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Is Thyroid Imaging Reporting and Data System Useful as an
Adult Ultrasonographic Malignancy Risk Stratification Method
In Pediatric Thyroid Nodules?
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Background: Data on thyroid imaging reporting and data system (TI-RADS) generally belong to studies performed in adults. Therefore,
we aimed to evaluate the performance and utility of TI-RADS in the pediatric group. Materials and Methods: From January 2015 to 2018,
108 nodules were evaluated in 1028 thyroid ultrasound examinations. Images were retrospectively evaluated by two radiologists with 3 and
7 years of pediatric radiology experience, according to TI-RADS classification. Morphological findings of the detected nodules and their
histopathological results were recorded. Histopathological findings and at least 12 months of follow-up imaging were taken as reference.
Results: Seventy-one patients were female (67%). The mean age was 11.4 + 4.7, and the mean nodule size was 7.4 + 8.3 mm. According to the
histopathological assessment and at least 12 months’ follow-up with clinical and sonographic stability 100 (95.2%) of the nodules were benign
and 5 (4.8%) were malignant. Two nodules, nondiagnostic cytology and 1 nodule were found to be suspicious for malignancy. All malignant
nodules were in the TI-RADS 5 category. The majority of benign nodules (79%) were found in low TI-RADS categories. About 80% of the
malignant nodules were very hypoechoic and taller than wide in shape, also all malignant nodules had microcalcifications (P = 0.000). The
sensitivity of TI-RADS was 100%, specificity was 78.8%, positive predictive value (PPV) was 19.2%, and negative predictive value (NPV) was
100%. Conclusion: According to our study, TI-RADS system can be used to evaluate thyroid nodules in pediatric patients similar to adults.
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INTRODUCTION properties of thyroid nodules. First described in 2009, then
revised in 2015, and having recently been presented by the
TI-RADS committee in 2017; this is a classification system
similar to breast imaging reporting and data system aiming to
standardize the thyroid nodule findings and to determine risks."!
This classification system has not been widely accepted or
implemented for use in routine clinical practice yet. Furthermore,
its availability for the pediatric population is unknown.!

The prevalence of thyroid nodules is low in the pediatric
population (0.05%—-5%). On the other hand, the risk of
malignancy is higher and is widely detected in the advanced
stages; therefore, the detection and identification of nodules
are important for the appropriate treatment approach.!"? All
treatment strategies, particularly surgery, are shaped by the
imaging findings. High-resolution ultrasonography is a very
sensitive imaging method in detecting thyroid gland nodules.
However, it is well known that no single ultrasonographic (US)
finding allows for differentiating the malignant thyroid nodules
from the benign ones.

Five groups of ultrasound findings are evaluated in TI-RADS,
which include nodule composition, echogenicity, shape,
marginal features, and echogenic focal presence. A score of 03
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is given for each of the findings, and the total score is calculated.
The total score determines the level of TI-RADS ranging
from TR1 (benign) to TR5 (high suspicion of malignancy).™
There are few publications in the literature evaluating the
efficacy of TI-RADS in the pediatric population.>* Therefore,
assessments in this method are based on adult studies.!"”! The
studies in the literature, assessing the feasibility of the method
for the pediatric population is not sufficient, either.

The purpose of this study was to evaluate the diagnostic
performance of TI-RADS in the evaluation of thyroid nodules
detected in the pediatric population.

MareriaLs AND METHODS

Patient population

This retrospective study was approved by our institution’s
ethics committee, which waived the requirement to obtain
informed consent. From January 2015 to 2018, 108 nodules
were evaluated in 1028 thyroid ultrasound examinations.
Inclusion criteria were the presence of histopathologically
proven thyroid nodules (n = 5) or if no histological examination
reports were available (n = 100), the availability of at least
a 12-month follow-up with data records of clinical and US
stability of the nodule. The patients were required to be younger
than 18 years old. Of the final study population of 106 patients
with 108 nodules, 13 nodules received a histopathological
diagnosis. Three nodules were excluded from the study
due to nondiagnostic cytology. Only one patient underwent
surgery without ultrasound-guided fine-needle aspiration
biopsy (FNAB).

Among the exclusion criteria were the poor image quality,
nondiagnostic cytology in the pathological findings, previous
exposure to irradiation, or positive family history.

Imaging

Images were retrospectively evaluated by two experienced
pediatric radiologists according to TI-RADS classification.
Histopathological findings and imaging findings during
the follow-up of at least 12 months’ duration were taken
as reference. Radiologists, blinded to tissue diagnosis and
follow-up results, independently evaluated the ultrasound
images on the work station. The findings were evaluated using
the TI-RADS classification based on the solid composition,
nodule echogenicity, margins, shape, and echogenic foci.
All examinations were performed with a 5-14 MHz linear
array transducer (Toshiba Aplio 500, Tokyo, Japan) and a
3—12 MHz linear array transducer (RS80A with Prestige,
Samsung Medison, Seoul, Korea) in longitudinal and
transverse planes. Each ultrasound finding associated with the
nodules was scored according to TI-RADS and the nodules
were attributed to the respective TI-RADS classes based on
the total score. According to TI-RADS, ultrasound findings
are classified as benign (TI-RADS 1, TI-RADS 2) or mildly
suspicious (TI-RADS 3), moderately suspicious (TI-RADS 4),
or highly suspicious (TI-RADS 5) for malignancy. In TI-RADS,
solidity, hypoechogenicity or marked hypoechogenicity,

microlobulated or irregular margins, microcalcifications, and
taller-than-wide shape were defined as suspicious malignant
US features.l’®!

Statistical analysis

The reference standard was surgical histopathology or cytology
results or at least a 12-month follow-up data including clinical
and ultrasound imaging findings with no evolution toward
malignant features. Statistical analysis was performed using the
SPSS software (Version 18.0, SPSS Inc., Chicago, IL, USA).
Children with benign and malignant thyroid nodules were
assessed, and the findings were compared using a Chi-square
test. Statistical significance was accepted at a P < 0.05.
Descriptive statistics were presented as mean + standard
deviation (SD). The sensitivity, specificity, and the positive
and negative predictive values of TI-RADS classification
were calculated.

ResuLts

The study included 106 children. Of them, 71 (67%)
were female and 35 (33%) were male. A total of 105
thyroid nodules were assessed. The mean age (+ SD) was
11.4 + 4.7 years (range 1-17 years). In ultrasonography, the
mean diameter of the nodules was 7.4 + 8.3 mm (2—41 mm).

Histopathological results and stability in the 12-month clinical
and US follow-up period were benign for 100 (95.2%)
nodules, and 5 (4.8%) nodules were found to be malignant.
In 13 nodules, the tissue diagnosis was confirmed by FNAB
cytologic analysis in 12 and by surgical histopathologic
analysis in 1 nodule. The categorization of the nodules based
on the TI-RADS system by the histopathological status is
shown in Table 1.

The histopathological distribution consisted of 2 colloid
nodules, 1 degenerative cystic nodule, and 5 nodules with
benign cytology. There were only 5 malignant nodules
and 8 benign nodules diagnosed by the histopathological
examination. All of the malignant lesions received a diagnosis
of papillary thyroid carcinoma.

According to TI-RADS, 65 (65%) nodules were classified
as “Score 1,” 2 (2%) nodules as “Score 2,” 12 (12%)
nodules as “Score 3,” and 21 (21%) nodules as “Score 4.”
A score of TI-RADS 4 was attributed to biopsied 2 nodules,
which were larger than 1.5 cm and which were diagnosed
as benign [Figure 1]. All of the malignant nodules were
categorized as “Score 5 [Table 2].

The distribution of individual ultrasound features is shown
in Table 3. Several features were well differentiated
by the histopathological status. For the echogenicity
feature, most (80%) malignant nodules were markedly
hypoechoic; whereas, most benign nodules were hyperechoic
or isoechoic (27%) or hypoechoic (35%). For the margin
feature, most (83%) benign nodules were smooth; whereas,
most malignant nodules displayed an extrathyroidal
extension (40%) with ill-defined margins (40%). For the
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echogenic foci feature, most (92.9%) benign nodules had no
or large comet-tail artifact; whereas, most (80%) malignant
nodules had punctate echogenic foci [Figure 2]. As for shape
feature, most (65%) benign nodules were wider than tall;
whereas, most (60%) malignant nodules were taller than wide.

Based on the results obtained, the sensitivity of TI-RADS
classification in determining malignancy was found as 100%,
and its specificity was 78.8%. Positive and negative predictive
values were 19.2% and 100%, respectively.

Discussion

This study aimed at assessing the recently developed TI-RADS
classification in pediatric patients with thyroid nodules,
retrospectively. This study demonstrates the utility of TI-RADS
method in the differentiation between the benign and malignant
thyroid nodules in the pediatric population.

In our study, all of the nodules diagnosed as malignant were
in the TI-RADS 5 category, while 20% of the benign nodules
were evaluated as TI-RADS 4. To the best of our knowledge,
there are few studies concerning the utility of TI-RADS for
the evaluation of pediatric thyroid nodules.>! However, these
studies employed slightly different methods. In their primary
study using the TI-RADS method, Martinez-Rios et al.%)
subdivided the TI-RADS 4 category further according to the
number of malignant US features. In their study, all of the
malignant nodules were TI-RADS 4 or 5, and the majority of
benign nodules (approximately 80%) were in the TI-RADS
4a, b, and ¢ subgroups.

Lim-Dunham et al.!! reported that 95% of the malignant
nodules were classified under the high TI-RADS categories

Table 1: Distribution of thyroid nodules according to the
histopathological results and thyroid imaging reporting
and data system scores on ultrasonography

ACR TI-RADS score

Histopathological

diagnosis 1 2 3 4 5§
Benign (n=8) Colloid nodule - - 2 - -
Degenerative cystic - - 1 - -
nodule
Benign cytology 2 - 1 2 -
Malignant (n=5) Papillary thyroid - - - - 5

carcinoma

TI-RADS: Thyroid imaging reporting and data system, ACR: American
College of Radiology

in their study on 62 children. In contrast with the literature,
we could not detect malignant nodules in TI-RADS 4 category
because most of the nodules were smaller than 10 mm and
only some of them were diagnosed histopathologically. Similar
to the reports in the literature, we are of the opinion that the
management of nodules in TR 4 can be challenging.”! In such
cases, biopsy has to be performed depending on the size of
the nodule. In our study, biopsies were performed because
the nodules in TI-RADS 4 were larger than 1 cm, and they
were diagnosed as benign histopathologically. In the year
2015, the American Thyroid Association Guideline, biopsy
is recommended for all >1 cm solid or predominantly solid
nodules or all nodules with high sonographic characteristics,
regardless of size.['” Due to high prevalence of malignancy
in pediatric nodules compared to adults, it can be speculated
that the size of the thyroid nodule is not sufficient alone in
deciding whether to perform an FNAB and should be supported
by additional US features of the nodule such as the shape, the
presence of microcalcifications, and the characteristics of the
margins.

We found that the majority of benign nodules were rated
with lower TI-RADS categories, similar to the findings
reported in the literature.>® A low TI-RADS category
was reported to show that the nodule was benign in the
pediatric group similar to the adult group.™ In our study,

T —

Figure 1: A 14-year-old woman with American College of Radiology
of Radiology Thyroid Imaging Reporting and Data System category 4
nodule. Longitudinal and axial ultrasound image shows 3.9-cm right
almost completely cystic nodule with thin internal septations and solid
components. Cytologic analysis revealed benign cytology

Table 2: Distribution of thyroid nodules according to the histopathological results/stable clinical and ultrasound follow-up
and thyroid imaging reporting and data system scores on ultrasonography

Histopathological results/stable clinical and ultrasound follow-up ACR TI-RADS Scores P

1 2 3 4 5
Benign (n=100), 7 (%) 65 (65) 2(2) 12 (12) 21 (21) 0.000
Malignant (n=5), n (%) - - - - 5 (100)

TI-RADS: Thyroid imaging reporting and data system, ACR: American College of Radiology
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Table 3: Distribution of thyroid nodule ultrasound features
by histopathological status/stable clinical and ultrasound
follow-up

Ultrasound features in
ACR TI-RADS

Echogenicity

Benign
(n=100), n (%)

Malignant P
(n=5), n (%)

Hyperechoic or isoechoic 27 (27) - 0.000
Hypoechoic 35(395) 1 (20)
Markedly hypoechoic - 4 (80)
Anechoic 38(39) -
Composition
Solid or almost 31 (31) 100 (100) 0.005
completely solid
Cystic or almost 3737 -
completely cystic
Spongiform 27 (27) -
Mixed cystic or solid 5(5) -
Echogenic foci
None or large comet-tail 13 (92.9) - 0.000
artifacts
Macrocalcifications 1(7.1) 1(20)
Peripheral (rim) - -
calcifications
Punctate echogenic foci - 4 (80)
Margin
Smooth 83 (83) 1(20) 0.000
111-defined 909 2 (40)
Lobulated or irregular 2(2) -
Extrathyroidal extension - 2 (40)
Shape
Wider than tall 65 (65) 1 (20) 0.002
Taller than wide 6 (6) 3(60)

TI-RADS: Thyroid imaging reporting and data system, ACR: American
College of Radiology

the most common findings in the malignant nodules were
the solid composition (100%), lobulated or irregular
margins and extrathyroidal extension (80%), significant
hypoechogenicity (80%), microcalcifications (80%), and the
taller-than-wide shape (60%), respectively.

In the recent study of Richman ez a/.,l') with the largest series
in the literature, a total of 404 pediatric thyroid nodules were
included and it was reported that the ultrasound features of
a large size, solid component, taller-than-wide shape, the
presence of speckled calcifications, and the lack of smooth
margins were associated with malignancy similar to our
findings.

In a recent meta-analysis, Al Nofal et al.'?! emphasized that
the presence of a solid component, microcalcifications, and
irregular margins in nodules accompanied by the presence of
abnormal lymphadenopathies (LAPs) increased the diagnostic
accuracy in detecting thyroid cancers. In the literature,
malignant thyroid nodules, especially in adult series, were
noted to be taller than wide. Gupta et al.l'*! argued that there
were no significant differences in the shape of thyroid nodules
in pediatric patients. However, in other studies conducted on

Figure 2: A 14-year-old boy with American College of Radiology of
Radiology Thyroid Imaging Reporting and Data System category 5 nodule.
Sagittal gray-scale ultrasonographic image of the left lobe of the thyroid
shows a solid markedly hypoechoic mass with lobulated margins and
punctate echogenic foci in the lower pole. Histopathological analysis
revealed papillary thyroid cancer

pediatric patients similarly to our study, malignant nodules
were reported to have a taller than wide appearance.’%!%

Gannon ef al. reported that there was not any single or combined
features of ultrasound, suggestive of low risk (10% >) group for
childhood thyroid cancer and thyroid biopsy was unavoidable
in case of thyroid nodule."¥ However, in our study, markedly
hypoechogenicity, microcalcification, and presence of solid
component properties were found to be significantly associated
with malignancy, which seems to be useful in determining the
need for biopsy.

Limitations of our study include having a relatively small
sample size, as well as the paucity of histopathological results
for most of the benign nodules. Second, the ultrasound images
were retrospectively screened, and also, it was not possible to
investigate the interobserver compatibility.

CoNCLUSION

We found a statistically significant correlation between the
malignant thyroid nodules and the high TI-RADS categories,
and hypoechogenicity, shape, and echogenic foci parameters.
Therefore, TI-RADS classification can be applied easily and
safely in the pediatric population with high sensitivity and
specificity. However, large-scale, multi-centered studies are
needed for further evaluation.
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