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Abstract
Thyroid surgery in the pediatric population is performed for a 
variety of benign and malignant conditions, including thyroid 
nodules, hyperthyroidism, goiter, and thyroid cancer. Thyroid 
nodules, though uncommon in children, are more likely to be 
malignant than in adults and require careful evaluation with 
history, imaging, thyroid function tests and often ultrasound-
guided biopsy to determine which nodules will require further 
interventions. The treatment of thyroid malignancy is primarily 
surgical, though the extent of surgery is an area of active debate. 
Moreover, thyroid surgery in children may have a higher rate of 
complications, and a number proposals have been suggested 
to mitigate these risks. The guidelines developed by the 2015 
American Thyroid Association Guidelines Task Force on Pediatric 
Thyroid Cancer are a helpful tool in directing the medical and 
surgical management of these complex patients, and provide 
a method for stratification of patient risk for recurrent disease. 
Children with thyroid disease are recommended to be cared for 
using a multidisciplinary approach and by providers and facilities 
experienced in management of pediatric patients. Surgery should 
be performed by surgeons experienced in pediatric cervical pro-
cedures. The objective of this review is to describe the range of 
thyroid disease affecting pediatric patients, examine current diag-
nostic algorithms, and discuss common treatment approaches, 
including the role for both surgery and adjunctive therapies. 
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Introduction

Thyroid surgery is performed for a range of benign and 
malignant indications in children, including nodules, 
hyperthyroidism, goiter, and thyroid cancer (Table 1). 
Thyroid disorders are relatively uncommon in children 
compared with adults and therefore recommendations 
have often been guided by the adult experience. None-
theless, these diseases may present differently, follow 
a unique clinical course, and have different molecular, 
pathologic, and genetic features in the pediatric popula-
tion. The establishment of the 2015 American Thyroid 
Association (ATA) Guidelines Task Force on Pediatric 
Thyroid Cancer recognized these unique features and 
was an important step in developing standards for the 
treatment of thyroid nodules and malignancy in chil-
dren. This review will discuss the spectrum of thyroid 
pathologies and their management in children, with an 
emphasis on current trends and consensus guidelines.

MANAGEMENT OF THE PEDIATRIC  
THYROID NODULE

Thyroid nodules are relatively rare in children, with 
reported incidences ranging from 1 to 2%. The inci-
dence of malignant nodules in children is not certain, 
but appears to be much higher at approximately 25% 
compared to 5% in adults. Nodules are the most common 
indication for thyroid surgery.1-4 The diagnostic algorithm 
is therefore geared toward identifying those nodules 
which are at highest risk of being malignant and require 
surgical excision.

The initial workup of the pediatric thyroid nodule is 
similar to that recommended in adults.2,5 Careful clini-
cal history should be obtained, with special attention to 
symptoms of hyper- or hypothyroidism, local compres-
sive symptoms, history of autoimmune thyroiditis, prior 
exposure to ionizing radiation, family history of thyroid 
cancer, and the presence of genetic syndromes associated 

Table 1: Indications for pediatric thyroid surgery

Goiter with compressive symptoms or cosmetic concern
Hyperthyroidism
MEN-2 syndrome
Thyroid malignancy
Thyroid nodule of indeterminate cytology
MEN: Multiple endocrine neoplasia
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with thyroid neoplasms. Physical exam should identify 
any firm, fixed masses or cervical lymphadenopathy. 
Initial diagnostic testing should include thyroid and cer-
vical ultrasound and thyroid function tests. Ultrasound 
characteristics which raise suspicion for malignancy 
and should prompt further investigation include nodule 
hypoechogenicity, undefined borders, microcalcifications, 
increased vascularity, subcapsular location, solitary 
nodules, and associated lymphadenopathy (Table 2).1 

As in adults, the presence of hyperthyroidism should 
prompt nuclear thyroid scintigraphy to determine if 
there is a hyperfunctioning nodule. A hyperfunctioning 
nodule rarely contains malignant cells, and in children 
the recommended definitive therapy is thyroid lobectomy 
with isthmusectomy.1 In the presence of hypothyroidism 
or euthyroidism, ultrasound-guided fine-needle aspira-
tion (FNA) biopsy should be considered.1,5 In adults, FNA 
is recommended for nodules at least 1 cm in diameter, 
increasing in size and having suspicious features on serial 
ultrasound, or in patients at high risk for malignancy (e.g., 
prior radiation exposure).2 The 2015 ATA pediatric guide-
lines note that nodule size is less predictive of malignancy 
in children, particularly since the overall thyroid volume 
may be smaller. The guidelines recommend that clinical 
characteristics and ultrasound features of the nodule 
should prompt ultrasound-guided FNA rather than size 
alone.5 Treatment of thyroid nodules in children is guided 
by FNA. Cytology is stratified into six risk groups accord-
ing to the Bethesda System for Reporting Thyroid Cytopa-
thology.6 This classification scheme has been shown to be a 
sensitive means of differentiating malignant from benign 
nodules in children.7,8 Benign lesions can be observed 
clinically, though surgery may be considered in certain 
scenarios. If the patient has compressive symptoms, cos-
metic concerns, increasing size of nodule, or development 
of other concerning sonographic features, surgery could 
be considered.5 Cytopathology that is definitively positive 
for malignancy necessitates surgical excision, usually by 
total thyroidectomy. 

Management of nodules with indeterminate cytology 
(atypia or follicular lesion of undetermined significance 
or suspicious for follicular or Hürthle cell neoplasm) is 
more complex. The risk of malignancy in these groups 
has been reported to be higher in children (28–58%, 
respectively) compared with in adults (5–15% and 15–30% 
respectively).5,7,9 The presence of cytologic atypia in these 
specimens has been shown to correlate with a higher 
risk of malignancy in children, pointing to a potential 
role for pathologic subclassification among the existing 
Bethesda system categories which could further refine 
management.9 Risk-scoring schemes using ultrasound 
characteristics in combination with Bethesda system 
classification have been proposed as a way of further 
stratifying those nodules which fall into indeterminate 
cytology groups.10 Although repeat FNA is often 
considered in adults with indeterminate FNA results, 
the ATA pediatric guidelines recommend proceeding 
directly to thyroid lobectomy plus isthmusectomy given 
their increased rate of malignancy.5

Molecular mutation analysis of cytology specimens 
with indeterminate pathology may also identify which 
nodules are at higher risk of malignancy and require 
more aggressive management.7,11 A number of genetic 
rearrangements and mutations have been associated 
with thyroid malignancy (BRAF, RAS, RET/PTC, PAX8/
PPARγ ). Identification of these markers may increase the 
positive predictive value of FNA.1,7,11 Therefore, a patient 
with an indeterminate nodule that is high risk by genetic 
analysis may undergo initial total thyroidectomy rather 
than staged surgical intervention with thyroid lobectomy 
followed by completion thyroidectomy if surgical pathol-
ogy demonstrates malignancy. Preliminary studies in 
children have suggested that use of molecular testing 
can reduce the need for a second stage surgery in certain 
patients and thereby decrease the risk of surgical compli-
cations and cost of care.7,11 Furthermore, certain mutations 
have been linked to a greater risk of lymph node metas-
tasis and therefore identification of these markers might 
prompt more aggressive surgical management, including 
lymph node dissection.7,11 Nonetheless, given the paucity 
of data validating molecular testing in children, the ATA 
pediatric guidelines caution against its routine use in 
guiding clinical decision-making.5 Moreover, negative 
molecular testing does not rule out malignancy as not all 
papillary thyroid cancers (PTCs) have a detectable muta-
tion. In this situation, management of the nodule should 
proceed according to the guidelines outlined above.7,11

In summary, ultrasound, thyroid function testing, 
and ultrasound-guided FNA, taken in the proper clini-
cal context, provide an effective means of risk-stratifying 
pediatric thyroid nodules to direct management. Increas-
ingly, new tools for assessing malignant potential—
cytologic subclassification, molecular markers, detailed 

Table 2: Risk factors for malignancy in pediatric patients  
with thyroid nodules

Patient characteristics Family history of thyroid cancer
Exposure to ionizing radiation
Presence of hereditary syndrome 
associated with thyroid neoplasm

Physical exam findings Firm, fixed neck mass
Cervical lymphadenopathy

Ultrasound findings Hypoechogenic nodule
Undefined borders
Microcalcifications
Increased vascularity
Subcapsular location
Solitary nodule
Associated lymphadenopathy
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risk-scoring systems using a combination of ultrasound 
and pathologic findings—are being investigated and 
may ultimately help refine our diagnostic and treatment 
algorithms.

PAPILLARY THYROID CANCER

Pediatric PTC is an aggressive disease that frequently 
presents with regional lymph node (52%) or distant 
(6%) metastasis. Prognosis is very good with 10-year 
survival of up to 98%.12 Surgical resection is the treatment  
of choice, though some debate exists as to the extent of 
resection needed, indications for neck dissection, and 
use of postoperative radioiodine ablation. Regardless 
of approach, patients with PTC should undergo neck 
ultrasound and, if needed, computed tomography (CT) or 
magnetic resonance imaging, to identify central or lateral 
neck lymph node metastasis, or extrathyroidal extension 
and to guide operative planning.5

Current guidelines and historical practice patterns 
favor an aggressive approach aimed at eradicating all 
disease upfront; thus ATA pediatric guidelines favor 
total thyroidectomy over subtotal thyroidectomy or 
thyroid lobectomy.5 A number of studies have linked 
total thyroidectomy to lower recurrence rates compared 
with partial thyroidectomy.13-15 Over a third of PTCs 
have been reported to be multifocal; therefore, total 
thyroidectomy is advocated as a way of removing any 
additional foci of disease.16 Finally, total thyroidectomy 
allows for postoperative ablation of residual disease with 
radioactive iodine (RAI) and monitoring for recurrence 
using serum thyroglobulin (Tg) levels.5,12,16

Total thyroidectomy has been linked to a higher rate of 
surgical complications compared with thyroid lobectomy. 
Complications are more likely in younger patients, leading 
some authors to advocate a conservative approach that 
reserves total thyroidectomy for select tumors only.12,16-19 
Contrary to the ATA guidelines, there are several recent 
studies showing no difference in cancer recurrence or 
in overall survival based on the extent of surgery—total 
thyroidectomy vs thyroid lobectomy.12,16,18 An analysis of 
pediatric and adolescent patients treated for PTC from 
1979 to 2012 at one institution concluded that thyroid 
lobectomy is a valid alternative to total thyroidectomy 
for the treatment of patients with PTC without clinical 
evidence of lymph node metastasis or extrathyroidal inva-
sion.19 As an adjunct to this approach, thyroid-stimulating 
hormone (TSH)-suppressive therapy has been effective 
in managing subclinical disease and preventing relapse, 
enabling less aggressive surgery that does not necessitate 
removal of all microscopic disease.18 These studies under-
score the importance of preoperative staging by imaging 
to guide which patients may be candidates for less aggres-
sive management. However, thus far, no randomized 

controlled trials exist comparing partial thyroidectomy 
to total thyroidectomy, and existing evidence is subject 
to the limitations of retrospective studies.

Management of lymph nodes is another subject of 
debate. Compartment-based lymph node dissection at the 
time of thyroidectomy has generally been recommended 
for clinically positive nodes and in cases of extrathyroidal 
tumor extension.5,14 This approach has been shown to 
lower the risk of locoregional recurrence compared with 
one which excises affected lymph nodes only or in which 
the neck lymph nodes are not addressed.14 Prophylactic 
ipsilateral central lymph node dissection has been favored 
by some; however, consensus guidelines recognize the 
need to balance eradication of subclinical disease with 
potential risks of surgery, and suggest that prophylactic 
central neck dissection be considered based on tumor 
characteristics and surgeon experience.5 Lateral neck dis-
section is reserved for cases of biopsy-proven lateral neck 
metastasis and is not routinely performed prophylacti-
cally given the additional morbidity of this procedure.5,19

Postoperative RAI treatment is routinely advocated 
given the locally advanced stage at presentation of many 
pediatric PTCs and its association with decreased risk of 
locoregional recurrence in some retrospective studies.12-15 
Moreover, it may facilitate monitoring of tumor recurrence 
using serum Tg levels.12 However, one large, single-center 
cohort study did not show any effect of the addition of 
radioiodine therapy to surgery for PTC on locoregional 
recurrence or distant metastasis. Additionally, it noted 
that side effects of treatment are significant, including 
nausea, vomiting, sialadenitis, xerostomia, bone marrow 
suppression, gonadal injury, and higher risk of lifetime 
secondary malignancies.20 Alternatively, radioiodine 
treatments may be reserved for patients with more 
advanced cancers, including those with extensive lymph 
node or distant metastasis.17 At the Children’s Hospital of 
Philadelphia Thyroid Center, we take an individualized 
approach to the use of RAI. In a child with low risk 
of persistent postsurgical disease, either regional or 
distant metastasis, RAI is typically not administered. 
For those at higher risk of persistent disease, patients 
are evaluated with TSH-stimulated Tg and diagnostic 
whole body scan to assess if RAI would be beneficial. 
Radioactive iodine is administered if there is lab and/or 
radiological (123I-whole body scan with or without single-
photon emission computed tomography/CT) evidence 
of persistent disease. After this initial postsurgical time 
frame, all patients are placed on TSH-suppressive therapy 
and serial Tg levels are followed every 3 months. The 
timing and administration of additional RAI is based on 
previous response to therapy and/or if there is evidence 
of increasing Tg or anti-Tg levels or progressive anatomic 
disease that is not amenable to surgery.
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FOLLICULAR THYROID CANCER

Follicular thyroid cancer (FTC) is the second most 
common pediatric thyroid malignancy.21 Many studies 
examining thyroid cancer in children group FTC with 
PTC. However, these tumors can behave differently, 
with a lower likelihood of lymph node metastasis and 
greater likelihood of hematologic spread.21 Long-term 
survival rates are similar to those of PTC.22,23 Few studies 
address the optimal management of FTC in children. 
Clinical guidelines recommend total thyroidectomy and 
postoperative RAI therapy for more advanced tumors, 
including those with evidence of vascular invasion, 
distant metastasis, and size > 4 cm.5 Less advanced 
tumors may be candidates for thyroid lobectomy without 
additional treatment.

HEREDITARY THYROID CANCER SYNDROMES

Most PTCs and FTCs are sporadic; however, approximately 
5% of these tumors occur in a familial pattern.24 They can 
present in association with familial cancer syndromes 
characterized by tumors in other parts of the body, such 
as PTEN (phosphatase and tensin homolog) hamartoma 
syndrome, familial adenomatous polyposis, Carney 
complex, Gardner, Peutz-Jegher and Werner syndromes. 
A familial form of PTC exists independently of associated 
cancer syndromes. Familial forms of PTC are associated 
with earlier age of onset, multifocal and bilateral tumors, 
the presence of benign thyroid nodules, greater likelihood 
of nodal metastasis, and worse prognosis.24 No genetic 
testing for familial PTC is currently available, so family 
history and the presence of the above characteristics 
should raise suspicion. Given the more aggressive course 
of these tumors, some authors recommend treatment 
with total thyroidectomy with prophylactic central 
neck dissection and lateral neck dissection for clinically 
positive nodes, followed by postoperative RAI and 
thyroid hormone suppression.25

Medullary thyroid carcinoma (MTC), which arises 
from the calcitonin-producing parafollicular cells of the 
thyroid gland, occurs in both sporadic and familial forms 
and represents less than 5% of pediatric thyroid cancer.26 
The majority of pediatric MTCs are related to multiple 
endocrine neoplasia (MEN) type 2a or 2b syndromes or 
familial MTC, and hereditary cancer syndromes caused 
by mutations in the RET proto-oncogene.26 Medullary 
thyroid carcinomas are often multifocal and bilateral 
in nature, and, once spread outside of the thyroid, are 
usually incurable.26,27 Treatment is primarily surgical, 
aimed at removing all thyroid tissue prior to metastasis 
of any disease beyond the thyroid. Since MTC ultimately 
develops in 90 to 100% of patients with MEN 2 syndromes, 

and most children with these syndromes are diagnosed 
prior to the onset of clinical disease, prophylactic thy-
roidectomy is an accepted approach.26,27 Recent debates 
focus on the optimal timing of surgery. Traditionally, 
serum calcitonin levels and stimulated calcitonin testing 
were used to guide timing of surgery. The development 
of genetic testing and an understanding of the varying 
clinical phenotypes of different RET mutations have 
led to the incorporation of genetic data in management 
algorithms. The 2009 ATA guidelines for management 
of medullary thyroid cancer reflect the central role for 
genetic testing and advocate an individualized approach 
to the timing of thyroidectomy based on the risk associ-
ated with the patient’s RET genotype and specific family 
history of aggressive disease.27 Patients with the highest 
risk mutations are recommended to undergo prophylactic 
thyroidectomy within the first year of life, while those 
with lower-risk mutations may delay surgery with close 
monitoring for clinical evidence of disease with neck 
ultrasound and serum calcitonin levels.27

HYPERTHYROIDISM AND GRAVES’ DISEASE

Hyperthyroidism in children is usually caused by Graves’ 
disease, though thyrotoxicosis can also be a result of 
autonomous functioning nodules, congenital activating 
mutations of TSH receptor gene, subacute thyroiditis, 
chronic lymphocytic thyroiditis, and pituitary tumors.28 
Thyroid surgery can play a role in the management of 
Graves’ disease and toxic adenoma. 

The optimal management of pediatric Graves’ disease 
is controversial. Many patients are initially treated with 
antithyroid drugs. Definitive therapy is considered in 
patients who fail to achieve remission, are unable to 
comply with medication regimen, or experience drug tox-
icity. Definitive therapy can be achieved by surgery (total 
or near-total thyroidectomy) or by RAI therapy.28-30 N No 
evidence-based recommendations favoring one treatment 
strategy exist, and decision-making between these two 
options must balance the potential adverse effects of RAI 
with the risk of surgical complications.31 The presence of 
suspicious nodules, pregnancy, large goiter, compressive 
symptoms, and age less than 5 years have been suggested 
as factors to favor surgery over RAI.30

Thyroid surgery in the presence of Graves’ disease 
presents unique challenges as the gland can be highly 
vascular and prone to leakage of thyroid hormone into 
the circulation during surgery, risking life-threatening 
thyrotoxicosis.32 Thus, these patients must be carefully 
medically managed preoperatively to ensure a euthyroid 
state. Moreover, they may be preoperatively treated with 
inorganic iodide (Lugol solution) to decrease thyroid 
vascularity and blood loss.32
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SURGICAL TECHNIQUE AND COMPLICATIONS

The most common complications after thyroid surgery 
in children are hypocalcemia (0–32%) and recurrent 
laryngeal nerve injury (0–40%).33 H Higher complication 
rates have been linked to total thyroidectomy compared 
with partial resection, surgery performed for malignancy, 
and younger age.3,18 Several surgical techniques have 
been suggested to reduce the morbidity associated with 
these complications.

Parathyroid autotransplantation during total thyroid-
ectomy is widely used in adults if the parathyroid glands 
become devascularized. This technique can reduce the 
rate of long-term hypoparathyroidism.34,35 One large 
review of the surgical management of papillary thyroid 
carcinoma found that the lowest rates of hypoparathy-
roidism were reported by authors who most commonly 
used parathyroid autotransplantation.33 Serial postop-
erative calcium measurements and postoperative para-
thyroid hormone level measurements may also identify 
patients at greatest risk of hypocalcemia-related complica-
tions and determine which ones may need calcium and 
calcitriol supplementation; alternatively, calcium and 
calcitriol supplementation can be given empirically.36,37 
The expertise of a pediatric endocrinologist is helpful in 
medical management of hypoparathyroidism.

Recurrent laryngeal nerve monitoring is widely used 
in adults as a way of helping the surgeon localize the 
nerve prior to visualization, particularly in challenging 
cases such as repeat operations or advanced malignancy. 
However, its use has not been clearly linked to a reduced 
rate of postoperative laryngeal nerve palsy.38 Feasibility of 
intraoperative nerve monitoring has been demonstrated in 
children; however, commercially available endotracheal 
tubes used for nerve monitoring may be too large for 
use in very young children.39,40 Alternatives, such as 
placement of surface electrodes on smaller endotracheal 
tubes or use of endolaryngeal hookwire electrodes, have 
been described.40

Surgeon volume and experience in pediatric thyroid 
surgery have been increasingly recognized as a factor 
reducing complication rates, reducing length of hospital 
stay, and overall cost of care.41 Given the relative rarity of 
thyroid disease in children, the importance of caring for 
these patients in specialized centers experienced in the 
care of pediatric patients cannot be underestimated.5,41 
Moreover, given the complexity of their care and evolving 
debates over diagnostic and management algorithms in 
pediatric thyroid disease, these patients are best managed 
via a multidisciplinary approach, including pediatricians, 
endocrinologists, surgeons, nuclear medicine specialists, 
oncologists, radiologists, and pathologists.5,41

CONCLUSION

Pediatric thyroid disease encompasses a diverse range of 
pathologies. Though much of our existing understanding 
is based on studies conducted in adults, pediatric thyroid 
disorders are distinct clinical entities and guidelines 
should be tailored to this population. Few prospective 
studies addressing these disorders in children exist, and 
their progress is made more difficult by the relative rarity 
of these diseases. The development of the 2015 ATA guide-
lines for pediatric thyroid cancer represents an important 
initial step in the effort in developing a consensus to guide 
those caring for children with thyroid malignancy. Certain 
trends have become evident. First is the development of 
increasingly refined risk-adjusted algorithms for the care 
of malignant disease. As more information becomes avail-
able about the clinical, pathologic, molecular, and genetic 
features of pediatric thyroid cancer, care may become 
more individualized. Care will be tailored to maximally 
eradicate an individual’s disease while minimizing the 
adverse effects of overtreatment. Secondly, the rarity 
of thyroid disease in children has led to an increasing 
emphasis on treatment in centers with extensive experi-
ence in caring for these patients. In particular, there has 
been greater recognition of the importance of treatment 
by a high-volume surgeon in improving outcomes. A team 
approach, with multiple specialists collaborating in the 
complex decision-making surrounding care of pediatric 
patient with thyroid disease, is essential.
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