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Abstract

Background: Pediatric thyroid nodules are more likely to be
malignant compared to those in adults and may have differ-
ent concerning ultrasound (US) features. Recent adult
guidelines stratify malignancy risk by US features. Our aim
is to (1) describe and confirm US features that predict pedi-
atric malignancy, and (2) apply the Adult American Thyroid
Association (ATA) Risk Stratification Guidelines to a large pe-
diatric cohort. Methods: We identified 112 children with 145
thyroid nodules from 1996 to 2015. Two blinded pediatric
radiologists independently read all US images, described
multiple features, and reported their overall impression: be-
nign, indeterminate, or malignant. Each nodule was as-
signed an ATA risk stratification category. Radiologists’ im-
pressions and ATA risk stratification were compared to his-
tology and cytology results. Results: Multiple US features
including a solid composition, presence of microcalcifica-
tions, irregular margins, increased blood flow, and hy-
poechogenicity were associated with increased odds of ma-

lignancy. ATA risk stratification correlated with the radiolo-
gists’ overall impression (p < 0.001). The sensitivity for
detecting malignancy was comparable between both ATA
stratification (91%) and the radiologists’ overall impression
(90%). The specificity of the radiologists’ malignant overall
impression (80%) was better compared to the ATA high risk
stratification (54%). Conclusions: At our institution, pediat-
ric radiologists’ overall impressions had similar sensitivity
but better specificity for detecting malignancy than the ATA
risk stratification tool by our convention. However, neither
US-based methods perfectly discriminated benign from
malignant nodules, supporting the continued need for fine
needle aspiration for suspicious nodules. Further work is
needed to develop an US-based scoring system specific to
pediatric patients. ©2018 S. Karger AG, Basel

Introduction

Thyroid cancer is the most common pediatric endo-
crine cancer [1]. When a child presents with a thyroid
nodule, that nodule is at least 2-4 times more likely to be
malignant compared to that in an adult [2-7]. Recent ma-
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lignancy rate estimates in children with thyroid nodules
range from 18 to 26% (up to 40% in children with a his-
tory of radiation exposure) compared to 5-10% in adults
[2-7]. Furthermore, children often have more advanced
cancer at the time of diagnosis compared to adults, with
greater lymph node extension, metastases, and chance for
recurrence [1, 8, 9].

In 2015, the American Thyroid Association (ATA)
published the Management Guidelines for Children with
Thyroid Nodules and Differentiated Thyroid Cancer
[10]. These valuable guidelines recommend performing a
fine needle aspiration (FNA) in any child with a concern-
ing clinical history (i.e., history of radiation, genetic syn-
drome, or young age at presentation) or ultrasound (US)
finding. Multiple smaller pediatric studies identify con-
sistent US features concerning for malignancy [2]. Suspi-
cious US features are similar between pediatrics and
adults [11]. However, we do not have any formalized, US-
based risk assessment tool in pediatrics akin to the ATA
Adult US Risk Stratification scheme [11]. The adult strat-
ification relies on specific US features to stratify malig-
nancy risk including the presence of hypoechogenicity,
irregular margins, calcifications, increased blood flow,
suspicious lymph nodes, and larger size.

Recently, Lim-Dunham et al. [12] applied the Adult
ATA Risk Stratification to a small cohort of children with
good results. Martinez-Rios et al. [13] compared the per-
formance of the ATA Risk Stratification to adult Thyroid
Imaging, Reporting, and Data System (TIRADS) scoring
in children, validating a similar sensitivity and specificity
to adult patients. Likewise, Canfarotta et al. [3] described
good diagnostic accuracy of the Adult McGill Criteria (a
scoring system based upon clinical, US, and cytology re-
sults) in a pilot study of children [14]. Further work is
needed to determine if adult US features concerning for
malignancy and risk stratification schemes apply equally
well to pediatric thyroid nodules. Our goal is to (1) de-
scribe and confirm US features that predict pediatric ma-
lignancy, and (2) apply the Adult ATA Risk Stratification
Guidelines to a large pediatric cohort.

Methods

Study Design and Setting

We established a retrospective cohort by identifying pediatric
patients (<21 years old) who presented to a single-institution, ter-
tiary care children’s center with a thyroid nodule between 1996
and 2015. Data and images were de-identified and abstracted from
the medical record. The Mayo Clinic Institutional Review Board
approved this study.
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Subjects

We identified 330 patients who presented with nodules during
the study period. We elected to include all patients <21 years of
age, as this was felt to best represent a typical pediatric subspecial-
ty practice. To be included, patients needed to have an initial US
performed at Mayo Clinic followed by either (1) histopathology
results after thyroidectomy, (2) FNA biopsy cytology results with
a follow-up FNA performed at our institution >1 year after initial
biopsy, (3) US FNA biopsy cytology results with a stable follow-up
US performed at our institution >1 year after initial biopsy, or (4)
stable follow-up US performed at our institution >1 year after ini-
tial US. We excluded patients with a genetic syndrome known to
increase thyroid cancer risk and those who had a history of radia-
tion exposure. While most patients just had 1 nodule, in those with
multiple nodules we only included the patient’s 2 largest nodules
in the analysis in an attempt to reduce any statistical clustering ef-
fect. Ultimately, we included 145 thyroid nodules from 112 pa-
tients in the cohort.

Ultrasonography

Diagnostic gray-scale US with color Doppler was obtained us-
ing high-frequency linear array transducers. Both cine and still im-
aging were recorded using longitudinal and transverse views. Cer-
vical lymph nodes were briefly evaluated, and more detail to the
lateral neck was given when the nodule was concerning. All im-
ages were viewed on the same imaging system and no nodules were
excluded from the study because of poor image quality. Using
these images, 2 pediatric radiologists with a combined 27 years of
experience after pediatric radiology fellowship training indepen-
dently described multiple features. They were blinded to the previ-
ous radiology reads, cytology and/or histology results. Our pediat-
ric radiology group has extensive thyroid expertise with over 225
annual thyroid US exams performed. The overall radiologists’ in-
terobserver agreement and variability was good (Kappa 0.7). When
there was a disagreement, the radiologists conducted a separate
session to reach a unified consensus.

The radiologists described specific nodule features based upon
the TIRADS descriptions for reporting thyroid nodule features
[15]. Given our aim to identify features unique to pediatrics, fur-
ther divisions were added and recorded as follows:

— Composition: cystic (<25, 25-75, 76-90, or >90%); solid (<25,
25-75, 76-90, or >90%); spongiform (290% distinct spongy
appearance).

— Margins: regular or irregular (225% of the margin irregular).

— Calcifications: any calcification of any size, present or absent.

— Echogenicity: hypoechoic, isoechoic, or hyperechoic, mixed (el-
ements of both hypo- and hyperechogenicity) compared to
background thyroid tissue or strap muscle if abnormal.

— Taller than wide: present or absent (anteroposterior > trans-
verse dimensions).

— Blood flow: increased centrally, peripherally, or overall (either
central or peripheral) based upon dominant Doppler pattern.

— Overall impression: malignant, indeterminate, or benign.
After the radiologists recorded the features, an independent

reviewer assigned each nodule a level of suspicion for malignan-

cy based on the 2015 ATA Adult Risk Stratification Guidelines

(Table 1). The radiologists’ overall impression was based upon

the expert overall clinical impression after reviewing the thyroid

nodule image on ultrasonography. Radiologists were simply
asked to provide their overall impression and were given the de-
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Table 1. ATA ultrasound features and malignancy risk stratification [11]

Sonographic US features Estimated FNA size cutoff
pattern malignancy risk, %
High suspicion  Solid hypoechoic nodule or solid hypoechoic component of a >70-90 FNA at>1 cm
partially cystic nodule with 1 or more of the following features:
irregular margins (infiltrative, microlobulated),
microcalcifications, taller than wide shape, rim calcifications
with small extrusive soft tissue component, evidence of
extrathyroidal extension (ETE)
Intermediate Hypoechoic solid nodule with smooth margins without 10-20 FNA at>1 cm
suspicion microcalcifications, ETE, or taller than wide shape
Low suspicion  Isoechoic or hyperechoic solid nodule, or partially cystic nodule ~ 5-10 FNA at 21.5 cm
with eccentric solid areas, without microcalcification, irregular
margin or ETE, or taller than wide shape
Very low Spongiform or partially cystic nodules without any of the <3 Consider FNA at >2 cm;
suspicion sonographic features described in low, intermediate, or high observation without
suspicion patterns FNA is also acceptable
Benign Purely cystic nodules (no solid component) <1 No biopsy

scriptive choices of benign, indeterminate, or malignant. The
specific elements informing the radiologists’ overall impression
included the presence or absence of calcifications, the type of
margins, as well as the size and composition of the nodules. It
was challenging to completely detail and quantify all the intan-
gible factors that went into forming the expert radiologists’ over-
all impression. However, any calcification greatly raised their
suspicion for malignancy: in addition, >25% and especially
>50% of the margin being irregular was highly concerning.
While the composition influenced their decision-making, they
felt that the calcifications and margins had more weight in their
decision-making process.

Cytology and Histology

FNA was performed by institutional radiologists by free-hand
technique with US guidance. Cytology results were reported using
the Bethesda System for Reporting Thyroid Cytology [16]. This
includes (I) nondiagnostic, (II) benign, (III) atypia of undeter-
mined significance, (IV) suspicious for follicular neoplasm, (V)
suspicious for malignancy, and (VI) malignant categories. In a
child with concerning cytology results who underwent thyroidec-
tomy, histology replaced cytology results. When a child’s cytology
did not require thyroidectomy, appropriate follow-up with either
repeat FNA or repeat US >1 year was used to ensure the nodule
was accurately classified as benign.

Statistical Analysis

Statistical analysis was conducted using Microsoft Excel, Med-
Calc, and JMP. Descriptive statistics included demographic and
clinical characteristics by cytology and histology. Diagnostic anal-
yses were conducted yielding sensitivity, specificity, positive and
negative predictive values, and diagnostic likelihood ratios. Test-
specific analysis was performed using Excel formulas for odds ratio
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(OR), CI, and significance from typical contingency tables. p val-
ues were based upon 2-tailed testing or Fischer’s exact test with
statistical significance defined as a p value <0.05.

Results

Our overall malignancy rate was 34% (Table 2). A total
of 44% of malignant nodules had lymph node metastases
at the time of diagnosis.

No single clinical characteristic was associated with
malignancy and clinical variables were quite evenly dis-
tributed amongst malignant and benign groups. The co-
hort was predominantly adolescent with a mean age at
diagnosis of 15.5 + 3.2 years with few young children (8%
were <10 years old) and some young adults (25% were
19-21years old). Most patients in our sample were female
(86%) with sex being equally distributed in those with be-
nign and malignant nodules. On average, 30% of patients
had more than 1 nodule at the time of the first US at our
institution. The mode in which the nodule was found, in-
cluding by patient, provider, or on incidental imaging,
was not associated with malignancy. Nodules were first
found almost equally by patients and providers (34 and
36%, respectively). A total of 16% of benign and malig-
nant nodules were found on incidental imaging with 6 of
the malignant nodules discovered incidentally. Incidental
imaging most commonly included head and neck CT
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Table 2. Characteristics of children with thyroid nodules

Characteristic Total patients Patients with Patients with p
(n=112) benign nodules malignant nodules
(145 nodules) (n=174) (n=38)
Average age at diagnosis, years 15.5+3.2 15.2+3.8 16.2+3.7 0.20
Age group
<10 years 9 (8) 6(8) 3(8)
10-18 years 75 (67) 52 (70) 23 (61)
19-21 years 28 (25) 16 (22) 12 (32)
Average number of nodules on first US 1.3+0.5 1.3+0.5 1.5+0.5 0.06
Female, n (%) 96 (86) 64 (86) 32 (84) 0.11
Nodule found
By patient 38 (34) 24 (32) 14 (37) 0.64
By provider 40 (36) 28 (38) 12 (32) 0.52
Incidentally via unrelated imaging 18 (16) 12 (16) 6 (16) 1
Indeterminate 16 (14) 10 (14) 6 (16) 0.74
Family history of thyroid cancer 14 (13) 9(12) 5(13) 091
Previous history of thyroid autoimmunity 4 (4) 2(3) 2 (5) 0.60

Values are shown as 1 (%) or mean + SD.

Table 3. Univariate US characteristics and detection of malignancy

Characteristic Benign Malignant  Sensitivity,  Specificity, Odds  95% CI p
(n=95) (n=50) % % ratio
Composition
>75% cystic 15 (16) 1(2) 0.1 0.01-0.9 0.03*
>75% solid 61 (64) 42 (84) 84 36 2.9 1.2-6.9 0.01*
Spongiform 11 (12) 0 0.07 0.0042-1.2 0.07
Size >1 cm 70 (74) 38 (76) 1.1 0.5-2.5 0.76
Calcifications present 17 (18) 30 (60) 60 82 6.9 3.2-149 <0.0001*
Irregular margins present 44 (46) 35 (70) 70 54 2.7 1.3-5.6 0.0073
Suspicious lymph node(s) present 3(3) 20 (40) 40 97 20.4 5.6-73.6  <0.0001*
Halo present 11 (12) 7 (14) 0.8 0.3-2.2 0.67
Taller than wide 6(6) 7 (14) 14 94 2.4 0.7-7.6 0.13
Blood flow
Increased central 49 (52) 34 (68) 2.0 1.0-4.1 0.06
Increased peripheral 58 (61) 31(62) 1.0 0.5-2.1 0.91
Overall increased flow 61 (64) 42 (84) 84 36 2.9 1.2-7.0 0.01*
Echogenicity
Hypoechogenic 48 (51) 37 (74) 74 50 2.8 1.3-5.9 0.0073*
Hyperechogenic 74 (78) 36 (72) 0.7 0.3-1.6 0.43
Mixed 28 (29) 23 (46) 46 71 2.0 1.0-4.1 0.049*

Values are shown as n (%), unless otherwise indicated.

scans and occasional neck US for nonthyroid related con-  did have a family history were no more likely to have ma-
cerns. Although patients with a genetic syndrome associ-  lignant nodules compared to those without a family his-
ated with thyroid cancer were excluded, 14/112 patients  tory of thyroid cancer. Lastly, 4% of patients had a previ-
(13%) had a family history of thyroid cancer. Those who ously documented history of thyroid autoimmunity de-
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Fig. 1. Nodule distribution amongst ATA risk level (a) and radiologists” overall impression (b).

fined by previously abnormal thyroid peroxidase or
thyroid-stimulating antibodies; its presence was not as-
sociated with malignancy.

When examining specific US features, the presence of
calcifications, suspicious lymph nodes, a solid compo-
nent, and hypoechogenicity were all important for pre-
dicting malignancy (Table 3). The following features pre-
dicting malignancy included: suspicious lymph nodes
(OR 20.4,95% CI 5.6-73.6; p < 0.0001), presence of calci-
fications (OR 6.9, 95% CI 3.2-14.9; p <0.0001), irregular
margins (OR 2.7, 95% CI 1.3-5.6; p = 0.0073), hypoecho-
genicity (OR 2.8, 95% CI 1.3-5.9; p = 0.0073), >75% solid
(OR2.9,95% CI 1.2-6.9; p = 0.01), and overall increased
nodular blood flow (OR 2.9, 95% CI 1.2-7.0; p = 0.01).
Nodules taller than wide were uncommon (13/145 nod-
ules, 9%), but when present had an OR for malignancy of
2.4 but this was not statistically significant (95% CI 0.7-
7.6, p = 0.13), likely due to the small sample size.

Features not significantly predictive of malignant or
benign disease included spongiform morphology (OR
0.07, 95% CI 0.0042-1.2; p = 0.07), hyperechogenicity
(OR0.7,95% CI 0.3-1.6; p = 0.43), presence of a halo (OR
0.8, 95% CI 0.3-2.2; p = 0.67), and size >1 cm (OR 1.1,
95% CI 0.5-2.5; p = 0.76).

Most malignant nodules were categorized in the ATA
high or intermediate suspicion groups (Fig. 1a). In our
cohort, 81/145 (56%) nodules were categorized as high
suspicion, of which 37/81 (46%) were malignant. A total
0f 28/145 (19%) nodules were categorized as intermediate
suspicion, of which 9/28 (32%) were malignant. However,
4/50 (8%) malignant nodules were categorized as low or

Risk Stratification in Pediatric Thyroid
Nodules

M ATA risk stratification

Radiologists’ overall impression
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

E

Sensitivity* Specificity* Specificity **

Fig. 2. Diagnostic accuracy of ATA risk stratification versus radi-
ologists’ overall impression. * ATA high and intermediate suspi-
cion versus radiologists’ malignant and indeterminate overall im-
pression. ** ATA high suspicion versus radiologists’ malignant
overall impression.

very low suspicion. The radiologists called 53/145 (37%)
nodules malignant, of which 34/53 (64%) were malignant
(Fig. 1b). A total of 55/145 (38%) nodules were called in-
determinate, of which 11/55 (20%) were malignant. Five
out of 50 (10%) malignant nodules were misclassified as
benign. In summary, while the radiologists’ impression
was more accurate than risk stratification, there were still
a substantial number of nodules assigned an incorrect
overall impression.
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Next, we compared the diagnostic accuracy of the
ATA risk stratification to the radiologists’ overall impres-
sion (Fig. 2). In clinical practice, an FNA would typically
be performed for a high or intermediate ATA risk strati-
fication or a radiologist’s malignant or indeterminate
overall impression. Therefore, the sensitivity of the ATA
high and intermediate suspicion groups was compared to
the sensitivity of the radiologists’ malignant and indeter-
minate impression groups to best answer the practical
clinical question of how many malignant nodules would
be missed if an FNA was not performed. Using this con-
vention, the sensitivity for detecting malignancy was
equal between both ATA criteria and radiologists’ inter-
pretation (91 and 90%, respectively). When we compared
the specificity of the ATA high and intermediate catego-
ries compared to the radiologists’ malignant and indeter-
minate overall impressions, the specificity was also com-
parable (32% ATA and 34% radiologists). However, when
we compared only the ATA high suspicion and the radi-
ologists’ malignant impression, the specificity of the radi-
ologists was higher than the ATA risk stratification (80 vs.
53%, respectively). When a subset analysis was performed
on only patients <18 years old, the results were similar:
the overall malignancy rate was 31% (compared to 34%
in the <21-year-old group). The ATA risk stratification
sensitivity and specificity was 87 and 54%, respectively,
compared to 86 and 81% for the radiologists’ overall im-
pression.

Discussion

In this study, 34% of children presenting with thyroid
nodules had thyroid cancer. Other groups have reported
a slightly lower malignancy rate for pediatric thyroid
nodules ranging from 18 to 26% [2, 4, 6]. Our estimate
likely inflates the malignancy rate due to both a referral
bias and the intentional study design requiring at least 1
year of institutional follow-up, likely eliminating more
patients with benign nodules who chose to have follow-
up care closer to home. No single clinical characteristic,
including age, sex, mode of presentation, or family his-
tory of thyroid malignancy, was significantly different be-
tween patients with benign and malignant nodules. Our
cohort was predominantly female, similar to previous
studies [6, 17, 18]. Interestingly, we did not find any as-
sociation with the mode of nodule discovery and malig-
nancy. Previous work suggested thyroid nodules found
on incidental imaging may be less likely to be malignant,
but our results do not support this conclusion [19]. Inci-
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dental nodules were discovered most frequently during
head CT scans and neck US imaging. Our practice has
been to consider FNA for any nodules >5 mm with con-
cerning features regardless of the reason for imaging. Our
study did not capture the patients with benign-appearing
nodules who had follow-up locally; the proportion of
these nodules which were found incidentally is unknown.
Nevertheless, of the 12 nodules in this study discovered
on incidental imaging, 50% were malignant supporting
that pediatric thyroid nodules, even if found incidentally,
require further investigation. In our study, few patients
(4%) had thyroid autoimmunity, defined as having posi-
tive thyroid antibodies. Given this study was a retrospec-
tive review, it is possible that more patients in this cohort
may have had measurable thyroid antibodies, but did not
have antibody tests performed. Thyroid antibodies are
not ordered routinely in euthyroid patients presenting
with thyroid nodules or cancer. Our study supports previ-
ous work that pediatric cancer often is more advanced at
the time of diagnosis: 46% of children had evidence of
lymph node involvement at diagnosis [19].

We identified US characteristics associated with in-
creased odds of thyroid malignancy, these included: sus-
picious lymph nodes, calcifications, irregular margins,
hypoechogenicity, a significant solid component, and in-
creased blood flow. Nodules that were spongiform, had a
halo, or were hyperechogenic decreased the odds of ma-
lignancy, but did not reach statistical significance poten-
tially due to the fact that these features were infrequently
present. As previously described, we confirmed that the
presence of suspicious lymph node involvement highly
predicted malignancy [4, 8, 19-22]. The presence of mi-
crocalcifications has been one of the US features most
consistently associated with malignancy across many
studies, and our study maintains this strong association
[2].

Our results also support previous work suggesting that
irregular margins reflect increased odds of malignancy
[23]. As the definition of an irregular margin has not been
clearly defined in previous studies, we found >25% of the
margin irregular predictive for malignancy and suggest
this be used as a formal definition. Our study reported on
degrees of solidity and found that >75% solid nodules had
an OR of 2.9 (95% CI 1.2-6.9, p = 0.01). We propose us-
ing a definition of >75% solid in future work.

Echogenicity has been weakly linked to malignancy
risk [19, 20, 24]. We found that predominantly hypoecho-
ic nodules without any hyperechoic component strongly
predicted malignancy risk (OR 2.8, 95% CI 1.3-5.9; p =
0.0073). Overall increased vascularity predicted malig-
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nancy risk (OR 2.9, 95% CI 1.2-7.0; p = 0.01) as in previ-
ous studies [23]. Our work suggests that size >1 or <1 cm
did not predict increased odds of malignancy. There have
been conflicting prior studies around this question, but
our finding supports the current ATA Pediatric Guide-
lines which suggest performing FNA of nodules with con-
cerning features even if they are <1 cm in diameter [4, 17,
19, 20, 25-27]. Overall, we found the summation of US
features concerning for pediatric malignancy was very
similar to adult data [28, 29].

The overall sensitivity of both the ATA Risk Stratifica-
tion tool and the radiologists’ overall impression was
good (91 and 90%, respectively). Recent studies cite
slightly lower US diagnostic accuracy with a lower sensi-
tivity but equal specificity [30, 31]. The radiologists had a
better ability to confidently predict a true malignancy
compared to the ATA high risk category (80 vs. 53%).
However, specificity was reduced and similar in both
groups when ATA high and intermediate risk or radiolo-
gists’ malignant and indeterminate categories were com-
bined. Importantly, malignant nodules were misclassified
by both groups: 4/50 malignant nodules were stratified as
low risk by ATA criteria, and 5/50 were read as benign by
the radiologists. This rate of misclassification is likely in-
flated due to our study design when many patients with
benign appearing nodules did not have follow-up at our
institution.

However, the overall rate of misclassified thyroid nod-
ules (both falsely benign and malignant nodules) using US-
based methods remains small but substantial. Our data,
with nearly 10% of malignant nodules categorized as be-
nign or low risk, highlight the importance of ensuring lon-
gitudinal follow-up for thyroid nodules in children even if
initially thought to be benign. It is possible to consider
avoiding FNA in very low suspicion nodules if providers
can ensure appropriate and timely surveillance. Also, given
the small but still significant number of nodules misclassi-
fied as malignant, we recommend proceeding with FNA
prior to surgery in all cases to ensure accurate surgical
planning and avoiding overly aggressive surgery.

Another scoring scheme, the McGill Criteria, consid-
ers clinical, US, and cytology results to estimate a nodule’s
malignancy risk [3]. The diagnostic performance of a
modified Adult McGill Thyroid Nodule Score in 46 chil-
dren (10 children with malignant nodules) had a 100%
sensitivity and 94% specificity for scores >10 and 80%
sensitivity and 100% specificity for scores >11 (maxi-
mum possible score is 31) [3, 14]. Specific US variables
and clinical factors significantly associated with malig-
nant cytology included presence of a TSH >1.4 mIU/L,
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hypoechogenicity, microcalcifications, and lymphade-
nopathy. While the diagnostic accuracy of the McGill
Criteria is excellent, a significant limitation is that the
score requires an FNA, which independently predicts
thyroid cancer in children [32-34].

Developing a scoring system entirely based on nonin-
vasive measures would be ideal for the pediatric popula-
tion. An US-based stratification system may have the
most clinical utility in pediatrics as obtaining cytology re-
sults is costly and frequently requires sedation with po-
tentially higher risk and psychological stress for children
compared to adults. Other work supports the potential of
US-based ATA risk stratification. Lim-Dunham et al. [12]
described an excellent diagnostic performance of ATA
Adult Risk Stratification in a small cohort of 33 children
(12 of whom had malignant nodules). The authors con-
cluded that US surveillance may be appropriate for pedi-
atric nodules stratified to less than high suspicion groups.
US is also appealing with low intraobserver variability in
performance [35]. It may be also possible to integrate an
US stratification scheme with an adapted version of the
TIRADS system as the TIRADS system has been well cor-
related with FNA results in adults [36]. In addition to US,
adding strain elastography may be a helpful and nonin-
vasive way to further categorize adult nodules, this tech-
nology needs to be evaluated in children [37, 38]. Overall,
a pediatric US-based stratification system holds promise
as an adjunctive tool in the evaluation of pediatric pa-
tients with thyroid nodules.

Our results should be interpreted in the context of sev-
eral limitations. First, we intentionally excluded patients
who presented with thyroid nodules and did not have
longitudinal follow-up at our institution to increase diag-
nostic validity. By doing so, we excluded many children
with benign nodules who continued follow-up at home
institutions after an initial reassuring evaluation. Also,
nodules were analyzed apart from patients which could
inflate results due to a clustering effect in patients with
more than 1 malignant nodule. However, the majority of
patients only had 1 thyroid nodule, so we feel this effect,
if present, is likely minimal. Lastly, we had the benefit of
experienced pediatric radiologists whose diagnostic ac-
curacy may not generalize universally across all radiolo-
gists. We also recognize the limited ability to define what
fully constitutes the radiologists’ overall impression and
describe the entire breadth of the radiologists” diagnostic
reasoning. It is possible that our radiologists’ ability to
form highly accurate overall impressions is unique, but
we think it is highly likely that with training and experi-
ence, it could be reproduced.
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Conclusion

We found a high rate of thyroid cancer amongst pedi-
atric patients presenting with thyroid nodules and, fur-
thermore, many patients had advanced cancer at the time
of diagnosis. We did not identify a single clinical feature
associated with malignancy. Patients’ nodules were dis-
covered by a variety of means, and half of nodules discov-
ered incidentally were malignant. Multiple specific US
features including solid composition (>75%), presence of
microcalcifications, irregular margins (225%), increased
blood flow, and hypoechogenicity were strongly associ-
ated with increased odds of malignancy. Applying the
Adult ATA US Risk Stratification Scheme to pediatric
nodules performed well with an equal sensitivity to expe-
rienced radiologists. In our study, radiologists could de-
tect malignancy with increased specificity compared to
the ATA Risk Stratification Scheme. Our results demon-

strate promising use of US to predict malignancy, poten-
tially reducing unnecessary FNA procedures in very low-
risk nodules where follow-up can be ensured. However,
both US-based methods were imperfect in detecting ma-
lignancy, supporting the continued need for FNA to ac-
curately evaluate most thyroid nodules. Considering the
complexity of performing pediatric FNA, developing a
formalized US-based system to better predict malignancy
and define those nodules requiring FNA would be ideal
for this population. Further work is needed to refine an
US-based scoring system specific to pediatric patients.
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