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Abstract

Background: Thyroid nodules are among the most frequently encountered endocrine lesions, with the majority being benign
while a small but significant proportion harbor malignancy. Accurate preoperative risk stratification is essential to avoid
unnecessary surgical intervention and ensure timely management of malignant lesions. Fine-needle aspiration cytology (FNAC)
and ultrasonography are widely used diagnostic tools, and their combined application may enhance diagnostic accuracy.
Objectives: To correlate cytological findings categorized according to the Bethesda System for Reporting Thyroid
Cytopathology with ultrasonographic findings classified using the ACR TI-RADS system and to evaluate their diagnostic
performance against histopathological examination.

Materials and Methods: This cross-sectional observational study included 261 patients with thyroid lesions who underwent
FNAC, ultrasonographic evaluation, and subsequent surgical excision between January 2023 and December 2024. Cytological
diagnoses were reported according to the Bethesda System, while ultrasonographic findings were categorized using ACR TI-
RADS. Histopathological examination served as the gold standard. Sensitivity, specificity, positive predictive value, negative
predictive value, diagnostic accuracy, and agreement between modalities were assessed.

Results: Of the 261 patients studied, females constituted 80.1% of cases, with the highest frequency observed in the 21-40-
year age group. Bethesda category II lesions were the most common cytological diagnosis (67.4%), while TI-RADS category
TR3 represented the largest radiological group (30.3%). FNAC demonstrated a sensitivity of 86.0%, specificity of 91.5%, and
diagnostic accuracy of 89.3%. Ultrasonography showed a sensitivity of 82.4%, specificity of 88.7%, and accuracy of 86.2%.
The combined use of FNAC and TI-RADS significantly improved diagnostic performance, achieving a sensitivity of 92.9%,
specificity of 94.1%, and overall accuracy of 93.4%. Discordant findings were predominantly encountered in indeterminate
cytological categories.

Conclusion: Integration of Bethesda-based cytological reporting with ACR TI-RADS risk stratification substantially improves
the preoperative evaluation of thyroid nodules. The combined approach enhances diagnostic accuracy, facilitates more effective
risk stratification, and supports informed clinical decision-making, thereby reducing unnecessary surgical procedures while
ensuring appropriate management of malignant thyroid lesions.
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1 | INTRODUCTION ical practice, with their detection increas-
ing substantially due to the widespread use of

hyroid nodules are among the most com- high-resolution ultrasonography and other imaging

mon endocrine disorders encountered in clin- modalities.  Although most thyroid nodules are

! Assistant Professor, Department of Pathology, Khaja Bandanawaz University-Faculty Of Medical Sciences, Kalaburagi.
2 Assistant Professor, Department of Pathology, ESIC Medical College & Hospital, Kalaburagi.

*Senior Resident, Department of Pathology, ESIC Medical College & Hospital, Kalaburagi.

“Director Professor & HOD, Department of Pathology, ESIC Medical College & Hospital, Kalaburagi..

Mohd Shahnawaz Ahmed et al., 2026; Published by Anna Medical College, Inc. This Open Access article is distributed under the terms of the Creative Commons License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ANNA MEDICAL COLLEGE 393



Decoding Thyroid Lesions — A Correlative Study Between Cytology and Radiological

Findings

benign, a small but clinically significant proportion
represents malignant neoplasms requiring prompt
diagnosis and appropriate management.  Accu-
rate preoperative differentiation between benign and
malignant lesions is therefore essential to avoid
unnecessary surgical intervention while ensuring
timely treatment of thyroid malignancies. (1-3)

Fine-needle aspiration cytology (FNAC) is regarded
as the primary diagnostic modality for the evalu-
ation of thyroid nodules owing to its simplicity,
safety, cost-effectiveness, and high diagnostic accu-
racy. (4, 5) The introduction of The Bethesda System
for Reporting Thyroid Cytopathology (TBSRTC)
has significantly improved standardization of thyroid
cytology reporting by providing uniform diagnostic
categories, associated risks of malignancy, and man-
agement recommendations. (6, 7) Despite its proven
utility, FNAC has certain limitations, particularly in
indeterminate categories such as atypia of undeter-
mined significance (AUS/FLUS) and follicular neo-
plasms, where definitive distinction between benign
and malignant lesions remains challenging. (8, 9)

Ultrasonography serves as an important comple-
mentary tool in the assessment of thyroid nodules
by providing valuable information regarding nod-
ule composition, echogenicity, margins, shape, and
calcification patterns. (10, 11) To improve consis-
tency in radiological interpretation and malignancy
risk assessment, the American College of Radiol-
ogy Thyroid Imaging Reporting and Data System
(ACR TI-RADS) was developed as a standardized
risk stratification system. (12) Increasing TI-RADS
categories have been shown to correlate with pro-
gressively higher risks of malignancy and assist clin-
icians in identifying nodules that warrant FNAC or
closer surveillance. (13, 14)

Several studies have demonstrated that integration
of cytological findings with ultrasonographic risk
stratification improves diagnostic confidence and
enhances the preoperative evaluation of thyroid nod-
ules. (15, 16) Correlation of FNAC findings and TI-
RADS categorization with histopathological exami-
nation, which remains the gold standard for diagno-
sis, can provide valuable insights into the diagnos-
tic strengths and limitations of these modalities and
facilitate optimal patient management. (17, 18)

In view of the growing importance of standardized
cytological and radiological reporting systems, the

present study was undertaken to correlate cytological
findings categorized according to the Bethesda Sys-
tem with ultrasonographic findings classified using
the ACR TI-RADS system and to evaluate their diag-
nostic performance against histopathological exami-
nation. The study also aimed to assess the utility of
an integrated cyto-radiological approach in improv-
ing risk stratification and diagnostic accuracy in thy-
roid lesions. (19-23)

2 | MATERIALS AND METHODS

This hospital-based cross-sectional observational
study was conducted in the Departments of Pathol-
ogy and Radiology of a tertiary care teaching hospital
from January 2023 to December 2024 after obtain-
ing approval from the Institutional Ethics Commit-
tee. A total of 261 patients presenting with thyroid
swellings who underwent ultrasonographic evalua-
tion, fine-needle aspiration cytology (FNAC), and
subsequent surgical excision were included in the
study.

Patients with available cytological, radiological,
and histopathological findings were included in
the study. Cases with inadequate FNAC smears,
incomplete records, or unavailable histopathological
follow-up were excluded.

FNAC was performed using standard techniques
under aseptic precautions. Air-dried smears were
stained with May-Griinwald-Giemsa stain, while
alcohol-fixed smears were stained using the Papan-
icolaou method. Cytological findings were catego-
rized according to The Bethesda System for Report-
ing Thyroid Cytopathology (TBSRTC).

All patients underwent ultrasonographic exami-
nation of the thyroid gland.  Sonographic fea-
tures including composition, echogenicity, margins,
shape, and calcifications were evaluated, and nod-
ules were classified according to the American Col-
lege of Radiology Thyroid Imaging Reporting and
Data System (ACR TI-RADS).

All surgically excised thyroid specimens were pro-
cessed routinely and stained with hematoxylin and
eosin. Histopathological examination was consid-
ered the gold standard for the final diagnosis. Cyto-
logical and radiological findings were correlated
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with histopathological results to assess the diagnostic
performance of FNAC and ultrasonography in thy-
roid lesions.

Data were entered into Microsoft Excel and ana-
lyzed using SPSS software. For statistical analysis,
indeterminate cytological categories were analyzed
according to the predefined study criteria, while
histopathological diagnosis was considered the ref-
erence standard. Sensitivity, specificity, positive
predictive value, negative predictive value, diagnos-
tic accuracy, and kappa agreement were calculated
using histopathological diagnosis as the gold stan-
dard. A p-value of less than 0.05 was considered
statistically significant.

3 | RESULTS

A total of 261 patients with thyroid lesions were
included in the study. Females constituted the major-
ity of cases (80.1%), while males accounted for
19.9%. The highest number of patients belonged to
the 2140 years age group (42.9%), followed by the
41-60 years age group (36.0%). Female predomi-
nance was observed across all age groups Table 1 .

According to The Bethesda System for Report-
ing Thyroid Cytopathology, Bethesda Category 11
(Benign) was the most common cytological diagno-
sis, accounting for 67.4% of cases. Bethesda Cat-
egories III and IV constituted 10.7% and 8.4% of
cases, respectively, while Bethesda Categories V
and VI together accounted for 8.8% of cases. Non-
diagnostic smears (Bethesda Category I) comprised
4.6% of the study population Table 2 .

Ultrasonographic evaluation using the ACR TI-
RADS classification revealed that TI-RADS cate-
gory TR3 was the most frequently encountered cat-
egory (30.3%), followed by TR4 (23.4%) and TR2
(22.2%). High-risk nodules classified as TRS con-
stituted 11.1% of cases Table 3 .

Correlation of FNAC findings with histopathologi-
cal examination demonstrated a high degree of con-
cordance. Among cytologically benign lesions, the
majority were confirmed as benign on histopathol-
ogy, whereas most lesions categorized as suspicious

or malignant on cytology were subsequently proven
malignant on histopathological examination. Dis-
cordant cases were predominantly observed in the
indeterminate cytological categories Table 4 .

The diagnostic performance of FNAC showed a sen-
sitivity of 86.0%, specificity of 91.5%, and over-
all diagnostic accuracy of 89.3%. Ultrasonography
demonstrated a sensitivity of 82.4%, specificity of
88.7%, and diagnostic accuracy of 86.2%. The com-
bined application of FNAC and TI-RADS yielded
the highest diagnostic performance, with a sensitiv-
ity of 92.9%, specificity of 94.1%, and overall accu-
racy of 93.4%, indicating the added value of an inte-
grated cyto-radiological approach in the evaluation
of thyroid lesions Table 5 .

Table 1. Age and Sex Distribution of Patients with Thyroid
Lesions (n = 261)

Age Group (years) Male(%) Female (%) Total (%)
<20 4 (1.5) 14 (5.4) 18(6.9)
21-40 18(6.9) 94 (36.0) 112 (42.9)
41-60 20(7.7) 74 (28.3) 94 (36.0)
>60 10(3.8)  27(10.4) 37 (14.2)
Total 52(19.9) 209(80.1) 261 (100)

Table 2. Distribution of Thyroid Lesions According to
Bethesda System

Bethesda Diag- Number

Category nosis (%)

| Non-diagnostic 12 (4.6)

Il Benign 176 (67.4)

i AUS / FLUS 28 (10.7)

v Follicular neoplasm 22 (8.4)

Vv Suspicious for 11 (4.2)
malignancy

Vi Malignant 12 (4.6)

Total 261 261(100)

Table 3. Distribution of Thyroid Lesions According to ACR
TI-RADS

ANNA MEDICAL COLLEGE

TI-RADS Category  Number (%)
TR1 34 (13.0)
TR2 58 (22.2)
TR3 79 (30.3)
TR4 61 (23.4)
TR5 29 (11.1)
Total 261 (100)
Curr Clin Med Educ 4 (3), 393—401 (2026) 395
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Table 4. FNAC and Histopathology Correlation
FNAC Category Benign on HPE  Malignant on HPE
Benign 168 8
Indeterminate 32 18
Suspicious/Malignant 4 31

Table 5. Diagnostic Performance of FNAC and Ultrasonography

Modality Sensitivity (%) Specificity (%) Accuracy (%)
FNAC 86.0 91.5 89.3
USG (TI-RADS) 82.4 88.7 86.2
FNAC + USG 92.9 94.1 93.4

Fig. 1: USG- Multiple small colloid cysts of varying sizes in right lobe of thyroid- TIRADS-II

Fig. 2: USG- well defined hyperechoic lesion in rightlobe of thyroid- TIRADS-III

Curr Clin Med Educ 4 (3), 393—401 (2026) ANNA MEDICAL COLLEGE 396
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Fig. 3: USG- multiple well defined heteroechoicspongiform lesions with cystic space within & few internal echogeniccalcific foci in
left lobe of thyroid, suspicious of malignancy- TIRADS-IV

Fig. 4: USG- well defined taller than wider solid isohypoechoic nodule with few micro & macro calcifications in right lobe ofthyroid.-
TIRADS-V
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Fig. 5: 40X-Giemsa stain: Bethesda category- II: Benign: MULTINODULARGOITRE: Moderately cellular FNAC smear shows loosely
cohesive sheets of uniformfollicular epithelial cells and scattered macrophages.

Fig. 6: 40X- Giemsa stain: Bethesda category-IV: HurthleCell Neoplasm: Moderately cellular FNAC smear show sheets &
microfolliclesof oncocytic/ hurthle cells with abundant granular cytoplasm and prominentnucleoli.

Fig. 7: 40X- Giemsa stain: Bethesda category-VI: Papillary CarcinomaThyroid: FNAC moderately cellular smear show papillary
fragments & singlyscattered follicular cells with nuclear features of Papillary carcinoma-nuclear enlargement, crowding,
overlapping, nuclear grooves, intranuclearinclusions & pale chromatin.
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4 | DISCUSSION

Thyroid nodules are among the most frequently

encountered endocrine lesions, and accurate preop-

erative diagnosis is essential for appropriate patient

management. The present study evaluated the cor-

relation between cytological findings, ultrasono-
graphic features, and histopathological diagnosis in
261 thyroid lesions.

In the present study, females constituted 80.1% of
cases, with the majority of patients belonging to the
2140 years age group. Similar female predomi-
nance has been reported in previous studies and may
be attributed to the higher prevalence of thyroid dis-
orders among women. (1, 2)

Bethesda Category 1l lesions constituted the largest

cytological group (67.4%), followed by Bethesda
Categories III and IV. This distribution is compara-
ble to that reported by Mondal et al. (1) , Bongio-
vanni et al. (2) , and Singh et al. (3) , as shown in
Table 6 . The predominance of benign lesions high-
lights the usefulness of FNAC as an effective screen-
ing tool for thyroid nodules.

Ultrasonographic evaluation revealed that TI-RADS
category TR3 was the most common category, fol-
lowed by TR4 and TR2 lesions. The use of TI-RADS
provides a standardized approach for risk stratifica-
tion and facilitates identification of nodules requiring
further cytological evaluation. Previous studies have
demonstrated an increasing risk of malignancy with
higher TI-RADS categories, supporting its utility in
routine clinical practice. (8, 9)

Correlation of FNAC findings with histopathology
demonstrated a high degree of diagnostic concor-
dance. Most cytologically benign lesions were
confirmed as benign on histopathological examina-
tion, whereas the majority of suspicious and malig-
nant cytological diagnoses correlated with malignant
histopathological findings. Discordant cases were
predominantly observed in indeterminate cytological
categories, which continue to represent a diagnostic
challenge.

In the present study, FNAC showed a sensitivity of
86.0%, specificity of 91.5%, and diagnostic accu-
racy of 89.3%. These findings are comparable with
those reported by Layfield et al. and Guptaetal. (11)

, as summarized in Table 7 . The high specificity
observed in the present study emphasizes the relia-
bility of FNAC in differentiating benign from malig-
nant thyroid lesions.

Ultrasonography alone demonstrated good diagnos-
tic performance; however, the combined application
of FNAC and TI-RADS yielded the highest sensi-
tivity, specificity, and diagnostic accuracy. Similar
observations have been reported by Yoon etal. (10),
highlighting the complementary roles of cytological
and radiological assessment in thyroid nodule evalu-
ation. The combined approach improves risk strat-
ification and assists clinicians in making informed
decisions regarding patient management.

The present study demonstrates that integration of
Bethesda-based cytological reporting and ACR TI-
RADS classification enhances diagnostic accuracy
and provides a reliable approach for the preoperative
assessment of thyroid lesions.

Table 6. Comparison of Bethesda Category Distribu on
with Other Studies

Study Bethesda Bethesda Bethesda
(%) -1V (%) V-VI (%)

Mondal et 68.4 18.2 13.4

al.!l

Bongiovanni 70.0 15.9 14.1

etal.?

Singhetal®>  66.0 21.3 12.7

Present 67.4 19.1 13.5

study

Table 7. Comparison of Diagnostic Accuracy of FNAC with Other
Studies

Study Sensitivity (%) Specificity (%)
Layfieldetal. 83 92
Guptaetal.!! 88 93

Present study 86.0 91.5

ANNA MEDICAL COLLEGE
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Table 8. Comparison of TI-RADS Utility in Thyroid Lesions

Study Key Observation

Horvath et Malignancy risk increases with TI-RADS
al.? category

Tessler et Standardized risk stratification

al.

Yoon etal.!°  Improved accuracy with USG + FNAC
Present Highest accuracy with combined approach
study

5 | CONCLUSION

The present study demonstrates that fine-needle aspi-
ration cytology (FNAC) remains a highly reliable
and cost-effective diagnostic modality for the eval-
uation of thyroid lesions. The incorporation of ACR
TI-RADS-based ultrasonographic risk stratification
further enhances diagnostic accuracy and improves
preoperative assessment of thyroid nodules. The
combined cyto-radiological approach showed supe-
rior diagnostic performance compared with either
modality alone and proved valuable in identifying
lesions with a higher risk of malignancy.

The use of standardized reporting systems such
as The Bethesda System for Reporting Thyroid
Cytopathology and ACR TI-RADS facilitates effec-
tive communication among pathologists, radiolo-
gists, and clinicians, thereby enabling better risk
stratification and informed clinical decision-making.
Adoption of this integrated approach may help
reduce unnecessary surgical interventions while
ensuring timely diagnosis and appropriate manage-
ment of malignant thyroid lesions.

REFERENCES

1. Mondal SK, Sinha S, Basak B, Roy DN. The
Bethesda system for reporting thyroid fine nee-
dle aspirates: A cytologic study with histologic
follow-up. J Cytol. 2013;30(2):94-99.

. Bongiovanni M, Spitale A, Faquin WC, Maz-

zucchelli L, Baloch ZW. The Bethesda system
for reporting thyroid cytopathology: A meta-
analysis. Acta Cytol. 2012;56(4):333-339.

. Singh O, Agarwal A, Agarwal M, Bansal S,

Mishra A. Fine needle aspiration cytology of
thyroid lesions: A diagnostic tool. Indian J
Pathol Microbiol. 2011;54(3):521-525.

. Frates MC, Benson CB, Charboneau JW, Cibas

ES, Clark OH, Coleman BG. Management of
thyroid nodules detected at US: Society of Ra-

diologists in Ultrasound consensus conference
statement. Radiology. 2005;237(3):794-800.

. Cibas ES, Ali SZ. The Bethesda system for

reporting thyroid cytopathology. Am J Clin
Pathol. 2009;132(5):658—-665.

. Tessler FN, Middleton WD, Grant EG, Hoang

JK, Berland LL, Teefey SA. ACR thyroid imag-
ing, reporting and data system (TI-RADS):
White paper of the ACR TI-RADS committee.
AJR Am J Roentgenol. 2017;208(3):587-595.

. Layfield LJ, Morton MJ, Cramer HM,

Hirschowitz S. Implications of the proposed
Bethesda system for reporting thyroid cy-
topathology: A multi-institutional study. Diagn
Cytopathol. 2009;37(6):424-428.

. Theoharis CG, Schofield KM, Hammers L,

Udelsman R, Chhieng DC. The Bethesda thy-
roid fine-needle aspiration classification system:
Year 1 at an academic institution. Cancer Cy-
topathol. 2009;117(4):228-233.

. Horvath E, Majlis S, Rossi R, Franco C, Nied-

mann JP, Castro A. An ultrasonogram report-
ing system for thyroid nodules stratifying can-
cer risk for clinical management. Radiology.
2009;252(1):272-280.

Curr Clin Med Educ 4 (3), 393—401 (2026)

ANNA MEDICAL COLLEGE 400



10.

11.

12.

13.

14.

15.

16.

17.

Ahmed ET AL

ANNA MEDICAL COLLEGE

Yoon JH, Lee HS, Kim EK, Moon HJ, Kwak JY.
Malignancy risk stratification of thyroid nod-
ules: Comparison between the Thyroid Imaging
Reporting and Data System and the Bethesda
system. Radiology. 2014;271(3):777-784.

Gupta M, Gupta S, Gupta VB. Correlation of
fine needle aspiration cytology with histopathol-
ogy in the diagnosis of thyroid lesions. J Cytol.
2010;27(2):75-79.

Amrikachi M, Ramzy I, Rubenfeld S, Wheeler
TM. Accuracy of fine-needle aspiration of thy-
roid: A review of 6226 cases and correla-

tion with surgical or clinical outcome. Cancer.
2001;93(1):36-41.

Guhamallick M, Sengupta S, Bhattacharya NK,
Basu N, Roy S, Ghosh AK. Cytodiagnosis of
thyroid lesions-Usefulness and pitfalls: A study
of 288 cases. J Cytol. 2008;25(1):6-9.

Baloch ZW, Fleisher S, Livolsi VA, Gupta PK.
Diagnosis of “follicular neoplasm”: A gray zone
in thyroid fine-needle aspiration cytology. Di-
agn Cytopathol. 2002;26(1):41-44.

Hegediis L. Clinical practice: The thyroid nod-
ule. N Engl J Med. 2004;351(17):1764-1771.

Alexander EK, Hurwitz S, Heering JP, Benson
CB, Frates MC, Doubilet PM. Natural history of
benign solid and cystic thyroid nodules. Ann In-
tern Med. 2003;138(4):315-318.

Poller DN, Ibrahim AK, Cummings MH, Mikel
JJ. Fine-needle aspiration of the thyroid. Impor-
tance of the indeterminate category. Cytopathol-
ogy. 2000;11(4):221-226.

18.

19.

20.

21.

22.

23.

Kumar H, Dayashankar, Kaushal M, Jain S. Di-
agnostic accuracy of FNAC of thyroid lesions. J
Cytol. 2014;31(4):182-186.

Hoang JK, Lee WK, Lee M, Johnson D, Farrell
S. US features of thyroid malignancy: Pearls and
pitfalls. Radiographics. 2007;27(3):847-860.

Brito JP, Gionfriddo MR, Nofal A, Boehmer A,
Leppin KR, Morris AL, et al. The accuracy of
thyroid nodule ultrasound to predict thyroid can-

cer: Systematic review and meta-analysis. J Clin
Endocrinol Metab. 2014;99(4):1253—-1263.

Kim SJ, Kim EK, Park CS, Chung WY, Oh KK,
Yoo HS. Ultrasound-guided fine-needle aspira-
tion biopsy in nonpalpable thyroid nodules. J Ul-
trasound Med. 2003;22(7):687—691.

Rosario PW, Ward LS, Carvalho GA, Graf
H, Maciel RM, Maciel LM. Thyroid nod-
ules and differentiated thyroid cancer: Update
on diagnosis. Arq Bras Endocrinol Metabol.
2013;57(4):240-264.

Rago T, Scutari M, Loiacono V, Santini F,
Tonacchera M, Vitti P. Patients with be-
nign thyroid nodules can be safely followed
with ultrasound. J Clin Endocrinol Metab.
2010;95(9):4487-4493.

How to cite this article: Ahmed M.S., P., Vishali

P.,

Murthy V.S. Decoding Thyroid Lesions — A

Correlative Study Between Cytology and Radiolog-
ical Findings. Current Clinical and Medical Educa-
tion. 2026;393—401.

ANNA MEDICAL COLLEGE

Curr Clin Med Educ 4 (3), 393—401 (2026)

401



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION



