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Capítulo 1: Introdução.  

Capítulo 2: Artigo original referente ao trabalho realizado, a ser submetido para publicação no 

periódico British Medical Journal  e redigido conforme as normas do periódico. 
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Resumo da dissertação 

Introdução: nódulos de tireoide são uma anormalidade comum podendo ser encontrados em 

até 70% da população com o uso de ultrassonografia de alta resolução. As características 

ecográficas dos nódulos são tradicionalmente utilizadas como critérios de risco para 

malignidade, porém sua acurácia diagnóstica é bastante variável na literatura.  

Objetivo: avaliar a performance diagnóstica das características ultrassonográficas para 

carcinoma de tireoide em nódulos não selecionados e naqueles com citologia não diagnóstica 

na punção aspirativa com agulha fina.  

Desenho do estudo: revisão sistemática e meta-análise de estudos observacionais  

Bases de dados: bancos de dados eletrônicos (Medline, Embase) até Julho de 2012 além de 

busca manual nas referências dos principais estudos, artigos de revisão e meta-análises 

prévias 

Critérios de Elegibilidade: estudos que tenham avaliado características ultrassonográficas de 

nódulos de tireoide e que reportem o exame histopatológico como diagnóstico final. Uma 

meta-análise em separado foi realizada com os estudos que incluíram apenas nódulos com 

citologia não diagnóstica (insatisfatória ou indeterminada).  As características analisadas 

foram: ser sólido, hipoecogenicidade, margens irregulares, ausência de halo, presença de 

microcalcificações, vascularização central, ser solitário, heterogeneidade, formato mais alto 

do que largo e ausência de elasticidade.  

Resultados: 52 estudos observacionais (12786 nódulos) foram incluídos. Onze estudos 

avaliaram apenas nódulos com citologia não diagnóstica, compreendendo 2338 nódulos. 

Todas as características avaliadas foram significativamente associadas a malignidade com 

Razão de Chances (RC) variando de 1,78 a 35,7. Presença de microcalcificações, margens 

irregulares e uma formato mais alto do que largo apresentaram alta especificidade (87,8%, 

83,1%, 96,6%) e Razão de Verossimilhança (RV) (3,26, 2,99, 8,07) nos nódulos não 
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selecionados. A presença de microcalcificações foi a característica ultrassonográfica com 

melhor especificidade (84,4%) e RV positiva (3,01) nos nódulos com citologia não 

diagnóstica. A ausência de elasticidade foi a característica que, isoladamente, mostrou a 

melhor performance diagnóstica (sensibilidade de 87,9%, especificidade de 86,2% e RV 

positiva de 6,39). 

Conclusão: As características ultrassonográficas avaliadas, isoladamente, não fornecem 

informações suficientes para selecionar os pacientes que devem ser submetidos a punção 

aspirativa com agulha fina de tireoide. Nódulos com microcalcificações, margens irregulares, 

uma formato mais alto do que largo ou ausência de elasticidade demonstraram uma maior 

probabilidade pós teste para câncer, sugerindo que devem receber manejo mais agressivo.  A 

elastografia é uma técnica promissora, porém mais estudos ainda são necessárias 

correlacionando seus resultados com o diagnóstico histopatológico, especialmente em nódulos 

com citologia não diagnóstica.  
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 Nódulos de tireoide constituem-se em uma anormalidade comum na população em 

geral. Estima-se que sejam diagnosticados em 5% da população pela simples palpação da 

glândula.
 (1)

 Com o uso mais disseminado de ultrassonografia (US), a prevalência de nódulos 

de tireoide tem aumentado chegando a perto de 70% da população.
(1-5)

 A importância do 

diagnóstico e correta avaliação dos nódulos de tireoide baseia-se no risco de carcinoma que 

pode estar presente em 5 – 15% dos nódulos.
(5-10)

 Tanto a prevalência de nódulos como o 

risco de malignidade são influenciados por fatores tais como sexo, idade, deficiência de iodo e 

exposição à radiação ionizante.
(11)

  

 A prevalência de nódulos de tireoide é maior em mulheres e aumenta com a idade. Um 

estudo de triagem populacional demonstrou que em mulheres não tratadas para doenças de 

tireoide, a prevalência de nódulos aumenta de 9% naquelas abaixo de 25 anos para 45% nas 

acima de 55 anos. Já em homens, essa prevalência aumentou de 5% para 32% nessas mesmas 

faixas etárias.
(12)

 

 A prevalência de malignidade nos nódulos de tireoide também varia com a idade. 

Pacientes jovens (abaixo de 18-25 anos) no momento do diagnóstico do nódulo apresentam 

um risco 1,5 a 2 vezes maior de câncer em comparação com faixas etárias mais avançadas.
(10) 

Pacientes do sexo masculino também apresentam risco aumentado de câncer de tireoide em 

1,5 a 2 vezes em relação às mulheres.
(10)

 A exposição prévia, em especial na infância, a 

radiação ionizante também constitui fator de risco importante para o desenvolvimento de 

câncer de tireoide. Uma recente análise combinada de dados de 4 coortes de crianças 

sobreviventes de câncer, incluindo 12930 crianças expostas à radiação, demonstrou que o 

risco câncer de tireoide aumenta progressivamente com a dose de exposição de radiação até 

10Gy, havendo um platô entre 10 e 30Gy e diminuindo a partir de doses maiores que 

30Gy.
(13)

 Esse estudo também demonstrou que o RR para câncer após exposição a 10Gy de 
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radiação foi de 17,5 para crianças expostas antes dos 5 anos de idade e de 3,9 para aquelas 

expostas após os 15 anos de idade.
(13)

 

 A ultrassonografia é indicada em todos os pacientes com nódulos identificados ou 

suspeitos a palpação.
(5)

 Algumas características ultrassonográficas são consistentemente 

associadas a malignidade de tireoide, tais como nódulos com ausência de halo, 

hipoecogenicidade, aumento de vascularização intranodular, formato do nódulo, presença de 

microcalcificações ou margens irregulares.
(14)

 Entretanto, a acurácia diagnóstica da 

ultrassonografia é muito variável na literatura e, isoladamente, nenhuma dessas características 

parece apresentar uma relação entre sensibilidade e especificidade satisfatória para 

corretamente diagnosticar o câncer de tireoide. As sensibilidades e especificidades dos 

principais critérios ultrassonográficos utilizados estão descritos na tabela 1.
(14-15)

 

Mais recentemente, a avaliação da elasticidade do nódulo de tireoide tem sido 

estudada como parâmetro para auxiliar no diagnóstico diferencial de benignidade e 

malignidade. A elastografia foi inicialmente descrita na avaliação de nódulos de mama e 

próstata, mas vários estudos avaliaram sua performance em nódulos de tireoide revelando 

altas sensibilidade e especificidade (81,8 – 97% e 81,1 – 100%, respectivamente).
(16-18)

 

Geralmente, a elasticidade do tecido é descrita em uma escala de 1 a 4 sendo que escores de 

1-2 representam nódulos com elasticidade em todo ou na maior parte do nódulo (sugestivo de 

benignidade) e, escores de 3-4 nódulos representam nódulos com pouca ou nenhuma 

elasticidade em todo ou em sua maior parte (sugestivo de malignidade). Alguns estudos 

classificam o escore de elasticidade em 1-3 como sugestivo de benignidade e 4-5 de 

malignidade.
(16,17,19,20)

 Lyshchik e colaboradores avaliaram a acurácia diagnóstica da 

elastografia em nódulos de tireoide através do índice de elasticidade (calculado a partir da 

área do nódulo) e demonstraram que um índice maior do que 4 apresentava uma sensibilidade 

de 82% com especificidade de 96% para o diagnóstico de câncer de tireoide.
(21)

 Uma meta-
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análise incluindo 8 estudos e 639 nódulos encontrou uma sensibilidade de 92% e 

especificidade de 90% para a ausência de elasticidade como preditor de malignidade em 

nódulos de tireoide. Essa meta-análise, entretanto, incluiu estudos cujo diagnóstico final do 

nódulo era baseado na avaliação histopatológica ou citopatológica.
(19)

 Um estudo recente 

demonstrou que a associação da análise de elasticidade aos parâmetros normalmente 

avaliados na ecografia aumenta a sensibilidade da ecografia no diagnóstico de malignidade 

em nódulos de tireoide de 85% para 97%.
(22)

 

A punção aspirativa com agulha fina (PAAF) é considerada o método mais fidedigno 

para a diferenciação entre nódulos benignos e malignos de tireoide e está indicada na maioria 

dos pacientes com nódulos maiores do que 1 cm.
(5)

 O resultado da análise citopatológica da 

PAAF é classificada, segundo a classificação de Bethesda em:
 (23)

 

 I - Insatisfatória 

 II - Benigna 

 III - Lesão folicular de significado indeterminado 

 IV - Suspeito para neoplasia (neoplasia folicular ou de células de Hürthle) 

 V - Suspeito para malignidade 

 VI - Maligno 

 

Entretanto, até 10% das PAAF são insatisfatórias e de 15 a 30% apresentam 

resultado indeterminado (classes III-V), cujo risco de malignidade é de até 30%.
(4,5,23)

 Além 

disso, realizar a PAAF em todos os pacientes que apresentam nódulo de tireoide não parece 

factível e gera um número grande de exames desnecessários uma vez que a maioria dos 

nódulos de tireoide são benignos. Geralmente, a cirurgia é recomendada naqueles casos de 

nódulos com exame citopatológico confirmadamente insatisfatório ou indeterminado 
(5)

, o que 

leva, também, a uma grande quantidade de cirurgias desnecessárias.  
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Tentativas têm sido realizadas para melhorar a seleção pré-operatória dos pacientes 

com PAAFs indeterminadas ou não-diagnósticas em especial a análise citogenética do 

material da PAAF.  Rossi e colaboradores avaliaram a performance diagnóstica da análise da 

mutação no gene BRAF  no material da PAAF de 123 nódulos com PAAF indeterminada e 

encontraram uma sensibilidade de 32,5% com especificidade de 100% para o diagnóstico de 

malignidade.
(24)

 Nikiforov e colaboradores avaliaram um painel de pesquisa de mutações dos 

genes BRAF V600E, códon 61 do NRAS, HRAS e códons 12/13 do gene KRAS além de 

rearranjos no RET/PTC1, RET/PTC3 e PAX8/PPARγ em pacientes com nódulos de tireoide 

com citologia indeterminada (classes III – V de Bethesda). Nesse estudo, foram incluídos 513 

amostras de PAAF e foi encontrada uma sensibilidade global de 61% e especificidade de 

97,7%.
(25)

 Outro grupo avaliou o uso de um classificador de expressão gênica que mede a 

expressão de 167 genes em nódulos de tireoide com citologia indeterminada. A análise incluiu 

265 nódulos e foi encontrada uma sensibilidade de 92% e especificidade de 51,6%.
(26)

 Esses 

testes citogenéticos parecem promissores na seleção pré-operatória de pacientes com citologia 

indeterminada, mas ainda apresentam alto custo e nenhum dos testes apresenta ainda um 

relação sensibilidade e especificidade adequada. Nacamulli e colaboradores compararam a 

acurácia diagnóstica da elastografia associada à pesquisa de mutação no gene BRAF com a 

associação de ultrassonografia e citologia e encontraram sensibilidades e especificidades de 

95% e 74% e, 99% e 28%, respectivamente.
(27)

 

Devido a elevada prevalência de nódulos de tireoide na população em geral e as 

incertezas quanto a acurácia diagnóstica da ecografia na detecção de nódulos malignos, a 

seleção correta dos pacientes que devem ser submetidos a PAAF e/ou cirurgia é difícil na 

prática clínica. Pelo exposto,  decidimos conduzir uma revisão sistemática com meta-análise 

de estudos observacionais que avaliaram a performance diagnóstica da ecografia para a 

detecção de câncer de tireoide em pacientes com nódulos não selecionados e naqueles com 
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PAAF não diagnóstica, considerando-se somente o exame histopatológico como método 

diagnóstico de referência. 

 

Tabela 1: Sensibilidade e especificidade das principais características ultrassonográficas para câncer de 

tireoide 

Característica Sensibilidade (%) Especificidade (%) 

Presença de microcalcificações 26,1 – 59,1 85,8 – 95 

Hipoecogenicidade 26,5 – 87,1 43,4 – 94,3 

Vascularização central 54,3 – 74,2 78,6 – 80,8 

Formato mais alto que largo 32,7 92,5 

Adaptado de Frates et al (9) 
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Abstract 

Objective: to evaluate the diagnostic performance of ultrasound (US) features for thyroid 

malignancy in patients with unselected thyroid nodules or nodules with nondiagnostic fine 

needle aspiration (FNA) cytology submitted to thyroid surgery and having a histopathologic 

diagnosis.  

Design: Systematic review and meta-analysis. 

Data sources: Electronic databases (Medline, Embase) to July, 2012 and manual search of 

references of review articles, previous meta-analyses, and key articles.  

Eligibility criteria: Studies evaluating US features of thyroid nodules and reporting 

histopathologic diagnosis were selected. A separate meta-analysis was performed with studies 

including only nodules with nondiagnostic cytology.  The following features were analyzed: 

solidity, hypoechogenicity, irregular margins, absence of a halo, microcalcifications, central 

vascularization, being solitary, heterogeneity, taller than wide shape, and absence of elasticity. 

Results: A total of 52 observational studies (12786 nodules) were included. Eleven studies 

included only patients with nondiagnostic cytology aspirates, comprising 2338 nodules All 

US features were significantly associated with malignancy, with OR varying from 1.78 to 

35.7. Microcalcifications, irregular margins and a taller than wide shape had high specificities 

(Sp) (87.8%, 83.1%, 96.6%) and positive likelihood ratio (LHR) (3.26, 2.99, 8.07) in 

unselected nodules. Presence of microcalcifications was the most specific US feature in 

nodules with a nondiagnostic cytology (Sp 84.4% and positive LHR 3.01). Absence of 

elasticity was the single feature with the best diagnostic performance (sensitivity 87.9%, Sp 

86.2% and positive LHR 6.39). 

Conclusions: US features evaluated do not provide reliable information to select nodules that 

should have a fine-needle aspiration performed. Nodules with microcalcifications, or a taller 

than wide shape, or irregular margins, or absence of  elasticity showed higher likelihood ratios 
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and, consequently, post test probabilities of malignancy and should be more aggressively 

managed. Elastography is a promising technique, but further studies are still required to 

compare it to the reference method, especially in nodules with nondiagnostic cytology.  
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Introduction 

 Thyroid nodules are a common finding in the general population and their detection is 

increasing with the widespread use of ultrasound (US). The prevalence of thyroid nodularity 

varies from 19 to 67% and increases with age, affecting about 50% of the population over 40 

years.(1-5) The clinical significance of thyroid nodules relates to the need to exclude thyroid 

cancer, which is found in 5-15% of cases, depending on sex, age, and exposure to other risk 

factors.(5-8) 

 Some US parameters, such as microcalcifications, hypoechogenicity, absence 

of a halo, increased intranodular vascularity, nodule shape or irregular margins have been 

traditionally associated with increased risk of malignancies.(9) However, none of these 

characteristics seems sufficiently reliable in isolation to diagnose malignancy. Diagnostic 

sensitivity ranges from 26.5% to 87.1% for hypoechogenicity, 54.3 to 74.32% for 

intranodular vascularity, 26.1 to 59.1 for microcalcifications, whereas specificity ranges from 

43.4 to 94.3%, 78.6 to 80.8% and 85.8 to 95% respectively.(4, 9, 10) More recently, US 

determination of tissue elasticity (elastography) has been suggested to detect malignancy in 

thyroid nodules. A recent meta-analysis found sensitivity of 92% and specificity of 90% using 

this technique. However, only a few studies were included, and only three used 

histopathology of surgical specimens for final diagnosis .(11) Fine-needle aspiration (FNA) is 

considered the most accurate procedure to differentiate benign and malignant nodules and it is 

indicated in most patients with nodules larger than 1 centimeter.(5) However, the performance 

of biopsies in all patients harboring a thyroid nodule is too burdensome. Moreover up to 10% 

of FNA specimens are insufficient for diagnosis and 15-30% are indeterminate, carrying a 20-

30% risk of malignancy.(4, 5) Surgery has been usually recommended in patients with 

confirmed unsatisfactory or indeterminate cytology, but this may lead to a high rate of 
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unnecessary thyroidectomy.(5) Although cytogenetic studies may improve diagnostic 

accuracy, the reported specificity is still low, around 50%.(12)  

Therefore the aim of this study was to conduct a systematic review and meta-analysis 

of observational studies evaluating the diagnostic performance of US features for thyroid 

malignancy in patients with unselected thyroid nodules or nodules with non diagnostic FNA 

cytology, considering only histopathologic diagnosis of surgical specimens as the final 

diagnosis. 

 

Methods 

Identification of studies 

 We searched MEDLINE using the following Medical Subject Heading terms: 

"Thyroid Nodule"[MeSH] AND ("Ultrasonography"[MeSH] OR 

"ultrasonography"[Subheading] OR "Ultrasonography, Doppler"[MeSH]). EMBASE was 

searched using EmTree terms “Thyroid nodule” and “Ultrasonography.” The search period 

ended in July, 2012. A manual search of the references of review articles, previous meta-

analyses and key articles was also performed. We also searched on abstracts of main 

endocrine mettings. All potentially eligible studies were considered for review regardless of 

the primary outcome or language.  

Selection criteria 

 Observational studies of patients with thyroid nodules evaluated by US and submitted 

to thyroidectomy regardless of the reason for surgery considered for inclusion. Only studies 

with histopathologic diagnosis of surgical specimens were considered.  

Study Selection, Data Extraction and Quality Assessment 

 Two independent investigators (LLRR and CKK) selected potentially eligible studies 

based on titles and abstracts. All the studies selected were retrieved for full-text evaluation. 

Disagreements were solved by a third investigator (CBL). Two investigators reviewed the 
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studies selected to extract data on patient characteristics, US features and histopathologic 

results. Any discrepancies between the data extracted were discussed until a consensus was 

reached. We extracted the absolute number of patients with and without the evaluated features 

and with and without malignancy. These data were entered into a computerized spreadsheet 

considering true positives, true negatives, false positives and false negatives.  

 We evaluated the diagnostic ability to diagnose thyroid malignancy of the following 

US features: solidity, hypoechogenicity, irregular margins, absence of halo, 

microcalcifications, central vascularization, being solitary, heterogeneity, taller than wide 

shape, and absence of elasticity.  

 Two independent investigators (LRR and LCFP) evaluated the quality of the included 

studies was assessed using QUADAS-2 tool. (13) Any disagreements were solved by a third 

investigator (CBL). 

Statistical analysis 

 Overall odds ratio (OR) was calculated to assess the predictive value of each US 

feature for malignancy. The Cochran χ
2
 and the I

2 
tests were used to evaluate heterogeneity 

among studies and a threshold value of P = 0.10 was considered significant. Risk estimates 

were obtained with a random effects meta-analysis if significant heterogeneity was found 

among the studies in preliminary models.  

 The pooled positive and negative likelihood ratios were calculated, as well as post-test 

probabilities,(14) using a mean pretest probability of 10% based on the average of malignancy 

found in thyroid nodules in general.(5-8) Likelihood ratios above 10 or below 0.1 are 

considered strong evidence to, respectively, confirm or rule out the diagnosis of interest.(14) 

 The possibility of publication bias was evaluated using a funnel plot of a trial’s effect 

size against the SE. Funnel plot asymmetry was analyzed by the Begg and Egger tests. Trim-

and-fill computation was used to estimate the effect of publication bias.  
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 We performed a separate prespecified meta-analysis including only studies that 

selected patients with nodules with a nondiagnostic cytology. We defined as nondiagnostic 

cytology those reported as unsatisfactory or indeterminate.  

 All statistical analyses were performed using Stata 11.0 software. 

 

Results 

The initial search retrieved 1917 articles, of which 1766 were excluded based on title 

and abstract. Full text assessment was performed in 151 and, of these, 53 were selected for the 

present study (Figure 1). One additional study (Kim et al) evaluating only nodules with egg-

shell calcifications was excluded. Therefore, 52 studies comprising 12786 nodules were 

included in the analysis.(15-66) Eleven studies including only patients with nondiagnostic 

cytology aspirates, comprising 2338 nodules, were included in the separate meta-analysis. 

The characteristics of the included studies are described in Table 1.  

High heterogeneity was identified in the analysis of all but two features (heterogeneity 

and having a taller than wide shape); therefore, the random effects model was used. Funnel 

plot and Egger test suggested a publication bias on analysis of heterogeneity, 

hypoechogenicity, solidity and central vascularization features when considering all 

unselected nodules. However, trim and fill computation revealed that publication bias did not 

interfere with the interpretation of results.  

Quality of studies 

 Included studies had, in general, low risk of bias. The most concerning issue was the 

lack of description if the US assessor was blinded for the histopathologic diagnosis. As US 

has to be performed prior to surgery, we believe that, in most cases, this person was not aware 

of the histopathologic diagnosis. However, as US results may have been reviewed after 

surgery, we considered as a risk of bias unclear in this item if there was no description about 
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blindness. We considered that some studies may have concerns about the applicability due to 

patient selection, in most cases, because studies included only patients with cold nodules.  

Diagnostic performance of US features in all nodules 

 All the features evaluated were significantly associated with malignancy, with an 

overall OR ranging from 1.77 to 35.7 (figure 2). However, the sensitivity of US features 

traditionally associated with malignancy was somewhat low, ranging from 26.7 to 63%. Four 

of these features – microcalcifications, central vascularization, irregular margins, and a taller 

than wide shape – showed better specificity than the other features: 87.8%, 78%, 83.1% and 

96.6% respectively. The positive likelihood ratio ranged from 1.33 to 8.07, and the negative 

likelihood ratio from 0.13 to 0.77 (table 2). Considering a pre-test probability of 10%, the 

post-test probability of malignancy ranged from 12.8 to 47.0% after a positive test and 1.4 to 

7.8% with a negative test result. Absence of elasticity was the US feature that showed the best 

diagnostic accuracy, with sensitivity of 87.9%, specificity of 86.2%, and positive and negative 

LHR of 6.39 and 0.13 respectively (table 2).  

Diagnostic performance of US features in nodules with nondiagnostic cytology 

 Only a few of the studies reported histopathologic diagnosis specifically for nodules 

with a nondiagnostic cytology. Because of that, only the following features were analyzed: 

absence of elasticity, hypoechogenicity, solidity, presence of microcalcifications, being 

solitary, and central vascularization. Of these, only hypoechogenicity and presence of 

microcalfcifications were significantly associated with malignancy (figure 3). Still in this 

subgroup of nodules, any of the US features was able to determinate the risk of malignancy 

with an acceptable sensitivity.  Presence of microcalcifications was the feature with the best 

specificity, 84.4%. Positive likelihood ratio ranged from 1.06 to 3.01 and negative likelihood 

ratio from 0.63 to 0.96. Considering a pre-test probability of 10%, the post-test probability of 

malignancy ranged from 10.4 to 24.9% after a positive test and 6.5 to 9.6% with a negative 
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test result. We were not able to determinate the diagnostic accuracy of elastography or central 

vascularization in this group because the number of studies was not sufficient.  

Meta-regression 

 In the analysis of several features, we have included less than ten studies making 

meta-regression not suitable. For analysis of hypoechogenicity, irregular margins, 

microcalcifications, being solid and central vascularization we performed meta-regression 

using the year of publication and/or the prevalence of cancer in the study sample as 

covariates. However none of these variables was able to significantly explain the high 

heterogeneity found.  

 

Discussion 

 In the present meta-analysis, none of the analyzed US features had reliable diagnostic 

performance to identify malignancy in unselected thyroid nodules or in nodules with 

nondiagnostic cytology. None of the US features analyzed had a relevant positive likelihood 

ratio (above 10) and post-test probabilities, so they did not provide strong evidence to 

diagnose malignancy. However, some US features were associated with higher post-test 

probability: taller than wide shape (47.0%), absence of elasticity (41.3%), presence of 

microcalcifications (26.4%), and irregular margins (24.7%).  

 The strengths of our meta-analysis are the large number of nodules evaluated and the 

fact that all the nodules included had a histopathologic diagnosis, which is the reference 

method for the definite diagnosis of thyroid nodules. Moreover, we also analyzed the 

performance of US in nodules with nondiagnostic cytology, which constitutes the most 

challenging group of patients for clinical decision-making To the best of our knowledge, there 

are no previous systematic reviews and meta-analyses that focus on histopathology only 

instead of cytopathology results obtained by FNA as the final diagnosis. Our study has some 

limitations. First, we had no information on individual characteristics of patients regarding 
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risk factors for malignancy, and on the reason for surgery. Also, the number of studies was 

insufficient for the analysis of some US features in patients with nondiagnostic cytology, 

possibly the subgroup of patients that would most benefit from the use of US as a tool to help 

in clinical management decision. 

Our results confirm the findings of previous isolated studies. Moon et al.(67) evaluated 

831 patients with thyroid nodules and found low sensitivity values for most of the US 

features. Hypoechogenicity was the only finding that showed a sensitivity of 87.2%. In the 

same study, taller than wide shape, speculated margins, marked hypoechogenicity, micro and 

macrocalcifications features demonstrated a high specificity for malignancy, ranging from 

90.8 to 96.1%. In one of the largest series comprising 672 patients and 1141 nodules, 

Popovicz et al. also found low sensitivity values of US features for malignancy and high 

specificity for microcalcifications and taller than wide shape features.(48) Moreover, in 

another study including 550 patients with multinodular goiter, Salmaslioglu found that the 

presence of microcalcifications had a high sensitivity of 89.3% for malignancy.(55) The best 

diagnostic performance in our meta-analysis was seen for absence of elasticity. Usually, 

elasticity is described in a scale ranging from 1 to 4 (1-2 being suggestive of a benign nodule 

and 3-4 of malignancy) or 1 to 5 (where 1-3 is suggestive of a benign lesion and 4-5 of 

malignancy).(11,51,68,69) This US feature was initially described for breast or prostate 

cancer, but several studies have evaluated its performance to differentiate between malignant 

and benign thyroid nodules, revealing high sensitivity and specificity (81.8 - 97% and 81.1 – 

100%).(51,69,70) A recent meta-analysis including 8 studies with a total of 639 nodules 

diagnosed by FNA cytopathology or histopathology reported a sensitivity of 90% and 

specificity of 92% for elasticity, however not all studies included had a final histopathologic 

diagnosis of the nodule.(11) A recent study, which included 498 thyroid nodules evaluated by 
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US, color flux Doppler, and real-time elastography concluded that the combination of 

elastography with US parameters increased the sensitivity for malignancy to 97%.(71)  

Our findings have important clinical implications. They reinforce that US results on 

their own are not reliable for selecting which patients with thyroid nodules should be 

submitted to fine-needle aspiration. Our findings also suggest that more accurate criteria are 

needed to recommend surgery in patients with nondiagnostic cytology. This is an important 

practical matter since we need to be able to better select which patients should be submitted to 

FNA and, specially, when surgery should be indicated in those nodules with nondiagnostic 

cytology.   

Attempts have been made to improve patient selection in evaluation of thyroid 

nodules. Moon et al. evaluated a classification that considered as suspicious for malignancy a 

nodule that was solid plus having two additional risk features. Those authors found sensitivity 

of 87.7%, specificity of 97.8%, and overall accuracy of 96.2%.(72) Recently, molecular 

analysis of fine-needle aspirates has been evaluated. Nikiforov et al. have demonstrated a 

specificity of 96-99% for malignancy in cytologically indeterminate thyroid nodules using a 

panel of mutations that includes the most common mutations found in thyroid cancer. 

However, in that study, the panel sensitivity was only 57-68%, producing a false-negative rate 

of 6 to 28%.(73) In another study, a gene-expression classifier including 167 transcript cluster 

identification number was tested in thyroid nodules with indeterminate cytology reaching a 

sensitivity of 92%, but specificity of only 52%.(12) 

 

Conclusions 

Our results show that there is no isolated US feature capable of predicting malignancy 

in thyroid nodules with acceptable diagnostic accuracy, which limits the value of the US for 

decision-making regarding the need for FNA or surgery. However, the presence of some US 

features, such as a taller than wide shape and microcalcifications is suggestive of malignancy, 
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favoring a more aggressive management of nodules with these characteristics. Ideally, meta-

analyses should be performed with individual patient data, which could enable the creation of 

a risk classification for malignancy in thyroid nodules considering all US features and other 

risk factors to better define which patients should be submitted to FNA and surgery. 

Elastography is a new technique with promising results and may be a good tool to select 

patients at increased risk for thyroid malignancy. Nevertheless, more studies are still required 

to standardize the technique and confirm its usefulness. .  

Ethical approval: Not needed. 

 

What is already known on this topic 

Thyroid nodules are a common finding n the general population which carry a 5–15% risk of 

malignancy 

Some US features are associated with malignancy, but their diagnostic accuracy to diagnose 

or exclude malignancy are low 

Many unnecessary thyroidectomy are still performed  

What this study adds 

US features in isolation have no sufficient diagnostic performance to be used as a criteria to 

select patients for FNA or surgery 

Microcalcifications and a taller than wide shape are more specific for malignancy suggesting 

that nodules whit these characteristics should be more aggressively managed 

Elastography is a promising technique with a good diagnostic performance but more studies 

are still required 
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Appendix - Tables 

Table 1: Characteristics of studies included in meta-analysis 

 

Author Year Number of 

nodules 

Male sex 

(%) 

Age 

(mean) 

Clinical background US features evaluated 

Walker J (62) 1985 94 14.8  All patients submitted to surgery Solid 

Aggarwal S (14)  1989 36   Patients with cold nodules Solid 

Cox M (26)  1991 68 10.0 48.6 Patients submitted to surgery with no 

compressive symptoms or obvious 

malignancy 

Solitary, solid 

Hübsch V (33)  1992 65 30.0 42.0 Patients with cold nodules, compressive 

symptoms, hyperthyroidism or malignancy 

suspected or confirmed 

Hypoechogenicity, microcalcifications, 

central vascularization, solitary, solid, 

heterogeneity and irregular margins 

Brkljacic B (18)  1994 426 13.3 46.5 Patients with multinodular goiter Hypoechogenicity, microcalcifications 

Ousehal A (43)  1996 100  39.0 Unselected patients submitted to surgery Hypoechogenicity, irregular margins 

Rago T (52)  1998 104 33.0 42.3 Patients with single nodule with compressive 

symptoms or suspicion of malignancy 

Hypoechogenicity, absence of halo, 

microcalcifications 

Kakkos S (34)  2000 188   All patients submitted to surgery Microcalcifications 

Bozbora A (17)  2002 81 25.0 33.0 Patients with cold solitary or dominant 

nodule 

Solitary 

Giammanco M (30) 2002 125 21.6 57.0 All patients submitted to surgery Central vascularization 

Khoo M (35)  2002 361   Consecutive  patients submitted to surgery Microcalcifications 

Kountakis S (37)  2002 83   All patients submitted to surgery Solitary 

Leenhardt L (38)  2002 155 25.1  Patients submitted to surgery with no 

hormonal dysfunction 

Hypoechogenicity, microcalcifications, 

solid, irregular margins 

Peccin S (44)  2002 80 20.0 45.3 Patients with compressive symptoms or 

suspicion of malignancy 

Hypoechogenicity, absence of halo, 

microcalcifications 

Casella C (22)  2003 66 15.1 44.6 Patients submitted to surgery Central vascularization 

Alexopoulou O (15)  2004 109   Patients with nontoxic multinodular goiter Hypoechogenicity, microcalcifications 

Fukunari N (28)  2004 310 14.1 47.0 Patients with cold solitary nodules Central vascularization 

Penfold A (45) 2004 83 13.2  Patients submitted to surgery Hypoechogenicity, absence of halo, 

microcalcifications, central 

vascularization, irregular margins 
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Seiberling K (56) 2004 159 23.2 46.0 Patients submitted to surgery Microcalcifications 

Kobayashi K (36) 2005 910  49.0 Patients submitted to surgery with diagnosis 

of follicular nodule 

Solitary, solid, irregular margins 

Nicola H (27)  2005 86   Patients with follicular neoplasms on FNA Central vascularization 

Popowicz B (48)  2006 356   Patients submitted to surgery Microcalcifications, solitary 

Sahin M (53)  2006 472 17.8 51.5 Patients submitted to surgery Hypoechogenicity, absence of halo, 

microcalcifications, solid, 

heterogeneity, irregular margins 

Wang N (63)  2006 322 18.4 44.0 Patients submitted to surgery Microcalcifications 

Cappelli C (21)  2006 349   Nodules with malignant or suspicious 

cytology 

Hypoechogenicity, microcalcifications, 

central vascularization, irregular 

margins 

Rago T (49)  2007 505 21.1 45.0 Cold nodules with cytological diagnosis of 

follicular or Hürthle cell lesion 

Hypoechogenicity, microcalcifications, 

irregular margins 

Rago T (50)  2007 92 31.5 41.6 Patients submitted to surgery for 

compressive symptons or FNA suspicious 

Hypoechogenicity, absence of halo, 

microcalcifications, central 

vascularization, elasticity 

Sharma R (57)  2007 52 26.9  Patients with cold solitary nodules Central vascularization 

Sippel R (60)  2007 325 18.5 47.0 Patient with FNA diagnosis of follicular or 

Hürthle cell neoplasm or indeterminate 

Hypochogenicity, central 

vascularization, solid, heterogeneity 

Varverakis E (61)  2007 85 20.0  Patients submitted to surgery due to risk of 

malignancy or compressive symptoms 

Central vascularization 

Bakhshaee M (16)  2008 85 13.0 36.8 Patients submitted to surgery due to |FNA 

diagnosis or obstructive or cosmetic reasons  

Central vascularization, solid 

Choi Y (25)  2008 175   Patients submitted to surgery Hypoechogenicity, microcalcifications, 

taller than wide shape, solid, irregular 

margins 

Gulcelik N (31)  2008 98 16.3 46.7 Patients with cytology reporting follicular 

neoplasm 

Hypoechogenicity, microcalcifications, 

solitary, solid 

Salmaslioglu A (54)  2008 1926 19.0 46.9 Patients with multinodular goiter submitted 

to surgery 

Hypoechogenicity, microcalcifications, 

solid, irregular margins 

Chen G (24)  2009 758 23.0  Patients submitted to surgery Microcalcifications 

Hong Y (32)  2009 145 17.7 46.0 Consecutive patients submitted to surgery Hypoechogenicity, microcalcifications, 

central vascularization, elasticity, taller 

than wide shape, irregular margins 

Liu F (40)  2009 40 7.5 43.7 Patients with lymphocytic thyroiditis and Hypoechogenicity, absence of halo, 
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nodules with malignant or indeterminate microcalcifications, irregular margins 

Mendelson A (42)  2009 77 16.8  FNA reporting follicular, Hürthle cell or 

nondiagnostic 

Microcalcifications, solid 

Phuttharak W (46)  2009 31 3.3 41.8 Patients with risk of malignancy after US 

and FNA 

Hypoechogenicity, microcalcifications, 

central vascularization, taller than wide 

shape 

Popowicz B (47)  2009 1141  49.5 Patients submitted to surgery Hypoechogenicity, microcalcifications, 

central vascularization, solitary, taller 

than wide shape 

Rago T (51)  2010 195 26.1 44.0 Patients with indeterminate or nondiagnostic 

cytology 

Hypoechogenicity, absence of halo, 

microcalcifications, central 

vascularization, elasticity 

Schueller-Weidekamm 

C (55)  

2010 31 31.4 55.2 Patients with cold nodules Hypoechogenicity, microcalcifications, 

central vascularization, irregular 

margins 

Sillery J (59)  2010 102 35.0 53.0 Patients with diagnosis of follicular 

carcinoma and adenoma 

Hypoechogenicity, absence of halo, 

microcalcifications, central 

vascularization, heterogeneity 

Wang Y (64)  2010 51 25.5 48.6 Patients with single nodules submitted to 

surgery 

Microcalcifications, central 

vascularizaion, elasticity, irregular 

margins 

Yoon J (66)  2010 99 13.1 43.7 Patients with indeterminate cytology Hypoechogenicity, microcalcifications, 

solitary, taller than wide shape, solid, 

irregular margins 

Cakir B (19)  2011 391 17.1 46.0 Patients with compressive symptoms or 

malignant or suspicious cytology 

Elasticity 

Maia F (41)  2011 143 15.4 47.2 Patients submitted to surgery Hypoechogenicity, microcalcifications, 

central vascularization, irregular 

margins 

Castro M (23)  2011 462 53.7 31.0 Patients with suspicious cytology Solitary 

Ghervan (29) 2011 99   Patients with suspicious nodules Elasticity 

Lippolis P (39)  2011 102 32.3 46.5 Patients with indeterminate cytology Hypoechogenicity, microcalcifications, 

central vascularization, elasticity 

Shuzhen C (58)  2011 291 25.0 43.4 Patients submitted to surgery Elasticity 

Cantisani V (20)  2012 97 33.0 54.0 Patients submitted to surgery due to 

compressive symptoms or suspicious 

nodules 

Hypoechogenicity, microcalcifications, 

central vascularization 
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Table 2: Diagnostic performance of each US feature in the differentiation of benign and 

malignant thyroid nodules in unselected nodules 

Feature Sensitivity 

(%) 

Specificity 

(%) 

Positive 

likelihood 

ratio 

Post-test 

probability 

(%) * 

Negative 

likelihood 

ratio 

Post-test 

probability 

(%) 
§
 

Taller than wide 26.7 96.6 8.07 47.0 0.75 7.6 

Halo absent 56.4 72.0 2.02 18.1 0.60 6.2 

Absence of elasticity 87.9 86.2 6.39 41.3 0.13 1.4 

Heterogeneity 47.5 70.0 1.58 14.8 0.74 7.5 

Hypoechogenicity 62.7 62.3 1.66 15.4 0.62 6.3 

Solid 72.7 53.2 1.55 14.6 0.51 5.3 

Microcalcifications 39.5 87.8 3.26 26.4 0.68 7.0 

Solitary 53.0 60.2 1.33 12.8 0.77 7.8 

Central 

vascularization 
45.9 78.0 2.09 18.7 0.69 7.1 

Irregular margins 50.5 83.1 2.99 24.7 0.59 6.1 

* probability of malignancy after having a positive test result 

§
 probability of malignancy after having a negative test result 
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Table 3: Diagnostic performance of each US feature in the differentiation of benign and 

malignant thyroid nodules in nodules with nondiagnostic cytology 

Criterion Sensitivity 

(%) 

Specificity 

(%) 

Positive 

likelihood 

ratio 

Post-test 

probability 

(%) * 

Negative 

likelihood 

ratio 

Post-test 

probability 

(%) 
§
 

Hypoechogenicity 39.0 62.0 1.06 10.4 0.96 9.6 

Solid 71.8 43.7 1.27 11.9 0.64 6.6 

Microcalcifications 46.7 84.4 3.01 24.9 0.63 6.5 

* probability of malignancy after having a positive test result 

§
 probability of malignancy after having a negative test result
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Appendix - Figures 

 

Figure 1. Flowchart of article selection 

Studies identified through
database and manual searching

(n = 1917)

Excluded based on
title and abstract

(n = 1766)

Full-text articles assessed
for eligibility

(n = 151)

Studies included
(n = 52)

Excluded after full text evaluation (n = 99)
-Lack of data = 15
-Review article or letter = 5
-Gold standard not fulfilled = 36
-Design unadequate = 14
-Sonography classification rather than
feature = 15
- Evaluates other sonography features = 8
-Article in duplicate = 1
-Clinically heterogeneous = 1 (only nodules
with egg-shall calcification)
-Language issues = 2

Studies identified through
database and manual searching

(n = 1917)

Excluded based on
title and abstract

(n = 1766)

Full-text articles assessed
for eligibility

(n = 151)

Studies included
(n = 52)

Excluded after full text evaluation (n = 99)
-Lack of data = 15
-Review article or letter = 5
-Gold standard not fulfilled = 36
-Design unadequate = 14
-Sonography classification rather than
feature = 15
- Evaluates other sonography features = 8
-Article in duplicate = 1
-Clinically heterogeneous = 1 (only nodules
with egg-shall calcification)
-Language issues = 2
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Figure 2. Forrest plot representing OR for malignancy of each ultrasound feature evaluated.  

NOTE: Weights are from random effects analysis

Overall  (I-squared = 91.6%, p = 0.000)

Salmashoglu A

Phuttharak W

Sahin M

Schueller-Weidekamm C

Hong Y

Brkljacic B

Author

Maia F

Wang Y

Mendelson A

Alexopoulou O

Popowicz B

Rago T

Chen G

Popowicz B

Rago T

Lippolis P

Rago T

Peccin S

Kakkos S

Wang N

Rago T

Leenhardt L

Cappelli C

Yoon J

Seiberling K

Gulcelik N
Choi Y

Khoo M

Liu F

Penfold A

Cantisani V

Hübsch V

Sillery J

2008

2009

2006

2010

2009

1994

Year

2011

2010

2009

2004

2009

1998

2009

2006

2007

2011

2010

2002

2000

2006

2007

2002

2006

2010

2004

2008
2008

2002

2009

2004

2012

1992

2010

1926

31

472

31

145

426

n

143

51

77

109

1141

104

758

356

505

102

195

80

188

322

92

155

349

99

159

98
175

361

40

83

97

65

102

4.61 (2.83, 7.52)

154.27 (100.45, 236.93)

74.20 (2.92, 1884.22)

0.90 (0.50, 1.61)

1.11 (0.09, 13.84)

18.41 (6.77, 50.04)

2.74 (1.54, 4.87)

OR (95% CI)

4.50 (1.96, 10.31)

5.35 (1.52, 18.75)

1.88 (0.63, 5.55)

3.83 (1.39, 10.56)

11.15 (6.27, 19.83)

2.38 (0.97, 5.83)

3.31 (2.28, 4.81)

7.43 (1.68, 32.84)

1.75 (1.14, 2.66)

5.98 (2.43, 14.69)

1.15 (0.56, 2.37)

19.29 (4.69, 79.33)

2.52 (1.21, 5.25)

9.54 (3.98, 22.84)

4.71 (1.87, 11.86)

2.88 (0.96, 8.59)

3.89 (2.22, 6.81)

6.25 (1.57, 24.87)

4.82 (2.44, 9.50)

36.80 (9.07, 149.25)
4.63 (1.50, 14.24)

4.07 (2.18, 7.58)

3.10 (0.69, 13.80)

4.84 (1.83, 12.81)

1.34 (0.52, 3.46)

1.05 (0.18, 6.26)

2.66 (0.65, 10.93)

100.00

3.48

1.39

3.40

1.83

3.11

3.41

Weight

3.24

2.89

3.04

3.10

3.41

3.19

3.50

2.69

3.48

3.19

3.32

2.75

3.31

3.21

3.17

3.03

%

3.42

2.78

3.35

2.76
3.01

3.38

2.68

3.13

3.15

2.42

2.75

  

1

NOTE: W eights are  from  random  effects analysis

Overall  (I-squared = 73.6%, p = 0.000)

Lippolis P

Yoon J

Rago T

Schueller-Weidekamm C

Sahin M

Rago T

Gulcelik N

Popowicz B

Alexopoulou O

Author

Sillery J

Rago T

Hong Y

Phuttharak W

Salmashoglu A

Cantisani V

Leenhardt L

Liu F

Sippel R

Ousehal A

Penfold A

Peccin S

Brkljacic B

Cappelli C

Choi Y

Maia F

Rago T

Hübsch V

2011

2010

2007

2010

2006

1998

2008

2009

2004

Year

2010

2010

2009

2009

2008

2012

2002

2009

2007

1996

2004

2002

1994

2006

2008

2011

2007

1992

102

99

505

31

472

104

98

1141

109

n

102

195

145

31

1926

97

155

40

325

100

83

80

426

349

175

143

92

65

2.67 (1.99, 3.58)

0.21 (0.09, 0.49)

2.18 (0.72, 6.63)

1.38 (0.90, 2.10)

2.63 (0.57, 12.00)

1.98 (1.23, 3.19)

1.89 (0.78, 4.59)

4.02 (1.56, 10.38)

3.12 (2.03, 4.79)

3.21 (1.39, 7.43)

OR (95% CI)

4.56 (1.85, 11.24)

1.20 (0.59, 2.42)

14.57 (5.85, 36.32)

17.67 (0.62, 505.05)

2.20 (1.70, 2.84)

3.32 (1.41, 7.84)

6.88 (1.49, 31.67)

2.96 (0.73, 11.93)

0.80 (0.22, 2.84)

43.15 (1.60, 1167.53)

10.26 (2.19, 48.12)

3.75 (1.15, 12.22)

5.27 (2.87, 9.69)

3.80 (2.15, 6.70)

0.93 (0.51, 1.68)

2.81 (1.38, 5.74)

6.88 (2.46, 19.29)

2.43 (0.76, 7.82)

100.00

3.96

3.26

5.45

2.32

5.28

3.94

3.74

5.43

4.09

Weight

3.88

4.54

3.85

0.68

5.87

4.02

2.30

2.57

2.85

0.70

2.27

3.08

4.86

4.99

4.90

4.51

3.50

3.11

%

  
1.00086 1 1168

NOTE: Weights are from random effects analysis

Overall  (I-squared = 69.8%, p = 0.000)

Rago T

Nicola H

Maia F

Cantisani V

Sippel R

Penfold A

Sharma R

Phuttharak W

Cappelli C

Rago T

Varverakis E

Hong Y

Wang Y

Schueller-Weidekamm C

Bakhshaee M

Popowicz B

Author

Fukunari N

Casella C

Giammanco M

Sillery J

Hübsch V

2010

2005

2011

2012

2007

2004

2007

2009

2006

2007

2007

2009

2010

2010

2008

2009

Year

2004

2003

2002

2010

1992

195

86

143

97

325

83

52

31

349

92

85

145

51

31

85

1141

n

310

66

125

102

65

2.90 (1.86, 4.52)

12.19 (0.49, 305.20)

34.00 (6.13, 188.73)

3.17 (1.38, 7.26)

0.47 (0.20, 1.10)

1.08 (0.35, 3.37)

4.84 (1.46, 16.02)

7.31 (1.83, 29.21)

2.22 (0.30, 16.56)

5.85 (3.09, 11.07)

2.03 (0.27, 15.18)

4.70 (1.55, 14.27)

0.74 (0.36, 1.52)

3.21 (0.94, 11.00)

5.38 (0.57, 51.17)

5.98 (2.19, 16.31)

1.10 (0.50, 2.42)

OR (95% CI)

3.43 (1.61, 7.28)

4.50 (1.27, 15.95)

26.18 (3.00, 228.64)

1.37 (0.61, 3.08)

1.59 (0.55, 4.56)

100.00

1.52

%

3.58

6.06

5.97

5.10

4.92

4.39

2.98

6.63

2.98

5.18

6.41

4.83

2.58

5.51

6.18

Weight

6.29

4.73

2.71

6.12

5.36

  

1

NOTE: Weights are from random effects analysis

Overall  (I-squared = 94.6%, p = 0.000)

Yoon J

Salmashoglu A

Sahin M

Liu F

Leenhardt L

Wang Y

Cappelli C

Kobayashi K

Ousehal A

Rago T

Penfold A

Maia F

Hong Y

Author

Choi Y

Hübsch V

Schueller-Weidekamm C

2010

2008

2006

2009

2002

2010

2006

2005

1996

2007

2004

2011

2009

Year

2008

1992

2010

99

1926

472

40

155

51

349

910

100

505

83

143

145

n

175

65

31

4.65 (1.99, 10.85)

46.08 (5.20, 408.28)

37.23 (26.71, 51.89)

1.36 (0.37, 5.05)

0.11 (0.01, 0.99)

4.01 (1.22, 13.16)

2.18 (0.65, 7.33)

3.16 (1.73, 5.76)

5.26 (3.43, 8.05)

6.22 (1.21, 31.91)

0.67 (0.45, 1.02)

4.65 (1.83, 11.86)

11.05 (4.91, 24.87)

60.75 (19.01, 194.09)

OR (95% CI)

4.18 (2.20, 7.95)

29.67 (1.55, 566.62)

0.89 (0.17, 4.72)

100.00

4.93

7.25

6.23

4.92

%

6.40

6.37

7.07

7.20

5.76

7.20

6.73

6.87

6.44

Weight

7.03

3.88

5.71

  

1

Microcalcifications Hypoechogenicity

Central vascularization Irregular margins

NOTE: Weights are from random effects analysis

Overall  (I-squared = 91.6%, p = 0.000)

Salmashoglu A

Phuttharak W

Sahin M

Schueller-Weidekamm C

Hong Y

Brkljacic B

Author

Maia F

Wang Y

Mendelson A

Alexopoulou O

Popowicz B

Rago T

Chen G

Popowicz B

Rago T

Lippolis P

Rago T

Peccin S

Kakkos S

Wang N

Rago T

Leenhardt L

Cappelli C

Yoon J

Seiberling K

Gulcelik N
Choi Y

Khoo M

Liu F

Penfold A

Cantisani V

Hübsch V

Sillery J

2008

2009

2006

2010

2009

1994

Year

2011

2010

2009

2004

2009

1998

2009

2006

2007

2011

2010

2002

2000

2006

2007

2002

2006

2010

2004

2008
2008

2002

2009

2004

2012

1992

2010

1926

31

472

31

145

426

n

143

51

77

109

1141

104

758

356

505

102

195

80

188

322

92

155

349

99

159

98
175

361

40

83

97

65

102

4.61 (2.83, 7.52)

154.27 (100.45, 236.93)

74.20 (2.92, 1884.22)

0.90 (0.50, 1.61)

1.11 (0.09, 13.84)

18.41 (6.77, 50.04)

2.74 (1.54, 4.87)

OR (95% CI)

4.50 (1.96, 10.31)

5.35 (1.52, 18.75)

1.88 (0.63, 5.55)

3.83 (1.39, 10.56)

11.15 (6.27, 19.83)

2.38 (0.97, 5.83)

3.31 (2.28, 4.81)

7.43 (1.68, 32.84)

1.75 (1.14, 2.66)

5.98 (2.43, 14.69)

1.15 (0.56, 2.37)

19.29 (4.69, 79.33)

2.52 (1.21, 5.25)

9.54 (3.98, 22.84)

4.71 (1.87, 11.86)

2.88 (0.96, 8.59)

3.89 (2.22, 6.81)

6.25 (1.57, 24.87)

4.82 (2.44, 9.50)

36.80 (9.07, 149.25)
4.63 (1.50, 14.24)

4.07 (2.18, 7.58)

3.10 (0.69, 13.80)

4.84 (1.83, 12.81)

1.34 (0.52, 3.46)

1.05 (0.18, 6.26)

2.66 (0.65, 10.93)

100.00

3.48

1.39

3.40

1.83

3.11

3.41

Weight

3.24

2.89

3.04

3.10

3.41

3.19

3.50

2.69

3.48

3.19

3.32

2.75

3.31

3.21

3.17

3.03

%

3.42

2.78

3.35

2.76
3.01

3.38

2.68

3.13

3.15

2.42

2.75

  

1

NOTE: W eights are  from  random  effects analysis

Overall  (I-squared = 73.6%, p = 0.000)

Lippolis P

Yoon J

Rago T

Schueller-Weidekamm C

Sahin M

Rago T

Gulcelik N

Popowicz B

Alexopoulou O

Author

Sillery J

Rago T

Hong Y

Phuttharak W

Salmashoglu A

Cantisani V

Leenhardt L

Liu F

Sippel R

Ousehal A

Penfold A

Peccin S

Brkljacic B

Cappelli C

Choi Y

Maia F

Rago T

Hübsch V

2011

2010

2007

2010

2006

1998

2008

2009

2004

Year

2010

2010

2009

2009

2008

2012

2002

2009

2007

1996

2004

2002

1994

2006

2008

2011

2007

1992

102

99

505

31

472

104

98

1141

109

n

102

195

145

31

1926

97

155

40

325

100

83

80

426

349

175

143

92

65

2.67 (1.99, 3.58)

0.21 (0.09, 0.49)

2.18 (0.72, 6.63)

1.38 (0.90, 2.10)

2.63 (0.57, 12.00)

1.98 (1.23, 3.19)

1.89 (0.78, 4.59)

4.02 (1.56, 10.38)

3.12 (2.03, 4.79)

3.21 (1.39, 7.43)

OR (95% CI)

4.56 (1.85, 11.24)

1.20 (0.59, 2.42)

14.57 (5.85, 36.32)

17.67 (0.62, 505.05)

2.20 (1.70, 2.84)

3.32 (1.41, 7.84)

6.88 (1.49, 31.67)

2.96 (0.73, 11.93)

0.80 (0.22, 2.84)

43.15 (1.60, 1167.53)

10.26 (2.19, 48.12)

3.75 (1.15, 12.22)

5.27 (2.87, 9.69)

3.80 (2.15, 6.70)

0.93 (0.51, 1.68)

2.81 (1.38, 5.74)

6.88 (2.46, 19.29)

2.43 (0.76, 7.82)

100.00

3.96

3.26

5.45

2.32

5.28

3.94

3.74

5.43

4.09

Weight

3.88

4.54

3.85

0.68

5.87

4.02

2.30

2.57

2.85

0.70

2.27

3.08

4.86

4.99

4.90

4.51

3.50

3.11

%

  
1.00086 1 1168

NOTE: Weights are from random effects analysis

Overall  (I-squared = 69.8%, p = 0.000)

Rago T

Nicola H

Maia F

Cantisani V

Sippel R

Penfold A

Sharma R

Phuttharak W

Cappelli C

Rago T

Varverakis E

Hong Y

Wang Y

Schueller-Weidekamm C

Bakhshaee M

Popowicz B

Author

Fukunari N

Casella C

Giammanco M

Sillery J

Hübsch V

2010

2005

2011

2012

2007

2004

2007

2009

2006

2007

2007

2009

2010

2010

2008

2009

Year

2004

2003

2002

2010

1992

195

86

143

97

325

83

52

31

349

92

85

145

51

31

85

1141

n

310

66

125

102

65

2.90 (1.86, 4.52)

12.19 (0.49, 305.20)

34.00 (6.13, 188.73)

3.17 (1.38, 7.26)

0.47 (0.20, 1.10)

1.08 (0.35, 3.37)

4.84 (1.46, 16.02)

7.31 (1.83, 29.21)

2.22 (0.30, 16.56)

5.85 (3.09, 11.07)

2.03 (0.27, 15.18)

4.70 (1.55, 14.27)

0.74 (0.36, 1.52)

3.21 (0.94, 11.00)

5.38 (0.57, 51.17)

5.98 (2.19, 16.31)

1.10 (0.50, 2.42)

OR (95% CI)

3.43 (1.61, 7.28)

4.50 (1.27, 15.95)

26.18 (3.00, 228.64)

1.37 (0.61, 3.08)

1.59 (0.55, 4.56)

100.00

1.52

%

3.58

6.06

5.97

5.10

4.92

4.39

2.98

6.63

2.98

5.18

6.41

4.83

2.58

5.51

6.18

Weight

6.29

4.73

2.71

6.12

5.36

  

1

NOTE: Weights are from random effects analysis

Overall  (I-squared = 94.6%, p = 0.000)

Yoon J

Salmashoglu A

Sahin M

Liu F

Leenhardt L

Wang Y

Cappelli C

Kobayashi K

Ousehal A

Rago T

Penfold A

Maia F

Hong Y

Author

Choi Y

Hübsch V

Schueller-Weidekamm C

2010

2008

2006

2009

2002

2010

2006

2005

1996

2007

2004

2011

2009

Year

2008

1992

2010

99

1926

472

40

155

51

349

910

100

505

83

143

145

n

175

65

31

4.65 (1.99, 10.85)

46.08 (5.20, 408.28)

37.23 (26.71, 51.89)

1.36 (0.37, 5.05)

0.11 (0.01, 0.99)

4.01 (1.22, 13.16)

2.18 (0.65, 7.33)

3.16 (1.73, 5.76)

5.26 (3.43, 8.05)

6.22 (1.21, 31.91)

0.67 (0.45, 1.02)

4.65 (1.83, 11.86)

11.05 (4.91, 24.87)

60.75 (19.01, 194.09)

OR (95% CI)

4.18 (2.20, 7.95)

29.67 (1.55, 566.62)

0.89 (0.17, 4.72)

100.00

4.93

7.25

6.23

4.92

%

6.40

6.37

7.07

7.20

5.76

7.20

6.73

6.87

6.44

Weight

7.03

3.88

5.71

  

1

Microcalcifications Hypoechogenicity

Central vascularization Irregular margins

NOTE: Weights are from random effects analysis

Overall  (I-squared = 80.5%, p = 0.000)

Yoon J

Castro M

Author

Kobayashi K

Popowicz B

Gulcelik N

Cox M

Popowicz B

Kountakis S

Bozbora A

2010

2011

Year

2005

2009

2008

1991

2006

2002

2002

99

462

n

910

1141

98

68

356

83

81

1.78 (1.01, 3.14)

1.96 (0.68, 5.67)

0.51 (0.34, 0.78)

OR (95% CI)

1.08 (0.71, 1.64)

2.04 (1.31, 3.19)

1.13 (0.38, 3.29)

2.35 (0.27, 20.39)

4.83 (2.20, 10.58)

4.57 (0.96, 21.70)

3.82 (1.10, 13.20)

100.00

10.46

15.10

Weight

15.10

14.94

10.39

%

4.88

12.52

7.38

9.24

  

1

NOTE: Weights are from random effects analysis

Overall  (I-squared = 85.9%, p = 0.000)

Cox M

Salmashoglu A

Author

Mendelson A

Gulcelik N

Leenhardt L

Yoon J

Kobayashi K

Sippel R

Sahin M

Walker J

Bakhshaee M

Aggarwal S

Choi Y

1991

2008

Year

2009

2008

2002

2010

2005

2007

2006

1985

2008

1989

2008

68

1926

n

77

98

155

99

910

325

472

94

85

36

175

2.81 (1.54, 5.11)

1.23 (0.28, 5.37)

11.67 (8.52, 15.99)

OR (95% CI)

2.42 (0.90, 6.52)

3.94 (1.42, 10.96)

2.63 (0.92, 7.51)

1.51 (0.49, 4.62)

2.15 (1.32, 3.51)

1.33 (0.61, 2.88)

1.16 (0.58, 2.31)

18.64 (1.04, 333.04)

8.36 (3.05, 22.87)

0.95 (0.25, 3.57)

4.82 (2.31, 10.06)

100.00

6.25

9.78

Weight

7.88

7.77

7.68

7.44

9.42

8.60

8.86

3.02

7.83

6.74

8.73

%

  

1

Solitary Solid

NOTE: Weights are from random effects analysis

Overall  (I-squared = 80.5%, p = 0.000)

Yoon J

Castro M

Author

Kobayashi K

Popowicz B

Gulcelik N

Cox M

Popowicz B

Kountakis S

Bozbora A

2010

2011

Year

2005

2009

2008

1991

2006

2002

2002

99

462

n

910

1141

98

68

356

83

81

1.78 (1.01, 3.14)

1.96 (0.68, 5.67)

0.51 (0.34, 0.78)

OR (95% CI)

1.08 (0.71, 1.64)

2.04 (1.31, 3.19)

1.13 (0.38, 3.29)

2.35 (0.27, 20.39)

4.83 (2.20, 10.58)

4.57 (0.96, 21.70)

3.82 (1.10, 13.20)

100.00

10.46

15.10

Weight

15.10

14.94

10.39

%

4.88

12.52

7.38

9.24

  

1

NOTE: Weights are from random effects analysis

Overall  (I-squared = 85.9%, p = 0.000)

Cox M

Salmashoglu A

Author

Mendelson A

Gulcelik N

Leenhardt L

Yoon J

Kobayashi K

Sippel R

Sahin M

Walker J

Bakhshaee M

Aggarwal S

Choi Y

1991

2008

Year

2009

2008

2002

2010

2005

2007

2006

1985

2008

1989

2008

68

1926

n

77

98

155

99

910

325

472

94

85

36

175

2.81 (1.54, 5.11)

1.23 (0.28, 5.37)

11.67 (8.52, 15.99)

OR (95% CI)

2.42 (0.90, 6.52)

3.94 (1.42, 10.96)

2.63 (0.92, 7.51)

1.51 (0.49, 4.62)

2.15 (1.32, 3.51)

1.33 (0.61, 2.88)

1.16 (0.58, 2.31)

18.64 (1.04, 333.04)

8.36 (3.05, 22.87)

0.95 (0.25, 3.57)

4.82 (2.31, 10.06)

100.00

6.25

9.78

Weight

7.88

7.77

7.68

7.44

9.42

8.60

8.86

3.02

7.83

6.74

8.73

%

  

1

Solitary Solid



48 

 

Figure 2. (cont) Forrest plot representing OR for malignancy of each ultrasound feature evaluated.  

NOTE: W eights are from random effects analysis
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Figure 3. Forrest plot representing OR for malignancy of each ultrasound feature evaluated in 

nodules with nondiagnostic cytology 

NOTE: Weights are from random effects analysis
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28.12

  

1

Absence of elasticitySolitary

NOTE: Weights are from random effects analysis
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0.93 (0.39, 2.21)

OR (95% CI)

0.51 (0.34, 0.78)
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1. Table 4: Quality evaluation of included studies 

Author 

Risk of bias Applicability concerns 

Patient 

selection 

Index 

test 

Reference 

standard 

Flow and 

timing 

Patient 

selection 
Index test 

Reference 

standard 

Walker J  N U N N N N N 

Aggarwal S  N U N N Y N N 

Cox M  U U N N N N N 

Hübsch V  U N N N N N N 

Brkljacic B  N U N N N N N 

Ousehal A  N U N N N N N 

Rago T N U N N Y N N 

Kakkos S  N U N N N N N 

Bozbora A  N U N N Y N N 

Giammanco M  N N N N N N N 

Khoo M  N U N N N N N 

Kountakis S  N U N N N N N 

Leenhardt L  N U N N N N N 

Peccin S  N N N N N N N 

Casella C  N U N N N N N 

Alexopoulou O  Y U N N Y N N 

Fukunari N  N U N N Y N N 

Penfold A  N U N N N N N 

Seiberling K  N U N N N N N 

Kobayashi K  Y U N N Y N N 

Nicola H  N U N N N N N 

Popowicz B  N U N N N N N 

Sahin M  N U N N N N N 

Wang N  N U N N N N N 

Cappelli C  N U N N N N N 

Rago T N N N N N N N 

Rago T  N U N N Y N N 

Sharma R  U U N N Y N N 

Sippel R  N N N N N N N 

Varverakis E  U U N N Y N N 

Bakhshaee M  N N N N N N N 

Choi Y  N N N N N N N 

Gulcelik N  N U N N N N N 

Salmaslioglu A  N U N N N N N 
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Chen G  N U N N N N N 

Hong Y  N U N N N N N 

Liu F  Y U N N Y N N 

Mendelson A  N U N N N N N 

Phuttharak W  N N N N N N N 

Popowicz B  N U N N N N N 

Rago T  N N N N N N N 

Schueller-

Weidekamm C  
N U N N Y N N 

Sillery J  Y U N N Y N N 

Wang Y  N U N N Y N N 

Yoon J  U N N N U N N 

Cakir B  N N N N N N N 

Maia F  N U N N N N N 

Castro M  N U N N N N N 

Ghervan  U U N N U N N 

Lippolis P  N U N N N N N 

Shuzhen C  N U N N N N N 

Cantisani V  N U N N N N N 

Y = yes, U = unclear, N = no 

 


