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Context.   Ultrasound (US) risk stratification systems (RSSs) have been developed to reduce 
the number of unnecessary fine-needle aspiration procedures (FNA) in patients with thyroid 
nodules.

Objective.  We conducted a systematic review and meta-analysis evaluating the ability of the 5 
most common US RSSs for the appropriate selection of thyroid nodules for FNA.

Data sources.  This systematic review and meta-analysis was registered on PROSPERO 
(CRD42019131771). PubMed, CENTRAL, Scopus, and Web of Science were searched until March 
2019.

Study selection.  Original articles reporting data on the performance of AACE/ACE/AME, ACR 
TI-RADS, ATA, EU-TIRADS, and K-TIRADS were included.

Data extraction.  The number of nodules classified as true negative, true positive, false negative, 
and false positive was extracted. Summary operating points were estimated using a random-
effects model. Interobserver agreement was also assessed.

Data synthesis.  Twelve studies evaluating 18 750 thyroid nodules were included. Participants were 
adult outpatients with thyroid nodules submitted to either FNA or core-needle biopsy or surgery 
and with available US images. The final diagnosis for malignant nodules was generally based on 
histology, while cytology was used for benign nodules. Diagnostic odds ratio (DOR) ranged from 
2.2 to 4.9. A head-to-head comparison showed a higher relative DOR for ACR-TIRADS versus ATA 
(P = .002) or K-TIRADS (P = .002), due to a higher relative likelihood ratio for positive results.

Conclusions.  The present meta-analysis found a higher performance of ACR TI-RADS in 
selecting thyroid nodules for FNA. However, the comparison across the most common US RSSs 
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was limited by the data available. Further studies are needed to confirm this finding.  
(J Clin Endocrinol Metab 105: 1659–1669, 2020)

Key Words:   thyroid nodule, ultrasound, systematic review, meta-analysis, diagnostic 
performance

U ltrasound (US) is the first-line imaging modality 
for malignancy risk assessment of thyroid nodules. 

Specific US features, such as hypoechogenicity, taller-
than-wide shape on transverse view, irregular mar-
gins, microcalcifications, and extrathyroidal extension, 
are recognized to be associated with cancer (1). At the 
same time, using each individual feature as a standalone 
diagnostic parameter is associated to inter- and intra-
operator variability (2). To mitigate these limitations, 
several US risk stratification systems (RSSs) have been 
developed to stratify the malignancy risk of a nodule 
and then suggest the need for fine-needle aspiration 
(FNA). Among these, 2 were included in clinical guide-
lines for the diagnosis and treatment of thyroid nodule 
and carcinoma (3,4), while the remaining ones were 
purely radiological recommendations (5–7). Three to 
six category scales were proposed, and an estimated risk 
of malignancy was assigned to each class.

Following the advent of these systems, several papers 
attempted to compare their performance. There, 2 spe-
cific outcomes were assessed: the risk of malignancy of 
each category and the performance in indicating FNA. 
The results of these studies have been heterogeneous, 
thus limiting the applicability of their findings to the 
clinical practice. Moreover, most of these studies had 
a retrospective design. Also, they enrolled nodules pre-
viously submitted to FNA during clinical practice and 
whose indication had not been based on these systems. 
Consequently, these studies were affected by a signifi-
cant selection bias, which in turn impacted on the preva-
lence of malignancy (8–20). Indeed, it is well known 
that the performance of a diagnostic test depends on 
the frequency of the event (ie, disease) in the enrolled 
sample (21). As a proof, a significant difference in cancer 
rate was found in these studies, and as a consequence, 
a significant discrepancy was observed in terms of US 
RSSs performance. Given that US RSSs are diagnostic 
tests conceived for selecting thyroid nodules for FNA, 
we raise the question whether these systems are really 
comparable given the different methodologies of the 
published reports. Simply pooling the findings of prior 
studies would be associated with a significant bias. To 
overcome these limitations, summary operating meas-
ures assumed to be independent of the disease preva-
lence should be used. These include diagnostic odds 
ratio (DOR) and the likelihood ratio for positive results 

(LR+) and negative results (LR–) (21,22). The com-
parison of different US RSSs would then rely on rela-
tive measures, as relative DOR (RDOR), relative LR+ 
(RLR+), and relative LR– (RL–).

The present study aimed to reach information on 
this topic to reduce/delete the significant limitations of 
studies available in the literature. Then, here we planned 
(i) a systematic review of studies reporting the perform-
ance of the 5 most common US RSSs in selecting thyroid 
nodules for FNA; (ii) a meta-analysis of available data 
to evaluate the diagnostic performance of US RSSs; and 
(iii) a comparison of US RSSs. The primary outcomes 
were the DOR of each system taken independently and 
the RDOR when head-to-head comparison was feasible. 
The secondary outcomes were to evaluate sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value (NPV), LR+, LR–, and interobserver 
agreement.

Materials and Methods

The systematic review was registered on PROSPERO (regis-
tration number CRD42019131771) and performed in ac-
cordance with the Preferred Reporting Items for a Systematic 
Review and Meta-analysis of Diagnostic Test Accuracy Studies 
(PRISMA-DTA) (23,24).

Search strategy
A 6-step search strategy was planned. First, sentinel studies 

were searched in PubMed. Second, keywords and MeSH terms 
were identified in PubMed. Third, to test the strategy, the 
terms “AACE/ACE/AME,” “ACR TI-RADS,” “EU-TIRADS,” 
“K-TIRADS,” and “ATA” were searched in PubMed (the full 
strategy can be found on PROSPERO). Fourth, PubMed, 
CENTRAL, Scopus, and Web of Science were searched. Fifth, 
studies reporting the diagnostic performance of at least 1 of 
the US RSSs in thyroid nodules were included if meeting both 
of the following criteria: (i) the diagnosis of benign nodules 
was based either on histology or core-needle biopsy (CNB) 
or cytology, and (ii) the diagnosis of malignant nodules was 
not based on cytology only. The latter criterion was adopted 
because although cytological diagnosis is reliable for papillary 
thyroid cancer, this is not true for follicular thyroid cancer 
(FTC), which is cytologically indistinguishable from its benign 
counterpart (follicular adenoma), or medullary thyroid cancer, 
which is missed by cytology in up to 50% of cases (25,26). 
Studies focusing on pediatric patients or specific subgroups of 
thyroid nodules (ie, indeterminate), as well as studies using cy-
tology as the only reference standard for both malignant and 
benign nodules were excluded. Finally, references of included 
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studies were screened for additional papers. The last search 
was performed on March 25, 2019. No language or time re-
striction was adopted. Two investigators (MC, PT) independ-
ently and in duplicate searched papers, screened titles and 
abstracts of the retrieved articles, reviewed the full-texts, and 
selected articles for their inclusion.

Data extraction
The following information was extracted independently 

and in duplicate by 2 investigators (MC, PT) in a piloted form: 
(i) general information on the study (author, year of publi-
cation, country, study type, number of patients, number of 
nodules, final diagnosis, population); (ii) reference standard; 
(iii) number of nodules classified as true negative, true positive, 
false negative, and false positive; and (iv) interobserver agree-
ment. Indication to FNA was the index test. A benign nodule 
was classified as true negative if FNA was not indicated by the 
specific US RSS. A benign nodule was classified as false posi-
tive if FNA was indicated by the specific US RSS. A malignant 
nodule was classified as true positive if FNA was indicated by 
the specific US RSS. A malignant nodule was classified as false 
negative if FNA was not indicated by the specific US RSS. The 
main paper and supplementary data were searched; if data 
were missing, authors were contacted via email. Data were 
cross-checked, and any discrepancy was discussed.

Study quality assessment
The risk of bias of included studies was assessed inde-

pendently by 2 reviewers (MC, PT) through the Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool 

for the following aspects: patient selection, index test, refer-
ence standard, and flow and timing. Risk of bias and concerns 
about applicability were rated as low, high, or unclear (27). 
Data presentation was arranged using RevMan 5.3 (Cochrane 
Collaboration, 2014).

Data analysis
The characteristics of included studies were summarized. 

Then, separate analyses were performed according to the fol-
lowing steps. First, a diagnostic performance meta-analysis in 
selecting nodules for FNA or not was carried out. For each 
US RSS, we plotted estimates of sensitivity and specificity on 
coupled forest plots. Summary operating points including sen-
sitivity, specificity, NPV, PPV, LR+, LR–, and DOR, with 95% 
confidence intervals (95%CI), were estimated. DOR provides 
a single measure of test performance; it is equal to LR+/LR– 
and corresponds to the odds of the FNA being indicated in a 
malignant nodule compared to the odds of the FNA being in-
dicated in a benign one. The value ranges from zero to infinity, 
with higher values indicating higher performance. LR+ is the 
likelihood for an US RSS that the FNA is indicated for a ma-
lignant nodule compared to the likelihood for a benign one. 
A LR+ greater than 10 means strong evidence; between 5 and 
10, moderate evidence; and less than 5, weak evidence. LR– is 
the likelihood for an US RSS that the FNA is not indicated 
for a malignant nodule compared to the likelihood for a be-
nign one. A LR- less than 0.1 means strong evidence; between 
0.1 and 0.2, moderate evidence; and higher than 0.2, weak 
evidence. A bivariate random-effects model was used for the 
pooled analysis of sensitivity and specificity; a random-effects 

Figure 1.  Flow chart of the systematic review.
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model was used for the pooled analysis of the remaining met-
rics (28). Second, a head-to-head comparison on the accuracy 
of US RSSs was performed if at least 5 studies were avail-
able. Two systems were included in each comparison, and they 
were classified arbitrarily as “US RSS A” and “US RRS B.” The 
significance of the differences between US RSSs was assessed 
with RDOR, RLR+, and RLR–, with 95%CI. The value ranges 
from zero to infinity, and if its 95%CI does not include the 
value 1, there is a statistically significant difference between 
the 2 systems (28,29). All analyses were performed on a per-
lesion basis and carried out using RevMan 5.3 (the Cochrane 
Collaboration) and R 3.5.2 (Core Team). Heterogeneity be-
tween studies was assessed by using I2, with 50% or higher 
values regarded as high heterogeneity. Publication bias was 
not evaluated, because of uncertainty about the determinants 
for diagnostic accuracy studies and the inadequacy of tests for 
detecting funnel plot asymmetry (29). A P < .05 was regarded 
as significant.

Results

A total of 854 papers were found, of which 128 were on 
PubMed; 586, on Scopus; 90, on Web of Science; and 
50, on CENTRAL. After removal of 172 duplicates, 682 
articles were analyzed for title and abstract; 603 records 
were excluded (reviews, guidelines, not within the field 
of the review, studies not in humans). The remaining 
79 papers were retrieved in full-text, and 10 articles 
were finally included in the systematic review (Fig. 1) 
(8,10–17,19). Additionally, one article was added after 
screening the references of these papers, and another 
one was added from a personal database (9,18).

Qualitative analysis (systematic review)
The characteristics of the included articles are sum-

marized in Table 1. The papers were published between 
2017 and 2019 and had sample sizes ranging from 

424 to 4696 thyroid nodules. Participants were adult 
outpatients who had undergone either thyroid nodule 
FNA, CNB, or surgery and had US images available. 
Thyroid nodules diagnosed as indeterminate on FNA 
were generally excluded, unless a final diagnosis was 
met on pathology. One study included only patients for 
which histological diagnosis and US images were avail-
able (18). Nine studies were retrospective, and 2 used 
prospective cohorts; the design was not clearly stated 
in 1 paper (19). Three studies were carried in China, 3 
in South Korea, 3 in Italy, 1 in the United States, 1 in 
Canada, and 1 in France, Switzerland, and the United 
Kingdom. Four studies assessed AACE/ACE/AME’s US 
RSS; 7, ACR TI-RADS; 9, ATA’s US RSS; 3, EU-TIRADS; 
and 5, K-TIRADS. The reference standard for malignant 
and benign diagnosis is reported in Table 2. The preva-
lence of malignancy ranged from 4% to 54% (8,19). 
Overall, 4378 malignant and 14  372 benign nodules 
were included in the present review.

Quantitative analysis (meta-analysis)
The forest plot of the sensitivity and specificity of 

each US RSS in selecting thyroid nodules for FNA is 
shown in Fig.  2. The pooled sensitivities ranged from 
54% to 87%; specificities, from 28% to 64%; PPVs, 
from 17% to 43%; and NPVs, from 81% to 93%. Since 
these summary operating points are influenced by the 
prevalence of the disease in the population tested, we 
estimated the following parameters, which are inde-
pendent of disease prevalence and thus characteristics 
of the specific US RSSs. The pooled LR+ ranged from 
1.2 to 1.9; LR–, from 0.4 to 0.6; and DOR, from 2.2 
to 4.9. A high heterogeneity was found for all the out-
comes (Table 3).

Table 2.  Reference standard

First Author, year
Reference standard for  

malignant lesions Reference standard for benign lesions

Negro, 2017 (8) Histology (100%) Cytology (100%)
Yoon, 2017 (9) Histology (88%), cytology (12%) Histology (4%), single (91%) or repeated 

cytology (5%)
Ha, 2018 (10) Histology (72%), cytology or CNB (28%) Histology (6%), cytology (94%)
Ha, 2018 (11) Histology (99%), cytology or CNB (1%) Histology (15%), repeated cytology or CNB 

(25%), cytology or CNB and follow-up (60%)
Middleton, 2018 (12) Histology (86%), cytology (14%) Histology (NR), cytology (NR)
Persichetti, 2018 (13) Histology (100%) Histology (13%), repeated cytology (87%)
Xu, 2018 (14) Histology (100%) Histology (35%), cytology and follow-up (65%)
Grani, 2019 (15) Histology (94%), cytology (6%) Histology (NR), cytology and follow-up (NR)
Mohammadi, 2019 (16) Histology (NR), cytology (NR) Histology (NR), cytology (NR)
Ruan, 2019 (17) Histology (92%), cytology (8%) Histology (36%), cytology (64%)
Trimboli, 2019 (18) Histology (100%) Histology (100%)
Wu, 2019 (19) Histology (69%), cytology or CNB (31%) Histology (2%), repeated cytology or CNB 

(27%), cytology or CNB and follow-up (71%)

Abbreviations: CNB, core needle biopsy; NR, not reported.
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Second, we made compared the accuracy of those US 
RSSs for which data from at least 5 studies were avail-
able (ATA, ACR TI-RADS, and K-TIRADS). When we 
considered only those studies assessing simultaneously 
all evaluated US RSSs through a head-to-head com-
parison, a higher RDOR was found for ACR TI-RADS 
versus ATA (P =.002) or K-TIRADS (P = .002) (Table 4; 
Fig. 3). A higher RLR+ was found for ACR TI-RADS 
versus ATA (P < .001) or K-TIRADS (P < .001) as well 
as for ATA versus K-TIRADS (P = .048) (Table 5). No 
difference in RLR– was found (Table 6).

Finally, only 1 study assessed interobserver agreement 
in recommending FNA. Mohammadi et  al reported a 

moderate agreement for ATA’s US RSS between the 2 
radiologists participating in the study (16).

Study quality assessment
The risk of bias of the included studies is shown in 

a digital research materials repository (24). Overall, we 
found a low risk of bias: in most studies patients in-
cluded were consecutive ones who underwent US and 
had a final diagnosis in a specific period; the classifi-
cation according to US RSSs was conducted before the 
final diagnosis; in retrospective studies, researchers were 
blinded to the final diagnosis; or, in Grani and in Yoon, 
features recorded during US examination before FNA 

Figure 2.  Forest plot of sensitivity and specificity of each ultrasound risk stratification system in selecting thyroid nodules for FNA. Abbreviations: 
FN, false negative; FP, false positive; TN, true negative; TP, true positive.
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were used (9,15). We rated the reference standard bias 
as high, due to cytology being generally adopted for 
benign nodules. We rated the flow and timing bias as 
low, given that thyroid cancer is a chronic condition. 
The only exception to the previous statements was 2 
studies in which the patient selection risk of bias was 
rated as unclear due to missing information on con-
secutive or random enrollment (8,9). In 1 study, hist-
ology was adopted as the reference standard, and thus 
the corresponding item was rated as low (18). Finally, 
4 studies excluded nodules depending on their size or 
composition, and thus the patient selection applicability 
concerns item was rated as high (9–11,18).

Discussion

The aim of this systematic review was to identify the 
best available evidence on the diagnostic performance 
of the five most common US classification systems in 
the indication for FNA. To our knowledge, this is the 
first systematic review and meta-analysis on this topic, 
allowing studies evaluating populations with a different 
prevalence of malignancy to be interpreted together. An 
extensive database search was performed without time 
or language restrictions, and inclusion criteria were de-
fined prior to the database search. Twelve studies were 
found, evaluating 4378 malignant and 14 372 benign 
thyroid nodules. There were sparse data on AACE/
ACE/AME and EU-TIRADS. On the contrary, a higher 
number of studies evaluating ACR TI-RADS, ATA, and 
K-TIRADS was found.

Sensitivities of US RSSs ranged from 54% to 87%; 
specificities, 28% to 64%; PPV, 17% to 43%; and NPV, 
81% to 93%. LR+, LR–, and DOR ranged between 
1.2 and 1.9, 0.4 and 0.6, and 2.2 and 4.9, respectively 
(Table 3). Thus, a wide interval was observed, with the 
notable exception of NPV, which was high in almost 
every report. The results of LR+ and LR– showed weak 
evidence across all US RSSs for the effectiveness to cor-
rectly select thyroid nodules for FNA. Also, a high het-
erogeneity was estimated for all summary operating 
points. This was expected for those parameters known 
to be influenced by the prevalence of the disease in the 
population tested (ie, PPV, NPV), but not for other 
parameters (ie, LR+, LR–, DOR) known to be charac-
teristics of the specific US RSSs. In this case, it is reason-
ably attributable to the US being an operator-dependent 
imaging modality. To overcome the previously noted 
limitations, head-to-head comparisons based on rela-
tive measurements (ie, RLR+, RLR–, RDOR) were 
performed. A  higher performance for ACR TI-RADS 
compared to ATA or K-TIRADS was found. The Ta
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discriminative power was related to a higher ability of 
ACR TI-RADS to select malignant nodules for FNA (ie, 
higher RLR+), while no difference was found for benign 
nodules (ie, similar RLR–). Finally, there was limited 
evidence for differences in the interobserver agreement 
among US RSSs, with only Mohammadi et al reporting 
a moderate agreement for ATA’s US RSS between the 
2 radiologists participating in the study (16). However, 
a recent paper found substantial to near-perfect agree-
ment for all the US RSSs included in our study (30).

Four main explanations can be found for the results. 
First, despite similarities, definitions differ among US 
RSSs. For example, the EU-TIRADS gives a restrictive 
description of microcalcifications, distinguishing them 
from other hyperechoic foci, while the other systems 
have less stringent definitions. Second, nodule risk’s 
classification is performed according to specific criteria 

in each US RSS. For example, microcalcifications confer 
“per se’” a high-risk score according to AACE/ACE/
AME and EU-TIRADS, while for the remaining sys-
tems, additional features are required. Third, the esti-
mated risk of malignancy assigned to each class differed 
between US RSSs. Regarding the intermediate risk 
categories, EU-TIRADS, ATA, AACE/ACE/AME, and 
ACR TI-RADS are quite close to one another (6%–17%, 
10%–20%, 5%–15%, and 5%–20%, respectively). On 
the contrary, the range of K-TIRADS is wider (15%–
50%). For high-risk categories, the estimated risks 
are close for K-TIRADS, ATA, and AACE/ACE/AME 
(>60%, >70%–90%, and 50%–90%, respectively), 
but very different for EU-TIRADS and ACR TI-RADS 
(26%–87% and >20%, respectively). Finally, the cut-
offs for FNA also vary from one system to another. 
While they all agree on the 10 mm cut-off for highly 
suspicious nodules, the cut-off for intermediate ones 
is 20 mm in AACE/ACE/AME, 15 mm in EU-TIRADS 
and ACR TI-RADS, and 10 mm in K-TIRADS and ATA 
system. As these represent a substantial portion of all 
nodules, differences in cut-offs will significantly modify 
the diagnostic values (3–7).

What could be the reason of the ACR TI-RADS’s 
better performance? Since studies included in the 
head-to head comparisons assessed the performance 
of US RSSs within the same population, the results of 
our meta-analysis showing a higher performance for 
ACR TI-RADS should not be impaired by recruitment, 
cancer prevalence, or operator biases. This system does 
not particularly excel in its sensitivity, NPV, PPV, or 
LR– ratio. However, its specificity is significantly above 
that of the other systems, explaining the higher LR+ and 
DOR. This can’t be explained by the size cut-offs for 
FNA in intermediate- and high-risk-nodules, given that 
it is similar to that of the other US RSSs. However, if 
we refer to the US RSS itself, it is very likely that fewer 
nodules are categorized in the intermediate- or high-
suspect categories, compared to the other systems. The 
main reason for this could be that nodules with regular 

Table 4.  Head-to-head comparison of DOR of ultrasound risk stratification systems for selecting thyroid 
nodules for FNA

US RSS A US RSS B
Number of nodules  
(number of studies)

DOR of US 
RSS A

DOR of US 
RSS B RDOR P

ACR TI-RADS ATA 8491 (6) 5.6 (3.4–9.0) 2.9 (1.3–6.5) 1.9 (1.3–2.9) 0.002
ATA K-TIRADS 6692 (4) 2.9 (1.0–8.2) 3.1 (0.9–10.7) 0.9 (0.8–1.1) 0.552
ACR-TIRADS K-TIRADS 9291 (5) 4.5 (2.5–7.9) 2.5 (1.1–5.6) 1.8 (1.2–2.6) 0.002

US RSS A and US RSS B represent the two systems considered for the specific comparison. RDOR value ranges from zero to infinity; if the 95%CI does 
not include the value 1, there is a statistically significant difference between the two systems.
Abbreviations: 95%CI, 95% confidence interval; DOR, diagnostic odds ratio; RDOR, relative diagnostic odds ratio; US RSS, ultrasound risk stratifica-
tion system. 

Figure 3.  Head-to-head comparison of DOR of ultrasound risk 
stratification systems for selecting thyroid nodules for FNA. On the 
x and y axis, the natural logarithm of DOR for a specific US RSSs for 
each study is reported according to Table 4. Relative diagnostic odds 
ratios (RDOR) with 95% confidence intervals for each study according 
to a specific head-to-head comparison are plotted. If the 95%CI 
of the RDOR does not include the dashed line (corresponding to a 
value of 1), there is a statistically significant difference between the 2 
systems for the specific study. In example, in the top right corner the 
RDOR of a study comparing ACR TI-RADS versus ATA is plotted; since 
its 95% CIincludes the dashed line, there is no difference between 
the 2 US RSSs. Abbreviations: DOR, diagnostic odds ratio. 
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shape and margins, mild hypoechogenicity, and mixed 
composition will be classified as ACR TI-RADS 3, while 
being categorized as EU-TIRADS 4 and AACE/ACE/
AME class 2 (intermediate risk). They cannot be classi-
fied in the ATA system, which is reportedly characterized 
by a relevant number of not-classifiable lesions (31–33). 
In the K-TIRADS system, they would be categorized as 
K-TIRADS 3, as in the ACR TI-RADS. However, the 
K-TIRADS itself is probably hampered by the low FNA 
cut-off chosen for nodules at intermediate risk (10 mm). 
As these intermediate risk nodules are very frequent, 
this could explain the advantage of the ACR TI-RADS 
over the other systems (3–7).

Some possible drawbacks of adopting US RSSs 
should be considered. First, as stated, their broad applic-
ability can be limited by a variable number of nodules in 
which these systems cannot be used, since some nodules 
cannot be classified. Second, the assessment of each 
nodule can be particularly time consuming, especially 
in those patients with multinodular goiters. Indeed, the 
pattern-based systems (eg, ATA and K-TIRADS) are 
less time-consuming than score-based systems (eg, ACR 
TI-RADS). Third, all US RSSs emphasize the hypoechoic 
nature of malignancies, but this is primarily specific 
for the papillary thyroid cancer. Possibly, the systems 
may miss the small FTCs, since they often present as 
isoechoic, not-calcified, round lesions (25). It is worth 
noting that the risk of distant metastasis in patients with 
FTC increases for tumor larger than 20 mm (34). Also, 
the FTCs size reported in the literature was generally 

higher than any dimensional cut-off proposed in the 
US RSSs, so it is possible that no different results could 
be met if FNA indication is based either on US RSS or 
solely on clinical judgment (35,36).

This review has several limitations. The first limita-
tion relates to the design of included studies: a retro-
spective review and reclassification of nodules that 
have been submitted to FNA was performed in most 
of them, with possible selection bias. In some studies, 
US images were retrospectively reviewed, and this was 
a second limitation (10–12,16,18). Although the inter-
exam agreement between real-time and retrospective 
US image interpretation for thyroid nodules was found 
to be equal or more than substantial, it is possible that 
an examination not carefully performed during clinical 
practice would lead to an unreliable reassessment (37). 
Third, diagnosis of both benign and malignant lesions 
was often based on cytology or CNB, with a possible 
reference standard bias. Lastly, there were not enough 
studies to perform an analysis on all the included US 
classification systems.

The advantages of adopting US RSSs in improving the 
selection of thyroid nodules is recognized, and several 
options are available in the literature. However, poor 
data have been available on the performance of these 
US RSSs in selecting thyroid nodules for FNA. To date, 
sparse data allowed us to compare some of them, and 
the main finding of this study was that ACR TI-RADS 
had the highest performance compared to ATA or 
K-TIRADS. Further prospective studies assessing all of 

Table 5.  Head-to-head comparison of LR+ of ultrasound risk stratification systems for selecting thyroid 
nodules for FNA

US RSS A US RSS B
Number of nodules  
(number of studies)

LR+ of US 
RSS A

LR+ of US 
RSS B RLR+ P

ACR TI-RADS ATA 8491 (6) 2.0 (1.7–2.4) 1.2 (1.1–1.5) 1.6 (1.4–1.9) <0.001
ATA K-TIRADS 6692 (4) 1.3 (1.1–1.6) 1.2 (1.0–1.4) 1.1 (1.0–1.2) 0.048
ACR-TIRADS K-TIRADS 9291 (5) 1.9 (1.6–2.4) 1.2 (1.0–1.4) 1.7 (1.5–1.8) <0.001

US RSS A and US RSS B represent the two systems considered for the specific comparison. RLR+ value ranges from zero to infinity; if the 95% confi-
dence interval of does not include the value 1, there is a statistically significant difference between the two systems.
Abbreviations: LR+, likelihood ratio for positive results; RLR+, relative likelihood ratio for positive results; US RSS, ultrasound risk stratification system. 

Table 6.  Head-to-head comparison of LR- of ultrasound risk stratification systems for selecting thyroid 
nodules for FNA

US RSS A US RSS B
Number of nodules  
(number of studies)

LR– of US 
RSS A

LR- of US 
RSS B RLR- P

ACR TI-RADS ATA 8491 (6) 0.4 (0.3–0.5) 0.4 (0.2–0.8) 0.8 (0.6–1.2) 0.338
ATA K-TIRADS 6692 (4) 0.5 (0.2–0.9) 0.5 (0.2–0.9) 1.2 (1.0–1.4) 0.114
ACR-TIRADS K-TIRADS 9291 (5) 0.4 (0.3–0.7) 0.4 (0.2–0.9) 0.9 (0.6–1.4) 0.673

US RSS A and US RSS B represent the 2 systems considered for the specific comparison. RLR– value ranges from zero to infinity; if the 95% confidence 
interval of does not include the value 1, there is a statistically significant difference between the two systems.
Abbreviations: LR–, likelihood ratio for negative results; RLR–, relative likelihood ratio for negative results; US RSS, ultrasound risk stratification system. 
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the most common US RSSs and adopting histology as 
standard of reference are needed.
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