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Context: Thyroid cancer is the most common endocrine malignancy, but due to its rare occurrence
in the pediatric population, the cancer risk of childhood thyroid nodules is incompletely defined,
and optimal management of children with suspected nodules is debated.

Objective: The aim was to study the presenting features and cancer risk of sporadic childhood
thyroid nodules using a standardized clinical assessment and management plan.

Design and Setting: Boston Children’s Hospital and Brigham and Women’s Hospital collaborated
to create a multidisciplinary pediatric thyroid nodule clinic and implement a standardized assess-
ment plan. Upon referral for a suspected nodule, serum TSH was measured and hypothyrotropine-
mic patients underwent 123I scintigraphy. All others underwent thyroid ultrasonography, and if this
confirmed nodule(s) � 1 cm, ultrasound-guided fine-needle aspiration was performed. Medical
records were retrospectively reviewed and compared to a control population of 2582 adults eval-
uated by identical methods.

Patients and Results: Of 300 consecutive children referred for the initial evaluation of suspected
thyroid nodules from 1997 to 2011, 17 were diagnosed with autonomous nodules by scintigraphy.
Neck ultrasonography performed in the remainder revealed that biopsy was unnecessary in over
half, either by documenting only sub-centimeter nodules or showing that no nodule was present.
A total of 125 children met criteria for thyroid biopsy, which was performed without complication.
Their rate of cancer was 22%, significantly higher than the adult rate of 14% (P � .02).

Conclusions: Neck ultrasonography and biopsy were key to the evaluation of children with sus-
pected thyroid nodules. Although the relative cancer prevalence of sonographically confirmed
nodules � 1 cm is higher in pediatric patients than adults, most children referred for suspected
nodules have benign conditions, and efforts to avoid unnecessary surgery in this majority are
warranted. (J Clin Endocrinol Metab 98: 3238–3245, 2013)
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Thyroid cancer is the most common endocrine malig-
nancy and usually presents as a thyroid nodule. Early

diagnosis and treatment improve outcome, and this con-
cept may be especially important in children who, com-
pared to adults, more commonly develop regional lymph
node and pulmonary metastases (1, 2). Accurate identifi-
cation of benign nodules is an equally important diagnos-
tic goal so as to avoid unnecessary surgery and the risks of
operative complications (1, 3–5).

Neck ultrasonography and fine-needle aspiration are
diagnostic mainstays in the evaluation of adults with thy-
roid nodules, and the American Thyroid Association rec-
ommends the application of these tools in children (6).
However, some experts dispute their appropriateness in
this age group due to concerns about the trauma of biopsy
and the risks of repeated sedation. This controversy is
further fueled by wide variability in the reported cancer
prevalence of childhood nodules because estimates as high
as 70% have been used to justify referring children directly
for surgery (7–12). Unfortunately, most pediatric series
are small and retrospective, with widely variable diagnos-
tic methods and inclusion criteria.

The goals of our study were to assess the value of di-
agnostic tests and to measure pediatric cancer prevalence
in thyroid nodules � 1 cm in size. To do this, we performed
a retrospective analysis of 300 consecutive children re-
ferred to our multidisciplinary pediatric thyroid clinic
from 1997 to 2011 for the initial evaluation of suspected
thyroid nodules.

Patients and Methods

Study design
We reviewed the hospital records of all pediatric patients (de-

fined as � 18 y of age) referred for suspected nodules and com-
pared their features to our recently published population of 2582
adults (13). All patients were evaluated by a standard diagnostic
algorithm (Figure 1). Serum TSH was measured in all children
referred for suspected thyroid nodules. Hypothyrotropinemic

patients underwent 123I scintigraphy to assess for nodule auton-
omy. All others were seen in our multidisciplinary thyroid nodule
clinic for combined evaluation by a radiologist and an endocri-
nologist. Sixty minutes before each evaluation, a nurse applied
EMLA cream over the thyroid bed and completed a standardized
history intake form (14).

Thyroid ultrasonography was performed with a 5 to 18 MHz
transducer. The UltraSTAR structured data entry system was
used to input nodule features, including size, cystic content, and
calcifications (15). Lymph nodes were considered enlarged when
width exceeded 7 mm and were categorized as sonographically
abnormal when the fatty hilum was lost or intranodal calcifica-
tions or echogenic regions were seen.

Biopsies were collected via fine-needle aspiration performed
by the endocrinologist, with ultrasound guidance by the radiol-
ogist. Biopsy sites were cleansed with alcohol and injected with
sc 1% lidocaine before aspiration. For each nodule, 4 to 6 aspi-
rates were collected with 1.5-in, 25-gauge needles attached to
10-ml syringes and pooled in CytoLyt solution for ThinPrep
(13). Specimens with at least 6 groups of 10 or more follicular
cells were considered adequate and were categorized according
to the Bethesda Thyroid Cytopathology Reporting System (16).
The cytology categorization system and interpreting cytopathol-
ogy department was constant through the entirety of this study.

Outcomes and statistical analysis
Patient features, including age, gender, and laboratory re-

sults, were obtained from hospital records and entered into the
REDCap data capture tool (17). Potential associations between
subject features and thyroid cancer risk were examined by Fish-
er’s exact test or �2 analysis for categorical variables and by
Wilcoxon test for continuous variables and multiple logistic re-
gression for joint assessment of 2 or more variables. SAS software
(SAS Institute Inc, Cary, North Carolina) was used, and P val-
ues � .05 were considered significant. Research was approved by
our institutional review boards.

Results

Stratification of 334 children referred for
suspected new nodules

A total of 433 patients no more than 18 years of age
were seen in our thyroid nodule program from July 1997

to March 2011. Of these, we ex-
cluded 68 who were referred for fa-
milial cancer syndromes and 31 oth-
ers referred after previous thyroid
surgery. The remaining 334 children
were referred for suspected new nod-
ules, detected by palpation or as in-
cidental radiographic findings (Fig-
ure 2). We excluded 7 children with
prior neck irradiation and, to avoid
referral bias, also excluded 27 others
referred after biopsy (either com-
pleted or attempted) at outside
institutions.Figure 1. Standard diagnostic algorithm. UG-FNA, ultrasound-guided fine-needle aspiration.
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The remaining 300 patients were considered initial
nodule evaluations. Nineteen children were directed to
123I scintigraphy for hypothyrotropinemia, and this diag-
nosed autonomous nodules in 17. Four patients elected to
undergo thyroidectomy with benign operative pathology.
The remainder elected medical treatment, and 3 received
131I therapy after reaching adulthood as definitive therapy
for hyperthyroidism.

The residual 283 children were evaluated by ultra-
sonography in our multidisciplinary nodule clinic. Al-
though all were referred for biopsy of clinically suspected
nodules, imaging revealed that biopsy was unnecessary in
half, either because their nodules were � 1 cm in maxi-

mum diameter (n � 46) or because
there was no discrete nodule (n �
99). Within the latter group, 62%
(61 of 99) had diffusely heteroge-
neous echotexture (Figure 2, B and
C), and Hashimoto’s thyroiditis was
diagnosed in 74% (45 of 61) of these
patients by documenting elevated se-
rum thyroid autoantibody titers.

Nine patients were diagnosed
with tumors of nonthyroid origin
that were typically adjacent to rather
than within the thyroid gland. Four
other children had no discrete mass
but displayed a dramatically abnor-
mal and distinctive sonographic pat-
tern of diffusely scattered, punctate
echogenicities without acoustic
shadowing, involving a large area of
the gland (Figure 2, D and E). In all 4
of these patients, aspirates were pos-
itive for papillary carcinoma, and
operative pathology showed the dif-
fuse sclerosing variant of papillary
thyroid cancer.

Features of 125 patients with 1
or more nodules > 1 cm in
maximum diameter

The final group of 125 patients all
had 1 or more nodules � 1 cm in size
(Figure 2, F and G). Children evalu-
ated for a suspected thyroid nodule
were more commonly adolescents,
and the female:male ratio was 5.2
(Figure 3). With the exception of
purely cystic lesions, biopsy was of-
fered for all nodules � 1 cm (even
when multiple nodules were present
in the same thyroid gland). Biopsies

were well tolerated and, with the exception of 2 children
under 6 years of age, were performed without sedation.
There were no biopsy complications requiring emergency
department evaluation or admission.

Children with cytological abnormalities concerning for
cancer and those with nodules � 4 cm in maximum di-
ameter (regardless of cytology) were referred for surgery.
The latter recommendation recognizes the potentially de-
creased sensitivity of even optimal biopsy in very large
nodules (18, 19). Overall, 28 children were diagnosed
with thyroid cancer, corresponding to a 22% cancer rate
in pediatric patients with discrete nodules � 1 cm. The

Figure 2. Study population (A) and representative ultrasonography (B–G). A, Patients were
stratified by serum TSH and imaging. *, Tumors of nonthyroid origin included 2 thyroglossal duct
cysts, 1 Burkitt lymphoma, 1 high-grade peripheral nerve sheath tumor, 1 undifferentiated
sarcoma, 1 benign parathyroid cyst, 1 renal clear cell sarcoma metastasis, 1 ganglioneuroma, and
1 ectopic thymic rest. Three patient ultrasound studies are shown. B and C, Transverse (B) and
sagittal (C) images of Hashimoto’s thyroiditis, characterized by diffuse heterogeneity of the entire
gland and a thickened isthmus (calipers; 1.04 cm) without a discrete nodule. D and E, Transverse
(D) and sagittal (E) images of the diffuse sclerosing variant of papillary thyroid cancer,
characterized by innumerable punctate echogenicities without a focal lesion. F and G, Transverse
(F) and sagittal (G) images of a well-defined, complex (�25% cystic) nodule (calipers) with
surrounding normal thyroid. T, trachea.
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variables of age, gender, lobe involved, Hashimoto’s thy-
roiditis, and nodule number per patient are shown in Ta-
ble 1. None of these variables were significantly associated
with cancer risk.

Characteristics of 136 nodules biopsied
In the above group of 125 patients, a total of 136 nod-

ules were biopsied. Mean nodule size was 2.5 cm (median,
2.3 cm), and 37% (50 of 136) were more than 50% cystic.
Based upon standards established in adult patients, repeat
biopsy was offered whenever initial cytology was nondi-
agnostic or atypical, and these data were used to derive the
final cytology results in Table 2 (13, 16). Cancer diagnosis

(defined by operative pathology) showed a direct relation-
ship to nodule size and an inverse relationship to cystic
content (Table 2). The sonographic abnormalities of cal-
cifications and abnormal lymph nodes associated strongly
with cancer but had low sensitivity (0.07–0.36) due to
their rare occurrence. Of note, whereas the presence of
nonspecific lymph node enlargement (without abnormal
lymph node appearance) was associated with significantly
higher cancer risk (34 vs 17%), most of these nodules were
benign. In multivariable logistic regression analysis of all
sonographic features, the independent associations of
nodule size and cystic content with cancer both remained
significant (P � .0007 or � .0001, respectively).

Final cytology and patient outcome
The Bethesda System for Reporting Thyroid Cytopa-

thology was used to categorize biopsies as nondiagnostic,
benign, malignant, atypia of undetermined significance,
suspicious for follicular neoplasm, or suspicious for ma-
lignancy. The last 3 categories are considered indetermi-
nate abnormalities in adult series (16).

The most common final cytology result was “benign”
(63%; Table 2). Fourteen of these nodules were surgically
resected for large size � 4 cm (n � 5); large nodule number
within a multinodular goiter rendering long-term surveil-
lance impractical (n � 4); or parental desire to obtain
definitive pathology (n � 5). With the exception of one
5.4-cm nodule found to be an encapsulated follicular vari-

Figure 3. Age and gender distribution of benign and cancerous
nodules.

Table 1. Features of 125 Children Confirmed to Have at Least One Nodule �1 Centimeter and Their Association
With Cancer Risk

Patient Characteristics
Patients, n
(% of Total)

n (% of Category)

PaBenign Cancer

All 125 97 (78) 28 (22)
Gender .39

Female 105 (84) 83 (79) 22 (21)
Male 20 (16) 14 (70) 6 (30)

No. of nodules � 1 cm per patient .10b

1 101 (81) 75 (74) 26 (26)
2 16 (13) 16 (100) 0 (0)
3 4 (3) 2 (50) 2 (50)
5 2 (2) 2 (100) 0 (0)
8 1 (1) 1 (100) 0 (0)
10 1 (1) 1 (100) 0 (0)

Hashimoto’s thyroiditisc .13
Present 19 (15) 12 (63) 7 (37)
Absent 106 (85) 85 (80) 21 (20)

Lobe involved .44
Bilateral 17 (14) 15 (88) 2 (12)
Isthmus 1 (1) 1 (100) 0 (0)
Left lobe 48 (38) 39 (81) 9 (19)
Right lobe 59 (47) 42 (71) 17 (29)

a Testing hypothesis of equal proportions in the 2 samples by Fisher’s exact test.
b Comparing patients with a single nodule to those with 2 or more nodules by Fisher’s exact test.
c Hashimoto’s thyroiditis was defined by documentation of elevated serum autoantibodies against either thyroperoxidase or thyroglobulin.
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ant of papillary carcinoma, all others had benign histol-
ogy. Two of these patients with benign nodules were noted
to have incidental, solitary papillary microcarcinomas
(0.1 and 0.3 cm) that were remote from the biopsy sites. In
1 adolescent who presented with both a cytologically be-
nign left-sided nodule and a cytologically abnormal right-
sided nodule, thyroidectomy showed a benign left-sided
nodule and a right-sided papillary carcinoma, indicating
that both biopsy results were predictive.

The remaining patients with cytologically benign nod-
ules deferred surgery and agreed to long-term surveillance
with annual neck ultrasonography. Forty patients elected
to have this surveillance performed at our center, and fol-
lowing the standard of repeating biopsy for nodule growth
or other significant interval change, 9 nodules were rebi-
opsied over a median follow-up of 3.2 years (range, 1.0 to
9.8 y). Only one 2.3-cm nodule was abnormal on repeat
biopsy (suspicious for follicular neoplasm), and its oper-
ative pathology showed an encapsulated follicular variant

of papillary thyroid cancer. All other diagnostic repeat
aspirates performed for interval growth were benign.

Among patients with abnormal cytology (defined as
malignant, atypia of undetermined significance, suspi-
cious for follicular neoplasm, or suspicious for malig-
nancy), one 17-year-old female with a 2.6-cm cystic nod-
ule and mild cytological atypia suggestive of benign cyst-
lining cells declined surgery, and she remains well after 9
years of surveillance imaging (20). All other patients with
abnormal cytology underwent surgery, and their histolog-
ical diagnoses are shown in Table 2. Forty-two percent
had initial near-total thyroidectomy, and the remainder
had lobectomy as their initial procedure. In the latter
group, 41% (12 of 29) subsequently underwent comple-
tion thyroidectomy for the diagnosis of cancer on lobec-
tomy pathology. No permanent hypoparathyroidism or
vocal cord paralysis was observed. Altogether, 28 thyroid
cancers were diagnosed by pathology, with cervical lymph
node metastases in 46% (13 of 28), including all 11 pa-

Table 2. Characteristics of 136 Nodules Biopsied and Their Association With Cancer Risk

Nodule Characteristics
Nodules, n
(% of Total)

n (% of Category)

PaBenign Cancer

All 136 108 (79) 28 (21)
Size in mm, median (range)b 23.0 (10–64) 22.5 (10–61) 29.5 (10–64) .004
Cystic content �.0001

0% (solid) 37 (27) 16 (43) 21 (57)
�25% 19 (14) 15 (79) 4 (21)
25–50% 30 (22) 28 (93) 2 (7)
50–75% 18 (13) 18 (100) 0 (0)
�75% 32 (24) 31 (97) 1 (3)

Calcifications �.0001
Present 9 (7) 0 (0) 9 (100)
Absent 127 (93) 108 (85) 19 (15)

Nonspecific lymph node enlargement .07
Present 29 (21) 19 (66) 10 (34)
Absent 107 (79) 89 (83) 18 (17)

Abnormal lymph node appearance .03
Present 4 (3) 1 (25) 3 (75)
Absent 132 (97) 107 (81) 25 (19)

Final cytology �.0001
Benign 86 (63) 84 (98) 2 (2)c

Atypical 10 (7) 6 (60) 4 (40)
Suspicious for follicular neoplasm 6 (4) 0 (0) 6 (100)
Suspicious for PTC 10 (7) 6 (60) 4 (40)
Positive for PTC 11 (8) 0 (0) 11 (100)
Nondiagnostic 13 (10) 12 (92) 1 (8)

Abbreviation: PTC, papillary thyroid cancer.
a Comparing malignant to benign by Fisher exact test.
b By continuous measure, malignant nodules were significantly larger than benign by Wilcoxon test. Mean � SD values were 24.8 � 12.2 mm for
all nodules; 23.0 � 10.9 mm for benign nodules; and 31.7 � 14.7 mm for malignant nodules.
c The 2 cytologically benign nodules diagnosed as cancers were encapsulated follicular variants of papillary carcinoma, one 5.4-cm nodule that was
empirically resected for large size and one 2.3-cm nodule that was rebiopsied at a surveillance visit 2 years after initial presentation and then
referred to surgery for new cytological abnormalities on the repeat biopsy. With the exception of 3 follicular carcinomas (2 with preoperative
cytology that was “suspicious for follicular neoplasm” and one with cytology that was “suspicious for PTC”), all thyroid cancers were papillary
carcinomas on operative pathology.
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tients with malignant nodule cytology. Distant (pulmo-
nary) metastases were present upon diagnosis in 1
adolescent.

Comparison of children and adults with thyroid
nodules

Our diagnostic algorithm and technical methods were
constant over the 14-year study interval and identical to
those used to evaluate adults at the Brigham and Women’s
Hospital. Of note, since 1995, all primary care physicians in
the Brigham and Women’s Hospital system have been asked
to refer adult patients to the thyroid clinic upon either the
clinical suspicion or the incidental imaging detection of a
thyroid nodule, so even the referral criteria and system were
identical to our pediatric cohort (13, 21). This permitted a
controlled comparison of pediatric data to our recently re-
ported adult statistics (Table 3), which revealed a higher can-
cer prevalence in children (22%) compared to adults (14%;
P� .02)withdiscretenodules � 1cm(13).Pediatricnodules
were also larger at presentation and more often solitary.

Discussion

The primary goal of this paper is to report our experience
in the diagnostic approach to childhood thyroid nodules

and their subsequent management. The results of our
study indicate that the cancer risk of sporadic thyroid nod-
ules is approximately 1.6-fold higher in children (22%)
compared to adults (14%). In this pediatric population,
application of a focused assessment plan based upon adult
consensus guidelines (6) was well tolerated and avoided
unnecessary procedures in most patients evaluated.

In contrast to the 5 to 15% cancer rate reported for
adults with thyroid nodules, reports of cancer prevalence
in children with thyroid nodules vary widely, ranging from
3 to 70% even among the most comprehensive series (7,
11, 12, 22–29). As mentioned, this wide range of cancer
prevalence has fueled debate regarding initial manage-
ment and led many experts to recommend that children
with nodules proceed directly to thyroidectomy without
biopsy or other preoperative testing. Efforts to resolve this
controversy may be aided by understanding the factors
responsible for this variability in the pediatric literature.
Although discordance between pediatric reports is gener-
ally attributed to their small size, variability in inclusion
criteria is another important contributor. Our study has
shown that, whereas cancer risk is indeed higher in chil-
dren than in adults, over one-third of patients referred for
clinically suspected nodules have no discrete mass by ul-
trasonography. Therefore, pediatric series that include
young adults up to 21 years of age or palpable nodules that
are not radiographically confirmed underestimate cancer
risk (23–27). Conversely, our study has also demonstrated
that over 75% of childhood nodules are benign. Thus,
series that limit inclusion to operated nodules may over-
estimate cancer riskbyexcluding individualswhodeferred
surgery in the context of reassuring biopsies (7, 11). Ter-
tiary pediatric centers are further prone to overestimation
of cancer prevalence if they fail to control for their pop-
ulation’s medical complexity (enrichment for individuals
with genetic or radiation-associated cancer risk) or for
referral bias (11, 22, 30). The critical impact of the latter
is illustrated by the seminal paper of Hayles et al (10),
which reported a 70% cancer rate for pediatric nodules on
the basis of 21 children with cancer but noted that 20 of
these patients were referred to their center only after the
diagnosis of carcinoma had already been established by
biopsy. To minimize these biases and focus on sporadic
childhood nodules, we restricted our cohort to patients no
more than 18 years of age and excluded all individuals
with familial thyroid cancer syndromes, previous neck ir-
radiation, or prior biopsy attempts at outside institutions.

Although our analysis is retrospective, it is worth not-
ing that certain features of our clinical practice resulted in
unusually uniform data collection. We instituted a stan-
dardized assessment and management plan to guide serum
testing and imaging decisions (31). We also used standard-

Table 3. Comparison of 125 Children and 2582
Adults With Nodules �1 Centimeter

Patient
Characteristics Children Adults Pa

Gender .21
Female 105 (84) 2266 (88)
Male 20 (16) 316 (12)

Thyroid cancer .02
Patients with

thyroid cancer
28 (22) 368 (14)

Patients without
thyroid cancer

97 (78) 2214 (86)

No. of nodule(s)
per patient

�.0001

1 101 (81) 1473 (57)
2 16 (13) 592 (23)
3 4 (3) 276 (11)
�4 4 (3) 241 (9)

Size of nodules,
mm

.02

10–14 61 (35) 1438 (31)
15–19 20 (12) 996 (22)
20–24 25 (14) 667 (15)
25–29 26 (15) 469 (10)
30–39 26 (15) 593 (13)
�40 15 (9) 421 (9)

Data are expressed as number (percent).
a Testing hypothesis of equal proportions in the 2 samples by Fisher’s
exact test or �-squared test. Adult patient data were adapted from
Yassa et al (13), modified to exclude tumors of nonthyroid origin.

doi: 10.1210/jc.2013-1796 jcem.endojournals.org 3243

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/98/8/3238/2833681 by guest on 21 August 2022



ized data forms to obtain medical histories and the Ultra-
STAR structured data entry system to record sonographic
features (15). Variability was further reduced by limiting
pediatric cases to a small core of identically trained pro-
viders, with 95% of the ultrasounds in this study per-
formed by 4 radiologists and 94% of the biopsies per-
formed by 3 endocrinologists. All biopsies were
interpreted within a single cytopathology department.
Collectively, these practices ensured the consistent collec-
tion of targeted data in every subject, and because our
methods matched those used to evaluate adults at the
Brigham and Women’s Hospital, a controlled comparison
was possible. To our knowledge, this report is the first to
accomplish this goal.

In the analysis of presenting features, no single patient
feature was significantly associated with increased cancer
risk. Larger multicenter studies, as are currently being or-
ganized by Pediatric Task Forces of the American Thyroid
Association, may better address features such as the num-
ber of nodules per gland and the presence of coexisting
Hashimoto’s thyroiditis that approached statistical signif-
icance in this cohort. When comparing sonographic char-
acteristics of benign and malignant nodules in our series,
cancers were more likely to be solid in nature and larger in
size. The sonographic abnormalities of calcifications and
abnormal lymph nodes were also strongly associated with
cancer, but their low incidence limits their sensitivity. Ul-
timately, no presenting sonographic feature offered suffi-
cient negative predictive value to forego biopsy, so we
recommend aspiration of all nodules � 1 cm, unless the
lesion is completely cystic or documented to be autono-
mous by scintigraphy.

All children in this series with malignant nodule cytol-
ogy were confirmed at pathology to have papillary thyroid
cancer that was metastatic to neck lymph nodes. Based
upon this experience, we recommend near-total thyroid-
ectomy for children with nodules that are � 1 cm and
cytologically positive for malignancy, consistent with cur-
rent consensus recommendations for adult patients (6).
Focusing on the opposite extreme, benign cytology was
similarly predictive (98%) with only 2 known false-neg-
atives, a 13-year-old with a 5.4-cm nodule and an 18-
year-old male who was rebiopsied with indeterminate cy-
tology at a surveillance visit 2 years after initial
presentation. Both had encapsulated follicular variants of
papillary thyroid cancer, a major cause of false-negative
cytology in reported adult series (32). They were without
metastases and were successfully treated. As in much
larger adult series, the fact that the vast majority of pa-
tients with benign cytology do not have surgery prevents
an absolute assessment of the accuracy of biopsy (6, 13).
Based upon our experience, we continue to recommend

deferral of surgery for children with benign cytology, as long
as their nodules are � 4 cm in size and their families commit
to long-term surveillance. Further cytology research in larger
populations isneededtodeterminewhether thecancerriskof
specific indeterminate cytological categories differs between
children and adults. In the interim, we recommend lobec-
tomy for children with indeterminate cytological abnormal-
ities and unilateral nodules.

We found our diagnostic assessment plan to be both
useful and appropriate. An initial serum TSH was a help-
ful screen that avoided the expense and radiation exposure
of radionuclide imaging in most children referred for sus-
pected nodules and also predicted nodule autonomy in
most hypothyrotropinemic patients directed to 123I scin-
tigraphy. Ultrasonography was extremely useful; it deter-
mined that biopsy was unnecessary in half the children
referred for suspected nodules, either by documenting
only sub-centimeter nodules or showing that there was no
nodule. The latter finding has been previously described in
adults (21), and it illustrates the limited specificity of thy-
roid palpation for the diagnosis of nodules. The nearly
50% incidence of autoimmune thyroiditis we observed in
such patients indicates that Hashimoto’s thyroiditis can
produce palpable changes that mimic nodules in children
as well as adults. This is also supported by our recent
report of pediatric thyroidectomies performed before pre-
operative imaging was standard, which revealed 6 chil-
dren who underwent thyroidectomy for palpable nodules
but were found to have autoimmune thyroiditis, without
nodules, on operative pathology (33). Thus, neck ultra-
sonography should always be performed in children with
clinically suspectednodulesbefore contemplating surgery,
to confirm the nodule’s presence and to assess the less
common possibilities of tumors of nonthyroid origin and
the diffuse sclerosing variant of papillary thyroid cancer.

In our experience, thyroid biopsies were well tolerated
and, with the exception of 2 children under 6 years of age,
all patients in this report were biopsied without sedation
by using local anesthetics and standard pediatric distrac-
tion techniques (34). Similar to other reports describing
the safety of ultrasound-guided fine-needle aspiration, we
observed no complications (23, 28, 35). However, we rec-
ommend ultrasound guidance for all pediatric biopsies to
optimize accuracy and safety because the smaller size of
pediatric patients increases the proximity of the thyroid
gland to the esophagus, trachea, and great vessels.

In summary, pediatric patients with discrete thyroid
nodules � 1 cm in maximum diameter have greater rela-
tive cancer risk than adults. However, like adults, the vast
majority of children referred for suspected nodules have
either no nodule or benign conditions. In experienced
hands, neck ultrasonography and ultrasound-guided fine-
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needle aspiration are safe and effective tools to rapidly diag-
nose pediatric thyroid cancer and to avoid the unnecessary
risk and expense of surgery in children with benign entities.
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