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ABSTRACT

BACKGROUND AND OBJECTIVES: The study aimed to
evaluate the morphology of thyroid nodules’calcifications by
ultrasound and its relationship with the type of pathology to
determine whether the characteristics of calcifications on ultrasound
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have a predictive value for malignancy of thyroid nodules.
MATERIALS AND METHODS: In the diagnostic study,
included 390 patients with thyroid nodules underwent ultrasound
sonography. FNA( fine-needle aspiration biopsy )was performed on
all 413 nodules, and the 97 cases with calcifications were separated
from the study and matched to the type of pathology. Each
echogenic particle with or without posterior shadow was considered
calcification; those < 2 mm were considered microcalcification and
those >2 mm macrocalcification. Other forms of calcification were
also identified.

RESULTS: A total of 413 nodules were examined, of which 97 cases
had calcification, including 70 cases (73.7%) macrocalcification
and 27 (26.3%) microcalcification. Pathology revealed 80 benign
nodules (82.5%) and 17 malignant nodules (17.5%). There was
a significant difference between macro- calcification and micro-
calcification pathologically, so that nodules with microcalcification
had higher rates of malignancy than nodules with macrocalcification
(p <0.001). The Sensitivity and Specificity of microcalcification and
macrocalcification were 65%, 80% and 35%, 35% respectively. But
the difference between central and peripheral calcifications was not
significant regarding malignancy (p = 0.07).

CONCLUSION: Observation of microcalcification in the thyroid
nodules is important and the probability of malignancy is higher in
these nodules.
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needle aspiration biopsy; Malignancy
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INTRODUCTION

Thyroid nodules are a common clinical findings and its prevalence,
based on the palpable thyroid nodules on physical examination,
includes 3% to 7% of cases!'\. The prevalence of non-palpable
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thyroid nodules in the United States ranges from 20% to 76% in the
general population, and a similar prevalence were reported according
to the autopsy reports?. The prevalence of palpable nodules is
2.5% in iran; 3.5% in women and 1.3% in men!. The prevalence
of thyroid nodules on ultrasound in central Iran is reported 22.4%*,
but it is more in the northern Iran with coastal and mountainous area,
thus, its prevalence is a challenge to diagnose benign and malignant
nodules>l.

However, only 7% of the thyroid nodules are malignant and it is
critical that they are accurately identified!™.

Thyroid nodules are more common in the elderly, in women, in
those who suffer from iodine deficiency and in those with a history
of exposure to radiation®. Both benign and malignant disorders
can cause thyroid nodules. Thus, the clinical importance of newly
diagnosed thyroid nodules, is primarily ruling out malignant thyroid
lesions. High resolution ultrasound is the most sensitive test to
evaluate thyroid nodules®'”. The challenge of imaging thyroid
nodules is to reassure most patients who have benign disease
and to diagnose the minority of patients who will prove to have a
malignancy!""l. Calcification may be observed in 30% of thyroid
nodules that is divided into different types!'*'®. Microcalcificationis
defined as prominent echogenic focus with or without posterior
shadowing less than 2 mm. Macrocalcification has a size of more than
2 mm'"7. With the help of ultrasound images, the risk of malignancy
can be predicted. The value of ultrasonic findings in predicting cancer
is low because of low sensitivity and there are no signs in ultrasound
images that can definitely predict a malignant lesion. Presence of
coarse or rim calcifications in nodules with > 10 mm diameter also
increases the risk of malignancy of thyroid nodules!.

In the study by Wang and colleagues, calcification in single nodule
of thyroid in young patients was associated with greater malignancy
rates!'". In the study by Lu ef al, calcification was reported in
49.6% of malignant nodules and 15.7% of benign nodules, and
microcalcification type was associated with malignancy, but alone
was limited in the prognosis of nodules!'”.. However, there have been
controversies about the interpretation of calcifications. The present
study aimed to find the sensitivity and specificity of the type of
calcification in thyroid nodules and its association with malignancy
that can have predicting value for benign or malignant tumors in
thyroid nodules.

MATERIALS AND METHODS

In our study 390 consecutive patients who received US examinations
for thyroid nodules and underwent thyroid surgery between Jan
2015 and May 2017at Imam Hospital in Sari, Mazandaran. The
Patients were enrolled in the study, if they wished, after completing
the consent form. Inclusion criteria included patients with thyroid
nodules who were diagnosed by an endocrinologist or by routine
ultrasonography. Ultrasound was performed for patients with
thyroid nodules and the obtained data was recorded in a checklist.
Ultrasound was performed with Zonar, Aloka device with a
linear probe of 7.5 MHz. The ultrasound were performed by one
radiologist (Alaee).

And all thyroid nodules with suspicious sonographic findings
underwent FNA by the one radiologist(sakhaee). Nodules less than
1 cm were also excluded from the study, since the recommended
minimum size for ultrasound guided FNA (fine-needle aspiration
biopsy) is 1.5 cm®. Purely cystic nodules were not subjected to FNA.
Nodules with calcifications were separated from the study and were
matched to the type of pathology. FNA was performed with syringe
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5 or 10 and needle 21 or 22 and after the slides were prepared,
Pathofix liquid was sprayed on the slides and the samples were sent
for Papanicolaou staining. Then samples were cytopathologically
evaluated by a pathologist. Positive malignancies of the nodules in
the FNA were confirmed by histologic examination after surgery.

Statistical analysis was performed using spss 20 statistical
software. Descriptive statistics was used to analyze the qualitative
variables, and mean £+ SD for age and other quantitative variables
such as size. To analyze the data, chi-square test and Fisher’s exact
tests were used. To compare age and size of nodules in patients with
malignancy and other variables, t-test was used. In all statistical tests,
p-value < 0.05 was considered as the significance level. The study
was approved by the Ethics Committee of University.

RESULTS

In our study 413 nodules were examined, of which 97 cases had
calcification and entered the study, belonging to 89 patients (8
patients had two nodules) 21 cases (23.6% of them) were male and
68 (76.4%) were female. Mean age of patients was 49.29 + 12.25.
The minimum age of participants in this study was 24 years and
the maximum age was 73 years. Mean age of male patients was
52.71 £ 12.66 and that of females were 48.23 + 12.28. The age
difference between the sexes was not statistically significant (p =
0.151). 97 cases of calcification were observed in ultrasonography
that included 70 cases (72.2%) of macrocalcification and 27 cases
(27.8%) of microcalcification. Also, 18 cases (18.6%) of nodules
with macrocalcification had rim calcifications. In 2 cases (2.1%)
calcification was Coarse. In 33 cases (34%), central calcification
and in 64 cases (66%) peripheral calcification was observed. The
difference between microcalcification and macrocalcification was not
significant (p = 0.697) (Table 1) (Figure 1).

Among the 97 studied nodules, 80 nodules (82.5%) were benign
(belonging to 73 patients) and 17 nodules (17.5%) were malignant
(belonging to 16 patients). At first, the pathology result of 3 patients
was unclear, which underwent FNA that determined the exact
pathology. In the study, there was no significant relationship in
gender between macrocalcification and microcalcification (p =
0.166). The sensitivities and specificities for calcification of thyroid
nodules were determined. The microcalcification was found to have
a high diagnostic accuracy for distinguishing malignant from benign
thyroid nodules that had Sensitivity of 65% and Specificity of 80%
(Table 2).

Also, no significant difference was observed in rim calcification
between men (24%) and women (17. 6%) (p = 0.288). Coarse
calcifications were observed in the two patients who were female.
Also, the relationship between the type of calcification in terms of
central and peripheral calcification and gender was not significant
(p = 0.358). In the study, no significant relationship was observed
between macrocalcification and microcalcification (p = 0.109). The
mean age of patients with rim calcifications was 53. 05 + 10.66
years that had no significant relationship with rim calcification (p
= 0.154). In the study, there was a significant difference between
macrocalcification and microcalcification in terms of pathology, so
that the rate of malignancy was significantly higher in nodules with
microcalcification than nodules with macrocalcification (p < 0.001).
But the difference between central and peripheral calcification
was not significant regarding malignancy (p = 0.07). The rim
calcifications were also benign (p = 0.03). Coarse calcifications were
observed in two patients aged 50 and 24 years. Both cases of coarse
calcification were also benign (Table 3).
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Figure 1 Types of calcifications in thyroid nodules ultrasound. A:
Microcalcification and macrocalcification (central). B: Microcalcification
and macrocalcification (peripheral). C: Rim and coarse calcifications
(peripheral, central).

DISCUSSION

In the study, 97 noduls with calcification were found on
ultrasonography, 72.8% of which were microcalcification.
Also, regarding pathology, approximately 18% were malignant.
There was a significant difference between macrocalcification
and microcalcification in terms of pathology, so that the
rate of malignancy was significantly higher in nodules with
microcalcification than nodules with macrocalcification (40% vs 8%).
A thyroid nodule is a common manifestation of thyroid diseases
and it is important to recognize reliable criteria for malignancy in
a thyroid nodule when using imaging methods. The exact nature
of thyroid nodule is ultimately established by histopathological
examination. FNAC cannot be done on all incidentally detected
thyroid nodules as it is expensive and not practical.

The possible reason for higher calcification rate in the malignant
group was the difference in formation of calcification in benign
and malignant diseases. The possible reason for higher calcification
rate in the malignant group was the difference in formation of
calcification in benign and malignant diseases. The fast proliferation
of cancer cells and the hyperplasia mixed with necrosis of cancer
tissue promote calcium deposition and calcification formation. But
in benign thyroid lesions, macrocalcifications present on the wall of
nodules after the hematoma absorption!'®!.

A number of studies focus on the relationship between thyroid
nodule calcification and malignancy.

In the study by Consorti and colleagues, the risk of calcification in
thyroid malignancies (papillary carcinoma of thyroid 40% and multi-
nodular goiter 20.7%) was reported to suggest in the overall process
of surgical decision making!®.

When calcification is noted within a solitary thyroid nodule,
the risk of malignancy is very high. The detection of thyroid
calcifications by sonography is diagnostically valuable, especially
in cases involving a solitary nodule or a young person. The presence
of calcifications in these cases should raise the suspicion of
malignancy'?2,

Shi and colleagues reported the incidence of malignancy in nodules
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Table 1 Comparing the frequency of calcification.

Calcification Microcalcification |Macrocalcification |p-value
Central 10(37%) 23(32.9%) e
Peripheral 17(63%) 47(67.1%) ’

Table 2 Diagnostic accuracy of ultrasonic calcifications types of malignant
nodules.

Variable microcalcification macrocalcification
Sensitivity 17/11 (65%) 17/6 (35%)
Specificity 80/64 (80%) 80/16 (35%)
Positive predictive values  |27/11 (41%) 70/6 (35%)
Negative predictive values |70/64 (91%) 27/16 (35%)
Accuracy 97/75 (77%) 97/22 (35%)

Table 3 The relationship between calcifications on ultrasound and

patholog.

Variable |Microcalcification |Macrocalcification |Central |Peripheral
Benign |16 (59.3%) 64 (91.4%) 24 (72.7%)|56 (87.5%)
Malignant |11 (40.7%) 6 (8.6%) 9(27.3%) |8 (12.5%)
p-value  |<0.001 <0.07

with microcalcification was 96.5% although in their study the rate of
malignancy was higher in nodules with microcalcification, the rate of
malignancy was much higher in their study than our study. This issue
can be assumed to be due to the high statistics of malignancy in that
area. Also in that study, the incidence of microcalcification in benign
nodules was 5%,

In a study conducted by Taki and his colleagues, 82% of nodules
with microcalcification were diagnosed as cancerous nodules!'®.
Frates et al argued that the presence of microcalcification increased
the risk of cancer up to three-folds?**.

Popli and colleagues showed in a study that the presence of
microcalcification has a sensitivity of 65.9% and specificity of 97.9%
for malignancy of thyroid nodules'®. Kwak et al stated that existence
of microcalcification has positive predictive value in the investigation
of malignant nodules!'™. In the study by Wu et al, the risk of
malignancy was higher in thyroid nodules with microcalcification®.
Microcalcification was specific in 61% of malignant nodules in the
study by Chammas et alt*”.

Kim and colleagues also showed that microcalcification is one
of the most important and independent factors for investigation of
papillary thyroid cancer in large and small lesions®. However, Moon
and colleagues said that despite the significant relationship between
microcalcification and malignancy, the presence of microcalcification
in nodules smaller than 2 mm may not be a reliable predictor of
malignancy™®.

Moreover, from the results of this study and similar studies, it can
be concluded that microcalcification can be an important factor in the
prediction of malignant nodules that serves as a priority for biopsy or
treatment.

There are also a few reports suggesting that a considerable portion
of the macrocalcified nodules are malignant.

In the study by Arpaci and colleagues, contrary to the general
thinking, 5.8% and 40.5% macrocalcifications were reported in two
modes egg-shell and parenchymal, respectively, with higher rates of
malignancy®*3!,

Sonographic characteristics of macrocalcification such as
interruption, irregular thickness and the presence of soft tissue
rim were associated with malignancy in thyroid nodules with
macrocalcifications?®?. In the study by Lee ef al, macrocalcification
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was not a reliable criterion of malignancy®®?!. In the study, about 18%
of calcifications were rim, which were all benign, while Frates et al
stated that rim calcifications increase the risk of malignancy!'.

Even though, in a study by Moon et al, it was noted that the
relationship between rim calcifications and malignancy is not yet
conclusively proven and its existence is not statistically significant in
differentiating benign from malignant nodules®”. Therefore, it seems
that, although all cases of rim calcifications in the present study were
benign, rim calcification that is a category of macrocalcification,
cannot definitely predict malignancy and further study is required in
this regard. Also, there were 2 cases of coarse-type calcification that
both belonged to patients who had macrocalcifications and pathologic
result of both cases was benign.

In a study by Taki et al, 52% of nodules with coarse calcifications
were diagnosed as cancerous nodules. The study also stated that
coarse calcifications with microcalcification or in the center of a
hypo-echoic nodule may be suggestive of malignancy!'®\. Frates et al
also stated that the presence of coarse calcifications increases risk of
cancer up to two-folds??¥. But Solbiati stated that coarse calcifications
are often seen with benign nodules and represent the long period of
disease!”!.

However, some studies have shown that the presence of coarse or
rim calcifications, especially in nodules > 10 mm increases the risk
of malignancy of thyroid nodules?®*. In the study, the prevalence of
coarse calcification was too small and appropriate conclusions could
not be made.

In the study also about 34% of calcifications were central and 66%
were peripheral, but 27% of central and 12% of peripheral nodules
were malignant and the difference between central and peripheral
calcifications with malignancy was not significant.

In the study by Yoon et al, 18.5% of thyroid nodules with
peripheral calcifications were malignant that was somewhat similar
to our study”®l. But Taki et al reported that 43% of nodules with
peripheral calcification were diagnosed as malignant a cancerous
nodule that was higher than the statistics of the present study. This
study suggested that peripheral calcifications can be found in benign
and malignant nodules. So, peripheral calcification that was once
thought to be seen only in benign nodules, may also be found in
malignant nodules.

In the study, no significant relationship was observed between
macrocalcification and microcalcification or central and peripheral
calcification regarding age and gender. Also, there was no significant
relationship between age and rim and coarse calcifications.

However, the probability of observing thyroid nodules by
ultrasonography increased with increasing age®”\. But, in the research
and similar research, no specific age or gender was identified for
calcification of thyroid nodules and the frequency of types of
calcifications were same in different ages and genders.

Thyroid nodules are a common clinical finding with 7.3% risk of
malignancy®”..

Ultrasonography is more sensitive and reliable than other imaging,
in diagnosis of calcification thyroid nodules®. Ultrasound is
routinely used to assess thyroid gland and some sonographic features
may help in diagnosis of benign and malignant nodules. However,
the main method for detection of thyroid malignancy is FNA that it is
not affordable for all nodules. Many studies have tried to determine
sonographic features (large nodule size ( > 3 cm), Lobulated margin,
extra- thyroidal extension, calcification, solid composition, very
hypoechogenicity, taller than wide in shape), which are high risk
for malignancy™-*!. In the study, all nodules with rim and coarse
calcifications were benign, but they could not decisively show benign
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nodules and this issue requires further studies in future, investigating
this specific type of calcification with a larger number of samples.

CONCLUSION

In the study suggested microcalcification as an important ultrasound
finding in thyroid nodules that increases the possibility of
malignancy. Therefore these nodules are preferred for sampling and
have a predictive value. Both peripheral and central calcifications,
whether of microcalcification or macrocalcification, are associated
with both benign and malignant nodules. Also, in case of prediction
of ultrasound for malignancy, may be in future can reduce the rate of
FNA with certainty and proof.

ACKNOWLEDGEMENTS

The authors would like to thank the distinguished colleagues in Ma-
zandaran University of Medical Sciences.

REFERRENCES

1. Hegediis L. The thyroid nodule. New England Journal of Medi-

cine. 2004; 351(17): 1764-71.

Papini E, Guglielmi R, Bianchini A, Crescenzi A, Taccogna S,

Nardi F, Panunzi C, Rinaldi R, Toscano V, Pacella CM. Risk of

malignancy in nonpalpable thyroid nodules: predictive value of

ultrasound and color-Doppler features. J Clin Endocrinol Metab.

2002; 87(5): 1941-46. [PMID: 11994321]; [DOI: 10.1210/

jeem.87.5.8504]

3. Ross DS. Diagnostic approach to and treatment of thyroid nodules.

I. UpToDate Wellesley, MA: UpToDate Last accessed. December.

2017.

Parham M, Aminorroaya A, Amini M. Prevalence of palpable

thyroid nodule in Isfahan, Iran, 2006: a population based study.

Exp Clin Endocrinol Diabetes. 2009 May; 117(5): 209-13. [PMID:

19053026]; [DOI: 10.1055/5-0028-1085469]

5. Imani EF, Aminorroaya A, Soheilipour F, Adibi A, Sirous M,
Roohi E, Mostafavi M, Amini M. Sonographic and functional
characteristics of thyroid nodules in a population of adult people
in Isfahan. Endokrynol Pol. 2010 Mar-Apr; 61(2): 188-91. [PMID:
20464706]

6.  Taheri MS, Hemadi H, Haghighatkhah HR, Kamyar K, Jalali AH.
Prevalence of incidental thyroid nodules diagnosed by ultrasound
in an Iranian population. /ran J Radiol. 2008 Mar; 5(1): 19-23.

7. Bahar A, Kashi Z, Akha O. The Result of Fine- Needle- Aspiration
of Thyroid Nodule in Patient Referred to Imam Hospital Sari
2003-2011. J Mazandaran Univ Med Sci. 2012; 22(90): 11-16.

8. Tan GH, Gharib H. Thyroid incidentalomas: management
approaches to nonpalpable nodules discovered incidentally on
thyroid imaging. Annals of internal medicine. 1997; 126(3): 226-
31. [PMID: 9027275]

9.  Solbiati L, Osti V, Cova L, Tonolini M. Ultrasound of thyroid,

parathyroid glands and neck lymph nodes. Eur Radiol. 2001;

11(12): 2411-24. [PMID: 11734934]; [DOI: 10.1007/s00330-001-

1163-7].

Frates MC, Benson CB, Doubilet PM, Kunreuther E, Contreras

M, Cibas ES. Prevalence and distribution of carcinoma in patients

with solitary and multiple thyroid nodules on sonography. J Clin

Endocrinol Metab. 2006 Sep; 91(9): 3411-7. [PMID: 16835280];

[DOTI: 10.1210/j¢.2006-0690].

Razek AA, Sadek AG, Kombar OR, Elmahdy TE, Nada N. Role

of Apparent Diffusion Coefficient Values in Differentiation

between Malignant and Benign Solitary Thyroid Nodules. 4/NR

March 2008; 29: 563-568. [PMID: 18039755]; [DOI: 10.3174/

ajnr. A0849]

Mandel SJ. Diagnostic use of ultrasonography in patients with

10.

1.

12.



15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Alaee A et al. Accuracy of Ultrasonic Thyroid Nodules' Calcifications in Detection of Malignancy in Northern Iran

nodular thyroid disease. Endocr Pract. 2004 May-Jun; 10(3): 246-
52. [PMID: 15310543]; [DOI: 10.4158/EP.10.3.246]

Gharib H, Papini E, Paschke R, Duick DS, Valcavi R, Hegedus
L. Medical guidelines for clinical practice for the diagnosis and
management of thyroid nodules. Endocr Pract. 2006; 12(1): 63-
102. [PMID: 27167915]; [DOI: 10.4158/EP161208.GL]

Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel
SJ, Mazzaferri EL, Mclver B, Sherman SI, Tuttle RM. Revised
American Thyroid Association management guidelines for
patients with thyroid nodules and differentiated thyroid cancer.
Thyroid. 2009 Nov; 19(11): 1167-214. [PMID: 19860577]; [DOLI:
10.1089/thy.2009.0110]

Kwak JY, Han KH, Yoon JH, Moon HJ, Son EJ, Park SH, Jung
HK, Choi JS, Kim BM, Kim EK. Thyroid imaging reporting and
data system for US features of nodules: a step in establishing
better stratification of cancer risk. Radiology. 2011; 260(3): 892-9.
[PMID: 21771959]; [DOI: 10.1148/radiol.11110206]

Taki S, Terahata S, Yamashita R, Kinuya K, Nobata K, Kakuda
K, Kodama Y, Yamamoto I. Thyroid calcifications: sonographic
patterns and incidence of cancer. Clinical imaging. 2004;
28(5): 368-71. [PMID: 15471671]; [DOI: 10.1016/S0899-
7071(03)00190-6]

Lacout A, Chevenet C, Thariat J, Marcy PY. Thyroid
calcifications: a pictorial essay. J Clin Ultrasound. 2016 May;
44(4): 245-51. [PMID: 26891122]; [DOI: 10.1002/jcu.22345]
Wang Z, Zhang H, Zhang P, He L, Dong W. Diagnostic value of
ultrasound-detected calcification in thyroid nodules. Ann Acad
Med Singapore. 2014 Feb; 43(2): 102-6. [PMID: 24652430]
LuZ,MuY, Zhu H, Luo Y, Kong Q, Dou J, Lu J. Clinical value of
using ultrasound to assess calcification patterns in thyroid nodules.
World J Surg. 2011 Jan; 35(1): 122-7. [PMID: 21042914]; [DOI:
10.1007/500268-010-0827-3].

Consorti F, Benvenuti C, Boncompagni A, Giovannone G, Moles
N, Scardella L, Antonaci A. Clinical significance of thyroid nodule
calcification. G Chir: 2003 Mar; 24(3): 78-81. [PMID: 12822212].
Khoo ML, Asa SL, Witterick 1J, Freeman JL. Thyroid calcification
and its association with thyroid carcinoma. Journal of the sciences
and specialities of the head and neck 2002 July; 24(7): 651-655.
[PMID: 12112538]; [DOI: 10.1002/hed.10115].

Kakkos SK, Scopa CD, Chalmoukis AK, Karachalios DA,
Spiliotis JD, Harkoftakis JG, Karavias DD, Androulakis JA,
Vagenakis AG. Relative risk of cancer in sonographically detected
thyroid nodules with calcifications. J Clin Ultrasound. 2000 Sep;
28(7): 347-52. [PMID: 10934334].

Shi C, Li S, Shi T, Liu B, Ding C, Qin H. Correlation between
thyroid nodule calcification morphology on ultrasound
and thyroid carcinoma. Journal of International Medical
Research. 2012; 40(1): 350-7. [PMID: 22429375]; [DOI:
10.1177/147323001204000136].

Frates MC, Benson CB, Charboneau JW, Cibas ES, Clark OH,
Coleman BG, Cronan JJ, Doubilet PM, Evans DB, Goellner
JR, Hay ID, Hertzberg BS, Intenzo CM, Jeffrey RB, Langer JE,
Larsen PR, Mandel SJ, Middleton WD, Reading CC, Sherman
SI, Tessler FN. Management of thyroid nodules detected at US:
Society of Radiologists in Ultrasound consensus conference
statement. Radiology. 2005; 237(3): 794-800. [PMID: 16304103];
[DOTI: 10.1148/radiol.2373050220].

Popli MB, Rastogi A, Bhalla P, Solanki Y. Utility of gray-scale
ultrasound to differentiate benign from malignant thyroid nodules.
The Indian journal of radiology & imaging. 2012; 22(1): 63.
[PMID: 22623819]; [DOI: 10.4103/0971-3026.95407].

Wu G, Zhou Z, Li T, Cai D, Wang Y. Do hyperechoic thyroid
nodules on B-ultrasound represent calcification? J Int Med
Res. 2013 Jun; 41(3): 848-54. [PMID: 23628919]; [DOI:
10.1177/0300060513480083]

Chammas MC, de Araujo Filho VJ, Moysés RA, Brescia MD,
Mulatti GC, Branddo LG, Cerri GG, Ferraz AR. Predictive

195

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

value for malignancy in the finding of microcalcifications on
ultrasonography of thyroid nodules. Head Neck. 2008 Sep; 30(9):
1206-10. [PMID: 18642291]; [DOI: 10.1002/hed.20858].

Kim GR, Kim MH, Moon HJ, Chung WY, Kwak JY, Kim
EK. Sonographic characteristics suggesting papillary thyroid
carcinoma according to nodule size. Ann Surg Oncol. 2013 Mar;
20(3): 906-13. [PMID: 23266584]; [DOI: 10.1245/s10434-012-
2830-4].

Moon WJ, Jung SL, Lee JH, Na DG, Baek JH, Lee YH, Kim
J, Kim HS, Byun JS, Lee DH. Benign and malignant thyroid
nodules: US differentiation-multicenter retrospective study 1.
Radiology. 2008; 247(3): 762-70. [PMID: 18403624]; [DOI:
10.1148/radiol.2473070944].

Arpaci D, Ozdemir D, Cuhaci N, Dirikoc A, Kilicyazgan A, Guler
G, Ersoy R, Cakir B. Evaluation of cytopathological findings in
thyroid nodules with macrocalcification: macrocalcification is
not innocent as it seems. Arqg Bras Endocrinol Metabol. 2014
Dec; 58(9): 939-45. [PMID: 25627050]; [DOI: 10.1590/0004-
2730000003602].

Kim BM, Kim MJ, Kim EK, Kwak JY, Hong SW, Son EJ, Kim
KH. Sonographic differentiation of thyroid nodules with eggshell
calcifications. Journal of Ultrasound in Medicine. 2008; 27(10):
1425-30. [PMID: 18809952].

Park YJ, Kim JA, Son EJ, Youk JH, Kim EK, Kwak JY, Park CS.
Thyroid nodules with macrocalcification: sonographic findings
predictive of malignancy. Yonsei Med J. 2014 Mar; 55(2): 339-44.
[PMID: 24532501]; [DOI: 10.3349/ym;.2014.55.2.339].

Lee J, Lee SY, Cha SH, Cho BS, Kang MH, Lee OJ. Fine-needle
aspiration of thyroid nodules with macrocalcification. Thyroid.
2013 Sep; 23(9): 1106-12. [PMID: 23311668]; [DOI: 10.1089/
thy.2012.0406].

Camargo RY, Tomimori EK, Knobel M, Medeiros-Neto
G. Preoperative assessment of thyroid nodules: role of
ultrasonography and fine needle aspiration biopsy followed by
cytology. Clinics. 2007; 62(4): 411-8. [PMID: 7823703].

Hoang JK, Lee WK, Lee M, Johnson D, Farrell S. US features of
thyroid malignancy: pearls and pitfalls 1. Radiographics. 2007,
27(3): 847-60. [PMID: 17495296]; [DOI: 10.1148/rg.273065038].
Yoon DY, Lee JW, Chang SK, Choi CS, Yun EJ, Seo YL, Kim
KH, Hwang HS. Peripheral Calcification in Thyroid Nodules
Ultrasonographic Features and Prediction of Malignancy. Journal
of Ultrasound in Medicine. 2007; 26(10): 1349-55. [PMID:
17901138].

Baier ND, Hahn PF, Gervais DA, Samir A, Halpern EF, Mueller
PR, Harisinghani MG. Fine-needle aspiration biopsy of thyroid
nodules: experience in a cohort of 944 patients. American Journal
of Roentgenology. 2009; 193(4): 1175. [PMID: 19770344]; [DOI:
10.2214/AJR.08.1840].

Li JW, Chang C, Chen M, Zeng W, Gao Y, Zhou SC, Wang F, Hu
N, Chen YL. Is Ultrasonography More Sensitive Than Computed
Tomography for Identifying Calcifications in Thyroid Nodules? J
Ultrasound Med. 2016 Oct; 35(10): 2183-90. [PMID: 27562974];
[DOTI: 10.7863/ultra.15.10060].

Hong YJ, Son EJ, Kim EK, Kwak JY, Hong SW, Chang HS.
Positive predictive values of sonographic features of solid thyroid
nodule. Clin Imaging. 2010 Mar-Apr; 34(2): 127-33. [PMID:
20189077]; [DOL: 10.1016/j.clinimag.2008.10.034].

Arpana, Panta OB, Gurung G, Pradhan S. Ultrasound Findings
in Thyroid Nodules: A Radio-Cytopathologic Correlation. J Med
Ultrasound. 2018 Apr-Jun; 26(2): 90-93. [PMID: 30065526];
[DOTI: 10.4103/IMU.JMU_7_17].

Girardi FM, Silva LMD, Flores CD. A predictive model to
distinguish malignant and benign thyroid nodules based on age,
gender and ultrasonographic features. Braz J Otorhinolaryngol.
2017 Nov 4. pii: S1808-8694(17)30182-9. [PMID: 29162407];
[DOTI: 10.1016/j. bjorl.2017.10.001].

Zahir ST, Vakili M, Ghaneei A, Sharahjin NS, Heidari F.



Alaee A et al. Accuracy of Ultrasonic Thyroid Nodules' Calcifications in Detection of Malignancy in Northern Iran

43.

44.

45.

46.

47.

Ultrasound Assistance In Differentiating Malignant Thyroid
Nodules From Benign Ones. J Ayub Med Coll Abbottabad. 2016
Oct-Dec; 28(4): 644-649. [PMID: 28586592].

Franco Uliaque C, Pardo Berdun FJ, Laborda Herrero R, Lorenz
CP. Usefulness of ultrasonography is the evaluation of thyroid
nodules. Radiologia. 2016 Sep-Oct; 58(5): 380-8. [PMID:
27457090]; [DOL: 10.1016/j.rx.2016.06.003].

Rios A, Torregrosa B, Rodriguez JM, Rodriguez D, Cepero
A, Abellan MD, Torregrosa NM, Hernandez AM, Parrilla P.
Langenbecks Arch Surg. Ultrasonographic risk factors of
malignancy in thyroid nodules. 2016 Sep; 401(6): 839-49. 4.
[PMID: 27263038]; [DOI: 10.1007/s00423-016-1451-y].

Na DG, Kim DS, Kim SJ, Ryoo JW, Jung SL. Thyroid nodules
with isolated macrocalcification: malignancy risk and diagnostic
efficacy of fine-needle aspiration and core needle biopsy.
Ultrasonography. 2016 Jul; 35(3): 212-9. [PMID: 26810196];
[DOI: 10.14366/usg.15074].

Xie C, Cox P, Taylor N, LaPorte S. Ultrasonography of thyroid
nodules: a pictorial review. Insights Imaging. 2016 Feb; 7(1): 77-
86. [PMID: 26611469]; [DOI: 10.1007/s13244-015-0446-5].

Ram N, Hafeez S, Qamar S, Hussain SZ, Asghar A, Anwar

196

48.

49.

50.

Z, Islam N. Diagnostic validity of ultrasonography in thyroid
nodules. J Pak Med Assoc. 2015 Aug; 65(8): 875-8. [PMID:
26228335].

Alam T, Khattak YJ, Beg M, Raouf A, Azeemuddin M, Khan
AA. Diagnostic accuracy of ultrasonography in differentiating
benign and malignant thyroid nodules using fine needle aspiration
cytology as the reference standard. Asian Pac J Cancer Prev.
2014; 15(22): 10039-43. [PMID: 25520066].

Wolinski K, Szkudlarek M, Szczepanek-Parulska E, Ruchata
M. Usefulness of different ultrasound features of malignancy
in predicting the type of thyroid lesions: a meta-analysis of
prospective studies. Pol Arch Med Wewn. 2014; 124(3): 97-104.
Epub 2014 Jan 28. [PMID: 24473342].

Brito JP, Gionfriddo MR, Al Nofal A, Boehmer KR, Leppin AL,
Reading C, Callstrom M, Elraiyah TA, Prokop LJ, Stan MN,
Murad MH, Morris JC, Montori VM. The accuracy of thyroid
nodule ultrasound to predict thyroid cancer: systematic review and
meta-analysis. J Clin Endocrinol Metab. 2014 Apr; 99(4): 1253-
63. [PMID: 24276450]; [DOI: 10.1210/jc.2013-2928].

Peer Reviewer: Bu-Lang Gao



