ACR-TI-RADS in Detecting Malignancy in Thyroid Nodules, Bethesda Cytological Score

Khan TB et al.,

DOI: https://doi.org/10.54383/pjhs.v6i3.2685

PAKISTAN JOURNAL OF HEALTH SCIENCES 2

JOURNAL OF

(LAHORE)

https://thejas.com.pk/index.php/pjhs

ISSN (E): 2790-9352, (P): 2790-9344 Q /
Volume 6, Issue 03 (March 2025)

\

Original Article

OPEN aACCESS

Determination of Diagnostic Accuracy of ACR-TI-RADS in Detecting Malignancy in
Thyroid Nodules On Ultrasonography, Keeping Bethesda Cytological Score at

FNAC as Gold Standard

Touseef Bilal Khan', Tarique Ali Shaikh?, Sajjad Akram’, Ramzan Ali‘, Werdah Zia’, Tarique Khan' and Sania Magbool®

'Department of ENT, Mayo Hospital, Lahore, Pakistan

’Department of ENT, Sharif Medical and Dental College, Sharif Medical City Hospital, Lahore, Pakistan
*Department of ENT, Jinnah Hospital, Lahore, Pakistan

“Department of Pediatric ENT, University of Child Health Sciences, Lahore, Pakistan

*Department of ENT, Arif Memorial Teaching Hospital, Rashid Latif Medical College, Lahore, Pakistan
Department of Physical Therapy, Lahore College for Women University, Lahore, Pakistan

ARTICLE INFO

ABSTRACT

Keywords:
Thyroid Nodules, ACR TI-RADS, Bethesda System,
Fine Needle Aspiration Cytology

How to Cite:

Khan, T. B., Shaikh, T. A., Akram, S., Ali, R., Zia, W.,
Khan, T., & Magbool, S. (2025). Determination of
Diagnostic Accuracy of ACR-TI-RADS in Detecting
Malignancy in Thyroid Nodules On Ultrasonography,
Keeping Bethesda Cytological Score at FNAC as Gold
Standard: ACR-TI-RADS in Detecting Malignancy in
Thyroid Nodules, Bethesda Cytological Score.
Pakistan Journal of Health Sciences, 6(3), 297-302.
https://doi.org/10.54393/pjhs.v6i3.2685

*Corresponding Author:

SaniaMagbool

Department of Physical Therapy, Lahore College for
Women University, Lahore, Pakistan
saniamagbool28@gmail.com

Received date: 23" December, 2024
Acceptance date: 20" March, 2025
Published date: 31% March, 2025

Thyroid nodules are a common clinical concern, requiring precise evaluation to differentiate
benign from malignant cases. Objective: To compare the diagnostic accuracy of the ACR TI-
RADS with the Bethesda System, the gold standard for thyroid cytopathology. Methods: This
cross-sectional study was carried out within the Diagnostic Radiology Division of Mayo Hospital
Lahore between August and November 2024, and included 224 patients who had thyroid
nodules on ultrasonography and were planned for fine needle aspiration cytology (FNAC). A
radiologist assessed the ACR-TIRADS scores after data were accumulated employing a
standardized case report form.The FNACs were categorized utilizing the Bethesda framework.
SPSS was used to calculate the sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and accuracy of the ACR TI-RADS system. Results: Their study had a
total of 224 patients, with a prevalence of female (186, 83.0%). The sensitivity of ACR TI-RADS in
identifying malignant nodules was 87.5% (SE=0.049, 95% CI (77.9%, 97.1%)), while specificity
was lower at 31.6% (SE=0.039, 95% C1(23.9%, 39.3%)). The PPV and NPV were 33.6% and 86.5%,
respectively. Overall, the accuracy of ACR TI-RADS was 47.4%. Conclusions: It was concluded
that the ACR TI-RADS system showed excellent sensitivity but low specificity in identifying
malignant thyroid nodules. This implies that ACR TI-RADS is more useful for excluding cancer
than identifying malignant instances. To improve the ACR TI-RADS system's predictability
acrossarange of populations, moreresearchisrequired.

INTRODUCTION

Thyroid nodules, also known as incidentalomas, are
frequently encountered in routine clinical practice, with
their prevalence varying based on the screening method
and population studied. Researchindicatesaprevalence of
2-7% through palpation, 19-68% via ultrasound, and 8-65%
in autopsy findings [1-3].While over 90% of detected
nodules are benign and clinically insignificant, they hold
clinical significance due to the potential risk of malignancy,

PJHS VOL. 6 Issue. 03 March 2025 T QO Copyriat © 2025, PUHS, Published by Crossinks International Publishers LLC, USA
5y This work is licensed under a Creative Commons Attribution 4.0 International License.

with thyroid cancer observedinapproximately 4.0% to10%
of cases [2, 4]. Thus, accurately distinguishing between
benign and potentially malignant nodules is crucial for
clinicians, as early identification of malignancy can
significantly improve patient prognosis [5, 6]. A robust
system for stratifying nodules based on malignancy risk is
therefore essential. B-mode ultrasound has proven
effective in detecting thyroid nodules [1].The American
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College of Radiology (ACR) created the ACR Thyroid
Imaging Reporting and Data System (TI-RADS) to aid in
precise risk assessment. Based on certain
ultrasonography characteristics, countingas composition,
echogenicity, shape, borders, and echogenic foci, ACR Tl-
RADS classifies nodules into five grades (I through V), with
higher numbers indicating a greater chance of malignancy
[7, 8]. This efficient approach makes a difference
radiologist quickly identify and report knobs which will
warrant advance examination. For thyroid nodules, Fine
Needle Aspiration Cytology (FNAC)is reqularly utilized as a
preparatory symptomatic strategy. The Bethesda System
for Reporting Thyroid Cytopathology (TBS) remains the
most widely recognized standard for evaluating FNAC data
[9,10]. This framework categorizes nodules into six levels(|
through VI), from benign (category I, with no danger
chance)to highly suspicious(category VI, with up to a 99%
threat chance) [9, 10]. TBS, moreover, helps in clinical
decision-making, from suggesting follow-up for benign
cases to proposing thyroidectomy for high-risk cases.
Given its unwavering quality, the Bethesda framework has
been broadly embraced by pathologists [9-11]. The ACR-
TIRADS scoring system is extensively utilized in local
practice in Pakistan to categorize thyroid nodules and
guide decisions on the need for further cytological
assessment. Research gives limited data on the
effectiveness of the Bethesda System and TI-RADS in
detecting malignant thyroid nodules within the Pakistani
population.

Despite widespread use of ACR TI-RADS and Bethesda
systems for thyroid nodule evaluation, limited local
evidence existsin Pakistan directly comparing ultrasound-
based ACR TI-RADS with cytology-based Bethesda
classification for diagnostic accuracy. Previous studies
show inconsistent sensitivity, specificity, and accuracy
across different populations, highlighting variability in
performance and lack of population-specific validation.
Moreover, most available literature. This study aims to
examine and assess the sensitivity of the TI-RADS risk
stratification tool by directly contrasting its results with
Bethesda, the "Gold Standard,". By assessing its alignment
with biopsy outcomes, we can accurately gauge the
sensitivity of the imaging system, thereby strengthening
clinicians' confidence in its use. With limited local studies
on this topic, our findings will contribute valuable insights
tobothnationalandinternationalliterature.e.

METHODS

This cross-sectional study was conducted in the
Diagnostic Radiology Department of Mayo Hospital Lahore
from August to November 2024 after approval from the
Institutional Review Board of King Edward Medical
University, CPSP/REU/RAD-20Z 7-066-3343. 224 cases
were chosen using a non-probability sampling technique
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for this cross-sectional survey-based investigation; the
sample size was determined to be 224 with a 95%
confidence level and a 5% margin of error, using an online
sample size calculator(calculator.net). This estimationwas
based on a 16.58% prevalence of goiter in the Pakistani
population, with an expected sensitivity of 80 + 13% and
specificity of 92.7 + 5% [12]. Data were collected using a
structured case report form. Informed consent was taken
from all patients. Patients of any gender who presented
with thyroid nodules found on B-mode ultrasonography and
were scheduled for fine-needle aspiration cytology (FNAC)
at the Mayo Hospital Radiology Department were the focus
of the inclusion criteria. Participants with biopsy-
confirmed thyroid cancer (Bethesda 6) or those with a
normal thyroid ultrasound scan were not included in this
study. A radiologist with at least a fellowship certification
performed an ultrasound scan on each patient for ACR-
TIRADS assessment. Scoring was done by assessing the
parameters outlined by the TIRADS scoring system, with
nodules assessed for their composition, echogenicity,
shape, margins and echogenic foci. Each parameter
received a minimum score of zero and a maximum score of
three. These individual parameter scores were added to
achieve the final TIRADS grade. All patients who underwent
ultrasound examination for thyroid nodules had FNAC.
Ultrasound-guided FNACs were performed by a fellowship-
qualified radiologist. The samples were air dried, then sent
to a pathologist for staining and further evaluation. The
pathologist determined the cytological features of each
sample under a microscope and assigned the relevant
Bethesda category. ACR-TIRADS subcategories were
removed to streamline the analysis, and scores were
arranged asfollows: TR3, TR4, and TR5 were categorized as
"Malignant,” whilst TR1 and TR2 were categorized as
"Benign”. Similarly, Bethesda categories | and Il were
classified as “Benign”, while categories Il to VI were
categorized as "Malignant". The results from TIRADS and
Bethesda were summed up into these two broad
categories,andthencomparedina2x?2table. True Positive
(TP), False Positive (FP), True Negative (TN) and False
Negative (FN) were assessed from this table. Further tests
were applied to calculate the Positive Predictive Value
(PPV), Negative Predictive Value (NPV) and the Diagnostic
Accuracy. For data analysis, SPSS version 29 was used to
evaluate the accuracy, sensitivity, and specificity of the
ACR-TIRADS score relative to the Bethesda cytology
scoring. Frequencies and percentages were reported for
cateqgorical variables, such as gender. Data were stratified
by age and gender, and associations with ACR-TIRADS and
Bethesdascoreswere assessed.

RESULTS

A total of 224 patients were enrolled in the study, with 186
female and 38 male. The age of the participants ranged
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from17to 77 years, withamean age of 40.12 +11.135 yearsin
females and 47.32 = 17.96 years in males.The age
distributionacross gendersisdetailedintablel.

Table 1: Frequency of Genderin Each Age Group

Age Groups Female Male n(%)
16-25 Years 15 6 21(9.3%)
26-35 Years 55 4 59(26.3%)
36-45 Years 66 8 79(33.6%)
46-55 Years 26 9 35(15.6%)
56-65 Years 19 0 19(8.4%)
66-75 Years 1 8 9(4.0%)
76-85 Years 0 2 2(0.8%)
Total 186 38 224

The results for frequency of benign versus malignant
lesions as per the Bethesda classification are shown in
Figurel

Bethesda Scoring (Benign vs Malignant)

l 11.6 ;

NA 0OMalignant (III-IV) = Benign (I-II)
Figure 1: Frequency of Benignversus Malignant Lesions as per the
Bethesda Classification
The results for the frequency of benign versus malignant
lesions as per ACR-TIRADS classification are shown in
Figure 2.
ACR-TIRADS Classification (Benign versus Malignant)

= Malignant (ITII-1V) Benign (I-II)
Figure 2: Frequency of Benign versus Malignant Lesions as per
ACR-TIRADS Classification
Results present a 2x2 contingency analysis comparing the
ACR TI-RADS classification with the Bethesda System for
reporting thyroid cytopathology, categorizing nodules into
benignand malignant groups, asshownin Table 2.
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Table 2: 2 x2 Contingency Analysis for ACR-TIRADS Classification
versus Bethesda

ACR-TIRADS Class

Bethesda Class Total
n-v I-1l
[1-VI 49(TP) 7(FN) 56
I-1l 97(FP) 45(TN) 142
Total 146 52 198

TP = True positive, FN = False negative, FP = False positive, TN =
True Negative.

The diagnostic performance of the ACR TI-RADS
classification in identifying malignant cases compared to
the Bethesda classification was evaluated. The sensitivity
of the ACR TI-RADS was found to be 87.5% (SE=0.049, 95%
Cl(77.9%, 97.1%)), indicating a high probability of correctly
identifying malignant lesions. However, the specificity was
lower at 31.6% (SE=0.039, 95% Cl (23.9%, 39.3%)),
reflecting a limited ability to accurately identify benign
lesions. The positive predictive value (PPV)was calculated
at 33.6% (SE=0.038, 95% CI(26.1%, 41.1%)), suggesting that
a notable proportion of positive results may not indicate
true malignancy. In contrast, the negative predictive value
(NPV)was observed to be 86.5% (SE=0.047, 95% CI(77.3%,
95.7%)), indicating that a substantial majority of negative
results accurately reflected the absence of malignancy.
Overall, the accuracy of the ACR TI-RADS classification in
this sample was 47.4% (SE=0.035, 95% CI(40.5%, 54.3%)),
having minimal physical performance.

DISCUSSION

The precise preoperative diagnosis of thyroid nodules
requires the use of both ultrasonography and fine needle
aspiration cytology (FNAC). Since most of the nodules are
painless, it is crucial to choose nodules carefully for FNAC
to prevent needless invasive operations. Thyroid
ultrasonography, the main imaging modality, is essential
for the first evaluation of these nodules, and the ACR TI-
RADS grading system offersan evidence-based method for
classifying cancer risk and offering therapeutic
recommendations [13]. Ultimately, ACR TI-RADS aims to
improve patient care by reducing unwarranted FNACs and
minimizing over-surveillance of low-risk nodules[14, 15]. A
study evaluated US TI-RADS while comparing results with
Bethesda scoring, reporting values of 70.6% and 90.4%,
respectively [16]. Another study done in 2022 observed a
similar sensitivity of 72.3% but a lower specificity of 66.7%
[17]. In our study, ACR TI-RADS showed a higher sensitivity
of 87.5%, indicatingarobust ability to detect true positives.
However, the specificity in our study was lower at 31.6%,
suggesting a higher rate of false positives compared to
these studies. Variability in specificity across studies may
reflect differences in patient populations, ultrasound
interpretation criteria, or diagnostic thresholds,
underscoring the importance of context-specific
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evaluations when implementing ACR TI-RADS in clinical
practice. In terms of diagnostic accuracy, a study reported
ab0% accuracy for USTI-RADS in predicting malignancy in
thyroid nodules[16]. Another study foundahigheraccuracy
of 85.7% [17]. By comparison, our study showed a
diagnostic accuracy of 47.4% for ACR TI-RADS, indicating
lower precision in malignancy prediction. This discrepancy
may result from variations in patient populations, nodule
characteristics, or ultrasound interpretation methods.
These findings suggest that TI-RADS accuracy may vary
based on clinical setting and demographic factors, and
further studies are required to refine TI-RADS criteria and
improve predictive reliability across diverse populations.
While studies directly comparing TI-RADS scores with
biopsy results are limited, most research has relied on
comparing scores with FNAC rather than definitive
histopathology from resected specimens. Our study
uniquely compared the ACR TI-RADS classification system
with the Bethesda scoring system, providing a
comprehensive evaluation of both ultrasound-based risk
stratificationand cytological assessment in thyroid nodule
management. For instance, a study done in 2019 from
Pakistan compared ultrasonography with FNAC in
managing thyroid nodules and found high concordance
between the two. On FNAC, 1.6% of the 124 patients whose
nodules were determined to be benign by ultrasonography
were discovered to be malignant, while 98.38% of them
were confirmed to be benign. On the other hand, FNAC
revealed benignresultsin 44.4% of nine individuals whose
lesions were classified as malignant by ultrasonography
and confirmed malignancy in 55.6% of them. They
concluded that ultrasonography is a highly effective non-
invasive diagnostic technique that has significant
diagnostic accuracy in differentiating between benign and
malignant nodules[18]. Our study consists of acomparison
of ACR TI-RADS and Bethesda systems, further aiming to
clarify each system's strengths, enhancing clinical
decision-making accuracy. In a comparable study
conducted in Pakistan, 201 patients' TI-RADS scores and
FNAC results were compared. They reported a 76.1%
overall diagnostic accuracy for predicting malignancy, with
a TI-RADS sensitivity of 77.8%, specificity of 75.5%,
positive predictive value (PPV) of 53.8%, and negative
predictive value (NPV) of 90.2% [19]. In comparison, our
study observed a lower PPV of 33.6% but a similarly high
NPV of 86.5%. This difference in PPV suggests that, while
ACR TI-RADS effectively rules out malignancy in benign
nodules, its ability to predict malignant cases accurately
may be limited. These findings highlight the need for
further research to refine the ACR TI-RADS criteria and
enhance its predictive capabilities in diverse clinical
settings. A 2023 hospital-based cross-sectional study
included 132 patients with thyroid nodules to evaluate the
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diagnostic accuracy of ACR TI-RADS. The system showed a
strong correlation with cytology findings and high
sensitivity and specificity. It proved to be a reliable,
noninvasive tool for thyroid nodule assessment, reducing
unnecessary fine-needle aspirations and supporting its
use as a standardized screening method, particularly in
resource-limited settings [3]. In another study, ACR TI-
RADS had the highest sensitivity, at 94.5%, when the
relative accuracy of five distinct TI-RADS systems was
assessed on 939 thyroid nodules. The study concluded that
ACRTI-RADS performs wellin recognizing threat and is the
foremost brief strategy for thyroid nodules of all sizes.
When compared to histopathology results, it was seen that
ACR TI-RADS appeared higher in efficiency than the
Bethesda system, suggesting its value as a preliminary
diagnostic approach [20]. Our study found a similarly high
sensitivity for ACR TI-RADS at 87.5%, aligning with the
findings of a study done in Goztepe City Hospital of Turkey
[20], and reinforcing its reliability in thyroid nodule
assessment. These results support the integration of ACR
TI-RADS as an effective component of diagnostic
workflows, particularly when emphasizing sensitivity inthe
early detection of malignancy.

This study has several limitations, including its single-
center design and use of non-probability sampling, which
may limit generalizability of findings. The study also relied
on FNAC (Bethesda system) rather than final
histopathology, which is the true gold standard for
malignancy confirmation. Additionally, inter-observer
variability inultrasound interpretation may have influenced
TI-RADS scoring. Future research should include multi-
center studies with larger, more diverse populations and
should compare ACR TI-RADS directly with
histopathological outcomes. Standardization of
ultrasound interpretation and integration of advanced
imaging or Al-based tools may further improve diagnostic
accuracyandreduce false-positiverates.

CONCLUSIONS

It was concluded that compared to the Bethesda
classification, the ACR TI-RADS scoring system
demonstrated high sensitivity but low specificity in
detecting malignant thyroid nodules.This indicates that
while ACR TI-RADS is useful for ruling out cancer, its
positive predictive value suggests it may not accurately
diagnose malignant cases. Further research is needed to
enhance the predictive accuracy of the ACR TI-RADS
system across diverse populations.
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