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Abstract 

Background: Nodular thyroid disease is common 

among the population and some of the thyroid nodules 

are known to harbor malignancy. Currently it is common 

for the clinician to advise ultrasound of the thyroid gland 

and fine needle aspiration cytology from the nodule 

together for all such patients. But a correlation of the 

ultrasound findings and the cytological findings seems to 

suggest that in many of such cases, fine needle aspiration 

cytology can be avoided and this scarce facility can be 

more optimally utilised. The current study was 

undertaken to provide clarification in the matter. 

Material and Methods: This is a retrospective cross-

sectional study carried out in Departments of Radiology 

and Pathology of a tertiary care hospital in Haryana, 

India between January 2018 and December 2020. The 

study included those patients diagnosed to be having 

thyroid nodules on ultrasound of the thyroid gland. 
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These patients subsequently underwent ultrasound 

guided fine needle aspiration cytology. On 

ultrasonography the thyroid nodules were categorised in 

to various TIRADS categories using the American 

College of Radiology TIRADS system. The 

cytopathological findings were categorised on the 

Bethesda 2017 system. The data from the 

ultrasonological and cytopathological systems was 

tabulated together and various statistical analysis values 

were obtained. 

Results: 492 patients were included in this study. After 

tabulating the data from the TIRADS and the Bethesda 

systems together, we obtained a sensitivity of 85.7%, 

specificity of 97.7%, positive predictive value of 52.2%, 

negative predictive value of 99.6%, and accuracy of 

97.4%. Pearson Chi-square value was 212.4 and p-value 

<0.001 indicating significant association between the 

two systems. Area under ROC curve was 0.99 indicating 

that the results are very good. We calculated that 95% of 

our patients (belonging to TIRADS categories 2 & 3) 

had only 1.7% overall risk of malignancy. 

Conclusions: There is significant correlation between 

TIRADS and Bethesda systems for thyroid nodules. Vast 

majority of patients with thyroid nodules can be kept 

under follow-up following ultrasound examination and 

need not undergo the invasive fine needle aspiration 

cytology procedure.  

Keywords: Bethesda, Fine needle aspiration cytology, 

malignancy risk, thyroid image reporting and data 

system, thyroid nodule.  

Introduction 

Nodular thyroid disease is detected in 3-7% of the adult 

population worldwide.
[1]

 Though most of the thyroid 

nodules are benign, some of them are known to harbor 

malignancy.
[2]

 Thyroid cancers carry good long-term 

prognosis after surgical excision.
[3]

 Selecting those 

patients whose thyroid nodules harbor malignancy 

accurately would prevent unnecessary thyroidectomies 

in those persons carrying benign thyroid lesions.
[4]

 

Thyroid Scintigraphy was once used for the purpose of 

this selection but has largely been replaced by thyroid 

ultrasonography (USG) and fine needle aspiration 

cytology (FNAC) of thyroid nodule and subsequent 

cytopathological study.
[5]

 

However, it needs to be determined whether all thyroid 

swellings detected to be nodular in nature on USG 

should be subjected to the invasive FNAC procedure 

(with its inherent risks) or not as most of the nodules are 

generally benign.
[6]

 Thyroid image reporting and data 

system (TIRADS) classification system was developed 

by Horvath et al in 2009.
[7]

 Their system was based on 

ten sonological patterns observed on ultrasound 

examination. Other authors have followed slightly 

different and often overlapping sonological criteria to 

arrive at TIRADS grading.
[8-12]

 An effort has been made 

to correlate the thyroid ultrasound findings (TIRADS) 

with cytopathological findings on fine needle aspiration 

cytology (FNAC) from thyroid nodule (Bethesda 2017 

system for reporting thyroid cytopathology).
[13-21]

 The 

present study would attempt to establish a correlation 

between the TIRADS and Bethesda 2017 systems of 

classification of Ultrasonological and Cytopathological 

findings based on the data collected in this study. To the 

best of our knowledge, this would be the first such study 

from Northern India. If a correlation is established, the 

advantage would be that numerous FNACs for thyroid 

nodules can be avoided just on the basis of ultrasound 

findings and patients with such nodules can just be kept 

on clinical follow-up.
[22]

 This would also lead to optimal 
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utilization of the scarce fine needle aspiration cytology 

facility. 

Material and Methods 

This is a retrospective cross-sectional study carried out 

in Departments of Radiology and Pathology of a tertiary 

care hospital in Haryana, India between January 2018 

and December 2020.  

Inclusion Criteria 

All adult male and female patients with clinically 

palpable thyroid swellings in neck diagnosed to be of 

nodular nature on ultrasonography and undergoing 

ultrasound guided FNAC.  

Exclusion Criteria  

1. TIRADS categories 1 & 6.  

2. Patients refusing to give consent for the 

investigations.  

3. Diffuse Goiters 

4. Thyroid Swellings with hyperthyroidism / 

hypothyroidism 

5. Patients with bleeding diathesis 

Thyroid Ultrasound  

All ultrasound scans were performed by a single 

experienced ultrasonologist using the GE logiq P9-

ultrasound machine having linear probe GE 12L, 5-13 

MHz. The thyroid nodules were categorised into various 

TIRADS categories using the American College of 

Radiology TIRADS system (ACR-TIRADS). The 

nodules were assessed for the five feature categories 

namely composition, echogenicity, shape, margin and 

echogenic foci.
[12]

 

Ultrasound Guided FNAC 

Ultrasound guided FNAC was done by a pathologist 

(preferably at same sitting or within 1-3 days) using a 

23-gauge needle attached to a 5 ml syringe and two to 

three aspirations were performed. 

Material obtained from aspiration was transferred to 

glass slides, smeared and sent to pathology laboratory 

where the cytopathologists interpreted the smears. The 

cytopathology reporting was done based on Bethesda 

2017 system. Patients with grades 4 to 6 were 

recommended to undergo thyroidectomy.
[23]

 

Statistical Analysis of the Data Obtained 

The data thus collected was tabulated to check for 

correlation of the TIRADS and Bethesda 2017 systems. 

Statistical analysis of the accumulated data was done. 

Sensitivity, specificity, negative predictive value (NPV), 

positive predictive value (PPV) and accuracy figures 

were derived. TIRADS grades 4 and 5 were considered 

positive for malignancy, while grades 2-3 were 

considered negative for malignancy. 

Cross-tabulation of TIRADS classification and Bethesda 

results was prepared. Data were analysed by Chi-square 

test or Fisher's exact test for categorical variables of 

benign and malignant nodules. Pearson Chi-square and 

p-values were obtained. 

Receiver Operating Characteristics (ROC) curve was 

prepared to measure accuracy of results. Risk of 

malignancy for various TIRADS grades was obtained.  

Results 

There were 492 patients in all who were included in this 

study with 418 of them being females. [M:F ratio = 15.1: 

84.9] Around 360 patients were aged from 20 to 60 

years of age.  

Following the ACR- TIRADS system, 354 [72.0%] 

patients were categorised in TIRADS 2 grade, 115 

[23.4%] in TIRADS 3, 16 [3.3%] in TIRADS4 and 7 

[1.3%] in TIRADS 5 grade. Representative ultrasound 

images of TIRADS grade 2 (benign) and TIRADS grade 

5 (highly suspicious of malignancy) are shown in figures 

1 & 2.  
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Cytopathologically, 16 FNAC samples were categorised 

(as shown in figure-3) in Bethesda 1 grade, 452 in 

Bethesda-2, 10 in Bethesda-3, 8 in Bethesda-4 and 6 in 

Bethesda-5 grade. None of the samples in our study had 

frankly malignant features deserving categorisation in 

Bethesda-6 grade.  

These results have been tabulated in Table-1 alongwith 

corresponding TIRADS grades. 

Cross tabulation of TIRADS and Bethesda grades is 

depicted in Table-2 alongwith sensitivity, specificity, 

PPV, NPV and accuracy values. These values are also 

shown graphically in Fig.-4 

We obtained Pearson Chi-square value of 212.4 and p-

value < 0.001 indicating significant correlation between 

TIRADS and Bethesda systems of classification of 

thyroid nodules. Area under ROC curve of 0.99 (fig-5) 

indicates that the results are very good.  

Risk of malignancy calculated for TIRADS-2 grade was 

0% and as low as 1.7% for TIRADS-3 grade in our 

study. On the other hand, it was as high as 37.5% and 

85.7% respectively for TIRADS grades 4 & 5. Hence, 

based on these results, we recommend follow up for 

thyroid nodules falling in TIRADS grades 2 and 3 and 

FNAC for higher TIRADS grades. Thus, approximately 

95% of patients with thyroid nodules referred for 

ultrasound study can avoid undergoing FNAC and can 

be kept on follow up. 

Discussion 

Various TIRADS classification system have been 

reported ever since Horvath et al reported their system in 

2009.
 [7-10,12]

 In this study, we followed the easy-to-use 

American College of Radiology TIRADS (ACR-

TIRADS) system. In the ACR-TIRADS a nodule is 

assigned points in five ultrasound categories to 

determine its TIRADS level, namely composition, 

echogenicity, shape, margin and echogenic foci.
[12]

 

Hoang et al, in their study regarding 100 thyroid nodules 

in 2018, found that ACR-TIRADS criteria, offer a 

meaningful reduction in the number of thyroid nodules 

recommended for biopsy and significantly improve the 

accuracy of recommendations for nodule 

management.
[22]

 

Similarly, Grani et al in 2018 stated that internationally 

endorsed sonographic risk stratification systems vary 

widely in their ability to reduce the number of 

unnecessary nodule fine needle aspirations. They found 

that ACR- TIRADS outperformed the others, classifying 

more than half the aspirations as unnecessary.
[20]

 

A high accuracy of any classification in predicting 

malignant thyroid lesions will be particularly of help in 

resource-limited settings where pathological analysis is 

not routinely performed even when confronted with 

some suspiciously malignant lesions.
[11]

 In this study we 

obtained excellent correlation between TIRADS and 

Bethesda grades. We obtained sensitivity of 85.7%, 

specificity of 97.7%, PPV of 52.2%, NPV of 99.6% & 

accuracy of 97.4% for the TIRADS data. Chandra 

Mohan et al in their study on TIRADS in 2016 also 

found high PPV apart from finding TIRADS to be a 

simple and practical method of assessing thyroid 

nodules.
[14]

 Similarly, Vargas-Uricoechea et al in 2017 

found that TIRADS criteria had a good concordance 

with the Bethesda system and that ultrasound findings of 

benign pathology are aligned with cytology results.
[16]

 

However, Biswas et al in 2020 cautioned that careful 

application of both grading systems in essential for the 

proper segregation of thyroid nodules to facilitate 

effective clinical and surgical management.
[21]

 

The risk of malignancy for various TIRADS grades in 

our study was 0% for TIRADS-2, 1.7% for TIRADS-3, 
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37.5% for TIRADS-4 and 85.7% for TIRADS-5 grades. 

In Table-3, findings of present study have been tabulated 

along with findings of study by Moifo et al
11

 and by 

Periakaruppan et al.
6
 71% of patients in study conducted 

by Moifo et al had only 2.2% risk of malignancy. 

Similarly, nearly 88% of patients in study conducted by 

Periakaruppan et al had 2.2% risk of malignancy and in 

our study, 95% of patients had 1.7% overall risk of 

malignancy. Such patients can be kept on regular follow-

up rather than subjecting them to invasive procedures 

like FNAC provided such recommendations are based 

on robust data. Statistical analysis of data in our study 

shows significant (p< 0.001, Pearson Chi-square value 

212.4 and area under ROC curve of 0.99) correlation 

between TIRADS and Bethesda grades justifying above 

recommendation. However, it is still a common practice 

that the clinician, when confronted with a suspicious 

thyroid nodule in his / her patient, advises for both 

ultrasound of thyroid gland as well as FNAC from 

thyroid nodule simultaneously. Obviously, as has been 

shown in present study as well as some previous studies, 

that practice needs to be changed.
 [13-21]

 

There are some limitations in our study. One is that our 

study has been of retrospective nature. Besides, we did 

not include histopathological reports of those patients’ 

undergoing thyroidectomy in our study as such reports 

were not available for all thyroid nodules for the obvious 

reason that those nodules with a benign cytology were 

not operated for ethical reasons.  

Conclusions 

There is significant correlation between TIRADS and 

Bethesda systems for thyroid nodules. Vast majority of 

patients with thyroid nodules can be kept under follow-

up following ultrasound examination and need not 

undergo the invasive fine needle aspiration cytology 

procedure. Thus, the scarce resource of fine needle 

aspiration cytology can be more optimally utilised in 

those cases where there is a high index of suspicion of 

malignancy.  
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Tables and figures 

Table 1: Data from the TIRADS and Bethesda systems tabulated together 

  Bethesda 1 Bethesda 2 Bethesda 3 Bethesda 4 Bethesda 5 Bethesda 6 Total 

TIRADS 1 0 0 0 0 0 0 0 

TIRADS 2 11 341 2 0 0 0 354 

TIRADS 3 4 105 4 2 0 0 115 

TIRADS 4 1 6 3 4 2 0 16 

TIRADS 5 0 0 1 2 4 0 7 

Total 16 452 10 8 6 0 492 

Table 2: Cross tabulation of TIRADS and Bethesda Grades. 

  Bethesda 4-6 Bethesda 1-3 Total Sensitivity Specificity PPV NPV Accuracy 

TIRADS 4-5 12 11 23 85.7% 97.7% 52.2% 99.6% 97.4% 

TIRADS 2-3 2 467 469 

     Total 14 478 492 

     Table 3: Comparison of risk of malignancy in three studies  

 Moifo et al, 2013 Periakaruppan et al, 2018 Present study 

TIRADS 

GRADE 

% Of study 

population  

% Risk of 

malignancy  

% Of study 

population  

% Risk of 

malignancy  

% Of study 

population  

% Risk of 

malignancy  
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TIRADS 2 19.3 0.0 63.6 0.0 72.0 0.0 

TIRADS 3 52.6 2.2 24.5 2.2 23.3 1.7 

TIRADS 4 27.9 5.9-57.9 7.0 38.5 3.3 37.5 

TIRADS 5 0.2 100 4.9 77.8 1.4 85.7 

Figure 1: Ultrasound image of TI-RADS grade-TR2 

nodule  

 

Figure 2: Ultrasound image of TI-RADS grade-TR5 

nodule. 

 

 

 

Figure 3: Depiction of percentage of thyroid nodules in 

various Bethesda grades in this study 

 

Figure 4: Graphical representation of Sensitivity, 

Specificity, PPV, NPV & Accuracy  

 

Figure 5: ROC Curve 

 


