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Abstract The main limit of thyroid fine-needle aspiration

cytology (FNAC) is represented by indeterminate report.

Recently, real-time elastography (RTE) has been described in

the management of these cases. Here, we performed a meta-

analysis of published studies specifically focused on the use of

RTE in indeterminate thyroid nodules. A comprehensive lit-

erature search of PubMed/MEDLINE and Google Scholar

databases was conducted by using the combination of the

terms ‘‘thyroid’’ and ‘‘indeterminate’’ and ‘‘elastography.’’

Pooled sensitivity, specificity, accuracy, PPV and NPV of

RTE as predictor of malignancy in thyroid nodules with

indeterminate FNAC were calculated, including 95 % confi-

dence intervals (95 % CI). The area under the summary ROC

curve (AUC) was also assessed. Databases found 572 papers,

and eight were included in the meta-analysis. Of these, six

studies had prospective design and two were retrospective.

Pooled malignancy rate was 31 %. As common denominator,

all studies set the prevalence of hardness within the nodule as

risk factor for malignancy of the lesion. Sensitivity of RTE

ranged from 11 to 89 % (pooled estimate of 69 %; 95 % CI

55–82 %), specificity varied from 6 to 100 % (pooled esti-

mate of 75 %; 95 % CI 42–96 %), and accuracy was com-

prised between 35 and 94 % (pooled estimate of 73 %; 95 %

CI 54–89 %). The AUC was 0.77. RTE has suboptimal

diagnostic accuracy to diagnose thyroid nodules previously

classified as indeterminate. Then, RTE alone should not be

used for selecting these patients for surgery or not. We advice

for further studies using other elastographic approaches and

combined RTE and B-mode ultrasonography.
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Introduction

Traditionally, ultrasonography (US) is the main tool in

selecting thyroid nodules for fine-needle aspiration cytology

(FNAC) [1, 2]. Several papers have reported the specific

features by US and color flow Doppler (CFD) that are sug-

gestive of malignancy (i.e., hypoechogenicity, blurred mar-

gins, microcalcifications, taller shape, and vascular signals)

[3, 4]. Recently, in addition to conventional US, the real-time

elastography (RTE) has improved the management of thyroid

lesions, increasing the sensitivity of US plus CFD examina-

tion [5–7]. This evaluation consists of a real-time analysis of

an area during the application of an external force by US

probe. The probe is placed on the neck of the patient, a light

pressure is applied, and the software tracks the tissues dis-

placement displaying that by colors according to the tissue

hardness. Several color score systems were proposed for

thyroid lesions (i.e., by 3-, 4-, 5-, or 6-scale) and blue color is

generally associated to hard tissue, while green and/or red

reveal softness. Classically, thyroid cancer manifests as a hard

and firm lesion. Thus, ‘‘blue’’ thyroid nodule at RTE should be
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considered at risk for cancer. Consequently, regardless of the

above different color scales adopted in the studies, thyroid

lesions with a prevalent (i.e., more than 50 %) blue compo-

nent were assessed as suspicious for malignancy [5–7].

The main limit of FNAC is represented by indeterminate

report assessed as Thy 3, Class 3, or Category III–IV

according to British Thyroid Association [8], American

Association Clinical Endocrinologists/Associazione Medici

Endocrinologi/European Thyroid Association [1], or

Bethesda System for Reporting Thyroid Cytopathology [9],

respectively. These lesions occur for about 10–15 % of thy-

roid cytologies and require diagnostic thyroidectomy. How-

ever, only one in four of these nodules is a cancer and to

identify predictors of malignancy or benignancy is one of the

most critical challenges in thyroidology [10–14]. In particu-

lar, clinical, instrumental, or molecular features associated

with benignancy with high negative predictive value (NPV)

should allow to avoid surgery for diagnosis [10–14]. The

above-mentioned RTE has been investigated as potential

predictor of malignancy in patients with thyroid nodule and/or

thyroid indeterminate cytologic report, with controversial

findings. Thus, the use of RTE in presurgical selection of

indeterminate thyroid lesions (Thy 3, Class 3, Category III–

IV) is still a matter to be clarified.

Here, in order to provide more robust estimates on the

use of RTE in diagnosing thyroid nodules with prior

indeterminate FNAC report, we performed a meta-analysis

of published studies on this topic.

Methods

Search strategy

This review was performed according to the ‘‘Preferred

Reporting Items for Systematic Reviews and Meta-Analyses’’

(PRISMA) statement which describes an evidence-based

minimum set of items that have to be reported in systematic

reviews [15]. A comprehensive literature search of PubMed/

MEDLINE and Google Scholar databases was conducted to

find relevant published articles on the use of RTE as predictor

of malignancy in thyroid nodules with previous indeterminate

FNAC report. The search was made on October 20, 2014.

Initially, we used a search algorithm that was based on the

combination of the terms ‘‘thyroid’’ and ‘‘indeterminate’’ and

‘‘elastography.’’ To expand our search, the references lists of

the retrieved articles, and citation database of Google Scholar

were also screened for additional studies.

Study selection

Studies or subsets in studies were eligible for inclusion when

reported data about the use of elastography as predictor of

thyroid malignancy in patients with prior indeterminate

FNAC report. Also, studies investigating elastography per-

formed by manual US probe compression and displayed by

color scale (real-time elastography, RTE) were selected. Only

nodules with final postoperative histologic follow-up were

included in the meta-analysis. The exclusion criteria were as

follows: (a) articles not within the field of interest of this

review; (b) review articles, editorials or letters, comments,

and conference proceedings; (c) case reports or case series;

and (d) articles not in English language.

Two authors independently reviewed titles and abstracts of

the retrieved articles, applying the above-mentioned criteria.

Articles were rejected if they were clearly ineligible. Then, the

same two researchers independently reviewed the full-text

version of the remaining articles to determine their eligibility for

inclusion. Disagreements were resolved in a consensus meeting.

Data extraction

For each included study, information was collected con-

cerning basic study (authors, journals and year of publi-

cation, country of origin, and study design), patients

characteristics (number, mean age, and gender), RTE

scoring classification adopted, RTE classes recorded in

cancers and benign lesions, and diagnostic accuracy data

on RTE in predicting malignancy and benignancy.

For each study, the number of true positive, false posi-

tive, true negative, and false negative findings for RTE was

recorded on a per lesion-based analysis.

Quality assessment

The 2011 Oxford Center for Evidence-Based Medicine

checklist for diagnostic studies was used for quality assessment

of the included studies [Oxford Center for Evidence-Based

Medicine checklist for diagnostic studies appraisal. Available

at: http://www.cebm.net/index.aspx?o_1025 Accessed Octo-

ber 20th 2014.]. This checklist has five major parts as follows:

representative spectrum of the patients, consecutive patient

recruitment, ascertainment of the gold standard regardless of

the index test results, independent blind comparison between

the gold standard and index test results, and enough explanation

of the test to permit replication.

Statistical analysis

Sensitivity, specificity, accuracy, and positive and negative

predictive values (PPV and NPV) of RTE in predicting the

malignancy of thyroid nodules with indeterminate FNAC

were obtained from individual studies on a per lesion-based

analysis. A random-effects model was used for statistical

pooling of the data. Pooled data were presented with 95 %

confidence intervals (95 % CI). An I-square (I2) index was
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used to test for heterogeneity between studies (a significant

heterogeneity was present if I2[ 50 %). The area under

the summary ROC curve (AUC) was calculated to measure

the diagnostic accuracy of RTE.

Statistical analyses were performed using StatsDirect

statistical software (StatsDirect Ltd, Altrincham, UK) and

Meta-DiSc statistical software version 1.4 (Unit of Clinical

Biostatistics, Ramón y Cajal Hospital, Madrid, Spain).

Results

Eligible articles

Database of PubMed found 21 papers, while 551 articles

were retrieved by Google Scholar. Of these 572, several

papers investigated RTE only for the initial assessment of

thyroid nodules and were excluded. A number of nine

articles were initially eligible for the review [16–24]; one

paper was excluded because reported quantitative elasto-

graphic data [24]. Finally, the review comprised eight

papers investigating RTE as predictor of malignancy in

thyroid nodules with prior indeterminate (Thy 3, Class 3 or

Category III–IV) FNAC report (Fig. 1).

Qualitative analysis

Regarding the geographical distribution of the eight arti-

cles, five were from Italy, one from Egypt, one from

France, and another from Turkey. Six studies had a pro-

spective design, while a retrospective setting was applied in

the other two. All but one was single-center. In almost all

cases, nodules had histologic verification after surgery. The

pooled malignancy rate was 31 % ranging from 22 to

50 %. Table 1 details the main characteristics of the seven

studies included in the meta-analysis.

Of the included studies, three [16, 17, 23] investigated RTE

in a series of thyroid lesions with previous indeterminate

cytology, while in the other four papers the cases of indeter-

minate FNAC represented a subanalysis of the entire series of

Fig. 1 Flow chart of the search for eligible studies on the diagnostic

accuracy of RTE as predictor of malignancy in thyroid nodules with

indeterminate FNAC

Table 1 Main characteristics of

the included studies
First author Year Country Study setting Elastographic

score system

Nodules

Rago [16] 2010 Italy Retrospective 3 classes 142

Lippolis [17] 2011 Italy Prospective 4 classes 102

Unluturk [18] 2012 Turkey Prospective 3 classes 18

Trimboli [19] 2012 Italy Prospective 4 classes 42

Ragazzoni [20] 2012 Italy Prospective 4 classes 24

Russ [21] 2013 France Prospective 2 classes 34

Mohey [22] 2013 Egypt Prospective 5 classes 16

Garino [23] 2014 Italy Retrospective 4 classes 108

Tot 486

Table 2 True and false results of RTE recorded in the eight studies

First author Cancers Benign

nodules

TP TN FP FN

Rago [16] 31 111 24 110 1 7

Lippolis [17] 36 66 32 4 62 4

Unluturk [18] 9 9 6 7 2 3

Trimboli [19] 16 26 12 18 8 4

Ragazzoni [20] 7 17 5 11 6 2

Russ [21] 9 25 1 19 6 8

Mohey [22] 4 12 3 12 0 1

Garino [23] 34 74 25 66 9 8

TP true positives, TN true negatives, FP false positives, FN false

negatives
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Fig. 2 Plots of individual

studies and pooled sensitivity,

specificity, and accuracy of

RTE in the differential

diagnosis between malignant

and benign thyroid nodules with

indeterminate FNAC
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thyroid nodules. As accessory information, one study [16]

reported RTE reliability also in a subgroup of nodules with

prior inadequate (Thy 1) FNAC.

Different RTE classification systems were adopted in

the studies. Four studies classified nodules by four cate-

gories and the classes 3–4 as a whole were defined as at

risk of malignancy [17, 19, 20, 23]; the study by Russ et al.

[21] used a 2-classes score which is quite similar to the

latter one in four classes; a 3-classes scoring was used by

two studies [16, 18]; and a 5-classes system was report by

the remaining one paper [22]. Common denominator

between all these studies was that the prevalence of hard-

ness within the nodule was set as a risk factor for malig-

nancy of the lesion, and the diagnostic accuracy of RTE

was calculated as a consequence.

Somestudies investigatedbothRTE and US in thesame series

of indeterminatenodules [16–18, 21, 23].The results showed that

microcalcifications [17, 18], small nodule’s size [17], loss of halo

sign [18], irregular margins [18, 23], and intranodular vascular-

ization [22] were significantly associated with cancers; further-

more, TI-RADS gray-scale score was reported as highly

sensitive and poorly specific in detecting malignancy [21].

Fig. 3 Plots of individual

studies and pooled positive and

negative predictive value of

RTE in the differential

diagnosis between malignant

and benign thyroid nodules with

indeterminate FNAC
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Quantitative analysis (meta-analysis)

Table 2 and Figs. 2, 3, and 4 show the diagnostic accuracy

of RTE in the selected studies. Sensitivity of RTE ranged

from 11 to 89 % with a pooled estimate of 69 % (95 % CI

55–82 %) (Fig. 2). The included studies were statistically

heterogeneous in their estimate of sensitivity (I2: 68 %).

Specificity varied from 6 to 100 % with a pooled estimate

of 75 % (95 % CI 42–96 %) (Fig. 2). The included studies

were statistically heterogeneous in their estimate of spec-

ificity (I2: 95 %). Accuracy was comprised from 35 and

94 % with a pooled estimate of 73 % (95 % CI 54–89 %)

(Fig. 2). The included studies were statistically quite het-

erogeneous in their estimate of accuracy (I2: 94 %). Pooled

PPV and NPV were 63 % (95 % CI 41–82 %) and 82 %

(95 % CI 72–90 %), respectively (Fig. 3). The AUC was

0.77, which is considered a not optimal value for a diag-

nostic examination.

Discussion

To preoperatively diagnose thyroid nodules cytologically

classified as indeterminate (Thy 3, Class 3, or Category III–

IV) represents one major challenge in thyroidology. In fact,

a 75 % rate of benignancy is expected at surgery; thus, to

exclude a cancer in these patients is a relevant scope which

should allow to avoid a diagnostic surgery [25]. Many

potential predictors of malignancy and benignancy have

been analyzed, such as nodule’s ultrasonographic features,

clinical characteristics of the subject, molecular evaluation

on FNAC, microhistologic examination by core needle

biopsy, and molecular imaging (i.e., 99mTc-sestaMIBI

scan, 18FDG-PET/CT) [10–14, 26–28]. However, surgery

is still often necessary [1, 2, 8, 9].

Since its advent, thyroid RTE has promised to give

accurate risk stratification in initial assessment of thyroid

lesions. In particular, those nodules indentified as hard

were frequently reported as cancers [5–7]. Also, as an

extension of the first studies, RTE seems to increase the

sensitivity of US and this combination should be used to

carefully select nodules for FNAC [19]. In this context, a

few papers investigated the reliability of RTE as predictor

tool of malignancy/benignancy in patients with thyroid

indeterminate cytology. Here we reviewed studies on this

topic, and eight papers were meta-analyzed [16–23]. The

main findings of the present study were that RTE has very

low sensitivity, specificity, and accuracy when is used to

diagnose thyroid lesions with prior indeterminate (Thy 3,

Class 3, or Category III–IV) FNAC report. Of relevance,

also PPV and NPV were low. Thus, RTE was demonstrated

as poor predictor of malignancy/benignancy of these thy-

roid lesions. Some comments on this finding have to be

addressed; interestingly, one paper [23] reported that both

sensitivity and NPV increased by combining RTE and US.

The latter should be in agreement with a previous report

focused on thyroid nodule assessment [19]. Also, here we

selected only papers using elastography by manual com-

pression. However, it has to be cited the paper by Cantisani

et al. [24] which investigated Q-elastography in 140

indeterminate nodules. There, 87 % sensitivity, 92 %

specificity, 81 % PPV, and 94 % NPV might be obtained

by using 2.05 cut-off of strain ratio. The combination of US

and RTE features and other elastographic approaches have

to be investigated in future studies.

Thyroid elastographic examination has been diffused

due to its easy use and brief time for the examination per

patient (i.e., 5 min). Also, elastography is an application of

US systems, which is worldwide the main thyroid imaging

tool. However, a not negligible number of limitations of

thyroid gland elastography (and of the published studies on

this topic) has to be discussed. First, several nodule’s

conditions represent an exclusion criteria in most studies;

in particular, nodules with micro- and macro-calcifications

and cystic nodules were often not included due to potential

bias, but they have not been systematically examined by

elastography [29, 30]. In addition, different elastographic

measurement methods have been described, such as real

time by manual compression, tissue-to-tissue strain ratio,

calculation by quantitative assessment, shear wave, carotid

pulsation, and others [30]. The first relevant meta-analysis

of seven studies reported that elastography can be used

Fig. 4 Summary ROC curve of RTE in the differential diagnosis

between malignant and benign thyroid nodules with indeterminate

FNAC. The curves represent the summary ROC curve (middle) and

95 % confidence intervals
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with high sensitivity (92 %) and specificity (90 %) in the

initial work-up of thyroid nodules [31]. More recently,

Veer and Puttagunta [32] meta-analyzed thirty-eight stud-

ies and recorded lower sensitivity (87 %) and poorer

specificity (80.6 %); in the latter study, the results obtained

in the papers using elastography for the assessment of

nodules showed no difference from that focusing on

indeterminate lesions. Unfortunately, data on indeterminate

nodules were not specified. Remarkably, both meta-anal-

yses included studies with different elastographic systems

and color scales. Overall, low evidence on thyroid elas-

tography has been achieved to date.

Several papers investigated US features in diagnosing

indeterminate thyroid nodules [11]. Even if some B-mode

US nodule’s risk factors (i.e., irregular margins, micro-

calcifications, and small size) were identified, no

significant evidence has been obtained and US is not rec-

ommended in the decision making of indeterminate thyroid

lesions [1, 2, 8, 9]. To the best of our knowledge, no meta-

analyses or systematic reviews on RTE on this topic have

been published to date. For the latter and the above reasons,

present data achieve interest for clinical practice and

advice for further studies.

Some potential limitations of the present study should be

briefly discussed. Heterogeneity between studies may rep-

resent a source of bias in a meta-analysis. In herein pooled

results, the studies were statistically heterogeneous

regarding sensitivity, specificity, and accuracy. The latter is

likely to arise through diversity in methodological aspects

between different studies. The baseline differences among

patients in the included studies, the reference standard

used, and the study quality (Table 3) may have contributed

Table 3 Reference standard and quality of the studies

First

author

Spectrum of patients Consecutive

or random

selection of

patients

Reference

standard

Application of

reference

standard

regardless of

indexed test

Enough

explanation of

the index test to

ensure

reproducibility

Independent blind

comparison

between index test

and reference

standard

Level of

evidence

Rago [16] Patients with thyroid nodules

and indeterminate or non-

diagnostic cytology

N/A Histology Yes Yes Yes 3

Lippolis

[17]

Patients being operated on

for thyroid nodule with

indeterminate cytology

Consecutive Histology Yes Yes Yes 2

Ünlütürk

[18]

Patients with thyroid nodules

(only patient with

indeterminate cytology

were included in the meta-

analysis)

Consecutive Histology Yes Yes Yes 2

Trimboli

[19]

Patients with thyroid nodules

(only patient with

indeterminate cytology

were included in the meta-

analysis)

Consecutive Histology Yes Yes Yes 2

Ragazzoni

[20]

Patients with thyroid nodules

(only patient with

indeterminate cytology

were included in the meta-

analysis)

Consecutive Histology Yes Yes Yes 2

Russ [21] Patients with thyroid nodules

(only patient with

indeterminate cytology

were included in the meta-

analysis)

Consecutive Histology Yes Yes Yes 2

Monhey

[22]

Patients with thyroid nodules

(only patient with

indeterminate cytology

were included in the meta-

analysis)

N/A Histology Yes Yes Yes 3

Garino

[23]

Patients being operated on

for thyroid nodule with

indeterminate cytology

Consecutive Histology Yes Yes Yes 2
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to the observed results; however, heterogeneity between

studies was accounted for in a random-effects model.

Publication bias is a major concern in all meta-analyses as

studies reporting significant findings are more likely to be

accepted for publication than those reporting non-signifi-

cant (i.e., negative and non-confirmatory) results. Indeed, it

is not unusual for small-sized early studies to report a

positive relationship that subsequent larger studies fail to

replicate. A possible publication bias could not be excluded

in our meta-analysis.

Discrepancy was present between the studies regarding

some data. The malignancy rate varied from 21 to 50 %,

being pooled cancer rate (31 %) higher than that expected

in indeterminate thyroid nodules [1, 2, 8–10], and the

percentage of positive RTE exams was heterogeneous

(from 17 to 92 %). All these findings should be due to the

surgical series described in the eight studies. Specifically,

the reported series could not include all patients with

indeterminate FNAC recorded at each one Institute. Also,

the selection of patients was not specified in two of these

papers [16, 22] (view Table 3).

To identify those patients with indeterminate thyroid

nodules (Thy 3, Class 3, or Category III–IV) who could

avoid diagnostic surgery because of certain preoperative

assessment of benignancy is still a major challenge. Present

data from eight papers showed that RTE, performed by

manual compression and displayed by color scale, has

suboptimal diagnostic accuracy in discriminating cancers

from benign thyroid nodules which were previously cyto-

logically classified as indeterminate. Thus, RTE alone

should not be used for selecting patients with these nodules

for surgery or not. More advanced elastographic approa-

ches (i.e., quantitative, shear wave, etc.), as well as the

combined use of RTE and B-mode US, have shown

promise in improving thyroid nodule’s risk assessment and

deserve further studies in indeterminate lesions.
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