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Abstract

Objective: The ultrasound evaluation of thyroid nodules (TNs) in patient selection for fine needle aspiration (FNA)
requires both uniformly accepted definitions of each nodule characteristic and extensive experience from the
examiner. We hypothesized that nodule echogenicity alone may provide comparable performance to more complex
approaches in patient selection for FNA.

Patients and methods: Seven highly experienced investigators from four countries evaluated, online, the ultrasound
(US) video recordings of 123 histologically verified TN by answering 17 nodule characteristics-related questions. The
diagnostic performances of five TN image reporting and data systems (TIRADS) were compared to making decisions
based solely on the echogenicity of the nodule for indicating FNA in 110 nodules 210 mm.

Results: In the 10-20 mm size range, the sensitivities and specificities of the five TIRADS systems in identifying
malignant nodules were 80.5-91.0% and 31.4-50.9%, respectively. Had FNA been recommended for all hypoechoic
nodules, disregarding other US characteristics, comparable sensitivity and specificity (87.5% and 43.4%, respectively)
were obtained. Compared to nodules >20 mm, a higher proportion of cancers were hypoechoic in the 10-20 mm size
range (87.2% vs 77.8%, P=0.05). In the 10-20 mm size range, compared to hypoechoic nodules, a significantly lower
proportion of isoechoic nodules demonstrated suspicious findings (70.7% vs 30.0%, P < 0.05).
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Conclusion: In contrast to >20 mm diameter nodules, the recommendation of FNA may rely on a single US feature,
echogenicity, in the 10-20 mm size range. If independently confirmed in larger cohorts, this may simplify nodule

evaluation in this size range.
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Introduction

The introduction of thyroid ultrasound (US) decades ago
has altered the management of patients with thyroid
nodules (TN). Since long it has been acknowledged
that certain US characteristics, which include
hypoechogenicity, microcalcifications, taller-than-wide
shape, irregular margins, and extrathyroidal growth
1, 2, 3, 4, 5, 6, 7, 8), occur significantly more often in
malignant compared with benign TN (1, 2, 9, 10, 11). On
the other hand, none of these features alone, including
the most sensitive one, hypoechogenicity, has proved to
be sensitive enough to guide the clinical decision for or
against performing fine needle aspiration (FNA) cytology
in a given patient (3, 12, 13).

Since 2006, all guidelines have suggested the use of
composite analyses of TN characteristics when indicating
FNA. The basis of the thyroid nodule image reporting
and data systems (TIRADS), introduced a decade later, is
essentially the same (14). The main novelty of the various
systems was the scoring of TNs according to their US
characteristics, and the suggestion of different size limits
for indicating FNA in the various TIRADS categories
(9, 15, 16, 17, 18). Although only three of the five most
commonly used classification systems use the TIRADS
acronym (16, 17, 18), we will use this abbreviation for
the other two (9, 15) as well.

All TIRADS share the view that FNA may be abandoned
in <10 mm nodules, and all but one suggest diagnostic
FNA for all nodules >20 mm, except for two rare forms
of thyroid cysts (9, 15, 16, 17, 18). Thus, it is almost
exclusively in the 10-20 mm size range where TIRADS
impacts nodule management (13, 19, 20).

Alimited number of publications compare the diagnostic
performance of different TIRADS in surgically treated
patients with histology proven diagnoses (21, 22, 23,
24). In this respect, the use of the FNA results as the
reference standard for US performance calculation has
limitations, as up to 30% of FNAs are either repeatedly
non-diagnostic (Bethesda 1) or result in Bethesda 3 and
4 categories (25, 26). Of the individual US characteristics,
even the most sensitive one, hypoechogenicity, has been
found to have insufficient sensitivity when deciding on
FNA (3, 12). However, we are not aware of any studies
comparing the performance of echogenicity as a
standalone nodule characteristic to that of the elaborate
TIRADS in distinct nodule diameter ranges, i.e. <10 mm,
10-20 mm, and >20 mm. We hypothesized that, in the
10-20 mm diameter range, nodule echogenicity alone

may provide comparable performance to the more
complex approaches in patient selection for FNA.

Methods

The study design has been described in previous
publications (27, 28). The same dataset (27, 28) has been
re-analyzed for the current purpose. To summarize, US
videos of 47 consecutively operated malignant and 76
consecutively operated benign TN cases (n=123) were
analyzed by seven investigators, with at least 15 years
of experience in thyroid US, from European thyroid
centers (SB, AF, L], GK, EP, KR, and GR). The number
of cases (nodules) is 123. However, in the results
section, the total is 110; this difference is attributed to
nodules that were smaller than 10 mm and therefore
excluded. The investigators were aware of clinical,
laboratory, and palpation data but were unaware of the
histopathological results. After viewing the US video of
a patient, an online case report form (CRF) composed
of 17 questions (Supplementary Table 1, see section on
supplementary materials given at the end of this article)
was used to report the findings. The CRF data enabled
the electronic generation of five TIRADS scores: the
American Thyroid Association TIRADS (ATA-T) (15), the
American College of Radiology TIRADS (ACR-T) (16),
the American Association of Clinical Endocrinologists/
American College of Endocrinology/Associazione Medici
Endocrinologi TIRADS (AACE-T) (9), the European
Thyroid Association TIRADS (EU-T) (17) and the Korean
Society of Thyroid Radiology TIRADS (KSTR-T) (18) scores.
The individual scores were automatically translated into
recommendations ‘for’ or ‘against’ FNA according to the
criteria of the respective TIRADS.

For comparison, nodule echogenicity (ECHOG) as a
standalone determinant, based on the investigators’
answers to a single question (question 13 of the CRF with
the following choices: A. hyperechoic or isoechoic, B.
hypoechoic, C. very hypoechoic, D. anechoic, E. cannot
be determined), was used for the FNA recommendation.
Thus, if the nodule was considered hypoechoic
(responses B or C), FNA was ‘recommended,” while for
non-hypoechoic nodules, FNA was ‘not recommended.’
If the investigator was not able to assign a TN to any
echogenicity category, it was considered non-hypoechoic
for the purpose of the current analysis. In accordance
with current guidelines, FNA was not indicated for
pure cysts and spongiform cysts, irrespective of the
echogenicity grade assigned by the examiner. The
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investigators knew that comparison of the TIRADS was
among the aims of the study, while they were not aware
of the planned comparative analyses of echogenicity
readings.

The diagnostic performance of the five different TIRADS
and the ECHOG approach was compared and analyzed
separately for the <10 mm, 10-20 mm, and >20 mm
nodule diameter ranges. Sensitivities, specificities, and
the 95% CI of the approaches tested were calculated by
package ‘epiR’ (29) in the R project (30). For comparisons,
Fisher’s exact test was used.

Written consent was obtained from each patient after
a full explanation of the purpose and nature of all
procedures used. The study protocol was approved by
the Regional and Institutional Ethics Committee of the
University of Debrecen (DE RKEB/IKEB 5350-2019).

Results

Comparison of the ECHOG and TIRADS
approaches

Lesions between 10 mm and 20 mm

There were 44 nodules with a maximum diameter in the
10-20 mm category (mean nodule size 14.8 + 3.1 mm,
range 10.1-19.6 mm).

In the 10-20 mm category (Fig. 1), the average sensitivity
of the five TIRADS was 85.6% (ranging from 80.5% to
91.0%), while the average specificity was 41.9% (ranging
from 31.4% to 50.9%). ECHOG performed comparably
to the five TIRADS tested; its sensitivity and specificity
were 87.2% and 43.4%, respectively, which was not
statistically different from the mean of the five TIRADS.
There was no TIRADS in which both the sensitivity and
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Figure 1

Diagnostic performance of five TIRADS and echogenicity alone in 10-20
mm nodules. Abbreviations refer to the respective TIRADS. ECHOG,
echogenicity.
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specificity were better or worse compared with each
other. In 5.8% of cases (18/308 investigator responses;
44 nodules, 7 investigators), echogenicity could not be
judged (response chosen: ‘cannot be determined’ to
Question 13 in the CRF; Supplementary Table 1). If these
responses are included among hypoechoic nodules, the
sensitivity of echogenicity-based decision-making for
FNA increases to 92.5%, while the specificity decreases
to 37.1%.

If we exclude the three cases of follicular variant of
papillary cancer (FV-PTC) and the single follicular
thyroid cancer (FTC) case from the analysis of 10-20 mm
nodules, the mean sensitivity of the five TIRADS would
be 88.2%, and that of ECHOG would be 91.4%.

Lesions larger than 20 mm
There were 66 lesions >20 mm (mean nodule size:
37.4 £+ 14.4 mm, range: 20.3-85.1 mm).

In this category, the mean sensitivity of the five TIRADS
was 95.7% (ranging from 92.9% to 100%), while the
average specificity was 9.4% (ranging from 0% to
18.4%) (Fig. 2). The sensitivity of ECHOG was 77.8%.
Furthermore, 28.6% and 4.3% of cancers would not be
recognized using the ECHOG and the mean of the five
TIRADS, respectively (P < 0.01). On the other hand,
ECHOG had higher specificity (59.8%) than the mean of
the five TIRADS (9.3%) (P < 0.01).

In three cases of thyroid malignancy, where the US
appearance was judged to be spongiform, one, three,
and five (of the seven) examiners judged the nodule
to be spongiform. This was the cause of the 7.1% false-
negative rate in the EU-T and KSTR-T. The ACR-T does
not recommend FNA for TIRADS 2 nodules (mixed, iso/
hyperechoic nodules without suspicious signs) and
TIRADS three nodules smaller than 25 mm, which is
relevant for six and three cases, respectively.

If we did not include the two cases of FV-PTC and the
single FTC case in the analysis of >20 mm nodules, then
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Figure 2

Diagnostic performance of five TIRADS and echogenicity alone in nodules
larger than 20 mm. Abbreviations refer to the respective TIRADS. ECHOG,
echogenicity.
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the mean sensitivity of the five TIRADS would be 94.9%
and that of ECHOG would be 79.0%.

All lesions larger than 10 mm combined
Analyzing the 10-20 mm and larger than 20 mm nodules
together (n=110),the meannodule sizewas 28.4+15.8 mm
(range: 10.1-85.1 mm). The mean diagnostic sensitivity
of the five TIRADS was 90.5%, while the mean specificity
was 20.5% (Fig. 3). Compared to the mean of the five
TIRADS studied, ECHOG had lower sensitivity (82.6%;
P <0.01) and higher specificity (54.2%; P < 0.01) (Fig. 3).

Nodule size and selected ultrasound
characteristics which are cornerstones
of TIRADS

The presence of cystic degeneration and the prevalence
of any of the three generally used signs of suspicion
(microcalcification, irregular border, and irregular
shape) did not differ in malignant lesions between 10
and 20 mm and larger than 20 mm (Fig. 4). A significantly
higher proportion of malignant nodules was hypoechoic
in the 10-20 mm range (87.2%) compared with nodules
>20 mm (77.8%; P < 0.05).

As for the level of ECHOG, a significantly higher
proportion of very hypoechoic nodules presented
with any of the three generally used signs of suspicion
(microcalcification, irregular border, and irregular
shape) than mildly to moderately hypoechoic nodules
(79.6% vs 56.9, P < 0.001). A significantly higher
proportion of mildly-moderately hypoechoic nodules
than isoechoic nodules (56.9% vs 27.3%, P < 0.001;
Table 1), presented with any of the three generally used
signs of suspicion (microcalcification, irregular border,
and irregular shape).

Using any of the five TIRADS would have resulted in not
recommending FNA in histologically verified thyroid
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Figure 3

Diagnostic performance of the five TIRADS and echogenicity alone in
nodules 10 mm and above. Abbreviations refer to the respective TIRADS.
ECHOG, echogenicity.
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Figure 4

Malignant lesions at histology; prevalence of certain ultrasound
characteristics in relation to nodule size. Suspicious signs include
irregular borders, irregular shape, and microcalcifications. A significantly
higher proportion of malignant nodules was hypoechoic in the 10-20
mm range (87.2%) compared with nodules >20 mm (77.8%; P < 0.05).
There were no significant differences in the other comparisons of
characteristics.

malignancies lacking all three generally used signs of
suspicion (microcalcification, irregular border, and
irregular shape) in 24 mildly-moderately hypoechoic
and 34 hypoechoic (mildly-moderately and deeply
hypoechogenic combined) nodules, respectively (Table 2).
Using TIRADS would have resulted in the recognition of
an additional three cancers among isoechoic nodules
presenting with at least one of the three generally used
signs of suspicion.

In the 10-20 mm nodule size range, the investigators
found 64/133 and 34/177 microcalcifications in malignant
and benign nodules, respectively. Punctate echogenic
foci (microcalcifications and short comet tail artifacts
combined as defined by ACR-T) were found in 41 benign
and 78 malignant TNs.

Discussion

In order to test whether a simplification of the US
evaluation of TN is possible without loss of sensitivity

Table 1 The prevalence of suspicious findings in thyroid
cancers in relation to nodule echogenicity and size. Data are
presented as n / total n (%).

Both sizes
10-20 mm >20 mm combined

Isoechoic 3/10(30.0%) 6/23(26.1%) 9/33(27.3%)

Mildly-moderately 33/57 (57.9%) 33/59 (55.9%) 66/116 (56.9%)
hypoechoic

Very hypoechoic 49/59 (83.1%) 29/39 (74.4%)

78/98 (79.6%)
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Table 2 Cancers presenting as hypoechoic nodules in the 10-20 mm range, with no other signs of suspicion. Recommendation
of FNA based on TIRADS. The size categories of different TIRADS are, by definition, different. Italics indicate that the given

TIRADS defines a 15 mm or larger size limit for performing FNA.

AACE-T ACR-T ATA-T EU-T KSTR-T
Mildly-moderately hypoechoic >20 mm >15mm 215 mm
Solid, n =20 215 mm 210 mm
Partially cystic, n=4 >25 mm >20 mm
Very hypoechoic >10 mm >15mm >10 mm >15 mm
Solid,n=9 210 mm
Partially cystic, n =1 >20 mm

and specificity in the diagnosis of thyroid malignancy,
we have compared the diagnostic performance of five
TIRADS systems with US echogenicity as a standalone
feature in TN.

Although some US features are independent predictors
of malignancy, it is widely accepted that any single US
feature, including the most sensitive, hypoechogenicity,
does not have both high enough sensitivity and
specificity for the reliable detection of malignancies
(18, 31, 32, 33, 34, 35). Our study confirmed this; if all
nodules, irrespective of their size, are considered, the
mean sensitivity of the five TIRADS systems in indicating
FNA was 90.8%, while if we had performed FNA only in
hypoechoic nodules, the sensitivity would be 82.6% (27).
This difference is seemingly small. However, if nodules
>20 mm are analyzed separately, ECHOG is inferior to
TIRADS, since nearly 30% of cancers would escape US
diagnosis, while this proportion is only 5% using TIRADS.

Our study focuses on nodules measuring 10-20 mm,
the very size range where TIRADS does influence
FNA decisions. Several novel findings merit attention.
Most importantly, nodule hypoechogenicity has high
sensitivity in this size range. This does not apply to
the other TIRADS-determining descriptors. Secondly,
the smaller the nodule, the higher the likelihood of
malignant lesions being hypoechoic. This suggests that
in the 10-20 mm size range, nodule echogenicity alone
may guide the decision to offer FNA. Also, refraining
from FNA in hypoechoic nodules in this size range
carries a substantial risk of overlooking thyroid
malignancy. Thirdly, the three suspicious characteristics
(microcalcifications, irregular borders, and shape)
are significantly less frequent in isoechoic than in
mildly-moderately hypoechoic, and less frequent in
mildly-moderately hypoechoic than in very hypoechoic
malignant nodules; thisisin accordance with the findings
of other groups (32, 36, 37). In other words, where signs of
suspicion are much needed, they are less often present,
resulting in a high likelihood of overlooking malignancy
in mildly-moderately hypoechoic nodules. In the 10-15
mm range, no other TIRADS than the ATA-T suggests
FNA in mildly-moderately hypoechoic nodules lacking
other characteristics of suspicion. Unfortunately, 30% of
cancers in this category lack suspicious characteristics
(27) and would remain unrecognized if any of the other

four TIRADS were used to indicate FNA. It is important
to note that there was no single TIRADS that performed
better in terms of both sensitivity and specificity
simultaneously than any other. This means that the
diagnostic performance of the mean of the five TIRADS
was not influenced by the strength or weakness of any of
the individual scoring systems.

Performing FNA in all hypoechoic nodules in the 10-20
mm range, but not in non-hypoechoic ones, resulted in
comparable sensitivity and specificity compared to the
more complex TIRADS-based decision for FNA. Adding
merit to such an approach, interobserver agreement is
goodindiscriminating between hypoechoic andisoechoic
nodules, but is markedly weaker in differentiating
between very hypoechoic and mildly-moderately
hypoechoic nodules, as well as in the evaluation of the
presence of microcalcifications and irregular nodule
borders (27). One explanation might be that suspicious
features, such as microcalcifications, irregular borders,
and shape (taller-than-wide), are harder to discern as
the nodule size decreases, despite the availability of US
transducers operating at 18 MHz and above. If correct,
one might expect ECHOG alone to be even more helpful
with nodules <10 mm, but this was not assessed in
our study, as FNA and surgery are rarely and almost
never performed in hypoechoic and non-hypoechoic
subcentimeter nodules, respectively. One may argue
that the higher proportion of malignant hypoechoic
nodules in the 10-20 mm range, compared to those >20
mm, may be due to the malignant outcomes of iso-echoic
follicular lesions (FTC and FV-PTC) >20 mm. Although it
had a minor influence on the sensitivity of TIRADS and
ECHOG, the basic findings (i.e. ECHOG-based decision
works in lesions between 10 and 20 mm but does not in
nodules larger than 20 mm) remained the same after the
exclusion of FTC and FV-PTC cases.

Strengths of our work include the use of video analysis
instead of still images, the participation of ultrasound
experts with different educational backgrounds, and the
surgical-histopathological verification of all nodules.
The relatively small number of cases (n=110) studied is
a strong limitation of the study, and therefore there is a
need for confirmation of our findings in larger cohorts.
Benign nodules evaluated only by US with or without
FNA, and not resected surgically were not included,
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which may result in falsely high sensitivity values for all
methods in all comparisons.

We conclude that in the 10-20 mm TN range, in contrast
to the >20 mm diameter range, the decision for FNA
to detect thyroid malignancy may rely on a single US
feature, echogenicity. All hypoechogenic nodules in this
size range are candidates for FNA, and the consideration
of suspicious signs in non-hypoechoic nodules is of
less importance. If independently confirmed in larger
cohorts, this may simplify the evaluation of 10-20 mm
nodules. Currently, there is no general agreement on a
‘tolerable’ level of missed cancers or an accepted level
of FNA rate in benign lesions. Therefore, we believe
that the complex analysis of all nodule characteristics
remains the basis of an optimal individual decision.
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This is linked to the online version of the paper at https://doi.org/10.1530/
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