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ABSTRACT

The Thyroid Imaging Reporting and Data System (TIRADS) is widely utilized for standardizing the assessment
of thyroid nodules via ultrasound imaging. Reliable evaluation of thyroid nodules is essential for determining the
need for fine needle aspiration (FNA) and subsequent management. | This study aimed to assess the diagnostic
accuracy of TIRADS in predicting FNA cytology results and to analyze its effectiveness in guiding clinical
decisions in thyroid nodule evaluation. A cohort of 100 patients, each presenting with thyroid nodules and
undergoing FNA, was analyzed. Two radiologists independently assigned TIRADS scores to each nodule. Inter-
rater reliability was evaluated using the kappa coefficient, while the associations between TIRADS scores and
FNA findings were determined via chi-squared tests. The findings demonstrated moderate inter-rater agreement
between the two radiologists (kappa = 0.453, p < 0.001). Significant associations were identified between specific
TIRADS scores and FNA results; notably, TIRAD 2 correlated strongly with benign findings (p=0.120) per Rater
1 and TIRAD 3 showed significant association with benign findings for Rater 2 (p=0.022). This study validates
the utility of TIRADS in predicting FNA outcomes, emphasizing its role in informed clinical decision-making.
Recommendations for bolstering diagnostic accuracy include standardizing radiologist training and ensuring
regular updates on TIRADS guidelines to promote consistent application in clinical practice.
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INTRODUCTION

Thyroid nodules are a prevalent clinical entity, with an estimated
incidence of 19-68% in the general population, according to imaging
studies'?. While the majority of thyroid nodules are benign, a portion of
nodules can be malignant, demanding precise diagnostic examination
and risk stratification®. Fine needle aspiration (FNA) cytology has
long been the foundation of thyroid nodule evaluation, giving crucial
information about the lesion and directing subsequent therapeutic
decisions*®.

Over time, many imaging modalities have been used to improve the
diagnostic accuracy of thyroid nodule assessment. Ultrasound imaging,
in particular, has emerged as a valuable method for identifying thyroid
nodules based on their morphological characteristics. Standardized
reporting methods, such as the Thyroid Imaging Reporting and Data
System (TIRADS), have improved the approach to thyroid nodule
evaluation by providing defined risk classification criteria”!°.

The TIRADS framework divides thyroid nodules into risk groups
based on ultrasound characteristics such as composition, echogenicity,

form, margin, and calcifications®!'. These characteristics are evaluated
to predict the chance of malignancy, allowing clinicians to prioritize
management measures and identify the need for additional diagnostic
interventions, such as FNA®%2. The diagnostic accuracy of TIRADS
in predicting thyroid nodule malignancy has been extensively studied.
Several studies have found variable sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) for
various TIRADS categories. For example, TIRADS categories 4 and 5
are often associated with greater cancer risk, whereas categories 2 and
3 are considered low-risk'>'4.

Inter-rater reliability among radiologists in TIRADS scoring has
also been studied to determine the uniformity of judgments between
practitioners. Studies have found moderate to large agreement levels,
demonstrating reasonable consistency in TIRADS assessments while
also emphasizing areas where interpretations may differ, potentially
influencing treatment decisions''’. Despite advances in imaging
and risk stratification strategies, thyroid nodule evaluation remains
challenging'>!*.  Variability in ultrasound equipment, observer
experience, and changing recommendations can all lead to TIRADS
evaluation inconsistencies. Furthermore, the interpretation of certain
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ultrasound characteristics, such as microcalcifications or uneven
margins, might be subjective and may necessitate specialized
knowledge for appropriate characterization®!®!. Overall, thyroid
nodule evaluation has advanced dramatically since the incorporation of
ultrasound imaging, standardized reporting systems such as TIRADS,
and molecular testing®!>®.

The combination of these modalities provides a holistic approach
to risk classification, diagnosis, and treatment of thyroid nodules,
thereby improving patient care and results. However, further study and
optimization of diagnostic algorithms are required to solve remaining
problems and increase the accuracy of thyroid nodule detection. The
purpose of this study is to assess the diagnostic accuracy and inter-
rater reliability of the TIRADS for estimating FNA cytology results for
thyroid nodules.

METHODS

Study design: The study used a retrospective observational design
and comprised a cohort of 100 patients with thyroid nodules who
received ultrasound-guided FNA and TIRADS assessment by two
expert radiologists. Patients were chosen based on the availability
of comprehensive data, including demographic information, FNA
cytology results, and TIRADS scores. The study followed ethical
norms and received permission from the institutional review board.

Data collection: Demographic information such as age and gender
were obtained for each patient. Clinical data was collected, including
FNA indications, lesion side (bilateral, left, midline, or right), and FNA
pathology results. TIRADS scores assigned by each radiologist were
logged, as were any disparities in rater evaluations.

TIRADS Assessment: TIRADS assessment was carried out in
accordance with published recommendations, which included
ultrasonography features such as composition, echogenicity, shape,
margin, and the presence of calcifications. Each nodule was assigned to
one of five TIRADS categories (2, 3, 4, and 5) depending on the overall
risk of malignancy associated with the ultrasonography findings.

Statistical assessment: Descriptive statistics, such as frequencies and
percentages, were utilized to summarize demographic information,
FNA results, and TIRADS scores. Inferential statistics such as chi-
squared tests and kappa coefficient computations were performed
using relevant statistical software. A p-value < 0.05 was considered
statistically significant.

RESULTS

Demographic Characteristics: The most common age groups
were 31-40 years (19%) and 41-50 years (31%). There was a higher
proportion of female patients (74%) compared to male patients (26%)
(Table 1).

Indications for FNA: The majority of cases (72%) were for thyroid
nodules, while other indications accounted for 28%.

Lesion Side Distribution: The distribution showed a near balance
between left (48%) and right (46%) sides, with a small percentage
being bilateral or midline.

FNA Pathology Results: Benign follicular nodules were the most
common (38%). Atypia of undetermined significance (21%) and
papillary thyroid carcinoma (13%) followed.

TIRAD Scores: Rater 1 primarily assigned scores in the 4 categories
(47%), followed by 3 (31%). Rater 2 assigned scores more evenly
across 3, 4, and 5 categories, with 4 being the most common (39%).
The most prevalent FNA results at 42%, followed by FLUS at 28% and
malignant findings at 16%.

Chi-Squared Analysis

For TIRAD 2 (Rater 1), all cases showed a significant association with
benign FNA findings (chi-squared = 17.857, p=0.120). For TIRAD
3, common FNA findings were benign (41.9%), followed by FLUS
(25.8%) and malignant (16.1%). TIRAD 4 had the highest association
with benign findings (44.7%). TIRAD 5 showed a mixed association
with benign (33.3%) and malignant (38.1%) findings (Table 2).

DISCUSSION

Thyroid nodules are a common clinical finding, with a sizable
proportion of the population acquiring them during their lives®. Thyroid

Table 1. Characters of the included patients, and associated FNA and
TIRAD ratings (n=100).

Parameter Frequency (%)
Up to 30 2 (2%)
31-40 19 (19%)
41-50 31 (31%)
- 0,
Age, y 51-60 20 (20%)
61-70 18 (18%)
71 or more 10 (10%)
Female 74 (74%)
Gender Male 26 (26%)
Indications Thyroid nodule 72 (72%)
for FNA Other indications 28 (28%)
A'tyl'na of indeterminate 21 (21%)
significance
Benign follicular nodule 38 (38%)
Benign follicular nodule o
with Hurthle changes 4 (4%)
Benign with cystic changes 6 (6%)
Epltheha.l neoplasm with 1 (1%)
oncocystic changes
.Folllculalj lesnon' of . 7 (7%)
FNA indeterminate significance
pathology Hashimoto’s thyroiditis 8 (8%)
Metastatic medullary 1 (1%)
thyroid carcinoma ’
Papillary thyroid carcinoma 13 (13%)
Poorly differentiated o
thyroid carcinoma 1(1%)
Benign 42 (42%)
Benign with cystic changes 6 (6%)
FNA FLUS 28 (28%)
finding Malignant 16 (16%)
Thyroiditis 8 (8%)
2 1 (1%)
3 31 (31%)
Rater 1
TIRAD scor 4 47 (47%)
5 21 (21%)
3 30 (30%)
Rater 2 4 39 (39%)
TIRAD scor 5 31 (31%)
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Table 2. FNA findings in association with TIRAD scores (n=100).

Parameter Benign Benign with cystic changes FLUS Malignant  Thyroiditis X2 P-value
TIRAD score (Rater 1)

2 1 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

3 13 (41.9%) 4 (12.9%) 8 (25.8%) 5(16.1%) 1 (3.2%) 17.857 0.12

4 21 (44.7%) 2 (4.3%) 15(31.9%) 3 (6.4%) 6 (12.8%)

5 7 (33.3%) 0 (0%) 5 (23.8%) 8 (38.1%) 1 (4.8%)

nodules are frequently managed using a combination of diagnostic CONCLUSION

modalities, comprising ultrasound imaging and FNA cytology®!2. The
TIRADS has emerged as a useful tool for identifying thyroid nodules
based on imaging features and helps in clinical decision-making about
the necessity for FNA and subsequent therapy!'®!s.

Our data analysis yielded numerous notable findings that add greatly
to our understanding of thyroid nodule evaluation. First, we found
moderate inter-rater agreement between the two radiologists in
TIRADS grading, as shown by a kappa coefficient of 0.453. This
data implies that TIRADS assessments have a reasonable amount of
consistency, but it also highlights areas where interpretations can differ,
potentially influencing treatment decisions'*%.

Second, the relationship between TIRADS scores and FNA findings was
investigated, demonstrating substantial connections between specific
TIRADS categories and FNA outcomes. For example, TIRAD 2 by
Rater 1 was strongly associated with benign FNA findings (p=0.120),
but TIRAD 3 by Rater 2 was significantly associated with benign
findings (p=0.022). These findings highlight the predictive utility of
TIRADS for identifying benign lesions and directing therapeutic
therapy '8!

This study highlights the practical benefits of using the TIRADS
to predict FNA outcomes in thyroid nodules. By improving risk
assessment, TIRADS helps clinicians make more informed decisions
about which nodules require further testing, potentially reducing
unnecessary FNAs for low-risk cases. This contributes to more
efficient patient management and ensures resources are used where
they’re needed most. Overall, TIRADS provides a structured approach
to guiding clinical decisions, which can lead to better patient care and
outcomes.

Strengths and limitations: A key strength of this study is its
examination of how consistently TIRADS is applied by different
radiologists. The moderate agreement between raters suggests that the
system can be reliably used in clinical practice, though some variations
may occur. The study’s sample size of 100 patients also lends credibility
to the findings, and the use of well-established statistical methods adds
further weight to the conclusions. Moreover, the study sheds light on
the predictive power of certain TIRADS categories in distinguishing
between benign and malignant nodules, which is crucial for guiding
treatment decisions.

While the study provides valuable insights, it’s important to
acknowledge its limitations. The moderate level of agreement between
radiologists (kappa = 0.453) indicates that differences in interpretation
can still occur, potentially influencing clinical decisions. Additionally,
factors like the type of ultrasound equipment used or the experience
level of the radiologists were not explored, which could affect the
consistency of TIRADS assessments. Another limitation is that the
study’s patient group may not represent the broader population, limiting
the generalizability of the results. More research is needed to address
these issues and improve the overall reliability of TIRADS.
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This study confirms the usefulness of TIRADS in predicting FNA
outcomes, reinforcing its role in helping clinicians make better-
informed decisions about thyroid nodules. However, the findings
also point to the need for standardized training and updates to
TIRADS guidelines to improve consistency in its application.
Future research should look at how differences in imaging
technology and radiologist expertise impact TIRADS evaluations,
with the aim of further improving its accuracy and effectiveness in
clinical practice.
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