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Abstract
Thyroid ultrasound (US) is a key examination for the man-
agement of thyroid nodules. Thyroid US is easily accessible, 
noninvasive, and cost-effective, and is a mandatory step in 
the workup of thyroid nodules. The main disadvantage of 
the method is that it is operator dependent. Thyroid US as-
sessment of the risk of malignancy is crucial in patients with 
nodules, in order to select those who should have a fine nee-
dle aspiration (FNA) biopsy performed. Due to the pivotal 
role of thyroid US in the management of patients with nod-
ules, the European Thyroid Association convened a panel of 
international experts to set up European guidelines on US 
risk stratification of thyroid nodules. Based on a review of the 
literature and on the American Association of Clinical Endo-
crinologists, American Thyroid Association, and Korean 
guidelines, the panel created the novel European Thyroid 
Imaging and Reporting Data System, called EU-TIRADS. This 
comprises a thyroid US lexicon; a standardized report; defini-
tions of benign and low-, intermediate-, and high-risk nod-

ules, with the estimated risks of malignancy in each catego-
ry; and indications for FNA. Illustrated by numerous US im-
ages, the EU-TIRADS aims to serve physicians in their clinical 
practice, to enhance the interobserver reproducibility of de-
scriptions, and to simplify communication of the results.

© 2017 European Thyroid Association
Published by S. Karger AG, Basel

Background and Objectives

Purpose of Thyroid Nodule Risk Stratification
The majority of thyroid nodules are incidental find-

ings of asymptomatic, benign lesions discovered by imag-
ing examinations for reasons unrelated to the thyroid [1]. 
The goal of an initial sonographic assessment of thyroid 
nodules is to distinguish benign nodules that can be man-
aged conservatively from those with suspicious or malig-
nant features requiring further management. Fine needle 
aspiration (FNA) plays a central role in this process, but 
its performance needs to be selective, since systematic 
FNA of all nodules, regardless of the size or appearance, 
is superfluous and may even lead to unnecessary diagnos-
tic thyroid surgery [2, 3]. Crucially, besides clinical pa-
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rameters, indications for FNA should be based on ultra-
sonographic malignancy risk stratification alongside 
clinical risk factors.

Accuracy of Thyroid Ultrasound Features
Certain features of thyroid nodules on ultrasound 

(US) are consistently predictive of malignancy and are 
used as criteria for FNA [3–6]. These criteria have various 
sensitivity and specificity, but unfortunately none of them 
alone is sufficient to discard or detect malignancy effi-
ciently [7–10]. Furthermore, there is substantial interob-
server variation in the assessment and reporting of some 
of the US patterns [11].

Looking at recent meta-analyses of US accuracy in the 
prediction of thyroid cancer [8–10], Brito et al. [8] in-
cluded 31 studies and a total of 18,288 nodules, of which 
20% were thyroid cancer. The features with the highest 
diagnostic odds ratio (DOR) for predicting malignancy 
were a “taller-than-wide” shape (11.1; 95% CI: 6.6–18.9) 
and internal calcifications (6.8; 95% CI: 4.5–10.2), while 
a spongiform (12; 95% CI: 0.6–234.3) and a cystic appear-
ance (6.8; 95% CI: 2.3–20.3) most reliably predicted be-
nignity [8]. Nodule size was a poor predictor. Experi-
enced physicians performed better in the interpretation 
of internal calcifications than did less experienced col-
leagues (DOR of 14.5 vs. 5.4) [8]. Two more meta-analy-
ses [9, 10] included 52 and 41 observational studies and a 
total of 12,786 and 29,678 nodules, respectively. In un-
selected nodules, all features were significantly associated 
with malignancy, showing DORs in the ranges of 1.8–35.7 
[9] and 1.2–10.2 [10]. Remonti et al. [9] found the highest 
specificities for absence of elasticity, microcalcifications, 
irregular margins, and a “taller-than-wide” shape (86.2, 
87.8, 83.1, and 96.6%, respectively). Campanella et al. [10] 
reported similar findings, as the highest risk of malignan-
cy was associated with a “taller-than-wide” shape (DOR 
of 10.2; 95% CI: 6.7–15.3), an absent halo sign (7.1; 95% 
CI: 3.7–13.7), microcalcifications (6.8; 95% CI: 4.7–9.7), 
and irregular margins (6.1; 95% CI: 3.1–12.0).

Existing Guidelines and US Scoring Systems
As no single US feature can reliably predict malignan-

cy, the approach should be to combine several features 
(“classic pattern” recognition) to enhance the diagnostic 
value of US [12]. This has prompted the development of 
standardized systems for reporting US features, in an at-
tempt to delineate sets of characteristics associated with 
specific risk levels for malignancy [13]. Based on the 
“classic pattern” concept, a tool for US classification of 
thyroid nodules was developed by Horvath et al. [14] in 

2009, known as the Thyroid Imaging Reporting and Data 
System (TIRADS). This is a system similar to the one 
used for breast imaging. It consists of a 6-point scale for 
risk stratification with increasing risks of malignancy. 
Endorsed by the French Society of Endocrinology in 
2011, it was subsequently modified into an easier-to-use 
version, which was validated in a large prospective study 
[15].

Recently, similar recommendations have been issued 
by the Korean Society of Thyroid Radiology, the Ameri-
can Thyroid Association, the American Association of 
Clinical Endocrinologists, the American College of En-
docrinology, and the Italian Associazione Medici Endo-
crinologi [16–18]. None of these recommendations have 
been validated in large-scale prospective studies, and all 
systems are mainly based on papillary thyroid cancers 
(PTCs). The scoring systems have been evaluated by a 
meta-analysis of 10,437 nodules [19], which found that 
on the average TIRADS had a good sensitivity and speci-
ficity of 79 and 71%, respectively. The diagnostic values 
of the world’s most widely used TIRADS [15–20] are 
shown in online supplementary Table 1 (see www. 
karger.com/doi/10.1159/000478927 for all online suppl. 
material), and the comparison made between the differ-
ent systems is displayed in online supplementary Table 2.

The justification for developing a new US classifica-
tion system was (1) to integrate into a single system a 
lexicon and illustrated atlas, a standardized report and 
diagram (not included in the American Thyroid Asso-
ciation and American Association of Clinical Endocri-
nologists guidelines), and a scoring method and (2) to 
seek for a simpler scoring system than the others, taking 
into account as few criteria as possible to evaluate the 
malignancy risk of nodules and to detail the US semiol-
ogy used.

Aims and Objectives
Considering the extensive use of thyroid US in the 

management of thyroid nodules, the ETA Executive 
Committee set up a task force for the following reasons:

−− To create guidelines and a standardized risk stratifica-
tion system, called EU-TIRADS, to assess the risk fea-
tures of thyroid malignancy

−− To establish a standard US description lexicon
−− To provide selection criteria for FNA
−− To provide a structured US reporting template
−− To provide a practical image guide for clinical usage

For “Working methods and grading of recommenda-
tions,” see the online supplementary material.

D
ow

nl
oa

de
d 

by
: 

H
os

pi
ta

is
 d

a 
U

nv
er

si
d.

C
oi

m
br

a 
   

   
   

   
   

   
   

   
 

19
3.

12
6.

83
.3

4 
- 

9/
27

/2
01

7 
5:

22
:0

5 
P

M

http://dx.doi.org/10.1159%2F000478927


Guidelines for US Malignancy Risk 
Stratification of Thyroid Nodules in Adults

227Eur Thyroid J 2017;6:225–237
DOI: 10.1159/000478927

Reporting Thyroid US Findings [21–23]

A structured and standardized report aimed at com-
municating thyroid and neck US findings in a clear and 
consistent fashion is an important part of the EU- 
TIRADS (Table 1), as well as a terminology lexicon (Ap-
pendix on US Terminology of Thyroid Nodules) [21–23]. 
An example of the drawing is given in Figure 1 [24].

Recommendation
R1: US examination for thyroid nodules should in-

clude a malignancy risk assessment based on risk stratifi-
cation and scoring. Use of the standardized lexicon, re-
port, and drawing is advised.

Quality of evidence (QOE) = ++; Strength of recom-
mendation (SOR) = grade 1

EU-TIRADS: US Classification System for Risk of 
Thyroid Carcinoma

This section provides thyroid US definitions of benign 
and low-, intermediate-, and high-risk nodules, as well  
as recommendations for FNA [9, 10, 14–18]. The EU-
TIRADS 1 category refers to a US examination where no 
thyroid nodule is found. Indications for FNA should also 
be based on clinical risk factors and be in agreement with 
the patient. Moreover, FNA should not be performed on 
a nodule if thyroid scintigraphy (if performed) shows this 
to be warm/hot. Accordingly, performance of thyroid 
scintigraphy is justified in case the serum thyroid-stimu-
lating hormone level is low to normal, especially in io-
dine-deficient countries, in order to avoid useless FNAs 
of hot nodules, which are almost always benign.

Benign Category (EU-TIRADS 2)
Risk of malignancy: close to 0% [5, 25].

Definition
This category includes two patterns: pure/anechoic 

cysts (Fig. 2) and entirely spongiform nodules (Fig. 3).

Background and Comments
In this category, thyroid US should suffice to assert  

benignity without the need for FNA.
Purely Cystic Nodules. Absence of wall thickening or a 

solid component; disregard their size. This category in-
cludes cysts which are split into separate compartments 
by a few traversing septa. The presence of echogenic ma-
terial inside the cyst is frequently encountered and can 
correspond either to a fibrin clot or a true solid compo-
nent, which may be differentiated by the application of 
Doppler US. If doubt persists regarding the existence of a 

Table 1. Standardized reporting

Technique US equipment, type of probe
Patient with compromising factors

History Family history of thyroid cancer
History of neck irradiation during childhood, or 
known operative history with regard to the neck 
or thyroid
Former FNA results

Results Thyroid volume
Echogenicity and vascularity of the gland
Nodules (above 5 mm unless highly suspect)

Location (side, superior, medial, inferior)
Size (3 diameters +/– volume)
�Shape, margins, echogenicity, composition,  
echogenic foci
EU-TIRADS score
�Numbered and mapped out on the thyroid 
map
Change of size
Retrosternal extension
Trachea deviation

Study of lymph nodes (levels II, III, IV, V, VI) 
and of the thyroglossal duct

Conclusion Normal examination or type of pathology
Comparison to previous documents
Final assessment category of the nodules 
(EU-TIRADS score)
Management recommendations

US, ultrasound; FNA, fine needle aspiration; EU-TIRADS, 
European Thyroid Imaging Reporting and Data System.

Cranial Cranial

Anterior Anterior

Caudal Caudal

Posterior Posterior

Right lobe, longitudinal Left lobe, longitudinal

Fig. 1. Example of a drawing to locate and number thyroid nod-
ules.
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solid component, the nodule should be included in the 
low-risk category.

Spongiform Nodules. Composed of tiny cystic spaces 
involving the entire nodule; disregard their size; separat-
ed by numerous isoechoic septa. If the cystic spaces do 
not involve the entire nodule, the nodule should be con-
sidered as low risk.

Recommendation
R2: Pure cysts and entirely spongiform nodules should 

be considered as benign. FNA is not indicated (unless for 
therapeutic purposes, in case of compressive symptoms).

QOE = ++; SOR = grade 1

Low-Risk Category (EU-TIRADS 3)
Risk of malignancy: 2–4% [26].

Definition
Pattern. Oval shape, smooth margins, isoechoic or hy-

perechoic, without any feature of high risk (see below) 
(Fig. 4, 5).

Background and Comments
Nodules with these characteristics have a low risk of 

malignancy, and FNA should usually be considered only 
for nodules >20 mm. The 20-mm threshold has been cho-
sen based on the argument that distant metastases are 
rarely observed arising from follicular cancers <2 cm [27].

Grouped/coalescing isoechoic nodules (Fig. 6) should 
be included in this category, and FNA should be consid-
ered if 1 or more of the nodules is >20 mm. It should be 
pointed out, however, that an entirely solid isoechoic 
nodule corresponds in <4% of cases to a follicular cancer 
or a follicular variant of PTC [28–31]. In contrast, even 
minimal cystic changes are in favor of benignity [32].

Recommendation
R3: Oval-shaped, isoechoic, or hyperechoic nodules 

with smooth margins and no high-risk features should be 
considered at low risk of malignancy. FNA should usu-
ally be performed only for nodules >20 mm.

QOE = ++; SOR = grade 1

Intermediate-Risk Category (EU-TIRADS 4)
Risk of malignancy: 6–17% [15, 20].

Definition
Pattern. Oval shape, smooth margins, mildly hy-

poechoic, without any feature of high risk (see below) 
(Fig. 7).

Fig. 2. EU-TIRADS 2: pure/anechoic cyst. Transverse (left) and 
longitudinal (right) planes.

Fig. 3. EU-TIRADS 2: spongiform nodule. Transverse plane.

Fig. 4. EU-TIRADS 3: low-risk isoechoic nodule with an oval shape 
and smooth margins without any high-risk features. Longitudinal 
(left) and transverse (right) planes.
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Background and Comments
The difference between the low-risk and the interme-

diate-risk category lies in the echogenicity of the solid 
part of the nodule. In case of heterogeneous echogenicity 
of the solid component, the presence of any hypoechoic 
tissue classifies the nodule as intermediate risk.

Other features may modulate the risk of malignancy in 
this category. The presence of a thin halo, a partially cys-
tic composition, comet-tail artifacts, peripheral vascular-
ity, and low stiffness lower the malignancy risk. In the 
Korean TIRADS, partially cystic nodules are considered 
to be low-risk lesions regardless of their echogenicity, and 
only entirely solid hypoechoic nodules are included in the 
intermediate-risk category. However, the Korean low-
risk category has a 3–15% risk of malignancy, which is 
closer to the intermediate-risk category as defined by the 
present ETA guidelines. Thus, we consider all hypoecho-
ic nodules as intermediate risk, including those with cys-
tic areas, while acknowledging that the risk is lower in 
partially cystic than in entirely solid nodules. Features 
such as discontinuous peripheral/rim macrocalcifica-
tions, a thick halo, predominantly central vascularity, and 
high stiffness could raise the malignancy risk. Given the 

intermediate risk of EU-TIRADS 4 nodules, the task force 
chose to define the threshold for FNA in that group as 15 
mm, which is in between the thresholds given for EU-
TIRADS 5 and EU-TIRADS 3 nodules.

Recommendation
R4: Oval-shaped, mildly hypoechoic nodules with 

smooth margins and no high-risk features should be con-
sidered at intermediate risk of malignancy. FNA should 
usually be performed for nodules >15 mm.

QOE = ++; SOR = grade 1

High-Risk Category (EU-TIRADS 5)
Risk of malignancy: 26–87% [26, 33].

Definition
Pattern. Nodules with at least 1 of the following high-

risk features: non-oval shape, irregular margins, micro-
calcifications, and marked hypoechogenicity (Fig. 8–11).

Background and Comments
These four US features were originally described in 

2002; the average malignancy risk of such nodules was 
around 56% [6], but increasing with the number of suspi-

Fig. 5. EU-TIRADS 3: low-risk hyperechoic nodule with an oval 
shape and smooth margins without any high-risk features. Longi-
tudinal (left) and transverse (right) planes.

Fig. 6. EU-TIRADS 3: grouped low-risk isoechoic nodules with an 
oval shape and smooth margins without any high-risk features. 
Longitudinal plane.

Fig. 7. EU-TIRADS 4: intermediate-risk, 
mildly hypoechoic nodule with an oval 
shape and smooth margins without any 
high-risk features. Longitudinal (left) and 
transverse (right) planes.
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cious features [15, 26]. This partly explains the wide 
range of malignancy risk in this category. All these char-
acteristics show high rates of specificity (83–84%), but 
also low rates of sensitivity (26–59%) [6]. Marked hy-
poechogenicity has the lowest sensitivity of the four fea-
tures, and is only specific if the nodule is solid and not 
the scar of a healed cyst [34]. The value of these features 
is also dependent on composition [16]. In partially cystic 
nodules, microcalcifications are the best predictor of ma-
lignancy, whereas other features seem less significant 
[16]. The number of spiculations, lobulations, or punc-
tate echogenic foci has to be taken into account to gain 
specificity, which increases with the number of these 
anomalies.

All such nodules >10 mm should undergo FNA, unless 
a patient is inoperable or has a low life expectancy from 
other comorbidities. In case of a first benign cytological 
result, FNA should be repeated within 3 months to reduce 
the rate of false-negative samples.

In case of subcentimeter nodules with high-risk US 
features, active surveillance is recommended, provided 
that there are no abnormal lymph nodes and the patient 
is willing to accept regular US scanning. It is known that 
few or none of these patients will develop distant metas-
tasis or die of their disease even if the nodule corresponds 
to a carcinoma [35]. In case of proven growth or detection 
of a suspicious lymph node during surveillance, FNA 
should be performed.

Fig. 8. EU-TIRADS 5: high-risk nodule with a taller-than-wide 
shape, irregular margins, microcalcifications, and marked hy-
poechogenicity. Longitudinal (left) and transverse (right) planes. 
11 × 8 × 11 mm (length × width × thickness).

Fig. 9. EU-TIRADS 5: high-risk nodule with a non-oval shape, 
spiculated margins, microcalcifications, and marked hypoecho-
genicity. Longitudinal (left) and transverse (right) planes.

Fig. 10. EU-TIRADS 5: two different examples of high-risk hy-
poechoic nodules with lobulated margins in the transverse (left 
picture) and longitudinal (right picture) planes.

Fig. 11. EU-TIRADS 5: high-risk nodule with a taller-than-wide 
shape in the transverse plane.
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Recommendation
R5: Nodules having at least 1 suspicious US feature (i.e., 

a non-oval shape, irregular margins, microcalcifications, or 
marked hypoechogenicity) should be considered at high risk 
of malignancy, increasing with the number of suspicious 
features. FNA should be performed for nodules >10 mm.

QOE = ++; SOR = grade 1
Patients with subcentimeter nodules with highly sus-

picious US features and no abnormal lymph nodes can 
have the choice of active surveillance or FNA.

US Management in Multinodular Disease
EU-TIRADS scoring is useful in multinodular thyroid 

disease to select nodules for FNA. The following process 
can be applied:
1.	 Begin looking for high-risk nodules and describe them, 

disregarding their size; perform FNA if the nodule is 
>10 mm

2.	 Look for intermediate-risk nodules; describe those  
>5 mm and perform FNA if they are >15 mm

3.	 Look for low-risk nodules; describe those >10 mm and 
perform FNA if they are >20 mm

4.	 If there are numerous nodules, at least the 3 most im-
portant ones (according to the risk and size criteria) 
should be described in detail using the above process

Importance of Other US Findings

Shape, margins, echogenicity, composition, and hy-
perechoic foci are the fundamental US features that allow 
obtaining a TIRADS score. However, several accessory 
US features can be used to refine the risk stratification as-
sessment and modulate the indications for FNA.

Suspicious Lymphadenopathy
A US survey of the cervical lymph nodes should be 

performed on all patients with thyroid nodules, especial-
ly those with intermediate- and high-risk ones. The lymph 
nodes can be assessed as suggested in the ETA guidelines. 
An FNA of a lymph node for cytological analysis and thy-
roglobulin or calcitonin washouts should be performed 
in case of suspicious US features [36].

Recommendation
R6: US assessment of the lymph nodes is advised for 

all thyroid nodules but is mandatory for intermediate- 
and high-risk ones. In case of a suspicious lymph node of 
thyroid origin, FNA of the lymph node and FNA of the 
most suspicious thyroid nodule(s) should be performed.

QOE = +++; SOR = grade 1

Extrathyroidal Extension [37–40]
Protrusion into the adjacent structures and disruption 

of the capsular margin (online suppl. Fig. 1) can be con-
sidered as specific features for the diagnosis of extra
thyroidal invasion. The risk of extrathyroidal invasion 
reaches 61% in that case, of which 31% is the risk of mac-
roscopic invasion. They indicate invasive malignancy. 
Capsular abutment (online suppl. Fig. 2) has less specific-
ity. On the other hand, the presence of a >2-mm normal 
thyroid parenchyma between the nodule and a continu-
ous capsule (online suppl. Fig. 3) reduces the risk of mi-
croscopic extrathyroidal extension to <6% with little or 
no chance of macroscopic invasion.

Recommendation
R7: Capsular bulging, disruption, or abutment by the 

thyroid nodule are indicative of extrathyroidal extension 
and should be described in the report.

QOE = ++; SOR = grade 1

Macrocalcifications and Hyperechoic Spots [41–45]
A careful definition of these terms is mandatory.

Macrocalcifications
Macrocalcifications can be defined as echogenic foci 

>1 mm in size with posterior shadowing. Three different 
patterns can be described:
1.	 Central intranodular macrocalcifications alone: not 

consistently associated with malignancy (online suppl. 
Fig. 4)

2.	 Isolated macrocalcification, occupying an entirely cal-
cified nodule: low risk (online suppl. Fig. 5)

3.	 Rim (peripheral or curvilinear) or eggshell calcifica-
tions at the nodule margin: may increase the malig-
nancy risk if disrupted (online suppl. Fig. 6)

Hyperechoic Spots
Hyperechoic spots correspond to peri-millimeter hy-

perechoic foci and may be caused by the following:
1.	 Colloid crystals or fibrin debris, which generate com-

et-tail artifacts/reverberations and are almost always 
suggestive of benignity (online suppl. Fig. 7)

2.	 Posterior acoustic enhancement of the back wall of a 
microcystic area; this is mostly seen with high-fre-
quency probes and may be better analyzed by magnify-
ing the image and reducing the compounding; they are 
suggestive of benignity (online suppl. Fig. 8)

3.	 True microcalcifications correspond to psammoma 
bodies and are multiple round echogenic foci around 
1 mm in size without posterior shadowing located in 
the solid component of a nodule (online suppl. Fig. 9); 
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microcalcifications are highly suggestive of malignan-
cy, in particular when associated with macrocalcifica-
tions

4.	 Hyperechoic spots of uncertain significance that 
cannot be attributed with certainty to one of the three 
above categories; rather linear than round, and with no 
microcystic cavities or comet-tail artifacts (online suppl.  
Fig. 10)
Recommendation
R8: Macrocalcifications alone are not specific for ma-

lignancy. Their presence should be correlated with other 
US features supporting FNA. True microcalcifications 
should be differentiated from other echogenic spots, and 
such nodules must undergo FNA. Echogenic spots with 
comet-tail artifacts are suggestive of benignity.

QOE = ++; SOR = grade 2	

Halo
A halo (online suppl. Fig. 11) is thought to correspond 

either to the capsule of the nodule or to the surrounding 
capsular vessels, or even sometimes to the adjacent com-
pressed parenchyma. A thin halo reduces the risk of ma-
lignancy (DOR of 0.3), while a thick halo or absence of a 
halo increases it (DOR of 3.4) [33]. Campanella et al. [10] 
reported a high risk of malignancy associated with an ab-
sent halo (7.1; 95% CI: 3.7–13.7). Remonti et al. [9] found 
a sensitivity of 57%, a specificity of 72%, and a positive 
likelihood ratio of 2 for an absent halo. Zhang et al. [46] 
reported that an absent or thick halo (online suppl. 
Fig. 12) increased the risk of follicular cancer. However, 
no clear-cut definition of thin and thick can be provided.

Vascularity: Doppler US
Definition
The blood flow of thyroid nodules can be studied with 

various US imaging modalities, including color Doppler, 
power Doppler, high-resolution studies of microvascu-
larity, and pulsed wave Doppler, giving either color im-
ages or plot velocities over time.

For color-derived techniques, the blood flow can be 
classified into types I–III (online suppl. Fig. 13–15) ac-
cording to the definitions given in the Appendix (“Vas-
cularity”).

Background and Comment
Real-time Doppler US is widely used in clinical prac-

tice and in US reports. Malignant nodules are more prone 
to have type III vascularity, while benign nodules tend to 
show type I and II signal patterns. However, the intrano-
dular signal increases also with an increasing size of be-

nign nodules. As for type III vascularity, the sensitivity, 
specificity, and positive predictive value for malignancy 
are low, but they may be increased by additional suspi-
cious sonographic features. The Doppler criteria remain 
controversial [47], mainly because the sensitivity of Dop-
pler is highly dependent on the US equipment and set-
tings, and because the definition of central vascularity has 
a low interobserver agreement. Moreover, quantitative 
analysis of the color signals, although studied, is not well 
established and is time-consuming [48]. Therefore, the 
ETA task force does not recommend the inclusion of 
Doppler assessment in the TIRADS score. However, it 
can be used to differentiate solid tissue from thick colloid, 
or to enhance the detection of the limits of a nodule in an 
isoechoic parenchyma.

Recommendation
R9: The routine use of Doppler US is not recommend-

ed for US malignancy risk stratification.
QOE = +; SOR = grade 2

Stiffness: Elastography
Definition
By US elastography, the stiffness of a nodule is ana-

lyzed, either by measuring the amount of distortion that 
occurs when the nodule responds to an external pressure 
(strain elastography) or by measuring the speed of the 
shear wave produced by a US pulse (shear wave elastog-
raphy [SWE], acoustic radiation force impulse).

Strain elastography uses 3- to 5-point elasticity scales 
obtained from qualitative observations of colored pic-
tures. Different systems of scoring have been described to 
classify stiffness [49, 50]. Semiquantitative measure-
ments, i.e., the strain index, can be obtained by compar-
ing normal thyroid tissue and nodule strains, and they 
may be slightly more informative [51] (online suppl. 
Fig. 16, 17). The results of SWE can be expressed as color 
maps, ratios, or absolute values in kPa or m/s (online  
suppl. Fig. 18, 19). Different cutoff values have also been 
reported, but these are disputable and susceptible to af-
fecting sensitivity and specificity [52, 53]. 

Background and Comments
Both strain elastography and SWE have many limita-

tions and cannot reliably be applied to: 
−− large nodules (>30 mm);
−− nodules with macrocalcifications;
−− cystic nodules;
−− deeply located and/or isthmic nodules; and
−− coalescent nodules.
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Moreover, the interobserver variability is high due to 
differences in compression level, type of software used, 
imaging plane, data acquisition, and scoring method 
[54].

Two meta-analyses, based on studies performed under 
ideal conditions, showed that strain elastography has a 
high sensitivity and negative predictive value (NPV) but 
a low positive predictive value for the detection of PTC 
[55–57]. In a meta-analysis of SWE by Zhang et al. [58], 
a 3% false negative rate was observed, demonstrating that 
SWE to a large extent is capable of excluding malignancy 
and also is likely to have a high NPV. Unfortunately, no 
clear threshold could be obtained, as values ranged from 
35 to 90 kPa across studies.

Until well-controlled, large, multicenter studies will 
have been carried out in order to define a reliable and re-
producible threshold for delineating benign from malig-
nant nodules, and since it is questionable if elastography 
adds any substantial value to grayscale US [59–61], the 
task force cannot recommend the systematic use of elas-
tography, nor its direct integration into the risk stratifica-
tion system.

Recommendation
R10: Elastography should not replace grayscale study, 

but it may be used as a complementary tool for assessing 
nodules for FNA, especially due to its high NPV.

QOE = ++, SOR = grade 2

Nodule Growth
Whether thyroid cancer – not diagnosed at the initial 

evaluation – can be predicted by nodular growth assessed 
by serial US has been explored in a meta-analysis involv-
ing 2,743 patients in 7 studies [62]. The results suggest 
that nodule growth cannot accurately discriminate be-
tween benign and malignant lesions. In histologically 
proven thyroid cancer, the likelihood ratios of nodule 
growth and of no growth were 0.83 (95% CI: 0.56–1.2) 
and 1.2 (95% CI: 0.82–1.8), respectively, corresponding 
to a DOR of 0.58 (95% CI: 0.26–1.3). When the diagnosis 
was based on repeated FNA, the likelihood ratios were 1.8 
(95% CI: 0.48–6.4) for nodule growth and 0.53 (95% CI: 
0.30–0.96) for no growth, the DOR being 2.2 (95% CI: 
0.26–18). The results were inconsistent across the studies 
and with wide confidence intervals, and thus warrant low 
confidence.

Recommendation
R11: Routine determination of nodule growth by se-

rial thyroid US assessments, in order to predict cancer, is 
not justified.

QOE = ++; SOR = grade 2

The EU-TIRADS: A Novel Tool for Risk Stratification 
of Thyroid Nodules

US imaging is the key examination in the initial evalu-
ation and follow-up of thyroid nodules and cancer. In or-
der to enhance the interobserver reproducibility of de-

Table 2. EU-TIRADS categories and risk of malignancy

Category US features Malignancy 
risk, %

EU-TIRADS 1: normal No nodules None
EU-TIRADS 2: benign Pure cyst

Entirely spongiform
≅0

EU-TIRADS 3: low risk Ovoid, smooth isoechoic/hyperechoic
No features of high suspicion

2–4

EU-TIRADS 4: intermediate risk Ovoid, smooth, mildly hypoechoic
No features of high suspicion

6–17

EU-TIRADS 5: high risk At least 1 of the following features of high suspicion:
– Irregular shape
– Irregular margins
– Microcalcifications
– Marked hypoechogenicity (and solid)

26–87

EU-TIRADS, European Thyroid Imaging Reporting and Data System; US, ultrasound.
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scriptions and to simplify communication of the results, 
the ETA task force has issued a new simplified TIRADS, 
to be called EU-TIRADS. In accordance with the aims of 
this work as outlined above, the system has the following:

−− A structured and standardized report (Table 1)
−− A lexicon to describe nodules adequately (Appendix)
−− Five assessment categories, corresponding to a scoring 

system based on the US features: one category includ-
ing the absence of thyroid nodules, and the other four 
including benign and low-, intermediate-, and high-
risk groups, respectively. The nodule is attributed a 
number from 1 to 5, according to the EU-TIRADS cat-
egories, which reflects an increasing risk of malignan-
cy (Table 2)

−− A practical image guide illustrating each assessment 
category, as well as specific features and patterns 
(Fig. 2–12; online suppl. Fig. 1–19)

−− A clinical algorithm for selection criteria for FNA
−− A flow diagram which summarizes the US features, 

scoring system, and recommendations for FNA 
(Fig. 12)
The EU-TIRADS scoring system is based on search-

ing for echogenic features of high suspicion. Many ele-
ments from the French system have been included; this 
system has been prospectively validated, and its diagnos-
tic value confirmed by Yoon et al. [63] in a study of 4,696 
nodules, which showed its high sensitivity and NPV. Al-
though the EU-TIRADS remains to be applied and tested 
in large prospective studies, the task force assumes that 

the diagnostic validity is high, and close to that of the 
French system. Compared to other risk stratification sys-
tems, the main purpose of the EU-TIRADS is easy guid-
ance in using specific US features to detect thyroid carci-
nomas with a high sensitivity while keeping a high NPV. 
This, in turn, should allow reducing unnecessary FNA 
procedures. 

Disclosure Statement

The task force members have nothing to disclose.

Appendix on US Terminology of Thyroid Nodules 
[21, 23]

Composition: proportion of soft tissue or fluid in a nodule
−− Solid: composed almost entirely of soft tissue with <10% of  

liquid
−− Mixed predominantly solid: liquid component >10 but <50% 

of the nodule volume
−− Mixed predominantly cystic: liquid component >50 but <90% 

of the nodule volume
−− Cystic: composed entirely or nearly entirely of liquid
−− Spongiform appearance: tiny cystic spaces separated by thin 

septa
Comet tail: echogenic foci showing comet-like echogenic tails 
generated by reverberation artifacts within the cystic component
Egg shell calcification: echogenic line surrounding the nodule 
giving the appearance of a discrete calcified wall, along with 
marked posterior acoustic shadowing

Thyroid nodule*
At least one

feature of high
suspicion

 
 

FNA if
>10 mm

Intermediate risk
EU-TIRADS 4

Risk: 6–17%

FNA if
>15 mm

Mildly
hypoechoic

Entirely
isoechoic

or hyperechoic

Low risk
EU-TIRADS 3

Risk: 2–4%

FNA if
>20 mm

Anechoic or
entirely

spongiform

Benign
EU-TIRADS 2

Risk: ≈0%

No FNA
unless 

compressive

No features of
high suspicion

 

Non-oval/round shape
Irregular margins

Microcalcifications
Markedly hypoechoic

High risk
EU-TIRADS 5
Risk: 26–87%

Nodule <10 mm
FNA or active
surveillance

Fig. 12. Algorithm of EU-TIRADS for ma-
lignancy risk stratification and fine-needle 
aspiration (FNA) decision-making. * FNA 
should be performed in case suspicious 
lymph nodes are found.
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Echogenicity: (in case the echogenicity of the surrounding thyroid 
tissue is decreased, such as in Hashimoto thyroiditis, the echo-
genicity of the solid component can be described relative to the 
normal submandibular salivary glands)

−− Mildly hypoechoic: refers to an appearance darker than the 
normal surrounding thyroid parenchyma, but less dark than 
the surrounding strap muscles

−− Isoechoic: similar brightness to the surrounding thyroid pa-
renchyma

−− Markedly hypoechoic: refers to an appearance of the nodule 
darker than the surrounding strap muscles

−− Hyperechoic: brighter appearance than the surrounding thy-
roid parenchyma

Echotexture: characterizes the uniform or multiform appearance 
of the solid portion of a nodule

−− Heterogeneous: mixed isoechoic and hypoechoic echogenicity 
of the solid portion of a nodule

−− Homogeneous: uniform appearance of the solid portion of a 
nodule

Halo/rim: sonolucent black outline that surrounds a nodule; can 
be described as thin or thick
Macrocalcification: >1-mm coarse and large calcification with 
posterior acoustic shadowing
Microcalcification: <1-mm, most often round calcification
Margin: describes the outline of the thyroid nodule

−− Smooth margin: clear demarcation to the surrounding thyroid 
parenchyma

−− Ill-defined margin: lack of a clear demarcation to the sur-
rounding thyroid parenchyma; ill-defined margins are distinct 
from irregular ones and do not alter the nodule’s risk category

−− Irregular margin: 
•	 Spiculated: presence of 1 or more sharp angles or spiculations 

on the margin
•	 Microlobulated: presence of 1 or more smooth, focal, round 

protrusions on the margin
Nodule: nodulus (Latin) – small knot; lump
Shape: 

−− Oval shape: the anteroposterior diameter of a nodule is less 
than its transverse diameter on the transverse and longitudinal 
planes

−− Round: the anteroposterior diameter of a nodule is equal to its 
transverse diameter on the transverse and longitudinal planes

−− Taller than wide: the ratio of the anteroposterior-to-transverse 
diameter of a nodule is >1

−− Taller than long: the ratio of the anteroposterior-to-longitudi-
nal diameter is >1

Vascularity:
−− Type I: absence of intranodular or perinodular flow
−− Type II: presence of perinodular and/or slight intranodular 

flow
−− Type III: presence of marked intranodular and slight perinod-

ular flow
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