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ABSTRACT

Thyroid nodules are pathologies that are frequently encountered in general population and sometimes difficult to
manage for patients and physicians. The most appropriate method for the management of these nodules is follow-up with
ultrasonography (US) and fine-needle aspiration. This study investigated the correlation of suspicious nodules detected on
US with cytopathological and histopathological results. Nodule size, nature, echo structure and blood supply, presence of
peripheral halo, and presence of microcalcification in the nodule were compared in terms of malignancy and follicular patterns
in a total of 55 patients. Statistically significant results were not found; however, we found similar rates to the literature in terms
of the pathological diagnoses of malignancy and follicular pattern in patients suspected to have follicular neoplasia, which
may be due to our hospital being an experienced center. We also think that further studies conducted with a higher number of
patients and data on this subject can greatly contribute to the treatment and follow-up of thyroid cancer.
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INTRODUCTION

Thyroid nodules are detected in a general popu-
lation at a rate of 4%-7% by palpation and 13%-67%
by ultrasonography (US). However, only less than 7%
of these nodules are malignant (1). The clinical im-
portance of these nodules remains unknown, and
the nodule management often creates a dilemma for
both physicians and patients (2).

Thyroid US and color Doppler US (CDUS) are eas-
ily available, inexpensive, noninvasive, and effective
diagnostic methods that show normal thyroid anat-
omy and pathological structures very well without
the need for radiation exposure during the process
(3). Potential thyroid malignancy predictors detected
by US include irregular nodule borders, hypoecho-
genicity, absence of a halo, rate of predominant
solid components, anteroposterior nodule diameter/
transverse diameter >1, increased blood supply to
the nodule, and calcification (4).

A US-guided fine-needle aspiration biopsy
(FNAB) is a well-established method for diagnosing

thyroid cancer, and most FNAB findings are sufficient
for a cytological diagnosis (4). The American Thyroid
Association 2015 guidelines classified biopsy re-
sults as Bethesda 1-6 indicating a malignancy risk of
19%-4%, 0%-3%, 5%-15%, 15%-30%, 60%-75%, and
97%-99%, respectively (5).

The major histopathological features of follicu-
lar-patterned lesions are follicular-patterned growth
and the presence of follicles consisting of various
amounts of colloids at the center lumen, which can
be visualized under a light microscope. The follicu-
lar-patterned lesions are divided into two main cat-
egories as follows: benign nodular hyperplasia and
neoplastic follicular-patterned lesions, which include
follicular adenoma, follicular carcinoma, and follicu-
lar variant papillary carcinoma (6).

This study aimed to determine the correlation of
pathological features with cytopathological and his-
topathological findings in patients who underwent
FNAB or surgery due to the detection of nodules with
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follicular neoplasm suspicion on thyroid US, to inves-
tigate the contribution of thyroid ultrasonography to
diagnosis, and to explore the possibility of early diag-
nosis and treatment of thyroid cancer based on the
determination of specificity and sensitivity values.

MATERIAL AND METHODS

The patients admitted to the endocrinology
and endocrine surgery department of Ege University
Medical Faculty Hospital between December 2010
and December 2017, who were found to have nodules
with follicular neoplasm suspicion on thyroid US, were
screened retrospectively, and those who underwent
FNAB or surgery (total thyroidectomy, lobectomy)
were included in the study. We carefully confirmed
that the thyroid US examinations and pathological
evaluations of the patients were reported by the radi-
ology department and finalized by the pathology de-
partment of the hospital. Age or sex classification was
not used in the selection of patients. Epidemiologi-
cal and laboratory data were accessed through the
database of the hospital. A total of 55 patients were
included in the study. The US and CDUS examinations
of the patients included in the study were performed
with Siemens Acuson S1000 and S2000 devices (Sie-
mens Acuson Solutions, CA, USA) using 9L4 (4-9 mHz)
and 14L5 (5-14 mHz) linear probes. Patients who did
not undergo an ultrasonographic examination at Ege
University Radiology Department were not included
in the study. All ultrasonographic examinations were
performed by the same physician, Prof Dr Sureyya Oz-
bek, at Ege University Radiology Department.

Thyroid nodules were evaluated according to the
following six criteria based on the US/CDUS findings:
nodule size, nodule nature, nodule echo structure,
nodule blood supply, presence of a peripheral halo,
and presence of microcalcification within the nodule.
For nodule size, the largest millimetric value of the
nodule measured from the three planes was includ-
ed in the study. In terms of their nature, the nodules
were divided into two groups: solid and solid-cystic
(mixed). Nodules containing millimetric cystic degen-
eration areas and those considered to be more than
75% solid were included in the solid group, while
nodules with 50% or less solidity were included in the
solid-cystic group. In the evaluation of nodule echo-
genicity, the nodules were classified as hypoechoic,
hyperechoic, and isoechoic according to the nodular

thyroid parenchyma. These two parameters were as-
sessed according to the US findings of the patients
in the sample. The blood supply of the nodule was
classified as increased central and peripheral blood
flow. The presence of a peripheral halo referred to the
observation of a complete halo around the nodule. If
no halo was present around the nodule or the halo
was interrupted, this was evaluated as the absence of
a peripheral halo. The presence of microcalcification
was defined as punctate calcification (2 mm or less
in diameter) with posterior acoustic shadowing and
coarse calcification (>2 mm). The nodules were also
classified into two groups as those with and without
microcalcification.

The invasive procedures applied to the patients
were divided into three groups: FNAB, total thyroidec-
tomy, and lobectomy. Examination of the pathology
results was undertaken by evaluating the cytopathol-
ogy results for FNAB and the histopathology results
for total thyroidectomy and lobectomy. All pathology
results were examined in two groups as benign and
malignant and in a further two groups based on the
presence or absence of a follicular pattern. The signifi-
cance rates of the cytopathological and histopatho-
logical results were evaluated separately. All US data
were compared between the malignant and benign
groups and between the groups with and without a
follicular pattern.

The six parameters defined earlier were exam-
ined by the US and CDUS examinations, and the re-
lationship of these parameters with the pathology
results was evaluated. For statistical analyses, the
IBM SPSS package program, v. 18, was used. Fre-
quency (percentage) values were used for categori-
cal variables, and mean + standard deviation [median
(minimum-maximum)] values for numerical variables.
The chi-square test was used to compare categorical
variables in the pathological groups, and the Mann-
Whitney U test was conducted to compare numerical
variables in the two groups. A P value <0.05 indicated
a statistically significant difference.

RESULTS

Fifty-five patients with nodules that were detect-
ed to have follicular neoplasm suspicion on US were
included in the study. The age range was 21-77 (mean
47.8 £ 13.8) years, and the male/female gender ratio
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was 45/10 (81.8%/18.2%). The number of patients di-
agnosed through FNAB and surgery was 31 (56.4%),
and 24 (43.6%) (total thyroidectomy, n = 23; thyroid
lobectomy, n = 1). In total, 23 (41.8%) patients were
found to have malignant nodules and 32 (58.1%) had
benign nodules. No statistically significant difference
was found between malignant and benign nodules.

The histopathological results of 24 patients who
underwent surgery were as follows: follicular carci-
noma in 1, follicular adenoma in 1, follicular nodular
diseases in 2, and papillary carcinoma in 20 (follicular
variant in 15 and less differentiated variant, microfol-
licular variant, solid variant, oncocytic variant, and
classical type in 1 patient each).

Of the 24 patients who underwent surgery, 20
(80.3%) were observed to have a follicular pattern his-
topathologically, which was found to be statistically
significant (P < 0.05). Of the 31 patients who applied
FNAB, 3 (9.6%) were observed to have a follicular pat-
tern histopathologically, which was found to be statis-

tically significant (P < 0.05) (Table 1).

The cytopathological results of 31 patients who
underwent FNAB were as follows: non-diagnostic cy-
tology (Bethesda 1) (n = 1), follicular nodular disease
(Bethesda 2) (n = 1), suspicious for follicular neo-
plasm (SFN) (Bethesda 4) (n = 2), and benign cytology
(Bethesda 2) (n = 27). In total, a follicular pattern was
detected in 3 of 31 (9.6%) patients who underwent
FNAB. The nodule size was examined in two groups as
malignant and benign; the mean size was calculated
as 23.3 mm for the benign nodules and 26.1 mm for
the malignant nodules, indicating no statistically sig-
nificant difference (P = 0.72). Also, no statistically sig-
nificant relationship was observed between nodule
size and pathological presence of a follicular pattern
(29.5 mm for follicular pattern+, 26.9 mm follicular
pattern-) (P =0.55). In addition, there is no statistically
significant difference was found between US/CDUS
findings and benign/malignant and follicular patterns
(Table 2).

Table 1 Presence of a follicular pattern in FNAB and surgery groups

Groups Surgery FNAB Total P value
N (%) N (%) N
Follicular patern (+) 20 (80.3) 3(9.6) 23
<0.05
Follicular patern (-) 4(19.7) 28 (90.4) 32

P<0.05

Table 2 Comparison of ultrasonographic nodule findings according to the presence of malignancy and a follicular pattern

US/CDUS findings Benign Malignant P Follicular Follicular P
pattern (+) pattern (-)

Isoechoic 28 21 20 29

Hypoechoic 4 2 0.65 2 4 0.72

Solid-cystic (mixed) 3 1 1 3

Solid 29 22 0.47 21 30 0.52

Halo (+) 12 9 9 12

Halo (-) 20 14 0.9 13 21 0.73

Microcalcification (+) 6 7 7 6

Microcalcification (-) 26 16 0.13 15 27 0.24

Peripheral blood supply 24 16 13 27

Central blood supply 8 7 0.65 9 6 0.064

Total 32 23 23 32

P<0.05
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DISCUSSION

Thyroid nodules are more common in female pa-
tients (F/M = 4.5/1) (7). The sample in this study con-
sisted of 55 patients, of whom 45 (81.8%) were wom-
en. In a study conducted with 309 people, Kawamoto
et al. noted that 90% of their cases were female (8),
which was consistent with many other studies report-
ing that the females constituted the majority (7,9).

In this study, a follicular pattern was detected in
3 (9.67%) of 31 patients who underwent FNAB and 20
(80.3%) of 24 patients who underwent surgery. Similar
results were found compared with the literature. In a
study, the authors discussed the results of other stud-
ies and stated that the rate of the follicular pattern in
patients that who underwent surgery with suspected
nodules on US was as follows: 38% among 96 patients
in the study by Graves et al., 60% among 339 patients
in the study by Deveci et al., 73% among 65 patients in
the study by Wu et al., 60% among 25 patients in the
study by Faquin et al., and 60% among 326 patients in
the study by Yang et al. (10). In a study by Ugurluoglu
et al,, of the patients who underwent FNAB due to a
total number of 1.096 follicular suspected nodules on
US, SFN was cytopathologically detected in 5.8% (11).
The results of the present study were similar to the
findings of the aforementioned studies.

It has been emphasized in various studies that
no relationship exists between thyroid malignancy
and nodule size. It has additionally been stated that
the frequency of malignancy is considerably higher in
nodules with a diameter of <10 mm. It has also been
emphasized that no statistically significant difference
is found between <10 mm and >10 mm nodules in
terms of the prevalence of malignancy, and a cut-off
value recommended for FNAB in nodules will not be
beneficial (12,13). In the present study, no statistically
significant relationship was found between nodule
size and pathology groups. Similarly, in a study con-
ducted by Dogra et al. on 211 nodules, no difference
in size was observed between the benign and malig-
nant nodules. However, in a recent study on follicu-
lar neoplasia, it was suggested that nodule size and
nodule volume might be the risk factors for follicular
carcinoma (14). In the present study, the mean size of
the nodules with a follicular pattern was calculated
as 29.57 mm, and the mean size of the nodules with

a non-follicular pattern was calculated as 26.95 mm.
No statistically significant difference was found in the
mean size of nodules between the patients with fol-
licular and non-follicular patterns.

More malignancies are found in solid or largely
solid nodules than in cystic nodules. In the literature,
it has been emphasized that solid composition has a
sensitivity rate of 69%-75% in detecting malignant
nodules, but has a low positive predictive value rang-
ing from 15.6 to 27% (15). Frates et al. and Dogra et al.
found a relationship between solid content and ma-
lignancy (16,17). However, the results of some studies
are contradictory. In the present study, no statistically
significant relationship was found between the pa-
thology group and the nature of the nodule. In accor-
dance with the literature, we concluded that nodule
nature alone was not a sufficient criterion for the ex-
clusion of malignancy (7,16,18,20).

Some studies reported that the presence of an
echo pattern was an important criterion for the dif-
ferentiation of malignant and benign thyroid nodules
and that the hypoechoic echo pattern was significant
for the diagnosis of malignant nodules (17,19,20).
Dogra et al. reported that the hypoechoic echo pat-
tern had a specificity of 41.7% and a sensitivity of
95.3% in detecting malignant nodules (21). Rahmani
et al. detected a hypoechoic pattern in 27 of 38 ma-
lignant nodules and found a statistically significant
relationship between hypoechoic pattern and malig-
nant nodules. In the same study, the specificity of the
hypoechoic echo pattern in differentiating malignant
and benign nodules was determined as 69.4%, sensi-
tivity as 71%, and negative predictive value as 78.8%
(22). In the present study, no difference was found
between the malignant and benign nodules in terms
of nodule echogenicity. This might be related to the
detection of an isoechoic pattern in most of the nod-
ules evaluated in the sample. Appetecchia et al. em-
phasized that both hypoechoic and hyperechoic echo
patterns were the most common sonographic appear-
ances in malignant and benign nodules and they had
similar rates of detection among malignant and be-
nign nodules (7). In contrast, in a study conducted by
Jeh et al., a hypoechoic pattern was found to be less
(35%) in follicular cancer, which was attributed to the
differing amounts of colloids within the nodule (23).
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Many studies were conducted on the peripheral
halo finding observed around the nodule. Most of
them emphasized that the presence of a regular pe-
ripheral halo was generally observed in benign nod-
ules, while an irregular incomplete peripheral halo is
was observed more frequently in malignant lesions
(7,18,20). In the present study, no relationship was
found between the absence of a peripheral halo and
malignancy. In a study carried out by Rahmani et al.,
no peripheral halo was detected in 30 of 38 malignant
nodules. In the same study, the sensitivity of the ab-
sence of a peripheral halo in detecting malignant nod-
ules was shown to be 78.9% (22). However, Jeh et al.,
evaluating 150 patients diagnosed with papillary and
follicular carcinoma, stated that a peripheral halo was
also observed in malignant nodules. The authors at-
tributed this result to follicular carcinomas presenting
with a higher rate of complete peripheral halo, growth
parallel to the thyroid parenchyma, and compression
of normal tissue rather than invading normal tissue
(23).

To date, many studies emphasized that the pres-
ence of microcalcification was a statistically significant
criterion in detecting malignancy and had very high
sensitivity and positive predictive values in diagnos-
ing malignancy (7,12,17). In the present study, no sta-
tistically significant relationship was found between
the presence of microcalcification and malignant and
benign nodules. Since microcalcification is small, pos-
terior acoustic shading may not always be sufficiently
visualized (17).

It has been suggested that the type of blood
supply to the nodule also differs due to the different
angiogenesis of benign and neoplastic nodules (24).
Peripheral blood supply is mostly observed in benign
lesions while a central, chaotic intranodular blood
supply pattern is more common in malignant lesions
(9,24,25). Berni et al. stated that the Doppler US exami-
nation was not only non-invasive and cost-effective
but also a reliable method for evaluating malignancy
in cold nodules (25). An increase in size of a tumor de-
pends on blood flow and angiogenesis. Angiogenesis
and increased blood supply are expected findings in
the malignant nodules of the thyroid. In the present
study, no significant relationship was found between

the type of blood supply to the nodule and malig-
nancy, which might be due to the limited number of
patients.

Comparing the pathology results obtained after
FNAB and thyroidectomy on ultrasonographic exami-
nation of suspected nodules, the total malignancy
rate was found to be 41.8%, which was consistent
with the literature. In a study conducted by Theoha-
ris et al. with 89 cases, 48% of malignant pathologies
were identified based on the results of FNAB applied
to nodules suspected to be malignant (26). In other
similar studies, the rate of malignant FNAB results was
reported as 28% among 127 cases by Layfield et al.,
13% among 91 cases by Rabaglia et al., 19% among
273 cases by Faquin and Baloch, and 20% among 82
cases by Broome et al. (27-30). In the present study,
among the 55 patients suspected to have follicular
neoplasia based on thyroid US findings, a follicular
pattern was pathologically observed in 40% and a ma-
lignant follicular pattern in 32%, which was confirmed
by cytopathological and histopathological diagnoses.
This high rate of malignant pathological diagnosis in
the present study could be explained by the US exami-
nation being undertaken by an experienced specialist
in the center and operation decision based on multi-
disciplinary board evaluation of patients.

CONCLUSIONS

Thyroid ultrasonography, one of the noninvasive
examination methods, plays an important role in the
follow-up of thyroid cancer cases. Globally, to tackle
this disease, the main objective is to define the nod-
ules well, perform an ultrasonographic examination
by an experienced operator, and follow up patients
using the least invasive methods. The major limitation
of the present study was its retrospective nature and
a relatively small number of patients. However, it was
considered that the findings of the present study and
the published results in terms of the pathological di-
agnoses of malignancy and a follicular pattern were
similar because the study was conducted in a high-
volume center. Further studies with a larger number
of patients are needed to determine the role of ultra-
sonographic evaluation in detecting the malignancy
of suspicious nodules.
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