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1. Introduction  

Thyroid nodules are common in the general population. The prevalence of palpable 

thyroid nodules among adults is between 4-7%1. Ultrasound screening increases the 

prevalence ten times1. Most of these non-palpable thyroid nodules are benign and it is not 

necessary or practical to surgically excise all of them for histopathological analysis2.  

 

Although the mechanism underlying thyroid nodule formation is not well understood, 

they are more common in women,  in those who are exposed to ionising radiation and in 

people living in areas endemic  for iodine deficiency3. The presence of any thyroid nodule 

raises the question of malignancy especially because of a marked rise in incidence of thyroid 

cancer over the past 10-20 years4–6. In the assessment of thyroid nodules, clinical evaluation 

plays a critical role in assessing the risk of malignancy, however clinical parameters are 

subjective and depend on the clinicians experience7. 

 

Fine needle aspiration cytology (FNAC) was first described in 19488 but it emerged 

as an important diagnostic test only after the pioneering work done by Lowhagen et al of 

Karolinska Institute, Sweden in the late seventies9. FNAC has revolutionised the management 

of thyroid nodules, providing an extremely safe, simple, quick and cost effective method for 

detecting malignancy10. Since only around 5-10% of thyroid nodules are malignant, excision 

of all nodules without a preoperative diagnostic assessment is not cost effective or practical 

and largely unnecessary.  

 

Although FNAC is very simple, it requires a dedicated, multidisciplinary team to get the 

best results. Moreover it gives inadequate information in approximately 25% of cases 
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because of insufficient cellular yield and it is also difficult to differentiate between an 

adenoma and carcinoma on FNAC as capsular and vascular invasion cannot be assessed. 

FNAC is commonly done by palpatory method but this approach has various limitations 

including, difficulty in sampling nodules that are small, indistinct, predominately cystic, 

posterior in location and difficulty in selecting the suspicious nodule within a multinodular 

goitre. 

 

Ultrasound helps to identify which nodule is to be biopsied, and in mixed lesions, solid 

areas can be sampled with ultrasound guidance. Ultrasound guided fine needle aspiration 

cytology (US-FNAC) helps in decreasing the inadequacy rate and also increases the 

specificity of the test. 
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2. Background 

 

FNAC was introduced in this institution in the late 1980’s. Initially it was done by the 

pathologist, but later due to logistical constraints the procedure was shifted to the surgical 

outpatient department after a few years and is currently being done by the General surgery 

residents. A study done in this institution on thyroid FNAC’s in 2001, showed the inadequacy 

rate to be 41.2%, and recent two studies done in 2014 showed it to be 30-41%, which is much 

higher than the accepted international norms. 

 

In a study done in CMC in 2011, the sensitivity and specificity of FNAC was 73 and 

62% respectively. Such low sensitivity and specificity makes it difficult for the clinician to 

make a sound judgment, resulting in patients undergoing unnecessary thyroid operations. 

 

Hence we propose to study the use of ultrasound to guide fine needle aspiration 

cytology (US-FNAC) of palpable thyroid nodules in the Outpatient Department, involving a 

dedicated team from multiple specialities to improve the adequacy and accuracy of FNAC. It 

will be done in the presence of the surgeon, radiologist and cytotechnician, and all slides 

would be reported by a dedicated cytopathologist. 
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3. Aim and Objectives 

Aim: To study the effect of ultrasound guidance on the performance of Fine 

Needle Aspiration Cytology. 

 

Objectives: 

a) To determine the adequacy of ultrasound guided fine needle aspiration cytology 

(US-FNAC) samples from palpable thyroid nodules. 

  

b) To assess the accuracy of fine needle aspiration cytology with histopathology as 

the gold standard for those who had subsequent thyroid surgery. 
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4. Literature Review 

 

Clinical evaluation of thyroid nodules 

The examination of a thyroid nodule involves assessment in the following parameters 

a. Clinical examination 

b. Functional assessment: TSH, Nuclear scan (if the TSH is abnormal) 

c. Radiological examination: 

i. Ultrasound of neck 

d. Pathological examination 

i. FNAC/ Core biopsy 

 

History and clinical examination 

 

Most thyroid nodules are asymptomatic, detected by the patient or during clinical 

examination by the physician. In symptomatic patients, history of compressive symptoms like 

choking, hoarseness of voice, dyspnoea, cough, dysphagia and symptoms of hyperthyroidism 

or hypothyroidism should be elicited. Recent onset of rapid growth, dysphagia and 

hoarseness are associated with thyroid cancer. Family history of thyroid disease or cancer and 

previous head and neck irradiation increase the risk of thyroid cancer. Syndromes which are 

associated with thyroid cancer are Multiple Endocrine Neoplasia (MEN 1)  and MEN 211, 

Familial non-MEN medullary carcinomas, Cowden’s syndrome, Gardner’s syndrome and 

Carney’s complex,  
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Clinical features which predict malignancy in a thyroid nodule are12 

High degree of suspicion  

 Family history of multiple endocrine neoplasia or thyroid cancer 

 Recent increase in the size of the thyroid 

 A hard and fixed thyroid nodule 

 Recent change in voice 

 Paralysis of vocal cords 

 Regional lymphadenopathy 

 Distant metastases 

Moderate suspicion 

 Age of either <20 years or >70 years 

 Sex: Male 

 Past history of radiation to the neck 

 >4 cm nodule 

 Compressive symptoms like dysphagia, cough and dyspnoea 
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Fine needle aspiration cytology (FNAC) 

 

Historical aspects 

 

Although FNAC was first described in 19488, it emerged as an important diagnostic 

test only after the pioneering work done by Lowhagen et al of Karolinska Institute, Sweden in 

the late seventies9. Routine use of FNAC has changed the management of thyroid nodules by 

sparing unnecessary operation for benign lesions and reducing cost of care. 

 

Most thyroid cancers are diagnosed by FNAC, and it is the investigation of choice for 

evaluating a thyroid nodule. The American Thyroid Association  recommends FNAC for all 

palpable thyroid nodules and nodules with suspicious features13. Management of thyroid 

nodules depends to a large extent on the FNAC reports14.  Fine needle aspiration cytology 

FNAC should be performed in any firm, palpable, solitary nodule or nodule associated with 

worrisome clinical features (rapid growth, invasion to adjacent tissues, new hoarseness, or 

palpable lymphadenopathy)15. 

 

In the early days of its development, there was no consensus on reporting thyroid 

FNACs. Thyroid FNAC results were divided into two to five categories16–19. But the three 

major international nomenclatures followed in the world for reporting thyroid cytopathology, 

include, the British Thyroid Association and Royal College of Pathologists (Thy), the Italian 

Consensus (TIR) and the Bethesda System for Reporting Thyroid Cytopathology 

 

The British Thyroid Association and Royal College of Physicians  proposed a five tier 

terminology in 200220. The five tier system consists of 
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a. Thy1 (non-diagnostic/ inadequate) 

b. Thy2 (benign/non-neoplastic): Features consistent with a colloid nodule, nodular 

goiter, cystic goiter or thyroiditis. 

c. Thy3 (follicular lesions)  

d. Thy4 (suspicious of malignancy)  

e. Thy5 (diagnostic of malignancy). 

 

The Italian system of classification Italian Society of Pathology and Cytopathology–

Italian Section of the Italian Academy of Pathology has the following divisions 

a. Tir 1 (Non-diagnostic) 

b. Tir 2 (Negative for malignant cells) 

c. Tir 3 {Indeterminate (follicular proliferation)} 

d. Tir 4 (Suspicious for malignancy) 

e. Tir 5 (Malignancy) 

 

After the advent of the Bethesda guidelines, the British and Italian groups divided the 

Thy 3 and Tir 3 into 3a and 3b, which is similar to ‘atypia of undetermined significance’ and 

‘follicular neoplasm’ respectively for making it comparable to the internationally followed 

Bethesda system. The Bethesda System for Reporting Thyroid Cytopathology21 was first 

described in 2007 in a conference held at the National Institutes of Health in Bethesda, 

Maryland. This system divided FNAC reports into 6 categories (table: 1). 

 

The meeting was organised by Andrea Abati, MD, and took place on 22nd and 23rd 

October 2007, in Bethesda. Preparations for the conference began one-and-a-half years 

earlier with the designation of a steering committee, coordination with co-sponsoring 
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organisations, and the establishment of a dedicated, permanent web site. Literature reviews 

were performed dating back to 1995, using PubMed as the search engine. The conference was 

attended by 154 professionals from various departments like Pathology, Endocrinology, 

Surgery, and Radiology. The conference helped in giving an in-depth opportunity to present 

their conclusions and debate controversial areas21. 

 

The Bethesda system for reporting thyroid cytopathology (TBSRTC) was created in 

January 2010.The Bethesda system  for reporting thyroid cytopathology have made the 

reports succinct, unambiguous and clinically helpful21. This uniform reporting system has 

helped us predicting the prognosis of thyroid nodules by estimating the malignant potential of 

individual category.  
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Table 1The Bethesda System for Reporting Thyroid Cytopathology: Implied Risk of 

Malignancy and Recommended Clinical Management 21 

 

 

 

Non-diagnostic or Unsatisfactory 

 

The specimens are called non-diagnostic if there is lots of obscuring blood, overly thick 

smears, air-drying of alcohol-fixed smears, or an inadequate number of follicular cells. For a 

satisfactory FNAC (and benign), a minimum of 6 groups of benign follicular cells are 

required, with each group composed of at least 10 cells22.  

 

Exceptions to this are 

• If a sample has abundant colloid it is considered adequate (and benign). 

Diagnostic category Category Risk of Malignancy 
(%) 

Usual Management 

Non-diagnostic or 
Unsatisfactory 

1-4 Repeat FNA with ultrasound 
guidance 

Benign 0-3 Clinical follow-up 
Atypia of Undetermined 

Significance or Follicular Lesion 
of undetermined significance 

~5-15 Repeat FNA 

Follicular Neoplasm or 
Suspicious for a Follicular 

Neoplasm 

15-30 Surgical lobectomy 

Suspicious for Malignancy 60-75 Near-total thyroidectomy or 
surgical 

lobectomy 
 

Malignant 97-99 Near-total thyroidectomy 
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• Sparsely cellular specimen (without 6 groups of cells) but with abundant colloid and 

macrophages is benign.  

 

Non-diagnostic results occur in 2% to 20% of cases but should be limited to less than 

10% of thyroid FNACs14.  Few FNACs have cystic fluid alone and these should be correlated 

with the ultrasound findings. If the USG looks suspicious then a repeat FNAC under USG 

guidance is advised to rule out cystic papillary carcinoma of thyroid. In a study done by 

Grant et al, who analysed the cystic nodules separately the risk of malignancy was  only 

4%22.  

 

A repeat aspiration under ultrasound guidance is advised for non-diagnostic thyroid 

nodules and if it is persistently non- diagnostic,a diagnostic thyroidectomy is performed, as 

10% of them can have an underlying malignancy23. 

 

 

Benign  

 

The benign FNAC enables the surgeon to make a diagnosis of a benign lesion as 

correctly as possible thus avoiding the need of an unwanted surgery.  A “benign” diagnosis is 

seen in about 60% or 70% of FNACs from the thyroid gland. A benign interpretation carries 

a low risk of being falsely negative (0% to 3%), but during follow up if the nodule shows 

rapid growth or any “suspicious” change on ultrasonography, then a repeat FNA is 

considered. 
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Atypia of Undetermined Significance (AUS) / Follicular Lesion of Undetermined 

Significance (FLUS) 

 

Some aspirates may not be classified with ease into the categories of benign, suspicious 

or malignant. The common scenarios are outlined here 

• Predominance of microfollicles or Hurthle cells in a sparsely cellular aspirate with 

scant colloid.  

• Assessment of atypical cells is hindered by clotting or air drying artefacts. 

• Predominance of Hurthle cells in a clinical setting of benign Hurthle cell nodule or 

benign multinodular goitre. 

• Predominantly benign appearing nodule with few cyst lining cells which may appear 

atypical with nuclear groove or intranuclear cytoplasmic inclusions21.  

 

An AUS result is obtained in 3% to 6% of thyroid FNACs23.The risk for malignancy for a 

nodule that has been labelled as AUS is very tough to establish, as only a small proportion of 

patients in this group have had surgery. The risk of malignancy described is low and probably 

between 5% to 15%, but a recent study shows a malignancy rate of 26.6-37.8%24. 

 

 
Follicular Neoplasm / Suspicious for a Follicular Neoplasm 

 

These smears typically have high cellularity, and colloid is scant or absent. The 

characteristic of this category is an altered cytoarchitecture i.e. the follicular cells are 

arranged predominantly in microfollicular or trabecular arrangements. The majority of 

nodules reported ‘follicular neoplasms’ or ‘suspicious of follicular neoplasm’ cases turn out 
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as follicular adenomas or as adenomatoid nodules of a multi nodular goitre. Of those that are 

proven to be malignant, many are follicular carcinomas. However a significant proportion of 

these are follicular variants of papillary carcinoma (FVPTC)25. About 15% to 30% of cases 

turn out to be malignant. 

 

 

Suspicious for Malignancy 

 

If the FNAC smears have only 1 or 2 characteristics of papillary carcinoma (PTC) or 

they are only focal, or if the sample is sparsely cellular, but with definite atypical features, a 

diagnosis of malignancy cannot be made with certainty. These cases are classified as 

suspicious for malignancy. Many of these (60%-75%) prove to be papillary carcinomas and 

the rest are usually follicular adenomas26. 

 

 

 
Malignant 

 

This category of diagnosis is usually used when the cytological and architectural 

features are diagnostic of malignancy. About 3% to 7% of FNACs have these confirmative 

features of cancer and these are mostly papillary cancers; the others being medullary thyroid 

carcinomas (MTC), poorly differentiated thyroid carcinomas (PDTC), anaplastic carcinomas, 

non-Hodgkin’s lymphomas, and metastatic tumours. 
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Ultrasound guided fine needle aspiration cytology (US-FNAC) 

 

FNAC is commonly done by the palpatory method. This approach has various 

limitations, including difficulty in sampling nodules that are small, indistinct, predominantly 

cystic, and posterior in location, or deep. The accuracy and adequacy of FNAC also depends 

on the experience of the person using this technique. All of these factors are causes for a non-

diagnostic FNAC.  Several ways to minimise the inadequacy rate have been described by 

American Association of Clinical Endocrinologists, Associazione Medici Endocrinologi, and 

European Thyroid Association Medical Guidelines for Clinical Practice for the Diagnosis and 

Management of Thyroid Nodules. 

 

Ways to Minimise False-Negative Results27 

 

• Use ultrasound-guided fine-needle aspiration (US-FNAC). 

• Perform multiple punctures of the nodule so that several areas are sampled. 

• Consider repeated US-FNAC for follow-up of benign nodules. 

• For multiple nodules, prioritise the nodule to biopsy according to ultrasonographic 

findings. 

• For cystic lesions, sample solid areas with US-FNAC and submit cyst fluid for 

examination. 

• Obtain at least 6 properly prepared thin cell smears. 

• Use immediate wet fixation for Papanicolaou staining technique. 

• Review slides with an experienced cytopathologist. 
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Considering these issues, US-FNAC has emerged as a reasonable alternative to a 

palpatory FNAC (P-FNAC), as it reduces the sample inadequacy rate and the need for repeat 

biopsies. 

 

In a study published by Rachel Redman, Hillary Zalaznick, Ernest L. Mazzaferri et al 

(2006) who retrospectively analysed 693 thyroid FNAC specimens obtained with and without  

ultrasound guidance and with or without onsite cytology assessment concluded that US-

guided FNAC, with onsite evaluation of cytology specimens substantially increases the 

adequacy of  cytology specimens and decreases the number of required needle passes, which 

ultimately  reduces patient discomfort and diagnostic errors, thus raising the question as to 

whether this  should eventually become the standard of care28. 

 

In a study published by Izquierdo R et al (2006), the authors compared the efficacy of 

Ultrasound guided fine-needle aspiration cytology of thyroid nodules with that of palpation 

guided fine needle aspiration. The accuracy rate of P-FNAC in this study was 60.9%, 

whereas that of US-FNAC was 80%. They concluded that US-FNAC improved the cytologic 

diagnostic accuracy, sensitivity, and positive predictive value and reduced the false-negative 

rate in comparison with P-FNAC29. 

. 

In a review article by Baskin HJ, it is mentioned that real-time ultrasound guidance 

has technically refined the FNAC technique by decreasing the number of inadequate biopsy 

specimens and increasing both the specificity and the sensitivity of this procedure. In addition 

to being cost-effective, well tolerated, and expedient, US-FNAC has emerged as the most 

accurate method for evaluation of thyroid nodules30. 
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Several other studies in which the surgeon has performed US-FNAC also stressed the 

importance of guided FNAC and the need for onsite evaluation by the cytopathologist31–33. 

 

Sampling techniques in ultrasound-guided fine-needle aspiration22 

Major sampling techniques in US-FNAC are 

1. Capillary sampling  

2. Aspiration sampling 

3. Mixed sampling (initial capillary sampling and progressive aspiration sampling 

based on the degree of the aspirate)21 

 

Technique of ultrasound guided-fine needle aspiration cytology 

 

FNAC is preferably carried out in an outpatient setting. The patient is explained about the 

procedure and is then invited to assume a recumbent position with a pillow under the neck 

muscles. 

 

Thyroid nodules are identified by palpation and the ultrasound is done to identify the 

most suspicious nodule. The needle is then inserted into the nodule under the guidance of the 

ultrasound and moved back and forth while maintaining a slight aspiration. The aspiration is 

released when the aspirated material appears in the needle hub and just before withdrawing 

the needle, in order to avoid contaminating the sample with material coming from the needle 

tract. 

 

Some operators use a “no aspiration” technique. In this a 24-guage needle is used. After 

inserting the needle, it is moved back and forth, and at the same time it is rotated with the 
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operator’s fingers. Needle is also angulated in all directions during this motion. This 

technique reduces the incidence of bloody aspirates36. 

 

23-25-gauge needle is generally used for US-FNAC of thyroid nodules. Comparative 

studies of FNA with and without aspiration have indicated that there is no significant 

statistical difference between these two techniques. Capillary technique is recommended for 

highly vascularised thyroid nodules to minimize the bloody aspirate. Hence, a combination of 

capillary and aspiration techniques should be used appropriately to get adequate samples. 

 

Local anaesthesia can be used for sensitive patients and difficult nodules which might 

need multiple attempts. Approximately 0.5 ml of 1% lidocaine or lidocaine 2% with 

1:100,000 epinephrine can be used. 

 

 

Staining techniques  

 

Papanicolau (PAP) and May-Grunwald-Giemsa (MGG) are the two most commonly 

used staining techniques. With Papanicolau method details of nuclear chromatin including the 

ground glass nuclei and the nuclear grooves characteristics of papillary cancer are better seen. 

Colloid is also better evidenced with this method. On the other hand, cytoplasmic details and  

lymphoid cells are better recognized with May-Grunwald-Giemsa staining37. 

 

The Diff-Quick staining for rapid assessment of sample adequacy is used in many 

centres. The aspiration can be repeated if the smears are judged poor or inadequate, thus 

reducing to a minimum the proportion of inadequate sampling. 
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Onsite adequacy  

 

It is a method of assessing the adequacy of FNAC specimen during aspiration. Some 

centres perform routine onsite assessment of specimen adequacy at the time of aspiration28. 

Immediate re-aspiration can be done if the specimen is inadequate. Most studies show that 

onsite adequacy assessment reduces the number of inadequate FNAC samples38. This service 

is provided either by a cytopathologist or a cytotechnician. A few studies show onsite 

adequacy assessment by cytotechnologists and cytopathologists as broadly similar. In one 

study, 93% of FNAC aspirates were judged correctly as adequate by a cytotechnologist as 

compared with 97% by a cytopathologist28. In a recent meta-analysis assessing whether the 

rapid onsite assessment by a cytopathologists or a cytotechnician will improve the adequacy 

of FNAC, concluded that sites with lower initial adequacy rates benefit the most from the 

implementation of onsite assessment39. 

 

Complications of US-FNAC 

 

FNAC has no major complications and the minor complications encountered can be 

1. Subcutaneous hematoma 

2. Limited intranodular bleeding 

3. Local pain occasionally 

4. Rarely, aspiration of a cystic lesion may favour acute inflammation 

5. It can cause transient paralysis of the vocal cords in very rare cases40. 

 

 



28 
 

Molecular markers in FNAC of thyroid 

 

Testing FNA samples “for a panel of mutations which includes BRAF, RAS, 

RET/PTC, and PAX8/ PPARγ” can help in improving the diagnostic accuracy of FNAC. 

These mutations are associated with malignancy in thyroid nodules and might help to refine 

clinical management for a significant proportion of patients with indeterminate cytology. The 

“Revised Management Guidelines for Patients with Thyroid Nodules and Differentiated 

Thyroid Cancer, recently” published by ATA recommends “the use of molecular markers, as 

BRAF, RAS, RET/PTC, and PAX8/PPARγ, for patients with indeterminate FNAC to help 

guide management”. The knowledge of these molecular pathways has permitted the 

development of new targeted therapies for aggressive thyroid cancer41. 
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Ultrasonography 

 

Ultrasound is the investigation of choice for evaluation of thyroid nodule. Was first 

used in 1970 to image the thyroid gland, since than it is universally accepted for palpable 

thyroid abnormlities42. This imaging modality is portable, economical and easy to learn. The 

physician should not be intimidated as it is user- friendly and will eventually be a part of 

clinical examination. It is a sensitive tool and can detect non-palpable nodules in 13–50% of 

the general population2.It is useful to differentiate between thyroid nodules and cervical 

masses from other origin, like thyroglossal cyst, cervical lymphadenopathy, and cystic 

hygroma.  

 

Indications for ultrasound of thyroid43 

 

Thyroid ultrasound is indicated in  

• Patients with a palpable thyroid nodule 

• Screening high risk patients for thyroid cancer: History of MEN II or irradiated 

neck in childhood 

• Suspicious cervical lymphadenopathy 

• Follow up of patients with thyroid cancer  

• Guidance to FNAC for non-palpable nodules. 

Thyroid ultrasound is not recommended for patients with normal thyroid gland and as 

a screening in general population. 
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Technique  

 

Ultrasound is performed with the neck in hyperextension and both lobes of thyroid 

gland are imaged in longitudinal and transverse planes using a high frequency linear 

transducer (7-15 MHz).Colour and/or power Doppler ultrasound are useful to evaluate the 

vascularity of the thyroid gland and focal masses.  

 

 

Normal anatomy  

 

The normal thyroid is comprised of right and left lobes joined by the isthmus and 

located anterior to the trachea. It has a medium to high level echogenicity. The relationships 

with the surrounding structures are as follows: 

• Anterior: strap muscles 

• Posterior: trachea and longus colli muscles and oesophagus  

• Lateral: common carotid artery and jugular vein. 

 

Ultrasound characteristics of a suspicious nodule 

 

Certain signs help in differentiation benign from malignant thyroid nodules on 

ultrasound. American Association of Clinical Endocrinologists (AACE)44, the Italian 

Association of Medical Endocrinologists (AME) and Kim et al45 proposed several criteria for 

suspicious nodules on ultrasound. The criteria proposed by Kim et al have the highest 

sensitivity and the criteria proposed by AACE have the highest specificity (table2). 
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Table 2Ultrasound characteristics46 

 

Kim et al. criteria AACE criteria 

Microcalcification Microcalcification 

Irregular or microlobulated margins Irregular margins 

Marked hypoechogenecity Intralesional vascular spots 

Thickness greater than the length Thickness greater than the length 

 

Echogenicity  

 

Echogenicity of thyroid nodules is divided into hyperechogenicity, isoechogenicity, 

hypoechogenicity, or marked hypoechogenicity.  

 

 

Figure 1 Well defined hypoechoic nodule with microcalcification in the right lobe of 
thyroid  
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Echogenicity of the solid nodule is compared to the normal thyroid and to the 

surrounding strap muscles which are hypoechoic. The majority of benign thyroid nodules will 

be iso-or hyper -echoic to normal thyroid. A markedly hypoechoic solid lesion should always 

be viewed with suspicion and has a high incidence of malignancy. 

 

Calcification 

 

Calcification is a hyperechoic spot with or without posterior shadowing. There are 

two types of calcifications in a thyroid nodule.  

 Egg shell calcification: It is seen in benign nodules 

 Punctuate microcalcification (1mm):  these are calcifications which are <1mm in 

diameter and are commonly seen in malignant thyroid nodules. These 

calcifications correspond to the psammoma bodies in the histopathological 

examination. 

Halo sign 

 

It is a dark rim around the thyroid nodule. This sign is seen mostly in a benign thyroid 

nodule but can also be seen in a malignant nodule. Halo sign is caused by the capsule of the 

nodule or due to the compression of the adjacent normal thyroid parenchyma by the tumour. 

A thick, irregular halo is suspicious and seen in malignant thyroid nodules47. 
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"Ring down or comet tail" sign of colloid 

 

Colloid in a benign cystic nodule causes a "ring down" artefact or sign. It was first 

described by Ahuja et al48. It supposed to be due to a reverberation artefact and is seen in 

benign nodules (Figure 2). 

 

Figure 2: Comet tail artefact 

 

Figure 3: Markedly hypoechoic lesion, with microcalcification and  

ill defined margins in the right lobe of thyroid 
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Composition 

 

Thyroid nodules can be divided into solid, cystic and mixed lesions. Pure cystic 

nodules are extremely rare and are benign. 

 

Margins 

 

Margins are divided into well defined, microlobulated and ill defined. Some 

malignant nodules invade into the adjacent tissues and have irregular margins. Benign 

nodules have well defined borders with a thin halo around them (figure 3). 

 

Multinodular goitre 

 

Clinical examination cannot really distinguish between solitary and multinodular 

goitre. A mulitnodular goitre has the same risk of malignancy as compared to solitary nodule 

of thyroid49. 

 

Shape of the nodule 

 

Taller-than-wide nodules have a high incidence of malignancy50. Malignant nodules 

grow across the normal tissue planes unlike benign nodules which grow parallel and are oval 

in shape51.  
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Vascularity 

 

Colour Doppler is used to assess the vascularity of the thyroid nodule. Intranodular 

vascularity is associated with malignancy, whereas peripheral vascularity and avascular 

lesions are more likely to be benign52. Some studies failed to show the association of 

vascularity with malignancy53. But the vascularity within a solid component of a cystic 

swelling is significant and the FNAC should be directed to this lesion. 

 

 

Lymph nodes 

 

Ultrasound of the cervical region should include assessment of the suspicious lymph 

nodes. Thyroid cancer commonly involves levels 6, 3, 4 and 2 of the neck. Metastatic lymph 

nodes appear as rounded, solid with absence of fatty hilum, with or without 

microcalcification and sometimes can be cystic (figure 4&5).  
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Figure 4 Solid and cystic lymph node 

 
 

 

Figure 5 Metastatic cervical lymph node (solid, round with microcalcificaion) 
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TIRADS (Thyroid imaging reporting and data system) 

 

It is based on the concepts of the Breast Imaging Reporting Data System (BIRADS). 

Thyroid imaging reporting an data system(TIRADS) was first reported by Horvath et al54. 

They described ten patterns of thyroid nodules and compared it to the malignancy rate in each 

pattern. Kwak et al in 2011, modified TIRADS and had five features which include solid 

lesion, hypoehoic, ill-defined margins, microcalcification and taller than wide lesions. They 

calculated the risk of cancers in each group i.e. 0% in TIRADS 1 and 2, 2%-2.8% in TIRADS 

3, 3.6% to 12.7% in TIRADS 4A, 6.8% to 37.8% in TIRADS 4B, 21%-91.9% in TIRADS 4c 

and 88.7-97.9% in TIRADS 5 lesions. 

 

 

Ultrasound elastography 

 

It is used to measure the stiffness of the tissues or displacement in response to an 

applied force. A benign nodule deforms easily as it is softer, whereas a malignant nodule is 

harder and hence deforms less when compressed by ultrasound probe. Differences in tissue 

displacement are calculated and presented as colour maps, so-called elastogram. Each 

elasticity score is coded by different colours. The range of colours, from red to blue, 

corresponds to increasing stiffness of the tissue of interest. Red colour represents soft tissues, 

green those of intermediate stiffness and blue “hard” ones55. Ultrasound elastography is 

useful in characterizing an indeterminate nodule as malignant with its effectiveness almost 

comparable to FNAC56 (figure 6). 
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Figure 6Elasticity score57 

 
 
Computed tomography (CT) and magnetic resonance imaging (MRI) 

CT and MRI are not required for routine evaluation of a thyroid nodule. They are less 

sensitive than ultrasound in detecting and characterising thyroid nodules as benign or 

malignant. They are useful for assessing loco-regional extension of the tumour into the 

internal jugular vein, carotid artery, prevertebral fascia, trachea, larynx, oesophagus and to 

assess the retrosternal extension58.  
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6. Materials and methods 

 

 

All patients with palpable thyroid nodules, planned for palpatory fine needle aspiration(P-

FNAC) during December 2013 to December 2014, underwent US-FNAC in the FNAC room 

of the outpatient department. The thyroid gland was screened by the portable ultrasound 

SonoSiteMicroMAXX 6-13 MHz (figure 7) and FNAC was done by the radiologist from the 

most suspicious nodule under the guidance of the surgeon. The cytotechnician assessed the 

onsite adequacy of FNAC sample. Cell block was prepared whenever possible. The smears 

were consistently reported by dedicated cytopathologists. For those who had subsequent 

surgery, the histopathology was correlated with FNAC to ascertain the accuracy. 

\ 

 

 

Figure 7 Portable USG Sonosite machine (6-13MHz) 
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Figure 8 US-FNAC (needle targeting hypoechoic lesion) 

  

 

 

Figure 9 Cytotechnician assessing onsite adequacy 

 

 

 



42 
 

US-FNAC Ultrasound guided fine needle aspiration cytology was done in the FNAC 

room in surgery Outpatient Department (OPD), 3rd floor, in the FNAC room. . It was done on 

Mondays and Thursdays between 11:00 to 11:45 AM from 1-12-2013 to 31-12-2014. 

 

 

Sample size calculation 

 

Based on our previous P-FNAC data our inadequacy rate of FNAC was 30% and the 

inadequacy of ultrasound guided FNAC for non-palpable thyroid nodules is 21%. Hence 

taking an intermediate value of 24% as the inadequacy of P-FNAC, the sample size is 

calculated. In order to estimate this with a precision of 5% and a 95% confidence interval the 

sample size needed is 290 subjects who need FNAC. 

4pq/d2 

4x24x76/5x5= 290 

 

Statistical analysis 

 

The percentage of adequate US-FNACs is calculated along with the percentage of 

individual categories of Bethesda system. For patients who had subsequent thyroidectomy, 

the US-FNAC report is correlated with the gold standard histopathology and the sensitivity, 

specificity and predictive values of the US-FNAC is calculated. 

 
 

Inclusion criteria:  

 

a. All adult patients (18 years and above) with thyroid nodules. 
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b. All clinically palpable thyroid nodules, which would have had a P-FNAC 

in the outpatient department. 

 

Exclusion criteria: 

 

a. Patients who choose not to participate in the study 

b. Diffuse goitre 

c. Thyroiditis with no discrete nodule. 

d. Non-palpable thyroid nodule.  

 

Proforma for collecting the data (Entire proforma with the coding is attached at the end 

as annexure 1) 

 

US-FNAC DATA 

1. Name 

2. Hospital number 

3. Age 

4. Sex 

5. Pre-operative voice change 

6. Compressive symptoms  

7. Hyper/hypothyroid symptoms 

8. Retrosternal extension 

9. Consistency 

10. Mobility 

11. Lymph nodal involvement 

12. Previous neck surgery 

13. Site of the FNAC 

14. Onsite adequacy of FNAC 
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15. USG Findings: 

A. Site:  

B. Size of nodules 

C. Number of nodules >1cm: _____________ 

D. Composition: 

E. Appearance: 

F. Echogenicity: 

G. Margins: 

H. Halo sign: 

I. Calcification:  

J. Shape:  

K. Lymph nodes: 

L. USG size: 

 

 

 

 

 TIRADS Category              No. Of  USG features 

1 (Negative) – no thyroid nodule -------------- 0 

2 (Benign) – cystic lesion------------------------ 0 

3 (Probably Benign) – hyperechoic solid, 

complex cyst with no malignant features------ 

 

0 

4a (Low Suspicion for Malignancy)---------- 1 

4b (Intermediate)--------------------------------- 2 

4c (Moderate suspicion for Malignancy)----- 3 or 4 

5 (Highly Suggestive of Malignancy)--------- 5 



45 
 

 

Features favouring malignancy: microcalcification, irregular or microlobulated margins, 

hypoechogenicity or markedly hypoechogenic and taller-than-wide shape. 

 

In mixed lesion – solid component of mixed lesion is evaluated for above features 

16. Final adequacy of FNAC 

A. FNAC adequacy 

B. Cell block adequacy 

17. FNAC report of the patient 

18. Final biopsy of the patients who had thyroidectomy 

19. Maximum size of the tumour 

A. Side 

B. Extrathyroidal extension 

C. Lymphovascular invasion  

D. Lymph nodal involvement 

20. Final histopathology report of patients who had thyroidectomy 

21. Surgery performed 
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7. Statistical Analysis 

 

A diagnostic test is considered to be either positive (abnormal) or negative (normal) 

and the disease either present or absent. There are then four possible interpretations of test 

results, two of which are correct and two wrong. The test has given the correct answer when 

it is positive in the presence of disease or negative in the absence of disease. On the other 

hand, the test has been misleading if it is positive when the disease is absent (false positive) 

or negative when the disease is present (false negative). 

 

 In case of US-FNAC’s there are 6 possible results. A report of ‘malignancy’ or 

‘suspicious for malignancy’ can be considered a positive test. A benign result is considered 

negative. Both the non-diagnostic and inadequate results do not actually reflect the test. It has 

more to do with the training of the performer. So these results are not considered in the 

calculation of the sensitivity and specificity. 

 

The “gold standard” in the assessment of the test’s accuracy rests on its relationship to 

some way of knowing whether the disease is truly present or not- a sound assessment of the 

truth. As it turns out, this gold standard is often elusive.  

In case of thyroid lesions the “gold standard” is histopathological examination of the surgical 

specimen. 

 

Sensitivity: is the proportion of truly diseased persons who are identified as diseased by the 

diagnostic test. Sensitivity is a reflection of the true positive rate. 

Sensitivity = a/a+c 
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Specificity: is the proportion of truly non-diseased persons who are so identified by the test. 

Specificity is a reflection of the true negative rate.  

Specificity = d/b+d 

 

(Table: 2) The relationship between a diagnostic test result and the occurrence of 

disease (malignancy). 

Table 3 

 FNAC report 

Final HPE report Present Absent 

Positive True positive (a) False positive (b) 

Negative False negative (c) True negative (d) 

 

 

Positive predictive value: The predictive value of a positive test is the probability of a test 

positive person truly having the disease.  

The positive predictive value = a/a+b 

 

 

Negative predictive value: 

 

The predictive value of a negative test is the probability of a test negative person truly not 

having the disease. This is calculated by 

Negative predictive value = d/c+d 
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In general, the sensitivity and specificity of test do not vary with the prevalence of the 

disease. Predictive values however are dependent on the disease prevalence. Higher the 

prevalence, the greater is the predictive value. In a clinical situation, the test should be highly 

specific to reduce the false positive thus reducing undue anxiety to the patient. At the same 

time, all the test positive need to be “picked up”, so sensitivity of the test should be also high. 

Accuracy: the closeness of a clinical observation to the true clinical state is called accuracy. 

Accuracy = a+d/a+b+c+d 

 

Analysis method 

 

For analysis, malignant FNAC, suspicious, follicular neoplasms, atypia of undetermined 

significance were taken as positive i.e. indication for surgery to rule of malignancy and 

benign lesions were taken as negatives. The inadequate and non-diagnostic samples were 

excluded from the analysis because it was a function of operator training and not on the test 

itself.  

 

• The analysis was performed using STATA 13.1 

• The whole data set was summarised using the mean along with standard deviation for 

continuous variables and frequency along with percentage for categorical variables. 

 

• Adequacy  

 

1. Percentage of adequate and inadequate US-FNACs was calculated and 

reported according to the Bethesda system of thyroid cytology. 

2. During calculation of adequacy of US-FNAC, cystic swellings were excluded. 
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3. Univariate logistic regression was performed to analyse the strength of 

association between inadequacy and various clinical variables like 

hypoechogenecity, calcification, solid lesion etc. 

 

• Accuracy  

 

1. For patients who had subsequent thyroidectomy, the US-FNAC report was 

correlated with the histopathology to calculate the accuracy and determine the 

sensitivity, specificity and predictive values of US-FNAC. 

2. While calculating the accuracy of US-FNAC, cystic swellings and inadequate 

FNAC reports were excluded. 

 

• Secondary outcomes 

1. Chi square was performed to see the association between clinical variables, 

US-FNAC and final histopathology.  

2. Univariate and multivariate logistic regression was performed to assess the 

strength of association between clinical variables and histopathology. 

3. Univariate and multivariate logistic regression was performed to see the 

strength of association between histopathology results and other variables 

4. A final model to predict malignancy based on clinical features was created by 

multivariate logistic regression and a ROC curve was constructed. An optimal 

cut of 0.6 was decided to calculate sensitivity and specificity. Goodness of fit 

was assessed using Hosmer- Lemeshow test and the chisquare was 3.2 with a 

p-value of 0.97.       
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8. Results 

 

1 Age   

The decade wise distribution of the population in this study group is depicted in the 

figure below. 269/290(92.5%) of our patients are between 20-60 years. (Fig10). Out 

of 117 patients who got operated, 67 had malignancy and 54 (80%) of them are less 

than 50 years of age  

 

Figure 10 
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2 Gender  
 

As expected there is a predominance of female 231 (79.66%) patients (Fig. 11).  

Thyroid cancer was diagnosed in 52/91 men (57.14%) and 15/26 women (57.69%)  

 

 

 

Figure 11 

 
 
 
 

Table 4: Distribution of sex and malignancy in patients who had surgery 

Sex Final HPE of operated patients Total no. of 

operated patients 

n= 117 Benign Malignant 

Men 11(42%) 15(58%) 26 (22%) 

Women 39 (43%) 52 (57%) 91(78%) 

‘p’ value = 0.96 

231 
(79.66

%)

59(20.
34%) Female

Male
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6. Ultrasound characteristics and adequacy of US‐FNAC 

Thyroid nodules which are hypoechoic, solid, homogenous, round (taller than 

wide), with or without microcalcification and with ill defined-microlobulated margins 

have an adequacy rate of > 80%. Mixed lesions have the least adequacy of 67%. 

Cystic lesion is excluded during calculation of adequacy (table 6). 

 

Table 6 Ultrasound characteristics and adequacy of US-FNAC 

 
S.NO USG feature Total NO 

(n=290) 

Final adequacy of 

US-FNAC 

1. Hypoechoic/markedly 

hypoechoic 

100 85 (85%) 

2. Hyperechoic/isoechoic 165 127 (76%) 

3 Microcalcification 95 77 (81%) 

4. Macrocalcification 25 18 (72.1%) 

5. No- calcification 149 120 (80.53%) 

6. Solid lesion 171 142 (83%) 

7. Mixed lesion 94 67 (71%) 

8. Ill-defined/ microlobulated 

margin 

64 53 (84.1%) 

9. Well defined margin 206 163 (79.1%) 

10. Taller than wide 39 34 (87.1%) 
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11. Wider than tall 230 181 (78.6%) 

12. Heterogenous lesion 162 127 (78.3%) 

13. Homogenous lesion 75 61 81.3%) 

14. Size of the nodule Total 

number  

Percentage 

1-2cm 62 53(86%) 

2-4cm 158 114(72.15%) 

4-6cm 46 33(71.17%) 

>6cm 21 16(76.19%) 

15 Sex   

Men 59 42(71.18%) 

Women  231 177(76.62%) 
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7.  Correlation of TIRADS and final adequacy of US-FNAC 

TIRADS 4c and 5 have highest US-FNAC adequacy of 90% (table 7) 

Table 7 Correlation of TIRADS and final adequacy of US-FNAC 

TIRADS category Total NO. Final adequacy of US-

FNAC 

TIRADS 1&2 28 20 (71.4%) 

TIRADS 3 92 75 (81.5%) 

TIRADS 4a 76 56 (73.6%) 

TIRADS 4b 28 22 (78.57%) 

TIRADS 4c 30 28 (93.33%) 

TIRADS 5 19 16 89.47%) 
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8. US-FNAC REPORT 

Majority of our US-FNAC reports are benign 116/273 (42%), with an 

inadequacy rate of 19.78% (54), atypia of undetermined significance and malignancy 

rate of 12% each, suspicious for malignancy 7% and follicular neoplasm 6%. Cystic 

lesions (17) were excluded while calculating adequacy (table 8). 

 

 

Table 8 US FNAC results 

 

 

 

 

 

 

 

S.NO Bethesda report n=273 

1 Inadequate 54(19.78%) 

2 Benign 116(42%) 

3 AUS/FLUS 35(12%) 

4 Follicular neoplasm 16(6%) 

5 Suspicious for malignancy 18(7%) 

6 Malignant 34(12%) 
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9. Distribution of US-FNAC and final histopathology for   those who underwent 

surgery n=117/290  

 

a. Inadequate 

Analysis showed that, 19 patents with inadequate FNAC’s underwent surgery 

and 11/19 (58%) were malignant on final histopathological (HPE) 

examination. 

 

 

Figure 104 

 

 

b. Benign 

10/36 (28%) of benign US-FNAC were malignant on final histopathological 

examination. Out of the 10 benign FNAC’s turning out to be malignant, 8 (80%) of 

Malignant
8
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them were follicular variant of papillary carcinoma of thyroid and 2 of them were 

papillary carcinoma of thyroid (figure 15). 

 

Figure 15 

 
 

c. Atypia of undetermined significance (AUS) or follicular lesion of 

undetermined significance (FLUS) 

Analysis showed that 8/11 (73%) of AUS/FLUS patients had malignancy on final 

histopathological examination (figure 16, 17, 18). 

 

 

Figure 116 
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Figure 127 Cohesive and papillaroid clusters in a paucicellular sample with moderate 
colloid. Atypia of undetermined significance which was malignant on final 

histopathology (MGG 100x) 

 

 
 

Figure 138 Cellular sample with monolayered sheets with moderate colloid, AUS which 
was benign on final histopathology (MGG 100x) 
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d. Follicular neoplasm or suspicious for follicular neoplasm 

50% of follicular neoplasms are malignant on final HPE (figure 19). 

 

 

Figure 149 

 

e. Suspicious for malignancy  

92% of suspicious for malignancy is malignant on final HPE (figure 20). 

 

Figure 20 
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Figure 23 Plasmacytoid and spindle cells, Medullary carcinoma of  

thyroid MGG 400x 
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Spindle cell 
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Table 9 Distribution of US-FNAC and final histopathology for   those who 

underwent surgery n=117/290 

 

FNAC Category Total pt who had 

surgery (n=117) 

Final histopathology 

correlation 

Malignant Benign 

Inadequate 19 8 (48%) 11 

Benign 36 10 (28%) 26 

FLUS/AUS 11 8 (73%) 3 

Follicular neoplasm 6 3 (50%) 3 

Suspicious for 

malignancy 

12 11 (92%) 1 

Malignant 27 27 (100) - 

 

For analysis, the US-FNAC results malignant, suspicious for malignancy, 

follicular neoplasms, atypia of undetermined significance were taken as positive and 

benign lesions were taken as negatives. The inadequate and non-diagnostic samples 

were excluded from the analysis because it was a function of operator training and not 

on the test itself.US-FNAC (calculation of sensitivity and specificity). 

While calculating the sensitivity and specificity of the US-FNAC test,  
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 US-FNAC report 

Final HPE Positive for 

malignancy 

Negative for 

malignancy 

Malignant 49 10 

Benign 6 26 

 

Sensitivity of the test is 83.1% (95% CI 71%-91.6%) 

Specificity of the test is 81.3% (95% CI 63.6%-92.8%) 

Likelihood ratio  4.43 
Positive predictive value 89.1% 
Negative predictive value 72.2% 
Accuracy    82.4% 

 
 

3. Final histopathology results of patients who underwent         

Thyroidectomy 

 

Based on the results of FNAC’s or clinical suspicion of malignancy (which 

includes USG) 117 of 290 (40.34%) patients had  thyroidectomy and 67 (57.26%) of 

them had malignancy. The rest of the patients had benign HPE and 6 had micro-

papillary carcinoma of thyroid (i.e. predominantly benign with incidental micro PTC) 

(table 10). 
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Table 10 Final histopathology of those who had surgery 

Final biopsy n 117 (40.34%) 

Benign 43 (37%) 

Papillary carcinoma 39 (33%) 

FVPTC 23 (20%) 

Medullary carcinoma 3 (3%) 

Anaplastic 1 

Predominantly benign with micro PTC 6 (5%) 

Poorly differentiated carcinoma 1 

Follicular neoplasm of uncertain malignant potential 1 

 

 

Secondary outcomes 

4. Compressive symptoms  

Total of 96 patients had compressive symptoms, out of which 43 got operated and 27 

(62.79%) were malignant. 

5. Hyperthyroidism or hypothyroidism 

14/290 (4.8%) patients had symptoms of either hyperthyroidism or hypothyroidism. 

6. Voice change 

16/290 (4.82%) patients had voice change, out of which 10 got operated and 7 had 

malignancy in the final histopathology. 
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7. Consistency  

26/290 (8.96%) of the nodules were hard in consistency, 18 of them got operated and 

16 (88.88%) were malignant. 

 

8. Mobility  

23/290 (7.93%) patients had restricted/fixed mobility, 11 of them got operated and all 

of them were malignant. 

9. Retrosternal extension 

Clinically 24/290 (8.27%) of the patients had retrosternal extension, out of which 

eleven got operated and 5 of them were malignant. Only one patient needed 

sternotomy, as he had medullary carcinoma of thyroid with extensive mediastinal 

disease. 

10. Clinically palpable nodes in the neck 

12/290 (4.13%) patients had clinically palpable nodes in the neck, 11 of them got 

operated and all were malignant 
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Table11: Correlation of clinical characteristics and malignancy rate in patients who 
underwent surgery 

Clinical 

characteristics 

Compressive 

symptoms 

Voice 

change 

Consistency 

(Hard) 

Mobility 

(restricted/fixed) 

Significant 

lymph 

nodes 

Total no. who 

got operated ‘n’ 

= 117 

43 10 18 11 11 

Malignant in 

final HPE 

27 (62.79%) 7 16 (88.88%) 11 (100%) 11(100%) 

 p  value  0.594 0.85 0.002 0.003 0.002 

 

 

 

 

 

 

 

 

 

 

 



69 
 

 

 

11. Ultrasound characteristics   

Ultrasound characteristics for calculating thyroid imaging reporting and data 

system score (TIRADS) and the frequency of malignancy is given below.  During 

analysis, hypoechoic, microcalcification, solid lesion, ill-defined lesions and taller 

than wide lesions were considered malignant and hyperechoic, isoechoic, no 

microcalcification, mixed lesions, cystic lesions, well defined lesions and wider than 

tall were considered benign lesions (table 12). 

 

 

Table 12 Ultrasound characteristics and correlation with final HPE 

USG characteristics Operated 

n=117 

Final HPE-

Malignant 

Sensitivity 

% 

Specificity 

% 

NPV 

% 

PPV 

% 

Hypoechoic 50 42/50 (84%) 63 82 59.7 84 

Microcalcification 47 47/64 

(73.4%) 

70 66 62.3 73.4 

Solid lesions 81 53 (65.4%) 78 42 58.3 64.2 

Ill-

defined/microlobulated 

38 31 (81.57%) 46 86 42.8 65.7 

Taller than wide 23 18 (78.26%) 26.9 90 47.9 78.3 
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12. TIRADS scoring and malignancy 

The distribution of various TIRADS category is given below (table 13). 

 

Table 13 Total number in each TIRADS category 

TIRADS Category Total number (n=290) 

TIRADS 1 8 (2.7%) 

TIRADS 2 26 (8.96%) 

TIRADS 3 100 (34.48%) 

TIRADS 4a 76 (26.20%) 

TIRADS 4b 30 (10.34%) 

TIRADS 4c 30 (10.34%) 

TIRADS 5 19 (6.55%) 

 

During analysis, when we take TIRADS 1, 2, 3 and 4a as benign and TIRADS 

4b, 4c and 5 as malignant the sensitivity and specificity for identifying malignancy is 

54% and 83% respectively. If we take TIRAD 1, 2 and 3 as benign and TIRADS 4a, 

4b, 4c and 5 as malignant the sensitivity and specificity of the test is 78% and 55% 

respectively (table 14). 
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Table 14 TIRADS with final HPE (p-value = 0.078) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TIRADS Operated n=117 Malignant 

1,2 11/117(9.4%) 1/9 (9.09%) 

3 29(24.78%) 10(34.48%) 

4a 28(23.93%) 15(53.57%) 

4b 17(14.52%) 13(76.47%) 

4c 15(12.82%) 12(80%) 

5 17(14.52%) 17(100%) 
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13. Types of surgeries during the study period. 

80% of patients in the study group had total thyroidectomy and less than 5% had 

hemithyroidectomy (table 15). 

 

Table 15 Types of surgeries 

Type of Surgery Number ‘n’= 117 

Total thyroidectomy 93 (79.48%) (2 had Tracheal resection 

and anastomosis) 

TT+CCLND 5 (4.27%) 

TT+CCLND+MRND 13 (11.11%) (1 sternotomy) 

Hemithyroidectomy 5 (4.2%) 

2/5 = FVPTC 

Completion for recurrent MNG 1 
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14. Univariate analysis has shown the following factors, FNAC (includes atypia of 

undetermined significance AUS/ follicular neoplasm FN/ suspicious for malignancy 

SM/ malignant M), hypoechoic/ markedly hypoechoic, taller than wide, ill defined 

margins,microcalcification and significant lymph nodal involvement, solid lesion and 

TIRADS to be significant in predicting malignancy. 

Table 16 Univariate analysis of factors predicting malignancy 
 

S.NO. Category Odds 

Ratio 

95% confidence 

interval 

p-value 

1 FNAC (AUS, FN, 

SM, M) 

21.23 6.93 64.96 0.00 

2 Hypoechoic 7.77 3.12 19.31 0.00 

3 Shape (taller than 

wide) 

3.30 1.13 9.64 0.029 

4 Solid lesion 2.51 1.12 5.60 0.025 

5 Margins 5.28 2.08 13.43 0.00 

6 Microcalcification 4.56 2.08 10.00 0.00 

7 Lymph node 

involvement 

8.59 1.06 69.55 0.04 

8 TIRADS 

(progressive 

increase from 1 to 

5) 

2.49 1.74 3.58 0.00 

9 Hard consistency 3.88 0.305 49.21 0.295 
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15. Multivariate analysis showed that FNAC (Includes AUS/ FN/SM/M), hypoechoic , 

markedly hypoechoic lesion and a solitary thyroid nodule were significant in 

predicting mali malignancy. Goodness of fit was assessed using Hosmer-Lemeshow 

test. Model showed a chisquare of 3.2 with a p-value of 0.92. 

 

Table 17 Multivariate analysis for predicting malignancy 
 

 Odds 

Ratio 

95% confidence 

interval 

p-value 

FNAC 

(AUS/FN/SM/M) 

26.85 5.76 124.99 0.00 

Hypoechoic/ 

markedly 

hyperechoic 

5.96 1.39 25.53 0.016 

Solitary thyroid 

nodule 

6.55 1.51 28.40 0.012 

Hard consistency 3.88 0.305 49.21 0.295 

Solid lesion 1.12 0.27 4.62 0.16 

USG Size>4cm 1.65 0.65 4.14 0.285 

Microcalcification 1.77 0.45 6.90 0.40 
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Figure 24 ROC curve for the factors in multivariate analysis 

 

 

Apart from theses significant factors other important clinical variables like hard 

consistency, solid lesion, USG size > 4cm and presence of calcification were used to create 

an ROC curve (figure 24). 

The area under the curve is 0.91. 

Taking > 0.6 as predictive probability, a sensitivity of 84.78% and a specificity of 77.4 in 

predicting malignancy was calculated for these features as given in table17.  
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9. Discussion 

Thyroidectomy is the most common operation performed by an endocrine surgeon. As 

we know, the important tests for diagnosing a thyroid nodule apart from clinical examination 

are fine needle aspiration cytology and ultrasound of neck. Fine-needle aspiration cytology is 

an important diagnostic test in the clinical management of thyroid nodules. FNAC has helped 

us in decreasing the number of diagnostic thyroidectomies for benign thyroid nodules and 

focus on the malignant thyroid nodules.   

 

Demographic profile 

Age  

More than 90% of our patients are between 20-60 years. The highest incidence of 

malignancy was seen between 20-40 years (59%). This is contrary to literature where a peak 

incidence of malignancies is reported in the sixth to seventh decade in males and in the fifth 

decade in females59,60. This peak incidence in younger patients is probably due to health 

seeking patient bias and profile of patients in a non-urban tertiary centre 

 

Gender 

In literature reports, goitres are more common in females61. In this study as well there 

is a predominance of female patients presenting with goitres. 

 

Clinical features 

Compressive symptoms like dysphagia, dyspnoea and a foreign body sensation in the 

throat are present in both benign and malignant thyroid swellings. In literature, the majority 
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of patients with compressive symptoms had a benign thyroid nodule62. But in our study, 63% 

of patients with compressive symptoms had malignancy, though it is not statistically 

significant (p-value 0.594). 

 

Restricted mobility and a hard swelling are considered as markers of invasive thyroid 

cancer63, in our study both of them were statistically significant and have high specificity (p-

value < 0.005) but with low sensitivity. 

 

Adequacy of fine needle aspiration cytology 

A non-diagnostic fine needle aspiration cytology report, even under ultrasound 

guidance, is reported in up to 33.6% in literature. Our study has an inadequacy rate of 

19.78%. Factors which can improve the adequacy of thyroid FNACs, are use of thinner 

needles, non-aspiration technique, preparation of cell block and a dedicated cytopathologist. 

Some reports have focused on the clinical characteristics of patients and ultrasound features 

to predict inadequacy64–66. 

 

Male gender has been associated with increased risk of non-diagnostic results67and is 

probably due to technical difficulty caused by increased thickness of neck muscles. In the 

present study, the inadequacy rate in men and women is almost similar. 

 

In contrast to other studies67, the presence or absence of microcalcification, 

hypoechogenecity and solid nodules have a high adequacy rate of >80% and hyperechoic or 

isoechoic, nodules with macrocalcification and mixed lesions have high inadequacy. 

Hypoechogenecity and microcalcification have high specificity for malignancy; hence we 

must focus meticulously on these nodules to improve the adequacy.  
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Some authors have reported an increased frequency of inadequate FNACs in nodules 

>3 cm, probably due to internal degeneration66. Even in the present study nodules with 1-2cm 

size have an inadequacy rate of 14% compared to nodule 2-4cm which has a high 

inadequacyof 28%.   

 

In a recent meta-analysis, assessing whether the rapid onsite assessment by a 

cytopathologist or a cytotechnician will improve the adequacy of FNAC, concluded that, sites 

with lower initial adequacy rates benefit the most from implementation of onsite 

assessment39. In the present study the cytotechnician had a sensitivity of 78% and specificity 

of 53% in identifying the adequate FNAC sample. This low sensitivity and specificity in this 

study is due to lack of an onsite cytopathologist and a dedicated cytotechnician. 

 

 

Majority of our US-FNAC reports are benign 42% (116/273), with an inadequacy rate 

of 19.78% (54), atypia of undetermined significance and malignancy rate of 12% each, 

suspicious for malignancy 7% and follicular neoplasm 6%. This is comparable to the 

literature68. Cystic lesions (17) were not included while calculating adequacy. 

 

Accuracy of ultrasound guided fine needle aspiration cytology (US-FNAC) 

117 patients were operated in the study group out which 67 (57.26%) were malignant. 

This high rate of malignancy>50% is described5 in the literature and is probably due to 

increased detection by ultrasound guided fine needle aspiration cytology or a referral bias in a 

tertiary hospital.  
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The sensitivity and specificity of US-FNAC was calculated by categorising FNAC 

results malignant (M), suspicious for malignancy (SM), follicular neoplasms (FN), atypia of 

undetermined significance (AUS) as one group and benign as other group. The inadequate 

and non-diagnostic samples were excluded from the analysis. The sensitivity of US-FNAC in 

predicting malignancy is 83.1% and specificity of 81.3%. The results are comparable to the 

literature30–32,35. 

 

There is an increased rate of malignancy (73%) in atypia of undetermined significance 

or follicular lesion of undetermined significance (AUS/FLUS) in the present study, and is 

probably due to low numbers or selection bias. In the literature, malignancy rate of 10-50% is 

described in AUS; The atypia of undetermined significance or follicular lesion of 

undetermined significance may have a higher risk of cancer than 10-15% as described in 

Bethesda, and the guidelines recommending repeat FNA or observation merit 

reconsideration21,69,70. 

 

The rate of 28% malignant histopathology where FNAC was reported as benign in 

this study is very high. Surprisingly 80% (8/10) of these patients had follicular variant of 

papillary thyroid cancer. In a study by Didem Ozdemir71, 21.4% of the FVPTCs were 

reported as benign on FNAC, these lesions are known to be difficult to interpret and tend to 

have more benign features  in FNAC and ultrasound. Sparse cellularity of the sample and 

possible sampling error could also attribute to this high rate.  
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Ultrasound characteristics 

 

In our study, specificity of hypoechogenecity, microcalcification, ill-defined or 

lobulated margins and taller than wide is greater than 80% and is comparable to Moon et al52 

and other studies in predicting malignancy34,45,72. A predominantly solid criterion alone may 

not be useful to differentiate malignant from benign nodule. In our study solid lesion has a 

sensitivity of 78% and a specificity of 42%. 

 

In our study, the TIRADS has a progressive risk of malignancy, unlike other studies, 

which have a risk of 2 to 31%45,54,73 malignancy in TIRADS-3 nodules; our study has a 

slightly increased risk of 34%. Out of the malignant TIRADS-3 nodules, 80% were again 

follicular variant of papillary carcinoma of thyroid, which are difficult to diagnose both by 

FNAC or ultrasound71. 

 

In a nomogram described by Nixon et al74, biochemical, ultrasonographic, and 

cytologic features were used to quantify the risk of malignancy in a thyroid nodule. In the 

present study clinical, ultrasonographic and FNAC categories like AUS, follicular neoplasm, 

suspicious for malignancy and malignancy were included to calculate a nomogram with a 

sensitivity of 84.78% and a specificity of 77.4% in predicting malignancy. 
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10. Conclusions 

 

• The use of ultrasound guidance for doing fine needle aspiration cytology in palpable 

thyroid nodules will significantly reduce the rates of inadequate samples. The 

adequacy rate in this study is 80.1%. 

• The accuracy rate in inadequate, benign and AUS categories need to improve in this 

study and most of them had FVPTC, which is known to have heterogenous features 

on ultrasound and patchy distribution of nuclear features for malignancy on 

histopathology. 

• Due to the heterogeneity of the AUS category in the Bethesda system, ranging from 

sparse cellularity to genuine atypia, the rate of malignancy in AUS may vary. In this 

study, there was a high rate of malignancy in this category (73%).  

• Multidisciplinary dedicated teams help in improving the adequacy of fine needle 

aspiration cytology in palpable thyroid nodules. 

• Ultrasound and clinical features have an important role, apart from FNAC in 

managing thyroid nodules.  

• FNAC (AUS/ FN/ SM/ M), and ultrasound features hypoechoic/ markedly 

hypoechoic, taller than wide, ill defined margins, microcalcification, and solid lesions 

are significant factors in predicting malignancy in a thyroid nodule. 

• Each institute should validate Bethesda system of thyroid FNAC reporting, as the rate 

of malignancy may vary in individual categories. 
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11. Future direction 
 

• To encourage this multidisciplinary dedicated team to perform US-FNAC for all 

palpable thyroid nodules and improve the services offered to the patient. 

 

• To further refine the diagnosis of AUS with sub categorisation to provide better 

guidelines towards management. 

 

• To improve the ultrasound guided sampling of the suspicious area within the nodule 

of interest, so as to reduce the high false negative rate of benign FNAC. 
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13. Annexure 1 
 

• Patient information sheet and consent form 

CHRISTIAN MEDICAL COLLEGE, VELLORE 

Department of Endocrine Surgery 
Participant Information sheet 

 

 

Date: __________________ 

 

We are inviting you to participate in a study called Ultrasound Guided Fine Needle 

Aspiration Cytology in the Outpatient Department. Your participation in this study is entirely 

voluntary. Your decision whether or not to participate will have no effect on the quality of 

medical care you will receive in this hospital 

 

An investigator in this study will explain the purpose of this study including how this study 

will be carried out and your role in the study.  The paragraphs below explain the study. Please 

ask questions about anything you do not understand, before you decide to participate in this 

study.  

 

Title of the study 

Ultrasound guided fine needle aspiration cytology for thyroid tumors in the outpatient 

department 

 

What is the purpose of the study? 

This study is to improve the adequacy rate of fine needle aspiration cytology and to 

determine the accuracy of FNAC when compared to final biopsy report. 

 

What does this study involve? 

You will undergo a needle test of the thyroid nodule (FNAC) as part of your routine 

investigation. This FNA sample that is collected is used for studying the structure of the cells 
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(cytology). In this study ultrasound machine will be used to perform the FNAC from the most 

suspicious lesion 

 

Are there any benefits from participating in this study? 

Ultrasound guidance may help us in improving the adequacy and accuracy of the FNAC. This 

will help the clinician for further management of thyroid nodule. 

 

What are the risks involved with being enrolled in this study? 

The study does not increase your risk in any way and you will receive the same standard of 

care with/without participating in the study. Ultrasound scan does not involve injections or 

radiation and it is completely non invasive. Further, you will not have to bear any penalty if 

you wish to withdraw from this study. 

 

What will you have to do as part of the study? 

You will be asked to provide information regarding your age, sex, and presenting complaints. 

A screening ultrasound scan of your neck will be done followed by an FNAC under the 

guidance of ultrasound.  

 

Will your personal details be kept confidential? 

All the information collected for this study will be kept confidential and patient identity will 

not be revealed. However, for the sake of improving science, the results may have to be 

published in national/international journals. If at any point you want to withdraw from the 

study, you are free to do so. If the above information does not provide answers to your 

questions, request the investigator to answer them for you. Also this sheet is for your 

information and you can retain this copy with you. 

 

If you have any further questions, please ask Dr. Siddhartha Chakravarthy N, 

Endocrine Surgery Registrar (tel: 0416 2282609, 9791439133) or email: sidhu80@gmail. 
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CHRISTIAN MEDICAL COLLEGE, VELLORE 

INFORMED CONSENT FORM 

 

Title of the study:  

Ultrasound guided fine needle aspiration cytology for thyroid tumors in the outpatient 

department 

Principal Investigator of the study: Dr.SiddharthaChakravarthy N 

 

Study No.: __________ 

Participants name: 

Date of birth / Age:  ______________ 

 

(Subject) 

 

i. I have read through the details of the study mentioned in the participant information 

form clearly and/or all my questions regarding my participation have been answered 

satisfactorily by the investigator.       

         Yes / No 

 

ii. I understand that my participation in the study is voluntary and that I am free to 

withdraw at any time, without giving any reason, without my medical care or legal 

rights being affected.                                                                                          

   Yes / No 

 

iii. I understand that the investigators and the Ethics Committee will not need my 

permission to look at my health records both in respect of the current study and any 

further research that may be conducted in relation to it, even if I withdraw from the 

trial. I agree to this access. However, I understand that my identity will not be 

revealed in any information released to third parties or published.            

   Yes / No 
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iv. I agree not to restrict the use of any data or results that arise from this study provided 

such a use is only for scientific purpose(s)                         

.                                                                                                                               Yes / 

No 

 

v. I agree to participate in this ultrasound guided fine needle aspiration cytology study. 

   Yes / No 

 

Signature (or Thumb impression) of the Subject/Legally Acceptable  
 
Date: _____/_____/______ 
 
Signatory’s Name: _________________________________         Signature:  
 
Or 
 
 
 
 
 
 
 
 
 
Representative: _________________ 
 
Date: _____/_____/______ 
 
Signatory’s Name: _________________________________ 
 
 
Signature of the Investigator: ________________________ 
 
Date: _____/_____/______ 
 
Study Investigator’s Name: _________________________ 
 
 
Signature of the Witness: ___________________________ 
 
Date: _____/_____/_______ 
 
Name & Address of the Witness: ______________________________ 
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Annexure 2 

• Data entry form 

US-FNAC DATA 

• Name 

• Hospital number 

 

 

• Age 

10-

20 

21-

30 

31-

40 

41-

50 

51-

60 

>60 

1 2 3 4 5 6 

 

• Sex 

Male Female 

1 2 

 

• Pre operative Voice change 

Yes No 

1 2 

 

• Compressive symptoms  

Yes No 

1 2 

 

• Hyper/hypothyroid symptoms 

Yes No 

1 2 

 

• Retrosternal extension 

Yes No 

1 2 

 

• Consistency 

Soft/firm Hard 

1 2 

 

• Mobility 

Mobile Restricted/ fixed 

1 2 

 

 

• Lymph nodal involvement 

Yes No 

1 2 

 

 

 

 

• Previous neck surgery 

Yes No 

1 2 

 

• Site of the FNAC 

Rig

ht 

lobe 

Lef

t 

lob

e 

Isthm

us 

Lymp

h 

node 
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1 2 3 4 

 

 

• Onsite adequacy of FNAC 

Yes No Cystic  

1 2 3 

 

• USG Findings:  

• Site:  

Rig

ht 

lobe 

Lef

t 

lob

e 

Isthm

us 

Lymp

h 

node 

1 2 3 4 

 

• Size of nodules 

Site <1c

m 

>1c

m 

Norm

al  

Right  1 2 3 

Left    

Isthm

us 

   

 

• Number of nodules >1cm: _____________ 

• Composition:  

Side Cyst

ic 

Soli

d 

Mixe

d 

Right  1 2 3 

Left     

Isthm

us  

   

 

• Appearance  

Side  Homogenous Heterogenous 

Right  1 2 

Left    

Isthmus    

 

 

• Echogenicity:  

Side    Hyperechoic 

to thyroid 

Isoechoic 

to 

thyroid 

Hypo 

to 

thyroid 

and iso 

to strap 

muscles 

Markedly 

hypo 

compared 

to straps 

Right  1 2 3 4 

Left      

Isthmus     

 

• Margins: 

• Halo sign    

Side Yes  No 

Right  1 2 

Left   

Isthmus   

 

• Calcification:  

Side  Well 

circumscrib

ed 

Microlo

bulated 

Ill-defined/ 

irregular 

Right  1 2 3 

Left     

Isthm

us  
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Sid

e  

M

icr

o 

<1

m

m 

M

ac

ro 

M

ic

ro 

& 

m

ac

ro 

C

o

m

et 

tai

l 

No 

calcifica

tion/no 

comet 

tail 

Rig

ht  

1 2 3 4 5 

Lef

t 

     

Ist

hm

us 

     

•  

 

• Shape:  

Side  Taller 

than wide 

Wider than 

tall 

Right  1 2 

Left   

Isthmus   

 

 

 

• Lymph nodes: 

Side Present Absent 

Right  1 2 

Left   

Isthmus   

 

• Usg size 

1-upto 

2cm 

2-

4 

4-

6 

6-

8 

>8cm 

1 2 3 4 5 

 
 
 

TIRADS Category              No. Of  USG features 

 1 (Negative) – no thyroid nodule ------------------ 0 

 2 (Benign) – cystic lesion---------------------------- 0 

 3 (Probably Benign) – hyperechoic solid, complex cyst with no 

malignant features---------- 

 

0 

 4a (Low Suspicion for Malignancy)---------------- 1 

 4b (Intermediate)-------------------------------------- 2 

 4c (Moderate suspicion for Malignancy)---------- 3 or 4 

 5 (Highly Suggestive of Malignancy)-------------- 5 

 
• Features favouring malignancy: microcalcification, irregular or microlobulated margins, hypoechogenicity or markedly 

hypoechogenic and taller-than-wide shape. 

• In mixed lesion – solid component of mixed lesion is evaluated for above features

• Final adequacy of FNAC            

 

Yes No cystic 

1 2 3 

 

 

• Fnac adequacy 

Yes No 

1 2 

 

• Cell block adequacy 

Yes No 

1 2 
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• FNAC report of the patient 

 

• Final biopsy of the patients who had 

thyroidectomy 

• Maximum size of the tumor 

Side < 

1 

1-

4cm 

>4cm 

Right  1 2 3 

Left 4 5 6 

Isthmus 7 8 9 

•  

• Side 

Right 

lobe 

Left lobe Isthmus 

1 2 3 

 

• extrathyroidal extension 

Yes No 

1 2 

 

• lymphovascular invasion  

Yes No 

1 2 

 

• lymph nodal involvement 

Yes No  Not done 

1 2 3 

Diagnostic category Patients result (circle the numerical) 

Non-diagnostic or Unsatisfactory 1 

Benign 2 

Atypia of Undetermined Significance or Follicular Lesion 3 

Follicular Neoplasm or Suspicious for a Follicular 

Neoplasm 

4 

Suspicious for Malignancy 5 

Malignant 6 

Fluid for cytology 7a : Malignant cells/atypical cells 

7b: no malignant or atypical cells 
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• Final histopathology report of patients who had thyroidectomy 

(Kindly circle the option) 

Benign non-neoplastic Nodular hyperplasia, thyroiditis, colloid goiter, 

adenomatous hyperplasia, ,  

1 

Benign neoplastic  follicular adenoma, hurthle cell adenoma 2 

Malignant Papillary carcinoma (PTC) 3 

Follicular carcinoma 4 

Follicular variant of papillary carcinoma of thyroid 

(FVPTC) 

5 

Medullary carcinoma 6 

Anaplastic carcinoma 7 

Poorly differentiated carcinoma 8 

Hurthle cell carcinoma 9 

Lymphoma 10 

 Others  11 

Predominantly benign with subcentemetric 

foci of malignancy 

 12 

Follicular lesion of uncertain malignant 

potential 

 13 

 

 

• Surgery performed 

 

Total thyroidectomy 1 

Hemithyroidectomy 2 

Total thyroidectomy+lateral Neck dissection 3 

Total thyroidectomy + CCLND 4 

Completion thyroidectomy(hemi done in cmc) 

Completion thyroidectomy( hemi-done outside benign) 

5a 

5b 

Completion thyroidectomy (recurrent mng) 6 
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Excel sheet 
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101 
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