Annals of Medicine and Medical Sciences (AMMS)
Volume 04, 2025, Page No.: 256 to 261
Available at: http://ammspub.com

Original Article

OPEN ACCESS

Fine Needle Aspiration Cytology of Thyroid Lesions:

A Cytohistological Correlation Study on Diagnostic

Accuracy and Pitfalls

Satyajit Behera !, Bagmi Mishra 2, Diptish Kumar Sahoo 3, Jyotiranjan Mohapatra **

!Assistant Professor, Department of General Surgery, Dharanidhar Medical College and Hospital, Kendujhar,

Odisha, India.

2Assistant Professor, Department of Pathology, SUM Ultimate Medicare Hospital, Bhubaneswar, Odisha, India.
SDepartment of Orthopedics, Shri Jagannath Medical College and Hospital, Puri, Odisha, India.
4Assistant Professor, Department of General Surgery, Shri Jagannath Medical College and Hospital, Puri,

Odisha, India.

*Corresponding Author: Dr. Jyotiranjan Mohapatra; drjrm.mkcg@gmail.com

Abstract

Background: Given the low malignancy rate in palpable thyroid nodules (~5%), accurate pre-operative differentiation of benign from malignant
lesions is critical to avoid unnecessary surgery. However, thyroid cytology has a diagnostic "grey zone" with reduced classification precision,
leading to ambiguity. Aims: This study aimed to: (1) determine the age and sex distribution of thyroid lesions; (2) evaluate the diagnostic

performance (sensitivity, specificity) of fine needle aspiration cytology (FNACC); and (3) identify reasons for cytological-histological
discrepancies. Methods: A retrospective analysis of 64 thyroid lesion cases from a five-year cohort involved cytohistological correlation. FNAC
diagnoses were categorized based on agreement or disagreement with histology. Cytological smears and histological sections underwent
independent re-evaluation. Results: Cytopathological diagnoses agreed with histopathology in 58/63 cases (92.06% concordance; 7.93%

discordance, 5 cases). No false positive cytological diagnoses occurred. False negative diagnoses were attributed to sampling error and challenges
in recognizing concurrent distinct pathologies. Conclusion: FNAC is an efficient and accurate tool for evaluating palpable thyroid nodules and
guiding clinical management. The high malignancy detection rate in resected nodules suggests a reduction in overall thyroid surgeries. Integrating
stringent FNAC adequacy criteria with clinical and radiological correlation is crucial to minimize false negative and false positive diagnoses.
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Introduction

Epidemiological data indicate that thyroid nodules represent a
prevalent clinical observation, with a reported incidence ranging
from 4% to 7% within the general population !"!. Studies suggest a
statistically significant higher prevalence of thyroid nodules in the
female demographic. Established risk factors associated with
increased thyroid nodule occurrence include advancing age, a
history of radiation exposure, and dietary consumption of
goitrogenic compounds *!. Palpable thyroid nodules are
predominantly benign, with malignancy identified in approximately
5% of cases. Therefore, the accurate preoperative differentiation
between benign and malignant thyroid lesions is clinically
imperative for optimizing patient management, minimizing
unnecessary surgical interventions, and ensuring efficient resource
utilization.

Current diagnostic modalities for thyroid nodule evaluation
include ultrasonography (USG), thyroid scintigraphy, and fine-

needle aspiration (FNAC). While the majority of benign thyroid
nodules present as hypo functional ("cold") on scintigraphy, the
presence of a hypo functional lesion raises suspicion for malignancy.
Conversely, hyper functional ("warm") nodules do not exclude
malignancy, even following thyroid-stimulating hormone (TSH)
suppression. Although USG exhibits high sensitivity in detecting
impalpable thyroid nodules, its specificity for differentiating benign
from malignant lesions is limited. USG is particularly valuable for
assessing complex cystic masses and non-palpable nodules.
According to the 2017 American College of Radiology Thyroid
Imaging Reporting and Data System (ACR TI-RADS), risk
stratification scores of 3-5 correlate with an elevated probability of
malignancy. While USG and FNAC cytology (FNACC) demonstrate
comparable sensitivity in diagnosing malignant thyroid nodules,
FNAC exhibits superior specificity (90%). This minimally invasive
technique offers high diagnostic accuracy (85%) Pl In
distinguishing between benign and malignant thyroid lesions,
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establishing FNAC biopsy as the preferred initial diagnostic
procedure for discrete thyroid nodules.

Fine-needle aspiration (FNAC) is a recommended
diagnostic modality for pre-operative evaluation and longitudinal
surveillance of thyroid nodules “!. Its increasing clinical utility stems
from its procedural simplicity, low cost, and minimal associated
morbidity, facilitating the early detection of thyroid malignancies
and consequently contributing to improved patient outcomes. This
study aims to evaluate the diagnostic performance of thyroid FNAC,
specifically focusing on the analysis of discordant cytological and
histological findings.

Materials and Methods

A retrospective analysis was conducted on thyroid lesions diagnosed
at Shri Jagannath Medical College and Hospital, Puri, Odisha, India,
over a five-year period. The study cohort comprised individuals of
all ages and genders presenting with thyroid enlargement who
underwent both fine-needle aspiration (FNAC) and subsequent
surgical resection. A total of 64 cases with corresponding FNAC
cytology and surgical histopathology reports were identified. One
case was excluded due to an inadequate FNAC sample, resulting in
a final cohort of 63 cases. Cytological and histological records were
systematically reviewed. All FNAC procedures were performed by
trained pathologists. Smears obtained during FNAC were
immediately fixed in a 1:1 solution of 50% ethanol and diethyl ether.
Additionally, some smears were air-dried. Standard cytological
staining techniques, including Hematoxylin and Eosin (H&E),
Papanicolaou (Pap), and May-Griinwald-Giemsa (MGG), were
applied for microscopic evaluation.

Formalin-fixed  specimens underwent macroscopic
evaluation documenting specimen type, dimensions, mass,
nodularity, capsular integrity, and secondary alterations including
hemorrhage, calcification, and cyst formation. Representative tissue
blocks, 2-3 mm in thickness, yielding 5-10 sections, were processed
for hematoxylin and eosin (H&E) staining. Special stains were
employed as indicated. All cytological smears and corresponding
histopathology slides were subjected to blinded, dual pathologist
review. Thyroid cytopathology diagnoses adhered to the Bethesda

Table 1: Distribution of thyroid lesions by age and sex

System for Reporting Thyroid Cytopathology (2017): Non-
diagnostic/Unsatisfactory (Category I), Benign (Category II), Atypia
of Undetermined Significance/Follicular Lesion of Undetermined
Significance (Category III), Follicular Neoplasm/Suspicious for a
Follicular Neoplasm (Category IV), Suspicious for Malignancy
(Category V), and Malignant (Category VI) . Fine-needle
aspiration (FNAC) and histopathology diagnoses were categorized
as concordant or discordant. Discrepant cases underwent a
comprehensive review to ascertain the etiology of the diagnostic
disagreement, specifically assessing for histological errors,
cytodiagnostic inaccuracies (including overlapping criteria or
misinterpretation of established criteria), FNAC sampling artifacts,
or suboptimal smear quality (characterized by poor cellular
preservation, obscuration by blood, hypocellularity, or borderline
cellularity).

In this study, a true positive (TP) was defined as a case where
a subsequent definitive histopathological examination confirmed a
prior cytological diagnosis of malignancy or suspected malignancy.
Conversely, a true negative (TN) was characterized by concordant
negative cytological and benign histopathological findings. A false
negative (FN) diagnostic outcome, when applied to a malignant
lesion, denoted a non-neoplastic finding that, if interpreted as such,
would typically preclude necessary surgical intervention.
Conversely, a false positive (FP) cytological diagnosis occurred
when a non-neoplastic lesion was erroneously identified as a
neoplasm, potentially leading to unnecessary surgical excision °!.
The diagnostic performance of the index test was evaluated by
calculating the positive predictive value (PPV), negative predictive
value (NPV), specificity, sensitivity, and the accuracy of fine-needle
aspiration (FNAC) in predicting the final histological diagnosis.

Results

The study cohort comprised 63 individuals. The age group of 31-40
years exhibited the highest prevalence of thyroid lesions (37.33%).
The demographic distribution of the patient population revealed a
female predominance, with a notable concentration of individuals in
the fourth and fifth decades of life (Table 1 and Table 2).

Age (years) Male (N) Female(N) Total (N) Male (%) Female (%) Total N (%)
11-20 1 3 4 25 75 100
21-30 1 16 17 5.88 94.12 100
31-40 3 18 21 14.28 85.72 100
41-50 1 10 11 9.10 90.90 100
51-60 2 5 7 28.57 71.43 100
61-70 0 3 3 - 100 100
Total(N) 8 55 63 12.70 87.30 100

Table 2: Age and sex-wise incidence of various thyroid lesions including dual pathology
Age (years) Goiter Thyroiditis Benign neoplasms Malignant neoplasms Total

M F M F M F M F

11-20 1 2 - 1 - 1 1 - 6
21-30 1 10 - 1 - 2 1 1 16
31-40 2 10 - 3 1 2 - 1 19
41-50 1 7 1 1 - 1 - 1 12
51-60 1 3 - 1 1 1 - - 7
61-70 - 2 - 1 - - - - 3
Total 6 34 1 8 2 7 2 3 63

M: Male; F: Female.
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The prevalence of thyroid disorders in the studied cohort of females
aged 31-40 years exhibited the following distribution: goiter at
15.87%, thyroiditis at 4.76%, benign thyroid neoplasms at 3.17%,
and malignant thyroid neoplasms at 1.58%. The predominant
clinical presentation (75.32%) was isolated thyroid swelling.
Hyperthyroidism-related signs and symptoms were observed in
14.7% of the patient population. Isolated occurrences included fever
and pain in a single individual, and classic manifestations of Graves'
disease in another single case.

In this cohort, multinodular thyroid enlargement exhibited
the highest prevalence (71.2%) as the primary clinical presentation.
Cytological analysis revealed nodular goiter as the most frequently
identified lesion (40.5%), followed by simple colloid goiter as the
second most common cytological finding. For cases with a
cytological diagnosis of nodular goiter, subtotal thyroidectomy was
the predominant surgical intervention for thyroid lesions. Patients
diagnosed with papillary thyroid carcinoma (n=2) underwent total
thyroidectomy with radical neck dissection. A cytological diagnosis
of suspicious for carcinoma consistently led to total thyroidectomy.

In the evaluation of malignant neoplasms, the diagnostic test
correctly identified 3 true positive cases and 60 true negative cases.
No false positive results were observed, but 1 false negative result
occurred. This yielded a sensitivity of 75%, a specificity of 100%,
and an accuracy of 98.43%. For benign neoplasms, the test correctly

Table 3: Clinico-cytological correlation of thyroid lesions.

identified 3 true positive cases and 52 true negative cases, while
yielding 2 false positive and 7 false negative results. The calculated
sensitivity for benign neoplasms was 30%, the specificity was
96.29%, and the accuracy was 85.93%.

Discussion

A five-year retrospective cytohistological correlation of 63 thyroid
lesions revealed a 4% (n=1) diagnostic insufficiency rate after
excluding one inadequate sample, lower than previously reported.
The study cohort (n=62, age 12-65 years) showed peak prevalence
in the 31-40 year age group (33.33%) and a significant female
predominance (87.30%, female: male ratio 6.5:1), with most
affected females in their fourth decade (90.90%). All patients
presented with thyromegaly (100%), with 20.63% exhibiting
concurrent symptoms. Hyperthyroidism was present in 14.7% (n=9),
including one Graves' disease case. Acute thyroiditis was identified
in 1.59% (n=1). Palpation indicated multinodular goiter (71.42%,
n=45) as the most common presentation, followed by solitary
nodules (15.50%, n=10) and diffuse enlargement (13.08%, n=8).
Cytology confirmed toxic goiter in all clinically suspected cases
(100%) and detected four (6.34%) previously undiagnosed thyroid
malignancies (Table 3).

Clinical Colloid | Nodula | Grave | Acute | Chronic | Hashimoto’ | Follicular | Suspicious | Papillary Total
diagnosis goiter rgoiter s’dise | thyroi | thyroidi | s thyroiditis | neoplasm of carcinoma

ase ditis tis carcinoma
Thyroid cyst 1 1 - - - - - - - 2
Goiter 21 18 1 1 2 4 2 1 50
Toxic goiter - 1 1 - - - 1 - - 3
Solitary Thyroid | - - - - - -
nodule 6 1 1 8
Total 22 26 1 1 1 2 6 2 2 63

Following suspicious (Bethesda V) cytology, total thyroidectomy
was performed. Papillary thyroid carcinoma (Bethesda VI) cytology
necessitated total thyroidectomy with radical neck dissection.
Benign cytology resulted in subtotal thyroidectomy in 62.5%
(75/120) of cases, with the remainder undergoing alternative surgical

Table 4: Cyto-histo correlation of thyroid lesions

management. Cytological analysis identified goiter in 92.55%
(87/94) of clinically diagnosed goiters but failed to detect concurrent
adenomatous hyperplasia in 7 cases and chronic thyroiditis in 9 cases
(Table 4).

FNAC diagnosis Number of % of correlated Number of % of discrepant | Total number
correlated cases cases discrepant cases cases of cases

Bethesda Il (Goiter) 45 93.75 3 6.25 48

Bethesda Il (thyroiditis) 4 80 1 20 5

Bethesda 1V (benignneoplasm) 6 85.71 1 14.28 7

Bethesda VI (malignant 3 100 0 - 3

neoplasm)

Total number of cases 58 92.06 5 7.93% 63

FNAC: Fine needleaspiration cytology

Cytological differentiation between adenomatous nodules and
follicular adenomas is challenging due to overlapping features, as
exemplified by a misclassified follicular adenoma (Bethesda IV)
initially diagnosed as benign goiter (Bethesda II) due to concurrent
chronic thyroiditis masking the characteristic microfollicular pattern
with flat follicular sheets and sparse nuclear crowding in moderately
cellular smears. Histological confirmation highlighted this
cytomorphological overlap.

Bussenier and Oertel "' noted that syncytial fragments and
microfollicular architecture have a positive predictive value for

follicular neoplasm, though these are not entirely specific, occurring
in a proportion of nodular goiters. Inverse correlation exists between
background colloid and follicular/adenomatoid/hyperplastic nodules
(least colloid in follicular neoplasms). Conversely, cellularity and
microfollicles directly correlate, with follicular neoplasms
exhibiting the highest cellularity and most prominent microfollicular
pattern.

The cohort included five thyroiditis cases, one being Graves'
disease, presenting with typical hyperthyroidism. Cytology showed
moderately cellular smears with follicular clusters/follicles in a
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hemorrhagic background, alongside nuclear pleomorphism and
marginal vacuoles. Clinical and cytological features favored Graves'
disease over toxic goiter in this case.

Cytological-clinical correlation precisely diagnosed one
acute thyroiditis case, presenting with fever, neck pain/tenderness,
and neutrophilic infiltrate within necrotic tissue on cytology.
Cytology identified three chronic thyroiditis cases by follicular cells
with moderate lymphoplasmacytic infiltrate and reduced colloid;
nodular goiter was absent in two. Histology confirmed fibrosing
thyroiditis in one. Literature (Das et al) highlights increased
inflammatory cell types in inflammatory goiters versus neoplasms,
noting potential diagnostic overlap between papillary carcinoma and
thyroiditis due to lymphocytic infiltration '/, Cytology showed
100% accuracy for three confirmed Hashimoto's thyroiditis cases,
consistent with prior sensitivity reports (Nguyen, 92%) ",
characterized by Hiirthle cells, lymphocytes, scant colloid, and
occasional giant cells. Conversely, one follicular (Hiirthle cell)
adenoma (histology) was initially misclassified as Hashimoto's
thyroiditis (cytology) due to cellular smears with limited
lymphocytes and loosely clustered Hiirthle cells with focal follicular
arrangement. Histological analysis of benign neoplasms (n=9)
revealed one Hiirthle cell adenoma and eight follicular adenomas.

Cytological analysis of six follicular thyroid neoplasms
revealed a 33.33% false-positive rate (n=2), misclassifying a
multinodular goiter with adenomatous hyperplasia and a case of
chronic thyroiditis. Conversely, histological examination of nine
follicular adenomas showed a 55.55% false-negative rate (n=5),
with cytology misdiagnosing one as Hashimoto's thyroiditis and four
as nodular goiter. A single follicular carcinoma was correctly
identified as a follicular neoplasm cytologically. These findings,
consistent with Lowhagen and Sprenger "), underscore the
cytomorphological overlap between follicular adenomas and
carcinomas, limiting cytology's definitive diagnostic capability. As
supported by Deshpande et al. 'S, histological evaluation for
vascular or capsular invasion remains essential for definitive
differentiation.

A cohort of nine follicular adenomas showed female
predominance (77.8%), with peak incidence in the fourth decade.
Single cases of follicular adenoma co-occurred with chronic
thyroiditis and multinodular goiter; initial cytology of these yielded
false-negative Bethesda II diagnoses for nodular goiter, but this did
not alter patient management.

Three malignant thyroid neoplasms (2 papillary, 1 follicular
carcinoma) were identified, with cytological diagnostic accuracy of
66.7%. The follicular carcinoma, diagnosed in a 30-year-old male
with a solitary nodule, was initially cytologically classified as a
follicular neoplasm due to overlapping features, later confirmed as
malignant by histology revealing vascular invasion. Cytology
showed discohesive clusters, syncytial sheets, and pleomorphic
follicular cells in a hemorrhagic, colloid-poor background. Post-
cytology, the patient underwent subtotal thyroidectomy. Literature
reports a 15-22% malignancy rate in cytologically classified
follicular neoplasms "/, consistent with a 16% carcinoma rate in
219 suspected cases '”! and Gharib's ~14% finding '/,

A papillary thyroid carcinoma (PTC) case was identified in
a male in his second decade. The other three PTC cases occurred in
females in their third (n=1), fourth (n=1), and fifth (n=1) decades.
These cases, initially presenting as solitary, predominantly euthyroid
thyroid nodules (two hypothyroid), showed highly cellular
cytological smears with loosely cohesive clusters, papillary
fragments, syncytial sheets, and dissociated cells in a hemorrhagic
background, exhibiting mild nuclear pleomorphism and grooves.
Histological analysis of two cases confirmed PTC with papillary

fronds and characteristic nuclear features. A diagnostic score (>7)
based on Prabhu and Umashankar criteria was applied ["!. One case
was the follicular variant of PTC (FVPC) 2%, which, unlike typical
PTC in this study, showed less frequent papillary structures and
nuclear grooves, but more follicle-like features, dusty chromatin,
and intranuclear inclusions. Nuclear grooves were observed on H&E
smears. Differentiation from noninvasive follicular thyroid
neoplasms with papillary-like nuclear features (NIFTPs) 2231
characterized by subtle PTC nuclear features and follicular
architecture without papillae, psammoma bodies, or necrosis, is
critical.

Cytological analysis of two papillary carcinomas,
characterized by papillary fragments and definitive nuclear features
(fine chromatin, grooves, and intranuclear inclusions, each 100%),
yielded accurate diagnoses. Psammoma bodies were not observed.
One papillary carcinoma (Bethesda VI) was initially a false negative
(nodular goiter, Bethesda II) due to sampling error. The high (100%)
positive predictive value of cytology for papillary carcinoma, as
reported by Ko et al. 1, is consistent with these findings. However,
distinguishing nodular goiter, follicular adenoma, and papillary
carcinoma cytologically can be challenging due to overlapping
nuclear and chromatin characteristics !,

This five-year study, limited by a small sample size and
exclusion of rare thyroid carcinoma subtypes (Hiirthle cell,
medullary, anaplastic), demonstrated a cytological-histopathological
correlation of 92.06% (discrepancy rate: 7.93%). This correlation
rate surpasses previous reports. Malignant neoplasm correlation was
100%, and goiter correlation was 93.75%. Fine-needle aspiration
(FNAC) accuracy for malignancy diagnosis was 98.43%
(sensitivity: 75%, specificity: 100%). Benign neoplasm sensitivity
was 75%. Overall for neoplasms, FNAC yielded a sensitivity of
87.5%, specificity of 98.07%, and accuracy of 96.66%, consistent
with prior studies 123!,

The investigated diagnostic method demonstrates significant
inter-study heterogeneity in accuracy (specificity: 74%; sensitivity:
61.9-100%). Lower specificity and PPV in one study] likely resulted
from binary outcome classification [*!!. Variability in sensitivity and
specificity is primarily driven by inter-observer disagreement among
cytopathologists regarding the "suspicious" category and the
definition of false positives (FPs) and false negatives (FNs). While
no FPs occurred in this cohort, literature reports a 18% FP rate
1624291 " often due to misclassification of follicular neoplasms '**);
accepting some FPs may minimize missed malignancies. Three FNs
were observed, consistent with the broad literature range (1-16%)
1627291 "though some studies report extremes ****!. FNs in this study
likely arose from sampling errors, cytological overlap between
follicular adenomas and carcinomas, and missed concurrent
pathologies.

Conclusions

Thyroid nodule prevalence peaked in females in their fifth decade.
This study underscores fine-needle aspiration (FNAC)'s high
accuracy and efficacy in diagnosing palpable thyroid nodules,
demonstrating minimal false positive and false negative rates.
FNAC exhibits high specificity for nodular goiter, thyroiditis, and
particularly papillary carcinoma. However, its utility in
differentiating follicular lesions is limited due to overlapping
cytological features between benign (e.g., follicular adenomatous
goiter) and malignant (e.g., follicular carcinoma, follicular variant
papillary carcinoma - FVPC) entities. Despite these limitations
leading to indeterminate FNAC results and potential diagnostic
errors, especially in hyperplastic nodules, follicular neoplasms, and
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FVPC, FNAC remains an effective screening tool. Integrating strict
specimen adequacy criteria with clinical and imaging findings is
expected to reduce false negative and false positive diagnoses. Close
clinical surveillance of cytologically benign nodules is crucial due
to rare false negative results, necessitating surgical excision of
clinically suspicious lesions regardless of benign cytology.

Declarations

Ethical Approval and Consent to participate

Not applicable as retrospective nature of study. Consent for
publication: Not applicable as retrospective nature of study.

Availability of supporting data
Upon request to the corresponding author.
Competing interests

Nil

Funding Statement

Nil

Authors contributions

All authors made substantial contributions to the reported work,
including in the areas of conception, study design, execution, data
collection, analysis, and interpretation. They participated in drafting,
revising, and critically reviewing the article, gave final approval for
the version to be published, agreed on the journal for submission,
and accepted responsibility for all aspects of the work.

References

[1] Jiang H, Tian Y, Yan W, et al.: The prevalence of thyroid
nodules and an analysis of related lifestyle factors in
Beijing communities. Int J Environ Res Public Health.
2016, 13:442. 10.3390/ijerph13040442.

[2] Saran S: Multinodular goiter. Goiter - Causes and
Treatment. Agrawal NK (ed): 2020.

[3] De D, Dutta S, Tarafdar S, et al.: Comparison between
sonographic features and fine needle aspiration cytology
with histopathology in the diagnosis of solitary thyroid
nodule. Indian J Endocrinol Metab. 2020, 24:349-54.
10.4103/ijem.IJEM_349 20.

[4] Mohebbi M, Dehaki MG, Mozaffari M: Comparison
between ultrasonographic findings and fine needle
aspiration cytology in differentiating malignant and
benign thyroid nodules. Eur J TransIMyol. 2019, 29:8354.
10.4081/ejtm.2019.8354.

[5] Cibas ES, Ali SZ: The 2017 Bethesda System for
Reporting Thyroid Cytopathology. Thyroid. 2017,
27:1341-6. 10.1089/thy.2017.0500.

[6] Afroze N, Kayani N, Hasan SH: Role of fine needle
aspiration cytology in the diagnosis of palpable thyroid
lesions. Indian J PatholMicrobiol. 2002, 45:241-6.

[7]  Gallagher J, Oertel YC, Oertel JE: Follicular variant of
papillary carcinoma of the thyroid: fine-needle aspirates
with histologic correlation. DiagnCytopathol. 1997,
16:207-13. 10.1002/(sici)1097-
0339(199703)16:3<207::aid-dc3>3.0.c0;2-c.

[11]

[12]

(21]

(22]

(23]

[24]

Yan Z, Yang GC, Waisman J: A low-power,
"architectural,”" clue to the follicular variant of papillary
thyroid adenocarcinoma in aspiration biopsy. Acta Cytol.
2000, 44:211-7. 10.1159/000326362.

Bahaj AS, Alkaff HH, Melebari BN, et al.: Role of fine-
needle aspiration cytology in evaluating thyroid nodules.
A retrospective study from a tertiary care center of
Western region, Saudi Arabia. Saudi Med J. 2020,
41:1098-103. 10.15537/sm;j.2020.10.25417.

Alhassan R, Al Busaidi N, Al Rawahi AH, Al Musalhi H,
Al Mugbali A, Shanmugam P, Ramadhan FA: Features and
diagnostic accuracy of fine needle aspiration cytology of
thyroid nodules: retrospective study from.

Oman. Ann Saudi Med. 2022, 42:246-51. 10.5144/0256-
4947.2022.246.

Busseniers AE, Oertel YC: "Cellular adenomatoid
nodules" of the thyroid: review of 219 fine-needle
aspirates. DiagnCytopathol. 1993, 9:581-9.
10.1002/dc.2840090523.

Das DK, Khanna CM, Tripathi RP, et al.: Solitary nodular
goiter: review of cytomorphologic features in 441 cases.
Acta Cytol. 1999, 43:563-74. 10.1159/000331147.
Nguyen GK, Ginsberg J, Crockford PM, Villanueva R R:
Hashimoto's thyroiditis: cytodiagnostic accuracy and
pitfalls. DiagnCytopathol. 1997, 16:531-6.
10.1002/(sici)1097-0339(199706)16:6<531: aid-
dc12>3.0.co0;2-j

Lowhagen T, Sprenger E: Cytologic presentation of
thyroid tumors in aspiration biopsy smear. A review of60
cases. Acta Cytol. 1974, 18:192-7.

Deshpande V, Kapila K, Sai KS, Verma K: Follicular
neoplasms of the thyroid: decision tree approach using
morphologic and morphometric parameters. Acta Cytol.
1997, 41:369-76. 10.1159/000332527.

Baloch ZW, Fleisher S, LiVolsi VA, Gupta PK: Diagnosis
of "follicular neoplasm": a gray zone in thyroid fine-
needle aspiration cytology. DiagnCytopathol. 2002,
26:41-4.10.1002/dc.10043.

Schlinkert RT, van Heerden JA, Goellner JR, et al.:
Factors that predict malignant thyroid lesions when fine-
needle aspiration is "suspicious for follicular neoplasm".
Mayo Clin Proc. 1997, 72:913-6. 10.1016/S0025-
6196(11)63360-0.

Gharib H: Fine-needle aspiration biopsy of thyroid
nodules: advantages, limitations, and effect. Mayo Clin
Proc. 1994, 69:44-9. 10.1016/s0025-6196(12)61611-5.
Prabhu s, Umashankar T: Scoring system for papillary
thyroid carcinoma - a histopathological study. Trop J
PatholMicrobiol. 2018, 4:610-6.
10.17511/jopm.2018.i08.11.

Lindsay S: Carcinoma of the Thyroid Gland. A Clinical
and Pathological Study of 239 Patients at the University
of California Hospital. Charles C Thomas, Springfield
(IL); 1960.

Leung CS, Hartwick RW, Bédard YC: Correlation of
cytologic and histologic features in variants of papillary
carcinoma of the thyroid. Acta Cytol. 1993, 37:645-50.
Francis IM, Das DK, Sheikh ZA, Sharma PN, Gupta SK:
Role of nuclear grooves in the diagnosis of papillary
thyroid carcinoma. A quantitative assessment on fine
needle aspiration smears. Acta Cytol. 1995, 39:409-15.
Paniza AC, Mendes TB, Viana MD, et al.: Revised criteria
for diagnosis of NIFTP reveals a better correlation with

AMMS Journal. 2025; Vol. 04

260



Annals of Medicine and Medical Sciences (AMMS)

[25]

[26]

(28]

tumor biological behavior. Endocr Connect. 2019, 8:1529-
38. 10.1530/EC-19-0459.

Ko HM, Jhu IK, Yang SH, Lee JH, Nam JH, Juhng SW,
Choi C: Clinicopathologic analysis of fine needle
aspiration cytology of the thyroid: a review of 1,613 cases
and correlation with histopathologic diagnoses. Acta
Cytol. 2003, 47:727-32. 10.1159/000326596.

Mai KT, Yazdi HM, Commons AS, Perkins DG,
MacDonald L: Neoplastic non-papillary thyroid
carcinoma lesions with a fine chromatin pattern. Pathol
Int. 1999, 49:601-7. 10.1046/j.1440-1827.1999.00908 x
Mitra RB, Pathak S, Guha D, Patra SP, Chowdhury BR,
Chowdhury S: Fine needle aspiration cytology of thyroid
gland and histopathological correlation--revisited. J
Indian Med Assoc. 2002, 100:382-4.

Bakhos R, Selvaggi SM, DelJong S, et al.: Fine-needle
aspiration of the thyroid: Rate and causes of
cytohistopathologic discordance. DiagnCytopathol. 2000,
24:233-7.

Abu-Salem OT: FNACB thyroid gland: comparison study
between pre- and post-operative histological diagnosis.
Arch Inst Pasteur Tunis. 2003, 80:57-60.

Amrikachi M, Ramzy I, Rubenfeld S, Wheeler TM:
Accuracy of fine-needle aspiration of thyroid: a review of
6226 cases and correlation with surgical or clinical

[31]

outcome. Arch Pathol Lab Med. 2001, 125:484-8.
10.5858/2001-125-0484-AOFNACO.

Baloch ZW, Sack MIJ, Yu GH, Livolsi VA, Gupta PK:
Fine-needle aspiration of thyroid: an institutional
experience. Thyroid. 1998, 8:565-9.
10.1089/thy.1998.8.565.

Cép J, Ryska A, Rehorkova P, Hovorkova E, Kerekes Z,
Pohnetalova D: Sensitivity and specificity of the fine
needle aspiration biopsy of the thyroid: clinical point of
view. Clin Endocrinol (Oxf). 1999, 51:509-15.
10.1046/j.1365-2265.1999.00847 .x.

Giard RW, Hermans J: Use and accuracy of fine-needle
aspiration cytology in histologically proven thyroid
carcinoma: an audit using a national nathology database.
Cancer. 2000, 90:330-4.

Published by AMMS Journal, this is an Open Access
article distributed under the terms of the Creative

Commons Attribution 4.0 International License. To view a copy of

this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

AMMS Journal. 2025; Vol. 04

261



