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BACKGROUND: Fine needle aspiration cytology (FNAC) of the thyroid 
has been a reliable and cost-effective method for diagnosing thyroid 
disorders. Since FNAC results are usually operator dependent, there is 
a compelling need to explore FNAC accuracy among Omanis.
OBJECTIVE: Describe cytological features of FNAC and assess FNAC 
accuracy compared to the postsurgical histopathology report. 
DESIGN: Retrospective diagnostic accuracy study
SETTINGS: Tertiary care center.
PATIENTS AND METHODS: Our study included adult Omani adult 
patients with thyroid nodules who underwent FNAC from 2014 to 2017 
and had final pathology results for patients who underwent thyroid 
surgery. The results were classified according to the UK Royal college 
of Pathologists ‘Thy’ categories. Accuracy of FNAC was calculated by 
determining false and true positive and negative results based on his-
topathology findings. 
MAIN OUTCOME MEASURES: FNAC accuracy (sensitivity and speci-
ficity) compared to the postsurgical histopathology.
SAMPLE SIZE: 867 patients with 1359 ultrasound guided FNACs of 
thyroid nodule; 137 underwent surgery.
RESULTS: The mean age of the 867 patients was 43.7 (13.3) years, with 
a median of 42 years, and 87.8% were females. Out of 1359 FNACs, 
1001 (73.7%) were benign (Thy2), 119 (8.8%) were atypia of undeter-
mined significance or follicular lesion of undetermined significance 
(Thy3a), 31 (2.3%) were follicular neoplasm or suspicious for a follicular 
neoplasm (Thy3f), 52 (3.8%) were suspicious for malignancy (Thy4), 55 
(4%) were malignant (Thy5), 101 (7.4%) as Unsatisfactory (Thy1). Only 
137 patients underwent thyroid surgery, and the FNAC reports were 
compared with their final histopathology reports. The sensitivity, speci-
ficity and total accuracy of FNAC were 80.2%, 98.9% and 89.9%, re-
spectively. The positive and negative predictive values of FNAC were 
98.6% and 84.3%, respectively. 
CONCLUSION: Our study findings confirmed that FNAC of the thy-
roid is a sensitive, specific, and accurate initial tool for the diagnosis 
of thyroid lesions. Most of the FNACs were benign with a very low 
malignancy rate. Due to the minimal chance of false negative results 
and the slow-growing nature of thyroid malignancy, it is important that 
patients with benign FNAC should have periodic clinical and radiologi-
cal follow-up.
LIMITATIONS: Retrospective design and single-center study , and thy-
roid nodule size unavailable.
CONFLICT OF INTEREST: None.
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Thyroid nodules are widespread; 4-7% of adults 
have palpable nodules. Due to the widespread 
use of ultrasound (US) as a screening tool, many 

people are incidentally noted to have impalpable nod-
ules.1,2 More than 95% of these thyroid nodules are 
benign.3 To avoid unwanted invasive thyroid surgeries, 
it is always better to operate on patients when there is 
a high suspicion of malignancy. However, clinical pre-
sentation alone cannot distinguish benign and malig-
nant lesions.4

Thyroid fine-needle aspiration cytology (FNAC) 
was first described in 1948.5 FNAC had emerged as 
a trustworthy, cost-effective, and time-saving tool to 
diagnose and manage significant thyroid nodules and 
reduce the rate of unnecessary thyroid surgery, main-
ly when ultrasound guidance FNA was performed.6 
The UK Royal College of Pathologists (RCPath) ‘Thy’ 
categories for reporting thyroid cytopathology are 
widely used to guide discussion on further manage-
ment of thyroid nodules using the Thy classification.7,8 
Numerous studies have been published describing 
FNAC results of thyroid nodules and their accuracy in 
different parts of the world. Overall, FNAC is reported 
as being an accurate tool for diagnosing thyroid le-
sions. A study from France that included 166 patients 
showed that the diagnostic accuracy was about 89%, 
with a sensitivity of 68% and specificity of 99.2%.9 
Another study from Egypt showed a sensitivity of 
92.8% and specificity of 94.2%, with a total accuracy 
of 93.6%.10

 According to the Oman National Cancer Registry 
(ONCR) Thyroid Cancer, the overall age standardized 
rate (ASR) from 1996 to 2015 was 5.5 /100 000 (7.6 
for females and 2.0/100 000 for males),11 While the 
thyroid cancer ASR was 4.4/100 000 for Saudi Arabia 
and 5.1/100 000 for the UAE.12,13 Local studies related 
to thyroid FNAC accuracy are minimal and show con-
flicting results. One small study conducted in a tertiary 
care center showed that although FNAC is a sensitive 
method for diagnosing thyroid lesions, many patients 
(37.3%) showed inconclusive (unsatisfactory) test re-
sults.14 Another local study also showed low FNAC 
accuracy; however, this study included patients with 
multinodular goiter only.15 FNAC is usually operator-
dependent, and hence, its accuracy may differ in dif-
ferent settings. Therefore, there is a compelling need 
to explore FNAC accuracy among Omanis. This study 
aims to evaluate the FNAC accuracy compared to the 
final histopathology report for Omani adult patients 
diagnosed with thyroid nodules attending a tertiary 
care center in Oman. We also describe the cytological 
features of FNAC outcomes. 

PATIENTS AND METHODS
This retrospective study conducted between January 
2014 and January 2017 at a tertiary endocrine center in 
Oman included all patients with single or multiple thy-
roid nodules diagnosed by physical examination and/or 
by ultrasound. Demographic data such as age, gender, 
and the FNAC cytological report were retrieved from 
the electronic health record. The postsurgical histopa-
thology report of patients who underwent surgery was 
also retrieved. All FNAC data were used to describe 
FNAC outcomes; however, only the reports of patients 
who underwent both FNAC and surgery were used to 
assess the accuracy. 

All FNACs were performed under ultrasound guid-
ance using standard procedures.16 For every nodule, 
the physician uses three to five separate needles, and 
the smears were fixed with ether/95% alcohol solution 
and stained by Papanicolaou’s staining. Two expert 
histopathologists examined each smear. In case of dis-
agreement, a third senior histopathologist was involved 
to reach a consensus. We classified FNAC results ac-
cording to the UK Royal College of Pathologists Thy 
categories system for reporting thyroid cytopathology 
into six groups; non-diagnostic or unsatisfactory (Thy1), 
benign (Thy2), atypia of undetermined significance or 
follicular lesion of undetermined significance (Thy3a), 
follicular neoplasm or suspicious for a follicular neo-
plasm (Thy3f), suspicious for malignancy (Thy4), and 
malignant (Thy5). We considered Thy2 as a benign 
result and Thy4 and Thy5 as a positive test for malig-
nancy, Thy1 as non-diagnostic, and Thy3a and Thy3f as 
an intermediate result (Table 1).

The FNAC results were compared with the post-sur-
gery histopathology. Sensitivity, specificity, diagnostic 
accuracy, positive predictive value (PPV), and negative 
predictive value (NPV) of FNAC were calculated. Since 
it was challenging to include non-diagnostic (Thy1) 
cases and an intermediate category (Thy3a and Thy3f) 
under benign or malignant categories, those were ex-
cluded from the analysis. IBM SPSS version 23 program 
(Armonk, New York, United States: IBM Corp) was used 
for statistical analysis.

RESULTS
During the study period, 867 patients underwent a total 
of 1359 FNACs, and all the FNACs results were includ-
ed in the study. Females constituted 87.8%, and the 
remaining 12.2% were males. The study population’s 
mean (SD) age was 43.7 (13.3) years, with a median of 
42 years, and the minimum age being 18 years and the 
maximum age was 86 years. Out of the total number of 
FNACs, 1001 (73.7%) were reported as benign (Thy2), 
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52 (3.8%) as suspicious for malignancy (Thy4), 55 (4%) 
as malignant (Thy5), 119 (8.8%) as atypia of undeter-
mined significance or follicular lesion of undetermined 
significance (Thy3a), 31 (2.3%) as follicular neoplasm or 
suspicious for a follicular neoplasm (Thy3f), 101 (7.4%) 
as non-diagnostic or unsatisfactory (Thy1).

Out of the total study population (867 patients), 
137 patients underwent a thyroid surgery, and their 
242 FNAC reports were compared to their postsurgi-
cal histopathology report. One-hundred eight patients 
with nodules in the benign category in FNAC (Thy2) 
went through surgery due to the large size (>4cm) of 
the thyroid nodule, of which 91 (84.3%) cases were 
confirmed benign by histopathologic examination, and 
the remaining 17 patients were diagnosed as malig-
nant (Table 2). Hence, we had 91 true-negative and 17 
false-negative results in the benign category, and the 
risk of cancer in this group was about 15.7%. Thirty-six 
patients with an FNA result of Thy3a underwent sur-
gery, out of which 16 cases were malignant. The risk 
of cancer in this group was 33%. Fifteen cases of Thy3f 
underwent surgery, of which 3 cases were confirmed to 
be malignant, with a risk of cancer in this category was 
about 40%. In the FNAC malignant category (Thy4 and 
Thy5), 35 cases out of 52 were suspicious of malignancy 
(Thy4) category and 34 cases out of 55 of the malignant 
category (Thy5) were operated. The remaining patients 
either refused surgery or were treated elsewhere. In 34 
cases suspicious for malignancy (Thy4), malignancy was 
confirmed and 1 case was reported as benign in the 
histopathology results. Hence, the risk of cancer in this 
category was 91%; however in the malignant (Thy5) cat-
egory, all cases are confirmed as malignant, and so the 
risk of cancer was 100%. Out of the total 242 FNACs, 
only 178 were included for the diagnostic accuracy as-
sessment, excluding patients with undetermined results 
(Table 3). Thus, FNAC achieved a sensitivity of 80.2% 

(95% CI 69% - 87%), specificity of 98.9% (95% CI 93% - 
99%), and a total accuracy of 89.8% (Table 4). 

DISCUSSION 
In this study, the RCPath categorization system was 
used to study the thyroid FNAc outcomes and its ac-
curacy among Omanis. The results of our study showed 
that thyroid nodules are more common among females. 
The study results confirmed that FNAC is a useful diag-
nostic tool in thyroid nodules work-up with good sen-
sitivity and specificity. Our study showed that almost 
three-quarters of thyroid nodules are benign, 9% of 
nodules were Thy3a, 2% were Thy3f, 4% were suspi-
cious for malignancy (Thy4), and 4% were positive for 
malignancy (Thy5). Our study population’s rate of un-
satisfactory specimens (Thy1) was relatively low, and the 
false-negative rate was 19.7%. These results are com-
parable with other studies.17-19

We noticed that the risk of malignancy of category 
Thy3a is higher than category Thy3f compared to previ-
ous studies. This could be because FNAC is usually un-
able to distinguish benign lesions like follicular adeno-
mas and hyperplastic follicular nodules from malignant 
well-differentiated follicular carcinoma.1,18 The introduc-
tion of molecular tests in particular analysis for RAS and 
BRAF gene mutations and RT-PCR for RET/PTC gene 
rearrangements could differentiate benign from malig-
nant lesions especially in patients who have suspicious 
features on US as shown in some recent studies. 20,21

The UK Royal College of Pathologists Thy categories 
for reporting thyroid cytopathology (RCPath) was pub-
lished in 2009 and reiterated in 2014.22,23 The system 
currently is of widespread use in the UK and applies 
to the Thy classification Thy1−Thy5.23 Over the last de-
cades, many other classification schemes for thyroid cy-
tology have been introduced to guide patient manage-
ment. Examples are the Bethesda system for reporting 

Table 1. The UK Royal College of Pathologists ‘Thy’ categories for reporting thyroid cytopathology.

Description Plan of management 

Thy1 Non-diagnostic Repeat FNA or correlate with ultrasound if cystic 
nodule 

Thy2 Benign Clinical follow up with ultrasound

Thy3a Atypia of undetermined significance or follicular 
lesion of undetermined significance 

Repeat FNA after 3 months

Thy3f Follicular neoplasm or suspicious for follicular 
neoplasm 

Surgical consultation 

Thy4 Suspicious of malignancy Surgical consultation

Thy5 Diagnostic of malignancy Surgical consultation
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Table 2. Detailed fine needle aspiration cytology  and histopathological results 
of patients who underwent surgery (n=137 patients with 242 results). 

FNAC thy 
code

Histopathology result
Total 

numberBenign
n (%) 

Malignant
n (%)

Thy1 12 (85.7) 2 (14.3) 14 

Thy2 91 (84.3) 17 (15.7) 108

Thy3a 16 (44.4) 20 (55.6) 36

Thy3f 12 (80.0) 3 (20) 15

Thy4 1 (2.9) 34 (97.1) 35

Thy5 0 (0.0) 34 (100) 34

Total 132 (54.5) 110 (45.5) 242

Table 3. Final FNAC versus histopathology results.

Histopathology
Total

Benign Malignant

FNAC Benign 91 17 108

Malignant 1 69 70

Total 92 86 178

Table 4. Accuracy measures of FNAC compared to histopathology reports 
(n=178).

Percentage 95% CI

Sensitivity 80.2 70.3 - 88.0

Specificity 98.9 94.1 - 99.9

Positive predictive value 98.6 90.7 - 99.8

Negative predictive value 84.3 77.8 - 89.1

Positive likelihood ratio 73.8 10.5 - 590.9

Negative likelihood ratio 0.2 0.1 - 0.3

Total accuracy 89.9 84.5 - 93.9

thyroid cytology (TBSRTC) and the Italian reporting 
system for thyroid cytology (TIR1-TIR5).24,25 These clas-
sification systems are similar but use different terminol-
ogy.8 All include benign, malignant, suspicious for ma-
lignancy, indeterminate, and nondiagnostic categories. 
However, there are a few differences in the criteria used 
for classifying FNAC as indeterminate in each classifi-
cation system. The RCPath Thy3a category is similar 
to Category III (atypia of undetermined significance 
(AUS)/follicular lesion of undetermined significance 
(FLUS) of the Bethesda system. Thy3a differs partially 
from TIR 3A, which includes only architectural changes 
without atypias. In contrast, predominantly oncocytic 
aspirates would be categorized as Thy3f in the RCPath, 
and as TIR 3B in the Italian system. In addition, Thy2c 
and Thy1c of the RCPath terminology do not clearly 
appear in the Bethesda system. 

Although the FNAC is undoubtedly a useful diag-
nostic tool, it does have its limitations mainly due to 
sampling errors, large nodules, or misinterpretation of 
the cytological smear that lead to an increase in the 
false-negative rate (FNR) (patients with benign FNAC 
but histopathology after surgery shows a malignant le-
sion). FNRs are a serious concern as there is a possibil-
ity of missing malignant lesions, which would go un-
treated.26 Yet, it is difficult to determine the actual FNR 
due to only a low proportion (about 10-15%) of patients 
with benign cytology undergoing surgery.27 The FNR in 
our study was approximately 15.7%, which is well within 
the described numbers in the literature, which ranged 
between 1% and 50%.28-30 Others report FNR from 1.5% 
to 11.5% (average, <5%).30-32 This variation in FNR is in-
fluenced by the number of patients who subsequently 
have surgery and a histologic review. In most retrospec-
tive studies, less than 10% of patients with a benign 
FNAC subsequently proceeded for thyroid surgery.31,32 
Nodules with benign FNA need periodic follow-up with 
clinical examination and ultrasound to avoid missing 
malignant lesions in these nodules.29,30

The rate of unsatisfactory FNACs in our study was 
7.4%, and the rate reported in the literature ranges be-
tween 2% and 20%.18,33 Unsatisfactory FNA sampling 
could have occurred due to technical issues or may 
also result from aspiration of calcified nodules, sclerot-
ic areas, cystic nodules, or sold nodules with cystic de-
generation. The availability of technically sound expert 
physicians in FNAC and experienced cytopathologists 
is crucial to getting an optimal outcome. A repeated 
FNAC is recommended for unsatisfactory categories 
and clinically or sonographically worrisome thyroid 
nodules; repeat FNAC is diagnostic in 50% to 88% of 
cases.16,34-36

Our study findings indicate that the sensitivity of 
FNAC is 80%, and specificity is 98% among the Omani 
population. These results are comparable with other 
studies, which have reported a range of sensitivity from 
65% to 99% and specificity from 72% to 100%.37-41 This 
wide range of sensitivity and specificity is due to how 
the authors define the false-positive and false-negative 
results and categorize suspicious malignant lesions. 
Some studies include Thy3a and Thy3f in the malig-
nant category, while others categorize them in the 
negative group, whereas a few studies excluded them 
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Table 5. Comparison of the UK Royal College of Pathologists ‘Thy’ categories for reporting thyroid cytopathology 
(RCPath )  with other internationally used systems.

RCPath Bethesda Italian

Thy1. Non-diagnostic for cytological 
diagnosis

Thy1c. Non-diagnostic for cytological 
diagnosis–cystic lesion

I. Non-diagnostic or unsatisfactory TIR 1. Non-diagnostic

TIR 1c. Non-diagnostic–cystic

Thy2. Non-neoplastic

Thy2c. Non-neoplastic–cystic lesion

II. Benign TIR 2. Non-malignant

Thy3a. Neoplasm possible–atypia/non-
diagnostic

III. AUS/FLUS TIR 3A. LRIL

Thy3f. Neoplasm possible, suggesting 
follicular neoplasm

IV. Follicular neoplasm or suspicious 
for a follicular neoplasm

TIR 3B. HRIL

Thy4. Suspicious for malignancy V. Suspicious for malignancy TIR 4. Suspicious for malignancy

Thy5. Malignant VI. Malignant TIR 5. Malignant

AUS, atypia of undetermined significance; FLUS, follicular lesion of undetermined significance; HRIL, high-risk indeterminate lesion; LRIL, low-risk indeterminate 
lesion; RCPath, Royal College of Pathologists.

from the calculations.37-41 The main limitations of the 
study were the retrospective design and involvement 
of only a single center as well as the lack of  thyroid 
nodule sizes. 

In conclusion, our study findings confirmed that 
FNAC of the thyroid is a sensitive, specific, and ac-

curate initial tool for the diagnosis of thyroid lesions. 
Most of the FNACs were benign with a low malignancy 
rate. Due to the minimal chance of FNR and the slow-
growing nature of thyroid malignancy, it is important 
that patients with benign FNAC should have periodic 
clinical and radiological follow up.



original articleFINE NEEDLE ASPIRATION

ANN SAUDI MED 2022 JULY-AUGUST WWW.ANNSAUDIMED.NET 251

1. Hegedüs L. Clinical practice. The thy-
roid nodule. N Engl J Med. 2004 Oct 
21;351(17):1764-71. doi: 10.1056/NEJM-
cp031436.
2. Perros P, Boelaert K, Colley S, Evans C, 
Evans RM, Gerrard Ba G, et al; British Thy-
roid Association. Guidelines for the manage-
ment of thyroid cancer. Clin Endocrinol (Oxf). 
2014 Jul;81 Suppl 1:1-122. doi: 10.1111/
cen.12515.
3. Durante C, Costante G, Lucisano G, Bruno 
R, Meringolo D, Paciaroni A, et al. The natu-
ral history of benign thyroid nodules. JAMA. 
2015 Mar 3;313(9):926-35. doi: 10.1001/
jama.2015.0956. 
4. Smith TJ, Safaii H, Foster EA, Reinhold 
RB. Accuracy and cost-effectiveness of fine 
needle aspiration biopsy. Am J Surg. 1985 
Apr;149(4):540-5. doi: 10.1016/s0002-
9610(85)80053-2.
5. Diamantis A, Magiorkinis E, Koutselini H. 
Fine-needle aspiration (FNA) biopsy: his-
torical aspects. Folia Histochem Cytobiol. 
2009;47(2):191-7. doi: 10.2478/v10042-009-
0027-x.
6. Sakorafas GH. Thyroid nodules; interpre-
tation and importance of fine-needle aspira-
tion (FNA) for the clinician - practical consid-
erations. Surg Oncol. 2010 Dec;19(4):e130-9. 
doi: 10.1016/j.suronc.2010.06.003.
7. Lobo, C. et al. “The UK Royal College of 
Pathologists Thyroid Fine-Needle Aspiration 
Diagnostic Classification Is a Robust Tool for 
the Clinical Management of Abnormal Thy-
roid Nodules.” Acta Cytologica 55 (2011): 
499 - 506.
8. Poller DN, Baloch ZW, Fadda G, John-
son SJ, Bongiovanni M, Pontecorvi A, et al. 
Thyroid FNA: New classifications and new 
interpretations. Cancer Cytopathol. 2016 
Jul;124(7):457-66. doi: 10.1002/cncy.21703. 
Epub 2016 Feb 23.
9. Prades JM, Querat C, Dumollard JM, 
Richard C, Gavid M, Timoshenko AA, et al. 
Thyroid nodule surgery: predictive diagnos-
tic value of fine-needle aspiration cytology 
and frozen section. Eur Ann Otorhinolaryn-
gol Head Neck Dis. 2013 Sep;130(4):195-9. 
doi: 10.1016/j.anorl.2012.12.005. Epub 2013 
May 20.
10. Sharma C. Diagnostic accuracy of fine 
needle aspiration cytology of thyroid and 
evaluation of discordant cases. J Egypt 
Natl Canc Inst. 2015 Sep;27(3):147-53. doi: 
10.1016/j.jnci.2015.06.001. Epub 2015 Jul 14.
11. Al-Lawati NA, Shenoy SM, Al-Bahrani BJ, 
Al-Lawati JA. Increasing Thyroid Cancer Inci-
dence in Oman: A Joinpoint Trend Analysis. 
Oman Med J. 2020 Feb 18;35(1):e98. doi: 
10.5001/omj.2020.16. PMID: 32095279; PM-
CID: PMC7029156.
12. Hussain F, Iqbal S, Mehmood A, Ba-
zarbashi S, ElHassan T, Chaudhri N. Inci-
dence of thyroid cancer in the Kingdom of 
Saudi Arabia, 2000-2010. Hematol Oncol 
Stem Cell Ther. 2013 Jun;6(2):58-64. doi: 
10.1016/j.hemonc.2013.05.004. Epub 2013 
Jun 10. PMID: 23756719.
13. Radwan H, Hasan H, Ballout RA, Rizk R. 
The epidemiology of cancer in the United 
Arab Emirates: A systematic review. Medi-
cine (Baltimore). 2018 Dec;97(50):e13618. 

doi: 10.1097/MD.0000000000013618. 
Erratum in: Medicine (Baltimore). 2019 
Jan;98(2):e14220. PMID: 30558043; PMCID: 
PMC6320101.
14. Alwahaibi N, Alsalami J, Bai UR, Lakhta-
kia R. Accuracy of fine needle aspiration cy-
tology of thyroid lesion with corresponding 
histopathology: A single institutional experi-
ence. Thyroid Res Pract 2016;13:140-3. doi: 
10.4103/0973-0354.193136
15. Al-Yaarubi S, Farhan H, Al-Futaisi A, Al-
Qassabi S, Al-Rasadi K, Al-Riyami S, et al. 
Accuracy of ultrasound-guided fine-needle 
aspiration cytology for diagnosis of carci-
noma in patients with multinodular goiter. In-
dian J Endocrinol Metab. 2011 Jul;15(Suppl 
2):S132-5. doi: 10.4103/2230-8210.83352. 
16. Amrikachi Amrikachi M, Ramzy I, Ru-
benfeld S, Wheeler TM. Accuracy of fine-
needle aspiration of thyroid. Arch Pathol 
Lab Med. 2001 Apr;125(4):484-8. doi: 
10.5858/2001-125-0484-AOFNAO.
17. Piromalli D, Martelli G, Del Prato I, Col-
lini P, Pilotti S. The role of fine needle aspi-
ration in the diagnosis of thyroid nodules: 
analysis of 795 consecutive cases. J Surg 
Oncol. 1992 Aug;50(4):247-50. doi: 10.1002/
jso.2930500410.
18. Yang J, Schnadig V, Logrono R, Was-
serman PG. Fine-needle aspiration of thy-
roid nodules: a study of 4703 patients with 
histologic and clinical correlations. Cancer. 
2007 Oct 25;111(5):306-15. doi: 10.1002/
cncr.22955.
19. Bongiovanni M, Spitale A, Faquin WC, 
Mazzucchelli L, Baloch ZW. The Bethesda Sys-
tem for Reporting Thyroid Cytopathology: a 
meta-analysis. Acta Cytol. 2012;56(4):333-9. 
doi: 10.1159/000339959. Epub 2012 Jul 25. 
20. McHenry CR, Phitayakorn R. Follicu-
lar adenoma and carcinoma of the thyroid 
gland. Oncologist. 2011;16(5):585-93. doi: 
10.1634/theoncologist.2010-0405. Epub 
2011 Apr 11
21. Cheung CC, Carydis B, Ezzat S, Bedard 
YC, Asa SL. Analysis of ret/PTC gene rear-
rangements refines the fine needle aspira-
tion diagnosis of thyroid cancer. J Clin Endo-
crinol Metab. 2001 May;86(5):2187-90. doi: 
10.1210/jcem.86.5.7504.
22. British Thyroid Association. Guidelines 
for the management of thyroid cancer 
(3rd edition). Report of the Thyroid Cancer 
Guidelines Update Group. London: RCP, 
2014. www.british-thyroid-association.org/
Guidelines/Docs/BTA_DTC_guidlines.pdf 
(accessed January 2016). 
23. Cross P, Chandra A, Giles T, Johnson S, 
Kocjan G, Poller D et al. Guidance for the 
reporting of thyroid cytology (2nd edition). 
London, UK: The Royal College of Patholo-
gists, 2016
24. Baloch ZW, Cibas ES, Clark DP, Layfield 
LJ, Ljung B-M, Pitman MB et al. The National 
Cancer Institute Thyroid Fine Needle Aspira-
tion State of the Science Conference: a sum-
mation. Cytojournal 2008;5:6.
25. Nardi F, Basolo F, Crescenzi A, Fadda 
G, Frasoldati A, Orlandi F et al. Italian con-
sensus for the classification and reporting 
of thyroid cytology. J Endocrinol Invest 
2014;37:593–599.

26. Kantasueb SA, Sukpan KO, Mahanupab 
PO. The study of thyroid lesions and the cor-
relation between histological and cytological 
findings. Chiang Mai Med J 2010;49(3):105–
10.
27. Gharib H, Goellner JR. Fine-needle as-
piration biopsy of the thyroid: an appraisal. 
Ann Intern Med. 1993 Feb 15;118(4):282-9. 
doi: 10.7326/0003-4819-118-4-199302150-
00007.
28. Nggada HA, Musa AB, Gali BM, Khalil 
MI. Fine needle aspiration cytology of thy-
roid nodule(s); a Nigerian tertiary hospital 
experience. Internet J Pathol. 2006;5:1
29. Radetić M, Kralj Z, Padovan I. Reliability 
of aspiration biopsy in thyroid nodes: study 
of 2190 operated patients. Tumori. 1984 Jun 
30;70(3):271-6. PMID: 6740771.
30. Hamburger JI. Diagnosis of thyroid nod-
ules by fine-needle biopsy: use and abuse. J 
Clin Endocrinol Metab. 1994;79:335-9.
31. Giuffrida D, Gharib H. Controversies in 
the management of cold, hot, and occult 
thyroid nodules. Am J Med. 1995;99:642-50.
32. Caruso D, Mazzaferri EL. Fine needle as-
piration biopsy in the management of thyroid 
nodules. Endocrinologist. 1991;1:194-202.
33. Ravetto C, Colombo L, Dottorini ME. 
The usefulness of fine-needle aspiration in 
the diagnosis of thyroid carcinoma: a retro-
spective study in 37,895 patients. Cancer. 
2000;90:357-363.
34. Yassa L, Cibas ES, Benson CB, et al. 
Long-term assessment of a multidisciplinary 
approach to thyroid nodule diagnostic evalu-
ation. Cancer. 2007;111:508-516.
35. Goellner JR, Gharib H, Grant CS, et al. 
Fine-needle aspiration cytology of the thy-
roid, 1980 to 1986. Acta Cytol. 1987;31:587-
590.
36. Van Hoeven KH, Gupta PK, LiVolsi 
VA. Value of repeat fine-needle aspiration 
(FNA) of the thyroid [abstract]. Mod Pathol. 
1994;7:43A.
37. Muratli A, Erdogan N, Sevim S, Unal 
I, Akyuz S. Diagnostic efficacy and impor-
tance of fine-needle aspiration cytology of 
thyroid nodules. J Cytol. 2014 Apr;31(2):73-
8. doi: 10.4103/0970-9371.138666. PMID: 
25210233; PMCID: PMC4159900.
38. Heydar Ali Esmaili, Hassan Taghipour, 
“Fine-Needle Aspiration in the Diagnosis of 
Thyroid Diseases: An Appraisal in Our Insti-
tution”, International Scholarly Research No-
tices, vol. 2012, Article ID 912728, 4 pages, 
2012. https://doi.org/10.5402/2012/912728
39. Gunaratne SA, Wijesinghe HKSN, 
Wijesinghe CJ et al. Comparison on fine nee-
dle aspiration cytology (FNAC) and thyroid 
ultrasonography in management of thyroid 
nodules. Int Clin Pathol J. 2017;5(2):205–
209. DOI: 10.15406/icpjl.2017.05.00124
40. Afroze N, Kayani N, Hasan SH. Role of 
fine needle aspiration cytology in the di-
agnosis of palpable thyroid lesions. Indian 
J Pathol Microbiol. 2002 Jul;45(3):241-6. 
PMID: 12785159.
41. Safirullah, N. Mumtaz, and A. Khan, “Role 
of fine-needle aspiration cytology (FNAC) in 
the diagnosis of Thyroid swellings,” Journal 
of PostgraduateMedical Institute, 2004,vol. 
18, no.2,pp. 196–201,

REFERENCES


