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Abstract. 
Objective and Aims. In the last two decades, fine-needle aspiration cytology (FNAC) of thyroid has been introduced as the most reliable and cost-effective method for diagnosing of clinically important thyroid disorders. The aim of our study was to determine the accuracy and reliability of FNAC in our center. Materials and Methods. Thyroid fine-needle aspiration cytology (FNAC) of 1639 patients from October 2007 to September 2011 was evaluated in our center. Only patients which had a solitary or multiple thyroid nodules were selected for FNA. The FNAC results are classified as benign, malignant, suspicious, and unsatisfactory. From above patients, 192 (11.7%) cases underwent surgery, and histopathologic examination was performed. By comparing the FNAC reports with the corresponding histopathologic results, the accuracy of thyroid FNAC was determined. Results. According to FNAC diagnostic criteria, there were 1054 (64.3%) benign cases, 128 (7.8%) malignant, 306 (18.66%) suspicious and 151 (9.2%) inadequate for diagnosis. In 192 cases, which underwent surgery, FNAC reports were compared with histopathologic results and statistical indices were calculated. The sensitivity, specificity, and accuracy were 91.6%, 100%, and 97%, respectively. These findings strongly support that FNAC as a useful technic for preoperative diagnosis of thyroid lesions. Conclusion. This technique is easy to perform, cost effective, minimally invasive with few complications. FNAC has high sensitivity in diagnosis of thyroid malignancy and also has high diagnostic accuracy in the evaluation of thyroid disorders.
 

1. Introduction
During the last two decades, FNAC has emerged as the most reliable and cost-effective method in the diagnosis and management of clinically important thyroid disorders. 
Thyroid nodules are very frequent and it is estimated that 4–7% of adults have palpable enlargement of thyroid and ten times more have impalpable nodules [1, 2]. Thyroid nodules are more frequent among females, elderly people, history of irradiation to the head and neck, and a diet containing high amount of goitrogenes [1]. Most of the thyroid nodules are benign and fewer than 5% of them are actually malignant [2–4].
The high frequency of benign versus malignant nodules creates a dilemma; how to manage patients with thyroid nodules that most probably are benign. To overcome this dilemma, thyroid nodules in FNAC are classified as benign, malignant, suspicious, and insufficient for diagnosis. By considering this classification, clinicians will be able to decide if the thyroid nodule should be removed by surgery or not [2]. In fact, introduction of FNAC into the field of thyroid diagnostic tests has reduced thyroid surgeries considerably. 
Studies show that 2–15% of FNAC are insufficient, 50–70% benign, 15–30% suspicious and 5–10% are malignant [5–8]. Differences in frequency rates are mainly related to study population, aspirators skills, interpreting pathologist’s experience, and the difficulty in distinguishing some benign cellular adenomas from their malignant counterparts [9–11].
The aim of our study was to determine the frequency rates of four cytological diagnostic categories and also estimation of FNA accuracy in the diagnosis of thyroid nodules.
2. Material and Methods
From October 2007 to September 2011, 1639 patients with single or multiple thyroid nodules diagnosed on physical examination and/or sonographic or radioisotopic imaging, underwent fine-needle aspiration with 23-gauage needle and 10-mL syringe. All aspirations were done by one person. For every patient at least three and maximum five separate needles were used, and at least one smear for fixation in 95% alcohol and one air dried smear from each needle was prepared. Smears were stained by papanicolaous  and Giemas methods. Smears with at least twelve follicular cell groups with more than ten preserved follicular cells in each group were considered as sufficient [2]. 
All of smears were evaluated by one pathologist and FNAC results were classified into 4 groups: benign, suspicious, malignant, and unsatisfactory or insufficient for diagnosis. Smears classified as “benign” included adenomatous (colloid) nodule, Hashimoto’s and subacute thyroiditis and other types of thyroiditis. The “suspicious” category included follicular neoplasm, Hurthle cell tumor, and aspirates with atypical features suggestive of, but not diagnostic for malignancy. The smears with cytologic findings of primary or secondary malignancy were classified in the “malignant” category. Smears with insufficient cellularity or poor quality due to delayed or improper fixation and aspirates consisting only cyst fluid were considered “unsatisfactory” or “insufficient for diagnosis” [1, 2].
From above patients, 192 (11.7%) cases underwent surgery and histopathologic examination was performed. FNAC reports were compared with the histopathologic results to determine the accuracy of thyroid FNAC. Based on histopathologic confirmation, true positive (TP) and true negative (TN) determined and sensitivity, specificity, PPV and NPV were calculated. The suspicious and inadequate groups were excluded in these calculations, because these groups give no definite information.
3. Results
Of the total of 1639 aspirates, 151 (9.2%) cases were unsatisfactory, the remaining 1488 cases were classified as follows: 1054 (64.3%) benign, 128 (7.8%) malignant, and 306 (18.66%) suspicious.
Benign lesions included 996 (94.4%) cases of multinodular goiter, 55 (5.2%) cases of Hashimoto’s and Chronic non-specific lymphocytic thyroiditis, 2 (0.2%) cases of Dequervain’s subacute thyroiditis, and one (0.1%) case of Riedel's throiditis. 
Ninety six (96) cases of benign category underwent surgery due to massive enlargement of thyroid and histopathologic examination was performed. The FNAC reports were confirmed in 92 (95.8 %) cases by histopathologic examination, in remaining 4 patients FNAC reports were not confirmed, 3 cases had papillary carcinoma, and one of them had follicular carcinoma in histopathologic examination. Therefore, in benign category, we had 92 true negative and 4 false negative results.
From 128 malignant lesions, papillary carcinoma was diagnosed in 85 (66.4%) cases, follicular carcinoma in 14 (10.9%), medullary carcinoma in 13 (10.1%), undifferentiated carcinoma in 14 (10.9%), non-Hodgkin lymphoma with large cells in 1 case (0.78%), and finally metastatic carcinoma from kidney was diagnosed in 1 (0.78%) case.
Forty four (44) cases of patients of this category underwent surgery in our center, and the rest of patients did not accept surgery or treated in other centers and some of them had medical contraindications for surgery. On histologic examination, 32 cases were diagnosed papillary carcinoma, 6 cases had follicular carcinoma, 5 cases had medullary carcinoma and one of them was diagnosed as NHL. The cytopathologic diagnoses were confirmed by histopathologic examination in all of 44 cases which underwent surgery. Therefore, we had 44 true positive and 0 false positive in malignant group.
Of the 306 cases with suspicious results, ten cases suspected to have hurtle cell neoplasm, 4 cases suspected to have cystic papillary carcinoma, and the remainder were follicular neoplasms that could not be differentiated from nodular hyperplasia. From this category, 52 patients underwent surgery in our center. For 24 cases, the suspicious were ruled out. The remaining 28 cases included as 23 cases of follicular adenoma, 3 cases of follicular carcinoma, and 2 cases of papillary carcinoma. This group was not included in determining of FNAC accuracy.    
Based on the above data, comparing of FNAC results with the corresponding histopathological findings yielded a sensitivity of 91.6%, specificity of 100%, positive predictive value of 100% and negative predictive value of 95.8% with diagnostic accuracy of 97%. The results are summarized in Tables 1 and 2.
Table 1: FNAC results.
	

	Benign	Num	Malignant	Num	suspicious	Num
	

	Multi nodular goiter	996	Papillary ca. 	85	Hurtle cell neoplasm	10
	Hashimoto and NSLT 	55	Follicular ca.	14	Cystic papillary ca.	4
	De quervain thyroiditis	2	Medullary ca.	13	Follicular neoplasm	292
	Reidel thyroiditis	1	Other malignancies	16	 	 
	

	Total	1054	 	128	 	306
	



Table 2: FNAC and histopathologic results.
	

	FNAC diagnosis	Number of specimens	Number of patients with histologic diagnosis	Histopathologic diagnosis
	Benign (non neoplastic)	Malignant	Adenoma
	

	Benign	1054	96	92 (TN)	4 (FN)	0
	Suspicious*	306	52	24	5	23
	Malignant	128	44	0 (FP)	44 (TP)	0
	Inadequate	151	—	 	 	 
	

	Total	1639	192	 	 	 
	



              *The suspicious group is not included in determining the statistical indices.


4. Discussion
As mentioned before, many studies show that 2–15% of FNAC are unsatisfactory, 50–70% benign, 15–30% suspicious, and 5–10% are malignant.
Our study in 1639 FNACs, showed 9.2% unsatisfactory, 64.3% benign, 18.66% suspicious, and 7.8% malignant. Our results are in the ranges reported by others.
In our study, 96 cases of benign category underwent surgery and 4 of them had malignancy on histopathologic examination (3 papillary ca. and one follicular ca.). Further evaluations revealed these 4 cases had massive enlargement of thyroid with small foci of malignancy, besides 3 cases of papillary carcinoma were elderly patients with sclerotic pattern. Therefore, false-negative FNAC results occurred in 4 (2.08%) of our cases. This is also consistent with recent reports that suggest a false negative rate of 2% to 7% [12–14].
The false-negative FNAC results may occur because of sampling error or misinterpretation of cytology. However, it is difficult to estimate the true frequency of false-negative results because only small percentages (about 10%) of patients with benign cytological findings undergo surgery [11]. Because the false-negative rate for cytologically benign thyroid nodules is as high as 7%, in order to prevent potential miss of malignant lesions, careful clinical followup of these nodules is required. Nodules with benign FNA results can be followed by physical examination and ultrasound [15, 16].
One of the important limitations of FNAC is its inability to differentiate follicular hyperplastic nodules and follicular adenomas from well-differentiated follicular carcinoma, which causes a high incidence of “suspicious” category in all studies [17, 18]. Recent studies have demonstrated that the application of molecular-based techniques such as analysis for BRAF and RAS gene mutations and RT-PCR for RET/PTC gene rearrangements is very helpful and improve the differentiation of malignant lesions from their benign counterparts among the patients of “suspicious” category [19, 20].
Papillary carcinoma is the most common type in our study, and from 37 histologically confirmed papillary carcinoma, 32 (86.48%) cases had a cytologic diagnosis of malignancy,      2 (5.4%) cases were classified as suspicious, and  3 (8.1%) of them were diagnosed as benign (Table 3). 
Table 3: Distribution of malignant cases among four FNAC categories.
	

	Cytologic diagnosis	Histologic typing
	Papillary ca.	Follicular ca.	Medullary ca.	Other malignancy	Total
	

	Benign	3	1	—	—	4
	Suspicious	2	3	—	—	5
	Malignant	32	6	5	1	44
	Inadequate	—	—	—	—	—
	

	Total	37	10	5	1	53
	



The sensitivity of thyroid FNAC ranges from 65% to 99% and its specificity from 72% to 100% [21–25]. In our study, the sensitivity and specificity were 91.6% and 100%, respectively. The statistical indices of FNAC in our study are within the ranges reported by others. The main reason for such a wide range of sensitivity and specificity is how pathologists handle the category of “suspicious” and how they define the false-positive and false-negative results. Some authors include follicular lesion in the malignant/neoplastic category. Others categorize them in the negative group, whereas some exclude them from the calculations [21–25].
There were 151 (9.2%) inadequate cases in our series. Inadequate FNA specimen could be resulted from technical problems, aspiration of sclerotic or calcified nodules, and also nodules with large areas of cystic degeneration or necrosis. The application of ultrasound-guided FNA biopsy improved specimen acquisition and reduced the rate of inadequate specimens, especially in patients with small thyroid nodules [26].
Finally, it is usefull to remind that there are different classification systems for thyroid FNA reporting. Systems range from three to six or more diagnostic categories. The system currently and most commonly used (Bethesda System) contains six categories as follows: benign, lesion (atypia) of undetermined significance, follicular neoplasm, suspicious for malignancy, malignant, and nondiagnostic [27–29]. The classification system used in this article contains four diagnostic categories: benign, suspicious, malignant, and insufficient [2].
5. Conclusion
The results of our study and the results reported by similar studies confirm that the FNAC of thyroid is highly accurate and has a low rate of false-negative and false-positive diagnoses. This technique is easy to perform, cost effective, minimally invasive with few complications. FNA helps reduce the cost of care and avoidance of unnecessary surgery in patients with benign lesions, thereby improving the overall quality of life for patients with thyroid nodules.Because of false-negative results, it is important that patients with benign cytologic findings should have close clinical followup.
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