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A B S T R A C T 

Objectives: The thyroid imaging reporting and data system (TI-RADS) and 2015 American Thy- 
roid Association (ATA) guidelines are two well-known risk stratification systems for classifying 
thyroid nodules based on cancer risk. This study aims to evaluate the diagnostic efficacy of these 
two systems in predicting malignancy in patients undergoing thyroid surgery. 
Methods: We studied data on 120 individuals who were scheduled to undergo surgery for 
benign or malignant nodular diseases of the thyroid gland between October 2017 and October 
2019. The TI-RADS category and ultrasound pattern based on ATA guidelines were assigned to 
dominant thyroid nodule categories by two experienced radiologists blinded to patients’ previous 
thyroid ultrasonography and fine-needle aspiration biopsy results. A pathologist with experience 
in thyroid diseases blinded to patients’ sonographic and clinical data reviewed the thyroidectomy 
specimens. 
Results: A total of 120 patients, 88 women and 32 men, were included in our study. Final 
histopathological results were as follows: 50% (n = 60) papillary thyroid carcinoma, 36.6% (n = 44) 
benign nodular thyroid diseases, 4.1% (n = 5) follicular adenoma, 2.5% (n = 3) hurtle cell adenoma, 
1.7% (n = 2) follicular thyroid carcinoma, 1.7% (n = 2) medullary thyroid carcinoma, 1.7% (n = 2) 
hurtle cell carcinoma, and 1.7% (n = 2) follicular tumor of uncertain malignancy potential. The 
sensitivity, specificity, positive predictive value, and negative predictive value for TI-RADS were 
80%, 56%, 72%, and 67%, respectively, and that for ATA were 80%, 64%, 76%, and 69%, 
respectively. 
Conclusion: The TI-RADS and ATA showed similar rates of sensitivity, specificity, NPV, and 
PPV. Our observed risk of malignancy was higher than expected for the ACR TI-RADS 3–5 
categories and the very low, low, and intermediate suspicion risk strata in the ATA guidelines. 
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ical data. 
. Introduction 

Thyroid nodules are frequently encountered in the com-
unity, and their rate of detection is increasing as the use of

ltrasound (US) has become more widespread [1] . Thyroid
S is widely used as an imaging modality for the initial eval-
ation of thyroid nodules and for the stratification of nodules
n association with their risk of malignancy. There are many
ell-constructed US findings that have distinguished malig-
ant nodules from benign nodules [2–4] . Ultrasonographic
eatures such as echogenicity, shape, margin, dimension, and
resence of calcification determine the risk of malignancy in
hyroid nodules. Although these characteristics are important
actors in determining the risk of malignancy, none are suf-
cient on their own [5] , and a combination of suspicious
eatures has proved to be helpful [6 , 7] . To classify thyroid
odules according to the risk of cancer, many risk stratifi-
ation systems based on the combination of US character-
stics of thyroid nodules have been developed [6 , 8 , 9] . Al-
hough these systems focus on the same US characteristics,
hey each have a different approach and scoring system to
etermine malignancy risk. The 2015 American Thyroid As-
ociation (ATA) management guidelines [10] and the 2017
merican College of Radiology thyroid imaging reporting

nd data system (ACR TI-RADS; 11) are two well-known
nd frequently used classification systems that have been val-
dated for use in predicting malignancy [12 , 13] . The ATA
uidelines is a qualitative system that separates nodules into
ve different risk categories, and the ACR TI-RADS also has
ve different risk categories and determines risk stratifica-

ion quantitatively. Our main aim in this study is to evalu-
te the diagnostic efficacy of these two systems in predict-
ng thyroid nodule malignancy in patients undergoing thyroid
urgery. 

. Materials and methods 

.1. Patients 

Between October 2017 and October 2019, we prospec-
ively analyzed data from 120 patients who underwent an
peration because of benign or malignt nodular lesions of
he thyroid gland at our hospital’s Otolaryngology and Head
nd Neck Surgery Department. Patients with Graves’ disease
r toxic nodular goiter were not included in the study. All pa-
ients included in the study had a preoperative biopsy. Patients
ith a biopsy result of Bethesda 3, 4, 5 or 6, and patients
ith Bethesda 2, but who had cosmetic problems, compres-

ion symptoms, or who had suspicious findings on ultrasonog-
aphy suggesting malignancy were included in the study. This
Please cite this article as: O. Asya, A.C. Yumuşakhuylu, N. Enver et al., A singl
by comparing the thyroid imaging reporting and data system (TI-RADS) and Am
Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2022.08.006 
een observed and expected malignancy risk for the ACR TI-RADS
n categories. 
of Otorhinolaryngology-Head and Neck Surgery, Inc. Published by

Elsevier B.V. All rights reserved.

tudy was approved by the Ethics Committee of Clinical Re-
earch of our hospital (Approval number 09.2017.576). 

.2. Thyroid US examination and prospective evaluation 

Although thyroid surgery is widely performed in our hos-
ital, we do not use any classification system, such as ATA
r ACR TI-RADS, during the ultrasonographic examination
f thyroid nodules and for biopsy decisions regarding thy-
oid nodules. Clinicians direct patients for biopsy accord-
ng to the size and ultrasound characteristics of the domi-
ant nodule, as determined by radiologists. In this study, all
odular thyroid patients who had previously undergone thy-
oid ultrasonography and thyroid fine-needle aspiration biopsy
FNAB) and had been indicated for operation were evaluated.
hyroid US was performed again by two experienced radi-
logists on the morning of the operation day. Radiologists
ere blinded to patients’ previous thyroid US and FNAB re-

ults. The two experienced radiologists classified the degree
f suspicion of thyroid nodules according to ACR TI-RADS
nd ATA guidelines together. Postoperative thyroid specimen
athology was examined by a pathologist experienced in the
hyroid field who was blinded to patients’ US findings. The
iagnostic performance of the TI-RADS and ATA classifi-
ation systems was evaluated by comparing the sonographic
enign and malignant nodules with the thyroid specimen
athology. 

The diagnostic performance of both risk stratification sys-
ems (TI-RADS and ATA) was determined by comparing the
ltrasonographic risk of the nodules with the postoperative
istopathological findings. TI-RADS 2 (not suspicious) and
I-RADS 3 (mildly suspicious) nodules were grouped as be-
ign nodules; TI-RADS 4 (moderately suspicious) and TI-
ADS 5 (highly suspicious) nodules were grouped as ma-

ignant nodules. Similarly, ATA very low and low suspicion
odules were grouped as benign nodules; ATA intermediate
nd high suspicion nodules were grouped as malignant nod-
les. 

.3. Statistical analysis 

Statistical analyses of the results were performed with the
tatistical Package for Social Sciences version 17.0 software
IBM). In all analyses, P ˂ 0.05 was considered statisti-
ally significant. The normal distribution of variables was ex-
mined by histogram graphs and the Kolmogorov–Smirnov
est. Mean, standard deviation (SD), median, and minimum-
aximum values were used while presenting descriptive anal-

ses. Pearson’s chi-squared test was used to compare categor-
e-center multidisciplinary study analyzing thyroid nodule risk stratification 
erican thyroid association (ATA) risk of malignancy for thyroid nodules, 

https://doi.org/10.1016/j.anl.2022.08.006
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Table 1. Comparison of observed and expected malignancy risks of TIRADS categories by final histopathological. 

TIRADS category Total Malignant Observed malignancy, % Expected malignancy, % p value 

TIRADS 2 8 (6.7%) 0 0 ˂2 0.49 
TIRADS 3 34(28.3%) 14 41 ≤5 ˂0.001 
TIRADS 4 38 (31.7%) 18 47 5.1-20 ˂0.001 
TIRADS 5 40 (33.3%) 38 95 ˃20 ˂0.001 
Total 120 70 

TIRADS: Thyroid imaging reporting and data system. 

Table 2. Comparison of observed and expected malignancy risks of ATA categories by final histopathological. 

ATA category Total Malignant Observed malignancy, % Expected malignancy, % p value 

High suspicion 48 (40%) 38 79 ˃70-90 0.49 
Intermediate suspicion 26 (21.7%) 18 69 10-20 ˂0.001 
Low suspicion 40 (33.3%) 12 30 5-10 ˂0.001 
Very low suspicion 6 (5%) 2 33 ˂3 ˂0.001 
Total 120 70 

ATA: 2015 American Thyroid Associatin and Management Guidelines. 

Table 3. TIRADS and ATA categories with final histopathological and FNAB results. 

Ultrasonographic score 

Benign histopathological results (n = 50) Bethesda 
category 

Malignant histopathological results (n = 70) Bethesda 
category 

I II III IV V VI I II III IV V VI 

TIRADS 2 0 8 0 0 0 0 0 0 0 0 0 0 
TIRADS 3 0 16 4 0 0 0 0 0 0 10 2 2 
TIRADS 4 0 10 6 2 2 0 0 2 2 4 2 8 
TIRADS 5 0 2 0 0 0 0 0 2 4 0 8 24 

ATA VERY LOW RISK 0 4 0 0 0 0 0 0 0 0 0 2 
ATA LOW RISK 0 24 4 0 0 0 0 0 0 10 2 0 
ATA INTERMEDIATE RISK 0 6 0 2 0 0 0 4 2 4 2 6 
ATA HIGH RISK 0 2 6 0 2 0 0 0 4 0 8 26 

TIRADS: Thyroid Imaging Reporting and Data System; ATA: 2015 American Thyroid Association and Management Guidelines; FNAB: Fine-Needle 
Aspiration Biopsy. 
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Table 4. Postoperative histopathological diagnosis. 

Histopathological diagnosis n (%) 

Papillary thyroid carcinoma 60 (50) 
Follicular thyroid carcinoma 6 (5) 
Medullary thyroid carcinoma 2 (1.7) 
Hurtle cell carcinoma 2 (1.7) 
Follicular tumor of uncertain malignancy potential 2 (1.7) 
Follicular adenoma 5 (4.1) 
Hurtle cell adenoma 2 (1.7) 
Benign nodular thyroid diseases 41 (34.1) 
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. Results 

.1. Patient demographics and nodules risk groups 

A total of 120 patients, 88 women and 32 men, were in-
luded in the study. The mean age of the patients was 46.2.
odules were classified as TI-RADS 2, 3, 4, and 5 in 6.7%,
8.3%, 31.7%, and 33.3% of cases, respectively, as shown in
able 1 . Nodules were classified by ATA scores as high risk

n 40%, intermediate risk in 21.7%, low risk in 33.3%, and
ery low risk in 5% of cases, as shown in Table 2 . 

.2. Cytological and histopathological results 

FNAB results were as follows: 33.3% (n = 40) benign
Bethesda 2), 13.3% (n = 16) atypia of undetermined signifi-
ance (AUS) or follicular lesion of undetermined significance
FLUS; Bethesda 3), 13.3% (n = 16) suspicious for a follicular
eoplasm (Bethesda 4), 11.7% (n = 14) suspicious for malig-
ancy (Bethesda 5), and 28.3% (n = 34) malignant (Bethesda
) as shown in Table 3 . 

The final histopathological results were as follows: 50%
n = 60) papillary thyroid carcinoma, 36.6% (n = 44) benign
odular thyroid diseases, 4.1% (n = 5) follicular adenoma,
.5% (n = 3) hurtle cell adenoma, 1.7% (n = 2) follicular thy-
Please cite this article as: O. Asya, A.C. Yumuşakhuylu, N. Enver et al., A singl
by comparing the thyroid imaging reporting and data system (TI-RADS) and Am
Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2022.08.006 
oid carcinoma, 1.7% (n = 2) medullary thyroid carcinoma,
.7% (n = 2) hurtle cell carcinoma, and 1.7% (n = 2) follicular
umor of uncertain malignancy potential, as shown in Table 4 .

.3. Calculated observed malignancy risk versus expected 

alignancy risk 

The total number of patients who fell into each stratum
f the ACR TI-RADS and ATA systems according to calcu-
ated observed and expected malignancy risks are shown in
ables 1 and 2 . Two patients with follicular tumors of
ncertain malignancy potential were classified as benign
istopathological results. There was no significant difference
e-center multidisciplinary study analyzing thyroid nodule risk stratification 
erican thyroid association (ATA) risk of malignancy for thyroid nodules, 
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Table 5. Diagnostic performance based on final histopathological results. 

Risk stratification system Total number of patients sensitivity specificity Positive predictive value Negative predictive value 

ATA 120 80% 64% 76% 69% 

TIRADS 120 80% 56% 72% 67% 

TIRADS: Thyroid Imaging Reporting and Data System. 
ATA: 2015 American Thyroid Association and Management Guidelines. 
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2  
n observed malignancy risk versus expected malignancy risk
n the TI-RADS 1 and 2; however, our calculated observed
alignancy risk was significantly higher than the expected
alignancy risk in the TI-RADS 3 (41% vs. ≤5%), 4 (47%

s. 5–20%), and 5 (95% vs. ˃20%). Our calculated observed
alignancy risk was significantly higher than the expected
alignancy risks for the ATA very low (33% vs. ˂3%), low

30% vs. 5–10%), and intermediate (69% vs. 10–20%) suspi-
ion categories; however, there was no significant difference
n the ATA high suspicion category. 

.4. Diagnostic performance of TI-RADS and ATA 

The sensitivity, specificity, positive predictive value, and
egative predictive value for TI-RADS were 80%, 56%, 72%,
nd 67%, respectively, and that for ATA were 80%, 64%,
6%, and 69%, respectively, as shown in Table 5 . 

. Discussion 

Ultrasonography is an important tool in the evaluation and
anagement of thyroid nodules and is also very helpful for

ifferentiating benign nodules from suspicious or malignant
odules. However, objective evaluations of ultrasonographic
eatures of thyroid nodules are not routinely used in many
ertiary health institutions. Thyroid nodule risk stratification
ystems allow us to make clinicopathological correlations be-
ween ultrasonography and histopathology. In this prospective
tudy, we examine the diagnostic performance of two well-
nown classification systems, TI-RADS and ATA. 

We compared the observed versus expected rates of ma-
ignancy for each category in the TI-RADS and ATA risk
tratification systems [10 , 11] . Our results showed some in-
onsistencies. We had a statistically significant higher risk of
alignancy than expected for the ACR-TI-RADS 3–5 cate-

ories and the very low, low, and intermediate suspicion risk
trata in the ATA guidelines. A similar study was performed
y Huang et al., who also found significantly higher observed
ates of malignancy for the ACR-TI-RADS 3–5 categories
nd the intermediate ATA risk stratum, but they did not find
ny statistically significant difference in the very low and low
TA risk strata [14] . In the study by Gao et al., which was
one to compare Kwak-TI-RADS with ACR-TI-RADS and
TA systems in 2544 surgically excised nodules, they also

ound significantly higher observed rates of malignancy for
he ACR-TI-RADS 3–5 categories and the intermediate ATA
isk stratum [15] . Unlike Huang et al. and Gao et al., we
lso found significantly higher malignancy rates in the very
ow and low ATA risk strata. The reason for higher malig-
ancy rates in the very low ATA risk stratum in our study was
Please cite this article as: O. Asya, A.C. Yumuşakhuylu, N. Enver et al., A singl
by comparing the thyroid imaging reporting and data system (TI-RADS) and Am
Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2022.08.006 
ost likely due to the low number of patients (n = 6) in this
ategory. The higher observed malignancy rates in the ACR
I-RADS 3–5 and low and intermediate ATA risk strata in our
tudy are probably due to our hospital being a tertiary referral
urgical center. Huang et al. stated that the higher rate of ob-
erved malignancy in the TI-RADS 3–5 categories and ATA
ntermediate suspicion category of their study might be related
o the high rate of follicular thyroid cancer (11% of malignant
odules) in their study [14] in contrast to 1% of malignant
odules in the ACR TI-RADS validation study [13] and 5%
f malignant nodules in the ATA validation study [12] . They
ttributed this situation to the higher proportions of follicular
ancer in the ATA intermediate risk stratum and TI-RADS 3–
 categories. Follicular cancer constituted 8.5% of all thyroid
ancers in our study (6 out of 70 malignant patients), but we
id not detect any differences in the distribution of follicular
ancer according to the sonographic category. Whatever the
eason, these inconsistencies are important to note because
he reported risk of malignancy may influence the treatment
references of patients and providers. 

In comparing the diagnostic performance of TI-RADS and
TA according to the final histopathological results, no statis-

ically significant difference was found in terms of sensitivity
80% vs. 80%), specificity (56% vs. 64%), negative predic-
ive value (67% vs. 69%), and positive predictive value (72%
s. 76%). Contrary to our study, many studies found that TI-
ADS had higher specificity, and ATA had higher sensitivity

14–16] . However, in the study by Yoon et al. in which 1293
hyroid nodules (diameter > 1 cm) were examined, they found
hat TI-RADS had higher sensitivity, whereas ATA had higher
pecificity [17] . Recently, Xu’s study indicated that the ATA
uidelines might yield a higher specificity than TI-RADS for
odules larger than 2 cm [18] . These differences in sensitivity
nd specificity between studies may be partly due to the study
opulation. Huang et al. also stated that although ATA had
igher sensitivity and TI-RADS had higher specificity, they
ound that overall performance in predicting malignancy was
imilar for both systems. The performance of both systems in
redicting malignancy was similar in our study as well. 

There are some limitations to our study. Our hospital is a
ertiary referral health institution, and patients with suspected
r diagnosed malignancy are referred. Thus, we had a higher
ate of malignancy than the general thyroid nodule population
f an institution. In addition, there might have been a selec-
ion bias resulting in the underestimation of negative predic-
ive values and the overestimation of positive predictive values
ecause all patients underwent thyroidectomy. We also had a
elatively small cohort of 120 patients included in the study,
ith a few patients in specific strata, especially in TI-RADS
 and the ATA very low stratum, limiting sub-stratification
e-center multidisciplinary study analyzing thyroid nodule risk stratification 
erican thyroid association (ATA) risk of malignancy for thyroid nodules, 
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nalyses. Despite these limitations, ultrasonographic exami-
ation of all patients was done in light of the sonographic
haracteristics of the nodules in the TI-RADS and ATA scor-
ng systems by two radiologists who are experts in thyroid
onography, which limited the misdiagnosis of the nodules.
e believe that this well-planned prospective study, based on

nal histopathological evaluations, adds insight into the utility
f these tests and the practice preferences of clinicians. 

. Conclusion 

We found that ACR TI-RADS and ATA had similar rates
f sensitivity, specificity, NPV, and PPV. Our observed risk of
alignancy was higher than expected for the ACR TI-RADS

–5 categories and the very low, low, and intermediate sus-
icion risk strata in the ATA guidelines. We found no differ-
nces between the observed and expected malignancy risks
or the ACR TI-RADS 2 and ATA high suspicion categories.
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