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Clinical, Laboratory, Ultrasound and
FNB aspects of thyroid nodules with
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Abstract
Thyroid nodules are very frequent in the general population, with a low occurrence of malignancy
among them. The present study was conducted on 517 patients of both sexes recruited at the
Endocrinology Ambulatory of UNAERP, a secondary health service. The sample consisted of 464 women
(80.97%) and 53 men (20.03%) with thyroid nodules ranging in age from 15 to 89 years (mean: 52.3 years;
51.8 years for women and 57.1 years for men). A total of 1808 nodules were investigated (1468 in women
and 340 in men) and 67 lesions with calcification were detected, 14 of them classified as malignant.
Standard ultrasound of the 67 nodules revealed that 53 lesions were hypoechoic, 7 were hyperechoic, and
7 isoechoic. Of the 14 malignant lesions, 8 (57%) were classified as hypoechoic, 3 (21.5%) as isoechoic, and
3 as hyperechoic (21.5%), with 6 of them containing microcalcifications, 4 containing macrocalcifications,
3 peripheral calcifications, and 1 a mixed calcification. TI-RADS classification of the 14 lesions showed
that one (7.2%) was TI-RADS 3, 6 (42.8) TI-RADS 5, and 7 (50%) TI-RADS 6; being 92.8% of the malignant
lesions TI-RADS 5 and 6. The BETHESDA classification for FNB of the malignant lesions was: 1 case as
B2, 2 cases as B3, 1 case as B4, 5 cases (35.72%) as B5 (suspected as malignant), and 6 (42.72%) as
B6 (carcinoma). Three of these 14 lesions (21.42%) showed invasion of the capsule and/or neighboring
tissues. Among the malignant lesions, the TI-RADS and BETHESDA classifications were most associated
with the diagnosis of malignancy in the anatomopathological exam of the excised lesions.

Introduction
The thyroid gland, the largest single endocrine gland
in the human organism, is the first to form in the human
embryo by about the twelfth week of life. The thyroid has a
highly organized structure that can synthesize and store large
amounts of its secretion products, i.e., the thyroid hormones
triiodothyronin (T3) and thyroxine (T4). The gland consists
of follicles, spherical structures of various sizes consisting of
a single layer of epithelial cells – follicular cells –that limit
a central lumen filled with colloid. The embryogenesis of the
gland is completed by about the third month of pregnancy,
with the rudimentary thyroid being bilobulated and linked by
a ventral isthmus located between the second and third ring
of the trachea and growing laterally even after birth [1]. The
height of the follicular cells, the dimensions of the follicles
and the quantity of colloid vary with the functional activity
of the gland, which is predominantly controlled by pituitary
(thyrotropin hormone (TSH) according to the circulating
levels of thyroid hormones (negative feedback). Imbalance
of the feedback axis alters the volume of the gland and the
morphology of thyroid tissue (2). About 3 million follicles are
present in the adult thyroid, forming the parenchyma of the

gland, and about 20 to 40 follicles form the lobules. The stroma
consists of connective tissue [2].
The thyroid, even more than other endocrine glands,
shows morphological changes that accompany physiological
modifications such as pregnancy and senility and may
also exhibit other changes that do not reflect physiological
variations. The shape of thyroid gland resembles a butterfly,
but its name originates from the Greek word tiros (shield) [1].
In adult life, the thyroid weighs 15 to 25 grams, and has a high
ability to change its volume in the presence of continuous or
temporary stimuli. Due to continuous or repeated hyperplasia,
this high growth potential gives origin to goiter, which may be
diffuse or nodular [3].
Thyroid nodules are very frequent in the general
population, usually with a low occurrence of malignancy,
a fact that represents a challenge for the identification of
nodules suspected of malignancy and for the decision about
the necessary conduct [4-7].

Cases and Methods
A study was conducted on 517 patients of both sexes seen
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at the Endocrinology Outpatient Clinic of UNAERP, a secondary
health service. The sample consisted of 464 women (80.97%)
and 53 men (20.03%), ranging in age from 15 to 89 years
(mean: 52.3 years, 51.8 years for women and 57.1 years for
men). All patients had clinically diagnosed thyroid nodules,
later confirmed by specific examination. A total of 1808 nodules
were studied (1468 in women and 340 in men).
The study was approved by the “Plataforma Brasil” Ethics
Committee (Protocol 96398818.0.0000.5498) and all patients
gave written informed free consent to participate.
The clinical exam was reviewed by a single examiner who
evaluated the aspect of the cervical region, the number, size
and consistency of palpable nodules, nodule adherence to other
cervical structures, palpation of locoregional adenomegaly, and
hoarseness [5]. All subjects were submitted to the determination
of TSH, free T4, free T3, thyroglobulin (Tg), Antithyroglobulin
(Anti-Tg), Antithyroperoxidase (Anti-TPO) and Anti-TSH
receptor antibody (TRAB) by eletroctrochemiluminescence.
Normal reference values for adults are: TSH = 0.27 to 4.5
μIU/ml; Free T4= 0.8 to 1.9 ng/dl; Free T3 = 2.0 to 4.4 ng/ml;
Thyroglobulin = 1.4 to 78 ng/ml; Anti TPO < 34 IU/ml; Anti Tg
= < 116 IU/ml,TRAB = < 1.75 IU/L (4).
Ultrasound (US) examination was performed in patients
with a palpable thyroid nodule (TN) or with a TN diagnosed
during an echography exam of the cervical region due to other
diseases, using a Samsung- Madison 8000 EX apparatus
(Samsung Madison Co, Seoul, Korea) and the presence of
calcifications was considered to represent a suspicion of
malignancy [6,7].
Patients with 1 to 12 nodules were identified, with size
ranging from 3 to about 80 mm.
Nodule vascularization was assessed and classified as
absent or present and, when present, whether it occurred in
a peripheral or central region or in both regions. The presence
of predominantly or exclusively central vascularization was
considered to represent a suspicion of malignancy [8-11].
The presence and type of calcification detected in the
nodules was classified as micro, macro or peripheral, or as
mixed (concomitantly central- micro or macro and peripheral)
[12-16].
Ultrasound (US) examination also permitted the classification
of the nodules according to the TI-RADS classification, which
considers a markedly hypoechogenic nodule of imprecise
limits and containing calcifications to be suspicious [17-19].
US examination was used to guide FNB of nodules larger than
10 mm, suspected for malignancy. FNB was performed on an
ambulatory basis and the material obtained was examined
after staining with hematoxylin-eosin and classified according
to the BETHESDA criteria. TN classified as BETHESDA 3 were
submitted to another FNB, and if necessary to a third FNB. TN
with persistency of BETHESDA 3 classification and suspicion
for malignancy in other exams carried out by us, and TN with
BETHESDA 4, 5 and 6 classification were submitted to surgery
because a molecular study was not available for them [20].

Results
The study was conducted on 65 patients (6 men and 59
women) out of 517 subjects with TN showing calcifications.
Twelve of these patients had 14 nodules with the presence of
calcifications and a diagnosis of malignancy. Their ages ranged
from 23 to 85 years (group mean: 59.3 years), 45 to 85 years for
men and 23 to 81 years for women (mean: 70.16 years for men
and 56.91 years for women). The age of the patients with TN
ranged from 15 to 89 years (group mean: 52.3 years, mean value
for women: 52.3 years and mean value for men: 57.1 years).
The mean age of the group with nodules with calcifications was
59.3 years, 51.18 years for women and 70.16 years for men.
Mean TSH values were 2.0 μIU/ml among patients with
lesions without calcifications (BETHESDA 2), and 5.88 μIU/
ml and 6.38 μIU/ml for nodules classified as BETHESDA 5 and
6, respectively. Among the patients with nodules containing
calcifications and a diagnosis of malignancy (papilliferous
carcinoma) the TSH value was 5.98 IU/ml for women and 3.61
μIU/ml for men. AntiTPO antibody titers were positive in 3
patients, AntiTg antibody was positive in 1 and both AntiTPO
and AntiTg were positive in 2 patients with malignant nodules
with calcifications.
Standard US examination of the nodules with calcifications
revealed that 53 lesions were hypoechoic, 7 hyperechoic, and
7 isoechoic. Of the 14 malignant lesions with calcifications, 8
were hypoechoic (57%), 3 isoechoic (21.5%), and 3 hyperechoic
(21.5%).
When vascularization of the 55 nodules containing calcifications were evaluated by the Lagalla-Chammas classification,
9 were classified as Chammas 2, 19 as Chammas 3, 2 as Chammas 4, and one as Chammas 5, all of them nonmalignant. Of
those with calcifications and malignancy, 1 was classified as
Chammas 1, 1 as Chammas 2, 7 were classified as Chammas 3 ,
2 as Chammas 4, and 3 as Chammas 5. Overall, 3 lesions were
classified as suspected of malignancy (3/31=10%; 2 Chammas 4
and 1 Chammas 5) and 5 as malignant (5/14=35.7%; 2 as Chammas 4 and 3 as Chammas 5) [8-11]. Of the 67 lesions containing
calcifications, 14 were malignant, 6 of them containing microcalcifications, 4 containing macrocalcifications, 3 containing
peripheral calcifications, and 1 containing mixed calcification
[12-16].
TI-RADS classification mainly based on hypoecogenicity,
undefined limits and presence of calcifications was applied to
53 lesions with calcifications not associated with malignancy
and to 14 malignant lesions. Among the nonmalignant lesions,
one was classified as TR-RADS 3, 8 (15.09%) were classified
as TI-RADS 4, 30 (56.60%) as TI-RADS 5, and 13 (24.54%) as
TI-RADS 6. Among the 14 malignant lesions, one (7.2%) was
classified as TI-RADS 3, 6 (42.8) were classified as TI-RADS
5, and 7 (50%) as TI-RADS 6. TI-RADS 5 and 6 classification
indicated suspected malignancy and corresponded to 92.8% of
the malignant lesions [17-19].
The BETHESDA classification of the lesion material
obtained by FNB of the malignant nodules was B2 in 1 case, B3
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in 2 cases, B4 in 1 case, B5 in five cases (35.72%) (Suspicion
of malignancy, probable papilliferous carcinoma), and B6 in
6 cases (42.72%, malignant, papilliferous carcinoma) [20-30].
All 12 patients were submitted to exeresis of their lesions
and 3 of the 14 malignant lesions (21.42%) showed invasion
of the capsule and/or neighboring tissues. None of the excised
lesions showed adenomegaly containing metastases of the
carcinoma.

Discussion
Thyroid nodules are very frequent in the general population,
being detected in 4 to 7% of the adult population investigated
by palpation, in about 30% investigated by US, and in about
60% investigated at autopsy [3]. Three to 28% of excised
nodules are malignant, with carcinomas being detected in 5 to
7% of patients diagnosed with TN. The differentiated nodules
originated from a follicular cell, being classified as papilliferous
carcinoma, the most frequent and least aggressive, and as
follicular carcinoma associated with genetic mutations and
more aggressive. Anaplastic carcinoma is a considerably
aggressive undifferentiated carcinoma occurring in about 1%
of cases, and is associated with the presence of various mutated
genes. Medullary carcinoma originates from C or parafollicular
cells and secretes calcitonin [1-3].
Thus, the major challenge is to determine which of these
diagnosed nodules are malignant and require a specific
conduct. Several investigative methods can be used to aid this
clinical mission: measurement of hormones and antithyroid
antibodies, standard US contemplating the echogenicity of
the nodules in question, the presence of calcifications, the TIRADS classification, and FNB with cytological examination of
the excised material using the BETHESDA classification.
In the present study, 65 patients (12.57%) had nodules with
calcifications, 14 of them (21.53%) associated with malignancy
without any specific pattern. The age of the patients with TN
ranged from 15 to 89 years (mean: 52.3 years), with a mean of
52.3 years for women and 57.1 years for men. The mean age of
the group of patients with nodule calcifications was 59.3 years
(51.18 for women and 70.16 for men) and was higher for the
total group and for males without calcified nodules. This result
suggests that TN calcification is not obligatorily associated
with malignancy of the nodule and that the prevalence of TN
calcification increases with age.
On average, TSH values were higher in nodules classified
as BETHESDA 5 and 6 and in malignant nodules containing
calcifications, but the anti-thyroid antibody titers were
not correlated with malignancy or with the presence of
calcifications (4). Hashimoto’s thyroiditis is associated with
thyroid lymphoma. Standard US examination showed that 57%
of the malignant lesions were hypoechoic, in agreement with
literature reports [23,31]. The presence of calcification in the
TN studied here increased with age but was not associated with
a characteristic signal of the presence of malignancy [32-35].
The study of vascularization of the 14 malignant nodules
showed the presence of predominantly central (LAGALLA-

CHAMMAS=4) and central (LAGALLA-CHAMMAS=5) vascularization in 9 (64.4%), a correlation considered to be moderate
for the suggestion of malignancy. Of the 14 malignant lesions
with calcification, 92.8% were classified as TI-RADS 5 and 6,
this being the strongest correlation obtained in the present
study.
Two literature studies have correlated BRAF mutation and
molecular changes as being present in the genesis of calcified
thyroid nodules and being associated with malignancy.
However, neither study was later confirmed [36,37].

Conclusions
Thyroid nodules are very frequent in the general population,
but have a low prevalence of malignancy. So far, there is
no absolutely reliable exam for the diagnosis of malignant
nodules, with the strongest correlation with malignancy being
detected with the TI-RADS 5 and 6 classification (92.8%).
We are aware of the fact that the diagnosis of malignancy
for a thyroid nodule is a puzzle and that each investigative
exam performed corresponds to one of its parts. The more
exams we can perform, the easier it will be to reach a correct
diagnosis. However, if the number of exams should be limited
for economic reasons, in our opinion, the option should be for
ultrasound-guided thyroid FNB associated with (BETHESDA)
classification, despite its limitations.

References
1. Bianco AC (2001) Fisiologia da Glândula Tireóide. In: Rosa JC, Romão LA
(eds) Glândula Tireoide: Funções e Disfunções- Diagnóstico e Tratamento.
Second edition. Lemos, São Paulo, Brazil. 33-46.
2. Prates JC (2001) Anatomia. In: Rosa IC, Romão LA (eds) Glândula Tireoide:
Funções e Disfunções- Diagnóstico e Tratamento. Second Edition. Lemos,
São Paulo, Brazil. 27-31.
3. Gidugli Neto J (2001) 2001 Anatomia Patológica. In: Rosa IC. Romão La (eds)
Glãndula Tireoide: Funções e Disfunções- Diagnóstico e Tratamento. Second
edition. Lemos, São Paulo, Brazil. 67-79.
4. Alves MLD, Gabarra MHC (2017) Evaluation of Thyroid Function in a Group
of recently Diagnosed Patients with Thyroid Diseases Followed up at the
Endocrinology Outpatient Clinic of the University of Ribeirão Preto (UNAERP)São Paulo, Brazil. J Endocrinol 1: 000102. Link: https://tinyurl.com/y2p2zt5w
5. Alves MLA, Maciel RMB, Valeri FV, Dias da Silva MR, Contrera JD, et al. (2002)
Valor Preditivo do Exame Clínico, Ultrassonografia, Citologia Aspirativa
e Tireoglobulina Sérica no Nódulo Tireoidiano Único Atóxico: Estudo
Prospectivo de 110 Pacientes Tratados Cirurgicamente. Arq Bras Endocrinol
Metab 46: 648-653. Link: https://tinyurl.com/y6n3w4rz
6. Alves MLD, Gabarra MHC (2017) Clinical.Laboratory and Ultrasound
Evaluation and Aspirative Cytology of Benign and Malignant Thyroid
Nodules. EC Endocrinology and Metabolic Research 1:119-127. Link:
https://tinyurl.com/y62x7okm
7. Alves MLD, Gabarra MHC (2017) Clinical, Laboratory and Ultrasound Profile
of patients with Solid and Cystic Thyroid Nodules. Open Acc J Thy Res Ther
1: 00001. Link: https://tinyurl.com/yyaeumgk
8. Leblowska UM, Dzieciol, Lemancecewicz D, Boguslowicz W, Lewswuk A
(2004) The influence of the vascularization of the follicular thyroid nodules
on the proliferative activity of the follicular cells.Folia Morphol (Wars) 63: 7981. Link: https://tinyurl.com/y26pzhwd

003
Citation: D’Arbo Alves ML, Cintra Gabarra MH (2019) Clinical, Laboratory, Ultrasound and FNB aspects of thyroid nodules with calcifications. Open J Thyroid Res
2(1): 001-004. DOI: http://dx.doi.org/10.17352/ojtr.000007

9. Foschini MP, Ragazzi M, Parmeggiani AL, Righi A, Flamminio F, et al.
(2007) Comparison between echo-color Doppler sonography features
and angioarchiteture of thyroid nodules. In: Surg Pathol 343-349. Link:
https://tinyurl.com/y5dq9zwa
10. Lagalla R (2009) Analisi di integrazione com lo studio qualitative com coloDoppler. Radiology Metabolism 85: 606.
11. Chammas MC (2007) Thyroid nodules: evaluation with power-Doppler and
duplex Doppler Ultrasound.Otolaryngology. Head and Neck Surgery 132: 874882. Link: https://tinyurl.com/yy8nbevp
12. Chen KY, Chen CN, Wu MH, Ho MC, Tai HC, et al. (2011) Computerized
detection and quantification of microcalcifications in thyroid nodules.
Ultrasound Med Biol 37: 870-878. Link: https://tinyurl.com/y36dv4tr
13. Park M, Shin JH, Han BK, Ko EY, Hwang HS, et al. (2009) Sonography of
thyroid nodules with peripheral calcifications. J Clin Ultrasound 324-328.
Link: https://tinyurl.com/y488cph7
14. Yaturu S, Rainer L (2010) Thyroid nodule with eggshell calcification
and oncocytic thyroid cancer. Med Sci Monit 16: 25-28. Link:
https://tinyurl.com/y3b3mas4
15. Brophy C, Stewart J, O’Donovan N, McCarthy J, Murphy M, et al. (2016)
Impact of microcalcifications on Risk of Malignacy in Thyroid Nodules with
Indeterminate or Benign Cytology. Otolaryngol Head Neck Surg 154: 46-51.
Link: https://tinyurl.com/y4fo2fvm
16. Ning CP, Ji QL, Fang SB, Wang HQ, Zhong YM, et al. (2018) Distribution
patterns of microcalcifications in suspected thyroid carcinoma: a
classification method helpful for diagnosis. Eur Radiol 28: 2612-2619. Link:
https://tinyurl.com/y6l8s6pj
17. Tessler FN, Middleton WD, Grant EG, Hoang JK, Berland LL, et al. (2017)
AT ACR Thyroid Imaging, Reporting and Data System (TI-RADAS): White
Paper of the ACR TI-RADS Committee. J Am Coll Radiol 14: 587-595. Link:
https://tinyurl.com/y5jny27o
18. Zhuang Y, Li C, Hua Z, Chen K, Lin JL (2018) A novel TIRADS of US
Classification. Biomed Eng Onlin 17: 82. Link: https://tinyurl.com/y5cmccoq
19. Hoang JK, Langer JE, Middleton WD, Wa CC, Hammers LW, et al. (2009)
Managing incidental thyroid nodules detection imaging : ACR Incidental
Thyroid Findings Committee. 2015J Am Coll Radiol 12: 143-150. Link:
https://tinyurl.com/y677az2v
20. Cibas ES, Ali SZ (2009) The Bethesda System for reporting Thyroid Cytology.
Am J Pathology 132: 658-665. Link: https://tinyurl.com/yxsaflrc
21. Park SY (2016) The diagnostic performance of thyroid US in each category
of the Bethesda System for Reporting Thyroid Cytopathology PLoS One 11:
e0155898. Link: https://tinyurl.com/y3xzz3hm
22. Popowicz B, Klencki M, Lewinski A, Slowinska-Klencka D (2009) The
usefulness of sonographic features in selection of thyroid nodules for
biopsy in relation to the nodule’s size. Eur J Endocrinol 161: 103-111. Link:
https://tinyurl.com/y38co4dh
23. Paschke R (2009) Diagnostic work-up of euthyroid nodules: which nodules
should undergo fine-needle aspiration biopsy? Relevance of ultrasound.
Dtsch Med Wochenschr 134: 2498-2503. Link: https://tinyurl.com/y5gtlksq
24. Wang J, Jiang T, Li J, Mou Y, Hu Y, et al. (2014) Evaluation of inadequate

diagnostic rate of ultrasound guided fine needle aspiration cytology in
thyroid calcified nodules. 94: 2948-2950. Link: https://tinyurl.com/yxksmqrm
25. Gharib H, Papini E, Paschike R (2015) Task AACE/AME/ETA. Task Force
on Thyroid Nodules: American Association of Clinical Endocrinologists,
Associazone Medici Endocrinologi and European Thyroid Association
Medical Guidelines for Clinical Pratice for the diagnosis and management of
thyroid nodules. J Endocrinol Invest 33: 1-50.
26. Wang X, Wei X, Xu Y, Xin X, Zhang S (2014) Ultrasound characteristics of
partially cystic thyroid nodules and their relationship with differential
diagnosis of the lesions. 36: 617-620. Link: https://tinyurl.com/yxpw48dv
27. Haugen BR, Alexander EK, Bible KC, Doberty CM, Mandel SJ, et al. (2016)
American Thyroid Association Management Guidelines for Adults Patients
with Thyroid Nodules and Diferentiated Thyroid Cancer. Thyroid 26: 1-133.
Link: https://tinyurl.com/yyrdu8r7
28. Bouaity B, Darouassi Y, Chihani M, Touati MM, Ammar H (2016) Analysis of
predictors of malignancy of nodular goiters: about 500 cases. Pan Afr Med J
23: 88. Link: https://tinyurl.com/y3pemgt4
29. Alves MLD, Gabarra MHC (2017) Clinical, Laboratory and Ultrasound
Evaluation and Aspirative Cytology of Bening and Malignant Thyroid
Nodules.EC Endocrinology and Metabolic Research 3: 119-127. Link:
https://tinyurl.com/y62x7okm
30. Tang AL, Falciglia M, Yang H, Mark JR, Steward DL (2017) Validation of
American Thyroid Association Ultrasound Risk Assessment of thyroid
Nodules Selected for Ultrasound Fine-Needle Aspiration.Thyroid 27: 10771082. Link: https://tinyurl.com/y6rpmbuo
31. Alves MLD, Gabarra MHC (2017) Clinical,Laboratory and Ultrasound Profile of
Patients with Solid and Cystic Thyroid Nodules. Open Acc J Thy Res 00001.
Link: https://tinyurl.com/yyaeumgk
32. Lee J, Lee SY, Cha SH, Cho BS, Kang MH, et al. (2013) Fine- needle aspiration
of thyroid nodules with macrocalcification.Thyroid 23: 1106-1012. Link:
https://tinyurl.com/y43yjphc
33. Arpaci D, Ozdemir D, Cuhaci N, Dirikoc A, Kilicyazgan A, et al. (2014) Evaluation
of cytophatological findings in thyroid nodules with macrocalcification:
macrocalcification is not innocent as it seems.Arq Bras Endocrinol Metab
58: 939-945. Link: https://tinyurl.com/y2qj5c6b
34. Brophy C, Stewart J, O’Donovan N, McCarthy J, Murphy M, et al. (2016)
Impact of Microcalcifications on Risk of Malignancy in Thyroid Nodules with
Indeterminate or Bening Cytology. Otolaryngol Head Neck Surg 154: 46-51.
Link: https://tinyurl.com/y4fo2fvm
35. Ozemir IA, Bayraktar B, Anilir E, Orhun K, Eren T, et al. (2016) The association
of papillary thyroid cancer with microcalcification in thyroid nodules with
indeterminate cytology based on fine-needle aspiration biopsy. Turk J med
Sci 46: 1719-1723. Link: https://tinyurl.com/yxk23l8r
36. Yoo EY, Shin JH, Ko EY, Han BK (2012) Contribution of the BRAF mutation
analysis in calcified thyroid nodules. AJR Am Roentgenol 198: 891-895. Link:
https://tinyurl.com/y65skuyn
37. Gong T, Wang J (2012) The analysis of the calcification in differentiating
malignant thyroid neoplasm and the molecular mechanisms for the formation
of the calcification. Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Zhi 26: 763-766.
Link: https://tinyurl.com/y47qhtm8

Copyright: © 2019 D’Arbo Alves ML, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

004
Citation: D’Arbo Alves ML, Cintra Gabarra MH (2019) Clinical, Laboratory, Ultrasound and FNB aspects of thyroid nodules with calcifications. Open J Thyroid Res
2(1): 001-004. DOI: http://dx.doi.org/10.17352/ojtr.000007

