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Background: The incidence of thyroid lumps is more and more high in population, and most biopsies of 
thyroid nodules are benign. To develop a practical risk stratification system based on five ultrasound features 
to stratify the malignancy risk of thyroid neoplasms.
Methods: This retrospective investigation enrolled 999 consecutive patients with 1,236 thyroid nodules 
who underwent ultrasound screening. Fine-needle aspiration and/or surgery was performed, and pathology 
results were obtained at the Seventh Affiliated Hospital of Sun Yat-sen University in Shenzhen, China, which 
is a tertiary referral center, from May 2018 to February 2022. Each thyroid nodule’s score was calculated 
based on five ultrasound features: composition, echogenicity, shape, margin, and echogenic foci. Additionally, 
each nodule’s malignancy rate was calculated. The chi-square test was used to test whether the malignancy 
rate was different among the three subcategories (scores of 4–6, 7–8, and 9 or more) of thyroid nodules. We 
proposed the revised Thyroid Imaging Reporting and Data System (R-TIRADS), and its sensitivity and 
specificity were compared to the two existing systems [the American College of Radiology TIRADS (ACR 
TIRADS) and the Korean Society of Thyroid Radiology TIRADS (K-TIRADS)].
Results: The final dataset consisted of 425 nodules from 370 patients. The malignancy rates of three 
subcategories [malignancy rate: 28.8% (scores from 4–6), 64.7% (scores from 7–8), and 84.2% (scores of 
9 or more)] were significantly different (P<0.01). The unnecessary biopsy rates of the three systems (ACR 
TIRADS, R-TIRADS, and K-TIRADS) were 28.7%, 25.2%, and 14.8%, respectively. The R-TIRADS 
presented better diagnostic performance than the ACR TIRADS or K-TIRADS [area under the curve: 0.79 
(95% CI: 0.74–0.83) vs. 0.69 (95% CI: 0.64–0.75), P=0.046; 0.79 (95% CI: 0.74–0.83) vs. 0.66 (95% CI: 
0.60–0.71), P=0.041, respectively]. The R-TIRADS had the highest sensitivity [0.746 (95% CI: 0.689–0.803)], 
followed by the K-TIRADS [0.399 (95% CI: 0.335–0.463), P=0.000] and ACR TIRADS [0.377 (95% CI: 
0.314–0.441), P=0.000].
Conclusions: The R-TIRADS enables radiologists to diagnose thyroid nodules efficiently, and the number 
of unnecessary fine-needle aspirations can be considerably reduced.
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Introduction

Thyroid lumps are common, but the prevalence of palpable 
thyroid neoplasms varies widely, ranging from 3% to 
20% (1,2). The detection rate of thyroid nodules by high-
resolution ultrasound (US) reaches 68% (1). The breakneck 
speed of thyroid nodule detection brings challenges, and 
there are debates regarding the management of thyroid 
neoplasms (3-5). The chief objective of US imaging is to 
identify thyroid carcinomas from thyroid nodules, although 
only 7–15% of thyroid nodules are malignant (6). In a 
recent multi-institution investigation, Grani et al. proved 
that the American College of Radiology Thyroid Imaging 
Reporting and Data System (ACR TIRADS) achieved 
the largest decrease in unnecessary thyroid nodule fine 
needle aspiration biopsy (FNAB) (7). FNAB has been 
traditionally used for evaluating thyroid neoplasms (8,9). 
Ultrasonography was the first choice to noninvasively 
evaluate the malignancy risk of thyroid nodules and to 
decide whether nodules needed FNAB and/or excision. 
Consequently, risk stratification systems (RSSs) established 
based on US characteristics have been extensively applied 
to manage thyroid neoplasms and provide guidance on 
whether FNAB is performed (10). There are two types of 
US-based RSSs: pattern-based and non-pattern-based RSSs. 
The Korean Society of Thyroid Radiology Thyroid Imaging 
Reporting and Data System (K-TIRADS) is a typical 
pattern-based RSS that cannot classify partial lumps (11).  
Unlike the K-TIRADS, the ACR TIRADS uses a point-
based method (12).

In a recent multi-institution investigation, the ACR 
TIRADS was found to compare favorably with the 
K-TIRADS, mainly since the ACR guidelines more 
efficiently diminished the number of biopsies conducted 
on benign neoplasms. Nevertheless, for risk stratification 
capabilities, the ACR TIRADS was inferior to the 
K-TIRADS (7). Neither of the guidelines are outstanding 
with respect to reducing unnecessary FNAB rates and 
showing good risk stratification capability. To overcome 
these limitations, Ruan et al. proposed a contrast-enhanced 
ultrasound TIRADS with thyroid neoplasm malignant 

peril stratification by simplifying the regression coefficients 
of grayscale sonography and qualitatively analyzing the 
characteristics of contrast-enhanced ultrasound (13). 
Zhang et al. also tried to distinguish between inflammatory 
thyroid nodules and papillary thyroid carcinoma by 
contrast-enhanced ultrasound (14). The contrast-enhanced 
ultrasound technique improves the diagnostic sensitivity 
and successfully reduces the rate of unnecessary biopsies. 
However, these methods are relatively complex, expensive, 
and difficult to apply widely, particularly in remote areas. 
We aimed to develop a practical RSS based on five US 
features (composition, echogenicity, shape, margin, and 
echogenic foci) to stratify the malignancy risk of thyroid 
nodules, which we designated the revised Thyroid Imaging 
Reporting and Data System (R-TIRADS). The R-TIRADS 
imitates the American College of Radiology TIRADS. 
We hypothesize that the R-TIRADS would improve the 
diagnostic sensitivity of thyroid nodules. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-1307/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Our survey was 
registered on the www.chictr.org.cn platform (registration 
number ChiCTR2300067683). The single-center survey 
was approved by the institutional review board of the 
Seventh Affiliated Hospital, Sun Yat-sen University (No. 
KY-2022–066-01), and the need for informed consent was 
waived due to the retrospective character of the research. 
Informed consent for the FNAB procedures and/or 
resection was obtained from all patients.

Study population

We conducted a retrospective, observational study of 
patients with thyroid nodules referred to our center for 
FNAB. Between 11 May 2018 and 28 February 2022, 
consecutive patients were subjected to grayscale US 

Keywords: Ultrasound (US); diagnosis; thyroid nodule; thyroid imaging reporting and data system (TIRADS)

Submitted Nov 24, 2022. Accepted for publication Apr 21, 2023. Published online May 15, 2023.

doi: 10.21037/qims-22-1307

View this article at: https://dx.doi.org/10.21037/qims-22-1307

https://qims.amegroups.com/article/view/10.21037/qims-22-1307/rc
https://qims.amegroups.com/article/view/10.21037/qims-22-1307/rc


Liang et al. Constructing R-TIRADS for thyroid nodules 3864

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(6):3862-3872 | https://dx.doi.org/10.21037/qims-22-1307

examinations before FNAB at the Seventh Affiliated 
Hospital of Sun Yat-sen University in Shenzhen, China, 
which is a tertiary referral center. The inclusion criteria 
were as follows: (I) underwent FNAB and/or surgery at our 
institution; and (II) obtained resolute pathology outcome. 
The exclusion criteria were as follows: (I) nodules lacking 
US images and/or dynamic videos; (II) maximal diameter 
less than 0.5 cm; (III) thyroiditis, parathyroid nodule, and 
diffuse papillary carcinoma; (IV) nodules with inconclusive 
diagnoses based on cytologic findings, including Bethesda 
I, III, IV or V according to the Bethesda System for 
Reporting Thyroid Cytopathology (15); and (V) age 
younger than 18 years. The reference standard criteria were 
histopathological results or cytological results (Bethesda II, 
or VI). The time between US examinations and FNAB (or 
resection) was managed within 3 weeks, without any clinical 
intervention throughout the period.

Imaging analyses

All US images collected from the thyroid movies data bank 
were altered into an AVI format. US images of the thyroid 
glands and neck zones were obtained employing a linear-
array probe (5–13 MHz Aloka ARIETTA 70, Hitachi, 
Tokyo, Japan; or 5–12 MHz HD15, Philips Medical 
Systems, Bothell, Washington). All 1,236 thyroid nodules 
were imaged and numbered as required by one radiologist 
(DNH). Image quality control was conducted for the 
dataset of US images and dynamic videos; all thyroid and 
dynamic videos were reviewed, and inferior scans, including 
images with serious artifacts or noticeable decreases in 
the resolution, were excluded. This review of the image 
database was completed by two radiologists (FPL and QJ) 
who had more than ten years of ultrasound examination 
experience. One senior radiologist [(FPL) with ten years 
of clinical practice] and a junior radiologist [(XL) with four 
years of clinical practice] cooperatively evaluated an extra 
fifty thyroid nodules to homogenize the feature task at the 
start of the research. The two radiologists (FPL and XL) 
were blinded to the cytologic and pathology outcomes of 
the thyroid nodules. These radiologists retrospectively 
analyzed the whole US images by scanning 2–5 stationary 
images of each neoplasm (US images with the maximal 
diameter and corresponding orthogonal images). The clips 
of the same nodule were then played back frame by frame 
to calculate the score based on the five US features. Each 
thyroid nodule was categorized, and the recommendations 
for FNAB were separately recorded according to the 

K-TIRADS and ACR TIRADS. The radiologists met and 
discussed disagreements to agree on a final categorization 
for each thyroid nodule.

US-guided FNAB

After US examination of the thyroid nodules, US-guided 
FNAB was performed by identical radiologists. The 
procedure was performed through the nonnegative pressure 
suction method in most cases. If sufficient samples could 
not be obtained, the negative pressure aspiration method 
was used. The target nodule was generally punctured 
3 times. The three FNAB specimens were individually 
used for smear, liquid-based cytology, and cell blocks. 
The cytopathologist was on-site throughout the process. 
Additional special staining was performed on a case-by-
case basis according to the cytopathologist’s needs. The 
Bethesda system was used to classify cytologic results in our 
institution (15). The cytopathologist and pathologist were 
blinded to the clinical information and TIRADS category 
of the thyroid nodules.

The ACR TIRADS and K-TIRADS were separately used 
151 to classify each thyroid nodule. Additionally, Within each 
RSS, the indication for FNAB was made based on lesion size 
and category. According to the standard of the K-TIRADS, 
the size thresholds for FNAB were diameter ≥1 cm in the 
intermediate-risk category (K-TIRADS 4) and diameter  
≥1.5 cm in the low-risk category (K-TIRADS 3). With 
the FNAB criteria of the ACR TIRADS, the size 
thresholds for FNAB were 1.5 cm and 2.5 cm for the ACR 
TIRADS category 4 and category 3, respectively. FNAB is 
recommended for nodules with high suspicion of malignancy 
(category: ACR TIRADS 5 and K-TIRADS 5), and the size 
cutoff is larger than 1 cm. According to the K-TIRADS, 
fine needle aspiration biopsy was selectively implemented 
for high-risk nodules (diameter 0.5 to 1 cm). There are no 
guidelines advocating FNAB for thyroid nodules whose 
maximum diameter is less than 0.5 cm. Therefore, those 
nodules were excluded.

Statistical analysis

The malignancy rate of each thyroid nodule was calculated, 
and the chi-square test was used to test whether the 
malignancy rate was different between score groups. The 
product-limit (Kaplan‒Meier) method was used to analyze 
the changes in the rate of extraglandular invasion and rate 
of lymph node metastasis according to nodule diameter. 
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Patients with extraglandular invasion or lymph node 
metastasis were included in analyses, and patients with no 
extraglandular invasion or lymph node metastasis were 
regarded excluded. The Kaplan–Meier method (log-rank 
test) was used (16). According to this reclassification, an 
R-TIRADS classification system was developed.

For each sonographic classification system (K-TIRADS, 
ACR TIRADS, and R-TIRADS), we computed the quantity 
of neoplasms that did and did not fulfil the yardstick for 
FNAB (test positivity and test negativity, respectively). 
In this study, the biopsies ordered for test-negative 
nodules were considered “unnecessary”. The sonographic 
recommendations regarding FNAB were then compared 
with the reference standard in terms of obtaining a diagnosis 
(benign vs. malignant), and the sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), and area under the receiver operating characteristic 
(AUROC) curve [with 95% confidence intervals (CIs)] of 
the recommendations were estimated. The rates of biopsies 
that would have been deemed unnecessary by the three 
TIRADSs were compared by applying the McNemar test. 
A P value <0.05 was considered to indicate a statistically 
significant difference. The CIs of the proportions were 
reported as a two-sided exact binomial as 95% CIs. The data 
were analyzed with the IBM SPSS Statistics package, version 
26.0 (IBM Corp., Armonk, NY) and Microsoft Office Suite.

Results

Patient characteristics

Between 11 May 2018 and 28 February 2022, 1,236 thyroid 
nodules in 999 consecutive patients were subjected to 
grayscale US examinations before FNAB at our center. 
Eight hundred and eleven nodules were excluded due 
to the following reasons: (I) without US images (n=37), 
only static ultrasound images and lacking dynamic video 
recording (n=618); (II) maximum diameter less than 0.5 cm 
(n=70); (III) diffuse lesions (n=4), extraglandular nodules 
(n=2); (IV) inconclusive cytologic results without pathologic 
confirmation (n=78); and (V) age <18 years (n=2) (Figure 1).  
The final dataset consisted of 425 nodules from 370 patients 
(118 men and 252 women). Among the 425 lesions, 196 
nodules were <1 cm (range, 0.5–0.96 cm) in diameter, 
and the rest were ≥1 cm in diameter. Two hundred and 
twenty-eight (surgical histopathology results of 155 and 
cytopathology results of 73) lesions met the reference 
standard criteria for malignancy, and 197 were benign. 
Baseline features of the participants are presented in Table 
1. The sizes of benign neoplasms were 17.4±11.7 mm, and 
those of malignancies were 10.6±7.0 mm. The average 
patient age of malignant nodules was younger than that of 
benign nodules (41.5±11.1 vs. 46.2±12.5 years). Nodule size 
and patient age were significantly different between the two 

Figure 1 Flowchart of patient selection in the study. US, ultrasound; FNAB, fine needle aspiration biopsy.

811 nodules excluded: 
• Without US images (n=37), only static ultrasound 

images and lacking dynamic video recording (n=618)
• Maximum diameter is less than 0.5 cm (n=70)
• Diffuse lesions (n=4), extra-glandular nodules (n=2)
• Inconclusive cytologic results without pathologic 

confirmation (n=78)
• Age <18 years (n=2)

Retrospective dataset: 1236 thyroid nodules in 999 patients 
were subjected to US examinations prior to FNAB

425 nodules in 370 patients included

Malignant (n=137)Benign (n=59) Malignant (n=91)Benign (n=138)

1.0 cm > Maximum diameter ≥0.5 cm 
(n=196)

Maximum diameter ≥1.0 cm  
(n=229)
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groups (P<0.001). The difference in sex was statistically 
significant (P=0.005).

Construction of the R-TIRADS

Founded on the outcomes of count data analysis, we 
calculated the malignancy rates of nodules per score. The 

total percentage of malignant nodules with 4–6 points, 
7–8 points, and more than 9 points was 28.8% (32/111), 
64.7% (44/68), and 84.2% (149/177), respectively (Table 2).  
The results of the chi-square analyses indicated that the 
malignancy rate was significantly different between thyroid 
nodules with 6 points and those with 7–8 points (P=0.006, 
37.5% vs. 64.7%) and between nodules with 7–8 points 

Table 1 Baseline characteristics of the participants

Variables Malignant Benign P value

No. of patients 196 174

Age (years), mean ± SD 41.5±11.1 46.2±12.5 <0.001*

Sex 0.005*

Male 75 43

Female 121 131

Nodule sizes (mm), mean ± SD 10.6±7.0 17.4±11.7 <0.001*

5≤ diameter <10 137 59

≥10 91 138

*P<0.05 were considered as significant difference.

Table 2 Obtained the distribution of benign and malignant nodules corresponding to each score value, and classification of ACR TIRADS and 
R-TIRADS

Score
Percentage of benign  

nodules
Percentage of Malignant 

Nodules
ACR TIRADS (percentage of 

malignant nodules)
Revised TIRADS (percentage 

of malignant nodules)

0 7/7 (100.00) 0/7 (0.00) 0/7 (0.00) TR 1, 0/7 (0.00)

2 25/26 (96.15) 1/26 (3.85) 1/26 (3.85) TR 2, 1/26 (3.85)

3 33/36 (91.67) 3/36 (8.33) 3/36 (8.33) TR 3, 3/36 (8.33)

4 37/48 (77.08) 11/48 (22.92) TR 4, 32/111 (28.83) TR 4a, 32/111 (28.83)

5 17/23 (73.91) 6/23 (26.09)

6 25/40 (62.50) 15/40 (37.50)

7 15/46 (32.61) 31/46 (67.39) TR 5, 193/245 (78.78) TR 4b, 44/68 (64.71)

8 9/22 (40.91) 13/22 (59.09)

9 11/66 (16.67) 55/66 (83.33) TR 5, 149/177 (84.18)

10 9/46 (19.57) 37/46 (80.43)

11 2/13 (15.38) 11/13 (84.62)

12 2/24 (8.33) 22/24 (91.67)

13 4/24 (16.67) 20/24 (83.33)

14 0/2 (0.00) 2/2 (100.00)

15 0/2 (0.00) 2/2 (100.00)

Data are shown as n/total (%). ACR, American College of Radiology; TIRADS(TR), Thyroid Imaging Reporting and Data System; R-TIRADS, 
revised Thyroid Imaging Reporting and Data System.
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and those with ≥9 points (P=0.001, 64.7% vs. 84.2%) 
(Table 3). Subsequently, we established the R-TIRADS. 
The five US features (composition, echogenicity, shape, 
margin, and echogenic foci) are consistent with those of 
the ACR TIRADS. The totality of the scores settled the 
nodule’s R-TIRADS sort (henceforth, TR): 1 point was 
parallel to TR1 (benign; fitting probability: 0), two points 
was parallel to TR2 (not suspicious; fitting probability: 
0.04), three points was parallel to TR3 (mildly suspicious; 
fitting probability: 0.08), 4–6 points was parallel to TR4a 
(moderately suspicious; fitting probability: 0.23–0.38), 

7–8 points was parallel to TR4b (moderately suspicious; 
fitting probability: 0.59–0.67), and more than 9 points 
was parallel to TR5 (highly suspicious; fitting probability: 
0 .80–1.0)  (Table  2 ) .  We performed product-l imit 
(Kaplan‒Meier) analyses for the cumulative incidence of 
extraglandular infiltration and lymph node metastasis, 
which demonstrated that they were positively correlated 
with thyroid nodule diameter, but no cutoff values were 
observed (Figure 2). The FNAB suggestions were based on 
syntheses of the greatest diameter and classification of the 
nodules (Figure 3).

Table 3 Difference test of malignancy rates of the three subcategories

Group ACR TIRADS (points) Total (N) Malignant, n (%) χ² P

Group 1 4–5 71 17 (23.9) 2.292 0.13

6 40 15 (37.5)

Group 2 6 40 15 (37.5) 7.521 0.006*

7–8 68 44 (64.7)

Group 3 4–5 71 17 (23.9) 24.141 ＜ 0.001*

6 40 15 (37.5)

7–8 68 44 (64.7)

Group 4 7–8 68 44 (64.7) 11.144 0.001*

≥9 177 149 (84.2)

P value reflects the differences of the three subcategories. *P<0.05 were considered as significant difference. ACR, American College of 
Radiology; TIRADS, Thyroid Imaging Reporting and Data System.
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Figure 2 Cumulative risks of extrathyroidal growth and lymph node metastasis. (A) The cumulative incidence of extraglandular infiltration 
in patients increased with the increase in the diameter of the nodule, and no significant cutoff value was observed for a sudden increase in the 
cumulative rate of extraglandular infiltration with the increase in diameter. Similarly, (B) the cumulative incidence of lymph node metastasis 
in patients increased with increasing nodule diameter. Similarly, no significant cutoff value was observed for the sudden increase in the 
cumulative lymph node metastasis rate with increasing diameter.
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Comparison of the three RSSs

The numbers of nodules that were recommended or not 
recommended for FNAB by the ACR TIRADS, K-TIRADS 
and R-TIRADS are shown in Table 4. The three RSSs (ACR 
TIRADS, K-TIRADS, and R-TIRADS) were used to assess 
the unnecessary biopsy rates and diagnostic performances 
of these guidelines. The unnecessary biopsy rate of 
R-TIRADS was similar to that of ACR TIRADS (0.252 vs. 
0.287, P>0.05) but higher than that of K-TIRADS (0.252 
vs. 0.148, P<0.05). The sensitivity, specificity, positivity 
predictive value, and negative predictive value of the three 
RRSs (R-TIRADS, ACR TIRADS, and K-TIRADS) were 
as follows: 0.746 vs. 0.377 vs. 0.399, respectively; 0.543 
vs. 0.619 vs. 0.320, respectively; 0.654 vs. 0.534 vs. 0.404, 
respectively; and 0.648 vs. 0.462 vs. 0.315, respectively. The 
R- TIRADS showed the highest AUC value {0.79 [95% 
confidence intervals (CI): 0.74–0.83]}, followed by the 
ACR TIRADS (0.69 (95% CI: 0.64–0.75), P=0.046) and 

K-TIRADS [0.66 (95% CI: 0.60–0.71), P=0.041] (Table 5).

Discussion

To investigate the latent value of an RSS based on B-model 
US features for reducing the number of unnecessary 
biopsies and improving the risk stratification capability, we 
constructed the R-TIRADS by adding a subcategory to the 
point-based thyroid imaging reporting and data system. 
Compared with existing RSSs, the use of the R-TIRADS 
decreases the number of unnecessary FNABs and enhances 
the sensitivity and negative predictive value in the detection 
of thyroid cancer. Compared to the K-TIRADS, the 
ACR TIRADS presented superior specificity (0.619 vs. 
0.32; P<0.01) in our study but a slightly lower sensitivity 
(0.377 vs. 0.399, P>0.05). The ACR TIRADS had a higher 
unnecessary biopsy rate and AUC (0.287 vs. 0.148 and 0.69 
vs. 0.66, respectively). These results are consistent with 
those of previous studies (17-19). However, the sensitivity 

Revised TIRADS

TR1
Benign

No FNAB

TR3
Mildly 

Suspicious
FNAB if ≥  

2.0 cm 
Follow if ≥ 

1.5 cm

TR4b
Highly 

Suspicious
FNAB if ≥  

1 cm 
Follow if ≥ 

0.5 cm

TR2
Not 

Suspicious
No FNAB

TR4a
Moderately 
Suspicious 
FNAB if ≥  

1.5 cm 
Follow if  
≥ 1 cm

TR5
More 
Highly 

Suspicious
FNAB if ≥  

0.5 cm 
Follow if < 

0.5 cm*

0 Points 3 Points 7 to 8 
Points2 Points 4 to 6 

Points
9 Points or 

More

Add Points From All Categories to Determine TIRADS Level

COMPOSITION
(Choose 1)

• Cystic or almost  
completely cystic (>95%)  
0 points

• Spongiform  
0 points

• Mixed cystic and solid  
1 point

• Solid or almost 
completely solid (>95%)  
2 points 

ECHOGENICITY
(Choose 1)

• Anechoic  
0 points

• Hyperechoic or 
isoechoic  
1 point 

• Hypoechoic  
2 points

• Very hypoechoic  
3 points

SHAPE
(Choose 1)

• Wider-than-tall  
0 points

• Wider-equal-tall  
0 points

• Taller-than-wide  
3 points

MARGIN
(Choose 1)

• Smooth or ill-defined  
0 point

• Lobulated or irregular  
2 points

• Extra-thyroidal 
extension  
3 points 

ECHOGENIC FOCI
(Choose All That Apply)

• None or large comet-
tail artifacts  
0 points

• Macrocalcifications  
1 point

• Peripheral (rim) 
calcifications  
2 points

• Punctate echogenic foci  
3 points

Figure 3 Chart showing six categories based on the R-TIRADS lexicon, TR levels, and criteria for fine-needle aspiration or follow-up 
ultrasound. R-TIRADS, Revised Thyroid Imaging Reporting and Data System; TIRADS(TR), Thyroid Imaging Reporting and Data 
System; FNAB, fine needle aspiration biopsy.
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and specificity of the ACR TIRADS and K-TIRADS 
were slightly lower in our investigation than in previous 
papers (17-19). This is because the subcentimeter nodules 
in our study accounted for 196 nodules, nearly half of the 
total nodules. A previous study proved that the diagnostic 
performance of the TIRADS for subcentimeter nodules 
(diameter <1.0 cm) was inferior to that for large nodules 
(diameter >1.0 cm). Compared with subcentimeter nodules, 
large nodules could obtain a higher AUC [(0.87–0.92) vs. 
(0.68–0.70)] (20).

The R-TIRADS was developed based on ACR  
TIRADS (12), so the five US features (composition, 
echogenicity, shape, margin, and echogenic foci) of 

malignancy are conformal. The core distinction between 
the two RSSs is that a subcategory has been added in 
our R-TIRADS. The original ACR TR 4 category was 
classified as R-TIRADS 4a, and nodules with 7–8 points 
were classified as R-TIRADS 4b. The size cutoff for 
recommending FNAB is the same between ACR TIRADS 
5 and R-TIRADS 4b. If nodules were category R-TIRADS 
5, the threshold of biopsy was advised to be 0.5 centimeters.

The subclass classification scheme of our stratification 
system that moderately malignant risk nodules were 
divided into two subcategories (4a and 4b) resembles the 
K-TIRADS (subdivision: 4a, 4b, and 4c) (11). Nevertheless, 
there are two main variances between the two RSSs. First, 

Table 4 The numbers of nodules recommended or no-recommended FNAB by ACR TIRADS, K-TIRADS and R-TIRADS guidelines

TIRADS guidelines
Pathological diagnosis

Total
Malignant Benign

ACR TIRADS

Recommended FNAB 86 75 161

No-recommended FNAB 142 122 264

Total 228 197 425

K-TIRADS

Recommended FNAB 91 134 225

No-recommended FNAB 137 63 200

Total 228 197 425

R-TIRADS

Recommended FNAB 170 90 260

No-recommended FNAB 58 107 165

Total 228 197 425

ACR, American College of Radiology; K, The Korean Society of Thyroid Radiology; R, revised; TIRADS, Thyroid Imaging Reporting and 
Data System; FNAB, fine needle aspiration biopsy.

Table 5 Ability of the three risk stratification systems to identify nodules whose FNAB were unnecessary, and to discriminate between benign and 
malignant nodules

RSS
Avoided unnecessary 

biopsies (%)
 FNR %  
(95% CI)

Sensitivity % 
(95% CI)

Specificity % 
(95% CI)

PPV % 
(95% CI)

NPV % 
(95% CI)

AUC

ACR TIRADS 122/425 (28.7) 62.3 (55.9, 68.6) 37.7 (31.4, 44.1) 61.9 (55.1, 68.8) 53.4 (45.6, 61.2) 46.2 (40.2, 52.3) 0.69 (0.64, 0.75)

K-TIRADS 63/425 (14.8) 60.1 (53.7, 66.5) 39.9 (33.5, 46.3) 32.0 (25.4, 38.5) 40.4 (34.0, 46.9) 31.5 (25.0, 38.0) 0.66 (0.60, 0.71)

R-TIRADS 107/425 (25.2) 25.4 (19.7, 31.1) 74.6 (68.9, 80.3) 54.3 (47.3, 61.3) 65.4 (59.6, 71.2) 64.8 (57.5, 72.2) 0.79 (0.74, 0.83)

FNAB, fine needle aspiration biopsy; ACR, American College of Radiology; K, The Korean Society of Thyroid Radiology; R, revised; TIRADS, 
Thyroid Imaging Reporting and Data System; AUC, area under the receiver operating characteristic curve; CI, confidence intervals; FN, false 
negative; FNR, false negative rate; PPV, positive predictive value; NPV, negative predictive value; RSS, risk stratification system.
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our R-TIRADS was founded by a point-based approach, 
but the K-TIRADS was a pattern-based strategy. Second, 
the connotations of the two US features (composition and 
echogenic foci) present subtle differences. The R-TIRADS 
does not need to consider the fraction of a nodule that 
is solid, as this assessment is not objective and not more 
significant than the traits of solid-state constituents. 
Neoplasms that comprise tiny cystic parts (less than 5% 
of the whole nodule) should be categorized as entities. 
When diverse types of echogenic foci coexist in the nodule, 
according to our stratification system, the summation of 
each type should be computed. Our RSS is also feasible 
for managing thyroid nodules. On the one hand, our 
stratification system is a quantitative risk-scoring model, 
which is objective and repeatable; on the other hand, the 
counting points procedure is simple.

Many predecessors have performed pioneering work 
before that. Benjamin and his colleagues used an artificial 
intelligence method to revise the ACR TIRADS in  
2019 (21). Ruan et al. abstracted contrast-enhanced US 
features and developed the contrast-enhanced US TIRADS 
to evaluate thyroid nodules (13). These previous surveys 
are very innovative, but they are difficult to apply to remote 
areas. However, our stratification system is easier to master 
and has better adaptability for rural regions.

There are some imperfections in our investigation that 
need to be noted. First, it was inaccurate to use multiple 
referenced criteria in our survey. For example, the Bethesda 
II category was thought to be adequate for diagnosing 
the neoplasm as benign. Nevertheless, FNAB cytological 
outcomes can generate missed diagnoses. Such consequences 
are infrequent, with an approximate prevalence rate of 3.7% 
in a previous study and an even lower prevalence rate (<1%) 
in prospective investigations of thyroid neoplasms lacking 
extremely dubious US characteristics (22-24). Second, we 
simply accepted thyroid neoplasms that had been subjected 
to FNAB. In our center, FNAB is generally carried out 
on nodules with the highest classification. If no suspicious 
US characteristics are noticed, this procedure will be 
performed on the largest neoplasm. Therefore, these choice 
biases can influence the risks of malignancy. In addition, 
we ignored the risk of malignancy in patients with a single 
nodule compared with those with several neoplasms. Third, 
however, we considered R-TIRADS categories 4a and 4b 
as nodules with different scores, making this scoring system 
more complicated than that based on ACR TIRADS. 
Fourth, when this system was applied, we ignored the cost-
effectiveness and follow-up management of subcentimeter 

(0.5–1.0 cm) nodules scored as TR5, which have a relatively 
high malignancy rate. Papillary carcinoma accounts for most 
thyroid malignancies, and its fatality rate is less than that of 
breast cancer. Fifth, only one thyroid follicular carcinoma 
case was included in this study, and the application value 
of the R-TIRADS for follicular carcinoma is limited. 
When using the R-TIRADS or the ACR TIRADS, thyroid 
nodules receive point totals from the five US features, but 
the reason for the different weights of each US feature was 
not interpreted. This issue should be explored further in 
the future. Sixth, Grani et al. proved that ACR TIRADS 
achieved the largest decrease in unnecessary thyroid nodule 
FNABs and outperformed the ATA, AACE/ACE/AME, 
EU-TIRADS, and K-TIRADS [0.534 vs. (0. 171–0.438)], 
but the K-TIRADS had the highest sensitivity (91.7%) (7).  
Ruan and his colleagues compared the diagnostic 
performance of the ACR with eight other TIRADSs, and 
they demonstrated that the ACR2017 had the highest 
AUC value [0.88 vs. (0.70–0.88)] (13). Therefore, based on 
previous research, we selected only the ACR TIRADS and 
K-TIRADS to compare with the R-TIRADS. Nevertheless, 
our outcomes may be more persuasive if we compared the 
R-TIRADs with more TIRADSs. Seventh, our investigation 
was a retrospective single institutional study, and analysis 
was only performed by two radiologists. This may present 
an important limitation on the external validity of our 
research in the future.

Conclusions

In conclusion, the R-TIRADS can assist radiologists in 
effectively diagnosing thyroid nodules and considerably 
reduce the unnecessary FNAB rate in the clinical 
management of thyroid nodules.
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