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The American College of Radiology (ACR) Thyroid Imaging Reporting and Data Sys-
tem (TI-RADS) is an ultrasound-based risk stratification system (RSS) for thyroid nodules
that was released in 2017. Since publication, research has shown that ACR TI-RADS has
a higher specificity than other RSSs and reduces the number of unnecessary biopsies
of benign nodules compared with other systems by 19.9-46.5%. The risk of missing sig-
nificant cancers using ACR TI-RADS is mitigated by the follow-up recommendations for
nodules that do not meet criteria for biopsy. In practice, after a nodule’s ultrasound fea-
tures have been enumerated, the ACR TI-RADS points-based approach leads to clear
management recommendations. Practices seeking to implement ACR TI-RADS must
engage their radiologists in understanding how the system addresses the problems of
thyroid cancer overdiagnosis and unnecessary surgeries by reducing unnecessary bi-
opsies. This review compares ACR TI-RADS to other RSSs and explores key clinical ques-
tions faced by practices considering its implementation. We also address the challenge
of reducing interobserver variability in assigning ultrasound features. Finally, we high-
light emerging imaging techniques and recognize the ongoing international effort to
develop a system that harmonizes multiple RSSs, including ACR TI-RADS.

The American College of Radiology (ACR) Thyroid Imaging Reporting and Data System
(TI-RADS) is an ultrasound-based risk stratification system (RSS) for thyroid nodules that
was published by the ACR TI-RADS Committee in 2017 [1]. Unlike other RSSs, ACR TI-RADS
uses a points-based system instead of a pattern-based or intermediate approach. This
system ensures that all thyroid nodules can be classified, an outcome that is not possi-
ble with other RSSs, such as the American Thyroid Association (ATA) guidelines, which do
not categorize some nodules. ACR TI-RADS also uses higher size thresholds for fine-nee-
dle aspiration (FNA), which reduces biopsy recommendation rates by 19.9-46.5% [2]. This
critical advantage addresses the significant morbidity and cost associated with workup of
thyroid nodules that are either benign or unlikely to cause harm during the patient’s life-
time even if malignant, termed “overdiagnosis” [3-8]. Moreover, specific follow-up recom-
mendations for nodules smaller that the biopsy size thresholds in ACR TI-RADS lessen the
probability that cancers will be missed in the long term [9].

Since ACR TI-RADS was published, articles have provided guidance on its application
[10, 11]. This review expands on such articles by summarizing recent evidence on how ACR
TI-RADS compares to other RSSs and by exploring key clinical questions faced by practices
considering its implementation. We also address the challenge of reducing interobserver
variability and highlight future directions for ultrasound-based RSSs for thyroid nodules.

ACR TI-RADS Basics and Synopsis

ACR TI-RADS seeks to increase the consistency with which thyroid nodules are evalu-
ated and classified with ultrasound. To do so, the system provides specific recommenda-
tions for management of every nodule, which may otherwise be absent from ultrasound
reports. In ACR TI-RADS, nodules are evaluated in five sonographic feature categories:
composition, echogenicity, shape, margin, and echogenic foci. The radiologist assigns
one ultrasound finding from each of the first four categories and all features from the fifth
category [12]. Features are associated with 0, 1, 2, or 3 points that are related to their ma-
lignancy risk.
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The points are summed to place the nodule in one of five as-
cending risk levels: TR1 to TR5. The higher risk levels have lower
size thresholds for FNA and follow-up with ultrasound (Fig. 1). Fol-
low-up intervals for nonbiopsied nodules are smaller for nodules
at higher TR levels. Followed nodules that grow to exceed the bi-
opsy cutoff for their TR level are recommended for FNA. Also, nod-
ules whose TR level increases over time are followed more closely.

Thyroid nodules are exceedingly common, being found in as
many as 68% of high-resolution ultrasound scans [13]. To avoid
the need to formally classify every nodule, ACR TI-RADS advises
reporting no more than four nodules with the highest scores that
warrant follow-up. Additionally, no more than two nodules with
the highest scores that meet criteria for FNA should be recom-
mended for biopsy. Again, the goal is to foster greater consisten-
cy in thyroid nodule reporting and management.

Do We Need a Risk Stratification System?

Ultrasound has long been recognized as the most effective
method to detect and characterize thyroid nodules [13]. Over
the past 2 decades, professional organizations and other groups

HIGHLIGHTS

B Unlike other risk stratification systems (RSSs), ACR
TI-RADS provides unambiguous management recom-
mendations (biopsy, follow-up, no action) for all thyroid
nodules, to include in all reports.

B ACR TI-RADS reduces the number of unnecessary bi-
opsies of benign nodules by 19.9% to 46.5% compared
with other RSSs.

W Variability in management recommendations can per-
sist after adoption of ACR TI-RADS, primarily due to in-
terobserver variability in assigning sonographic signs
such as punctate echogenic foci.

have developed a multitude of independent RSSs that often re-
sulted in different management recommendations for a given
nodule, leading to confusion for practitioners and patients alike

[B ACR TI-RADS™
Cystic, almost
Mixed cystic Solid or almost
Composition’ completely cystic,
& or spongiform and solid completely solid
|Hyperechoic | | Hypoechoic | |  very \Hyperechoic| | Hypoechoic | | Very
Echogenicity | or Isoechoic Hypoechoic or Isoechoic Hypoechoic
of Solid 2pt 4pt 3pt 4pt 5 pt
Components? !
Macrocalcifications Add 1 pt
Peripheral (rim) calcifications ..... PR el 1 k)
Oth Punctate echogenic foci Add 3 pt
eF Lobulated or irregular margin
Features without extra-thyroidal extension..............ce........Add 2 pt
Taller-than-wide Add 3 pt
Definite extra-thyroidal extension® ...........c.cceeree.. Add 3 pt
Add All Points to Determine TI-RADS Level and Management
0 pt: TR1 3 pt: TR3
TI-RADS FNAIf=2.5cm
Lavel RaFNA oF foliowetn Follow if = 1.5 cm
No FNA or follow-up
if<1.5cm
! Classify nodule as solid if composition cannot be determined
# Classify nodule as isoechoic if echogenicity cannot be determined
7 Nodules with definite extra-thyroidal extension should be considered malignant until proven otherwise

Fig. 1—American College of Radiology (ACR) TI-RADS Assessment Categories flowchart. FNA = fine-needle aspiration. This material is reprinted without modification
with permission from American College of Radiology (© American College of Radiology; www.acr.org/-/media/ACR/Files/RADS/TIRADS/TIRADS-Alternative-chart.pdf)
and pursuant to Creative Commons BY-NC-ND license and terms contained therein (creativecommons.org/licenses/by-nc-nd/4.0/), including disclaimer in Section 5.
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[14]. Little to no consensus has been reached regarding which of
the available RSSs to adopt. Some radiologists do not use any RSS
atall, possibly because of perceived lack of importance of thyroid
nodules [15].

Griffin et al. [16] performed a study on a two-phase introduc-
tion of ACR TI-RADS for thyroid ultrasound in a private practice.
At baseline, the practice used free-text reports without specif-
ic management guidance. In the first phase, structured report-
ing using the ACR TI-RADS feature categories was implemented,
still without management recommendations. The second phase
used the same structured report but added guidance on man-
agement that was based on ACR TI-RADS. Adoption of an ACR
TI-RADS structured reporting template improved the quality of
thyroid ultrasound reports in two ways. First, it served as a check-
list that helped radiologists to detect findings suspicious for ma-
lignancy. For example, using a free-text report, shape and mar-
gin were not reported for 100% and 92% of nodules, respectively
[16]. No taller-than-wide nodules were reported at baseline, and
an irregular margin was noted in only 1% of patients. When a
structured template was introduced in the two-phase introduc-
tion of ACR TI-RADS, reporting of taller-than-wide shape rose to
4-8% and irregular margin increased to 6-12%, suggesting ra-
diologists were paying closer attention to these features.

ACR TI-RADS also enhanced quality by increasing the number
of reports with definitive management recommendations. Lack
of management guidance is often cited by referring physicians as
a shortfall [8, 17] and probably contributed to needless workup
of many nodules in the study by Griffin et al. [16]. The proportion
of nodules without such recommendations was 34% at baseline
with free-text reports and 31% when risk stratification was intro-
duced without management recommendations [16]. This figure
decreased substantially to 6% in the last phase, when the practice
fully implemented ACR TI-RADS.

Using an RSS also reduces unneeded thyroid biopsies com-
pared with having no uniform guidelines. In a study by Hoang
et al. [18], eight radiologists reviewed 100 nodules and provid-
ed biopsy recommendations. The mean number of biopsies was
80 of 100 (range, 38-95) based on radiologists’ own practice pat-
terns (some without an RSS). After retrospectively applying ACR
TI-RADS on the basis of the radiologist’s assignment of imaging
features, the mean number of biopsies recommended was 57 of
100 (range, 37-73). In a prospective analysis of 502 nodules, Grani
et al. [2] found that ACR TI-RADS avoided unnecessary biopsies in
more nodules than other systems.

How Does ACR TI-RADS Compare With Other Risk
Stratification Systems?

As mentioned, ACR TI-RADS places nodules in one of five risk
levels by assigning specific point values to ultrasound features,
with more suspicious findings garnering more points. At each
level, ACR TI-RADS provides precise size cutoffs that determine
management recommendations, whether FNA, ultrasound fol-
low-up, or no further action.

The ATA guidelines [14], European Thyroid Association Thy-
roid Imaging Reporting and Data System (EU-TIRADS) [19], and
the Korean Society of Thyroid Radiology Thyroid Imaging Report-
ing and Data System (K-TIRADS) [20] use different approaches. In
these RSSs, the physician assigns a nodule to one of several pre-
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defined patterns or determines how many suspicious features
are present without assigning numeric values to them (Table 1).

The ACR TI-RADS Committee members believed that a points-
based system would be less ambiguous than matching nodules
to predefined ultrasound patterns, as is done with the ATA guide-
lines [14]. In addition, they believed that associating every feature
with a numeric score would result in fewer biopsies than assign-
ing nodules with only one suspicious finding to the highest risk
level, as is done in K-TIRADS and EU-TIRADS [19, 20] (Table 1). The
ACR TI-RADS approach also does not leave any nodules unclassi-
fied, reflecting another design goal. Middleton et al. [21] found
3.9% and 13.9% of nodules could not be classified by K-TIRADS
and the ATA guidelines, respectively (Fig. 2).

The second key difference is that ACR TI-RADS adopts larger
size cutoffs for recommending FNA, with the intention of avoid-
ing unnecessary interventions. For example, the ACR TI-RADS
thresholds for biopsy are 1.5 cm for TR4 and 2.5 cm for TR3,
whereas the ATA guidelines and K-TIRADS use 1 cm and 1.5 cm,
respectively, for similar nodules [14, 20] (Figs. 2 and 3). The EU-
TIRADS uses the same 1.5-cm threshold as ACR TI-RADS for TR4
but has a lower threshold of 2 cm for TR3 nodules [19].

Nodules are managed according to size thresholds not be-
cause size determines the likelihood of malignancy but because
survival data show a poorer prognosis for larger primary tumors.
However, thyroid cancer has excellent survival with a 10-year rel-
ative survival of 99.4% for a thyroid cancer smaller than 3 cm [22].
The highest size threshold in ACR TI-RADS, 2.5 cm for TR3 nod-
ules, was supported by a study by Nguyen et al. [23]. Their study
of 112,128 patients from the National Cancer Institute SEER data-
base found that thyroid cancer tumor size did not increase the
mortality rate above baseline until tumors were larger than 2.5
cm [23]. Furthermore, in a subgroup analysis of differentiated thy-
roid cancers smaller than 4 cm, the risk of local invasion, nodal
metastases, or distant metastases was low, and no size threshold
was associated with a sharp rise in adverse outcomes.

RSSs also differ in their management of benign nodules. The
ATA guidelines and K-TIRADS recommend that FNA be “consid-
ered” for spongiform nodules larger than 2 cm [14, 20], where-
as ACR TI-RADS recommends that spongiform nodules receive
no FNA or follow-up at any size. ACR TI-RADS also considers TR2
mixed cystic-solid nodules without suspicious features as benign
and not requiring FNA or follow-up at any size (Figs. 4 and 5).

Koseoglu Atilla et al. [24] quantified the impact of size thresholds
and classification between the ATA guidelines and ACR TI-RADS.
They applied ACR TI-RADS retrospectively to 2614 patients who
had undergone biopsy on the basis of the ATA criteria. Of those,
1382 (52.9%) would have not undergone biopsy under ACR TI-
RADS. This number included 508 TR2 nodules (19.4%) (mixed cys-
tic-solid without suspicious features), which corresponded to the
ATA low and very low suspicion categories (Figs. 4 and 5). These
nodules would have been biopsied at 1.5 cm if they had an eccen-
tric solid component and 2 cm without an eccentric solid com-
ponent under the ATA guidelines (Table 1). The other group com-
prised 874 patients with TR3 nodules smaller than 25 mm (33.4%),
which fell into the ATA low suspicion category. This group included
mixed cystic-solid nodules with only macrocalcifications and iso-
or hyperechoic solid nodules without macrocalcifications that are
biopsied at 1.5 cm under the ATA system (Fig. 3).
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Does It Matter Which Risk Stratification
System | Use?

Multiple studies have compared ACR TI-RADS to
other RSSs [2, 21, 24, 25]. Given the higher size thresh-
olds of ACR TI-RADS, its lower sensitivity and high-
er specificity are not surprising. However, the studies
generally compared RSSs solely on biopsy recom-
mendations and did not account for ACR TI-RADS fol-
low-up guidance for TR3 to TR5 nodules below the
size cutoff for FNA.

Middleton et al. [21] retrospectively applied ACR TI-
RADS, K-TIRADS, and the ATA guidelines in 3422 thy-
roid nodules (352 malignant, 3070 benign) with patho-
logic proof. The percentage of benign nodules that
would have received a recommendation for biopsy
was lowest for ACR TI-RADS at 47.1%, compared with
K-TIRADS (79.7%) and the ATA guidelines (78.1%). This
represents a 39.7-40.9% reduction in biopsies of be-
nign nodules. The yield of malignancy in nodules re-
ceiving a recommendation for biopsy was 14.2% for
ACR TI-RADS, higher than K-TIRADS (10.2%) and the
ATA guidelines (10.0%). The percentage of malignant
nodules that would have been biopsied was lower
for ACR TI-RADS at 68.2%, compared with 78.7% and
75.9% for K-TIRADS and the ATA guidelines, respec-
tively, but the percentage of malignant nodules that
would have been either biopsied or followed was
89.2% for ACR TI-RADS.

In a prospective study of 477 patients with 502 thy-
roid nodules (36 malignant, 466 benign) referred for
FNA, Granietal.[2] found that various RSSs reduced the
rate of unnecessary biopsies by 17.1-53.4%. The per-
centage of benign nodules that would have received
a recommendation for biopsy was lowest for ACR TI-
RADS at 43.8%, compared with K-TIRADS (82.2%), the
ATA guidelines (54.7%), and EU-TIRADS (68.0%). This
represents a 19.9-46.5% reduction in benign biop-
sies. ACR TI-RADS showed the greatest reduction (268
of 502 nodules) with the lowest false-negative rate of
2.2% (NPV, 97.8%; 95% Cl, 95.2-99.2%).

Xu et al. [26] compared K-TIRADS, EU-TIRADS, and
ACRTI-RADS for 1460 benign and 1005 malignant nod-
ules. The rate of unnecessary FNA biopsies was low-
est with ACR TI-RADS (17.3%), followed by EU-TIRADS
(25.2%) and K-TIRADS (32.1%). This represents a 31.3-
46.1% reduction in benign biopsies in this cohort with
a high malignancy rate.

A meta-analysis by Li et al. [25] included 16 studies to
obtain pooled sensitivity and specificity. In 10 of these
studies, a direct comparison could be made between
ACR TI-RADS and the ATA guidelines. The pooled sen-
sitivity and specificity were not significantly different at
0.83 versus 0.87 (p = .50) and 0.69 versus 0.50 (p = .10),
respectively. ACR TI-RADS could be compared with K-
TIRADS in six studies. The pooled sensitivity was not sig-
nificantly different at 0.85 for ACR TI-RADS versus 0.91 for
K-TIRADS (p = .13), but the specificity difference (0.57 for
ACRTI-RADS vs 0.24 for K-TIRADS, p < .001) was dramatic.
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To date, studies comparing RSSs have typically been based
on suspicious nodules that had been recommended for FNA,
surgery, or both [2, 21, 24, 25]. However, thyroid RSSs are in-
tended to be applied to all thyroid nodules seen on diagnos-
tic ultrasound. An ACR registry studied this larger popula-
tion to compare the biopsy recommendation rate (Hoang JK,
et al., presented at the Radiological Society of North America
[RSNA] 2020 annual meeting). The registry comprised thyroid
nodules reported on diagnostic ultrasound from seven clinical
sites. Evaluation of 32,746 nodules in 13,814 patients showed
that ACR TI-RADS recommended biopsy in 8342 (26%) of nod-
ules mentioned in the body of ultrasound reports (Hoang JK,
et al., RSNA 2020 annual meeting). Applying the ATA guidelines,
EU-TIRADS, and K-TIRADS to the same nodules resulted in biop-
sy recommendation rates of 51%, 34%, and 50%, respectively
(Hoang JK, et al., RSNA 2020 annual meeting).

Will I Miss More Malignancies With ACR TI-RADS?

Although some physicians have expressed concern about the
possibility of missing cancers, this risk is mitigated by the explic-
it recommendations of ACR TI-RADS for following nodules that
do not merit FNA. Follow-up is a safe option for small suspicious
nodules and even diagnosed small papillary thyroid cancers giv-
en the indolent behavior of thyroid cancer and the harms of thy-
roid cancer overdiagnosis [4-8].

Application of ACR TI-RADS results in a higher proportion of
malignancies that do not receive a recommendation for FNA (17—
32%) compared with the ATA guidelines (5-25%), K-TIRADS (0-
21%), and EU-TIRADS (14%) [2, 27-29]. However, the likelihood of a
negative outcome is low. Middleton et al. [9] compared RSSs and
found that the ATA guidelines and K-TIRADS would recommend
biopsy in 75.9% and 78.7% of 352 malignant nodules, respective-
ly. ACR TI-RADS would recommend biopsy in 68.2% of nodules,
but an additional 21% would be monitored [9]. The majority of
malignant nodules that would not receive a recommendation for
FNA based on the ACRTI-RADS would either receive follow-up ul-
trasounds for 5 years, be < 1T cm in maximum diameter, or both.

The previously mentioned study by Koseoglu Atilla et al. [24]
found that ACR TI-RADS could prevent 1382 patients (52.9%) from
receiving thyroid biopsies when retrospectively applied to a co-
hort of 2614 patients who were recommended to undergo biop-
sy under ATA guidelines. The specificity of ACR TI-RADS in this co-
hort of nodules was 98.8%. Thyroid malignancy was detected in
17 of 1382 patients (1.2%) who would not meet criteria for biopsy,
some of whom would have met criteria for follow-up with ultra-
sound in 12 months.

The pursuit of workup for thyroid nodules has led to overdiag-
nosis of cancer. Davies and Welch [30] studied the epidemiology
of thyroid cancer and reported that the incidence of thyroid can-
cer has nearly tripled in the last 40 years with no change in mor-
tality. The analysis by Ahn et al. [6] of 8 years of data from a South
Korean screening program reported a 15-fold rise in thyroid can-
cer incidence but no change in cancer-specific mortality. They
also found an increase in surgery-related morbidity during this
same period. Vaccarella et al. [4] described a worldwide epidem-
ic of thyroid cancer and estimated that 66% of thyroid cancer di-
agnoses in the United States represented overdiagnosis, defined
as identification of malignancies that would not have harmed the
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Fig. 2—Transverse ultrasound image in 52-year-old woman shows isoechoic
mixed cystic-solid nodule with lobulated margins (calipers, 7). Under American
College of Radiology (ACR) TI-RADS Assessment Categories flowchart (Fig. 1),
this nodule would receive category of TR4 (4 points) because of 1 point for
composition, 1 point for isoechogenicity, and 2 points for lobulated margins.
Under ACRTI-RADS, TR4 nodules are recommended for fine-needle aspiration
at 1.5 cm and follow-up at 1.0 cm. This nodule could not be classified under
American Thyroid Association guidelines because it does not match either
partially cystic nodule with suspicious features in that system. European
Thyroid Association TIRADS would consider this nodule to be TR5 because
irregular shape is one of its four suspicious features. System recommends
biopsy at 1.0 cm for TR5 lesions. Korean Society of Thyroid Radiology TIRADS
(K-TIRADS) places partially cystic nodules with irregular margins in TR4,
matching ACR TI-RADS, but recommends biopsy at 1.0 cm, which is same as
K-TIRADS TR5.

Fig. 3—Transverse ultrasound image in 65-year-old woman shows solid
isoechoic nodule (calipers, 1) without suspicious features. Under American
College of Radiology (ACR) TI-RADS Assessment Categories flowchart (Fig.

1), this nodule is TR3 (3 points) because 2 points would be assigned to solid
composition and 1 point would be assigned to isoechogenicity. Under ACR
TI-RADS, TR3 nodules are recommended for fine-needle aspiration at 2.5 cm
and follow-up at 1.5 cm. American Thyroid Association guidelines, European
Thyroid Association TIRADS, and Korean Society of Thyroid Radiology TIRADS
would consider this low suspicion and biopsy at 1.5 cm, 2.0 cm, and 1.5 cm,
respectively.

patient had they not been discovered. Active surveillance pro-
grams in the United States and abroad show no change in surviv-
al with delayed surgery even if there is growth in the malignancy
or new nodal metastases [31-34]. These findings support the re-
duced biopsy rates recommended by ACR TI-RADS.
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What Are Challenges to Adoption of ACR TI-RADS?

A primary goal of the ACR’s imaging, reporting, and data sys-
tems is to standardize reporting and provide consistent man-
agement recommendations across practices. However, although
ACR TI-RADS has improved consistency in management recom-
mendations, interobserver variability for biopsy recommenda-
tion remains a concern [35].

High interobserver variability between radiologists was seenin a
study in which 100 nodules were interpreted by eight radiologists,
of whom six were not subspecialty trained in ultrasound [35]. In-
terobserver variability was fair to moderate for all features except
shape (k = 0.61) and macrocalcifications (k = 0.73), which exhibited
substantial agreement. The features with the poorest agreement
were margin and other types of echogenic foci, which had kappa
values ranging from 0.25 to 0.39, indicating fair agreement. Apply-
ing ACRTI-RADS resulted in moderate agreement for management
(k = 0.51), which was superior to not applying any guidelines at all.

The ACR thyroid ultrasound registry provided insights into the
high variability between practices. In 32,746 nodules in 13,309
patients, biopsy rates across seven practices (four academic,
three private) varied by 4-35% (Hoang JK, et al., RSNA 2020 an-
nual meeting). Although ACR TI-RADS was applied to nodules at
all sites, the variability in recommendations was caused by signif-
icant differences in reported suspicious imaging findings, espe-
cially hypoechogenicity and punctate echogenic foci (PEF). As-
signment of hypoechogenicity and PEF ranged from 19% to 69%
and from 3% to 20%, respectively. As a result, the prevalence of
TR4 and TR5 nodules varied from 25% to 58% and from 4% to
14%, respectively. Although these sites evaluated different nod-
ules, the observed variation was likely due to differences in fea-
ture assignment.

Multiple other studies have evaluated interobserver agree-
ment using sonographic criteria, with agreement ranging from
poor to excellent [36-40]. Several factors contribute to interob-
server variability between radiologists, between practices, and
between research studies.

The first is readers’ experience. Kim et al. [40] studied interob-
server variability among five faculty radiologists and four resi-
dents who retrospectively analyzed 133 thyroid nodules for fea-
tures. Agreement between the faculty was fair to good for all
features but was only poor to fair for residents. This result sug-
gested that residents misinterpreted findings. Chung et al. [41]
came to the opposite conclusion. They studied the impact of ex-
perience on interpretation of 150 nodules by three experienced
and three less experienced readers. The concordance for numer-
ous characteristics was significantly higher for the less experi-
enced readers for features such as margin and PEF. The authors
suggested that this result was because the less experienced read-
ers applied the ACR TI-RADS criteria more rigidly, whereas the ra-
diologists who had been in practice longer partially used their
accumulated experience to form impressions.

Another factor is the ability to confidently differentiate arti-
facts from pathology, a skill that comes with training and experi-
ence. Large comet tail artifacts or small areas of high echogenicity
arising from the back wall of minute cysts may be misinterpreted
as PEF (Figs. 4 and 5). Because PEF are assigned 3 points in ACR
TI-RADS, their presence in otherwise low-suspicion nodules rais-
es their classification to TR4. Also, subtle anechoic cystic compo-
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Fig. 4—Transverse ultrasound image in 46-year-old woman shows isoechoic,
mixed cystic-solid nodule with category of TR2 (2 points). Comet tail artifacts
(arrows) could be misinterpreted as punctate echogenic foci. This would result
in categorization of nodule as TR4 (5 points) and biopsy with 1.5-cm threshold
instead of no biopsy at any size.

Fig. 5—Transverse ultrasound image in 78-year-old man showing isoechoic,
mixed cystic-solid lesion with category of TR2 (2 points). Posterior acoustic
enhancement could be missed and cystic regions (thick arrows) misinterpreted
as hypoechoic components of heterogeneous solid nodule (TR4, 4 points). In
addition, back wall of cysts (thin arrows) could be misinterpreted as punctate
echogenic foci, which would result in categorization of nodule as TR5 (5 points)
and biopsy with 1.0-cm threshold instead of no biopsy at any size.

nents of mixed nodules may be misclassified as solid (Fig. 5). As-
signment of hypoechoic or very hypoechoic echogenicity adds
a further 2-3 points, moving a TR2 nodule that does not warrant
FNA or follow-up to TR3 or even TR4.

Finally, scanning techniques, which differ by practice, can am-
plify interobserver variability. The appearance and conspicuity of
features such as echogenicity vary considerably depending on
scanning parameters, particularly gain, transmit frequency, com-
pression, and pre- and postprocessing. Obtaining images at vari-
ous gain settings helps to differentiate anechoic cystic areas from
markedly hypoechoic nodules, and flow in hypoechoic areas dif-
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ferentiates solid tissue from debris or hemorrhage in fluid-contain-
ing regions. In larger nodules, inclusion of adjacent normal thyroid
parenchyma and anterior musculature is essential to gauge relative
echogenicity. These attributes must be clearly captured on record-
ed images to be apparent to interpreting radiologists, especially
if they rely solely on images and clips captured by sonographers.

Online educational resources are available that instruct phy-
sicians about critical nuances of ACR TI-RADS and help address
the problem of interobserver variability [42]. Practices may also
conduct their own educational sessions and measure the rates
in which radiologists describe suspicious features. Studies show
that consensus discussion and training sessions improve interob-
server variability [36, 40, 43].

Because all RSSs are based on the same sonographic signs, in-
terobserver variability also affects the ATA guidelines, K-TIRADS,
and EU-TIRADS. Seifert et al. [43] evaluated ACR TI-RADS and
these three other commonly used RSSs and their respective ul-
trasound features for the assessment of thyroid nodules with
respect to the rating agreement between four experienced ob-
servers. They found no difference in interobserver variability or
diagnostic accuracy between the four systems. A study by Gra-
ni et al. [36] evaluated the interobserver variability of two expe-
rienced readers for five RSSs (American Association of Clinical
Endocrinologists/American College of Endocrinology/Associazi-
one Medici Endocrinologi, ACR TI-RADS, ATA, EU-TIRADS, and
K-TIRADS). Concordance for sonographic signs was moderate
to near perfect, and agreement for the indication to biopsy was
substantial to near-perfect (0.73, 0.61,0.75, 0.68, and 0.82, respec-
tively) and not significantly different between systems. This out-
come highlights the importance of accurate feature assignment
regardless of which RSS is applied.

Transition to ACR TI-RADS after use of another RSS also poses a
challenge. Tappouni et al. [10] describe issues in education, work-
flow, and adherence to interpretation and reporting standards
when implementing such a practice-wide change. Resistance may
come from radiologists who do not perceive the need for change
and from providers who may prefer to follow the guidelines of
their own professional societies. Research comparing ACR TI-RADS
to other RSSs highlighted in this review may help justify the transi-
tion. Providers also may be reassured by a statement in the radiolo-
gy report that gives an option to follow the ATA guidelines.

Future Directions

Modifications to ACR TI-RADS will be appropriate as new
data emerge. Given the indolent behavior of thyroid cancer and
known outcomes of active surveillance, a larger size threshold for
recommending FNA of TR3-TR5 nodules may be warranted. An-
other potential modification would be to incorporate nodule lo-
cation into the evaluation. A recent study reported an increased
risk of malignancy in nodules located in the isthmus [44]. An-
other alteration may be to change point assignments for some
features. For example, one study suggested that assigning few-
er than 3 points to PEF may be appropriate when they occur in
mixed cystic-solid nodules [45].

Other ultrasound techniques, such as elastography and con-
trast-enhanced ultrasound, may also be incorporated into fu-
ture revisions of ACR TI-RADS. Elastography provides a reproduc-
ible assessment of tissue stiffness and shows increased firmness
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in malignant nodules, consistent with observations in other or-
gans [46-50]. Meta-analyses of the sensitivity of elastography in
thyroid nodules reveal sensitivities of 75-89% [51-56]. However,
the sensitivity was more modest in a large prospective study by
Friedrich-Rust et al. [57] of 657 nodules, which showed a sensi-
tivity of 69% for a score of 2-3. Contrast-enhanced ultrasound
evaluates tumor microvascularization and may be helpful given
that angiogenesis is a basis for neoplastic growth [58]. Studies in
thyroid nodules suggest this technique may add diagnostic val-
ue to conventional ultrasound [59-61]. However, both elastogra-
phy and contrast-enhanced ultrasound add additional time and
expense to thyroid nodule evaluation, and widespread adoption
may not be feasible in the short term.

Artificial intelligence and machine learning show considerable
promise in classifying nodules, whether as an adjunct to exist-
ing RSSs or independently [62-64]. Artificial intelligence can also
suggest alterations in point allocation [65]. A recent study that
used a genetic artificial intelligence algorithm to reassign points
was simpler but more accurate than unmodified ACR TI-RADS
[65]. One simplification was to assign points to composition only
if the nodule was solid. In addition, points were only assigned to
hypoechoic features in the echogenicity category and to punc-
tate echogenic foci and peripheral calcifications in the echogen-
ic foci category.

As noted, ACR TI-RADS joined a crowded field of ultra-
sound-based RSSs for thyroid nodules. Despite its adoption by
many radiologists, other systems and guidelines remain in wide
use, particularly by other specialists, leading to confusion. Al-
though they differ in some respects, these RSSs have much in
common, particularly their reliance on similar, if not identical, so-
nographic features. On this premise, the multidisciplinary Inter-
national Thyroid Ultrasound Working Group recently formed to
harmonize the leading systems into a single unified international
guideline [66].

Conclusion

ACR TI-RADS is a points-based RSS that differs from the ATA
guidelines, EU-TIRADS, and K-TIRADS by adopting higher size
thresholds for biopsy and categorizing more nodules in a
low-suspicion no-biopsy category. The fear of missing malignan-
cy is mitigated by following nodules that do not meet the crite-
ria for biopsy with ultrasound. The advantages of adopting ACR
TI-RADS have been demonstrated by research showing a reduc-
tion in the number of unnecessary biopsies of benign nodules by
19.9-46.5% compared with other RSSs [2]. Nevertheless, variabil-
ity in management recommendations due to interobserver vari-
ability in assigning sonographic signs remains a challenge, which
will be met by educational efforts. Future directions include ap-
plication of newer techniques, such as artificial intelligence, and
development of an international RSS that incorporates the best
of existing systems.
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