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Background and Purpose: Whether under ultrasonography (US)
guidance or not, fine-needle aspiration biopsy (FNAB) has some
limitations, particularly in larger nodules. In this study, we
aimed to evaluate the diagnostic value of US-guided fine-needle
aspiration biopsy (US-FNAB) in thyroid nodules equal to or
larger than 3 cm.
Materials and Methods: Data of 267 patients operated for nodu-
lar goiter in the period of January 2006 and March 2012 were
reviewed retrospectively. The study group (40 males, 104
females; mean age 42.36 12.3, between 17 and 71) consisted of
patients with nodules with a diameter of 3 cm or larger.
Patients with nodules less than 3 cm in diameter were consid-
ered as the control group (27 males, 96 females; mean age
44.46 11.9, between 18 and 71).
Results: For nodules smaller than 3 cm, US-FNAB had an accu-
racy rate of 60% and a false negativity rate of 21.9%. In
nodules equal to or larger than 3 cm, the accuracy rate of
US-FNAB was 80%, with a false negativity rate of 6.7%.
Malignancy was observed in 16% of the study group and 42.3%
of the control group.
Conclusion: This study showed that increased nodule diameter is
not associated with limitations in the diagnostic value of
US-FNAB. We also found that the malignancy rate was smaller
for larger nodules. This finding reflects the importance of accu-

rate and rational diagnostic work-up and clinical management
for detecting malignancy and surgical decision-making. Diagn.
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A prevalence of thyroid nodules of up to 50% has been

defined in autopsy series,1 and >60% in healthy adults

detected with sonography.2 Several factors have been

identified to predict the presence of malignancy in thyroid

nodules including age, gender, history of radiotherapy in

the head and neck region, family history of thyroid can-

cer, and morphological characteristics of the nodule

detected by thyroid ultrasonography (US). While still con-

troversial, a larger nodule size has been associated with

the presence of thyroid carcinoma.3,4

Fine-needle aspiration biopsy (FNAB) is widely used

during the process of diagnosing thyroid nodules. It is a

valuable aid in establishing the need for thyroid surgery

and diagnosis and for treatment of malignancies.5–7

FNAB has a reported diagnostic sensitivity of 89 to 98%

and a specificity of 92% for thyroid nodules.3,6,8,9 How-

ever, FNAB has several limitations, particularly when

used for larger thyroid nodules,3,4,7,10,11 Thus, the diag-

nostic role of FNAB for larger thyroid nodules is still

debated. While some authors advocate that ultrasound-

guided FNAB gives accurate results irrespective of the

size of the nodule,12,13 others have claimed that this pro-

cedure is associated with a high rate of false-negative

results.3,10,11 These claims were supported by one study,

which showed that nodules larger than 3 cm in size were

more likely to be associated with nondiagnostic biopsy
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results in comparison with smaller nodules.14 Despite

these data, full consensus has not yet been reached for

the appropriate treatment and follow-up of large thyroid

nodules.

In this study, we aimed to evaluate the diagnostic value

of US-FNAB in thyroid nodules �3 cm.

Materials and Methods

Study Population

This retrospective study evaluated patients with nodular

goiter who were referred to the Adult Outpatient Clinic

for Endocrinology; 267 patients were evaluated by a com-

mittee composed of general surgery, pathology, and endo-

crinology specialists and had undergone thyroidectomy

performed by the surgeons in the same committee

between January 2006 and March 2012.

This study was a retrospective review of 267 consecutive

patients who had been operated for solitary thyroid nodules

(67 males, 200 females; mean age 43.36 12.1, between 17

and 71). The approval of the medical ethics committee was

obtained. The requirement for patient informed consent

was waived. Patients with nodules with a diameter �3 cm,

based on recordings of standard ultrasonographic measure-

ments, were accepted as the study group, and patients who

had nodules <3 cm in diameter were enrolled as the control

group. Ultrasonographic features of the nodules, risk fac-

tors for malignancy, criteria for surgical therapy, and thy-

roid functional status in both groups were evaluated.

Exclusion Criteria

The patients not included in the study were those with

more than one thyroid nodule, no cytology report before

surgery, history of thyroid surgery, history of radioactive

iodine therapy, or history of percutaneous invasive inter-

vention to the thyroid.

Analysis of Ultrasonographic Findings

The size of the nodule was based on the largest size meas-

ured by ultrasonography. The size (mm), presence of halo,

echogenicity, content, and calcification type of the nodule

were evaluated. The lesions were grouped as hypoechoic,

isoechoic, isohypoechoic, hyperechoic, and anechoic

(purely cystic) according to their echogenicity. The content

of the nodule was described as solid (with no cystic compo-

nent), mixt (with cystic component) or purely cystic (with

only mural solid component in a small area). The calcifica-

tion types of the lesions were classified as microcalcifica-

tion, macrocalcification, micro-macrocalcification, egg-

shell-like (eggy) calcification or no calcification.

Risk Factors for Malignancy

Evaluation of risk factors for malignancy included the

following: young age (<20) or advanced age (>60); male

gender; history of radiotherapy of the neck in childhood

or adolescence; pressure symptoms such as recent

changes in speaking, breathing, and swallowing; family

history of thyroid cancer and multiple endocrine neoplasia

type 2 (MEN-2); and presence of regional

lymphadenopathy.

Criteria for Surgical Therapy

The criteria for surgical treatment were as follows (the

most appropriate single criterion for each patient): malig-

nancy; suspected malignancy; undetermined and nondiag-

nostic biopsy result (in at least two biopsies performed at

different times); benign result in biopsy but large-sized

nodule; benign biopsy result but with high suspicions of

malignancy in ultrasonographic and clinical examinations;

overt hyperthyroidism; and thyroidectomy made during

excision of parathyroid adenoma.

Thyroid Functional Status

Based on thyroid function tests, the patients were divided

into groups of euthyroidism, overt hypothyroidism, overt

hyperthyroidism, subclinical hypothyroidism, and subclin-

ical hyperthyroidism. All patients in the hyperthyroidism

group (84 patients) had undergone scintillation. According

to their scintillation results, the patients in the overt

hyperthyroidism group (81 patients) were divided into

two subgroups, namely, those with increased activity of

the nodule (toxic nodular goiter, TNG) and those with

increased activity of the parenchyma (toxic diffuse nodu-

lar goiter, TDNG).

FNAB Procedures

Biopsy was performed with the guidance of US by direct

visualization of the needle tip, and a specimen was

obtained from the solid region within the thyroid mass or

by targeting the remaining solid region after aspirating

the fluid part before carrying out the biopsy if the mass

consisted mostly of cystic component. Two different sites

of the nodules were sampled, in the case of large nodules,

and both sites were guided by US. In patients with overt

hyperthyroidism, euthyroidism was provided with antithy-

roid therapy before biopsying.

Cytological Examination

In light of previous studies,15–17 cytological results were

categorized into five groups including malignant, suspi-

cious for malignancy, undetermined, benign, and nondiag-

nostic. Samples with an adequate number of cells and

typical cytological characteristics of malignancy were

considered malignant.17 Inadequate cellularity was not

used for the diagnosis of malignancy.17–19 Samples were

considered suspicious for malignancy if they were pleo-

morphic, juxtaposed, compressed, or had cells with large

nuclei.16,17 Follicular neoplasia and Hurthle cell neoplasia
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with a uniform cellular population and scant colloid lack-

ing typical features of carcinoma were considered as

undetermined cytology.17,20 Colloidal nodule, nodular

hyperplasia, and lymphocytic thyroiditis were benign

cytological findings. Samples with less than six cell

groups at a minimum with each group having >10 well-

preserved thyroid cells were considered as nondiagnostic

cytology.17

Statistical Analysis

The results are expressed as the means6 standard devia-

tion. Parametric variables were compared using Student’s

t test. v2 test was used to compare gender distribution.

Associations between categorical variables (US features,

cytological and histopathological results) and their varia-

tions among study groups were compared using the v2

test or a likelihood ratio. For the analysis of sensitivity

and specificity of US-FNAB and diagnostic power of the

test in studied patient groups, undetermined, suspicious

for malignancy and malignant cytological results were

obtained from the malignant group and benign cytological

results from the benign group, based on the prior stud-

ies15,17 that used histopathological results as a benchmark.

Inadequate biopsy results were not included into these

analyses. Differences were considered to be statistically

significant when the P< 0.05. Statistical analysis was

conducted using SPSSVR for Windows 15.0 (SPSS,

Chicago, IL).

Results

The mean age was 44.46 11.9 years and 42.36 12.3

years for control group subjects and case group subjects,

respectively. There was no significant difference between

control and case groups with respect to mean age

(t5 1.400; P5 0.163). Female patients represented 78.0%

of the control group and 72.2% of the case group. The

gender distribution rate was statistically similar for con-

trol and case groups (v25 1.198; p5 0.274).

The control group consisted of 123 patients (46.1%)

with a nodule size less than 30 mm, and 144 patients

(53.9%) with a nodule size equal to or greater than

30 mm formed the case group. The median nodule size

was 14.7 mm (interquartile range5 10.1) in the control

group and 43.1 mm (interquartile range5 14.9) in the

case group.

The distribution of risk factors for malignancy in the

study groups is shown in Table I. The pressure symptoms

such as recent changes in speaking, breathing, and swal-

lowing were significantly higher in the case group

(P5 0.001).

Criteria for surgical management in case and control

groups are given in Table II. There was a significant dif-

ference in surgical management criteria between the

groups (v25 118.124; P5 0.001).

The thyroid functions in the study groups are shown in

Table III. There was a significant difference in thyroid

functions between the groups (v25 49.867; P5 0.001).

The ultrasonographic features of nodules in the study

groups are given in Table IV. All ultrasonographic fea-

tures of the nodules including content, margin regularity,

echogenicity, calcification type, and presence of halo

showed statistically significant differences.

Cytological examination results and final histopatho-

logic malignancy rates are shown in Table V, and distri-

bution of histopathologic results are shown in Table VI

for study groups. While the rate of malignant histopatho-

logic results was 42.3% in control group subjects, the cor-

responding rate found in the case group patients (16.0%)

was significantly lower (v25 22.723; P5 0.001).

Among control group subjects with a nodule size less

than 3 cm, US-FNAB was found to have a sensitivity of

85.4%, specificity of 40.3%, positive predictive value

(PPV) of 52.6%, negative predictive value (NPV) 78.1%,

accuracy rate of 60%, and a false-negativity rate of

21.9%. For case group patients with a nodule size equal

to or greater than 3 cm, US-FNAB was found to have a

sensitivity of 72.7%, specificity of 81.6%, PPV of 45.7%,

Table I. Risk Factors for Malignancy in Case and Control Groups

Risk factors
Controls,
N (%)

Cases,
N (%) P

Young age (<20) or advanced
age (>60)

12(9.8) 18 (12.5) >0.05

Male gender 27 (22) 40 (27.8) >0.05
History of radiotherapy of the

neck region
0 (0) 0 (0) -

Presence of pressure symptoms 0 (0) 34 (23.6) 0.001
Thyroid cancer or MEN-2 in

family history
2 (1.6) 0 (0) N/A

Regional lymphadenopathy 1 (0.8) 2 (1.4) N/A

MEN: multiple endocrine neoplasia; N/A: not eligible for statistical
evaluation.

Table II. Criteria for Surgical Management in Case and Control Groups

Criteria for surgical management
Controls,
N (%)

Cases,
N (%)

FNAB:Malignant 20 (16.3) 6 (4.2)
FNAB:Suspicious for malignancy 23 (18.7) 8 (5.6)
FNAB:Undetermined 35 (28.7) 21 (14.6)
FNAB:Nondiagnostic 12 (9.8) 7 (4.9)
FNAB:Benign1 large-sized nodule 0 (0) 48 (33.3)
FNAB:Benign1 suspect malignancy in

ultrasonographic and clinical examinations
9 (7.3) 0 (0)

Overt hyperthyroidism
TDNG 16 (13) 6 (4.2)
TNG 4 (4.1) 48 (33.3)

Excision of parathyroid adenoma 3 (2.4) 0 (0)

FNAB: fine-needle aspiration biopsy; TDNG: toxic diffuse nodular goi-
ter; TNG: toxic nodular goiter.
v25 118.124; P5 0.001.
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NPV 93.3%, accuracy rate of 80% and a false negativity

rate of 6.7%.

Discussion

Several studies have demonstrated that FNAB is a sensi-

tive and specific test for the diagnosis of thyroid cancer

and is a useful method that provides guidance to primary

surgery and prevents unnecessary procedures.3,8,9 How-

ever, false-negative results may occur due to the inability

to obtain adequate material from small nodules, and

shortcomings in cytopathological interpretation of follicu-

lar neoplasia leads to increases in the diagnostic limita-

tion of US-FNAB.11 Additionally, the diagnostic accuracy

of FNAB may be less for large nodules, particularly if

the nodule size is greater than 3 cm.3,4,10

Consistent with previous studies,17,21 in the present

study, a greater diagnostic performance of US-FNAB was

found for the case group when 144 patients in the case

group with nodules equal to or greater than 3 cm and 123

control patients with nodules smaller than 3 cm were

compared. The procedural accuracy rate was 60% for

control group and 80% for the case group. Our results

support the argument that there is no direct relationship

between increased diagnostic limitation of US-FNAB and

increased nodule size. Patients with multiple thyroid nod-

ules were excluded in this study. We think this allows for

more accurate and realistic calculations by preventing

possible false evaluations in final histopathological com-

parisons that might occur secondary to malignancy of

other nodules.

In the present study, the false-positivity rate of cytolog-

ical data reported as “suspicious for malignancy” was

found to be 25% in the case group, which was compara-

ble to the rates reported in other studies (between 20 and

33.8%).10,17,22–24 However, the false-positivity rate of

cytological data reported as “suspicious for malignancy”

was 30.4% in the control group. For nodules with malig-

nant cytology, there were no false-positive results in the

case group, but the false-positivity rate was 10% in the

control group. Of the two patients representing 10% of

the control group, one was identified as having a benign

nodular goiter and the other as having Hurthle cell ade-

noma on the basis of final pathology results.

Our data question the accuracy of FNAB results, which

are reported as benign irrespective of the nodule size.

Similar to previous studies,15,17,21,22,25 the false-negative

biopsy rate was 6.7% for nodules 3 cm in diameter or

greater in the present study, but the percentage of patients

found to have follicular neoplasia that were originally

Table III. Thyroid Functions in Study Groups

Thyroid functional status
Controls,
N (%)

Cases,
N (%)

Euthyroidism 85 (69.1) 76 (52.8)
Overt hypothyroidism 10 (8.1) 5 (3.5)
Overt hyperthyroidism

TDNG 18 (14.6) 6 (4.2)
TNG 5 (4.1) 52 (36.1)

Subclinical hypothyroidism 5 (4.1) 2 (1.4)
Subclinical hyperthyroidisma 0 (0) 3 (2.1)

TDNG: toxic diffuse nodular goiter; TNG: toxic nodular goiter.
v25 49.867; P5 0.001.
aWith scintigraphic examination active nodules were found in all three
cases.

Table IV. The Ultrasonographic Features of Nodules in the Study
Groups

Ultrasonographic
features

Controls,
N (%)

Cases,
N (%) v2 P

Content 61.311 0.001

Solid 75 (61) 22 (15.3)
Mixed 47 (38.2) 113 (78.5)
Cystic 1 (0.8) 9 (6.3)

Margin regularity 5.530 0.019

Regular 72 (58.5) 140 (72.2)
Irregular 51 (41.5) 40 (27.8)

Echogenicity 59.514 0.001

Isoechoic 46 (37.4) 108 (75)
Isohypoechoic 42 (34.1) 23 (16)
Hypoechoic 30 (24.4) 4 (2.8)
Hyperechoic 4 (3.3) 0 (0)
Anechoic 1 (0.8) 9 (6.3)

Calcification type 11.534 0.021

Micro 32 (26) 47 (32.6)
Macro 7 (5.7) 5 (3.5)
Micro-Macro 9 (7.3) 24 (16.7)
Absent 72 (58.5) 68 (47.2)
Eggy 3 (2.4) 0 (0)

Halo 5.065 0.024

Yes 43 (35) 70 (48.6)
No 80 (65) 74 (51.4)

The bold values points to important findings of our results.

Table V. Cytological Results and Final Histopathologic Malignancy Rates of Study Groups

Controls Cases

Cytological results,
N (%)

Final malignancy
rate (%)

Cytological results,
N (%)

Final malignancy
rate (%)

Nondiagnostic 13 (10.5%) 30.8 19 (13.2%) 5.3
Benign 32 (26.0%) 21.9 90 (62.5%) 6.7
Undetermined 35 (28.4%) 20.0 21 (14.5%) 19.0
Suspicious for malignancy 23 (18.7%) 69.6 8 (5.6%) 75.0
Malignant 20 (16.3%) 90 6 (4.2%) 100
Total 123 (100%) 42.3 144 (100%) 16

The bold values points to important findings of our results.
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diagnosed as benign was high (16.6%). This rate of false-

negative results (16.6%) for follicular neoplasia found in

the case group is similar to the rates reported by other

studies (up to 30%).10,17,26,27 This may be explained by

the presence of intratumoral heterogeneous areas within

large follicular neoplasia. Another important result was

that the rate of false-negative biopsy results was consider-

ably higher (21.9%) for nodules smaller than 3 cm. In

1995, Meko and Norton reported that FNAB had a false

negativity rate of 11% and that this rate increased up to

30% for large, cystic/solid thyroid nodules that carried a

high probability of being cancerous.11 McCoy et al.

reported that the false negativity rate was 13% for nod-

ules greater than 4 cm, and it increased to 16% when

multifocal micropapillary carcinomas were included.3

Additionally, a number of other studies reported a high

prevalence of malignancy for large thyroid nodules and a

high rate of false-negative FNAB results (13–50%).3,5

In the present study, malignancy rate was 5.3% in the

case group and 30.8% in the control group for nodules

with ‘‘nondiagnostic’’ cytology, and the difference was

statistically significant (v25 3.854; P5 0.049). These

rates are consistent with a wide range of malignancy

(from 2% to 37%) rates reported previously for nondiag-

nostic cytological features.15,28–30 Also, a recent article

by Anderson et al. found a low rate of malignancy with

repeated biopsy (0.6%) and with surgical pathologic

examination (1.8%) for 393 single nodules with nondiag-

nostic FNA results.31 However, the final malignancy rate

was 10.2% (5/49) for those who underwent surgery

among 49 patients with persistent nondiagnostic FNA

results in the subgroup of the study, which is comparable

to the rates reported in our study. The high malignancy

rate observed in the control group versus the case group

lends support for a limited diagnostic value of FNAB due

to the inability to obtain sufficient amount of material

from small nodules. Additionally, our results seem to be

associated with the use of different selection criteria for

surgical indications of large and small nodules and con-

tain more functional nodules in the case group.

Whether increased nodule size is an independent risk

factor for thyroid malignancy is still controversial.

Although some studies suggest that nodule size is not an

independent risk factor for predicting malig-

nancy,13,22,25,32–34 other studies advocate that enlarged

nodule size increases the risk of malignancy3,35–37 and,

therefore, surgical therapy should be recommended to

these patients without giving consideration to cytological

results. Based on final histopathologic results, 16% of the

case group patients and 42.3% of the control group

patients had malignant nodules, representing a significant

difference (v25 22.723; P< 0.001). This study included

only adult patients because it was planned to cover

patients in the adult endocrinology clinic. Because young

age (<20) is a risk factor for malignant thyroid nodules,

inclusion of pediatric patients may have resulted in higher

rates of malignancy than the rates found in this study. In

the present study, it is interesting to note that the malig-

nancy rate was substantially higher among nodules

smaller than 3 cm, which was significantly different from

the rate found for nodules equal to or greater than 3 cm.

When we look at cytological results of case and control

groups in the present study, it is observed that while nod-

ules with benign cytology are more common in the case

group, malignant nodules and nodules suspicious for

malignancy are considerably more prevalent in the control

group. Thus, the final histopathological results should not

be surprising because criteria for surgical indication dif-

fered widely between small and large nodules in our

patient group. While surgery was considered for large

nodules mainly because of compression symptoms and

autonomous hyperactivity which leads to hyperthyroidism,

small nodules were operated due to a high level of suspi-

cion for severe malignancy based on cytological, ultraso-

nographic and clinical features. Our study findings

demonstrate the importance of accurate and rational diag-

nostic and clinical approach in surgical decision-making

and malignancy detection.

Functional nodules were present in 38.2% (55 of 144

nodules) and 4.1% (5 of 123 nodules) of case and control

groups, respectively. As noted above, this difference

stems from the use of different selection criteria for surgi-

cal indications of large and small nodules. The final

malignancy rates were 7.3% (4 of 55 nodules) for the

case group and 60% (3 of 5 nodules) for the control

group in these nodules. In a study published recently, the

malignancy rate was 4.5% in single toxic nodule

patients.38 In fact, the choice of an appropriate treatment

for toxic nodules is not easy because comprehensible cri-

teria for therapy selection have not yet been established,

owing to the lack of long-term prospective randomized

studies comparing different treatment modalities. We

have used FNAB of functional thyroid nodules to deter-

mine the appropriate treatment since it can detect

Table VI. Distribution of Histopathologic Results of Study Groups

Controls Cases

N % N %

Benign 71 57.7 121 84.0

Benign Nodular Goiter 54 76.0 96 79.3
Adenoma 13 18.4 22 18.2
Chronic Thyroiditis 4 5.6 3 2.5
Malignant 52 42.3 23 16.0

Papillar Thyroid Cancer 46 88.5 19 82.6
Follicular Thyroid Cancer 4 7.7 2 8.7
Hurthle Cell Cancer 1 1.9 1 4.4
Medullary Thyroid Cancer 1 1.9 1 4.4

The bold values points to important findings of our results.
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malignancy in functional nodules, supporting the findings

of our study and previous studies.38–40 Also, a surgical

approach for patients with toxic nodules larger than 3 to

4 cm is generally suggested. We chose mostly a surgical

treatment option given the higher risk of treatment failure

with radioactive iodine.41,42

There are some limitations to our study. Firstly, our

study did not include all the patients with solitary nodules

who were referred to our outpatient clinic, since radioio-

dine ablation treatment was performed in some cases with

small functional nodules and since some cases without

suspected malignancy were followed. Our study includes

only patients who had been operated. This probably influ-

enced our final malignancy rate. Secondly, the malignancy

rate and the diagnostic accuracy rate may have some

errors since the number of active nodules was higher in

the case group. It is possible that these nodules may have

changed the malignancy rate and the diagnostic accuracy

rate. Thirdly, since biopsy materials analyzed in this study

were performed by multiple cytopathologists, the results

of US-FNAB could have been affected by interpreter vari-

ability and this was not considered in the study.

In conclusion, we observed that there is no direct correla-

tion between enlarged nodule size and increased diagnostic

limitation of US-FNAB. A decision for performing surgery

or whether a thyroid nodule is malignant should not be

made solely on the basis of nodule size. Instead, considera-

tion of all diagnostic and clinical data is necessary. Lower

rates of false-negative and suspicious biopsy results could

possibly be achieved owing to advances in imaging meth-

ods and FNAB techniques and by the use of new techni-

ques of molecular cytopathological investigation.
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