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Abstract

Objective. To compare the diagnostic performance of American College of Radiology-Thyroid Image Reporting and Data 
Systems (ACR-TIRADS) and the American Thyroid Association (ATA) guidelines on screening for thyroid malignancy.

Methodology. A cross-sectional criterion-referenced study involving Filipino patients with thyroid nodules, 18-80 years 
old, who underwent ultrasound guided fine needle aspiration biopsy at the Thyroid Clinic of The Medical City from July 
to December 2019. The ACR-TIRADS and the ATA guidelines were compared for 197 nodules. Standard diagnostic 
parameters were calculated, namely sensitivity, specificity, PPV, NPV, positive and negative likelihood ratios and 
overall accuracies.

Results. The risks of malignancy were 15% and 22% for TIRADS 4 and 5 respectively. For ATA guidelines, it’s 2%, 20%, 
and 15% for nodules with low, intermediate, and high suspicion respectively.    The sensitivity, specificity, PPV, NPV, and 
accuracy of the American College of Radiology Thyroid Imaging Reporting and Data System (ACR TIRADS) in relation 
to Fine Needle Aspiration Cytology (FNAC) is 100%, 52.2%, 16.5%, 100%, and 56.4% respectively. For the American 
Thyroid Association (ATA) guidelines it is 88.2%, 57.8%, 16.5%, 98.1%, and 60.4% respectively.

Conclusion. The ACR TIRADS classifications appears to be more sensitive than the ATA classification. The ATA guidelines 
prove to be a more specific test. Each tool has its unique advantages and disadvantages. Therefore, clinicians must use 
these tools with utmost vigilance to avoid over or under diagnosis and to avoid unnecessary thyroid nodule biopsies.

Key words: Thyroid Imaging Reporting and Data System, American Thyroid Association, thyroid cancer, malignancy risk, 
thyroid nodules, ultrasound of thyroid

INTRODUCTION 

Depending on the study population, the prevalence of 
thyroid nodules ranges from as low as 2% to as high as 
35%.1,2 In a 2012 nationwide study from Carlos-Raboca et 
al.,3 involving 4,897 subjects, the estimated prevalence of 
nodular goiter in the Philippines is 8.9%. 

The American Thyroid Association lists these sonographic 
findings suggestive of malignancy: solid nodules, nodule 
hypoechogenicity or marked hypoechogenicity, irregular 
margins, microcalcifications and a shape taller than wide 
on a transverse view. The varied spectrum of sizes and 
characteristics of thyroid nodules makes it difficult to select 
which nodule is a candidate for fine needle aspiration 
biopsy (FNAB).4 Fine needle aspiration biopsy is a 
minimally invasive diagnostic procedure with published 
sensitivity and specificity that ranges between 65% to 98% 

and 73% to 100%, respectively.5 The accuracy of ultrasound 
guided FNAB in different studies, both locally and abroad 
may range from 77.3% to as high 96.7%.5,6 According to 
Cibas et al., only 3% to 7% of FNA cytology are malignant 
and most nodules are benign.7 Given this, it is important 
to use an ultrasound classification that will help diffe- 
rentiate benign from malignant thyroid nodules to 
determine which nodule(s) will require FNAB and decrease 
unnecessary procedures.

Kwak et al., sought to implement a similar standardized 
model for thyroid nodules with the release of the Thyroid 
Imaging Reporting and Data System (TIRADS) in 2011.8 
In addition, in order to avoid the over usage of FNA 
for multiple benign thyroid nodules, several reports 
investigated the risk of malignant nodules for ultrasound-
guided biopsy due to suspicious ultrasonographic 
features.9-10 Park et al.,11 and Horvath et al.,12 established 
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Study population 
This study enrolled Filipino patients with thyroid nodules 
aging 18 to 80 years old who underwent ultrasound 
guided fine needle aspiration biopsy of thyroid nodules at 
the Thyroid Clinic of The Medical City from July 2019 to 
December 2019. Patients are excluded if the cytology report 
of the FNAB is inadequate or non-diagnostic.

Sample size 
A minimum of 90 patients were required for this study 
based on a level of significance of 5%, a prevalence of 
33.56%, sensitivity of 98% with a marginal error of 0.05. 
The values for the prevalence of thyroid malignancy and 
sensitivity of TIRADS were based from the study by Dy 
and Kasala et al.15 

Description of study procedure 
All qualified subjects underwent a repeat ultrasound of 
thyroid gland using BK Flex Focus 800 ultrasound machine 
prior to their scheduled ultrasound guided fine needle 
aspiration biopsy. The scanning protocol in our study 
includes scanning of thyroid gland and cervical lymph 
nodes in both transverse and longitudinal planes by B–mode 
(brightness mode), CCDI (Color-coded Doppler imaging) 
and PDI (Power Doppler imaging). The ultrasonography 
of the thyroid gland was done by a second-year radiology 
resident. It was then reviewed and read by only 1 radiologist 
with more than ten years experience. The nodules were 
analyzed according to their type (solid, cystic, or mixed), 
echogenicity, margins, shape, echogenic foci, and evidence 
of calcification. The reports were categorized into two, ACR 
TIRADS and conventional ATA guidelines respectively. 

American College of Radiology – Thyroid Imaging, 
Reporting and Data System (ACR TIRADS) described 
nodules according to composition, echogenicity, shape, 
margin, and echogenic foci and a corresponding point 
or points will be given. Points were added from all 
categories to determine the TIRADS level and nodules were 
classified into the following: TIRADS 1 benign, TIRADS 2 
not suspicious, TIRADS 3 mildly suspicious, TIRADS 4 
moderately suspicious, and TIRADS 5 highly suspicious 
(Appendix A).

A second report was provided and the nodules were 
described according to its size, location, composition 
(solid, cystic proportion, or spongiform), echogenicity, 
margins, presence and type of calcifications, and shape 
if taller than wide, and vascularity. The nodules were re-
classified according to American Thyroid Association 
(ATA) Guidelines 2015 into the following based on the 
sonographic pattern: benign, very low suspicion, low 
suspicion, intermediate suspicion, and high suspicion 
(Appendix B).

The cytology reports were used to classify nodules into 
five categories using Bethesda Classification: I for non-
diagnostic, II for benign, III for atypia of undetermined 
significance, IV for follicular neoplasm or suspicious for 
follicular neoplasm, V suspicious for malignancy, VI for 
malignant. Nodules with FNA results that were classified as 
Bethesda II to VI were considered diagnostic and included 
in the final analysis. The nodules classified as Bethesda 
cytology IV, V, and VI were considered as suspicious for 
malignancy and Bethesda cytology II and III were benign. 

a thyroid ultrasonographic system to stratify cancer risk 
and developed several categories based on 10 and 12 
sonographic features, called the thyroid imaging reporting 
and data system (TIRADS ). 

An updated version endorsed by the American College 
of Radiology (ACR) was released in 2017.8,12 This does 
not include subcategories, nor does it include TIRADS 
0 category which indicates a normal thyroid gland.13 
TIRADS categories range from TIRADS 1 to TIRADS 5. 

A retrospective study by Middleton et al., comparing 
TIRADS with ATA and other scoring system showed that 
13.9% of nodules could not be categorized using ATA 
guidelines and 9.4% of these non-categorized nodules 
were malignant.14 The committee of ACR-TIRADS decided 
against the pattern-based approach used by ATA based on 
the results of a study by Yoon et al., which showed that 
using ATA guidelines, they were unable to classify 3.4% 
of 1,293 nodules, of which 18.2% were malignant. In this 
study, they only included nodules that were subjected 
to FNA or surgery.8

This study follows on the findings of a retrospective study 
done at The Medical City, Manila, Philippines by Dy and 
Kasala et al. The authors recommended a multicenter 
prospective study for the use of TIRADS as their research 
concluded that TIRADS was sensitive in recognizing 
patients with thyroid cancer and can be used as a guide 
in deciding the need for fine needle aspiration biopsy.15

General Objectives 

To compare the diagnostic performance of Thyroid Imaging 
reporting and data System (TIRADS) and the American 
Thyroid Association (ATA) guidelines on screening for 
thyroid malignancy.

Specific Objectives 

To determine the diagnostic performance of TIRADS in 
screening for thyroid malignancy in terms of:
a.	 Sensitivity and specificity
b.	 Positive Predictive Value and Negative Predictive Value
c.	 Positive Likelihood Ratio and Negative Likelihood 

Ratio
d.	 Diagnostic accuracy

To determine the diagnostic performance of ATA in 
screening for thyroid malignancy in terms of:
a.	 Sensitivity and specificity
b.	 Positive Predictive Value and Negative Predictive Value
c.	 Positive Likelihood Ratio and Negative Likelihood 

Ratio
d.	 Diagnostic accuracy

METHODOLOGY 

Study design 
This is a cross-sectional criterion-referenced study approved 
by our institutional review board. During the time frame 
specified, all patients who were undergoing ultrasound-
guided FNA were asked to participate in the study with 
a signed informed consent.
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Thyroid nodules were located almost equally on either 
side. Sonographically, half of the lesions measured 1.0–
1.9 cm, 81% were solid or almost completely solid, 70% 
were hyperechoic or isoechoic, 88% were wider-than-tall, 
92% possessed smooth margins, and 67% contained no 
echogenic focus or only a large comet-tail artifact. 

Most patients were classified as moderately (41%) or mildly 
(35%) suspicious for malignancy by TIRADS classification. 
By ATA guidelines, 43% and 31% were of low and high 
suspicion, respectively. Cytologic analysis revealed most 
nodules (83%) to be benign, and only 8% were suspicious 
or obviously malignant. Of the latter nodules, 40% turned 
out benign on surgical histopathology.

The risks of malignancy were 15% for nodules considered 
moderately suspicious (TIRADS 4) and 22% for those 
that were highly suspicious (TIRADS 5). No malignant 
diagnoses were made among those with lower grade 
classification (TIRADS 1,2, and 3). The largest mean (± SD) 
nodular size was with mildly suspicious lesions, at 2.3±1.0 
cm (Table 2).

On the other hand, the risks of malignancy were 2%, 
20%, and 15% for nodules at low, intermediate, and high 
suspicion by ATA guidelines (Table 3). There were no 
malignant findings among the lower grade lesions. The 
largest lesion sizes were with low (2.3±1.0 cm) and high 
(2.2±1.1 cm) suspicion.

All other nodules were excluded unless the nodule was 
resected and histologic findings were available.

Statistical analysis 
Descriptive statistics were used to summarize the data: 
frequency and proportion for nominal variables; median 
(range) and mean ± standard deviation (SD) for interval/
ratio variables with and without normal distributions, 
respectively. Test on proportions was used to determine 
differences in proportions of nodules recommended for 
FNA between TIRADS and ATA.

Standard diagnostic parameters were calculated for the 
two sonographic criteria, namely sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), and positive and negative likelihood ratios (LR), 
all with their corresponding 95% confidence intervals (CI). 
McNemar’s test was used to compare overall accuracies 
of TIRADS and ATA recommendations for FNA. All valid 
data were included in the analysis. Missing variables were 
neither imputed nor estimated. Null hypotheses were 
rejected at 0.05 α-level of significance. STATA 15.0 was used 
for data analysis.

RESULTS 

A total of 197 nodules from 121 patients (Figure 1), with 
median age of 53 (21–77) years and comprised mostly of 
females (85%), were included in the analysis (Table 1). 
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Figure 1.  Flow chart of patients in the study. TR – TIRADS, ATA – American Thyroid Association

Eligible subjects: 121

Thyroid Ultrasound

ACR TIRADS
(n = nodules)

ATA Guidelines
(n = nodules)

TR1: 15
TR2: 10
TR3: 69
TR4: 80
TR5: 23

ATA Benign: 13
ATA Very Low Suspicion: 8

ATA Low Suspicion: 85
ATA Intermediate Suspicion: 30

ATA High Suspicion: 61

TR1: 15
TR2: 10
TR3: 69
TR4: 68
TR5: 18

ATA Benign: 13
ATA Very Low Suspicion: 8

ATA Low Suspicion: 83
ATA Intermediate Suspicion: 24

ATA High Suspicion: 52

TR1: 0
TR2: 0
TR3: 0

TR4: 12
TR5: 5

ATA Benign: 0
ATA Very Low Suspicion: 0

ATA Low Suspicion: 2
ATA Intermediate Suspicion: 6

ATA High Suspicion: 9

Nodules biopsied: 216

Nodules excluded: 19
(Non-diagnostic or inadequate specimen)

Nodules analyzed: 197

Benign: 180 Malignant: 17



Using TIRADS 
Using FNAC as the gold standard, TIRADS had a high 
sensitivity, with 100% (17/17) of the nodules that were 
suspicious for malignancy by FNAB having positive 
finding (IV-V). However, its ability to correctly rule out 
benign nodules was quite low, with only 52.2% of those 
who had negative findings (I-III) having benign nodules 
(specificity) (Table 4).

Positive findings in the TIRADS were about 2.09 times as 
likely to be observed in malignant nodules as compared to 
benign nodules (LR+). Negative findings were about 100% 
less likely to be seen in malignant nodules as opposed to 
benign nodules (LR-) (Table 4).

Using TIRADS, the probability that positive findings are 
malignant in the FNAC is 16.5% (PPV), whereas negative 
findings have 100% chance of having benign results (NPV) 
(Table 4).

Using ATA 
ATA compared to TIRADS had a lower sensitivity 
with 88.2% (15/17) of nodules that were suspicious for 
malignancy by FNAB had a positive ATA category of IV-
V. The system was unsatisfactory in correctly ruling out 
benign nodules, with only 57.8% of those who had negative 
findings (category I-III) having benign nodules (specificity) 
(Table 5).

Positive findings in the ATA were about 2.09 times as 
likely to be observed in malignant nodules as compared 
to benign nodules (LR+). Negative findings were about 
80% less likely to be seen in malignant nodules as opposed 
to benign nodules (LR-) (Table 5).
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Table 1. Patient and nodule characteristics (n=197 nodules, 
121 patients )

Median (Range); Count (%)
Age (years) 53 (21–77)
Sex

Male 18 (14.88)
Female 103 (85.12)

Solitary nodule 59 (48.76)
Nodule (cm) 

0–0.4 0
0.5–0.9 11 (5.58)
1.0–1.4 51 (25.89)
1.5–1.9 48 (24.37)
2.0–2.4 35 (17.77)
2.5–2.9 13 (6.60)
≥ 3.0 39 (19.80)

Location 
Left 96 (48.73)
Right 97 (49.24)
Isthmus 4 (2.03)

Composition 
Cystic 1 (0.51)
Almost completely cystic 10 (5.08)
Spongiform 4 (2.03)
Mixed cystic & solid 23 (11.68)
Solid or almost completely solid 159 (80.71)

Echogenicity 
Anechoic 14 (7.11)
Hyperechoic or isoechoic 138 (70.05)
Hypoechoic 40 (20.30)
Very Hypoechoic 5 (2.54)

Shape 
Wider-than-tall 174 (88.32)
Taller-than-wide 23 (11.68)

Margin 
Smooth 181 (91.88)
Ill-defined 11 (5.58)
Lobulated or irregular 5 (2.54)
Extra-thyroidal extension 0

Echogenic foci 
None or large comet-tail artifact 132 (67.01)
Macrocalcification 26 (13.20)
Peripheral or rim calcifications 9 (4.57)
Punctate echogenic foci 30 (15.23)

ACR TIRADS category
Benign 15 (7.61)
Not suspicious 10 (5.08)
Mildly suspicious 69 (35.03)
Moderately suspicious 80 (40.61)
Highly suspicious 23 (11.68)

ATA classification
Benign 13 (6.60)
Very low suspicion 8 (4.06)
Low suspicion 85 (43.15)
Intermediate suspicion 30 (15.23)
High suspicion 61 (30.96)

Bethesda systema

I 0
II 164 (83.25)
III 16 (8.12)
IV 1 (0.51)
V 11 (5.58)
VI  5 (2.54)

Histopathology (n=15)
Papillary thyroid carcinoma 8 (53.33)
Multinodular colloid goiter 6 (40.00)
Follicular thyroid carcinoma 1 (6.67)

a Bethesda system: I, non-diagnostic or unsatisfactory; II, benign; III, 
atypia of undetermined significance or follicular lesion of undetermined 
significance; IV, follicular neoplasm or suspicious for it; V, suspicious for 
malignancy; VI, malignant.

Table 3. Nodule size and risk of malignancy, by ATA 
classification (n=197 )

ATA

FNAC
Risk of 

Malignancy 
(%)

Nodule 
Size (cm)

Suspicious for 
Malignancy 

(n=17)

Benign 
(n=180)

Benign 0/13 13/13 0 1.82 ± 0.59
Very low suspicion 0/8 8/8 0 1.77 ± 0.49
Low suspicion 2/85 83/85 2.35 2.30 ± 1.02
Intermediate 
suspicion

6/30 24/30 20.00 1.52 ± 0.71

High suspicion 9/61 52/61 14.75 2.20 ± 1.13

Table 2. Nodule size and risk of malignancy, by TIRADS 
category (n=197 )

TIRADS

FNAC
Risk of 

Malignancy 
(%)

Nodule 
Size (cm)

Suspicious for 
Malignancy 

(n=17)

Benign 
(n=180)

Benign (TR1) 0/15 15/15 0 1.73 ± 0.60
Not suspicious 
(TR2)

0/10 10/10 0 1.91 ± 0.47

Mildly suspicious 
(TR3)

0/69 69/69 0 2.30 ± 1.03

Moderately 
suspicious (TR4)

12/80 68/80 15.00 2.06 ± 0.98

Highly suspicious 
(TR5)

5/23 18/23 21.74 1.94 ± 1.35



5-20% in TIRADS 4, and greater than 20% for TIRADS 5.16 
In our study, the risk of malignancy was 15% for nodules 
considered moderately suspicious or TIRADS 4 and 22% 
for those that were highly suspicious or TIRADS 5 which 
are well matched to the suggested risk of malignancy by 
ACR TIRADS. When compared to another local study done 
by Dy and Kasala et al.,15 the malignancy risk for TIRADS 
4 was 12.82% to 53% and is well matched with our result. 
The malignancy risk for TIRADS 5 in the former study was 
66.67% which is higher than our result.15 Selection bias 
may have contributed to the very high malignancy risk 
since it was a retrospective study. 

The risk of malignancy recommended by the ATA is more 
than 70-90% for the high suspicion pattern, 10-20% for the 
intermediate suspicion pattern, 5-10% for the low suspicion 
pattern, less than 3% for the very low suspicion pattern and 
less than 1% for the benign pattern.4 The risk of malignancy 
was 2%, 20%, and 15% for nodules at low, intermediate, 
and high suspicion respectively in our study by ATA 
guidelines. Only intermediate suspicion nodules matched 
the suggested risk of malignancy by ATA guidelines.

The diagnostic performance of both ACR TIRADS and the 
ATA guidelines are one of the most commonly compared 
sonographic classification of nodules in various studies. 
They both have outstanding performances with sensitivity 
ranging from 70% to 90% and specificity of 33% to 67%.16 
These are international studies and most of them are 
retrospective in nature. 

In a local retrospective study by Dy and Kasala et al., 
TIRADS classification for predicting thyroid malignancy 
still maintained a very high sensitivity of 98%. However, 

Using ATA, the probability that negative findings are 
malignant in the FNAC is 16.5% (PPV), whereas positive 
findings have 98.1% chance of having benign results 
(NPV) (Table 5).

Overall accuracies of the FNA recommendation by TIRADS 
and ATA criteria were moderate (56.4% [95% CI 49.1–63.4) 
and 60.4% [95% CI 53.2–67.3], P=0.004). The former’s 
sensitivity was high at 100% (95% CI 80.5–100), but the latter 
was inferior at 88.2% (95% CI 63.6–98.5). Both sonographic 
criteria had NPV’s above 95% (Table 6).

DISCUSSION 

The pathological nature of thyroid nodules directly 
affects the therapeutic decisions and patient prognosis; 
therefore, the correct diagnosis of thyroid nodules at an 
early stage has important clinical significance. However, 
conventional sonographic diagnoses for thyroid nodules 
presents limitations related to overlapping boundaries, 
morphologies, internal blood streams, and echoes between 
malignant and benign nodules. In addition, subjective 
factors related to the diagnostician can also affect the 
accuracy of the diagnosis. Therefore, research by Kwak,8 

Park11 and Horvath12 indicates that the thyroid imaging 
reporting and data system (TIRADS) can be used to 
improve the diagnostic accuracy of thyroid nodules by 
ultrasound, which will provide improvements that can be 
used in clinical practice. This study was done to compare 
the diagnostic performance of ACR TIRADS and ATA 
guidelines for predicting risk of thyroid malignancy.

The suggested risk of malignancy for TIRADS is less 
than 2% for TIRADS 1 and TIRADS 2, 5% for TIRADS 3, 

Vol. 36 No. 1 May 2021

73

www.asean-endocrinejournal.org

Ryan James Gacayan, et alACR-TIRADS and ATA Guidelines in the Prediction of Thyroid Malignancy

Table 4. Accuracy of FNA recommendation to detect 
malignancy using TIRADS

TIRADS
Malignant (FNAC+) Benign (FNAC-)

Total
Frequency (%)

TIRADS IV-V 17 (100) 86 (47.78) 103 (52.28)
TIRADS I-III 0 94 (52.22) 94 (47.72)
Total 17 (8.63) 180 (91.37) 197
Sensitivity 100% (80.5 to 100)
Specificity 52.2% (44.7 to 59.7)
Positive Predictive Value (PPV) 16.5% (14.5 to 18.7)
Negative Predictive Value (NPV) 100%
Positive Likelihood Ratio 2.09 (1.80 to 2.44)
Negative Likelihood Ratio 0
Accuracy 56.4% (49.1 to 63.4)

Table 5. Accuracy of FNA recommendation to detect 
malignancy using ATA

ATA
Malignant (FNAC+) Benign (FNAC-)

Total
Frequency (%)

ATA IV-V 15 (88.24) 76 (42.22) 91 (46.19)
ATA I-III 2 (11.76) 104 (57.78) 106 (53.81)
Total 17 (8.63) 180 (91.37) 197
Sensitivity 88.2% (63.6 to 98.5)
Specificity 57.8% (50.2 to 65.1)
Positive Predictive Value (PPV) 16.5% (13.4 to 20.1)
Negative Predictive Value (NPV) 98.1% (93.4 to 99.4)
Positive Likelihood Ratio 2.09 (1.64 to 2.67)
Negative Likelihood Ratio 0.20 (0.06 to 0.75)
Accuracy 60.4% (53.2 to 67.3)

Table 6. Summary of diagnostic performance of TIRADS 
and ATA

ATA TIRADS 
Sensitivity (%) 88.2 (63.6 to 98.5) 100% (80.5 to 100)
Specificity (%) 57.8% (50.2 to 65.1) 52.2% (44.7 to 59.7)
PPV (%) 16.5% (13.4 to 20.1) 16.5% (14.5 to 18.7)
NPV (%) 98.1% (93.4 to 99.4) 100%
Positive LR 2.09 (1.64 to 2.67) 2.09 (1.80 to 2.44)
Negative LR 0.20 (0.06 to 0.75) 0
Accuracy (%) 60.4% (53.2 to 67.3) 56.4% (49.1 to 63.4)
McNemar’s test p-value 0.004

Table 6.1. Comparison of ATA and TIRADS
TIRADS ATA

I-III IV-V I-III IV-V
Frequency (%)

All nodules (n=197)
Malignant nodules 
based on FNAC 
(n=17)

0 17 (100) 2 (11.76) 15 (88.24)

Benign nodules 
based on FNAC 
(n=180)

94 (52.22) 86 (47.78) 104 (57.78) 76 (42.22)

Solitary nodules 
(n=59)

Malignant solitary 
nodules (n=6)

0 6 (100) 1 (16.67) 5 (83.33)

Benign solitary 
nodules (n=53)

17 (32.08) 36 (67.92) 21 (39.62) 32 (60.38)



its unique advantages and disadvantages. Therefore, 
clinicians must use these tools with utmost vigilance to 
avoid over or under diagnosis and to avoid unnecessary 
thyroid nodule biopsies.

Limitations, Strengths and Recommendations 
This study had several identified limitations. First, the gold 
standard used in this study is FNA cytology and can yield a 
false-negative result of up to 3.7% based on meta-analysis,18 
however, it would be unethical to surgically resect all 
nodules included in this study and confirm the diagnosis. 
Second, there might be an overestimation of the proportion 
of nodules with malignancy since this is based on Bethesda 
Class IV to VI, rather than Bethesda VI alone or the 
surgical pathology report since not all patients underwent 
surgery. Third, we had a small sample size as compared 
to other bigger studies because it was underestimated in 
the initial sample size calculation. Fourth, this study was 
done in a single institution which may reflect the relatively 
small sample size and might not be representative of the 
entire population. Fifth, the nodules for biopsy were 
already flagged by the referring physician, the criteria 
for classification of these nodules were not known. 

The major strength of this study is that the nodules that were 
for biopsy were examined in real-time ultrasonography 
before sample is obtained and as compared to retrospective 
studies, we are confident that the nodules being 
biopsied are the nodules being sonographically classified.

As for our recommendations, a prospective multicenter 
study and a longer duration of study is highly recom-
mended to achieve a greater number of subjects.
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APPENDICES

Appendix A. American College of Radiology – Thyroid Imaging, Reporting and Data System (ACR- TIRADS)14

Composition Echogenicity Shape Margin Echogenic Foci
Cystic or almost completely cystic 0 Anechoic 0 Wider-than-tall 0 Smooth 0 None or large comet tail artifacts 0
Spongiform 0 Hyperechoic or isoechoic 1 Taller-than-wide 3 Ill-defined 0 Macrocalcifications 1
Mixed Cystic or Solid 1 Hypoechoic 2 Lobulated or irregular 2 Peripheral (rim) calcifications 2
Solid or almost completely solid 2 Very Hypoechoic 3 Extra-thyroidal extension 3 Punctate echogenic foci 3

Points 0 points 2 points 3 points 4 to 6 points 7 points or more
TIRADS Scores TIRADS 1 TIRADS 2 TIRADS 3 TIRADS 4 TIRADS 5
Interpretation Benign Not Suspicious Mildly Suspicious Moderately Suspicious Highly Suspicious
Recommendation No FNA No FNA FNA if ≥ 2.5 cm

Follow up if ≥ 1.5 cm
FNA if ≥ 1.5 cm
Follow up if ≥ 1cm

FNA if ≥ 1 cm
Follow up if ≥ 0.5 cm

Appendix B. Sonographic patterns, estimated risk of malignancy, and fine-needle aspiration guidance for thyroid nodules 
based on American Thyroid Association management guidelines for adult patients with thyroid nodules4

Sonographic pattern US features Estimated risk of 
malignancy, % FNA size cutoff

High suspicion Solid hypoechoic nodule or solid hypoechoic component of a partially cystic nodule with 
one or more of the following features: irregular margins (infiltrative, microlobulated), 
microcalcifications, taller than wide shape, rim calcifications with small extrusive soft tissue 
component, evidence of extrathyroidal extension (ETE)

>70-90 Recommended 
FNA at ≥ 1cm

Intermediate suspicion Hypoechoic solid nodule with smooth margins without microcalcifications, ETE, or taller 
than wide shape

10-20 Recommended 
FNA at ≥ 1 cm

Low suspicion Isoechoic or hyperechoic solid nodule, or partially cystic nodule with eccentric solid areas, 
without microcalcification, irregular margin or ETE, or taller than wide shape 

5-10 Recommended 
FNA at ≥ 1.5 cm

Very low suspicion Spongiform or partially cystic nodules without any of the sonographic features described in 
low, intermediate, or high suspicion patterns 

<3 Consider FNA 
at ≥ 2 cm

Benign Purely cystic nodules (no solid component) <1 No biopsy
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