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1. Introduction 

 
Thyroid fine needle aspiration biopsy (US-FNAB) has long been 

utilized as a fundamental diagnostic tool in the evaluation of thyroid 
nodules. Traditionally, this procedure has been performed by 
radiologists under ultrasound guidance in a hospital setting.1 
However, in recent years, with technological advancements and the 
widespread availability of portable and cost-effective ultrasound 
devices, clinical endocrinologists have also begun performing this 
procedure.1 Today, with an increasing number of surgeons 
specifically interested in endocrine surgery, this procedure has also 
started to be performed by surgeons.2,3 

The adoption of US-FNAB by endocrine surgeons has redefined 
the role of surgeons in thyroid nodule management and paved the 

way for a multidisciplinary approach to US-FNAB. However, the 
increasing prevalence of US-FNAB performed by surgeons has also 
brought about some controversies. The literature indicates that the 
success of this procedure varies depending on operator experience, 
nodule characteristics, and the technique used.1,4 Intrinsic factors 
such as the cystic nature of nodules or challenging anatomical 
locations are known to negatively affect diagnostic yield.1,4 
Furthermore, reports suggest that inexperienced surgeons may 
initially encounter higher non-diagnostic rates.5 On the other hand, 
reports also indicate that US-FNAB performed by surgeons reduces 
patient waiting times, provides cost-effectiveness, and facilitates 
the diagnostic process due to surgeons' familiarity with neck 
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anatomy.6-8 Moreover, the ability of surgeons to directly observe 
nodule characteristics and perform lymph node mapping is cited as 
significant advantages that improve patient care.1 Consequently, the 
literature contains both supportive and opposing reports on the 
efficacy of US-FNAB performed by surgeons, and discussions on its 
effectiveness continue. 

This study aims to demonstrate the efficacy of US-FNAB 
performed by a single surgeon and the relationship between nodule 
characteristics, cytological adequacy, and malignancy, by 
comparing the results of 607 US-FNABs and the cytology and 
histopathology outcomes of 138 operated patients with the existing 
literature. 

 
 

2. Materials and Methods 
 

A database consisting of prospectively collected data from 500 
patients and 607 thyroid nodules that underwent US-FNAB 
performed by a single surgeon at Antalya Kepez State Hospital 
between January 2022 and April 2025 was retrospectively 
reviewed. In addition to demographic data such as age and gender, 
intrinsic characteristics of the nodules, including size, vascularity, 
composition, echogenicity, shape, margin, and echogenic foci, were 
noted. Ultrasound reports were prepared according to ACR-TIRADS, 
which was also used to determine biopsy indications.9 Cytology 
results were recorded based on the Bethesda classification.2 
Bethesda category 1 was defined as non-diagnostic, Bethesda 
category 2 as benign, Bethesda category 3 as atypia of undetermined 
significance, Bethesda category 4 as follicular neoplasm, Bethesda 
category 5 as suspicious for malignancy, and Bethesda category 6 as 
malignant cytology. Surgical indications included the presence of 
symptomatic nodules, indeterminate cytology, malignancy, toxic 
adenoma, toxic multinodular goiter (MNG), and Graves' disease. US-
FNAB was also performed for the exclusion of possible malignancy 
in patients with symptomatic nodular goiter not meeting ACR-
TIRADS biopsy criteria, those with hyperparathyroidism requiring 
surgery and a concomitant ipsilateral nodule, or those with toxic 
MNG or toxic adenoma with a hypoactive nodule on scintigraphy. 
The study received ethical approval from the Health Sciences 
University Antalya Training and Research Hospital Ethics 
Committee (Approval no: 2025-363). 

Statistical Analysis 

All statistical analyses were performed using the SPSS 
(Statistical Package for the Social Sciences Version 22.0; SPSS Inc., 
Chicago, IL, USA) software. The normality assumption of continuous 

variables was tested using the Kolmogorov-Smirnov test. 
Categorical data were presented as frequency (n) and percentage 
(%), and continuous variables with normal distribution were 
presented as mean ± standard deviation. The relationship between 
categorical variables was examined using Chi-square analysis, 
Fisher's Exact Test, and Fisher-Freeman-Halton Test, depending on 
the suitability of the data. The relationship between continuous and 
categorical variables was examined using the Independent Samples 
T-test. In the analyses performed, results with a p-value of less than 
0.05 were considered statistically significant. 

 
 

3. Results 
 

A total of 736 US-FNABs were performed on 607 thyroid nodules 
in 500 patients included in the study. A total of 129 thyroid nodules 
underwent a second biopsy due to indeterminate or insufficient 
cytology results. For patients who had repeat biopsies, the highest 
Bethesda category was considered. A total of 138 patients 
underwent thyroidectomy, and 161 thyroid nodules from these 
operated patients were histopathologically evaluated. Demographic 
data are presented in Table 1. 
 

 
Demographic data 
 

Patients (n) 500 
Number of biopsied nodules (n) 607 
Total number of biopsies 736 
Mean age (years) 52.1 

Gender(n, %) 
Female 493 (81.22%) 
Male 114 (18.78%) 

ACR-TIRADS (n, %) 

1 4 (0.66%) 
2 75 (12.36%) 
3 170 (28.01%) 
4 176 (29.00%) 
5 182 (29.98%) 

Bethesda category 
(n, %) 

1 53 (8.73%) 
2 345 (56.84%) 
3 138 (22.73%) 
4 11 (1.81%) 
5 23 (3.79%) 
6 37 (6.10%) 

 
 

 

 
Transverse view of thyroid gland 

 

In the anterior-posterior axis, A, B, and C 
represent the anterior location; D, E, and 
F represent the middle location; and G, H, 
and J represent the posterior location. In 
the medial-lateral axis, A, D and G 
represent the medial location; B, E and H 
represent the middle location; and C, F 
and J represent the lateral location. 

 
 
 
 
 
 

Table 1 

Figure 1 
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Relationship between nodule characteristics and non-diagnostic cytology 
 

Nodule characteristic Non-diagnostic Diagnostic Total P-value 

Composition 

Mixed 11 (8.80%) 114 125 

0.866 Solid 42 (8.77%) 437 479 

Spongioform 0 (0.00%) 3 3 

Localization 

Anterior 15 (5.3%) 268 283 
0.019 Middle 16 (12.4%) 113 129 

Posterior 22 (11.3%) 173 195 
Inferior 25 (9.03%) 252 277 

0.912 Middle 12 (9.09%) 120 132 
Superior 16 (8.08%) 182 198 
Medial 17 (6.97%) 227 244 

0.312 Middle 14 (9.03%) 140 155 
Lateral 22 (10.58%) 187 208 

Peripheral calcification 
Present 7 (24.14%) 22 (75.86%) 29 (100%) 

0.0039 
Absent 46 (7.96%) 532 (92.04%) 578 (100%) 
Total 53 (8.73%) 554 (91.27%) 607 (100%)  

 
 

 
Longitudinal view of thyroid gland 

 

 
A; Superior, B; Middle, C; Inferior 

 
 
To investigate factors affecting cytological adequacy, the 

relationship between nodule composition, localization, and the 
presence of peripheral calcification with non-diagnostic results was 
examined, and the results are presented in Table 2. Non-diagnostic 
cytology was reported in 8.73% (n: 53) of patients. Nodules were 
grouped as solid, mixed, and spongiform based on their 
composition; no significant relationship was observed between 
composition and non-diagnostic results (p=0.866). Based on 
localization, nodules were classified in the transverse plane as 
anterior, middle, and posterior along the anterior-posterior axis; 
and as medial, middle, and lateral along the medial-lateral axis in 
ultrasound images (Figure 1). In sagittal planes, nodules were 
classified as superior, middle, and inferior along the superior-
inferior axis (Figure 2). The rate of non-diagnostic cytology was 
statistically significantly lower in anteriorly located nodules 
compared to non-anteriorly located ones along the anterior-
posterior axis (p=0.019). No significant relationship was observed 
between nodule localization and non-diagnostic cytology in 
evaluations along the medial-lateral axis and superior-inferior axis 
(p=0.312, p=0.912). Independently of nodule composition and 
localization, nodules containing peripheral calcification had a 
statistically significantly higher rate of non-diagnostic cytology 

compared to those without peripheral calcification (p=0.0039). 
Table 3 presents the malignancy rates of Bethesda categories 

based on preoperative cytology reports for 161 thyroid nodules 
examined in 138 patients who underwent thyroidectomy. 

Table 4 shows the relationship between intrinsic thyroid nodule 
characteristics and malignancy. 

In the localization-based analysis, no significant relationship 
was observed between nodule localization and malignancy along 
the anterior-posterior and medial-lateral axes. In the superior-
inferior axis evaluation, significantly lower malignancy rates were 
observed in inferiorly located nodules compared to non-inferiorly 
located nodules (p=0.029). In the composition-based analysis, no 
significant relationship was observed between nodule composition 
and malignancy (p=0.100). In the evaluation based on nodule 
echogenicity, markedly hypoechoic nodules had a statistically 
significantly higher malignancy rate compared to nodules with 
other echogenicities (43.08% vs 8.85%, p<0.001); while isoechoic 
nodules had significantly lower malignancy rates (6.01% vs 20.43%, 
p<0.001).  
 
 

 
Malignancy rates according to cytology results 
 

Bethesda 
category (n) 

Number of 
malignant 

cases 

Total 
number of 

nodules 

Malignancy 
rate 

1 2 5 40% 
2 10 73 13.69% 
3 14 49 28.57% 
4 1 2 50% 
5 12 16 75% 
6 16 16 100% 
Total 55 161 34.16% 

 

In the evaluation based on nodule shape, "taller than wider" 
nodules had a statistically significantly higher malignancy rate 
compared to "wider than taller" nodules (35.29% vs 8.81%, 
p<0.001). Based on margin characteristics, nodules were classified 
as regular, lobulated, and irregular, with malignancy rates observed 
as 8.84%, 22.22%, and 33.75%, respectively.  

Table 2 

Table 3 

Figure 2 
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Relationship between nodule characteristics and malignancy 
 
Nodule characteristic Malignant Non-Malignant Total P-value 

Localization 

Anterior 42 (8.66%) 241 283 
0.186 Middle 11 (8.53%) 118 129 

Posterior 23 (11.79%) 172 195 
Superior 30 (15.15%) 168 198 

0.029 Middle 22 (16.67%) 110 132 
Inferior 24 (8.66%) 253 277 
Medial 34 (13.93%) 210 244 

0.058 Middle 11 (7.10%) 144 155 
Lateral 31 (14.90%) 177 208 

Composition 
Mixed 9 (7.20%) 116 125 

0.100 Solid 67 (13.99%) 412 479 
Spongioform 0 (0.00%) 3 3 

Echogenicity 

Isoechoic 20 (6.01%) 313 333 

< 0.001 
Hyperechoic 0 (0.00%) 10 10 
Hypoechoic 28 (14.07%) 171 199 
Markedly hypoechoic 28 (43.08%) 37 65 

Shape 
Weider than taller 46 (8.81%) 476 522 

< 0.001 
Taller than weider 30 (35.29%) 55 85 

Margin 
Regular 45 (8.84%) 464 509 

< 0.001 Lobulated 4 (22.22%) 14 18 
Irregular 27 (33.75%) 53 80 

Extrathyroidal 
extension 

Present 14 (16.47%) 71 85 
0.237 

Absent 62 (11.88%) 460 522 

Echogenic focus 

Absent 36 (9.16%) 357 393 

< 0.001 
Punctate 24 (25.26%) 71 95 
Coarse 11 (18.03%) 50 61 
Peripheral 2 (6.90%) 27 29 
Comet-tail art. 3 (10.34%) 26 29 

 
 
Significantly higher malignancy was observed in nodules with 

irregular margins (p<0.001). Based on echogenic focus content, 
nodules were grouped as no echogenic focus, comet-tail artifact, 
peripheral, coarse, and punctate, with malignancy rates observed as 
9.16%, 10.34%, 6.9%, 18.03%, and 25.26%, respectively. The 
malignancy rate was significantly higher in nodules containing 
punctate calcifications (p<0.001). 

 

 

4. Discussion 

 
The results of this study indicate that US-FNAB performed by a 

surgeon yields satisfactory results in terms of cytological adequacy. 
Furthermore, nodule localization and intrinsic characteristics are 
independent risk factors for cytological adequacy and malignant 
histopathology. Anteriorly located nodules reduce the risk of non-
diagnostic cytology, while the presence of peripheral calcification 
increases this risk. The risk of malignancy decreases in inferiorly 
located nodules; however, marked hypoechogenicity, "taller than 
wider" shape, irregular margins, and the presence of punctate 
calcifications significantly increase the risk of malignancy. 

Cytological adequacy in thyroid FNAB varies depending on the 
patient's neck anatomy, intrinsic characteristics of the nodule such 
as composition, localization, and calcification content, biopsy 
technique, and the experience of the operator and cytopathologist.4, 

10-13 Although the impact levels of these factors on cytological 
adequacy vary, the largest share undoubtedly belongs to operator 
experience. Studies in the literature investigating the effect of 
operator experience on cytological adequacy primarily compare 
periods before and after the learning curve. In this context, McIvor 
et al.'s study reported 31.4% non-diagnostic cytology rates during 

the learning curve, compared to 6.1% non-diagnostic cytology rates 
after the learning curve, clearly demonstrating the impact of 
operator experience.14 Nevertheless, comprehensive studies in the 
literature generally show non-diagnostic rates for US-FNAB ranging 
from 5% to 15%.15, 16 The 8.73% non-diagnostic cytology rate 
observed in our current cohort indicates that a highly satisfactory 
level of diagnostic efficiency can be achieved even with the 
experience of a single surgeon. This successful outcome in our study 
can be attributed to the surgeon's in-depth knowledge of neck 
anatomy, expertise in trans-cervical approach to palpable and non-
palpable nodules, and skill in ultrasound-guided needle tracking. 
These findings strongly support the trends in the literature 
suggesting that with appropriate training and continuous practice, 
endocrine surgeons can provide thyroid nodule biopsy services 
with high diagnostic adequacy. 

The effect of nodule characteristics on cytological adequacy is 
critically important for optimizing the diagnostic performance of 
US-FNAB. In our study, anteriorly located nodules were found to 
significantly reduce the risk of non-diagnostic cytology (p=0.019), 
while the presence of peripheral calcification statistically 
significantly increased this risk (p=0.0039). In the literature, some 
studies indicate that nodule localization (e.g., deeply located, 
isthmic, or paratracheal nodules) can complicate biopsy and 
increase the risk of non-diagnostic results17, while other studies 
have not supported this relationship.18 The lower non-diagnostic 
rate obtained in biopsies of anteriorly located nodules in our study 
can be explained by the ease of needle penetration, clearer 
visualization of the needle tip on the ultrasound monitor, easier 
accessibility of nodules in this region, and the ability to achieve 
stable positioning. The effect of peripheral calcifications in 
increasing non-diagnostic cytology has been evaluated to a limited 

Table 4 
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extent in the literature17 and may be related to peripheral 
calcification acting as a physical barrier to the needle, impeding 
needle penetration, and thus hindering cellular aspiration and the 
acquisition of adequate cellular material. Some previous studies 
have shown that thyroid nodules with cystic composition are 
associated with a higher rate of inadequate sampling; for instance, 
one study found that nodules with more than 50% cystic component 
increased the likelihood of non-diagnostic results.17, 19 However, on-
site cytological evaluation and the universal use of ultrasound 
guidance to ensure sampling of solid components can reduce the 
frequency of inadequate sampling in cystic nodules.20 The lack of a 
significant relationship between nodule composition (solid, mixed, 
spongiform) and non-diagnostic results in our study suggests that a 
competent operator can collect sufficient cellular material even 
from cystic or mixed lesions. These results indicate that careful 
evaluation of the ultrasound characteristics of the nodule before US-
FNAB can directly affect the success of the procedure and guide 
strategies to minimize non-diagnostic rates. 

The correlation between ultrasonographic morphological 
features of thyroid nodules and malignancy risk plays a central role 
in clinical decision-making processes and in identifying nodules 
suspicious for malignancy. In our cohort, a significantly lower 
malignancy risk was found in inferiorly located nodules (p=0.029), 
while marked hypoechogenicity, "taller than wider" shape, irregular 
margins, and the presence of punctate calcifications statistically 
significantly increased the risk of malignancy (p<0.001). These 
findings strongly support the general consensus in the literature 
and the high-risk ultrasonographic features specified in the 
American Thyroid Association (ATA) and ACR-TIRADS guidelines.9, 

21 Markedly hypoechogenicity, in particular, is one of the most 
prominent ultrasonographic signs of malignant thyroid nodules, 
and low echogenicity is thought to result from the denser packing of 
malignant cells and the acoustic impedance difference between 
them and surrounding tissues. The "taller than wider" shape reflects 
the malignant invasion and growth pattern of the nodule, while 
irregular margins indicate the invasive growth of the tumor towards 
surrounding tissues. Punctate calcifications, especially 
microcalcifications with high specificity for papillary thyroid 
carcinoma, represent psammoma bodies and are a strong indicator 
of malignancy.9 The lower malignancy rate we observed in inferiorly 
located nodules is similar to some studies in the literatüre,22, 23 but 
may differ from others;24 this could be explained by sample 
heterogeneity or regional genetic differences, as well as by 
differences in embryological origin or functional characteristics of 
this region. The absence of a significant relationship in terms of 
composition (p=0.100) partially contradicts findings in some 
studies that solid nodules carry a higher risk of malignancy.25 This 
difference might be explained by mixed nodules in our study having 
a solid component and targeting solid areas during sampling. The 
low malignancy risk in isoechoic nodules (6.01% vs 20.43%, 
p<0.001) is an expected finding and suggests that nodules with 
echogenicity similar to normal thyroid tissue are generally benign. 
Overall, the results of our study support that ultrasound performed 
by a surgeon is a reliable method for distinguishing malignant 
nodules. 

Our study has some limitations. The retrospective nature of the 
study may introduce potential information bias. Being a single-
center study may limit the generalizability of the findings, and 
further research may be needed to determine whether similar 
results can be obtained in different populations or in centers with 
different surgical practices. Furthermore, the lack of data on long-
term follow-up results for nodules reported as cytologically benign 
and not undergoing surgery prevents us from fully evaluating the 
true malignancy risk of these nodules. Future studies should focus 

on multi-center, prospective designs with long-term follow-up to 
address these limitations and more comprehensively elucidate the 
role of US-FNAB performed by surgeons in thyroid nodule 
management. Nevertheless, the prospective collection of data from 
a large US-FNAB cohort performed by a single surgeon and the 
comparison of these data with both cytological adequacy and 
histopathological malignancy results can be listed as advantages of 
the study. The single-operator approach minimizes operator-
dependent variability, increasing the consistency of the results. 
Additionally, correlating histopathology results obtained from 
operated patients with cytology results provides valuable 
information about the diagnostic accuracy of US-FNAB. 

 
 

5. Conclusion 
 

    This study supports that ultrasound-guided fine needle aspiration 
biopsy (US-FNAB) performed by a single surgeon offers high 
diagnostic adequacy in the evaluation of thyroid nodules and that 
an experienced endocrine surgeon can safely perform this 
procedure. The risk of non-diagnostic cytology was found to be 
reduced in anteriorly located nodules, while the presence of 
peripheral calcification increased this risk. In inferiorly located 
nodules, the risk of malignancy decreased; whereas marked 
hypoechogenicity, "taller than wider" shape, irregular margins, and 
the presence of punctate calcifications were confirmed as strong 
predictive factors for malignancy. These findings emphasize that the 
active involvement of endocrine surgeons in thyroid nodule 
management has the potential to improve diagnostic accuracy and 
patient care. In the future, larger-scale prospective studies on the 
clinical outcomes and cost-effectiveness of US-FNAB performed by 
surgeons will further solidify the place of this approach in the 
thyroid nodule management algorithm. 

 
 
 

Statement of ethics  
The study received ethical approval from the Health Sciences 
University Antalya Training and Research Hospital Ethics 
Committee (Approval no: 2025-363). 
 
genAI 
No artificial intelligence-based tools or generative AI technologies 
were used in this study. The entire content of the manuscript was 
originally prepared, reviewed, and approved by both authors. 
 
Funding 
This research received no specific grant from any funding agency in 
the public, commercial, or not-for-profit sectors. 
 

Conflict of interest statement  
The authors declare that they have no conflict of interest. 

 

Availability of data and materials  
The datasets used and/or analyzed during the current study are 
available from the corresponding author upon reasonable request. 
 

Author contributions 
Mehmet Ilker Turan: Acquisition of data (lead); Analysis and 
interpretation of data (lead); Drafting of manuscript (lead); Critical 
revision (lead); Statistical expertise (equal). 
Nedim Akgul: Analysis and interpretation of data (supporting); 
Drafting of manuscript (supporting); Critical revision (supporting); 
Statistical expertise (equal). 
 

 
 

85



Turan & Akgul  Volume 9 Issue 1 2026 https://dergipark.org.tr/en/pub/jocass

References 
1.  Dhingra JK. Ultrasound-Guided Fine-Needle Biopsy of First 1000 
Consecutive Thyroid Nodules: Single-Surgeon Experience. OTO Open. 
2020;4(2):2473974X20929008. Crossref 
2. Ali SZ, Baloch ZW, Cochand-Priollet B, Schmitt FC, Vielh P, VanderLaan PA. 
The 2023 Bethesda System for Reporting Thyroid Cytopathology. Thyroid. 
2023;33(9):1039-1044. Crossref 
3. Bellantone R, Lombardi CP, Raffaelli M, Traini E, De Crea C, Rossi ED, et al. 
Management of cystic or predominantly cystic thyroid nodules: the role of 
ultrasound-guided fine-needle aspiration biopsy. Thyroid. 2004;14(1):43-
47. Crossref
4. Grani G, Calvanese A, Carbotta G, D'Alessandri M, Nesca A, Bianchini M, et 
al. Intrinsic factors affecting adequacy of thyroid nodule fine-needle 
aspiration cytology. Clin Endocrinol (Oxf). 2013;78(1):141-144. Crossref 
5. Fernandes VT, Magarey MJ, Kamdar DP, Freeman JL. Surgeon performed 
ultrasound-guided fine-needle aspirates of the thyroid: 1067 biopsies and 
learning curve in a teaching center. Head Neck. 2016;38(Suppl 1):E1281-
E1284. Crossref 
6. Seiberling KA, Dutra JC, Gunn J. Ultrasound-guided fine needle aspiration 
biopsy of thyroid nodules performed in the office. Laryngoscope. 
2008;118(2):228-231. Crossref 
7. Milas M, Stephen A, Berber E, Wagner K, Miskulin J, Siperstein A. 
Ultrasonography for the endocrine surgeon: a valuable clinical tool that 
enhances diagnostic and therapeutic outcomes. Surgery. 2005;138(6):1193-
1200; discussion 1200-1201. Crossref 
8. Al-azawi D, Mann GB, Judson RT, Miller JA. Endocrine surgeon-performed 
US guided thyroid FNAC is accurate and efficient. World J Surg. 
2012;36(8):1947-1952. Crossref 
9. Tessler FN, Middleton WD, Grant EG, Hoang JK, Berland LL, et al. ACR 
Thyroid Imaging, Reporting and Data System (TI-RADS): White Paper of the 
ACR TI-RADS Committee. J Am Coll Radiol. 2017;14(5):587-595. Crossref 
10. Ljung BM, Drejet A, Chiampi N, Jeffrey J, Goodson WH 3rd, Chew K, et al. 
Diagnostic accuracy of fine-needle aspiration biopsy is determined by 
physician training in sampling technique. Cancer. 2001;93(4):263-268. 
Crossref 
11. Choi SH, Han KH, Yoon JH, Moon HJ, Son EJ, Youk JH, et al. Factors affecting 
inadequate sampling of ultrasound-guided fine-needle aspiration biopsy of 
thyroid nodules. Clin Endocrinol (Oxf). 2011;74(6):776-782. Crossref 
12. Moon HJ, Kwak JY, Kim EK, Kim MJ. Ultrasonographic characteristics 
predictive of nondiagnostic results for fine-needle aspiration biopsies of 
thyroid nodules. Ultrasound Med Biol. 2011;37(4):549-555. Crossref 
13. Choi YS, Hong SW, Kwak JY, Moon HJ, Kim EK. Clinical and 
ultrasonographic findings affecting nondiagnostic results upon the second 
fine needle aspiration for thyroid nodules. Ann Surg Oncol. 
2012;19(7):2304-2309. Crossref 
14. McIvor NP, Freeman JL, Salem S, Elden L, Noyek AM, Bedard YC. 
Ultrasonography and ultrasound-guided fine-needle aspiration biopsy of 
head and neck lesions: a surgical perspective. Laryngoscope. 1994;104(6 Pt 
1):669-674. Crossref 
15. Marqusee E, Benson CB, Frates MC, Doubilet PM, Larsen PR, Cibas ES, et 
al. Usefulness of ultrasonography in the management of nodular thyroid 
disease. Ann Intern Med. 2000;133(9):696-700. Crossref 
16. Patel KN, Yip L, Lubitz CC, Grubbs EG, Miller BS, Shen W, et al. The 
American Association of Endocrine Surgeons Guidelines for the Definitive 
Surgical Management of Thyroid Disease in Adults. Ann Surg. 
2020;271(3):e21-e93. Crossref 
17. Xia JJ, Li MS, Zheng L, Shi YZ. Nondiagnostic cytological results on 
ultrasound-guided fine needle aspiration: Does the thyroid nodule depth 
matter? Clin Hemorheol Microcirc. 2017;67(2):115-124. Crossref 
18. Alexander EK, Heering JP, Benson CB, Frates MC, Doubilet PM, Cibas ES, 
et al. Assessment of nondiagnostic ultrasound-guided fine needle aspirations 
of thyroid nodules. J Clin Endocrinol Metab. 2002;87(11):4924-4927.
Crossref 
19. Redman R, Zalaznick H, Mazzaferri EL, Massoll NA. The impact of 
assessing specimen adequacy and number of needle passes for fine-needle 
aspiration biopsy of thyroid nodules. Thyroid. 2006;16(1):55-60. Crossref 
20. Jaume JC, Chen H. Inadequate cytology of thyroid nodules. Repeat it or 
live with it. Indian J Surg Oncol. 2011;2(2):76-77. Crossref 
21. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, 
et al. 2015 American Thyroid Association Management Guidelines for Adult 
Patients with Thyroid Nodules and Differentiated Thyroid Cancer: The 
American Thyroid Association Guidelines Task Force on Thyroid Nodules 
and Differentiated Thyroid Cancer. Thyroid. 2016;26(1):1-133. Crossref 

22. Zhang F, Oluwo O, Castillo FB, Gangula P, Castillo M, Farag F, et al. Thyroid 
nodule location on ultrasonography as a predictor of malignancy. Endocr 
Pract. 2019;25(2):131-137. Crossref 
23. Baradaranfar M, Zand V, Meybodian M, Vaziribozorg S, Fazilati M. 
Investigating the possible association between thyroid nodule location and 
the malignancy risk of the nodules in FNA samples. Am J Otolaryngol. 
2022;43(5):103589. Crossref 
24. Ramundo V, Lamartina L, Falcone R, Ciotti L, Lomonaco C, Biffoni M, et al. 
Is thyroid nodule location associated with malignancy risk? 
Ultrasonography. 2019;38(3):231-235. Crossref 
25. Ha EJ, Chung SR, Na DG, Ahn HS, Chung J, Lee JY, et al. 2021 Korean 
Thyroid Imaging Reporting and Data System and Imaging-Based 
Management of Thyroid Nodules: Korean Society of Thyroid Radiology 
Consensus Statement and Recommendations. Korean J Radiol. 
2021;22(12):2094-2123. Crossref 

86

https://doi.org/10.1177/2473974X20929008
https://doi.org/10.1089/thy.2023.0141
https://doi.org/10.1089/105072504322783830
https://doi.org/10.1111/j.1365-2265.2012.04507.x
https://doi.org/10.1002/hed.24212
https://doi.org/10.1097/MLG.0b013e318157465d
https://doi.org/10.1016/j.surg.2005.08.032
https://doi.org/10.1007/s00268-012-1592-2
https://doi.org/10.1016/j.jacr.2017.01.046
https://doi.org/10.1002/cncr.9040
https://doi.org/10.1111/j.1365-2265.2011.04011.x
https://doi.org/10.1016/j.ultrasmedbio.2011.01.015
https://doi.org/10.1245/s10434-012-2288-4
https://doi.org/10.1288/00005537-199406000-00005
https://doi.org/10.7326/0003-4819-133-9-200011070-00011
https://doi.org/10.1097/SLA.0000000000003580
https://doi.org/10.3233/CH-170283
https://doi.org/10.1210/jc.2002-020865
https://doi.org/10.1089/thy.2006.16.55
https://doi.org/10.1007/s13193-011-0088-0
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.4158/EP-2018-0361
https://doi.org/10.1016/j.amjoto.2022.103589
https://doi.org/10.14366/usg.18050
https://doi.org/10.3348/kjr.2021.0713



