did mixed cystic and solid thyroid nodules. AI has also 
been used in other TIRADSs and showed better diagnostic 
performance (4). For instance, Wang et al. incorporated the 
Google AutoML, a machine learning algorithm, into the 
TIRADS scoring system to establish a study model, which 
improved the performance of the radiologist (24). 

In the present study, compared to the ACR and Kwak 
TIRADS, the AI TIRADS demonstrated better therapeutic 
performance using the ACR TIRADS, achieving a lower 
FNAR, UFR, and FUR. On the one hand, the FNAR and 
UFR were calculated and compared using FNA thresholds. 

Table 4 Comparison of diagnostic performance for thyroid nodules in the ACR, AI, and Kwak TIRADSs

TIRADS SEN (%) SPE (%) PPV (%) NPV (%) ACC (%)

ACR 96.0 57.4 66.3 94.3 75.3 

N 1,714/1,875 1,175/2,048 1,714/2,587 1,175/1,246 2,889/3,833

95% CI 95.1–96.9 55.1–59.5 64.6–68.2 93.0–95.6 74.0–76.9

AI 94.5 64.6 70.0 93.0 78.5 

N 1,686/1,875 1,324/2,048 1,686/2410 1,324/1,423 3,010/3,833

95% CI 93.4–95.4 62.7–66.8 68.2–71.9 91.8–94.2 77.3–79.8

Kwak 96.1 52.9 64.0 93.9 73.0 

N 1,715/1,875 1,084/2,048 1,715/2,679 1,084/1,154 2,799/3,833

95% CI 95.1–97.0 50.8–55.2 62.1–65.8 92.5–95.3 71.7–74.4

ACR, American College of Radiology; AI, artificial intelligence; TIRADS, Thyroid Imaging Reporting and Data System; SEN, sensitivity; 
SPE, specificity; PPV, positive predictive value; NPV, negative predictive value; ACC, accuracy; N, number; CI, confidence interval.

Figure 3 The ROC curve of ACR AI and Kwak TI-RADS. The 
AUC of the ACR TIRADS was 0.866 (95% CI: 0.855–0.877), 
which was similar to the AUC of 0.860 of the Kwak TIRADS (95% 
CI: 0.848–0.871). The AUC of the AI TI-RADS was 0.880 (95% 
CI: 0.871–0.892), which was superior to that of the ACR TIRADS 
and Kwak TIRADS. ACR, American College of Radiology; AI, 
artificial intelligence; TIRADS, Thyroid Imaging Reporting and 
Data System; ROC, receiver operating characteristic curve; AUC, 
area under the curve.
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The lower UFR was likely attributable to the specificity 
and the size of the FNA thresholds (12,25,26). Specificity 
is the ability of a test to correctly identify people without 
the disease. Some recent studies demonstrated that the AI 
TIRADS had a lower UFR, which is in line with our results 
(12-14). In order to exclude the effect of the size thresholds 
of FNA, we compared and calculated the therapeutic 
performance according to the same thresholds (i.e., the 
thresholds of the ACR TIRADS) (2). On the other hand, 
the FUR and MCR were calculated and compared using 
follow-up thresholds. Reducing the UFR may cause a 
higher MCR and/or FUR. Interestingly, our results showed 
that the AI TIRADS had a similar MCR to the ACR and 
Kwak TIRADS but a lower FUR than the ACR and Kwak 
TIRADS. This observation indicated that more malignant 
nodules were able to be assigned for follow-up or FNA 
in the AI TIRADS. In our results, there were at least 697 
(39.0%), 689 (38.6%), and 727 (40.7%) malignant nodules 
indicated as FNA in the AI, ACR, and Kwak TIRADS, 
respectively. Interestingly, more than one half of the 
malignant nodules were not categorized as FNA in all 3 
guidelines, and when we introduced the concept of follow-
up, at least 657 (36.8%), 635 (35.6%), and 669 (37.5%) 
malignant nodules were indicated for follow-up in the AI, 
ACR, and Kwak TIRADS, respectively. As to the NFE 
nodules, our results showed that the majority of missed 
cancers were smaller than 1 cm in size, in accordance with 
the study conducted by Middleton et al. (27).

In contrast to the current study, a study by Huh et al. 
showed that the Kwak TIRADS incorporating the threshold 
of the ACR TIRADS showed a lower UFR than did the 
ACR TIRADS (18). The results are likely attributable to 
the malignant rate and population size in the sample of the 
study. The malignant rate and the proportion of nodules 
≥10 mm were 24.8% and 100%, respectively, in the study by 
Huh et al., vs. 36.3% and 55.8%, respectively, in our study. 
Other factors contributing to the results might have been 
the lack of consensus on the definition of US features. The 

US descriptors recorded in the study by Huh et al. were not 
defined by exactly the same definitions. However, we used 
the definitions of US features according to the ACR’s 207 
white paper on the ACR TIRADS.

Some limitations of our study should be considered. First, 
the surgical series accounted for the majority of patients 
recruited into this study, which might have led to selection 
bias. Second, our institution is a tertiary referral center, with 
most of the patients attending for diagnosis and/or treatment 
for malignant disease. This fact may lead to the relatively 
high malignancy rate of thyroid nodules in our study. Third, 
when US descriptors were recorded in this study, we used the 
ACR’s definitions of US features. This was not considered 
during data analysis, and might have led to differences in the 
final assessments made in real-time examinations.

Conclusions

Our findings suggested that the ACR TIRADS may be 
simplified by AI (i.e., as the AI TIRADS). Simplification of 
the ACR TIRADS into the AI TIRADS potentially enhances 
its applicability, reduces the learning curve required of 
radiologists, and, moreover, may improve their performance. 
Our results also indicated that the methods of the score-
based TIRADS (counting in the Kwak TIRADS and 
weighting in the ACR and AI TIRADS) might not determine 
the diagnostic and therapeutic performance of the TIRADS. 
In the future, we would need to extend the objective of the 
present study to demonstrate this phenomenon.
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