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Introduction 
Thyroid Nodules (TNs) are detected in up to 50-60% of healthy 

people. About 95% of TNs are asymptomatic and discovered inci-
dentally during the neck Ultrasound (US) evaluation of non-thy-
roidal lesions. They appear in euthyroid people with no compressive 
or cosmetic concerns.1-3 Still, 2-15% of TNs show malignant poten-
tials even without symptoms.4-6  

In most TNs, US findings are not predictive of malignancy.1,7 
Features that raise suspicion for thyroid cancer are marked hypoe-
chogenicity, microcalcifications, irregular margins, and taller-than-
wide shape.8,9 The absence of suspicious sonographic signs by a 
single point US imaging may not be considered conclusively diag-
nostic for a benign lesion.10,11  

According to the revised 2015 American Thyroid Association 
(ATA) management guidelines, TN is classified into five categories 

based on their qualitative US characteristics.7 These categories are: 
high suspicious with an estimated Risk of Malignancy (ROM) of 
70-90%, intermediate suspicious (10-20%), low suspicious (5-
10%), very low suspicious (<3%), and benign (cyst). The ATA rec-
ommends diagnostic Fine Needle Aspiration (FNAC) for high and 
intermediate suspicious TN ≥1 cm, low suspicious ≥1.5 cm, and 
very low suspicious ≥2 cm.7,12 

In 2017, the American College of Radiology (ACR) presented 
the Thyroid Imaging Reporting and Data Systems (TIRADS), a dif-
ferent, five-tier approach, based on a quantitative scoring system 
and a higher size threshold for FNAC with superior diagnostic accu-
racy and specificity for TNs, helping reduce unnecessary FNACs 
for benign nodules which was proposed by the qualitative guideline 
of the ATA.9  

However, risk stratification is complicated by the substantial 
harm of overdiagnosis and overtreatment of low-risk diseases. 
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Abstract 
 

The diagnostic performance of sonography to manage Thyroid Nodule (TN) may influence excess biopsy in different clinical settings. 
American College of Radiology (ACR) presented Thyroid Imaging Reporting and Data Systems (TIRADS) later to American Thyroid 
Association (ATA) risk stratification guidelines, with variable diagnostic performance. The objective of this study is to evaluate the 
effectiveness of ACR-TIRADS versus ATA lexicons for thyroid cancer prediction among individuals with TN in Thi-Qar, Iraq. This 
cross-sectional observational study enrolled 1,007 individuals aged ≥14 years with 1,155 TNs attending a tertiary endocrine center. 
Malignancy risk was classified using both ACR-TIRADS and ATA lexicons with matched categories: TIRAD-1 (Benign<1%), 
TIRAD-2 (Very Low<3%), TIRAD-3 (Low 5-10%), TIRAD-4 (Intermediate 10-20%), and TIRAD-5 (High 70-90%). Fine Needle 
Aspiration (FNAC) and histopathological diagnosis were made according to the Bethesda system and agreement between lexicons 
was assessed using sensitivity, specificity, Cohen’s Kappa Statistics, and McNemar test. Among participants, 85.2% were women, 
with mean age 46±14 years. Most individuals were euthyroid (71%), TNs were located in right lobe (51.3%), left lobe (42.5%), and 
isthmus (6.1%). FNAC was indicated for 54.6% of TNs by ATA and 44.6% by ACR-TIRADS criteria. High-risk cytology (Bethesda 
IV-V) was 7.1% and ATA system demonstrated higher sensitivity (74.3%) and accuracy (58.6%) than ACR-TIRADS (sensitivity 60%, 
accuracy 53%), though both gave modest diagnostic performance and low positive predictive values (<12%). Agreement between sys-
tems was weak (Cohen’s κ=0.265±0.032, p <0.001), with concordance in 50.1% of cases. Both risk stratification systems had com-
parable but modest diagnostic performance. ATA identified more FNAC-eligible TNs with slightly higher sensitivity, specificity, pre-
diction, and overall accuracy. However, the weak agreement between raters highlights variability in nodule categorization and man-
agement, supporting the need to integrate sonographic findings with clinical and biochemical factors to optimize TNs evaluation and 
minimize unnecessary biopsies.
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Imaging-based classification systems do not differentiate higher-risk 
from lower-risk cancers; rather, they are designed to assess the risk 
of a nodule being malignant.7,9,13  

The main objective of this study was to compare the malignancy 
diagnostic performance and the FNAC recommendations using ATA 
malignancy risk stratification and ACR-TIRADS for TNs. 

 
 

Materials and Methods 
Study design and population 

This is a cross-sectional, observational study which enrolled 
1,007 individuals aged 14 years old or more harboring 1,155 TNs. 
They attended Thi-Qar Specialized Diabetes Endocrine and 
Metabolism Center (TDEMC), Thi-Qar, Southern Iraq, for a con-
sultation about their thyroid concern from March 2019 to April 
2022. The exclusion criteria involved individuals who did not con-
sent to enrollment or refused examination or had subcentimetric 
TN (<1 cm).  

The sample size was calculated according to the equation:14 

 

N =  
Z (1–α/2)2 P (1–P)

 
       d2

 
Where: 
N = minimum required size of the sample,  
P = proportion of TN in the population which was (68%) according 

to known evidence,4  
Z = confidence level that will be used (Z = 1.96 for 95),  
d = desired margin of error (=0.05).  

 
The minimum sample size required to conduct this study was N 

= 334 cases, but the real number of TNs cases in this study was 1,155 
for more accuracy. 

 
Ethical approval and informed consent 

Ethical approval was obtained from the Ethical Committee of 
the Tertiary Endocrine Center and the Institutional Review Board 
(IRB) (3T/2/2019) for the study on February 2019, according to the 
1964 Declaration of Helsinki and its later amendments or compara-
ble ethical standards, and an informed consent was obtained from all 
patients clearly after ensuring a full detailed description and inter-
vention along the whole study timeline. 

Baseline demographic and social characteristics were imple-
mented for every enrolled patient including age, gender, weight, 
Body Mass Index (BMI), residency, occupation, smoking, educa-
tional level, and comorbidities like diabetes mellitus, hypertension, 
or ischemic heart disease. A thorough history and relevant clinical 
examination including vital signs were taken. A complete thyroid 
exam includes inspection and palpation of the thyroid gland and the 
lateral neck cervical lymph nodes. 

 
Ultrasound evaluation 

An expert radiologist did thyroid ultrasound for the enrolled 
individuals using Philips Affiniti 30 (Eindhoven. Netherlands) or 
LOGIQ E9 (GE Healthcare Wisconsin, USA). Sonographic fea-
tures of every thyroid nodule were reported precisely like i) size 
(maximum diameter measures in millimeters; the nodular size 
threshold in this study was minimally 10 mm), ii) border (smooth, 
ill-defined, lobulated, or irregular), iii) echogenicity (hyperechoic, 
isoechoic, hypoechoic, or markedly hypoechoic related to sur-

rounding thyroid parenchyma), iv) texture (solid, mixed cystic-
solid, or cystic), v) taller than wide behaviour (defined as antero-
posterior diameter greater than the transverse diameter on trans-
verse imaging), vi) presence of foci of calcifications, such as 
microcalcification, macrocalcification, or peripheral (rim) calcifi-
cations, vii) any extra-thyroidal extension beyond the thyroid 
gland (identifying any distruption of the thyroid capsule or any 
invasion into adjacent soft tissues), viii) lateral neck lymph nodes 
with abnormal features suggesting metastasis like (enlargement, 
loss of fatty hilum, round shape, microcalcification, cystic 
changes, or abnormal vascularity).  

Malignancy risk assessment was done for each TN according to 
the ATA malignancy risk stratification and ACR-TIRADS stratifica-
tion rater systems, i.e., in individuals with more than one thyroid 
nodule, we considered each TN alone. We adopted matching of the 
two raters: (TIRAD 1 = Benign <1%, TIRAD 2 = Very Low <3%, 
TIRAD 3 = Low 5-10%), and considered them collectively in sub-
sequent measurements as minimal to moderate malignancy risk. On 
the other hand TIRAD 4 (Intermediate 10-20%), and TIRAD 5 
(High 70-90%) were considered collectively also in the subsequent 
measurements as high malignancy risk.  

 
Fine needle aspiration procedure 

Each TN underwent risk stratification by using both the ATA and 
ACR-TIRAD systems. A full sterile aseptic method supported by 
US-guided FNAC was achieved from the indicated nodule when the 
neck slightly extended using a 21-23G 10 mL syringe. To obtain a 
good yield, two aspiration attempts were made. After visualization 
of the needle tip within the targeted thyroid nodule, FNA was per-
formed by controlled forward movements of the needle by the 
endocrinologist, resulting in mechanical acquisition of tissue frag-
ments that were retained within the needle lumen. Addititional cel-
lular material can be collected by the simple backward motion of the 
needle for the next stroke forward.  

For the first biopsy, the needle oscilated approximately three 
per second in the FNAC process with an intra-nodular dwell time 
of 3-5 seconds which begins when the needle reached the target 
lesion. This maneuver provided a suitable cellular field and less 
blood dilution. 

Each nodule got at least two to four slides and each slide with 
satisfied clusters of cells (not less than 100 cells per field) was 
arranged to smear the aspirated material; all slides were fixed in 95% 
ethanol and transferred on the same day to a histopathologist. 

The FNAC and histopathological diagnosis were made for 515 
TNs according to each rater criteria and the individual acceptance 
for FNAC. Respondents favored a selective approach rather than 
sampling all nodules according to size criteria alone for patients with 
multinodular thyroid glands containing several sonographically sim-
ilar solid hypoechoic nodules. This study reported all cytologic inter-
pretations using the Bethesda system.6 

 
Biochemical and hormonal tests 

For estimation of the thyroid function, our laboratory used cobas 
e411-Roche diagnostics (Mannheim, Germany), and electrochemi-
luminescence technology for immunoassay analysis. Thyroid func-
tion status interpretation in each enrolled individual with TN was 
made according to the current guidelines as Thyrotropin (TSH) 
(0.27–4.2 μIU/mL), free thyroxine (FT4) (0.93–1.7 ng/dL), subclin-
ical hypothyroidism was defined as elevated serum TSH levels (4.5–
10 mU/L) with normal FT4 concentrations, while subclinical hyper-
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thyroidism was defined by suppressed TSH levels with normal FT4 
and total triiodothyronine (T3) values (Table 1). 

 
Statistical analysis 

For statistical analysis, we used IBM-SPSS Statistics for 
Windows, Version 26.0. (IBM Corp., Armonk, NY, USA) to evalu-
ate the different variables. The study used the mean ± Standard 
Deviation (SD) or frequency (%) for data expression. 

We tested sensitivity, specificity, Positive Predictive Value 
(PPV) and Negative Predictive Value (NPV), positive and negative 
likelihood ratio, and the accuracy of both raters for TNs that under-
went FNAC after excluding the unclassified cases by either of the 
raters. The agreement between the two raters was measured using 
Kappa Statistics and the McNemar-Bowker Test. We considered a p 
value ≤0.05 as significant. 

 
 

Results 
Table 1 shows that more than 85% of the cohort were women 

(n=858), middle-aged (46 ± 14 years old), overweight to obese 
(BMI=31.77 ± 6.66 kg\m2), and mostly nonsmokers (937 - 93%). 
Most participants were housewife 73.6%; employees were 15.2%, 
free workers 4.9%, retired 3.5%, and students 2.8%. According to 

educational level, less than two third of the participants were at low 
level of education (illiterate 24.1%, primary school 40.4%), while 
others were graduated from secondary to institutional degrees. 

Also, Table 1 shows that 71% of the enrolled individuals were 
euthyroid (n=820), and the rest distributed as hypothyroidism 
15.2%, hyperthyroidism 9.3%, subclinical hyperthyroidism 2.4%, 
and subclinical hypothyroidism 2.1%.  

The full description of the nine TNs that underwent FNAC, 
although the raters advised against and revealed Bethesda 4 and 5, is 
shown in Supplementary Table 1S. 

Table 2 shows around 46% of nodules were solitary (n=527), 
and another 46% were part of multinodular goiter (n=525). Only 
6% of the nodules resided in the isthmus (n=71), with the rest 
being distributed between the right (n=593, 51.3%) and left 
(n=491, 42.5%) lobes. According to ATA categories, there were 
631 (54.6%) nodules needing FNAC cytology while only 515 
(44.6%) nodules needing FNAC cytology according to ACR-
TIRAD categories (Table 2).  

The majority of these TNs were isoechoic (78.9%), followed by 
hypoechoic (8.5%), hyperechoic (7.8%), and anechoic (4.8%). Most 
nodules showed no calcification or only large comet-tail artifacts 
(78.5%), while macrocalcifications were present in 9.3%, punctate 
calcifications in 10.6%, and peripheral rim calcifications in 1.6% of 
cases (Table 2). 

Regarding nodule margins, nearly all were smooth (98.2%), 
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Table 1. Baseline characteristics of the 1,007 enrolled individuals with a thyroid nodule. 

Parameters                                                                                                                                                              Value 
Gender n (%)                                                                                Women                                                                                  858 (85.2) 
                                                                                                      Men                                                                                       149 (14.8) 
Age years mean ± SD                                                                  Range (14 - 90)                                                                  45.88 ± 13.97 
BMI kg/m2 mean ± SD                                                                Range (13.39 - 64.52)                                                         31.77 ± 6.66 
Height cm mean ± SD                                                                  Range (139 - 194)                                                              158.74 ± 7.83 
Weight kg mean ± SD                                                                  Range (33 - 155)                                                                79.92 ± 16.85 
Smoking n (%)                                                                             Non-smoker                                                                          937 (93.0) 
                                                                                                      Smoker                                                                                    51 (5.1) 
                                                                                                      Ex-smoker                                                                               19 (1.9) 
Occupation n (%)                                                                         Employee                                                                              153 (15.2) 
                                                                                                      Free worker                                                                             49 (4.9) 
                                                                                                      Housewife                                                                             741 (73.6) 
                                                                                                      Retired                                                                                     36 (3.5) 
                                                                                                      Student                                                                                    28 (2.8) 
Educational level n (%)                                                                Illiterate                                                                                 243 (24.1) 
                                                                                                      Primary School                                                                     407 (40.4) 
                                                                                                      Secondary School                                                                 139 (13.8) 
                                                                                                      Preparatory School                                                                 77 (7.6) 
                                                                                                      Diploma                                                                                   55 (5.5) 
                                                                                                      College                                                                                    81 (8.0) 
                                                                                                      Master’s degree                                                                        3 (0.3) 
                                                                                                      Doctorate degree                                                                      1 (0.1) 
Comorbidities                                                                               Diabetes mellitus                                                                  227 (22.5) 
                                                                                                      Hypertension                                                                         303 (30.1) 
                                                                                                      Ischemic heart disease                                                            28 (2.8) 
Thyroid status n (%)                                                                     Euthyroid                                                                               820 (71.0) 
                                                                                                      Subclinical hypothyroidism                                                    24 (2.1) 
                                                                                                      Subclinical hyperthyroidism                                                  28 (2.4) 
                                                                                                      Overt hypothyroidism                                                           176 (15.2) 
                                                                                                      Overt hyperthyroidism                                                          107 (9.3) 
BMI, Body Mass Index; SD, Standard Deviation.
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with only a small proportion being ill-defined (1.1%) or 
lobulated/irregular (0.7%). Vascularity was predominantly absent 
(89.6% not vascular), while peripheral and intranodular vascularity 
were noted in 6.2% and 4.2%, respectively (Table 2). 

Lymphadenopathy was uncommon and 95.9% showed no 
nodal involvement; when present, it was mostly ipsilateral (2.1%) 
or bilateral (1.7%). Among the 47 evaluated lymph nodes, 38 
(3.3%) of these lymphnodes were inflammatory (reactive features) 
and 9 (0.8%) were considered suspicious (Table 2). 

The majority of FNAC procedures were performed in 2021 
(50.9%), followed by 2020 (40.5%) and 2019 (8.6%). Of the 80 
patients with previous thyroid surgery, subtotal thyroidectomy was 
most common (67.5%), followed by lobectomy with or without isth-
mectomy (17.5%), total thyroidectomy (11.3%), and nodulectomy 
(3.8%) (Table 2). 

Table 3 illustrates the categorization of the 1,155 TNs by the two 
comparing raters and the different US characteristics of these nod-
ules. ACR-TIRADS lexicon could categorize all the TNs, while the 
ATA lexicon could not categorize 21 (1.8%) TNs. Most TNs were at 
low suspicion (ATA 45.6%, ACR-TIRAD 37.7%), very low suspi-
cion (ATA 26.8, ACR-TIRAD 30.3%), and intermediate suspicion 
(ATA 18.1%, ACR-TIRAD 20.3%). A smaller portion of TNs were 
high suspicion (ATA 6.9%, ACR-TIRAD 4.2%), or benign (ATA 
3.5%, ACR-TIRAD 4.8%). 

After full consent from the enrolled individuals, FNAC was 
done for 536 high suspicious TNs by either system. Bethesda 1-3 
were considered low risk of malignancy and distributed as 27.1%, 
60.8%, and 5% respectively, while Bethesda 4 (1.9%) and 5 (5.2%) 
were considered high risk (Table 4). 

Table 3 shows the risk of malignancy according to the score of 
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Table 2. Thyroid nodule basal characteristics in 1,155 thyroid nodules for the 1,007 individuals. 

Parameters                                                                                                                                                              Value 
TSH mIU/l Median ± SE                                                             Range (0.001 - 100.00)                                                        1.50 ± 0.23 
TNs mean ± SD cm                                                                      Length range (7.00 - 82.00)                                               19.58 ± 10.45 
                                                                                                      Width range (7.00 - 50.00)                                                 15.28 ± 7.81 
Nodular status                                                                               Single                                                                                    527 (45.6) 
                                                                                                      Two nodules only                                                                   103 (8.9) 
                                                                                                      Multinodular goitre                                                               525 (45.5) 
Position of the thyroid nodules                                                    Right                                                                                     593 (51.34) 
                                                                                                      Left                                                                                       491 (42.51) 
                                                                                                      Isthmus                                                                                   71 (6.15) 
Need for FNAC according to ATA categories                             Yes, need FNAC                                                                   631 (54.6) 
Need for FNAC according to ACR-TIRADS categories            Yes, need FNAC                                                                   515 (44.6) 
Echogenicity n (%)                                                                       Anechoic                                                                                 56 (4.8) 
                                                                                                      Isoechoic                                                                               911 (78.9) 
                                                                                                      Hypoechoic                                                                             98 (8.5) 
                                                                                                      Hyperechoeic                                                                          90 (7.8) 
Calcification n (%)                                                                       None or large Comet-tail artifact                                         907 (78.5) 
                                                                                                      Macrocalcification                                                                 107 (9.3) 
                                                                                                      Peripheral calcification rim                                                    18 (1.6) 
                                                                                                      Punctate                                                                                 123 (10.6) 
Peripheral margin n (%)                                                               Smooth                                                                                 1134 (98.2) 
                                                                                                      Ill-defined                                                                                13 (1.1) 
                                                                                                      Lobulated or irregular                                                              8 (0.7) 
TN vascularity n (%)                                                                    Intranodular                                                                             48 (4.2) 
                                                                                                      Peripheral                                                                                72 (6.2) 
                                                                                                      Not vascular                                                                         1035 (89.6) 
Lymphadenopathy n (%)                                                              Bilateral                                                                                   20 (1.7) 
                                                                                                      Ipsilateral to thyroid nodule                                                   24 (2.1) 
                                                                                                      Contralateral                                                                             3 (0.3) 
                                                                                                      No nodule                                                                             1108 (95.9) 
Lymph nodes composition evaluated n=47 n (%)                       Inflammatory                                                                          38 (3.3) 
                                                                                                      Suspicious                                                                                9 (0.8) 
                                                                                                      Normal                                                                                 1108 (95.9) 
Year of FNAC (n=536)                                                                2019                                                                                        46 (8.58) 
                                                                                                      2020                                                                                      217 (40.49) 
                                                                                                      2021                                                                                      273 (50.93) 
Type of previous thyroid surgery (n=80)                                     Total thyroidectomy                                                                9 (11.3) 
                                                                                                      Subtotal thyroidectomy                                                         54 (67.5) 
                                                                                                      Lobectomy +/- isthmectomy                                                 14 (17.5) 
                                                                                                      Nodulectomy                                                                            3 (3.8) 
ACR-TIRADS, American College of Radiology-Thyroid Imaging Reporting and Data System; ATA, American Thyroid Association; FNAC, Fine Needle Aspiration Cytology; 
SD, Standard Deviation; SE, Standard Error of the Means; TSH, Thyrotropin; TN, Thyroid Nodule.



each rater when higher ACR-TIRAD and ATA categories carried a 
higher risk for malignancy in a positive correlation manner. In the 
ACR-TIRAD system, malignancy risk rose from 6.6% in TIRAD 
2 to 11.4% in TIRAD 5, while in ATA system it rose from 4.8% in 
very low suspicion category to 43.8% in high-suspicion category. 

Furthermore, low-risk categories tend to have larger diameter (26-
29 mm) than high-suspicion category (20 mm) (Table 3). 

Table 5 summarizes the data in Table 3, which includes the 
results of 515 TNs only after removing the results of the 21 unclas-
sified nodules and matching the raters.  
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Table 3. Risk of malignancy according to different raters in 536 TNs which underwent fine needle aspiration cytology. 

Classification system                                      All Thyroid       Fine Needle Aspiration Cytology                 Risk of                  Nodule’s 
                                                                         Nodule (TN)                            (FNAC)                                malignancy                highest 
                                                                               n (%)                   Suspicious for          Benign                         %                      dimension 
                                                                                                         malignancy (n=38)      (n=498) 
American College of Radiology-Thyroid Imaging Reporting and Data System Risk Stratification System (ACR-TIRADS RSS) 
TIRAD-2 (n=61)                                                           350 (30.3)                                4                             57                               6.56                       28.88 ± 9.64 
TIRAD-3 (n=208)                                                         435 (37.7)                               11                           197                              5.29                       25.20 ± 9.90 
TIRAD-4 (n=188)                                                         234 (20.3)                               14                           174                              7.45                       23.86 ± 8.44 
TIRAD-5 (n=79)                                                             80 (6.9)                                  9                             70                              11.39                      21.91 ± 4.94 
American Thyroid Association Malignancy Risk Stratification System (ATA Malignancy RSS) 
Very low suspicion <3% (n=63)                                  310 (26.8)                                3                             60                               4.76                       27.92 ± 9.32 
Low suspicion 5 -10% (n=222)                                   527 (45.6)                                6                            216                              2.70                      26.68 ± 10.76 
Intermediate suspicion 10 -20% (n=182)                    209 (18.1)                                5                            177                              2.75                       22.27 ± 5.17 
High suspicion (n=48)                                                    48 (4.2)                                 21                            27                              43.75                      20.38 ± 6.08 
Unclassified (n=21)                                                        21 (1.8)                                  3                             18                              14.29                      24.14 ± 9.73 

Table 4. Estimated need for Fine Needle Aspiration Cytology (FNAC) according to the predetermined scores for each rater in 515 thyroid 
nodules; the 21 unclassified nodules by either rater were excluded. 

Raters                              Parameters       Bethesda 1       Bethesda 2       Bethesda 3        Bethesda 4      Bethesda 5           Total 
                                                                       (n=137)             (n=318)             (n=25)               (n=10)               (n=25)             (n=515) 
                                                                       (27.1%)             (60.8%)               (5%)                (1.9%)              (5.2%) 
ACR-TIRADS RSS               Need FNAC                105                        262                        16                           5                          21                       409 
                                                  Follow up                   32                          56                          9                            5                           4                         106 
ATA RSS                                Need FNAC                136                        314                        24                          10                         25                       509 
                                                  Follow up                    1                            4                           1                            0                           0                           6 
ACR-TIRADS, American College of Radiology–Thyroid Imaging Reporting and Data System; ATA, American Thyroid Association; FNAC, Fine Needle Aspiration Cytology; 
RSS, Risk Stratification System.

Table 5. Fine Needle Aspiration Cytology (FNAC) outcomes and diagnostic performance of American College of Radiology–Thyroid 
Imaging Reporting and Data System (ACR-TIRADS) and American Thyroid Association (ATA) risk stratification systems (RSS) (n = 515 
thyroid nodules). 

Diagnostic performance metrics                                                   ACR-TIRADS RSS                       ATA malignancy RSS 
Suspicious for malignancy (n)         Total                                                                       35                                                              35 
                                                          True positives                                                        21                                                              26 
                                                          False negatives                                                      14                                                               9 
Benign (n)                                         Total                                                                      480                                                            480 
                                                          False positives                                                      228                                                            204 
                                                          True negatives                                                      252                                                            276 
Sensitivity (%)                                                                                                              60.00                                                         74.29 
Specificity (%)                                                                                                              52.50                                                         57.50 
PPV (%)                                                                                                                         8.43                                                          11.30 
NPV (%)                                                                                                                        94.74                                                         96.84 
Positive Likelihood Ratio                                                                                              1.26                                                           1.75 
Negative Likelihood Ratio                                                                                            0.76                                                           0.45 
Accuracy (%)                                                                                                                53.01                                                         58.64
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After excluding unclassified nodules, 515 TNs were analyzed. 
Using the ACR-TIRADS system, malignancy was more frequent in 
higher categories (TIRADS 4–5: 8.4%) compared to lower cate-
gories (TIRADS 1–3: 5.3%). Similarly, under the ATA system, high-
suspicion categories (ATA IV–V) showed a higher malignancy rate 
(11.3%) than low-suspicion categories (ATA I–III, 3.2%). These 
findings confirm that both lexicons demonstrate an increasing trend 
of malignancy risk with higher classification levels. 

Table 5 shows both raters have a relatively similar diagnostic 
performance for malignant TNs. ATA system showed higher sensi-
tivity (74.3%) and accuracy (58.6%) than ACR-TIRADS (sensitivity 
60%, accuracy 53%), though both raters show lower sensitivity fig-
ures, gave modest diagnostic performance and low PPV (<12%). 
Other precision measures were similar between both raters and 
favored the ATA classification to an extent. The likelihood ratios of 
the nodules using both raters reflect the high possibility of over- and 
underdetection of high-risk TN. 

The agreement between the two raters was estimated using 
Kappa Statistics and McNemar’s test which was weak (Cohen’s 
κ=0.265±0.032, p < 0.001), with concordance in 50.1% of cases 
(Supplementary Table 2S). The agreement between the raters was 
significant (p<0.001) yet minimal, with a kappa value equal to 
0.265, i.e., less than weak. The test shows a crude agreement in 
50.10% of the cases only, representing 258 TNs out of 515 TNs 
(after matching the different raters’ stages and after the exclusion of 
the 21 cases that were unclassified by the ATA Risk Stratification 
System (RSS). The McNemar-Bowker chi-square is significant 
(p<0.001) and equals 24.274, suggesting a statistically significant 
difference between the two raters (Supplementary Table 2S). 

Table 4 illustrates the need for FNAC according to both raters. 
Medical suspicion was the base of performing FNAC for suspi-
cious thyroid nodules, which did not fulfill FNAC requirements by 
either rater.  

 
 

Discussion 
The ATA and ACR-TIRADS lexicons for thyroid malignancy 

RSS provide an objective framework for clinicians to assign the 
ROM to thyroid nodules. No proven universal guideline has been 
proposed to reduce unnecessary FNACs and find as many thyroid 
cancers as possible. It has also been difficult to compare the risk 
stratification systems, as each of them  uses a different size threshold 
to recommend FNAC. However, many studies have compared these 
guidelines’ diagnostic performances and excessive FNAC rates. 

In this large pool study with TNs evaluation, more than 85% of 
the participants were overweight or obese women of middle-aged 
group supporting the high occurrence of TNs among women than 
men in a ratio 6:1 which was consistent with two local studies in Iraq 
(85.5%, 7:1) and global epidemiological distribution of nodular thy-
roid disease prevalence worldwide.9,15,16 

Most of the participants were in euthyroid state (71%), while 
one-quarter of them were either overt or subclinical dysfunction 
(hypothyroidism 15.3%, hyperthyroidism 9.3%). This is concordant 
with the Middle-East Report for thyroid dysfunction assessment.17 
Sonographic features, especially vascularity pattern, echogenicity, 
taller than wide, and ill-defined borders are crucial to decide for 
FNAC in patients with hyperthyroid state and non-judged thyroid 
scintigraphy. 

In this large cohort study, FNAC cytology was indicated for 
54.6% and 44.6% of TNs by ATA and ACR-TIRAD criteria, respec-
tively. Both ATA and ACR-TIRADS raters provided comparable, but 
modest diagnostic performance. The ATA lexicon showed slightly 

higher sensitivity, specificity, prediction, and overall accuracy, iden-
tifying a greater proportion of TNs requiring FNAC, although we 
found that the 2017 ACR-TIRADS was found to be a less invasive 
and more conservative risk stratification system with fewer referrals 
for FNAC compared to 2015 ATA guidelines, i.e., 515 versus 631 
TNs, respectively, with 18.4% reduction of the referred TNs.  

So, the data were comparable to Ahmadi et al. who demonstrat-
ed that the 2017 ACR-TIRADS and 2015 ATA had similar diagnos-
tic values in detecting thyroid cancer.18 Conversely, other studies 
showed that referrals for FNAC could be reduced by 35-53% using 
ACR-TIRADS, with very low false negative rates of only 2.2%19-21 
and Gao et al. showed the 2015 ATA to be more effective in detect-
ing malignant nodules when compared to the 2017 ACR-TIRADS.22  

In this cohort, the average dimensions of targeted TNs were 
Length=2±1 cm × Width=1.5±0.8 cm, which were considered opti-
mal as recommended by most guidelines. Furthermore, Middleton et 
al. found that any modification of the size cut-offs to decrease the 
number of missed malignancies would mainly lead to an increase in 
the number of biopsied benign nodules without a significant impact 
on the prognosis of malignant ones.23 

Many studies contributed to reducing the number of unnecessary 
biopsies by ACR-TIRADS to the higher size threshold or cut-offs for 
FNAC referral compared to ATA RSS.21,25-28 For example, the ACR-
TIRADS thresholds for biopsy are 1.5 cm for TIRAD4 and 2.5 cm 
for TIRAD3, while the ATA guidelines use 1 cm for similar nodules. 
The ATA guidelines recommend that FNAC be “considered” for 
spongiform nodules >2 cm, whereas ACR-TIRADS recommends 
that spongiform nodules receive no FNAC or follow-up at any size. 
ACR-TIRADS also considers TIRAD2 mixed cystic, solid nodules 
without suspicious features as benign and not requiring FNAC or 
follow-up at any size. This would, in the future, prevent the under-
diagnosis of thyroid cancer and reduce unnecessary workup of 
benign nodules.7,29  

By this study, ATA system showed higher sensitivity (74.3%) 
and accuracy (58.6%) than ACR-TIRADS (sensitivity 60%, accura-
cy 53%), though both raters show lower sensitivity figures, gave 
modest diagnostic performance and low positive predictive values 
(<12%). The alteration of these metrics by ACR-TIRADS may be 
true for very large cohorts like that of Hoang et al.,29 who showed 
that the effect of reduced biopsy recommendations using ACR-
TIRADS would lead to higher specificity and potentially lower sen-
sitivity compared with ATA. Still, it is important to note that most 
studies compare RSS solely on biopsy recommendations and do not 
account for ACR-TIRADS’ follow-up guidance for suspicious nod-
ules below the size cut-offs for FNAC.29  

Our results may agree on some points with the Wu et al. study25 
who concluded that compared with the ACR-TIRADS guidelines, 
the ATA guidelines had a higher diagnostic sensitivity (93.4%, p < 
0.001) and a larger NPV (85.3%, p = 0.034). However, compared 
with the ATA guidelines, the ACR-TIRADS guidelines yielded a 
higher specificity (66.0%, p < 0.001), larger PPV (73.6%, p = 
0.001), and greater accuracy (75.5%, p = 0.017).25 These findings 
may be caused by the scoring of macrocalcification and very hypoe-
choic nodules in the ACR guidelines.  

Thyroid malignancy on histopathology of the TNs that under-
went FNAC (n=536) was 7.1% (n=38), and it favored ATA over 
ACR-TIRADS. Using ATA guidelines, we were able to diagnose 
26/230 as malignant in highly suspicious groups, compared to 
21/249 TNs for ACR-TIRADS 4 and 5. 

Despite the high proportion of low suspicious TNs in both sys-
tems, n=269 (50.2%) in TIRADS and n=285 (53.2%) in ATA, malig-
nant TNs TIRADS category 2 or 3 (n=269) and ATA very low and 
low risk (n=285) represented a significant proportion of patients, 
50.2% and 53.2%, respectively. Malignant thyroid nodules were 
identified in these 15/269 and 9/285, according to ATA RSS. These 
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findings encourage the clinical judgement of physcians in perform-
ing FNAC for low-risk TNs with some attractive precocious fea-
tures. In comparison to our results, Mussoi de Macedo et al. and 
Rosario et al. did not show any malignant nodules in their large 
cohorts of low suspicious thyroid nodules by ATA.30,31 Karaagac et 
al. demonstrated that the probability of malignancy in TIRADS 2, 3, 
4, and 5 was 0%, 3.4%, 14%, and 87%, respectively.32 Mussoi de 
Macedo et al. observed a malignancy risk of 100% of nodules 
TIRADS 5.30 Therefore, proven high NPV of both systems could 
allow ultrasonographically (without FNAC) monitoring of these 
nodules categories unless they increase in volume or if there are new 
suspicious sonographic features. 

The unclassified nodules that did not follow any pattern in ATA 
RSS were 21 TNs, comprising 2.1% of the total number of enrolled 
TNs, and 3.9% of the biopsied nodules by FNAC. These nodules 
were classified according to ACR-TIRADS but not ATA RSS. Our 
results confirm an applicable limit of the ATA classification, which 
leaves unclassified nodules to be reclassified by the ACR-TIRADS 
RSS, reflecting another design goal. The ATA RSS could not classify 
every TN due to factors in its design, which could not evaluate the 
combination of US features. ATA guidelines did not include evaluat-
ing hyperechoic or isoechoic nodules with malignant signs (taller-
than-wide, punctate foci, marginal irregularities, etc.).  

Furthermore, our results in last points were also seen in a larger 
cohort (n=3,323) by Ha et al. who showed that 1.6% (54 of 3,323) 
of TNs did not meet the criteria for any pattern in the ATA guide-
lines. These nodules had a 25.9% (14 of 54) risk of malignancy and, 
therefore, could be categorized as an intermediate-suspicion group.33 
In addition, Yoon et al. and Ha et al. reported that ATA guidelines 
could not classify 3.4% (44/1,293) and 5.0% (100/2,000) nodules. 
The malignancy rates of these nodules were 18.2% and 19.0%, 
respectively.34,35 Middleton et al. found that 13.9% of nodules could 
not be classified by the ATA guidelines.23 

Ha et al. showed that the malignancy risk of the not suspicious 
and mildly suspicious categories in the ACR-TIRADS guidelines 
were 2.7% (16/590) and 5.4% (49/914), respectively.35 Following 
the ACR-TIRADS guidelines, such nodules do not require biopsy or 
active surveillance.  

A substantial proportion (65%) of thyroid nodules classified as 
TR4 or TR5 were determined to be benign, underscoring the critical 
role of ongoing surveillance and comprehensive clinical assessment 
for nodules within these categories.18 Certain nodules met the estab-
lished criteria for repeat ultrasonographic evaluation after a 12-
month interval. Notably, the investigators reported that approximate-
ly 6% of thyroid malignancies identified in their cohort would not 
have been detected under these follow-up protocols.18 

Especially for the false negative diagnosis by ATA RSS, it is 
important to consider the longitudinal follow-up even if they 
appeared first as benign. It is possible to avoid FNAC in very low-
suspicion nodules if health care providers can ensure appropriate and 
timely surveillance. On the other hand, the size threshold for FNAC 
could cause some missing, as shown by Middleton et al., who 
showed that the majority of malignant nodules that do not receive 
FNAC recommendations based on the ACR-TIRADS and receive a 
recommendation of follow-up USs for five years, are < 1 cm in max-
imum diameter, or both.36  

In this study, ATA system showed higher sensitivity (74.3%) and 
specificity (578.5%) than ACR-TIRADS (sensitivity 60%, specifici-
ty 52.5%). Given the higher size threshold for the ACR-TIRADS 
compared to ATA RSS, we could expect that its diagnostic metrics 
are lower. Table 4 ensures such an assumption regarding the relative-
ly low sensitivity of both RSS but not the specificity. Our result 
regarding the performance parameters may be different from 
Castellana et al. meta-analysis,37 which showed higher sensitivity 
and specificity due to reasons related to the cumulative sample size.  

Other studies showed comparable performance parameters. Gao 
et al.38 calculated that the sensitivity and specificity of ACR-
TIRADS were around 80%. Ha et al. indicated that ACR-TIRADS 
had a sensitivity of 80% and a specificity of 69% in the differential 
diagnosis of thyroid nodules, confirming that ACR-TIRADS guide-
lines were significantly less sensitive and had a higher specificity 
than ATA guidelines.39  

In our study, the ATA and ACR-TIRADS RSSs do not have a 
high PPV to select thyroid malignancy, while the NPV to predict 
benign nodules or rule out malignancy in patients with higher 
Bethesda cytopathologic categories was around 95% for the ACR-
TIRADS, and 97% for the ATA RSS. These results were similar to 
other studies.28,40-43 Such results may be explained given that cyto-
logically indeterminate nodules with TIRADS 2 or 3 and ATA very 
low or low risk consider similar benign patterns like spongiform 
nodules, isoechoic or hyperechoic solid nodules without signs of 
high suspicion. Both systems are feasible for clinical application and 
have an excellent negative predictive value allowing the selection of 
patients to FNAC-US. However, they may result in higher percent-
ages of indeterminate cytology as Bethesda 2 and 3. 

Contrary to our results, which showed higher diagnostic perform-
ances for ATA RSS compared to ACR-TIRADS, with lower FNAC 
referral using ACR-TIRADS, Ha et al. and Ruan et al. showed that 
the diagnostic performance of ACR-TIRADS was greater than that of 
ATA guidelines. The biopsy yield of malignant ACR-TIRADS was 
greater than that of ATA guidelines, and the unnecessary biopsy rate 
of ACR-TIRADS was lower than that of ATA guidelines. However, 
the biopsy rate of malignancy of ACR-TIRADS was lower than that 
of ATA guidelines.33,43 The greater diagnostic performance of ACR-
TIRADS might be attributed to the allocation of points for each US 
characteristic, reflecting the likelihood of malignancy.  

Our results provided weak but significant evidence about the 
preference of ATA over the ACR-TIRADS RSSs, given that the two 
raters agreed to FNAC on about half of the referred TNs. Similarly, 
in Yoon et al., no significant differences were seen between the cor-
relation coefficients between the two raters.34 The use of head-to-
head comparison to assess the performance of two US RSSs within 
the same population should not be impaired by recruitment, malig-
nancy prevalence, or operator biases. Our results cannot be 
explained by the size cut-offs for FNAC in intermediate and high 
risk-nodules, given that it is similar to the other US RSSs.  

The major strength of this study is the largest real-world data 
about the risk stratification TNs in Southern Iraq and one of the few 
studies comparing directly between ATA and ACR-TIRAD raters in 
Middle East population. Secondly, the nodules for biopsy were 
examined in real-time ultrasonography before the sample was 
obtained. We are confident that the nodules being biopsied are sono-
graphically classified compared to retrospective studies.  

While the main limitation in this study is that the single-center 
nature of the study may limit generalizability and we did not include 
any TN in the subcentimetric ranges. However, in the guidelines, 
suspicious nodules could be as small as 5 mm. We used 10 mm as 
the minimum size threshold.  

 
 

Conclusions  
ATA and the ACR-TIRADS lexicons showed similar low sensi-

tivity, specificity, prediction, and accuracy in detecting malignant 
TNs, although relatively in favor of ATA RSSs. There is a weak but 
significant agreement between the two raters, i.e., we can miss cases 
by both raters. ACR-TIRADS can stratify the risk in the unclassified 
cases by ATA RSS. The two RSSs provide limited guidance to clini-
cians regarding follow-up plans and therapeutic options for TNs 
from different categories. 
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Updated and improved measures should be taken to revise the 
size and location criteria and the US point scoring system to increase 
the standardization of diagnosis and treatment of TNs and merge the 
characteristics of the different systems into an ultimate unified, cost-
effective international standardized system without jeopardizing the 
detection of clinically significant malignancies. 

Prospective and longitudinal follow-up studies are highly rec-
ommended to evaluate the immediately suspicious nodules and 
refine the noninvasive risk stratification of TNs in a way that empha-
sizes clinically important cancer. Replacement of 2015 revised ATA 
guidelines by ACR-TIRADS RSS is not justified now. Future 
research perspectives in future unified RSS may incorporate the 
number of TNs, age, gender, time since the discovery, and biochem-
ical investigations like TSH and calcitonin.  
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Online supplementary material: 
Table 1S. Description of  nine highly suspicious cases where the raters were inconclusive regarding referral to fine needle aspiration cytology. The mean 

thyrotropin (TSH) for these nine cases was (3.05±2.18 mIU/L). All cases were euthyroid at the time of the Fine Needle Aspiration Cytology (FNAC), 
with no lymphadenopathy. All nine thyroid nodules had smooth margins. 

Table 2S: Kappa Statistics and Cohen’s Kappa test for 611 thyroid nodules that underwent fine needle aspiration cytology. The two raters only show agree-
ment in 50.10% of the cases, i.e., 258 out of 515 thyroid nodules that underwent fine needle aspiration cytology. Cohen’s kappa value equals 
0.265±0.032, with p<0.001. McNemar-Bowker Test equals 24.274, with p<0.001. 
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