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agement Guidelines for Children with Thy-
roid Nodules and Differentiated Thyroid 
Cancer, the ACR TI-RADS was not devel-
oped specifically for the pediatric popula-
tion, in whom thyroid nodules, although less 
common, are more frequently malignant 
[7–9]. Nevertheless, several aspects of the 
ACR TI-RADS make it attractive for use in 
children on a practical level. First, the sys-
tem is not overly complex and is straightfor-
ward to apply with a clearly depicted graphic 
chart [6]. Its convenience is compounded by 
the advent of easily accessible online ACR 
TI-RADS calculators [10]. The point-based 
ACR TI-RADS assigns malignancy risk by 
allocating points corresponding to the num-
ber of suspicious ultrasound features; there-
fore, as opposed to some pattern-based sys-
tems, the appearance of all nodules can be 
accounted for in this system [6, 11, 12]. Final-
ly, the system uses a structured lexicon that 
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T
he intent of thyroid ultrasound 
stratification guidelines is to 
identify nodules that are at high 
risk for malignancy on the basis 

of ultrasound appearance and that warrant 
fine-needle aspiration biopsy (FNAB). A 
wide array of guidelines have been proposed 
but are not universally accepted [1, 2]. To add 
to the confusion, many of these systems con-
tain the term “Thyroid Imaging, Reporting 
and Data System” or “TIRADS”, but they are 
actually distinct from each other [3–5]. One 
of these classification schemes is the Thyroid 
Imaging Reporting and Data System (TI-
RADS) developed by the American College 
of Radiology (ACR) in 2017; this TI-RADS 
has the advantage of being an evidence-
based multiinstitutional white paper repre-
senting consensus of expert opinion [6].

In contrast to guidelines such as the 2015 
American Thyroid Association (ATA) Man-

Keywords: pediatric, thyroid cancer, thyroid nodule, 
thyroid ultrasound

doi.org/10.2214/AJR.18.20099

Received May 3, 2018; accepted after revision 
June 22, 2018.

Based on a presentation at the Society for Pediatric 
Radiology 2018 annual meeting, Nashville, TN.

OBJECTIVE. The purpose of this study is to assess the diagnostic performance of the 
American College of Radiology (ACR) Thyroid Imaging Reporting and Data System (TI-
RADS) for malignancy risk in pediatric thyroid nodules. 

MATERIALS AND METHODS. Two radiologists reviewed ultrasound images of 74 
tissue-proven thyroid nodules in 62 children. Points were given for individual features and 
then added to determine the ACR TI-RADS category, ranging from 1 (benign) to 5 (high sus-
picion). Kappa coefficients were generated to assess intra- and interobserver agreement. Gen-
eralized linear mixed-effects models were used to estimate the odds of malignancy with con-
struction of a supplementary ROC curve. 

RESULTS. Fifty-four nodules were benign and 20 were malignant, with a median ACR 
TI-RADS category of 4 (interquartile range, 4–5). Nineteen of 20 (95.0%) malignant nod-
ules were rated as TI-RADS category 4 or 5. There was substantial intraobserver agreement 
(κ = 0.69–0.77; p < 0.001) and moderate interobserver agreement (κ = 0.37; p = 0.002) for TI-
RADS category. Univariable analysis showed that, with every 1-unit increase of TI-RADS 
category, the likelihood of malignancy increased 2.63 times (95% CI, 1.08–6.41; p = 0.03). 
After adjusting for nodule size, TI-RADS category remained marginally associated with ma-
lignancy (adjusted odds ratio, 2.27; 95% CI, 0.93–5.54; p = 0.07). The AUC was 0.75 (95% 
CI, 0.64–0.86). An optimal cut point of TI-RADS category 5 was selected, with TI-RADS 
category 5 nodules 10.44 times (95% CI, 2.71–40.21; p < 0.0001) more likely than categories 
1–4 nodules to be malignant. 

CONCLUSION. ACR TI-RADS discriminates well between malignant and benign 
nodules in a pediatric population, particularly at TI-RADS category 5. 
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aids in standardization of usage across prac-
titioners of varied experience [13].

Since its introduction, the ACR TI-RADS 
has been validated in adults but has not yet 
been evaluated in children [14–17]. The pur-
pose of this study is to apply the 2017 ACR TI-
RADS to pediatric thyroid nodules and to pro-
vide an assessment of diagnostic performance.

Materials and Methods
This retrospective study was approved by the 

institutional review board of our medical center, 
and informed consent was waived. The study was 
HIPAA compliant.

Study Population
The patient database was extracted from our 

institution’s electronic medical record system. 
Inclusion criteria were the presence of cyto- or 
histopathologically proven thyroid nodules in 
consecutive patients 18 years and younger who un-
derwent ultrasound between 1996 and 2017 with-
in 30 days of tissue sampling. The exclusion cri-
terion was uncertainty in correlating the identity 
of the nodule seen at ultrasound with pathologic 
findings. Of the final study population of 62 pa-
tients with 74 nodules, 28 patients with 35 nodules 
underwent thyroidectomy. All but one of these pa-
tients also underwent ultrasound-guided FNAB 
before surgery. The remaining 34 patients with 
39 nodules underwent FNAB and were followed 
up conservatively without further tissue sampling.

The patient population in the current study over-
laps with those of two previous studies published by 
our group. One of these studies described 39 nod-
ules in 33 patients who are also included in the cur-
rent article, but that study evaluated these nodules 
in the context of the 2015 ATA Management Guide-
lines for Children [18]. The other study described 
15 patients who are also included in the current re-
port but it was limited to histopathologic correla-
tion of sonographically detectable echogenic foci 
[19]. The current study differs in its specific focus 
on appraisal of the ACR TI-RADS guidelines.

Ultrasound Technique
Gray-scale sonography with color Doppler was 

performed using a variety of systems (Acuson Se-
quoia 512, XP128, and Aspen, all from Siemens 
Healthcare; and Logic E9, GE Healthcare) 
equipped with high-frequency (8-15–MHz) linear 
array transducers. Cine and still ultrasound imag-
es of the thyroid were electronically recorded and 
transferred to a PACS in DICOM format.

Ultrasound Image Analysis
Two board-certified pediatric radiologists 

blinded to tissue diagnosis independently evalu-

ated ultrasound images on the PACS, with all 74 
nodules reviewed twice, once in each of two sepa-
rate sessions by each reader. Second sessions were 
performed at least 2 weeks after the first to mini-
mize recall bias. A third session was performed 
with both radiologists to reach consensus for nod-
ules for which there was disagreement.

The ACR TI-RADS lexicon was used to eval-
uate thyroid nodule characteristics. The individual 
parameters and possible descriptors, as well as cor-
responding ACR TI-RADS numeric point values, 
are as follows [6, 13]: for composition, cystic or al-
most completely cystic = 0 points, spongiform = 0 
points, mixed cystic and solid = 1 point, and solid or 
almost completely solid = 2 points; for echogenici-
ty, anechoic  = 0 points, hyperechoic or isoecho-
ic = 1 point, hypoechoic = 2 points, and very hy-
poechoic = 3 points; for shape, wider-than-tall = 0 
points and taller-than-wide = 3 points; for margins, 
smooth = 0 points, ill-defined = 0 points, lobulat-
ed or irregular  = 2 points, and extrathyroidal ex-
tension = 3 points; and for echogenic foci, none or 
large comet-tail artifacts = 0 points, macrocalcifi-
cations = 1 point, peripheral (rim) calcifications = 
2 points, and punctate echogenic foci = 3 points.

Only one parameter each could be chosen for 
composition, echogenicity, shape, and margins 
features. On the other hand, for the echogenic foci 
feature, more than one parameter could be present 
and, therefore, all applicable parameters should be 
chosen [6]. An ACR TI-RADS category was then 
assigned to each nodule by adding the points from 
all of the ultrasound feature categories. The pos-
sible total point value for each nodule ranges from 
0 to 17, with the exception of the value of 1, which 
is not a possible sum according to the criteria [6]. 
The five possible ACR TI-RADS categories and 
their corresponding point value ranges and de-
gree of suspicion for malignancy are as follows: 

TI-RADS category 1 (benign), 0 points; TI-RADS 
category 2 (not suspicious), 2 points; TI-RADS 
category 3 (mildly suspicious), 3 points; TI-RADS 
category 4 (moderately suspicious), 4–6 points; 
and TI-RADS category 5 (highly suspicious), 7 or 
more points [6]. Examples of each ACR TI-RADS 
category are shown in Figures 1–5. Nodule size 
was also recorded.

Fine-Needle Aspiration Biopsy Technique
Ultrasound-guided FNAB was performed by 

one of two board-certified pediatric radiologists, 
each with more than 10 years of experience. Care 
was taken to obtain samples from the solid part of 
the nodules. A pathologist was on site to verify the 
diagnostic adequacy of the sample. Technical lim-
itations precluding ultrasound-guided FNAB in-
cluded nodules that were 5 mm or smaller or were 
adjacent to major blood vessels.

Tissue Diagnosis
The decision to perform thyroidectomy was de-

termined by the endocrine surgeon. Malignancy 
or benignity of nodules was determined with sur-
gical pathologic results for patients who under-
went thyroidectomy and with cytopathologic re-
sults for those who did not.

Samples taken from ultrasound-guided FNAB 
were classified on the basis of the Bethesda Sys-
tem for Reporting Thyroid Cytopathology, which 
categorizes nodules as follows: class I, nondiag-
nostic; class II, benign; class III, atypia or follicu-
lar lesion of undetermined significance; class IV, 
follicular neoplasm or suspicion for a follicular 
neoplasm; class V, suspicious for malignancy; and 
class VI, malignant [20]. For the purpose of this 
study, Bethesda classes II and III were considered 
benign, and Bethesda classes IV, V, and VI were 
considered malignant.

Fig. 1—18-year-old woman with American College 
of Radiology Thyroid Imaging Reporting and Data 
System category 1 nodule. Ultrasound shows 3.7-cm 
left almost completely cystic nodule (arrows) with 
thin internal septations. Cytologic analysis revealed 
Bethesda class II benign follicular nodule.

Fig. 2—5-year-old girl with American College of 
Radiology Thyroid Imaging Reporting and Data System 
category 2 nodule. Ultrasound shows 1.9-cm left mixed 
cystic and solid nodule (thick arrows) with isoechoic 
solid component (thin arrows). Cytologic analysis 
revealed Bethesda class II benign follicular nodule.
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Statistical Analysis
Descriptive statistics included nodule patho-

logic status, patient sex and age, and tabulation 
of the distribution of thyroid nodule ultrasound 
features by pathologic status. Unweighted and 
weighted kappa coefficients were generated to as-
sess intra- and interobserver reliability for all bi-
nary and ordinal ultrasound features, respectively. 
Observations from each radiologist’s first session 
were compared. Kappa values and corresponding 
level of agreement are defined as follows: 1.00, 
perfect; 0.81–0.99, almost perfect; 0.61–0.80, 
substantial; 0.41–0.60, moderate; 0.21–0.40, fair; 
0–0.20, slight; and less than 0, poor [21].

Generalized linear mixed-effects models were 
used to estimate the odds of malignancy as a func-
tion of univariable and multivariable nodule char-
acteristics. To account for within-nodule corre-

lation, random intercepts were allowed for each 
patient. Any associations with p ≤ 0.05 were con-
sidered statistically significant. These models 
were chosen because they account for both the bi-
nary outcome of the primary dependent nodule 
malignancy variable and also select patients’ mul-
tiple nodule observations, allowing retention of all 
nodules for the analysis.

To supplement this analysis and further char-
acterize the relationship between ACR TI-
RADS category and malignancy, an ROC curve 
was constructed to determine the optimal TI-
RADS category cut point for predicting malig-
nancy by calculating the AUC. Sensitivity, spec-
ificity, positive predictive value, and negative 
predictive value estimates are reported. All sta-
tistical analyses were conducted using SAS (ver-
sion 9.4, SAS Institute).

Results
Demographic analysis of the 62 patients 

revealed 56 female patients (median age, 
16.5 years; interquartile range [IQR], 15–18 
years) and six male patients (median age, 
12.5 years; IQR, 9–17 years). Of the total 
74 nodules, 54 (73.0%) were benign and 20 
(27.0%) were malignant. The median nodule 
size was 1.90 cm (IQR, 1.30–2.80 cm).

Of the 54 benign nodules, tissue diagnosis 
was confirmed by FNAB cytologic analysis 
in 39 (38 Bethesda class II and one Bethes-
da class III) and by surgical histopathologic 
analysis in 15 (two follicular adenomas, two 
benign thyroid nodules of colloid type, two 
lymphocytic thyroiditis, and nine multinodu-
lar goiters). Tissue diagnosis of all 20 malig-
nant nodules was confirmed on the basis of 
surgical histopathologic analysis (14 papillary 
thyroid carcinoma, three follicular variant-
papillary carcinoma, one papillary microcar-
cinoma, one follicular carcinoma, and one fol-
licular neoplasm with Hürthle cell features).

For each radiologist, intraobserver agree-
ment was substantial for TI-RADS catego-
ry (κ = 0.69–0.77; p < 0.001). Intraobserver 
agreement was substantial to almost perfect 
for all individual parameters (κ = 0.66–0.94; 
p < 0.001), except for echogenicity, which was 
moderate to substantial (κ = 0.46–0.70; p < 
0.001). In contrast, interobserver agreement, 
although substantial for composition and 
shape (κ  = 0.68–0.79; p  < 0.001), was only 
moderate for TI-RADS category (κ  = 0.37; 
p = 0.002) (Table 1). However, a cross-tabula-
tion calculation performed for TI-RADS cat-
egory between the two observers showed that 
19 of 41 (46.0%) disagreements were between 
adjacent categories (e.g., ACR TI-RADS cat-
egory 3 vs 4, or category 4 vs 5).

The median ACR TI-RADS category was 
4 (IQR, 4–5). ACR TI-RADS category cate-
gorized by pathologic status is shown in Ta-
ble 2 with distribution as follows: four nod-
ules (5.4%) with TI-RADS category 1 (three 
benign and one malignant); four (5.4%) with 
TI-RADS category 2 (four benign and zero 
malignant), six (8.1%) with TI-RADS cate-
gory 3 (six benign and zero malignant), 24 
(32.4%) with TI-RADS category 4 (22 be-
nign and two malignant), and 36 (48.7%) 
with TI-RADS category 5 (19 benign and 
17 malignant). All malignant nodules (19/20; 
95.0%) were rated as TI-RADS category 4 
or 5 except for one false-negative of a malig-
nant 0.8-cm left thyroid nodule in a 17-year-
old girl that was erroneously classified as TI-
RADS category 1 (benign) (Fig. 5B); this 

Fig. 3—17-year-old boy with American College 
of Radiology Thyroid Imaging Reporting and Data 
System category 3 nodule. Ultrasound shows 1-cm 
left hyperechoic solid nodule (arrows). Pathologic 
analysis revealed benign follicular nodule of colloid 
type with Hürthle cell metaplasia.

Fig. 4—12-year-old girl with American College of 
Radiology Thyroid Imaging Reporting and Data System 
category 4 nodule. Ultrasound shows 2.4-cm left solid 
isoechoic nodule (thick arrows) with smooth margins 
and sparse punctate echogenic foci (thin arrows). 
Pathologic analysis revealed follicular adenoma.

A
Fig. 5—17-year-old girl with two thyroid nodules. 
A, Ultrasound shows 2.5-cm right sold hypoechoic nodule (thick arrows) with innumerable punctate echogenic 
foci (thin arrows) and taller-than-wide shape. Pathologic analysis revealed papillary carcinoma, assigned 
American College of Radiology (ACR) Thyroid Imaging Reporting and Data System (TI-RADS) category 5.
B, Ultrasound shows 0.8-cm left thyroid histologically proven papillary carcinoma nodule (arrows). Nodule was 
anechoic without internal vascularity and therefore was interpreted as cystic and misclassified as ACR TI-
RADS category 1. 
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Use of ACR TI-RADS in a Pediatric Populationpatient also had a concomitant 2.5-cm right 
malignant papillary carcinoma nodule that 
was assigned a TI-RADS category 5 rating 
(Fig. 5A).

On univariable analysis, for every 1-unit 
increase on the ordinal TI-RADS scale, 
the likelihood of malignancy increased 
2.63 times (95% CI, 1.08–6.41; p = 0.03). For 
every 1-cm increase in size, nodules were also 
69% more likely to be malignant (odds ratio, 
1.69; 95% CI, 1.04–2.73; p = 0.03). On mul-
tivariable analysis, after adjusting for nodule 
size, ACR TI-RADS category, although not 
statistically significant, remained marginal-
ly associated with malignancy (adjusted odds 
ratio, 2.27; 95% CI, 0.93–5.54; p = 0.07), but 
size was no longer associated. Using the ROC 
curve generated from ACR TI-RADS cat-
egory, the AUC estimate was 0.75 (95% CI, 
0.64–0.86), which confirmed the accuracy 
of the predictive modeling. An optimal cut 
point of ACR TI-RADS category 5 was se-
lected because it maximized both sensitivity 
(85%) and specificity (65%). The correspond-
ing false-positive rate of 53% at this cut point 
did result in suppression of the positive pre-
dictive value, which was 47%. The negative 
predictive value was 92% (Table 3). Overall, 
nodules with an ACR TI-RADS category of 
5 were 10.44 times (95% CI, 2.71–40.21; p < 
0.001) more likely to be malignant.

The distribution of individual ultrasound 
features is also shown in Table 2. Some fea-
tures were well differentiated by patholog-
ic status. For the echogenicity feature, most 
(90.0%) malignant nodules were hypoecho-
ic or very hypoechoic, whereas most (61.1%) 
benign nodules were hyper- or isoechoic. 
For the margin feature, most (83.3%) benign 
nodules were smooth or ill-defined, whereas 
most (75.0%) malignant nodules were lobu-
lated or irregularly marginated. Other fea-
tures, however, were not well differentiated 
by pathologic analysis. These included punc-
tate echogenic foci, either alone or in combi-
nation with macrocalcifications, which were 
found in the majority of both malignant and 
benign nodules (85.0% and 64.8%, respec-
tively). Finally, taller-than-wide shape, a sus-
picious feature, was found in a small per-
centage of both malignant (5.0%) and benign 
(9.3%) nodules, including in a 14-year-old 
boy with six thyroid nodules, all showing be-
nign multinodular goiter on surgical patho-
logic analysis (Fig. 6).

Discussion
The results of the current study reveal that 

the ACR TI-RADS discriminates well be-
tween malignant and benign thyroid nod-

TABLE 1: Intra- and Interobserver Agreements for Thyroid Nodule 
Ultrasound Features

Nodule 
Characteristic

Intraobserver Agreement, 
Radiologist 1

Intraobserver Agreement, 
Radiologist 2 Interobserver Agreement

κ (95% CI) p κ (95% CI) p κ (95% CI) p

Composition 0.77 (0.63–0.90) < 0.001 0.85 (0.75–0.95) < 0.001 0.68 (0.52–0.83) < 0.001

Echogenicity 0.46 (0.26–0.65) < 0.001 0.70 (0.58–0.82) < 0.001 0.35 (0.21–0.49) < 0.001

Shapea 0.94 (0.89–1.00) < 0.001 0.83 (0.65–1.00) < 0.001 0.79 (0.67–0.91) < 0.001

Margin 0.76 (0.65–0.88) < 0.001 0.66 (0.49–0.83) < 0.001 0.25 (0.09–0.40) 0.02

Echogenic foci 0.91 (0.83–0.98) < 0.001 0.81 (0.69–0.92) < 0.001 0.41 (0.27–0.54) < 0.001

ACR TI-RADS 
category

0.77 (0.66–0.87) < 0.001 0.69 (0.57–0.81) < 0.001 0.37 (0.24–0.51) 0.002

Note—All estimates are reported as weighted kappa coefficients unless otherwise specified. All p values 
were considered statistically significant (p < 0.05). ACR = American College of Radiology, TI-RADS = Thyroid 
Imaging Reporting and Data System.

aUnweighted kappa values are shown for shape.

TABLE 2: Distribution of Thyroid Nodule Ultrasound Features by 
Pathologic Status

Feature
Benign 
(n = 54)

Malignant 
(n = 20)

Total  
(n = 74)

American College of Radiology Thyroid Imaging Reporting and 
Data System category

1 3 (5.6) 1 (5.0) 4 (5.4)

2 4 (7.4) 0 (0.0) 4 (5.4)

3 6 (11.1) 0 (0.0) 6 (8.1)

4 22 (40.7) 2 (10.0) 24 (32.4)

5 19 (35.2) 17 (85.0) 36 (48.7)

Composition

Cystic or almost completely cystic or spongiform 4 (7.4) 1 (20.0) 5 (6.8)

Mixed cystic and solid 22 (40.7) 0 (0.0) 22 (29.7)

Solid or almost completely solid 28 (51.9) 19 (95.0) 47 (63.5)

Echogenicity

Anechoic 3 (5.6) 1 (5.0) 4 (5.4)

Hyperechoic or isoechoic 33 (61.1) 1 (5.0) 34 (46.0)

Hypoechoic 15 (27.8) 15 (75.0) 30 (40.5)

Very hypoechoic 3 (5.6) 3 (15.0) 6 (8.1)

Shape

Wider than tall 49 (90.7) 19 (95.0) 68 (91.9)

Taller than wide 5 (9.3) 1 (5.0) 6 (8.1)

Margin

Smooth or ill-defined 45 (83.3) 4 (20.0) 49 (66.2)

Lobulated or irregular 9 (16.7) 15 (75.0) 24 (32.4)

Extrathyroidal extension 0 (0.0) 1 (5.0) 1 (1.4)

Echogenic foci

None or large comet-tail artifacts 18 (33.3) 3 (15.0) 21 (28.4)

Macrocalcifications 0 (0.0) 50 (0.0) 0 (0.0)

Peripheral (rim) calcifications 1 (1.9) 0 (0.0) 1 (1.4)

Punctate echogenic foci alone 35 (64.8) 12 (60.0) 47 (63.5)

Punctate echogenic foci in combination with macrocalcifications 0 (0.0) 5 (25.0) 5 (6.8)

Note—Not all percentages total 100% because of rounding.
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ules in a pediatric population and is particu-
larly effective in identifying positive cases. 
The TI-RADS category assigned to a nodule 
was proportional to the risk of malignancy 
when we used a univariable regression analy-
sis. This strong association between ACR TI-
RADS category and malignancy was further 
enhanced by a more rigorous multivariable 
regression analysis and ultimately was con-
firmed by the AUC estimate of 0.75. These 
results corroborate recent reports that have 
validated the ACR TI-RADS in large adult 
populations [14–17, 22]. We therefore suggest 
that this classification can be helpful as a de-
cision-making tool in the management of pe-
diatric thyroid nodules.

Apart from the ACR TI-RADS, oth-
er thyroid nodule ultrasound risk stratifi-
cation guidelines have also recently been 
found to perform well for children. One 
study assessed the 2015 ATA Management 
Guidelines for Children and found that the 
composite pattern of ultrasound features ac-
curately predicted malignancy, with the odds 
of malignancy significantly higher in nod-
ules determined to have a high level of suspi-
cion by ultrasound [18]. Other studies found 
overall good diagnostic performance in cor-
rectly classifying pediatric nodules using the 
ATA system and a different TIRADS devel-
oped at a single institution [3, 12]. One rea-
son we sought in the current study to specif-
ically appraise the TI-RADS developed by 
the ACR was the advantage it may have over 
other TIRADS classifications with regard to 
accessibility, applicability, and general repu-
tation and acceptance in practice settings in 
the United States.

Because of the differing biologic behavior 
of thyroid cancer in the pediatric versus the 
adult population, adjustments in the way pro-
tocols are applied, particularly with regard 
to nodule size, may prove prudent. ACR TI-

RADS does not consider size in assignment of 
TI-RADS level in adults but does use size to 
suggest thresholds for when a nodule should 
undergo FNAB [6]. In children, on the other 
hand, it is recommended that sonographically 
suspicious nodules undergo FNAB regardless 
of size because malignancy is better predict-
ed by ultrasound features and clinical factors 
rather than size alone [7, 9]. The results of the 
current study support this strategy, because, 
although there was a significant correlation 
between size and malignancy on univariable 
analysis, higher ACR TI-RADS categories 
remained associated with increased likeli-
hood of malignancy on multivariable analy-
sis, whereas nodule size did not.

Although the ACR TI-RADS was use-
ful as a predictor of malignancy in children, 
its imperfections should be considered. Al-
though intraobserver reproducibility for 
ACR TI-RADS category was high, interob-
server reliability was only moderate, which 
was not as robust as hoped. Additional anal-
ysis of the interobserver data indicated that 
many of the disagreements were between ad-
jacent TI-RADS categories (e.g., category 3 
vs 4, rather than category 3 vs 5). Therefore, 
although the results were divergent, the ex-
tent of the discord was often not substantial.

Of greater concern was the large number 
of higher suspicion ratings, which is congru-
ent with prior studies in children using dif-
ferent risk stratification guidelines [12, 18]. 
In our study, we found that the majority of 
both benign and malignant nodules were rat-
ed as ACR TI-RADS category 4 or 5. Fur-
thermore, although ROC analysis confirmed 
that TI-RADS 5 was the category at which 
discrimination between malignant and be-
nign nodules was most effective, a higher 
than desired number of false-positives were 
observed. Specifically, 19 of 36 (53%) be-
nign nodules were erroneously classified 

as category 5, meaning these nodules may 
have undergone unnecessary FNAB. This 
was reflected in suppressed positive predic-
tive value and specificity at TI-RADS cate-
gory 5, findings that are supported by a re-
cent study of ACR TI-RADS in adults that 
reported similarly low specificities, ranging 
from 44% to 51% [17]. Despite these short-
comings, the correct classification of 35 of 38 
(92%) of benign nodules at ACR TI-RADS 
categories 1, 2, 3, or 4 suggests that, in these 
cases, FNAB could have been avoided and 
ultrasound surveillance would have been an 
alternative management option.

Although this study did not analyze which 
individual ultrasound features were most re-
sponsible for the high false-positive rate of 
ACR TI-RADS category, some general rel-
evant trends were observed. Punctate echo-
genic foci, a feature favoring malignancy, 
were found not only in most of our malig-
nant nodules, but also in most of our benign 
nodules a finding supported in other studies 
[5, 23]. This result could be explained by pri-
or sonographic and histopathologic correla-
tion in children showing that punctate echo-
genic foci may represent not only exclusively 
psammoma bodies that are associated with 
papillary thyroid carcinoma, but also other 
entities, such as stromal calcifications and 
sticky colloid [19]. Nevertheless, radiologists 
using the ACR TI-RADS should be aware 
that, with the current point allocation sys-
tem, the presence of punctate echogenic foci 
is accorded 3 points, resulting in a dispropor-

TABLE 3: Predicted Versus Actual Malignancy for American College of 
Radiology (ACR) Thyroid Imaging Reporting and Data System 
(TI-RADS) Category 5

Predicteda

Actual

Benign Malignant Total

Benign 35 3 38

Malignant 19 17 36

Total 54 20 74

Note— An optimal cut point of ACR TI-RADS category 5 was selected because it maximized both sensitivity 
(85%) and specificity (65%), with a positive predictive value of 47% and a negative predictive value of 92%.

aPredicted malignant refers to ACR TI-RADS category 5. Predicted benign refers to ACR TI-RADS category 1, 2, 
3, or 4.

Fig. 6—13-year-old boy with multiple thyroid nodules. 
Ultrasound shows 2.8-cm isthmus nodule (thick 
arrows), assigned American College of Radiology 
Thyroid Imaging Reporting and Data System category 
4, showing mixed solid and cystic composition and 
taller-than-wide shape. Isthmus nodule is squeezed 
between two abutting solid nodules (thin arrows). 
Pathologic analysis revealed benign multinodular 
goiter in all nodules.
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tionate influence on elevating the TI-RADS 
score and therefore establishing the level of 
suspicion. The category of punctate echogen-
ic foci was found in a recent study in adults 
to be one of the ACR TI-RADS sonograph-
ic features for which interobserver agree-
ment was lowest, suggesting that radiologists 
could benefit from education regarding this 
important distinguishing feature [16].

Taller-than-wide shape, a suspicious fea-
ture, has been reported as rare in pediatric 
nodules [7, 12]. However, we found this fea-
ture in 9.3% of our benign nodules, which 
is an unexpectedly high frequency and 
which we hypothesize could also contrib-
ute to the high false-positive rate of ACR 
TI-RADS category. All of the benign nod-
ules with this configuration occurred in the 
same 14-year-old boy with multinodular 
goiter (Fig. 3). Inspection of his images re-
vealed that the taller-than-wide shape could 
be attributed to distortion and mass effect 
from the sheer size and number of neighbor-
ing nodules. This case serves as a reminder 
that the significance of the taller-than-wide 
shape should be interpreted in the context 
of surrounding thyroid tissue because it 
may represent a manifestation of second-
ary, rather than intrinsic, contour deformity. 
Refinements to the current ACR TI-RADS 
format may be necessary to account for this 
specific situation.

Although the large number of false-pos-
itives poses a challenge to use of the ACR 
TI-RADS, of equal concern is the false-
negative we encountered in which a malig-
nant nodule was assigned a benign rating of 
TI-RADS category 1. The individual ultra-
sound features that caused this 0.8-cm ma-
lignant nodule in a 17-year-old girl to be as-
signed ACR TI-RADS category 1 were the 
selection of cystic for composition and an-
echoic for echogenicity, both of which cor-
respond to 0 points (Fig. 5B). Although it 
is possible that the nodule was genuinely 
cystic, an alternative consideration is that 
this was a solid nodule that should have re-
ceived a very hypoechoic rating. This pos-
sible misinterpretation illustrates the ease 
with which very hypoechoic, a feature fa-
voring malignancy and defined as echo-
genicity less than that of the neck muscu-
lature, can be misconstrued as anechoic, 
a feature favoring benignity, and vice ver-
sa, despite their diverging clinical implica-
tions [13]. This may be an issue particular-
ly for subcentimeter nodules. In quantitative 

terms, the difference in the ACR TI-RADS 
between the two features is 3 points, which 
could be enough to erroneously shift man-
agement recommendations to deferral of 
FNAB in a nodule that ought to undergo tis-
sue sampling, as well as the reverse.

This case emphasizes the point that sub-
centimeter nodules may be difficult to char-
acterize accurately with sonography, mir-
roring prior studies in children showing that 
six of 52 malignant nodules were incorrectly 
classified as very low and low suspicion with 
ATA criteria [12]. Furthermore, because this 
patient also had a separate 2.5-cm malignant 
right nodule (Fig. 5A), management of pedi-
atric nodules should be based on not only its 
sonographic appearance and ACR TI-RADS 
rating but also on the broader clinical con-
text, including the presence of additional sus-
picious nodules.

Limitations of our study include its ret-
rospective design, which resulted in the use 
of different ultrasound vendors and poten-
tial variation in image quality. Another re-
striction was the small study population and 
even smaller number of malignant nodules 
(n = 20), possibly limiting our ability to ex-
trapolate the true population effect. The high 
rate of false-positives observed at ACR TI-
RADS category 5 also requires further re-
search to determine whether these positive 
but preliminary results can be replicated 
while simultaneously increasing the positive 
predictive value.

This study shows that the ACR TI-RADS 
discriminates well between malignant and 
benign nodules in a pediatric population, 
particularly at TI-RADS category 5, and 
is useful in malignancy risk stratification. 
However, practitioners should be aware of 
the high rate of false-positives at higher TI-
RADS categories, as well as the possibility 
of false-negatives, especially in subcentime-
ter nodules.
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