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Abstract

Background: The American Thyroid Association (ATA) rec-
ommendations for the follow-up of thyroid nodules with
benign fine needle aspiration (FNA) cytology in children
are largely based on adult data, despite well-characterized
differences between thyroid nodules in adults and chil-
dren. We aimed to determine the optimal time interval for
repeat evaluation of an FNA-benign thyroid nodule in a
pediatric patient.

Methods: This is a retrospective chart review of patients
<19 years of age from 2003 to 2013 with a benign thyroid
nodule by FNA cytology.

Results: We identified 43 patients with benign thyroid
nodule cytology on FNA. The average age at diagnosis
was 15.6 years, with female predominance (91%). Initial
ultrasound (US) findings showed an average nodule size
of 2.5 cm, 10% with calcifications, 37% hyperemia, 29%
hypoechogenicity and 7% lymphadenopathy. Follow-up
US was done in 42%. The first follow-up US occurred on
average at 15 months after the initial US. Four patients had
nodules with significant growth over time. One patient
with papillary thyroid carcinoma (PTC) on final pathol-
ogy initially had a decreasing nodule size, and then a
subsequent increase in the nodule size after 4.5 years.
Thyroid nodules were surgically removed in 33% with
the final pathology showing a benign cytology in four
patients, follicular adenoma in eight patients and PTC in
two patients.
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Conclusions: The majority of patients with benign thyroid
nodules had no significant increase in nodule size in the
first year of follow-up, including one patient who was sub-
sequently found to have PTC. We recommend follow-up
US at 1 year after initial presentation in low-risk pediatric
patients with benign thyroid nodule cytology.
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Introduction

When a thyroid nodule is detected in an adult, recommen-
dations for evaluation include ultrasound (US), thyroid
function studies and fine needle aspiration (FNA) depend-
ing on the nodule size and US characteristics [1]. While
the risk of malignancy is increased with certain nodule
characteristics such as hypoechogenicity, microcalcifica-
tions, hypervascularity and size >1 cm [2], the cytological
assessment of the FNA is necessary to help determine if
the nodule is malignant. The estimated false-negative rate
of an FNA is between 1 and 10% [3, 4]. Due to this false-
negative risk, the American Thyroid Association (ATA)
recommends continued follow-up of a nodule with benign
FNA with US re-evaluation in intervals ranging from
<12 months to >24 months determined by risk stratifica-
tion based upon initial US findings [1].

When a thyroid nodule is detected in a pediatric
patient, evaluation and treatment is typically deter-
mined following the ATA guidelines for pediatric thyroid
nodules [5]. Similar to adults, in a thyroid nodule with
benign FNA results, repeat US evaluation of the nodule
is recommended in 6-12 months [5]. However, data to
support this recommendation is limited and is predomi-
nantly based on adult studies, despite well-characterized
differences between thyroid nodules in adults and chil-
dren. While the prevalence of thyroid nodules in children
is only 0.2%-5%, pediatric nodules have a much higher
risk of malignancy compared to adults [6, 7]. Addi-
tionally, there have been several studies that raise the
question of whether pediatric and adult thyroid cancer
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should be treated as distinct diseases. While the nodule
US characteristics predictive of malignancy are similar
between adults and children [8], pediatric thyroid cancer
is more commonly associated with lymph node metas-
tasis, is typically well differentiated, and has different
molecular abnormalities in comparison to adult thyroid
cancer [9, 10].

There have been several studies in adults follow-
ing the natural history of FNA-benign thyroid nodules
to determine the optimal time interval for re-evaluation
of benign thyroid nodules in adult patients [11-13]. One
recently published study evaluated the follow-up strategy
for benign nodules in pediatric patients and recommends
individualizing the US follow-up interval based on nodule
characteristics [14]. Given the epidemiologic and clinical
differences between adult and pediatric thyroid nodules,
additional studies in pediatric patients are needed to
guide these decisions. In this study, we aimed to evaluate
the natural history of FNA-benign thyroid nodules in pedi-
atric patients, and to determine the optimal time interval
for repeat US evaluation.

Materials and methods

This was a retrospective chart review of patients less than 19 years
of age at the Rhode Island Hospital from 2003 to 2013. We searched

156 pediatric patients with thyroid nodule l
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all patients seen at the Rhode Island Hospital and the Hasbro Chil-
dren’s Hospital who were less than 19 years of age and had the
International Classification of Diseases, Ninth Revision diagnosis
code of thyroid nodule (code 241). We collected the demographic
data, clinical history and exam, results of all thyroid US and FNA
evaluations, treatment modalities including thyroidectomy, and
final pathology results. US were performed at the Rhode Island
Hospital or the Hasbro Children’s Hospital and read by experienced
radiologists, with the exception of two patients who had the ini-
tial US performed at an outside facility. Patients with single and
multiple nodules were included. Patients presented between Janu-
ary 2003 and December 2013, and follow-up data were collected
through December 2015. Patients with autonomously functioning
thyroid nodules from this cohort were previously described [15].
The Rhode Island Hospital Institutional Review Board approved
this study.

Medical records were reviewed and 156 patients were identi-
fied with one or more thyroid nodules confirmed by US diagnosed
before the age of 19 years. One hundred and thirteen patients were
excluded for the following reasons: autonomously functioning
thyroid nodule (13 patients), Hashimoto’s thyroiditis (12 patients),
Graves’ disease (three patients) or history of radiation therapy (one
patient). Patients that did not have an FNA, or had FNA showing
cystic contents only, atypical cells or concern for malignancy, were
also excluded (84 patients). There were 43 patients remaining who
had FNA results with benign pathology (Bethesda category II) who
were included in the analysis. In patients with multiple nodules,
FNA was performed on the largest nodule or on multiple nodules
with each FNA showing benign pathology. Of these patients, 14 had
thyroidectomy performed, with the final pathology from the surgi-
cal specimens showing follicular adenoma in eight patients, benign
nodule in four patients and papillary thyroid carcinoma (PTC) in two
patients. These results are detailed in Figure 1.

’-I 13 excluded for autonomously functioning thyroid nodule

] 12 excluded for Hashimoto's thyroiditis |

| 3 excluded for Graves’ disease |

4~| 1 excluded for history of radiation therapy |

127 pediatric patients with thyroid nodule ‘

4{ 18 excluded for US or FNA consistent with colloid cyst

or no FNA done

66 excluded for FNA showing atypia or malignancy,

43 pediatric patients with thyroid nodule
with benign FNA results

—

2 patients found to have papillary
thyroid carcinoma on final
pathology following thyroidectomy

after thyroidectomy

33 patients with benign nodules
— 4 confirmed by final pathology

- 29followed clinically and with US

8 patients found to have follicular
adenoma on final pathology
following thyroidectomy

Figure 1: Chart review findings and exclusions.
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Results

Forty-three patients were identified with FNA-benign
thyroid nodules. After follow-up examinations and sur-
gical removal in some patients, two patients were found
to have PTC and eight patients had follicular adenoma
on the final pathology. Thirty-three patients continued
to have the diagnosis of benign thyroid nodule at the last
follow-up examination.

Clinical characteristics

The mean age of all patients with a thyroid nodule
and benign FNA was 15.6 years at diagnosis; range
0.8-18.8 years. There was female predominance, with 39
females and four males. Thyroid-stimulating hormone
levels were normal in all patients who had laboratory data
available. Thyroid nodules were diagnosed incidentally
on imaging for unrelated reasons (five patients), detected
by healthcare providers (11 patients) or detected by family
members (seven patients). Demographic data, laboratory
values and clinical presentation are detailed in Table 1.

Radiographic studies

The mean nodule size determined by the initial US was
2.5 cm; range 0.6-5.3 cm. Laterality of thyroid nodules
was 23 right, 16 left and two isthmus. Single nodules were
found in 29 patients, whereas 12 patients had more than
one thyroid nodule. The initial US showed the following
characteristics: 9% calcifications, 33% hyperemia, 28%
hypoechoic nodules and 7% lymphadenopathy. The prev-
alence of these characteristics was similar among patients
who had a final diagnosis of benign thyroid nodule, fol-
licular adenoma and PTC. Nodule size, laterality and US
findings are detailed in Table 2.

Fine needle aspiration results

All patients included in the study had benign pathology
on FNA. If the initial FNA was indeterminate, an FNA was
repeated and showed benign pathology. Of the 43 patients
included in the final analysis, none of the patients had
abnormal FNA results as these patients were excluded
from analysis. Three patients (7%) had follow-up repeat
FNA performed (excluding indeterminate results) with
each of these showing benign pathology, and there has
been no further US monitoring for these three patients to
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Table 1: Clinical characteristics of all patients with thyroid nodules
with benign cytology on initial FNA.

Al Benign Follicular PTC
patients adenoma

Number of patients 43 33 8 2
Age at diagnosis, years

Average 15.6 15.3 16.3 17

0-5 1(2%) 1 (3%) 0 (0%) 0 (0%)

6-10 1(2%) 1 (3%) 0 (0%) 0 (0%)

11-15 20 (47%) 16 (48%) 3 (38%) 1(50%)

16-18 21 (49%) 15 (45%) 5 (63%) 1(50%)
Gender

M 4 (9%) 4(12%) 0 (0%) 0 (0%)

F 39(91%) 29(88%) 8(100%) 2(100%)
Race

White 32(74%) 23 (70%) 7 (88%) 2(100%)

Black 4 (9%) 4 (12%) 0 (0%) 0(0%)

Other/notprovided 7 (16%) 6(18%) 1(13%) 0 (0%)
TSH, mIU/mL

Average 1.37 1.33 1.62 0.78

Low (<0.35) 0 (0%) 0(0%) 0 (0%) 0(0%)

Normal (0.35-5.5) 35(81%) 25(76%) 8(100%) 2 (100%)

High (>5.5) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Not available 8(19%) 8(24%) 0(0%) 0 (0%)
Mode of diagnosis

Incidentally on 5(12%) 4(12%) 1(13%) 0 (0%)

imaging

Palpated by 11 (26%) 9 (27%) 2(25%) 0(0%)

physician

Noticed by 7(16%) 4(12%) 2 (25%) 1(50%)

patient/family

Not documented 20 (47%) 16 (48%) 3(38%) 1(50%)

FNA, fine needle aspiration; PTC, papillary thyroid carcinoma; TSH,
thyroid-stimulating hormone.

date. Fourteen patients had thyroidectomy or lobectomy
performed, with the final pathology after surgical removal
showing follicular adenoma in eight patients and PTC in
two patients. This results in a 4.6% false-negative FNA
rate for thyroid malignancy.

Follow-up data

Twenty-five patients had only one US, and then sub-
sequently had surgery (10 patients) or were lost to
follow-up or transferred care (15 patients). Repeat US was
performed in 18 patients (42%) at time intervals ranging
from 1 month to 5.5 years, with an average interval of
15 months until the first follow-up US. The average length
of follow-up was 28 months during the period of data
collection. Four patients had nodules with significant
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Table 2: Initial ultrasound findings.

Al Benign  Follicular PTC
patients adenoma

Number of patients 43 33 8 2
Size of the largest nodule (largest dimension)

Average, cm 2.5 2.3 3.5 2.8

Range 0.6-5.3 0.6-4.7 1.9-5.3 2.5-3

<lcm 4 (10%) 4 (13%) 0(0%) 0(0%)

1-1.9 cm 11 (28%) 10(32%) 1(17%) 0 (0%)

2-2.9cm 8(21%) 7 (23%) 0 (0%) 1 (50%)

3-3.9cm 11 (28%) 7 (23%) 3 (50%) 1(50%)

>4.cm 5(13%) 3(10%) 2 (33%) 0 (0%)
Number of nodules

1 29 (71%) 23(70%) 6(100%) 0 (0%)

2 7 (17%) 6 (18%) 0 (0%) 1(50%)

3 2 (5%) 1 (3%) 0 (0%) 1(50%)

4 2 (5%) 2 (6%) 0 (0%) 0 (0%)

5 1(2%) 1 (3%) 0 (0%) 0 (0%)
Laterality (largest nodule)

Right 23(56%) 18(55%) 3(50%) 2(100%)

Left 16 (39%) 13 (39%) 3 (50%) 0 (0%)

Isthmus 2 (5%) 2 (6%) 0 (0%) 0 (0%)
Cystic component

Yes 27 (66%) 23 (70%) 3 (50%) 1(50%)

No 14 (34%) 10(30%) 3 (50%) 1(50%)
Calcifications

Yes 4 (10%) 2 (6%) 1(17%) 1(50%)

No 37 (90%) 31 (94%) 5(83%) 1 (50%)
Hyperemia

Yes 15(37%) 12 (36%) 2 (33%) 1(50%)

No 26 (63%) 21 (64%) 4 (67%) 1 (50%)
Hypoechoic

Yes 12 (29%) 11(33%) 1(17%) 0 (0%)

No 29 (71%) 22 (67%) 5(83%) 2(100%)
Lymphadenopathy®

Yes 3(7%) 3 (9%) 0 (0%) 0 (0%)

No 38(93%) 30(91%) 6(100%) 2(100%)

2Complete ultrasound data not available for two patients with
follicular adenoma. *Lymphadenopathy as found on ultrasound. PTC,
papillary thyroid carcinoma.

growth over time (>20% increase in the largest diameter).
Of the patients with follow-up US, six patients had devel-
opment of new nodule characteristics on subsequent US
(two nodules had new findings of hyperemia; one with
hypoechogenicity; one with calcifications; one with a
new cystic component; and one with new hypoechogenic-
ity and cystic component). All of these nodules continue
to have the diagnosis of benign thyroid nodule, although
only one patient has had a repeat FNA and none of these
patients had thyroidectomy. Twelve patients had no
change in nodule characteristics. One patient with PTC
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on final pathology initially had a decreasing nodule size,
and then a subsequent increase in the nodule size after
4.5 years. Details of nodule size on repeat US are shown
in Figure 2. Follow-up and treatment data are detailed in
Table 3.

Treatment and final pathology

Fourteen patients had a thyroid nodule removed by thy-
roidectomy or lobectomy. In four patients, final pathol-
ogy showed benign thyroid tissue. Although FNA results
were benign, these patients had thyroidectomy done due
to large nodule size in one patient (4.7x2.5x3.7 cm),
suspicious US findings in one patient (hyperemia, cystic
and solid components) and patient preference in one
patient. The reason for surgery was not documented in
one patient. In eight patients, the final pathology showed
follicular adenoma. Four of these patients had thyroidec-
tomy due to increasing growth in thyroid nodule, though
this growth was often monitored by the surgeon and was
not documented in formal US reports. Reasons for thyroid-
ectomy are detailed in Table 3.

In two patients, the final pathology showed PTC.
One patient initially had a hemi-thyroidectomy due to
compressive symptoms. The initial thyroid US showed
a multilobulated, solid mass in the right lobe of the
thyroid gland measuring 2.5%x2.4x2.2 cm and with
peripheral increased blood flow. There were also two
small nodules within the left lobe of the thyroid gland
that were <1 cm in size. FNA was benign. The final
pathology after right hemi-thyroidectomy showed an
encapsulated follicular variant of PTC with oncocytic
features and with foci of capsular invasion (2.6 cm).
Completion left-hemithyroidectomy was subsequently
done and showed two microscopic foci of PTC measur-
ing 0.1 cm and 0.15 cm. There was no lymphadenopathy.
The patient was treated with radioactive iodine and has
not had recurrence of PTC.

The second patient who had PTC on the final pathol-
ogy had a thyroidectomy almost 5 years after her initial
diagnosis of the thyroid nodule. The initial US showed
multiple cysts and solid masses with a predominantly
cystic nodule with a small solid component in the right
lobe measuring 3x2.5 cm. There was also a large nodule
on the left measuring 2.6 x1.8 cm, with possible calcifi-
cations. FNA of both nodules were benign, and thyroid
nodules were monitored by US once a year for 2 years,
then with a 2.5-year interval until her next US. The US ini-
tially showed an unchanged size of the nodule, and then
an increase in size with the largest nodule in the right lobe
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Figure 2: Nodule growth over time shown on follow-up ultrasounds.

70

Each line represents one patient with an FNA-benign thyroid nodule followed by ultrasound over time. Each point on the graph represents an
ultrasound, showing the time in months between ultrasounds on the X-axis, and the change in size of the thyroid nodule on the Y-axis. The
black line with square markers represents a patient with a final pathology of papillary thyroid carcinoma after having thyroidectomy. The
black dashed line with circle markers represents a patient with a final pathology of follicular adenoma after having thyroidectomy. The gray
lines with diamond markers are patients who continue to have the diagnosis of benign thyroid nodule. *Asterisks represent the patients
that had a significant increase in the size of the thyroid nodule over time (>20% increase in the largest diameter).

Table 3: Follow-up data.

All Benign Follicular PTC
patients adenoma
Number of patients 43 33 8 2
Number of ultrasounds
1 25(58%) 17 (52%) 7 (88%) 1 (50%)
2 9(21%) 9 (27%) 0 (0%) 0(0%)
3 5(12%) 4 (12%) 1(13%) 0 (0%)
4 3 (7%) 3 (9%) 0 (0%) 0(0%)
5 0(0%) 0 (0%) 0 (0%) 0 (0%)
6 1(2%) 0 (0%) 0 (0%) 1(50%)
Number of FNAs
1 40(93%) 30(91%) 8(100%) 2(100%)
2 3 (7%) 3 (9%) 0 (0%) 0 (0%)
Thyroidectomy
Yes 14 (33%) 4(12%) 8(100%) 2(100%)
No 29 (67%) 29 (88%) 0 (0%) 0 (0%)
Reason for thyroidectomy
Concerning US 2 (14%) 1(25%) 1(13%) 0 (0%)
findings
Large nodule size 3(21%) 1(25%) 2(25%) 0 (0%)
Nodule growth 5(36%) 0(0%) 4(50%) 1(50%)
over time
Compressive 2 (14%) 0(0%) 1(13%) 1(50%)
symptoms
Patient choice 1(7%) 1(25%) 0 (0%) 0 (0%)
Not documented 1(7%) 1025%) 0 (0%) 0 (0%)

FNA, fine needle aspiration; PTC, papillary thyroid carcinoma; US,
ultrasound.

measuring 2.7 x3.1x3.1 cm (4.5 years after the initial US).
There was no increase in calcifications, and no develop-
ment of hyperemia, hypoechogenicity or lymphadenopa-
thy. The patient had developed pain with swallowing,
and thyroidectomy was performed. The final pathology
showed the follicular variant of PTC in the left lobe, 1 cm in
size with partial encapsulation and all margins free from
tumor. Background nontumoral thyroid tissue showed
predominantly multinodular adenomatous hyperplasia.
She was subsequently treated with radioactive iodine
without complication or recurrence.

Discussion

Current ATA guidelines for the management of thyroid
nodules in pediatric patients recommend a follow-up US
in 6-12 months for patients with a benign pathology on
FNA, and subsequent US every 1-2 years [5]. Follow-up
of FNA-benign thyroid nodules is necessary in pediatric
patients due to the higher risk of malignancy in children
compared to adults, and due to the possibility of false-
negative FNA results. However, data evaluating the fre-
quency and timing of US follow-up in pediatric patients
are limited, with only one recent publication addressing
this question [14].
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In our cohort, 18 patients (42%) had a follow-up US
performed. Of these, only four patients (22% of those with
follow-up US) had an increase in nodule size defined as a
>20% increase in the largest diameter. This is similar to
the recent study of benign nodules in pediatric patients
where they observed nodule growth at first US follow-up
in 24% of nodules (median 11 months after benign FNA)
and 36% showed growth at any time during follow-up
(median 15.6 months) [14]. They identified that nodules
with lower cystic content and nodules in multinodular
glands had an increased likelihood of nodule growth, and
recommend individualizing the timing of US follow-up
based on these characteristics.

These results are similar to a large prospective study
in adult patients, evaluating the natural history of benign
thyroid nodules with yearly US for 5 years [12]. In this
adult study, there was significant nodule growth in 15%
of cases, and the majority of nodules did not change in
size, or spontaneously decreased in size. There was a
0.3% false-negative FNA rate in this study, with only
five patients eventually diagnosed with thyroid cancer.
Among those patients, only two had an increase in nodule
size over time [12]. In a large study of thyroid nodules in
adults and adolescents as young as 14 years of age, six
patients had an increasing nodule size over time and none
of these patients were diagnosed with thyroid malignancy
[16]. In another study of adults with thyroid nodules, the
false-negative FNA rate was 4.2% [13]. Patients who were
eventually diagnosed with thyroid malignancy had thy-
roidectomy >4 years after their initial thyroid nodule diag-
nosis, despite yearly follow-up US. In our study, there was
a 4.6% false-negative FNA rate for detecting malignancy,
with two patients having a diagnosis of PTC after thyroid-
ectomy despite benign FNA results. This is consistent with
the previous literature [3, 4, 13].

These adult studies conclude that the frequency of
thyroid US follow-up can be decreased in adults, as yearly
thyroid US did not improve outcomes or detection of
malignancy in adult patients. This led to a change in the
adult ATA guidelines in the 2015 revision which now rec-
ommends different US follow-up intervals of FNA-benign
thyroid nodules by risk stratification based on US findings
(<12 months for nodules with high-suspicion US pattern;
12-24 months for intermediate suspicion; >24 months for
low suspicion) [1]. Previously, the recommendation had
been to have a follow-up US evaluation every 6-18 months
for all FNA-benign thyroid nodules [17].

Prior studies have found the following US features to
be concerning for malignancy in pediatric patients: micro-
calcifications, hypoechoic pattern, increased intranodu-
lar vascularization, abnormal lymph node and irregular
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margins [8, 18-20]. The ATA guidelines recommend FNA
in nodules with these characteristics, regardless of nodule
size [5]. Overall, there was a low frequency of these con-
cerning US findings in our patient cohort. One patient
that had a final diagnosis of PTC did have calcifications
evident on US, and the other patient with PTC had a
nodule with hyperemia and no other changes concerning
for malignancy.

Limitations of the study include retrospective data
collection, as patients were seen by several different pro-
viders leading to variability in evaluation and timing of
follow-up. Overall, there are a small number of patients
with complete follow-up data. Many patients were lost to
follow-up or transferred care and may not have follow-up
data available. There were also some patients who were
initially evaluated and followed by an endocrine surgeon
rather that a pediatric endocrinologist, and intra-office US
may not have been documented in the available records for
review. In addition, many patients continue to be followed
by US and have not had thyroidectomy. These patients are
currently thought to have benign nodules based on FNA
results, but may have different pathology if nodules are
surgically removed in the future.

Our observations based on these findings are that
thyroid nodules with benign FNA results have limited
growth over time, without significant increase in nodule
size in the first year after diagnosis, and repeat US within
1 year have limited value and did not change the clinical
course for the patients in our cohort. Due to the higher
prevalence of malignancy in thyroid nodules in pediatric
patients compared to adults [6], thyroid nodules in pediat-
ric patients should be followed long term. This is also sup-
ported by one patient in our cohort who had an increase in
nodule size 4.5 years after the diagnosis of thyroid nodule
and was subsequently found to have PTC.

The current guidelines state that surgery should be
considered for nodules with suspicious US findings, size
>4 cm, or clinical concerns for malignancy [5], which is
also supported by our data as many of the patients who
had thyroidectomy or lobectomy shortly after their initial
diagnosis of thyroid nodule were found to have follicular
adenoma, or PTC in one patient.

Conclusions

The majority of patients with benign thyroid nodules did
not have a significant increase in nodule size in the first
year of follow-up, including one patient who was subse-
quently found to have PTC. In our cohort, US performed
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less than 1 year after the initial US did not provide addi-
tional diagnostic information or change clinical manage-
ment. Therefore, we recommend the first follow-up US to
be done 1 year after the initial presentation in low-risk
pediatric patients with benign thyroid nodule cytology
on FNA. Due to the higher rate of malignancy in pedi-
atric patients and the possibility of false-negative FNA,
thyroid nodules should continue to be monitored long
term due to the possibility of malignancy developing
over time. Increased nodule growth over time or change
in US characteristics would be concerning for potential
malignancy.
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