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Background: Though uncommon in children, pediatric thyroid nodules carry a higher risk of malignancy than
adult nodules.Whilefine-needle aspiration (FNA) has beenwell established as the initial diagnostic test in adults,
it has been more slowly adopted in children. The purpose of this study was to examine the comparative cost of
FNA versus initial diagnostic lobectomy (DL) in the pediatric patient with an ultrasound-confirmed thyroid
nodule.
Methods: A decision tree model was created using an adolescent with an asymptomatic thyroid nodule as the
reference case. Probabilities were defined based on review of the pediatric and adult literature. Costs were
determined from previous literature and the publicly available Medicare physician fee schedule. Tornado plot
and sensitivity analyses were performed to assess sources of cost variation.
Results: Using decision analysis, FNA was less costly than DL with an estimated cost of $2529 vs. $5680. Tornado
analysis demonstrated that the probability of an initial indeterminate FNA result contributed most to cost
variation. On sensitivity analysis, when probability of an indeterminate FNA result was increased to 35%, the
maximum value found in the literature, FNA remained less costly. In Monte Carlo simulation set to 10,000
iterations, FNA was superior to DL in 74% of cases.
Conclusions: In this theoretical model based on available literature and costs, FNA is less costly than DL for initial
diagnostic workup of thyroid nodules in children. Securing resources to offer FNA in the work-up of thyroid
nodules may be financially beneficial to hospitals and patients.
Level of evidence: Level 1 cost effectiveness study - using reasonable costs and alternatives used in study with
values obtained from many studies, study used multi-way sensitivity analysis.

© 2017 Elsevier Inc. All rights reserved.

Although thyroid nodules are uncommon in children and adoles-
cents, approximately 26% of thyroid nodules are malignant in children
compared to 5% in adults [1]. Nevertheless, themajority of pediatric thy-
roid nodules are benign and represent awide differential beyondmalig-
nancy including follicular adenoma, colloid cysts, nodular thyroiditis,
and abscess. While in the past diagnostic lobectomy (DL) was the pri-
mary diagnostic modality for thyroid nodules, fine-needle aspiration
(FNA) has emerged over the last three decades as a safe and accurate
test which can obviate the need for operation in many patients [2,3].

In combination with thyroid ultrasound (US), FNA has been widely
accepted as the initial diagnostic study of choice in adult thyroid nod-
ules. Because of lingering concerns over risk of complications, need for
anesthesia, non-diagnostic specimens, and reduced accuracy in chil-
dren, adoption of FNA in the pediatric population has been slower
[4–6]. Multiple studies have assessed the safety and diagnostic accuracy
of FNA in the pediatric population, and a recent meta-analysis of 12
studies showed robust sensitivity and specificity formalignancy, similar
to adult populations [7–9]. The 2015 update of pediatric thyroid nodule
guidelines from the American Thyroid Association (ATA) recommends
management similar to adults with ultrasound-guided FNA as the initial
diagnostic study [10].

Another barrier to the implementation of thyroid FNA in children is
the need to mobilize complex resources, including specialists across
multiple departments, in order to provide this service for a relatively
small number of patients. Use of FNA has been shown to increase
cost-effectiveness in adult populations, primarily by avoiding
more costly surgery with subsequent hospital stay and potential
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complications [11,12]. We hypothesized that an initial diagnostic strat-
egy of FNA in a childwith a thyroid nodule, in addition to improving pa-
tient care by meeting current guidelines, would confer significant cost
savings over DL. If true, this information may help assuage concerns
over the initial expense and effort of establishing a pediatric FNA pro-
gram. The purpose of this study was to utilize a theoretical decision
analysis framework that incorporates probabilities and cost estimates
from pediatric literature whenever possible to determine if FNA is less
costly than initial DL in children with a thyroid nodule.

1. Methods

1.1. Reference case

We developed a reference case scenario for our decision tree analy-
sis. Given the greater incidence of thyroid cancer among adolescents as
compared to younger children and females compared to males, we se-
lected a 14-year-old female with a 1.0-cm thyroid nodule confirmed
on ultrasound requiring tissue sampling for diagnosis. The patient has
no comorbid or preexisting conditions and is otherwise asymptomatic.
The time horizon for the case is one year.

1.2. Decision model

Fig. 1 displays a decision tree diagram created using TreeAge Pro
2009 (Williamstown, Massachusetts). Two pathways were established
for diagnostic possibilities. The first option was a diagnostic lobectomy
(DL). After the procedure, it was assumed that the issue was either re-
solved (benign pathology), or that the patient was referred for a com-
pletion lobectomy (malignant pathology).

The second diagnostic option was ultrasound-guided fine-needle
aspiration (FNA). The categories established by the Bethesda System
for Reporting Thyroid Cytopathology results were collapsed into the fol-
lowing categories (1) benign (BII) (2) indeterminate including non-
diagnostic and AUS/FLUS (BI and BIII), and (3) malignant including fol-
licular neoplasms and nodules suspicious formalignancy (BIV-BVI) [13].
We assume that benign nodules require no further action. Malignant
nodules were classified as either follicular or cancerous. Follicular nod-
ules were treated with DL first, followed by a completion thyroidecto-
my, if found to be cancerous on final pathology. Cancerous nodules
were treated with total thyroidectomy. Nodules classified as AUS or
FLUS were assumed to undergo repeat FNA. The results of the repeat
FNA were classified as (1) malignant, (2) indeterminate, or (3) benign
categories. The benign andmalignant noduleswere treated as described
above. Indeterminate nodules were first resected with DL, followed by
completion thyroidectomy, if necessary.

1.3. Probabilities

The range of probabilities for each decision pointwas determined by
examining previous literature (Table 1). This was not a systematic
literature review, but instead PubMed was searched using the terms
pediatric thyroid fine needle aspiration and thyroid fine needle aspiration
cost effectiveness. Several sources were also found by cross-referencing
from the initially identified relevant articles. Specific point estimates
were determined based on clinical judgment and approximating the
median value from collected literature. We favored estimates from
pediatric studies and from studies with a larger number of subjects
where other factors were equal. We assume that clinical decisions will
bemade on the basis of the results of themethod of diagnosis. Sensitiv-
ity analyses were performed using the full range of probabilities inmul-
tiple analyses as is standard within decision analysis methodology.
Sensitivity analyses allow decision nodes to be varied to account for
uncertain probabilities and outcomes.

1.4. Costs

All costswere obtained fromexisting literature and from theMedicare
Physician Fee Schedule 2015B [11,14]. Non-facility limiting charges were
used for Centers for Medicare &Medicaid Services (CMS) estimates to re-
flect the maximum charge a hospital may apply to each procedure. All
costs derived from literature were adjusted for inflation to 2015 dollars
using Bureau of Labor Statistics estimates (Table 2). Costs accounted for
direct costs to the hospital associated with each procedure. Discounting
was not accounted for within this analysis.

1.5. Statistical analysis

All analyses were conducted using decision analysis software. First,
expected values for nodes were identified through rollback analysis.
The decision tree was first analyzed using static probabilities to ascer-
tain the preferred pathway for static values. Second, a tornado diagram
was used to identify which variables contributed uncertainty to the
model. Third, one-way sensitivity analysis was conducted on the prob-
ability of having an indeterminate initial FNA.

Finally, a Monte Carlo sensitivity analysis was performed. Monte
Carlo simulation utilizes aggregate values from a sample of randomly
generated independent events to predict real events. This analysis as-
sumes that the probability of each event can be reasonably determined.
Each probability was assumed to be a linearly distributed variable
and each outcome as a normally distributed variable. Mean costs
were used as utilities. The Monte Carlo simulation was set to
10,000 iterations.

Fig. 1. Decision tree modeling costs of initial fine-needle aspiration (FNA) biopsy vs. diagnostic lobectomy (DL) for a pediatric patient with an ultrasound-confirmed thyroid nodule. Each
circle represents a decision node and each triangle represents an end node. Probabilities (p) shown at applicable nodes.
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