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h i g h l i g h t s
� Thyroid nodules are commonly encountered problems in clinical practice.
� FNAB is the most reliable diagnosis method for distinguishing between benign and malignant thyroid nodules.
� The non-diagnostic rates may decrease with the increase of experience in administering USG-guided thyroid biopsies.
a r t i c l e i n f o

Article history:
Received 16 May 2016
Received in revised form
15 July 2016
Accepted 16 July 2016

Keywords:
FNAB
Non-diagnostic
Thyroid biopsy
Thyroid USG
* Corresponding author. Adnan Menderes Street, Sa
E-mail address: mhmtaziret@gmail.com (M. Azire

http://dx.doi.org/10.1016/j.amsu.2016.07.015
2049-0801/© 2016 The Author(s). Published by Elsev
creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Background: Thyroid nodules are commonly encountered problems in clinical practice. For patients who
have a thyroid nodule, the fine-needle aspiration biopsy (FNAB) is the most important test, as it is the
most reliable diagnostic method for distinguishing between benign thyroid nodules and cancerous
nodules. FNAB is able to be performed either via an ultrasound (USG) or alone and is the first choice
when it comes to diagnosing thyroid nodules, given that it is cheap, safe and provides accurate results.
Objective: In this study-a retrospective analysis of FNAB via USG - our aim is to evaluate the multiple
variables related to FNAB procedures, including the experience of the person performing the biopsy, the
age and gender of the patient, the number of nodules, the size of the nodule(s) and the number of lams
recorded from the cytopathology report on non-diagnostic rates, conducted at an invasive radiology
clinic and at a general surgery clinic.
Materials and methods: A total of 1062 patients involving 1869 nodules, examined using FNAB via USG,
were reviewed retrospectively from records dated between November 2011 and July 2014 and from
pathology reports taken from the ANEAH General Surgery clinic and Interventional Radiology clinic.
Cytopathology results were classified according to the 2007 Bethesda System for Reporting. Gender, age,
number of nodules, diameter of the nodules, biopsied nodules, location of the nodules, number of lams,
symptoms and the date of biopsies were the parameters used to examine the factors involved in non-
diagnostic cytopathology invasive radiology. These parameters were inspected at both of the clinics
(ANEAH General Surgery clinic and Interventional Radiology clinic). In analyzing the results, the statis-
tical significance level was set at 0.05, where in cases that the p value was under 0.05 (p < 0.05), it was
determined that no significant relationship existed. In this study, data were analyzed using SPSS 20
software.
Results: Of the nodules reviewed, 1620 were found on females and 249 on males. The age of the patients
ranged from 10 to 87 years, with the mean age being 50 years. In the general surgery clinic, 470 nodules
of 341 patients were aspirated, and in the interventional radiological clinic, 1399 nodules of 721 patients
were aspirated. In the literature review conducted to compare statistical assessments of FNAB via USG, no
significant difference was found between the ANEAH General Surgery clinic and the Invasive Radiology
�glık Sok. No: 195, Adapazarı, Turkey.
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clinic (p > 0.05). In the invasive radiology clinic, non-diagnostic rates decreased with the increase in
experience of the person who conducted the biopsy (p ¼ 0.001).
Conclusion: The results from both of the clinic's rates of non-diagnostic FNAB, performed via USG, were
found to be acceptable. Our study also demonstrates that USG-guided FNAB can be performed with a low
non-diagnostic rate as experience grows.
© 2016 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Thyroid nodules are a commonly seen problem in clinical
practices around the world. Thyroid nodules are observed in 5% of
females and in 1% of males in non-endemic areas that are supplied
with sufficient iodine. However, thyroid nodules can be identified
in 19e67% of randomly selected individuals, particularly women
and older individuals, through a high resolution USG [1,2]. A fine-
needle aspiration biopsy (FNAB) is recommended in cases of
dominant or painless growing nodules, solid nodules and nodules
larger than 1 cm in diameter, due to the 5e10% malignancy risk in
multinodular goiters [2].

An FNAB, which can be performed either with or without an
USG, is the most important examination method for patients with
thyroid nodules [3]. It is generally accepted that FNAB is the most
reliable diagnosis method for distinguishing between benign and
malignant thyroid nodules. In addition, as it is a safe, reliable and
less costly method, providing accurate results and less compli-
cations, and is well-tolerated by patients, FNAB is the first choice
when it comes to diagnosing thyroid nodules [4]. FNAB was first
described by Martin and Ellis in 1930 [5]. In the 1950s, it began to
be more commonly used, particularly in Sweden and other
Scandinavian countries [6]. For the past two decades, it has
enjoyed widespread use throughout the world [5,6]. The perfor-
mance of FNABs accompanied with an USG has recently been
increasing, and it has been reported that the execution of an
FNAB under ultrasound imaging has a diagnostic value higher
than that of an FNAB without an USG. The USG-aided FNAB has
certain advantages, such as enabling the needle to be advanced to
the desired location, avoiding any major vascular fields, and
allowing the needle to access the remote fields of central necrosis
areas [7].

Today, the main purpose of FNABs is to determine whether a
thyroid nodule requires surgical treatment or not and thereby
possibly avoid the major complications and high costs associated
with thyroidectomies [5e7]. The most significant diagnosis prob-
lem related to FNABs is the failure to extract sufficient material
during the procedure; therefore, adequate training is necessary for
sample making and preparation [2,7].

Some studies show that when FNABs are made by the same
person, the prepared and reported thyroid FNAB's results are better
than others [7,8]. The ideal situation would be that the reporting is
conducted by an experienced cytopathologist for FNABs that have
been prepared by trained hands [8]. In patients who have received a
non-diagnostic FNAB, the FNAB should be made again with the aid
of USG. Important studies conducted on this topic have reported
that repeated cytological examinations are able to provide more
accurate diagnoses [9,10].

The purpose of our studywas to conduct a retrospective analysis
of USG-guided thyroid FNAB results in both a general surgery clinic
and an interventional radiology clinic and to evaluate the rela-
tionship among prognostic factors, such as non-diagnostic rates of
biopsy, the experience of the person administering the FNAB, age,
gender, number and size of nodes and number of lam.
2. Materials and methods

2.1. Patients and ethics

This study was conducted in the general surgery and interven-
tional radiology clinics at Health Sciences University Adana
Numune Training and Research Hospital during the period from
October 2011 and July 2014. A total of 1869 nodules involving 1062
patients who had received an aspirated biopsy for thyroid nodules
were eligible for the study. The data of patients and pathology re-
ports were evaluated retrospectively, and the cytopathology results
were classified according to the 2007 Bethesda System for
Reporting [8].

The prognostic parameters, such as the patient's age, gender,
number of nodules, number of biopsies taken, location of nodule,
nodule size, number of lam, date of procedure and the clinics that
performed the FNAB were evaluated in order to research the biopsy
patients who had non-diagnostic (insufficient diagnosis) cytopa-
thology results. These parameters were evaluated in both clinics.
The Ethical Committee of our center approved the study protocol
(ANEAH.EK2014.62).
2.2. Thyroid fine needle aspiration biopsy (FNAB)

All of the biopsies were taken by the same physician in their
respective clinics. The on-site rapid assessment method was per-
formed on the first 155 patients in the general surgery clinic, but
was not performed on the other 315 nodules. At the interventional
radiology clinic, the on-site rapid assessment method was not
performed. All patients underwent a thyroid USG prior to being
administered the FNAB by the radiology clinic (Fig. 1).

The size of the thyroid gland, number of solitary or multiple
nodules, underlying disease, size of nodule, characteristics of
nodule limit, the presence of halo, calcification features, sono-
graphic characteristics of the nodule, and distinction of solid or
cystic were evaluated with USG (Fig. 2).

The biopsies were taken by the Mindray DC-7 USG and with a
7.5 and 10 MHz linear probe. All interventions were made in a bi-
opsy room, where the patient was placed in the appropriate posi-
tion prior to the FNAB being administered. This position involved
the placement of a pillow under the patient's shoulders and the
hyperextension of the neck while they were in prone position.
Betadine or alcohol was applied on the patient's neck before
administering lidocaine HCl (1 ml ampule, subcutaneous) to the
patient as a local anesthetic.

The FNAB was conducted using a 10 cc syringe with 22G (black
points) or 21G (green tip) needles. To begin, 1e2 cc of air was taken
into the syringe; then, the projection of nodules on the skin to be
biopsied were detected with USG (Fig. 5). Next, the tip of the needle
was entered into the nodule guided by USG. Negative pressure was
created by taking up 10 cc of air into the syringe. The procedure
continued with the movement of the millimeter needle back and
forth in nodules to remove cells (Fig. 6). Once the material was
extracted, the absence of hemorrhaging and the material of the
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Fig. 1. The appearance of thyroid nodule with USG (ANEAH archive).

Fig. 2. The appearance of thyroid nodule with Doppler-USG (ANEAH archive).
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needle tip was noted. The extracted material was sprayed onto the
lam after removal of the needle tip and then spread to the other lam
with the aid of second lam (Fig. 7). The lams were sent to the pa-
thology lab after being air dried or undergoing alcohol fixation
process (Fig. 8).
2.3. Inclusion and exclusion criteria

2.3.1. Inclusion criteria13

1. Patients willing to give written informed consent.
2. Of diameter larger than 1.0 cm that is solid and hypo-echoic

on USG.
3. Of any size with USG findings suggestive of extra-capsular

growth or metastatic cervical lymph nodes.
4. Of any size with patient history of neck irradiation in child-

hood or adolescence; PTC (papillary thyroid carcinoma), MTC
(medullary thyroid carcinoma), or MEN 2 (multiple endo-
crine neoplasm 2) in first-degree relatives; previous thyroid
surgery for cancer; increased calcitonin levels in the absence
of interfering factors.
5. Of diameter smaller than 10 mm along with USG findings
associated with malignancy include micro-calcifications,
marked hypo-echogenicity, an irregular or microlobulated
margin, a longitudinal dimension larger than the cross-
sectional dimension, intrinsic vascularity, direct tumor in-
vasion of adjacent soft tissue, and metastasis to one or more
lymph nodes.

6. If a radioisotope scan is available, do not biopsy hot areas.
7. In the presence of multiple nodules, FNAB was performed for

suspicious features of thyroid USG above described criteria.
8. In the presence of complex (solid-cystic) thyroid nodule(s),

FNAB was taken the solid component of the lesion according
to the suspicious USG findings.

9. When initial FNA biopsy was nondiagnostic, it was repeated
with USG guidance.

10. No infection at time of FNAB in biopsy location.
2.3.2. Exclusion criteria

1. Patients willing not to give written informed consent.



Fig. 3. Intranuclear cytoplasmic pseudo-inclusion in Thyroid papillary carcinoma after
FNAB (ANEAH archive).
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2. Uncooperative patients or psychiatric disorders.
3. A severe bleeding disorders such as INR (International ra-

tio) > 1.4, prothrombin time > 15 s, platelet account > 50,000/
mm3.

4. Nodules that are hot on scintigraphy should be excluded from
FNA biopsy.

2.4. On-site (bedside) rapid assessment of FNAB

On-site rapid assessment involves the rapid staining of the
preparation during the aspiration. This procedure ensures that
enough material is taken, preventing the possibility of taking a
deficient amount of material. When the lesion has been rapidly
evaluated and requires the use of diagnostic immunohistochem-
istry (IHC), flow cytometry or molecular methods, then thematerial
needs to be prepared according to the respective method. The in-
formation provided after each aspiration helps correct other aspi-
ration methods that have been administered [11,41].

2.5. Assessment of thyroid FNAB results

FNABs are useful methods for conducting assessments of thy-
roid nodules. The main purposes of FNABs are to facilitate a process
for disease management and to determine whether surgery is
necessary, and if so, to identify the correct surgical procedure to
perform. As there is no general consensus on the reporting of
thyroid FNAB, several classification systems are suggested by
various authors, according to personal/corporate experience, as
well as a number of clinical organizations (Papanicolaou Society,
American Thyroid Association, the American Association of Clinical
endocrinologist) [13]. Recent studies have revealed that among
pathologists and clinicians there is incompatibility in the diagnostic
terminology [8]. Many studies have reported on the use of a
sequential system for thyroid FNAB classification. In this effort to
create a common system of reporting, basic schemes have been
developed to formulate various diagnostic categories, such as
benign, unidentified significance lesion (atypia), follicular
neoplasm, suspicious, malign and inadequate (not optimal), to
name several. Ideally, the goal is to create a system that enables a
reporting process whereby the risk of malignancy can be verbally
articulated. As a result of the above mentioned problems associated
with reporting, the NCI (National Cancer Institute) has supported a
new sequential system, which was presented at a 2007 conference.
This new system, named the ‘Bethesda Reporting System’, has
recently begun to be increasingly used throughout the world [8].

2.6. Bethesda system for reporting

The Bethesda Reporting System has identified 6 categories in
thyroid FNAB reporting. The main purpose of this system is to aid
clinicians during patient examinations, particularly with regards to
determining benign/malign potential. In addition, a common lan-
guage is used, with the aim of minimizing disparity in reporting
between pathologists and clinicians [8].

2.7. Classification of groups

The groups were classified into six categories according to the
2007 Bethesda Reporting System.

1. Bethesda 1 group (Non-diagnostic or inadequate): Only cyst
fluid, acellular sample and others (artifact, covering the ground
bleeding, etc.). A total of 221 patients in the two clinics were
determined to be in this group.
2. Bethesda 2 group (Benign): Compatible with benign follicular
nodules (adenomatoid nodules, colloidal nodules, etc.); and in
cases of clinical compatibility, compatible with lymphocytic
(Hashimoto's) thyroiditis; compatible with granulomatous
(subacute) thyroiditis. A total of 1556 patients in the two clinics
were determined to be in this group.

3. Bethesda 3 group (Undetermined significant atypia or un-
determined significant follicular lesion). A total of 35 patients
in the two clinics were determined to be in this group.

4. Bethesda 4 group (Follicular neoplasm or suspicion of
follicular neoplasm): Hurthle cell (oncocytic) type must be
specified. A total of 17 patients in the two clinics were deter-
mined to be in this group.

5. Bethesda 5 group (Suspicion of malignancy): Suspicion of
papillary carcinoma (Fig. 3), medullary, metastatic, lymphoma
and others. A total of 16 patients in the two clinics were deter-
mined to be in this group.

6. Bethesda 6 group (Malign): Thyroid papillary carcinoma
(Fig. 4), poorly differentiated carcinoma, medullary thyroid
carcinoma, undifferentiated (anaplastic) carcinoma, squamous
cell carcinoma, mixed featured carcinoma, metastatic carci-
noma, non-Hodgkin's lymphoma. A total of 24 patients in the
two clinics were determined to be in this group.

Bethesda scores were compared according to the pathology
results in the two clinics. The factors affecting the Bethesda
Reporting System classification were evaluated in each clinic.
2.8. Statistical analysis

The data were analyzed using the Statistical Package for Social
Sciences 20.0 for Windows (SPSS Inc., Chicago, IL, United States).
Two-group comparisons were performed by using the Mann-
Whitney U test, and the Kruskal-Wallis H test was employed for
comparisons involving 3 or more groups. The Post-Hoc Multiple
Comparison test was used in cases of the occurrence of significant
differences in the Kruskal Wallis-H test. Results were expressed as
mean ± standard deviation (min-max). The correlation between
the variables was examined using Fisher's Exact Test and Monte
Carlo simulation, with the help of the Pearson Chi-square analysis.
The significance level was set at 0.05, and if p < 0.05, there was
significant difference, whereas if p > 0.05, there was no significant
difference.



Fig. 4. Intranuclear cytoplasmic pseudo-inclusion (red arrow) and nuclear cleavage
(black arrow) in Thyroid papillary carcinoma after FNAB (ANEAH archive).

Fig. 5. Thyroid FNAB with USG-guided (ANEAH archive).

Fig. 6. The needle in thyroid nodule during FNAB with USG-guided (ANEAH archive).

Fig. 7. Preparation before the FNAB (ANEAH archive).

Fig. 8. The fixation of lam in alcohol and air after FNAB (ANEAH archive).
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3. Results

A total of 1062 patients involving 1869 nodules that underwent
a USG-guided FNABwere evaluated. Each nodulewas identified as a
case and compared with a total of 1869 cases. The female patients
had 1620 thyroid nodules, the male patients had 249 thyroid
nodules and the mean age was 50 years (minimum 10 years and
maximum 87 years old). In the general surgery clinic, 341 patients
and 470 nodules were aspirated, while in the interventional radi-
ology clinic, 721 patients and 1339 nodules were aspirated.

In Bethesda 1, 2, 3, 4, 5 and 6 groups, the mean ages were 50
(±13, 14), 50 (±13, 85), 47(±15, 13), 43(±9), 49 (±15), and 43 (±16)
years, respectively. The minimum age was 10 years and the
maximum age was 87 years. In Bethesda 1, 2, 3, 4, 5 and 6 groups,
themean nodule sizes were 18 (±10),18(±8), 20(±9), 21(±8),18(±6)
and 24(±17) mm in diameter, respectively (Tables 1 and 2).
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A total of 61 patients (13%) were in the general surgery clinic,
and a total of 221 patients (11.4%) were in the interventional radi-
ology clinic. No significant difference was found according to
Bethesda groups in comparisons conducted between the general
surgery clinic and the interventional radiology clinic (p > 0.05)
(Table 3).

In the general surgery clinic, 12.7% of patients were female and
15.8%weremale. Therewere no significant differences between the
Bethesda groups in the general surgery group in terms of gender
(p > 0.05) (Table 1). In the interventional radiology clinic, 11.1% of
patients were female and 13.3% were male. No significant differ-
ence was found according to gender in comparisons conducted
among the Bethesda groups at the interventional radiology clinic
(p > 0.05) (Table 1).

In the Bethesda 1 group, 19% of the patients had only one nodule
and 81% of the patients had multiple nodules. In the Bethesda 2
group, 82.4% of the patients had only one nodule and 83.5 of the
patients had multiple nodules. A significant difference was found
between Bethesda groups and nodule groups (p < 0.05) (Table 2).
The Bethesda 4 and 6 groupswere younger than the Bethesda 1 and
2 groups, and there were significant differences among the groups
according to age (p < 0.05) (Table 2). A significant difference was
not found between general surgery and interventional radiology
groups within the Bethesda 1 group (p > 0.05). In the Bethesda 1
group, 13% of the patients were from general surgery and 11.4% of
the patients were from interventional radiology (Table 4).

The ages of the patients in the Bethesda 1 groupwere older than
other Bethesda groups. There were no significant differences be-
tween the Bethesda 1 group and other Bethesda groups in terms of
age (p > 0.05). When the groups were compared according to
nodule size (diameter), the nodules in the Bethesda 1 group were
smaller than those found in other Bethesda groups (p > 0.05). The
Bethesda 1 group had fewer lams than other groups, and a signif-
icant difference was detected between the Bethesda 1 group and
other Bethesda groups in terms of number of lam (p > 0.05)
(Table 5). There were no significant differences between the
Table 1
Relationship of nodules features with Bethesda groups.

Bethesda

n Mean Median

Age Others 1648 49,79 50
Bethesda 1 221 50,45 51
Total 1869 49,87 50

Diameter of nodule (mm) Others 1648 18,49 16
Bethesda 1 221 18,81 16
Total 1869 18,52 16

Number of lam Others 1648 4,68 4
Bethesda 1 221 4,75 4
Total 1869 4,69 4

Bethesda

Others

n %

Gender Female 1433 87
Male 215 13
Total 1648 100

Number of nodule Only a nodule 423 25,7
Multiple nodule 1225 74,3
Total 1648 100

Aspiration date First half 810 49,2
Last half 838 50,8
Total 1648 100

In the Bethesda 2 group, 82.4 percent of the patients had only one nodule and 83.5 of the
groups and nodule groups (p ¼ 0.001).
Bethesda 1 group and other Bethesda groups with respect to
gender and aspiration date (p > 0.05). In the Bethesda 1 group,
84.6% of the patients were female and 15.4% were male. In terms of
aspiration date, 56.1% of the Bethesda 1 group had aspirations
performed in the first half of the study (Table 1). The composition of
the Bethesda 1 group included 13% of patients from general surgery
and 11.4% from interventional radiology. A significant difference
was not found between general surgery and interventional radi-
ology in terms of Bethesda groups (p > 0.05) (Table 4).

A significant difference was not detected among any of the
Bethesda groups in the general surgery clinic in terms of aspiration
date (p > 0.05) (Table 5). There were, however, significant differ-
ences found between Bethesda 1, 2 and 5 groups in the interven-
tional radiology clinic in terms of aspiration date (Table 5).

No major complications were seen in either of the clinics. A
localized intranoduler hemorrhage occurred in one patient in the
general surgery group. Hemostasis was achieved by applying
pressure with fingers to the biopsy area for about 15 min after
aspiration. A control USG was done on some patients for whom
there was suspicion of bleeding following application of pressure.
4. Discussion

In the present study, we aimed to compare the results of thyroid
FNABs performed by general surgery physicians and those per-
formed by interventional radiology physicians and more impor-
tantly to investigate the factors that influence the emergence of
Bethesda 1 results. We did not detect any difference in terms of
Bethesda 1 results or in terms of sufficiency in either of the groups
at the end of study. Related to this finding, it was observed that
when the experience of the person responsible for administering
the FNAB increased in the interventional radiology group, the
Bethesda 1 results decreased. However, no significant difference
was seen in the general surgery groups with respect to experience.
Considering the features of the thyroid nodule, we detected an
increase in the number of these features in Bethesda 1 and 2 groups
Average queue Mann-Whitney U
test

Min Max ss z p

10 86 13,92 924,03 0,871 0,384
13 87 13,14 957,51
10 87 13,83
3,5 95 8,99 936,91 �0,418 0,676
4 60 10,31 920,76
3,5 95 9,16
1 16 2,38 936,06 �0,244 0,807
0 14 2,71 927,08
0 16 2,42

Chi-square test (c2)

Bethesda 1 Total

n % n % c2 p

187 84,6 1620 86,7 0,92 0,337
34 15,4 249 13,3
221 100 1869 100
42 19 465 24,9 4,629 0,031
179 81 1404 75,1
221 100 1869 100
124 56,1 934 50 3,774 0,052
97 43,9 935 50
221 100 1869 100

patients had multiple nodules. A significant difference was found between Bethesda



Table 2
Comparison of number of nodules, age, gender and lam in Bethesda groups.

Numbers of Nodule Chi-square test (c2)

Only nodule Multiple nodule Total

n % n % n % c2 p

Bethesda Bethesda 1 42 9 179 12,7 221 11,8 22,251 0,001
Bethesda 2 383 82,4 1173 83,5 1556 83,3
Bethesda 3 14 3 21 1,5 35 1,9
Bethesda 4 9 1,9 8 0,6 17 0,9
Bethesda 5 7 1,5 9 0,6 16 0,9
Bethesda 6 10 2,2 14 1 24 1,3
Total 465 100 1404 100 1869 100

Bethesda Average queue Kruskal Wallis-H
Test

n Mean Median Min Max ss H p

Age Bethesda 1 221 50,45 51 13 87 13,14 957,51 11,149 0,049
Bethesda 2 1556 50,02 50 12 86 13,85 933,06
Bethesda 3 35 47,17 48 18 76 15,13 837,26
Bethesda 4 17 43,47 43 30 60 9,19 649,41
Bethesda 5 16 49,07 45 29 75 15,96 876,40
Bethesda 6 24 43,67 42 10 82 16,02 693,65
Total 1869 49,87 50 10 87 13,83 binary comparison 4-2 4-1 6-2 6-1

Nodule size (mm) Bethesda 1 221 18,81 16 4 60 10,31 920,76 5,127 0,401
Bethesda 2 1556 18,4 16 3,5 90 8,82 933,40
Bethesda 3 35 20,06 18 6 40 9,71 1019,51
Bethesda 4 17 21,35 21 8 40 8,14 1174,71
Bethesda 5 16 18,06 17 8 33 6,53 978,66
Bethesda 6 24 19,88 14,5 9 95 17,63 847,54
Total 1869 18,52 16 3,5 95 9,16

Number of lam Bethesda 1 221 4,75 4 0 14 2,71 927,08 7,274 0,201
Bethesda 2 1556 4,63 4 1 12 2,33 928,28
Bethesda 3 35 5,2 4 2 12 2,75 1052,00
Bethesda 4 17 5,59 4 2 12 2,72 1123,44
Bethesda 5 16 5 4 2 10 2,83 981,63
Bethesda 6 24 6 5 2 16 3,62 1108,65
Total 1869 4,69 4 0 16 2,42

The Bethesda 4 and 6 groups were younger than the Bethesda 1 and 2 groups, and there were significant differences among the groups according to age (p ¼ 0.049).
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compared to the Bethesda 4 and 6 groups when the patient's age
increased.

Many studies have been conducted to investigate the effec-
tiveness of FNAB in the follow-up and treatment management of
thyroid nodules. In a meta-analysis conducted by Bongiovanni et al.
[12] on the effectiveness of the Bethesda system in reporting on
thyroid nodules for thyroid cytopathology, it was found that the
rate of non-diagnostic FNABs in Bethesda 1was 13% (2e24%), and in
the follow-up of these patients, the malignancy rate was 16.8%.

In order to decrease the non-diagnostic rates in FNAB, many
factors have been investigated within the last three decades,
including USG-guided aspiration biopsies [14e22], the number of
needle interventions [23e25], the type and width of needle
[26e30], the experience of the physician [30,31] and the perfor-
mance of on-site assessments [32,33]. In our study, all of these
factors were investigatedwithin the context of the FNAB performed
by a surgeon and a radiologist.

USG-guided FNAB is a commonly accepted procedure, as it de-
creases non-diagnostic FNAB rates and facilitates the performance
of an aspiration biopsy through the development of imaging
techniques [14e22]. In our study, all of the FNABs were adminis-
tered with USG-guided imaging in both general surgery and
interventional radiology clinics. USG is a reliable tool, particularly
for deep and small thyroid nodules, and it helps to predict the
presence of malignancy in a nodule using sonographic features
(nodules that include micro calcification, a solid component,
abnormal cervical lymph nodes etc.) [34e39]. In a systemic review
and meta-analysis carried out by Schmidt et al. [40], the efficacy of
on-site assessments in obtaining diagnostic FNAB rates was
investigated. In their study, it was found that the results of the rapid
on-site assessment improved by 12%. In the present study, the on-
site rapid assessment was not made by the radiologist but rather an
on-site rapid assessment of the first 155 of 479 nodules was per-
formed by a general surgeon. No statistically significant difference,
however, was detected between an FNAB performed with on-site
rapid assessment and others when carried by a surgeon in terms
of non-diagnostic rates. The effect of diameter of thyroid nodule to
adequacy of FNAB and rates of non-diagnostic has been evaluated
in many studies, but no significant relationship has been clearly
established.

In a study conducted byMartin et al. [41] on USG-guided thyroid
FNABs, where a cytological analysis was performed, no significant
differences were found between nodules larger than 1 cm in
diameter and those less than 1 cm in diameter in terms of non-
diagnostic cytology rates. In our study, we did not observe any
statistically significant differences between Bethesda 1 group and
other Bethesda groups in respect to diameter of nodule (p > 0.05).
We believe that all thyroid biopsies should be USG-guided, so as to
prevent unnecessary biopsies and complications and to reduce
non-diagnostic sitology rates (Bethesda 1).

While all biopsy procedures may involve some complications,
USG-guided FNABs have less complication than those that are not
USG-guided. These complications include hemorrhages, local in-
fections and vasovagal syncope [42]. In the present study, only one
controlled localized intranoduler hemorrhage was observed in a
patient. We believe that the reasons for the reduced rate of com-
plications in our study are related to the routine performance of
FNABs in a biopsy room, the use of antiseptics, the directing of the



Table 3
Comparisons of Bethesda system for reporting in groups.

Groups Chi-square test (c2)

General surgery Interventional
radiology

Total

n % n % n % c2 p

Bethesda Bethesda 1 61 13 160 11,4 221 11,8 6,837 0,233
Bethesda 2 384 81,7 1172 83,8 1556 83,3
Bethesda 3 6 1,3 29 2,1 35 1,9
Bethesda 4 6 1,3 11 0,8 17 0,9
Bethesda 5 3 0,6 13 0,9 16 0,9
Bethesda 6 10 2,1 14 1 24 1,3
Total 470 100 1399 100 1869 100

General Surgery

Female Male Total

n % n % n %

Bethesda Bethesda 1 55 12,7 6 15,8 61 13 a 0,737
Bethesda 2 353 81,7 31 81,6 384 81,7
Bethesda 3 5 1,2 1 2,6 6 1,3
Bethesda 4 6 1,4 0 0 6 1,3
Bethesda 5 3 0,7 0 0 3 0,6
Bethesda 6 10 2,3 0 0 10 2,1
Total 432 100 38 100 470 100

Interventional Radiology

Female Male Total

n % n % n %

Bethesda Bethesda 1 132 11,1 28 13,3 160 11,4 a 0,838
Bethesda 2 998 84 174 82,5 1172 83,8
Bethesda 3 25 2,1 4 1,9 29 2,1
Bethesda 4 10 0,8 1 0,5 11 0,8
Bethesda 5 12 1 1 0,5 13 0,9
Bethesda 6 11 0,9 3 1,4 14 1
Total 1188 100 211 100 1399 100

a Monte Carlo Simulation was performed because of 20% of smaller than 5 the expected value in the cell.

Table 4
Comparison of all Bethesda groups between surgery and radiology.

Group Chi-square test (c2)

General surgery Interventional
radiology

Total

n % n % n % c2 p

Bethesda Others 409 87 1239 88,6 1648 88,2 0,802 0,37
Bethesda 1 61 13 160 11,4 221 11,8
Total 470 100 1399 100 1869 100

Bethesda Others 86 18,3 227 16,2 313 16,7 1,083 0,298
Bethesda 2 384 81,7 1172 83,8 1556 83,3
Total 470 100 1399 100 1869 100

Bethesda Others 464 98,7 1370 97,9 1834 98,1 0,819 0,365
Bethesda 3 6 1,3 29 2,1 35 1,9
Total 470 100 1399 100 1869 100

Bethesda Others 464 98,7 1388 99,2 1852 99,1 Fisher's exact 0,398
Bethesda 4 6 1,3 11 0,8 17 0,9
Total 470 100 1399 100 1869 100

Bethesda Others 467 99,4 1386 99,1 1853 99,1 Fisher's exact 0,774
Bethesda 5 3 0,6 13 0,9 16 0,9
Total 470 100 1399 100 1869 100

Bethesda Others 460 97,9 1385 99 1845 98,7 2,692 0,101
Bethesda 6 10 2,1 14 1 24 1,3
Total 470 100 1399 100 1869 100
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Doppler USG towards target nodule, the application of pressure to
the biopsy area with fingers for about 15 min after aspiration, and
the routine performance of control USGs to prevent cervical he-
matoma in at-risk patients with intrathyroidal hemorrhage
[42e45].
The results of USG-guided thyroid FNAB can vary among phy-
sicians. The most significant disadvantage associated with the USG-
guided FNABs is that their success is largely dependent on the
person responsible for performing the aspiration biopsy. Seiberling,
an otolaryngologist, reported a non-diagnostic rate of 9.6% in his



Table 5
Relationship of Bethesda groups with aspiration date between surgery and radiology groups.

General surgery Chi-square test (c2)

First half Second half Total

n % n % n % c2 p

Bethesda Others 210 89,4 199 84,7 409 87 2,279 0,131
Bethesda 1 25 10,6 36 15,3 61 13
Total 235 100 235 100 470 100

Bethesda Others 41 17,4 45 19,1 86 18,3 0,228 0,633
Bethesda 2 194 82,6 190 80,9 384 81,7
Total 235 100 235 100 470 100

Bethesda Others 230 97,9 234 99,6 464 98,7 Fisher's exact 0,216
Bethesda 3 5 2,1 1 0,4 6 1,3
Total 235 100 235 100 470 100

Bethesda Others 232 98,7 232 98,7 464 98,7 Fisher's exact 1,00
Bethesda 4 3 1,3 3 1,3 6 1,3
Total 235 100 235 100 470 100

Bethesda Others 234 99,6 233 99,1 467 99,4 Fisher's exact 1,00
Bethesda 5 1 0,4 2 0,9 3 0,6
Total 235 100 235 100 470 100

Bethesda Others 228 97 232 98,7 460 97,9 0,92 0,338
Bethesda 6 7 3 3 1,3 10 2,1
Total 235 100 235 100 470 100

Interventional radiology

First half Second half Total

n % n % n %

Bethesda Others 600 85,8 639 91,3 1239 88,6 10,252 0,001
Bethesda 1 99 14,2 61 8,7 160 11,4
Total 699 100 700 100 1399 100

Bethesda Others 128 18,3 99 14,1 227 16,2 4,472 0,034
Bethesda 2 571 81,7 601 85,9 1172 83,8
Total 699 100 700 100 1399 100

Bethesda Others 686 98,1 684 97,7 1370 97,9 0,138 0,71
Bethesda 3 13 1,9 16 2,3 29 2,1
Total 699 100 700 100 1399 100

Bethesda Others 691 98,9 697 99,6 1388 99,2 1,472 0,225
Bethesda 4 8 1,1 3 0,4 11 0,8
Total 699 100 700 100 1399 100

Bethesda Others 697 99,7 689 98,4 1386 99,1 4,958 0,026
Bethesda 5 2 0,3 11 1,6 13 0,9
Total 699 100 700 100 1399 100

Bethesda Others 693 99,1 692 98,9 1385 99 0,071 0,79
Bethesda 6 6 0,9 8 1,1 14 1
Total 699 100 700 100 1399 100

There were significant differences found between Bethesda 1, 2 and 5 groups in the interventional radiology clinic in terms of aspiration date (p < 0.05).
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thyroid FNAB study, where he also found the non-diagnostic rate to
be similar with radiology [46]. In a study by Bohacek et al. [47], a
non-diagnostic rate of 6% was reported for USG-guided FNABs
performed by surgeons. In the literature, the results of USG-guided
FNAB range between 3.6 and 13% when performed by surgeons and
between 8 and 23%when performed by radiologists [46e56]. In the
present study, the general surgeons had non-diagnostic rates of
13%, and in the intervention group, the non-diagnostic rate was
11.4% (Table 5). When general surgery and intervention radiology
groups were compared in terms of non-diagnostic FNAB rate, no
significant difference was found (p > 0.05).

There are some limitations of our study. Firstly, the on-side rapid
assessment method was not performed all of patients so if the on-
side rapid assessment was made to the whole patients, the non-
diagnostic rate could be decreased. Secondly, not all thyroid nod-
ules underwent surgery and paraffin bloc was not prepared for
pathologic examination without cytology. FNAB results were based
on USG and cytology, which may cause some false negative results.
Thirdly, our non-diagnostic rates are similarly with literature but
our results need to be confirmed with prospective randomized
studies.
5. Conclusion

Although surgeons are not experts in the use of USG, they
nonetheless benefit from the use of USG in their clinical practice
(57). In our study, the non-diagnostic rate did not change according
to number of patients; however, in the radiology clinic, there were
significant differences between first half and second half aspira-
tions with respect to the non-diagnostic rate. We found the non-
diagnostic results of USG-guided FNAB to be similar in surgeons
and radiologists, and these results are in agreement with those
found in the literature.

Since all of the FNABs performed were USG-guided, which
increased the probability of hitting the needle, there were no sig-
nificant differences between nodule size and non-diagnostic FNAB
rate. Finally, both radiologists and surgeons had low but acceptable
non-diagnostic rates with USG-guided thyroid FNAB. We believe
that the non-diagnostic rates may decrease with the increase of
experience in administering USG-guided thyroid biopsies. Further
prospective studies will still need to be done to verify our results
and to improve experience techniques for low non-diagnostic FNAB
rates.
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