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Background/Purpose: Thyroid Imaging Reporting and Data System (TI-RADS) is validated in adults but not
yet in children. The purpose of this study was to determine the sensitivity, specificity, and accuracy of
TI-RADS in predicting thyroid malignancy for pediatric nodules, and to compare the diagnostic accuracy
to the current American Thyroid Association (ATA) guidelines.

Keywords: Methods: A single institution retrospective review was performed of patients younger than 21 years who
Thyroid nodule underwent thyroid nodule fine needle aspiration biopsy (FNAB). Two radiologists were blinded to the
Ultrasound pathology and independently classified all biopsied thyroid nodules based on TI-RADS. ATA and TI-RADS

Thyroid imaging and reporting data system
Thyroid carcinoma
Pediatric

guidelines were analyzed to determine the diagnostic sensitivity and specificity of both scoring systems.
Results: 115 patients (median age 15.5 years, 90 females) with 138 nodules were scored using TI-RADS.
There was moderate inter-rater agreement between radiologists (Kappa = 0.51; p < 0.0001). Evaluating
several potential TI-RADS criteria, 23.2%-68.1% of nodules were recommended for FNAB, compared to
82.6% of nodules using ATA guidelines. Using TI-RADS > 3 (without size cutoff) as an indication for FNAB
had 100% sensitivity with no missed suspicious or malignant nodules on cytology or pathology.

Conclusions: Using TI-RADS for diagnostic management of pediatric thyroid nodules improves accuracy

in predicting malignancy.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

Pediatric thyroid cancers represent approximately 2% of all ma-
lignancies in patients under 15 years of age, with an annual inci-
dence of 2.4 per 100,000 [1-3]. The incidence varies with age, gen-
der, and race. While differentiated thyroid cancer represents only
1% of malignancies in prepubertal children, the incidence increases
to 7% of malignancies in adolescents with a female preponderance
(5:1 female-male ratio) and is the second most common malig-
nancy in females between the ages of 15 and 19 [2-5].

Abbreviations: ACR, American College of Radiology; PED, Pediatric; TI-RADS, Thy-
roid Imaging Reporting and Data System; FNAB, Fine Needle Aspiration Biopsy; ATA,
American Thyroid Association; CI, Confidence Interval; IQR, Interquartile range.

Type of Study: Retrospective Comparative Study.

Level of Evidence: Level IIL
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Identification of a thyroid nodule in a child warrants further
evaluation, as solitary nodules may carry up to a 6-fold increased
risk of malignancy compared to adults (25-30% versus 5%) [3,6].
Pediatric thyroid malignancies are also more likely to present
with cervical lymph node (40-80%) and distant (20-30%, most
commonly pulmonary) metastases than adult thyroid malignancies
[3,5]. Following physical examination, evaluation of thyroid nod-
ules is initiated with ultrasound imaging. Ultrasound alone cannot
always distinguish between benign and malignant lesions; there-
fore, nodules of concern are then further evaluated with a fine
needle aspiration biopsy (FNAB). FNAB for thyroid nodules is the
most accurate and cost-effective means of tissue sampling with an
accuracy rate of 80-95% in pediatric patients [2,7].

The American Thyroid Association (ATA) has developed crite-
ria with recommendations for biopsy of nodules > 1 cm in size
[8]. Thyroid Imaging Reporting and Data System (TI-RADS), an-
other classification system that has been increasingly utilized in
adults, similarly provides recommendations based on nodule size
and ultrasound characteristics including composition, echogenicity,
shape, margins, and echogenic foci (Table 1) [9].
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ACR TI-RADS Classification

Composition Echogenicity Shape Margin Echogenic Foci
(Choose I) (Choose 1) (Choose 1) (Choose 1) (Choose All That Apply)
Cystic or almost Anechoic 0 points Wider-than-tall 0 points Smooth 0 points None or large
completely cystic 0 points Hyperechoic or Taller-than-wide 3 points ll-defined 0 points comet:tail rifacts 0 points
Spongiform 0 points Isoechoic 1 point Dobilitedar Macrocalcifications 1 point
Mixed cystic Hypoechoic 2 points irregular 2 points Peripheral calcifications 2 points
And solid 1 point Very Hypoechoic 3 points Extra-thyroidal Punctate echogenic
Solid or almost Extension 3 points foci 3 points
Completely solid 2 points
Add Total Points to Determine TI-RADS Level
0 points 2 points 3 points 4 — 6 points 7 points or more
TR1 TR2 TR3 TR4 TRS
Benign Not Suspicious Mildly Suspicious Moderately Suspicious Highly Suspicious

Fig. 1. ACR TI-RADS Classification [9]. ACR = American College of Radiology. TI-RADS = Thyroid Imaging Reporting and Data System.
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Table 1
Comparison of the ACR and PED TI-RADS Recommendations for FNA per TI-RADS
Level [9].

Recommendations for FNA per

TI-RADS Level ACR TI-RADS PED TI-RADS

TR1 Benign No FNA No FNA

TR2 Not Suspicious No FNA No FNA

TR3 Mildly Suspicious FNA if > 25 cm FNA if > 1.5 cm
Follow if > 1.5 cm

TR4 Moderately Suspicious  FNA if > 1.5 cm FNA if > 1.0 cm
Follow if > 1.0 cm

TR5 Highly Suspicious FNA if > 1.0 cm FNA for any technically

Follow if > 0.5 cm  feasible size

ACR = American College of Radiology.

PED = Pediatric.

TI-RADS = Thyroid Imaging Reporting and Data System.
FNA = Fine Needle Aspiration.

Until recently, recommendations for the management of thy-
roid nodules in children and adults have followed the same guide-
lines. This is problematic for two reasons: 1) validation of criteria
is based solely on data from the adult literature and 2) the ATA
guidelines depend significantly on nodule size, where thyroid vol-
ume changes with increasing age and the size of the nodules are
not predictive of malignancy in children [10,11]. In 2015, the ATA
commissioned a task force to create guidelines specific for pedi-
atric thyroid nodules and thyroid malignancies. In these guidelines,
the preferential use of ultrasound appearance and clinical context
was emphasized over nodule size alone to identify lesions that
warrant a FNAB. The American College of Radiology (ACR) TI-RADS
classification provides an easy, reproducible, and objective method
of grading thyroid nodules based on ultrasound findings (Fig. 1)
[9]. The purpose of this study was to determine the sensitivity,
specificity, and accuracy of predicting thyroid malignancy in nod-
ules using the TI-RADS classification system, and to compare the
diagnostic accuracy to the traditional pediatric ATA guidelines. We
hypothesized that applying TI-RADS to guide FNAB would provide
enhanced diagnostic accuracy in identifying malignant nodules in
pediatric patients.

2. Methods
2.1. Patient population
A single institution retrospective review was performed follow-

ing Institutional Review Board Approval (#00000545). All patients
21 years or younger who underwent a thyroid nodule FNAB from

January 2015 to March 2019 and had ultrasound imaging available
for review were included in the study. A chart review was con-
ducted to obtain data on patient demographics, age at the time
of diagnosis of the nodule, associated symptoms, the number, lo-
cation, and size of thyroid nodules present, nodule cytology, and
surgical procedure performed with the resulting pathology. All pa-
tients over the age of 21 years and those without complete imag-
ing or pathology data available were excluded from the study.

2.2. Image analysis

All ultrasound images of the nodules that underwent a FNAB
were independently reviewed by two board-certified pediatric ra-
diologists who were blinded to the FNAB cytology and surgical
pathology results. Nodules were assessed using a combination of
gray-scale and color doppler multi-planar ultrasound images and
cine clips on a variety of systems. Thyroid nodule characteristics
included: composition, echogenicity, shape, margins, and echogenic
foci. Nodule size was measured in centimeters (cm) of maximal di-
mensions and graded according to TI-RADS guidelines. Retrospec-
tive recommendations for FNAB were offered based upon the ultra-
sound interpretation and TI-RADS scoring completed by the radiol-
ogists. When scores assigned by each radiologist resulted in dis-
parate recommendations (whether to perform a FNAB or not), the
images were re-reviewed by both radiologists and a score was sub-
sequently agreed upon. When more than one nodule was present,
each nodule was evaluated independently.

2.3. Statistical analysis

Data was summarized using standard descriptive statistical
methods: frequency and percentage for qualitative variables and
median and range or interquartile range (IQR) for quantitative vari-
ables. The agreement of radiologists’ initial retrospective ratings
was assessed using weighted Kappa statistics and the correlation
between scores was computed with a Spearman’s Rho correla-
tion coefficient (rs). Using suspicious or malignant FNAB cytol-
ogy (Bethesda IV, V, VI) and malignant surgical pathology as true
positives, the sensitivity, specificity, accuracy, and positive/negative
predictive value of ATA and TI-RADS criteria at predicting suspi-
cious or malignant cytopathology were measured and presented
with 95% confidence intervals (CI) calculated using either Clopper-
Pearson (sensitivity/specificity/accuracy) or standard logit methods
(predictive values). Additionally, novel proposed pediatric-specific
criteria that either lowered or removed the size threshold for rec-
ommending FNAB were also applied using the TI-RADS classifica-
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Table 2

Bethesda System for Reporting Thyroid Cytopathology.

Bethesda System for Reporting Thyroid Cytopathology # of Nodules % of Nodules
I Cyst fluid/Non-diagnostic 13 9.42%

Il Benign follicular nodule 88 78.98%

Chronic lymphocytic thyroiditis 21

Il Atypia/Follicular lesion of undetermined significance 6 4.35%

IV Suspicious for follicular neoplasm 1.45%

\Y Suspicious for malignancy 2 1.45%

VI Malignant 6 4.35%

tion system and were assessed in a similar fashion. One of the
proposed criteria, PED TI-RADS, utilized the TI-RADS classification
system and recommended biopsy on smaller nodules compared to
the traditional criteria, influenced by Richman et al. [12] (Table 1).
Additional proposed novel criteria recommended FNAB of nodules
TI-RADS > 3 and TI-RADS > 4, irrespective of nodule size. All sta-
tistical analyses were conducted using SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA). All p-values were two-sided and those < 0.05 were
considered statistically significant.

2.4. Fine needle aspiration biopsy

The decision to perform a FNAB was made by the patient’s
physician based on clinical consideration in conjunction with ATA
guidelines. The samples from FNAB were classified according to the
Bethesda System for Reporting Thyroid Cytopathology. The classifi-
cations are detailed in Table 2. Each biopsy sample must contain a
minimum of 6 groupings of well-preserved thyroid epithelia cells,
consisting of at least 10 cells per group [13].

3. Results
3.1. Patient characteristics

A total of 115 patients were included in this study, with 138
thyroid nodules undergoing FNAB. The median age of the cohort
was 15.5 years (range 5.0-20.2) (IQR 13-16.9). The majority of pa-
tients were female (n = 90, 78.3%). 12.2% of patients had a fam-
ily history of thyroid cancer, and 4.3% had a genetic predisposi-
tion to thyroid cancer. A history of radiation therapy to the neck
and/or chest was noted in 2.6% of patients. Most patients (n = 47,
40.9%) were asymptomatic at presentation. When symptoms were
present, the most common included: neck fullness (n = 39, 33.9%),
fatigue (n = 27, 23.5%), weight/appetite changes (n = 17, 14.8%),
and dysphagia (n = 13, 11.3%).

3.2. Nodule cytology and surgical pathology

FNAB revealed nodule cytology was overwhelmingly benign,
with 79% of nodules being either benign follicular nodules or
chronic lymphocytic thyroiditis (Table 2). 7.3% of nodules biop-
sied were suspicious or malignant, 4.4% of nodules were lesions of
undetermined significance, and 9.4% were non-diagnostic. Thirty-
five patients proceeded to surgical resection for a total of 36 op-
erations. Thirteen of these 35 underwent surgical resection af-
ter a variable period of observation following FNAB demonstrat-
ing Bethesda I or II cytology (median observation time 11 months
(range 4-29)). Sixteen patients (45.7%) underwent a lobectomy (1
with a concomitant lymph node dissection) and 19 patients (54.3%)
underwent a total thyroidectomy (7 with a concomitant lymph
node dissection). One patient required a completion thyroidectomy
following the identification of a follicular malignancy on final sur-
gical pathology (identified as Bethesda IV, suspicious for follicular
neoplasm on FNAB). In total, there were 13 malignant nodules (11
papillary carcinoma, 2 follicular carcinoma) and 21 benign nodules

on surgical pathology. Pathology report and any subsequent follow-
up were absent for one patient.

The concordance between FNAB cytology and surgical pathol-
ogy results was 88.6%. One patient had malignant (Bethesda VI) cy-
tology with no malignancy identified on surgical pathology. Three
patients had benign (Bethesda II) cytology that underwent resec-
tion due to the size of the nodule (2.6 cm, 3.1 cm, and 4.5 cm),
with surgical pathology revealing a malignancy (2 of which were
microscopic or minimally invasive).

3.3. Outcomes and comparative analysis

The TI-RADS scores comprised in our cohort included: 13 TR1,
31 TR2, 51 TR3, 35 TR4, and 8 TR5 nodules (Fig. 2). There was
no correlation between TR score or Bethesda group to patient age
(rs = —0.01, p= 0.87; rs = 0.06, p= 0.46, respectively). Malig-
nant surgical pathology was only observed in nodules graded TR3
or higher. After initial independent grading and interpretation of
the nodules’ appearances and characteristics by two radiologists,
21 nodules had TR scores that recommended discrepant manage-
ment strategies based upon assigned TI-RADS criteria by the ra-
diologists (Table 1). Overall, the Spearman correlation and Kappa
statistic were both 0.51 (p < 0.0001), indicating moderate inter-
rater agreement between the radiologists.

ATA criteria recommended the performance of a FNAB on
82.16% (114 of 138) of the nodules. In comparison, TI-RADS crite-
ria recommended a FNAB on 23.19% (32/138) of the nodules. ATA
and TI-RADS had different recommendations on 59.42% (82 of 138)
of the nodules, with the majority of cytology (93.90%) being non-
diagnostic or benign (Bethesda I and II) when ATA recommended
FNAB and TI-RADS recommended against. When using proposed
criteria for recommending FNAB in pediatrics, PED TI-RADS criteria
recommended a FNAB on 46.38% (64 of 138) of nodules, TI-RADS
> 3 criteria recommended FNAB on 68.12% (94 of 138) of nodules,
and TI-RADS > 4 criteria recommended FNAB on 31.16% (43 of 138)
of nodules (Table 3).

Evaluation of nodules based upon size less than 1 cm was then
performed. Twenty-four nodules less than 1 cm in size underwent
FNAB, the smallest of which were two nodules measuring 0.4 cm.
Both nodules were scored as TR2 and both had non-diagnostic cy-
tology (Bethesda I). Sixteen nodules less than 1 cm in size had a
TR score > 3, with the smallest nodule in this group measuring
0.6 cm. One nodule had non-diagnostic cytology and 13 nodules
were benign (Bethesda II). However, two of the nodules measured
0.9 cm with a TR4 score and had atypia of undetermined signif-
icance (Bethesda IIlI) and suspicious for malignancy (Bethesda V)
cytology. Both nodules were consistent with papillary thyroid car-
cinoma on surgical pathology.

4. Discussion

One-hundred and fifteen patients were included in this study,
and 138 thyroid nodules underwent FNAB. Two radiologists
(blinded to pathology) independently reviewed the imaging with
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TI-RADS Score, # of Nodules, Mean Size

TI-RADS 1
N=13,1.67 cm

Potential Included Evaluated ]
partici par dul
N=121 N=115 N=138 J
Excluded

N=6
* no discrete nodule on

ultrasound (N=5)
available imaging
inadequate (N=1)

TI-RADS 2
N=31,2.22 cm

( T-RADS3 )
|UN=51,1.78cm _J

TI-RADS 4
N=35,1.92 cm

TI-RADS 5
N=8, 1.86 cm

FNA Pathology Surgical Pathology

Bethesda I/Il Surgery
N=13 N=2
Bethesda Ill-VI
N=0
Bethesda I/l | Surgery
N=30 N=8
Bethesda llI-VI
N=1
Bethesda I/1l Surgery
N=47 N=9
Bethesda IlI-VI Surgery
N=4 N=2
Bethesda I/l Surgery
N=27 N=3
Bethesda lI-VI Surgery
N=8 N=6
Bethesda I/l Surgery
N=5 N=3
Bethesda Ill-VI Surgery
N=3 N=2
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N=0

z
D
-

TTTT T T
i

{1

Malignant
N=1

N=2
Fig. 2. Flowchart of nodules based upon TI-RADS score, FNA pathology, and surgical pathology.
Table 3
Comparison of criteria in identifying malignant surgical pathology. 95% Confidence Interval in parenthesis. (all p > 0.05).
ATA TI-RADS PEDTI-RADS TI-RADS > 3 TI-RADS > 4
Sensitivity 84.62% (54.55-98.08) 76.92% 84.62% 100.00% 69.23%
(46.19-94.96) (54.55-98.08) (75.29-100.00) (38.57-90.91)
Specificity 9.52% 71.43% 52.38% 42.86% 76.19%
(1.17-30.38) (47.82-88.72) (29.78-74.29) (21.82-65.98) (52.83-91.78)
Accuracy 38.24% (22.17-56.44) 73.53% 64.71% 64.71% 73.53%
(55.64-87.12) (46.49-80.25) (46.49-80.25) (55.64-87.12)
Positive Predictive Value 36.67% (30.65-43.13) 62.50% 52.38% 52.00% 64.29%
(44.32-77.73) (39.90-64.57) (42.79-61.07) (43.57-80.76)
Negative Predictive Value 50.00% (13.78-86.22) 83.33% 84.62% 100.00% 83">80.00%
(64.12-93.33) (59.06-95.45) (63.10-90.34)
# FNA recommended (n = 138) 114 32 64 94 43
Missed Suspicious or Malignant 1 3 1 0 1
Cytology (n = 10)
Missed Malignant Pathology (n = 13) 2 3 2 0 4

TI-RADS = Thyroid Imaging Reporting and Data System.
FNA = Fine Needle Aspiration.
PED = Pediatric.

moderate correlation. We aimed to determine the sensitivity, speci-
ficity, and accuracy of TI-RADS in predicting thyroid malignancy
for nodules with available cytopathology, and to compare the diag-
nostic accuracy to the current American Thyroid Association (ATA)
guidelines (Table 3). When using malignant surgical pathology as
the true positive, ATA had a sensitivity of 84.6%. However, it had
the lowest specificity (9.5%) and accuracy (38.2%) of all groups
while recommending 114 (highest number of recommendations)
FNAB. Following ATA criteria would have missed two nodules with
confirmed malignancy on surgical pathology. TI-RADS criteria had
higher specificity, accuracy, positive and negative predictive values
while only recommended 32 FNAB (lowest number of recommen-
dations). However, following these criteria would have resulted in
three missed nodules with confirmed malignancy. From the ad-
ditional proposed criteria, TI-RADS > 3 recommended FNAB on
94 nodules and demonstrated 100% sensitivity, 42.9% specificity,
and 64.7% accuracy without missing any nodules with malignant

pathology. There was no statistically significant difference between
any of the outcomes of these criteria (p > 0.05).

Since only 35 patients underwent surgical resection, we further
evaluated the impact of each of the criteria using the Bethesda
classification of all 115 nodules. When suspicious or malignant cy-
tology (Bethesda 1V, V, VI) was used as the true positive to com-
pare the sensitivity, specificity, and accuracy of the different cri-
teria, they demonstrated comparable results (Table 4). ATA had a
sensitivity of 90.0%; however, it again displayed the lowest speci-
ficity (17.9%) and accuracy (23.2%) of all groups. Following ATA cri-
teria would have missed one nodule with suspicious or malignant
cytology. TI-RADS criteria had a substantially higher specificity, ac-
curacy, positive and negative predictive values; however, follow-
ing these criteria would have resulted in three missed nodules
with suspicious or malignant cytology. From the additional pro-
posed criteria, TI-RADS > 3 demonstrated 100% sensitivity, 34.4%
specificity, and 39.1% accuracy without missing any nodules with
suspicious or malignant cytology. There was no statistically sig-
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Table 4
Comparison of criteria in identifying suspicious or malignant cytology (Bethesda IV,V,VI). 95% Confidence Interval in parenthesis. (all p > 0.05).
ATA TI-RADS PEDTI-RADS TI-RADS > 3 TI-RADS > 4
Sensitivity 90.00% 70.00% 90.00% 100.00% 80.00%
(55.50-99.75) (34.75-93.33) (55.50-99.75) (69.15-100.00) (44.39-97.48)
Specificity 17.97% 80.47% 57.03% 34.38% 72.66%
(11.74-25.73) (72.53-86.94) (47.99-65.74) (26.21-43.28) (64.08-80.16)
Accuracy 23.19% 79.71% 59.42% 39.13% 73.19%
(16.43-31.13) (72.03-86.07) (50.74-67.69) (30.94-47.80) (64.99-80.37)
Positive Predictive Value 7.89% 21.87% 14.06% 10.64% 18.60%
(6.42-9.67) (14.07-32.39) (10.94-17.90) (9.50-11.89) (13.07-25.80)
Negative Predictive Value 95.83% 97.17% 98.65% 100.00% 97.89%

(77.55-99.35) (92.99-98.89)

(91.87-99.79) (93.06-99.38)

ATA = American Thyroid Association.

TI-RADS = Thyroid Imaging Reporting and Data System.
FNA = Fine Needle Aspiration.

PED = Pediatric.

nificant difference between any of the outcomes of these criteria
(p > 0.05).

Using TI-RADS criteria alone in our retrospective cohort had
better sensitivity, specificity, positive predictive value and negative
predictive value compared to ATA criteria, while potentially avoid-
ing 82 biopsies. However, 6 suspicious or malignant nodules on cy-
tology and pathology would have been missed using TI-RADS cri-
teria, compared to 3 missed using ATA criteria. When a modified
PED TI-RADS model was employed, potentially missed (n = 3) sus-
picious or malignant cytology and pathology was comparable to
ATA, while 50 biopsies could have been avoided. In addition, using
TI-RADS > 3 as an indication for FNAB, with no defined size cutoff,
had 100% sensitivity with no missed suspicious or malignant nod-
ules on cytology or pathology in our patient cohort. Furthermore,
20 biopsies could have been avoided by using these criteria.

Thyroid nodules are much more common in adults than in pe-
diatric patients. In adults, most thyroid nodules are benign [3,5,14].
The radiographic classification of thyroid nodules in adults is based
on ATA risk stratification method and TI-RADS [15]. ATA classifies
thyroid nodules by composite constellation of ultrasound patterns
associated with suspicion for malignancy, ranging from benign to
highly suspicious. However up to 4% of nodules cannot be classi-
fied using ATA [8]. TI-RADS ranges from TR1 (benign) to TR5 (high
suspicion for malignancy), and nodules are scored according to the
number of suspicious ultrasound features of malignancy within the
nodule [16,17]. TI-RADS, an ultrasound-based risk stratification sys-
tem to identify nodules, was implemented in adults to identify
nodules most likely to represent malignant nodules and appropri-
ate candidates for FNAB, while decreasing the number of biopsies
performed on benign nodules [9]. In TI-RADS, recommendations
for thyroid nodule management, biopsy, or sonographic follow-up
are based on both TI-RADS level and its maximum diameter. The
goal of TI-RADS in adults is not to diagnose every thyroid malig-
nancy, but to balance the benefit of identifying clinically impor-
tant cancers against the risk and cost of subjecting patients with
benign nodules or indolent cancers to biopsy and treatment [9]. In
children, however, a more aggressive approach is required, as thy-
roid nodules in children are more likely to be malignant than in
adults [3].

Thyroid nodules are not common in pediatric patients, espe-
cially before 10 years of age. However, when a thyroid lesion is
identified in a child, it carries a risk of malignancy 2-6 times
higher (25-30%) than in adults (5%), with a higher risk of re-
currence (39%). Adult-based systems, such as ATA and TI-RADS,
have been attempted to be validated in pediatric patients [6,18].
Martinez-Rios et al. demonstrated that both ATA and TI-RADS are
similar in their characteristics when classifying benign and ma-
lignant nodules in pediatric patients [6]. In this study, the ATA
method was unable to categorize 5.8% of malignant and 2.8% of be-

nign nodules. Based upon more objective components, TI-RADS has
also been shown to have greater inter-rater reproducibility com-
pared to ATA criteria [6]. ATA guidelines for pediatric patients dif-
fer from guidelines for adult patients, in that recommendations
for FNAB are based on ultrasound characteristics (composition,
echogenicity, shape, margins, echogenic foci and vascularity of the
nodule) and not solely dependent on nodule size [11,19]. The fea-
tures found to be most important in predicting the odds of a ma-
lignant diagnosis per ATA guidelines were 1) predominantly solid
components (10.5x more than cystic), 2) irregular margins (53.2x
more than smooth margins), and echogenic foci (3.5x more than
no echogenic foci) with good intra- and interobserver agreements
[14,18]. Furthermore, it has been shown that combining the ultra-
sound parameters increases diagnostic accuracy rather than using
individual parameters alone [8,13-16].

It is important to distinguish between the Kwak and Ameri-
can College of Radiology (ACR) TI-RADS. Both scoring systems al-
locate points to suspicious ultrasound characteristics of the nod-
ules, however Kwak version gives equal weight to all the features,
whereas ACR version gives different weight to different character-
istics [9,15,16]. We implemented ACR TI-RADS at our institution
in May 2019. Even though ATA guidelines show promise, a re-
cent retrospective study of ACR TI-RADS in 74 nodules (62 chil-
dren) demonstrated very good discrimination between malignant
and benign thyroid nodules in pediatric patients, making it a use-
ful decision-making tool in the management of pediatric thyroid
nodules [19]. In another retrospective study, eight radiologists re-
viewed 100 thyroid nodules that were histopathologically proven
to be either benign (85%) or malignant (15%) [20]. After applying
ACR TI-RADS criteria, overall sensitivity, specificity, and accuracy
were 92% (95% Cl: 68%, 98%), 44% (95% CI: 33%, 56%), and 52%
(95% CI: 40%, 63%), respectively, whereas without ACR TI-RADS,
the overall sensitivity, specificity and accuracy were 95%, 20%, and
28% respectively. Although fewer malignancies were recommended
to undergo biopsy using the ACR TI-RADS criteria, the majority
met the criteria for follow-up ultrasound, with only three of 100
(2.5%) malignancy encounters requiring no follow-up or biopsy.
This study showed a significant improvement in the accuracy of
recommendations for thyroid nodule management in pediatric pa-
tients.

We propose using a modified algorithm for the diagnostic man-
agement of pediatric thyroid nodules, which would take into con-
sideration both the need to weigh each ultrasound characteristic
and also the need to marginalize size criteria given thyroid vol-
ume changes with age [10,21,22]. When implemented, one such
proposed pediatric specific criteria, TI-RADS > 3, had 100% sensi-
tivity with no missed suspicious or malignant nodules on cytology
or pathology. Further efforts to incorporate concerning lymph node
features into a pediatric specific algorithm should also be consid-
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ered since children are more likely to present with metastatic dis-
ease to cervical lymph nodes at the time of diagnosis compared to
adults [3,14,23].

The design of this study has certain limitations. Since ultra-
sound is a dynamic modality, a retrospective review of static im-
ages or limited sweeps results in inherent selection bias by the re-
viewer. Additionally, ultrasound is highly user-dependent and sub-
jective to images captured, with human experts not perfectly con-
sistent in how findings are interpreted, making a retrospective
analysis of such images somewhat constrained. While the radiol-
ogists in this study demonstrated moderate inter-rater reliability,
this could certainly be improved with live imaging and real-time
interpretation, as well as further refinement of reporting tools in-
cluding TIRADS. Other imaging modalities such as neck computed
tomography or magnetic resonance imaging were not utilized for
the purpose of this retrospective analysis. In addition, radiographic
appearance of lymph nodes was not analyzed in this patient co-
hort, focusing on thyroid nodules only for evaluation and criteria
for biopsy. It is possible that additional patients who were initially
observed with benign cytology will undergo surgical resection in
the future, altering the current results of the study over time. This
is also a single-center study from a large tertiary referral center
with perhaps bias towards capturing larger or more aggressive ap-
pearing thyroid nodules with enhanced oncological potential, and
therefore the results may not be generalizable to other institutions
without further prospective analysis and validation. Furthermore,
due to the limited number of malignancies and since the TI-RADS
criteria were applied retrospectively to nodules obtaining an FNAB
using the ATA criteria (the analysis would be bias towards the
ATA criteria), we were limited in our statistical power to compare
the different criteria ability to diagnose malignant nodules. Finally,
while the total TIRADS score was determined by the radiologists,
the individual components of the scores were not recorded in this
study, limiting the ability to compare specific sonographic features
as more or less predicitive of malignancy. This is certainly data that
would have been valuable to compare to ATA predictive features,
and will be done in subsequent investigations.

Future area of prospective study will include validation of TI-
RADS scoring in pediatric and adolescent patients, and a compari-
son of TI-RADS to ATA scoring system to accurately identify which
patients should undergo FNAB. Confirmation bias, using two differ-
ent types of gold standard for tissue diagnosis (cytology or surgi-
cal pathology) is likely unavoidable even with a prospective study
since patients with benign FNAB will not be subjected to a surgery.
In addition, a quality improvement analysis is ongoing with our
institution’s pediatric radiologists in efforts to improve objectivity
and decrease variability in the interpretation of thyroid imaging.

5. Conclusion

Although both ATA and TI-RADS are comparable, using TI-RADS
for diagnostic management of pediatric thyroid nodules improves
accuracy in predicting malignancy, thereby decreasing unneces-
sary biopsies. We recommend using a modified pediatric algorithm
with a scaled size criterion for improved selection of FNAB in pe-
diatric and adolescent patients. Since the thyroid volume changes
with age, nodule size should be considered less in the predic-
tion of malignancy in pediatric patients. Further efforts to vali-
date TI-RADS for pediatric thyroid nodules are required. Although
our study is small and further prospective and larger studies are
needed, we show an important trend in supporting TI-RADS guide-
lines in management of pediatric patients with thyroid nodules.
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