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Abstract

Background: The purpose of this study was to retrospectively ana-
lyze the diagnostic performance of different international guidelines 
to detect benign from malignant nodules using fine-needle aspiration 
biopsy as a reference test.

Methods: This study is a multi-institution, IRB-approved, retrospec-
tive study conducted from 2016 to 2020 that evaluated 200 consecu-
tive biopsied thyroid nodules. The nodules were reclassified according 
to American College of Radiology Thyroid Imaging and Reporting 
Data System (ACR-TIRADS), Kwak-TIRADS (K-TIRADS), Korean 
Society of Thyroid Radiology (KSThR), European Thyroid Imaging 
and Reporting Data System (EU-TIRADS), and American Thyroid 
Association (ATA) guidelines. A Chi-squared test and receiver operat-
ing curve (ROC) with 95% confidence intervals and P-value < 0.05 
were performed to calculate sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), false negative and un-
necessary biopsy rate. The unnecessary biopsy rate was defined as the 
percentage of benign nodules among total biopsy-required nodules.

Results: A total of 200 patients were included in this study. Patients 
aged from 23 to 74 years including 36 males and 164 females. The 
female/male ratio was 4.5:1. Female predominance was seen among 

most of the age groups. The cohort showed 26 (13%) malignant nod-
ules and 174 (87%) benign nodules. A solid component was observed 
in the majority of malignant nodules (61.6%, P = 0.0376) and mixed 
component was observed in the majority of benign nodules (51.7%, P = 
0.0376). There was no statistically significant difference in differentiat-
ing benign from malignant nodule with the echogenicity or orientation 
of the nodule. The statistically significant features of a benign nodule 
were spongiform appearance, no echogenic foci or comet tail and ab-
sence of peripheral halo (P < 0.03). The statistically significant fea-
tures of a malignant nodule were a solid, peripheral halo, peripheral or 
punctate echogenic foci, microcalcification, and macrocalcification (P 
< 0.001). The ACR-TIRADS showed the highest specificity (40.23% 
(95% confidence interval (CI) 32 - 47)), PPV (18.75 (95% CI 0.12 - 
0.26)), NPV (97.22 (95% CI 0.90 - 0.99)) and area under the curve 
(AUC) (0.6627 (95% CI 0.59 - 0.72)). This was closely followed by 
ATA which demonstrated the PPV of 17.39 (95% CI 0.11 - 0.24), NPV 
of 96.77 (95% CI 0.89 - 0.99) and AUC of 0.6340 (95% CI 0.57 - 0.69). 
The K-TIRADS has the highest sensitivity (96.15% (95% CI 80 - 99)). 
Lowest unnecessary biopsy rates were found with ACR-TIRADS (104 
(52%) (P = 0.0013)) and KSThR guidelines (114 (57%) (P = 0.0059)) 
and highest with K-TIRADS (160 (80%) (P = 0.4482)).

Conclusion: We found that diagnostic performance of ACR and ATA 
guidelines is higher and is a practical method for assessing thyroid 
nodules in routine practice. Both these guidelines can avoid unnec-
essary biopsies in a significant proportion of benign thyroid lesions. 
ACR-TIRADS is also very specific in identifying malignant lesions. 
The increased sensitivity of K-TIRADS is likely due to their lower 
size threshold.

Keywords: Thyroid nodule; American College of Radiology Thyroid 
Imaging and Reporting Data System; Kwak-TIRADS; Korean Soci-
ety of Thyroid Radiology; European Thyroid Imaging and Reporting 
Data System; American Thyroid Association

Introduction

Thyroid nodules are commonly seen in everyday practice. 
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The main question we want to answer is whether the nodule 
is benign or malignant and with what certainty. High-resolu-
tion ultrasound is the most effective way of evaluating thyroid 
nodules [1]. Many international risk stratification systems are 
used throughout the world to evaluate and guide management 
of thyroid nodules, guiding further work-up with fine-needle 
aspiration cytology (FNAC). The notable guidelines for evalu-
ation of thyroid nodules are American College of Radiology 
Thyroid Imaging Reporting and Data System (ACR-TIRADS), 
American Thyroid Association (ATA), European Thyroid Im-
aging and Reporting Data System (EU-TIRADS), Korean 
Society of Thyroid Radiology (KSThR) and Kwak-TIRADS 
(K-TIRADS) [2-4].

Materials and Methods

The study was approved by Institutional Review Board at Yale 
New Haven Health Bridgeport Hospital, Connecticut, USA 
and St. Vincent’s Hospital at Hartford Healthcare, Connecti-
cut, USA. All procedures performed in the studies involving 
human participants were in accordance with the ethical stand-
ards of the institutional and/or national research committee 
and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

This study is a multi-institution retrospective study con-
ducted from 2016 to 2020 that evaluated 200 consecutive bi-
opsied thyroid nodules. The nodules were reclassified accord-
ing to ACR-TIRADS, K-TIRADS, KSThR, EU-TIRADS, and 
ATA guidelines by six radiologists with 10 - 30 years of expe-
rience. The nodule characteristics were recorded and classi-
fied according to size, shape, margin, orientation, echotexture, 
echogenicity, presence of microcalcifications, rim or coarse 
calcification. A Chi-square test and multiple regression analy-
sis were performed to calculate sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV).

Study population and technique

The institutional database was reviewed. The study population 
comprised consecutive 432 patients comprising 200 nodules 
who underwent thyroid nodule biopsy, 100 at each semi-aca-
demic and private community hospitals.

Image interpretation

The ultrasound (US) examinations were performed by radio-
logic technicians with more than 10 years of experience. The 
US units utilized 5 - 18 MHz linear array transducers. All the 
images were reviewed with six radiologists with 10 - 30 years 
of experience. The radiologists were blinded to the pathology 
results. All biopsies were performed with a 25-G needle, at 
least three passes, under direct US guidance by experienced 
radiologist. The biopsies were sent on slides and fixed with 
cytofix/cytoperm solution (BD Biosciences) fixation buffer 
medium containing paraformaldehyde.

Data collections and statistical analysis

The US images were categorized according to the size, com-
position (cystic, spongiform, mixed, solid), echogenicity 
(anechoic, hyperechoic or isoechoic, hypoechoic, very hypo-
echoic), peripheral halo (present, absent), shape/orientation 
(wide, tall), margins (smooth, ill-defined, lobulated or irregu-
lar, extrathyroidal extension), echogenic foci (none or comet 
tail, macrocalcifications, peripheral, punctate), calcifications 
(large, rim, punctate) and lymph node metastasis (abnormal, 
normal). The vascularity was not included in the criteria. The 
FNA results were then analyzed and compared to the recom-
mendations. The cytopathologic diagnosis was classified as 
benign or malignant. Sensitivity, specificity, PPV, NPV, risk 
estimates (exact 95% confidence intervals (CIs) and Pearson’s 
Chi-square test) of each of the five guidelines compared to the 
biopsy results were calculated. The unnecessary biopsy rate 
was defined as the percentage of benign nodules among to-
tal biopsy-required nodules. Logistic regression (outcome = 
malignant diagnosis) was used to generate receiver operating 
curves (ROCs); the area under the curve (AUC) was used to 
determine which test performed the best compared to the bi-
opsy. False negative rates and unnecessary biopsy rates were 
calculated. The statistical analysis was performed on Statisti-
cal Analytical Software (SAS) edition V9.4.

Results

A total of 200 nodules were included in this study. Patients 
ranged from 23 to 74 years of age including 36 males and 164 
females. The female/male ratio was 4.5:1. Female predominance 
was seen among most of the age groups. The cohort showed 26 
(13%) malignant nodules and 174 (87%) benign nodules. Maxi-
mum number of malignant nodules (3%) was found in 30 - 40 
years age group. There were 26 histologically proven malignant 
nodules and 174 histologically proven benign nodules. Of the 26 
malignant nodules, five were follicular carcinomas with Hurthle 
cell oncocytic type, 18 were papillary carcinoma and three were 
atypical cells of indeterminate significance. The nodules with 
indeterminate cytology were excluded from the study. A solid 
component was observed in the majority of malignant nodules 
(61.6%, P = 0.0376) and mixed component was observed in the 
majority of benign nodules (51.7%, P = 0.0376) (Table 1). There 
was no statistically significant difference in differentiating benign 
from malignant nodule with the echogenicity or orientation of the 
nodule. The statistically significant features of a benign nodule 
were spongiform appearance, no echogenic foci or comet tail and 
absence of peripheral halo (P < 0.03). As only biopsied nodules 
were included in the study, the cystic features were excluded. 
The statistically significant features of a malignant nodule were 
a solid, peripheral halo, peripheral or punctate echogenic foci, 
microcalcification, and macrocalcification (P < 0.001) (Table 1).

The comparative analysis of the different guidelines shows 
that all the classification guidelines have increased predictabil-
ity of malignancy as we go higher in the grading system (Table 
2). The risk of malignancy for ACR-TIRADS in our study was 
0% for TR2, 3.1% for TR3, 14.3% for TR4 and 41.7% for TR5. 
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The risk of malignancy for ATA in our study was 0% for very 
low, 3.7% for low, 13% for intermediate and 39% for high. The 
risk of malignancy for K-TIRADS in our study was 0% for 3 
- probably benign, 2.9% for 4a - low suspicion, 12.8% for 4b - 
intermediate suspicion and 54.5% for 4c - moderate suspicion. 
The risk of malignancy for EU-TIRADS in our study was 0% 
for benign, 0% for low, 6.3% for intermediate and 32.1% for 
high. The risk of malignancy for KSThR in our study was 0% 
for TR2, 0% for TR3, 8.5% for TR4 and 33.3% for TR5.

The ACR-TIRADS had the highest specificity (40.23% 
(95% CI 32 - 47)), PPV (18.75 ((95% CI 0.12 - 0.26)), NPV 
(97.22 (95% CI 0.90 - 0.99)) and AUC (0.6627 (95% CI 0.59 
- 0.72)), and lowest unnecessary biopsy rate was highest too 
(104 (52%) (P = 0.0013)). This was closely followed by ATA 
which demonstrated the PPV of 17.39 (95% CI 0.11 - 0.24), 
NPV of 96.77 (95% CI 0.89 - 0.99) and AUC of 0.6340 (95% 
CI 0.57 - 0.69). The K-TIRADS had the highest sensitivity 
(96.15% (95% CI 80 - 99)) and highest unnecessary biopsy 
rate (160 (80%) (P = 0.4482)) (Table 3). Our study had 37 
sub-centimeter nodules that were biopsied. ACR-TIRADS 
had the highest correlation between sensitivity and specific-
ity depicted with largest AUC in the ROC analysis closely 
followed by ATA guidelines (Fig. 1). We found that the false 
negative rates were lowest for K-TIRADS (0.5%) closely fol-
lowed by ACR-TIRADS (1%) and ATA (1%) and highest for 
EU-TIRADS (3%) (Table 3). Lowest unnecessary biopsy rates 
were found with ACR-TIRADS (104 (52%) (P = 0.0013)) and 
KSThR guidelines (114 (57%) (P = 0.0059)) and highest with 
K-TIRADS (160 (80%) (P = 0.4482)) (Table 3).

Discussion

With high-resolution US, there is increased detection of thy-
roid nodules resulting in increased thyroid biopsies performed 
and reported higher cancer detection rates [5, 6]. TIRADS was 
designed in 2017 with the primary goal of better risk stratifica-
tion and reduction in biopsy rates [4]. Overdiagnosis of thyroid 
cancer cases accounts for 70-80% cases in women and 45% in 
men in the USA and in many other countries [7].

Kim et al in 2002 suggested not to use size criteria and 
recommended biopsy of incidentally detected thyroid nodules 
even if one of the suspicious features was present. They de-
scribed microcalcifications, irregular or microlobulated mar-
gin, markedly hypoechoic and taller than wide features as 
suspicious [8]. In 2011, Kwak et al categorized thyroid nod-
ules in a similar fashion to BIRADS into six categories based 
on the suspicious features like solid components, hypoecho-
genicity especially markedly hypoechoic, microcalcifications, 
microlobulated or irregular margins and taller than wide for 
nodules more than 1 cm. The K-TIRADS was classified as 
K-TIRADS 1 (negative), K-TIRADS 2 (benign), K-TIRADS 
3 (probably benign - no suspicious features), K-TIRADS 4A 
(low risk of malignancy - one suspicious feature), K-TIRADS 
4B (intermediate risk of malignancy - two suspicious features), 
K-TIRADS 4C (moderate risk of malignancy - three or four 
suspicious features), K-TIRADS 5 (highly suggestive of ma-
lignancy - five suspicious features), and K-TIRADS 6 (biopsy 
proven malignancy) [9, 10].

Table 1.  Nodule Characteristics

Benign, N (%) Malignant, N (%) Risk of malignancy (%) Test of significance
Texture
  Spongiform 18 (9) 0 (0) 0 Chi-square P = 0.0376
  Mixed 90 (45) 10 (5) 10
  Solid 66 (33) 16 (8) 19.51
Echogenicity
  Hyperechoic 2 (1) 0 (0) 0 Chi-square P = 0.5827
  Hypoechoic 172 (86) 26 (13) 13.13
Echogenic foci
  None or comet tail 140 (70) 16 (8) 10.26 Chi-square P = 0.0109
  Macro 8 (4) 0 (0) 0
  Peripheral 2 (1) 2 (1) 50
  Punctate 24 (12) 8 (4) 25
Orientation
  Wide 168 (84) 26 (13) 13.4 Chi-square P = 0.3364

Two-sided probability P ≤ 1.000
  Tall 6 (3) 0 (0) 0
Peripheral halo
  Absent 170 (65) 22 (11) 11.5 Chi-square P < 0.0015

Two-sided probability P ≤ 0.0111
  Present 4 (2) 4 (2) 50
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Table 3.  Diagnostic Comparison of the Five Classification Systems

Sensitivity, % 
(95% confi-
dence limit)

Specificity, % 
(95% confi-
dence limit)

PPV, % (95% 
confidence limit)

NPV, % (95% 
confidence limit)

Area under curve 
(ROC) (95% 
confidence limit)

False 
negative, 
N (%)

Unneces-
sary FNA 
rate, N (%)

ACR-TIRADS 92.31 (75 - 99) 40.23 (32 - 47) 18.75 (0.12 - 0.26) 97.22 (0.90 - 0.99) 0.6627 (0.59 - 0.72) 2 (1) 104 (52)  
(P = 0.0013)

K-TIRADS 96.15 (80 - 99) 8.05 (4 - 13) 13.51 (0.08 - 0.19) 93.33 (0.68 - 0.99) 0.5210 (0.47 - 0.56) 1 (0.5) 160 (80)  
(P = 0.4482)

KSThR 84.62 (65 - 95) 13.79 (9 - 19) 12.79 (0.08 - 0.18) 85.71 (0.67 - 0.95) 0.5080 (0.43 - 0.58) 4 (2) 150 (75)  
(P = 0.8273)

EU-TIRADS 76.92 (56 - 91) 36.78 (29 - 44) 15.38 (0.09 - 0.22) 91.43 (0.82 - 0.96) 0.5685 (0.47 - 0.65) 6 (3) 110 (55)  
(P = 0.1718)

ATA 92.31 (74 - 99) 34.48 (27 - 42) 17.39 (0.11 - 0.24) 96.77 (0.89 - 0.99) 0.6340 (0.57 - 0.69) 2 (1) 114 (57)  
(P = 0.0059)

ACR-TIRADS: American College of Radiology Thyroid Imaging Reporting and Data System; ATA: American Thyroid Association; EU-TIRADS: Euro-
pean Thyroid Imaging and Reporting Data System; KSThR: Korean Society of Thyroid Radiology; K-TIRADS: Kwak-TIRADS; PPV: positive predic-
tive value; NPV: negative predictive value; ROC: receiver operating curves; FNA: fine-needle aspiration.

Table 2.  Relation Between Pathological Type and the Classification Systems

Benign, n (%) Malignant, n (%) Risk of malignancy (%) Test of significance
ACR-TIRADS
  TR 2 - Non-suspicious 14 (7) 0 (0) 0 Chi-square P = 0.0001
  TR 3 - Mildly suspicious 62 (31) 2 (1) 3.1
  TR 4 - moderately suspicious 84 (42) 14 (7) 14.3
  TR 5 - Highly suspicious 14 (7) 10 (5) 41.7
ATA
  TR 2 - Very low 54 (27) 0 (0) 0 Chi-square P = 0.0001
  TR 3 - Low 52 (26) 2 (1) 3.7
  TR 4 - Intermediate 40 (20) 6 (3) 13.0
  TR 5 - High 28 (14) 18 (9) 39.1
EU-TIRADS
  Benign 14 (7) 0 (0) 0 Chi-square P = 0.0001
  Low 2 (1) 0 (0) 0
  Intermediate 120 (60) 8 (4) 6.3
  High 38 (19) 18 (9) 32.1
K-TIRADS
  3 - Probably benign 14 (7) 0 (0) 0 Chi-square P = 0.0001
  4a - Low suspicion 68 (34) 2 (1) 2.9
  4b - Intermediate suspicion 82 (41) 12 (6) 12.8
  4c - Moderate suspicion 10 (5) 12 (6) 54.5
KSThR
  TR 2 - Very low 14 (7) 0 (0) 0 Chi-square P = 0.0001
  TR 3 - Low 2 (1) 0 (0) 0
  TR 4 - Intermediate 130 (65) 12 (6) 8.5
  TR 5 - High 28 (14) 14 (7) 33.3
Total 174 (87) 26 (13)

ACR-TIRADS: American College of Radiology Thyroid Imaging Reporting and Data System; ATA: American Thyroid Association; EU-TIRADS: Euro-
pean Thyroid Imaging and Reporting Data System; KSThR: Korean Society of Thyroid Radiology; K-TIRADS: Kwak-TIRADS.
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ACR-TIRADS categorizes the nodules according to their 
composition, echogenicity, shape, margin and echogenic foci 
and then adding up the points. The ACR-TIRAD category is 

according to the points and is categorized as TR1 (0 point - be-
nign), TR2 (2 points - not suspicious), TR3 (3 points - mildly 
suspicious), TR4 (points 4-6 - moderately suspicious) or TR5 
(points more than 7 - highly suspicious). The size cutoff for 
recommended biopsy for suspicious nodules is more than 1 cm 
and for low-risk nodules is more than 2.5 cm [11].

EU-TIRADS categorizes nodules according to pattern 
recognition into benign and low-, intermediate-, and high-risk 
nodules, as well as recommendations for FNA. Along with the 
general pattern recognition, EU-TIRADS takes into account 
the peripheral halo, vascularity and elastography. The size cut-
off for biopsy of high-risk nodules is less than 1 cm and of 
low-risk nodules is more than 2 cm [3].

KSThR categorizes the thyroid nodules, risk stratification 
and recommendation for FNA along with stratification and in-
dications for lymph node FNA. KSThR classifies thyroid US 
into five categories from TR1 (no nodule), TR2 (benign), TR3 

Figure 1. ROC analysis of guidelines. Note that ACR-TIRADS (blue line) has the highest correlation between sensitivity and 
specificity depicted with largest AUC in the ROC analysis closely followed by ATA guidelines (dotted red lines). ROC: receiver 
operating curves; ACR-TIRADS: American College of Radiology Thyroid Imaging Reporting and Data System; ATA: American 
Thyroid Association; EU-TIRADS: European Thyroid Imaging and Reporting Data System; KSThR: Korean Society of Thyroid 
Radiology; K-TIRADS: Kwak-TIRADS; AUC: area under the curve.

Table 4.  Size Criteria for Nodule Biopsy

Suspicious Low risk High risk
ACR-TIRADS 1 cm 2.5 cm
EU-TIRADS 1 cm 2 cm
KSThR 1 cm 1.5 cm
K-TIRADS 1 cm 2 cm 0.5 cm
ATA 1 cm 2 cm 0.5 cm

ACR-TIRADS: American College of Radiology Thyroid Imaging Report-
ing and Data System; ATA: American Thyroid Association; EU-TIRADS: 
European Thyroid Imaging and Reporting Data System; KSThR: Ko-
rean Society of Thyroid Radiology; K-TIRADS: Kwak-TIRADS.
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(low probability), TR3 (intermediate probability) and TR4 
(high probability). The size cutoff for recommended biopsy for 
suspicious nodules is more than 1 cm and for low-risk nodules 
is more than 2 cm. KSThR also suggests that FNA may be 
considered in suspicious nodules more than 0.5 cm in young 
or middle-aged adults by shared decision making and recom-
mended biopsy of suspicious nodes with short axis diameter of 
3 - 5 mm and of intermediate nodules with short axis diameter 
of > 5 mm. KSThR results in higher sampling rates due to 
lower threshold for biopsy and thus, higher cancer detection 
rates [12-14].

ATA recommends survey of cervical lymph nodes for all 
cases with thyroid nodules. ATA categorizes the nodules into 
benign, very low, low, intermediate and high suspicion based 
on the US characteristics. The size cutoff for recommended bi-
opsy for suspicious nodules is more than 1 cm and for low-risk 
nodules is more than 2 cm. They also suggested elastograpgy 
for preoperative risk assessment where available [15].

Thus, according to the size criteria, ACR-TIRADS recom-
mends FNA biopsy of suspicious nodules > 1 cm and for low-
risk nodules > 2.5 cm, the ATA recommends FNA for nodules 
>1 cm in size if there are suspicious features and > 0.5 cm if 
the patient has high-risk factors and for low-risk nodules > 2 
cm, the K-TIRADS recommends FNA for suspicious nodules 
> 1 cm, for low-risk nodules > 2 cm and for suspicious nodules 
> 0.5 cm in young or middle-aged adults by shared decision 
making, KSThR recommends biopsy for high-risk nodules > 
1 cm, solid nodules > 1.5 cm and for low-risk nodules > 2 cm, 
and EU-TIRADS recommends biopsy for high-risk nodules > 
1 cm and for low-risk nodules > 2 cm [3, 11, 14, 16] (Table 4).

In our study, the prevalence of thyroid cancer is 13% 
which is similar to worldwide incidence, thus our cohort was 
representative of the population [17]. Our study found that 
the ACR-TIRADS has the highest specificity, PPV and NPV 
which is in line with previous published data. ACR-TIRADS 
has the highest correlation between sensitivity and specific-
ity depicted with largest AUC in the ROC analysis. The false 
negative rates were lowest for K-TIRADS (0.5%) closely fol-
lowed by ACR-TIRADS (1%) and ATA (1%) and highest for 
EU-TIRADS (3%) which is in line with previous studies [18-
20]. As the K-TIRADS recommends lower size cutoff of 0.5 
cm, that might be the reason for higher sensitivity in our study. 
The unnecessary biopsy rates were highest with K-TIRADS 
and KSThR and lowest with ACR-TIRADS which is similar 
to previously published data, and again likely due to the lower 
size threshold with K-TIRADS and KSThR [17, 19, 21].

The risk of malignancy for ACR-TIRADS in our study 
was 0% for TR2, 3.1% for TR3, 14.3% for TR4 and 41.7% 
for TR5 which is similar to the ACR-TIRADS risk estimates 
[4, 20]. The risk of malignancy for K-TIRADS in our study 
was 0% for 3 - probably benign, 2.9% for 4a - low suspicion, 
12.8% for 4b - intermediate suspicion and 54.5% for 4c - mod-
erate suspicion similar to prior studies. The risk of malignancy 
for EU-TIRADS in our study was 0% for benign, 0% for low, 
6.3% for intermediate and 32.1% for high, which is similar 
to prior studies [3]. The risk of malignancy in our study for 
ATA, and KSThR was similar in low/intermediate suspicion 
group but falls short of very high estimated risk in TR5/high 
suspicion group [14, 20]. This could be due to our small sam-

ple size.
One of the strengths of this study is that it shows the repro-

ducibility of ACR-TIRADS to community level settings and 
with varied reader experience. Also, adopting ACR-TIRADS 
leads to reduction in the number of unnecessary biopsies for 
benign lesions. Another strength of our study is moderate 
sample size reflective of usual diverse population in two com-
munity hospitals that are evaluated for thyroid pathologies en-
countered in routine clinical practice.

There are some limitations of our study. Firstly, ours is 
a retrospective design, and we only included nodules which 
were biopsied. Secondly, the definitions of various classifica-
tion systems have changed over time and there is possibility 
of overlap in nomenclature that might lead to different assess-
ment during initial examination. Thirdly, nodule characteris-
tics were determined independently by blinded readers, so it 
remains possible that there was mischaracterization error dur-
ing US evaluation of the nodules. Lastly, the thyroid nodules 
were diagnosed on the basis of cytological analysis alone, not 
the surgical pathology.

Conclusion

ACR-TIRADS and ATA classification are reliable, noninva-
sive, and practical methods for assessing thyroid nodules in 
clinical practice. Both these guidelines can avoid unnecessary 
biopsies in a significant proportion of benign thyroid lesions. 
ACR-TIRADS showed highest specificity and has the highest 
correlation between sensitivity and specificity in identifying 
malignant lesions.
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