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Abstract: The aim of this study was to investigate whether younger

age at surgery is associated with the increased incidence of postopera-

tive complications after prophylactic thyroidectomy in pediatric patients

with multiple endocrine neoplasia (MEN) 2.

The shift toward earlier thyroidectomy has resulted in significantly

less medullary thyroid carcinoma (MTC)-related morbidity and

mortality. However, very young pediatric patients might have a higher

morbidity rate compared with older patients. Hardly any literature exists

on complications in the very young.

A retrospective single-center analysis was performed on the out-

comes of MEN2 patients undergoing a prophylactic total thyroidectomy

at the age of 17 or younger. Forty-one MEN2A and 3 MEN2B patients

with thyroidectomy after January 1993 and at least 6 months of follow-

up were included, subdivided in 9 patients younger than 3 years, 15

patients 3 to 6 years, and 20 patients older than 6 years. Postoperative

hypocalcemia and other complications were registered.

Twelve (27%) patients developed transient hypocalcemia and 9

(20%) patients suffered from permanent hypocalcemia, with a non-

significant trend toward higher incidence with decreasing age. Three

(7%) patients had other complications, of whom 2 were younger than 3

years.

For patients younger than 3 years, the average length of stay (LOS)

was 6.7 days, versus 1.7 and 3.5 days, respectively, for the older patient

groups (P< 0.05). Patients with complications had a longer LOS

compared with patients without (5.0 vs 2.0, P< 0.01).

None of the patients had clinical signs of recurrent MTC after a

mean follow-up of 10.5 years.
PhD, David C. va ,
ne H.M. Borel Rinkes, PhD

planning optimal timing of surgery, clinicians should take the risk of

complications into account. We advise not to perform total thyroidec-

tomy before the age of 3 for patients defined high risk by the American

Thyroid Association guideline.

(Medicine 94(29):e1108)

Abbreviations: MEN = multiple endocrine neoplasia, MTC =

medullary thyroid carcinoma, RET = REarranged during

Transfection, ATA = American Thyroid Association, LOS =

Length Of Stay, UMCU = University Medical Center Utrecht, Ca

= calcium, iCa = ionized calcium, RLN = recurrent laryngeal

nerve, PICU = pediatric intensive care unit, ESES = European

Society of Endocrine Surgeons.

INTRODUCTION

M edullary thyroid carcinoma (MTC) arises from calcito-
nin-producing C-cells in the thyroid gland. Around 25%

of the MTC cases are hereditary due to germline mutations on
chromosome 10, activating the REarranged during Transfection
(RET) proto-oncogene.1 These mutations are inherited in an
autosomal dominant pattern and cause the endocrine syndromes
multiple endocrine neoplasia (MEN) type 2A and MEN type
2B. Before genetic testing became available in 1993, most
patients were identified with MTC at a clinical stage causing
high morbidity and mortality.2 The aggressiveness and age-
related penetrance of MTC, however, are strongly related to the
genotype.3 Nowadays, DNA analysis during early childhood
permits early identification of the carriers. Although MEN2A
and MEN2B have different clinical manifestations, almost all
carriers of mutations specific for these syndromes will develop
MTC. Therefore, guidelines were developed to provide
mutation-specific recommendations for the optimal timing
and extent of surgery, of which the most recent derives from
the American Thyroid Association (ATA).4 Guideline imple-
mentation has caused a shift toward earlier surgery, thereby
resulting in less MTC-related morbidity and mortality.5 How-
ever, in studies regarding pediatric thyroid surgery, compli-
cation rates appear to be higher than in adults.6 The most
common complication after thyroid surgery is hypocalcemia,
due to temporary or persistent hypoparathyroidism, for which
temporary calcium (Ca) and/or vitamin D supplementation is
often needed. Especially for children younger than 3 years,
supplementation may be problematic resulting in prolonged
In the debate about the optimal timing of
development of MTC in MEN2 syn-

ty of complications should be taken into
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account. Contrary to studies regarding children 6 years and
older, hardly any literature is available on thyroidectomy and its
complications in the very young. In this single-center study, we
present a unique group of MEN2 children, partly younger than 6
years of age, with long-term follow-up. The aim was to inves-
tigate the incidence of postoperative complications after pro-
phylactic thyroidectomy in MEN2 patients, focusing on
children younger than 6 years, in an attempt to contribute to
the debate of optimal timing of surgery.

METHODS

Patients
We conducted a retrospective, single-centered study on

children diagnosed with MEN2A and MEN2B undergoing a
prophylactic total thyroidectomy at the Wilhelmina Children
Hospital (WKZ, currently part of the University Medical Center
Utrecht [UMCU]). Only patients aged 17 years or younger when
operated on, with surgery after January 1993, were included.

Prophylactic thyroidectomy was defined as surgery on
patients with normal preoperative calcitonin levels and no
clinically apparent disease. In addition, when levels of basal
or stimulated calcitonin were slightly elevated, hence bearing
only a moderate risk of MTC and without an anatomical
substrate on imaging (ultrasound, computed tomography, mag-
netic resonance imaging), thyroidectomy was considered pro-
phylactic.8 Patients with less than 6 months of serum Ca follow-
up were excluded.

This study was reviewed and approved by the institutional
review board of the UMCU.

Laboratory and Genetic Screening
Before 1997, both pentagastrin-stimulated calcitonin

levels and basal serum calcitonin levels were measured by
radioimmunoassay. After 1997, calcitonin levels were measured
by immunoluminometric assay and since April 2006, an immu-
noradiometric assay (CisBio Bioassays) is used. The appro-
priate reference levels for each method were used to determine
whether the calcitonin levels were normal or elevated.

During the study period, both serum Ca and/or serum
ionized Ca (iCa) levels have been measured to evaluate occur-
rence of hypoparathyroidism after surgery. Serum Ca was
measured until 2006 with a Vitros950 (Ortho clinical diagnos-
tics), followed by DxC (Beckman Coulter) until 2012 and since
then an AU5811 (Beckman Coulter). Since the introduction in
2003, iCa has been measured by an ion selective electrode on a
blood gas analyzer. For both measurements, the laboratory units
were consistent from 1993 onwards.

All patients were screened for RET mutation in the
National laboratory for Genetics at the UMCU. PCR amplifica-
tion followed by direct sequence analysis of exons 10–16 of the
RET proto-oncogene was used to determine the exact type of
mutation. RET mutation was thereafter confirmed on a DNA
duplicate sample. The affected codon was used to stratify
patients into 3 risk groups according to the 2015 ATA guidelines
to define age-appropriate surgery.4

Surgery
Timing of surgery was first guided by our local practice

and from 2001 onwards by the leading guideline of
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that moment.
Every patient underwent a total thyroidectomy by a team

consisting of a high volume endocrine surgeon and a high
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volume pediatric surgeon. From 1993 until 2014, there have
been a total of 3 endocrine surgeons and 2 pediatric surgeons at
our institution who performed the operation. No routine neck
dissections were performed.

Pathology
The thyroid glands were formalin-fixed and paraffin-

embedded according to standard pathology protocols in the
UMCU. Regular hematoxylin and eosin stains were performed
on all slides and representative slides were subjected to CEA
and calcitonin immunostaining. The pathologist evaluated
slides for presence of invasiveness, lymph node metastases,
and parathyroid glands.

Postoperative Management
Postoperative hypocalcemia was defined as �1 measure-

ments of serum Ca or iCa below reference range, independently
of the presence of symptoms. Ca was measured again at least 6
months postoperatively. Hypocalcemia was defined ‘transient’
if serum levels of Ca or iCa had normalized within 6 months.
When serum levels were below reference range or if patients
were still taking Ca or 1, 25-OH vitamin D medication after 6
months, the hypocalcemia was defined ‘‘permanent.’’

If serum Ca levels dropped significantly shortly post-
operative or did not increase adequately using oral medication
(Ca or 1, 25-OH vitamin D), intravenous supplementation was
given. When serum levels had normalized or if patients could
take their oral supplements at home, they were discharged. For
all patients, LOS was registered. Patients with hypocalcemia
during their hospital stay including those with additional
supplementation at discharge had follow-up serum Ca measure-
ments during outpatient clinic visits until values normalized
without treatment.

Damage to the recurrent laryngeal nerve (RLN) was
classified transient if there was temporary hoarseness and vocal
cord immobility at laryngoscopy. Permanent hoarseness with
paralysis of the vocal cord(s) at laryngoscopy was defined as
permanent recurrent nerve damage. Postoperative laryngoscopy
was not performed systematically in our patients. Vocal cord
mobility was investigated using laryngoscopy in patients with
postoperative symptoms of possible RLN injury such as hoarse-
ness or stridor. When nerve immobility was observed, further
follow-up to classify transient/permanent RLN was done by an
ENT specialist.

All patients started thyroid hormone replacement therapy
postoperatively. Follow-up was performed regularly by a
pediatric endocrinologist. Levothyroxine dose was adjusted
depending on thyroid-stimulating hormone and fT4 laboratory
results and possible symptoms. Calcitonin levels were measured
for the evaluation of recurrent disease.

Statistical Analysis
In this study, we compared the rate of hypocalcemia and

other complications after prophylactic thyroidectomy for chil-
dren of different ages. Patients were subdivided in very young
(<3 year), young (3–6 years), and older (>6 years) children to
compare complications in different age groups. Standard
descriptive statistics (median, inter quartile range [IQR], range,
and frequency) were used to analyze subjects’ characteristics.
The analysis of variance was used for comparison of incidence
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of hypocalcemia, incidence of incidentally removed parathyroid
glands and LOS in the 3 different age groups. Student t test was
used to compare the mean LOS between the group with and
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TABLE 1. Baseline

Patient Characteristics

Male:female, n (%) 18 (41%): 26 (59%)
Median age at operation, years,

IQR (range)
5,7 (3.5–7.9; 0–17)

Median follow-up, years (IQR) 10.5 (3.3–17.7)
MEN 2A:2B, n (%) 41 (93%): 3 (7%)
Codon, n (%)

611 1 (2%)
634 37 (84%)
768 (2%)
804 (1%)
904 and 804 (1%)
918 2 (5%)

ATA risk groups,4 n (%)
Moderate 3 (7%)
High 37 (84%)
Highest 4 (9%)

Preoperative basal calcitonin levels
Normal 17 (39%)
Elevated 20 (45%)
Unknown 7 (16%)

Preoperative stimulated calcitonin levels
Normal (2%)
Elevated 8 (18%)
Unknown 34 (77%)

Surgery
Total thyroidectomy 42 (95%)
Total thyroidectomy with central
neck dissection

2 (5%)

Histology type:
Normal thyroid tissue 1 (2%)
C-cell hyperplasia 21 (48%)
Micro-invasive MTC 22 (50%)
Lymph node metastasis 0 (0%)

Last Follow-up
Calcitonin levels undetectable 42 (95%)
Calcitonin levels within normal range 2 (5%)

ATA¼American Thyroid Association, CT¼ computed tomography,
IQR¼ interquartile range, MEN¼multiple endocrine neoplasia,

Prophylactic Thyroidectomy for MEN 2 Patients
without complications. A P value <0.05 was considered stat-
istically significant. All data analyses were performed using
SPSS version 21.0 (SPSS Inc, Chicago, IL).

RESULTS

Baseline
A total of 44 children aged 17 or younger at the time of

prophylactic thyroidectomy with at least 6 months of follow-up
were included (Table 1). Of these, 18 (41%) were male. The
majority of patients had MEN2A syndrome (n¼ 41, 93%), the
remainder having MEN2B syndrome (n¼ 3, 7%). Based on
mutation analysis, 4 patients were classified by the ATA 2015
guideline as highest risk (9%), 37 patient as high risk (84%), and
the remaining 3 as moderate risk (7%). The most commonly
affected codon was 634 in 37 (84%) of our patients. Mean age at
time of surgery was 5.7 years (IQR 3.5–7.9, range 0–17). None
of the patients had macroinvasive MTC, lymph node metas-
tases, or distant metastases. Preoperative calcitonin levels were
elevated in 20 (46%) patients, 9 of whom had C-cell hyperplasia
and 11 microinvasive MTC. A total of 8 patients had a positive
pentagastrin-stimulated calcitonin test, all of whom had
microinvasive MTC.

Surgery was performed on 9 (20%) patients younger than 3
years (Table 2), 15 (34%) patients 3 to 6 years, and 20 (46%)
patients older than 6 years. All patients underwent total thyroid-
ectomy, whereas in 2 patients, an additional central neck
dissection was performed because they exceeded the appro-
priate age for surgery, according to the guideline at that
moment. No lymph node metastases were found.

Histological examination revealed normal thyroid tissue in
1 (2%) patient, C-cell hyperplasia in 21 patients, and micro-
invasive MTC in 22 (50%) patients.

COMPLICATIONS

Hypocalcemia
The incidence of transient hypocalcemia was 27%

(n¼ 12). In patients younger than 3 years, 4 (44%) suffered
from transient hypocalcemia compared with 5 patients (33%) 3
to 6 years, and 3 patients (15%) older than6 years. Although, in
percentage, there was a higher incidence of hypocalcemia with
decreasing age, no significant differences were found between
the different groups. Only 7 of the 12 patients with transient
hypocalcemia required treatment, which consisted of oral or
intravenous Ca supplementation and 1, 25-OH vitamin D. Of
the 5 patients requiring intravenous supplementation, 3 were
younger than 3 years (Table 3). After 6 months of follow-up,
these 12 patients were normocalcemic.

Nine (20%) patients were found to have permanent hypo-
calcemia, requiring oral Ca supplementation and/or 1, 25-OH
vitamin D. Permanent hypocalcemia occurred in 2 (22%)
patients younger than 3 years, 2 (13%) patients aged 3 to
6 years, and in 5 (25%) patients older than 6 years, including
1 of the 2 patients who underwent additional lymph node
dissection. The risk of hypocalcemia did not differ significantly
between age groups. All of these patients still received oral
supplementation after 6 months of follow-up.

At histological examination, accidentally removed para-
thyroid glands were found in 9 (20%) patients. All were under
6 years of age at the time of surgery; thus, a significant
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difference in incidence exists compared with patients older
than 6 years (P< 0.01). Of the 6 patients in whom 1 gland
was found to be removed, 3 were younger than 3 years and 1 had

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
transient hypocalcemia. In 3 patients, 2 parathyroid glands were
identified at histological examination of which 2 were younger
than 3 years; all developed postoperative hypocalcemia, 2
subsequently showing permanent hypocalcemia.

Other Complications
Three (7%) patients had other complications, which

resulted in a prolonged hospitalization. The first was a 9-
year-old child with immediate postoperative stridor caused
by transient unilateral recurrent RLN damage, which led to
re-exploration of the wound site on the same day; no abnorm-
alities were discovered. Laryngoscopy at follow-up showed
complete recovery of vocal cord mobility. The second was a
1-year-old boy who also developed a stridor postoperatively due

MTC¼medullary thyroid carcinoma, PA¼ pathologic anatomical.
to bilateral RLN damage requiring re-intubation, dexametha-
sone, and pediatric intensive care unit (PICU) admission.
Dexamethasone in this boy worsened postoperative
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TABLE 2. Children With Surgery Younger Than 3 Years

Nr.
Year of
Surgery

Age at Surgery,
months Mutation

Risk
Group4

Postoperative
Hypocalcemia

Other
Complications LOSy

1 2009 27 634 High Transient No 1
2 2011 15 634 High No No 1
3 2011 11 634 High Transient No 3
4 2013 12 634 High Transient No 2
5 2013 12 634 High Persistent Yes 20
6 2013 10 634 High No No 2
7 2007 6 918 Highest No No 1
8 2013 5 918 Highest Transient Yes 8
9 2014 34 804þ904 Highest Persistent No 22
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hypocalcemia. Recovery from thyroidectomy was further com-
plicated by a wound infection requiring both drainage and
antibiotics. After 20 days, he was discharged in good clinical
condition. Laryngoscopy at 8 months’ follow-up showed per-
manent unilateral RLN. A 5-month-old boy was postoperatively
taken to the PICU for decreased saturation. Following a febrile
episode, intravenous antibiotics were given. Furthermore, due
to a misplaced intravenous drip containing Ca supplementation,
intracutaneous bullae developed, which were treated
conservatively.

LOS
The average LOS for all 44 patients was 3.5 days. For the

patients younger than 3 years, this was 6.7 days, versus 1.7 and
3.5 days for the older groups, respectively (P< 0.05). For the 22
patients without complications, this was 2.0 days and for the 22
patients with complications 5.0 days (P< 0.01).

Long-Term Outcome
Mean duration of follow-up of all patients was 10.5 years,

with a minimum of 4 months and a maximum of 21 years. Forty-
two (96%) patients had undetectable calcitonin levels and were
considered disease-free at last follow-up. Two (4%) patients had

LOS¼ length of stay.
detectable calcitonin levels within reference range; however, no
anatomical substrate was found. These patients remain in
regular follow-up.

TABLE 3. Hypocalcemia in Different Age Groups

Total <3 Ye

N (%) of total 44 (100%) 9 (20%
Hypocalcemia

Transient hypocalcemia 12 (27%) 4
Persistent hypocalcemia 9 (20%) 2

Supplementation
Medication given 14 (32%) 5
Oral calcium 9 (20%) 2
intravenous calcium 5 (11%) 3
1(,25) OH vitamin D 7 (16%) 3

4 | www.md-journal.com
DISCUSSION
In this study, we investigated the incidence of hypocalce-

mia and other postoperative complications after prophylactic
thyroidectomy in children with MEN2 syndrome. A high rate of
hypocalcemia was found in the total patient group when strict
definitions are used. Furthermore, thyroidectomy in the very
young was associated with a higher overall complication rate
and a significantly longer LOS compared with surgery at an
older age, whereas none of the patients showed any clinical sign
of recurrent MTC.

Over the years, growing evidence has shown a close
relationship between type of germline mutation and the rate
of progression from C-cell hyperplasia to MTC. This has
resulted in a clear shift toward surgery at a younger age, thereby
preventing the development of macroinvasive MTC and lymph
node metastasis.9 However, surgery in young patients has been
found to be associated with a higher incidence of compli-
cations.6,10 In 2014, a consensus statement was published by
the European Society of Endocrine Surgeons (ESES), concern-
ing the optimal timing and extent of thyroid surgery.11 They
conclude that the correlation between surgeon’s experience and
surgical morbidity is well described, but that the impact of
patient’s age itself in this context has not yet been clarified.

The largest studies concerning MEN2A/B children mainly

focused on the oncological outcome comparing patients of
different age groups. Their reported rate of permanent hypo-
calcemia varied between 2.3% and 7%.5,12,13,14 However, these

Age at Surgery Groups

ars 3–6 Years >6 Years P

) 15 (34%) 20 (46%)

5 3 ns
2 5 ns

3 6
3 4
- 2
2 2
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are all multicenter studies, which rarely included patients
younger than 6 years and had an unclear registration of com-
plications. Some single-institution series concerning the out-
come after thyroidectomy in the normal pediatric population
have been reported. However, these studies mainly consist of
children undergoing less extensive surgery (eg, unilateral
lobectomy for benign thyroid disease) and also hardly if at
all include patients younger than 6 years.15,16

The largest study that included young children is by Sosa
et al who investigated 79 children under 7 years of age. They
found that children aged 0 to 6 years had significantly more
overall complications (22%), recurrent laryngeal nerve injuries
(3.8%), and hypocalcemia (15.7%) compared with older chil-
dren. In our single-center study including 44 patients of whom
24 were younger than 6 years and 9 younger than 3 years, we
found an overall rate of 27% of transient hypocalcemia. This is
comparable with the 33% found in a recent study by Kundel et al
from the Mayo clinic, albeit much higher than the rate in the
general adult population of around 12%.17,18 Although not
significant, we found a distinct trend toward more hypocalce-
mia in younger patients with 44% of patients younger than 3
years. Permanent hypocalcemia was found in 9 (20%) patients,
which is remarkably higher than the 1.4% to 4% reported in
literature concerning pediatric thyroid surgery and the 2% after
surgery in adults.17,19–21 We found a very high incidence of
hypocalcemia in children younger than 3 years, a category
rarely included in the other studies. Another reason for the
high rate of hypocalcemia could be the difference in definition
used. Kundel et al defined permanent hypocalcemia as Ca levels
below the normal values while using supplementation. This was
the case for 3 (7%) asymptomatic patients in our study, which is
comparable with international literature.

In line with previous literature, we found a correlation
between the number of parathyroids removed and the incidence
of hypocalcemia.22 All 3 patients, in whom accidentally 2
parathyroids were removed, developed hypocalcemia, 2 of
which were permanent. Moreover, we found that all patients
in whom parathyroids were found at histological examination
were younger than 6 years. This incidental removal of para-
thyroid glands differed significantly from the group of patients
older than 6 years and is probably because the parathyroids are
very small at that age and can be easily missed by the surgeon.

One of the most powerful predictors of poor outcome in
pediatric thyroid surgery is having surgery performed by a low-
volume surgeon.6,7 The observation that individual surgeon
experiences is significantly associated with complication rates
and LOS after endocrine surgery is also reported for the adult
population.23,24 All operations in our center were performed by a
team consisting of a high-volume endocrine surgeon (>1000
thyroidectomies performed overall) and an experienced pediatric
surgeon. Still, two-thirds of the other complications that we
described occurred in children younger than 1 year, emphasizing
on the difficulty of performing thyroidectomy in this age group.

If complications arise in the very young, they may prove
difficult to treat thereby prolonging LOS.11 Of the 12 patients
with transient hypocalcemia, 5 required intravenous Ca supple-
mentation, 3 of whom were younger than 3 years. In infants,
treatment compliance is a problem and safeguarding oral
calcium intake might prolong hospitalization. When LOS in
children with complications is compared with children without
complications, this is significantly different (5.0 vs 2.0 days).
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This finding matches previous observations wherein children
who sustained a complication after thyroidectomy had a sig-
nificantly longer LOS (4.2 days compared with 1.7 days).23

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Based on the affected codon, patients are categorized into
different risk groups. The most aggressive mutations are
represented by the ‘‘highest risk’’ group and there is consensus
to operate on these patients as early as possible to prevent
development of macro MTC and lymph node metastases. None-
theless, the most commonly affected codon is codon 634 (84%),
categorized as ‘‘high risk,’’ for whom thyroidectomy at the age
of 5 is advocated.4 This has been a change compared with the
2009 original MTC guideline, that advocated surgery before the
age of 5 years.9 The guideline, however, does still not provide a
minimum age for surgery, therefore allowing surgeons to per-
form an early thyroidectomy aimed at preventing macroinva-
sive MTC. We observed in our institution that 6 children of the
‘‘high risk’’ group had surgery before the age of 3 years, of
whom 4 developed hypocalcemia (Table 2). If surgery would
have been postponed, these complications might not have
occurred. Although malignant transformation from C-Cell
hyperplasia to MTC might occur as early as at the age of 1
years, the earliest reported case with lymph node metastases in
this risk group was aged 5 years and 11 months.25 The study by
Machens et al26 evaluating 130 hereditary MTC cases with
codon 634 mutation did not show involvement of regional
lymph nodes before the age of 14. Another study from Skinner
et al investigating 19 codon 634 mutation patients with a
minimum follow-up of 5 years did not show regional metastases
before the age of 11 years.27 Of the 44 patients we operated, 37
had a mutation in codon 634. Of those 37, none were found to
harbor more than micro-MTC, and at long-term follow-up no
patient developed clinically recurrent disease. This indicates
that we performed surgery at an adequate time and that for some
patients there might be room to re-determine the optimal timing
of surgery considering complication risks.

Both the 2014 ESES consensus and the revised 2015 ATA
guideline suggest that timing of surgery should be guided by
serum calcitonin levels, whereby a rise of calcitonin above the
normal value marks transition from C-cell hyperplasia to micro-
MTC. In our series, however, 9 of 20 patients with elevated
calcitonin levels did not show micro-MTC, whereas, on con-
trary, 11 of 24 patients with normal preoperative calcitonin
levels had already developed micro-MTC. Of the 6 high-risk
patients younger than 3 years who had surgery, 3 had elevated
calcitonin levels but none had developed micro-MTC yet. These
findings suggest that we cannot rely solely on the elevation of
serum calcitonin in the decision when to perform surgery. In our
institution, timing of surgery is based on data regarding tran-
sition to micro-MTC for the specific mutation, whereby the
wish of parents and serum calcitonin might support decision-
making. Of note, we feel calcitonin measurements should be
interpreted with caution as in our experience normal calcitonin
levels do not preclude micro-MTC. In every case, the risk of
developing micro-MTC is carefully measured against the risk of
(post-)operative complications.

Our study is, of course, limited by its retrospective design,
small patient number, and the long patient inclusion period.
However, due to the rarity of MEN2A and 2B, a prospective
study with a fair amount of patients will be virtually impossible.
Only the ATA high-risk group entails enough patients to make
any recommendations on. Our highest- and moderate-risk
groups consisted of only 3 and 4 patients, respectively. To
draw any conclusions about these groups, a large multi-institu-
tional study is needed. Furthermore, only 2 of our patients had

Prophylactic Thyroidectomy for MEN 2 Patients
lymph node dissections. Although none of our patients has
clinical recurrent disease until so far, we cannot make a state-
ment about the presence of lymph node metastases.
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In conclusion, in this large single-center pediatric study
with long-term follow-up, we provide evidence that performing
thyroidectomy on very young children is associated with a
higher rate of hypocalcemia and other complications, causing
a significantly increased LOS. Considering this, one should be
careful to perform surgery as early as possible in these patients.
A balance should be found between the chance of developing
macroinvasive MTC and the risk of complications, and timing
of surgery should be carefully evaluated. Based on our personal

Kluijfhout et al
experience and on the available literature, we propose to per-

form thyroidectomy for the high-risk group not before the age
of 3.
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15. Astl J, Chovanec M, Lukeš P, et al. Thyroid carcinoma surgery in

children and adolescents - 15 years experience surgery of pediatric

thyroid carcinoma. Int J Pediatr Otorhinolaryngol. 2014;78:990–994.

16. Burke JF, Sippel RS, Chen H. Evolution of pediatric thyroid surgery

at a tertiary medical center. J Surg Res. 2012;177:268–274.

17. Kundel A, Thompson GB, Richards ML, et al. Pediatric endocrine

surgery: a 20-year experience at the Mayo Clinic. J Clin Endocrinol

Metab. 2014;99:399–406.

18. Rosato L, Avenia N, Bernante P, et al. Complications of thyroid

surgery: analysis of a multicentric study on 14,934 patients operated

on in Italy over 5 years. World J Surg. 2004;28:271–276.

19. Palmer BA, Zarroug AE, Poley RN, et al. Papillary thyroid

carcinoma in children: risk factors and complications of disease

recurrence. J Pediatr Surg. 2005;40:1284–1288.

20. Bargren AE, Meyer-Rochow GY, Delbridge LW, et al. Outcomes of

surgically managed pediatric thyroid cancer. J Surg Res.

2009;156:70–73.

21. Popovtzer A, Shpitzer T, Bahar G, et al. Thyroid cancer in children:

management and outcome experience of a referral center. Otolar-

yngol Head Neck Surg. 2006;135:581–584.

22. Kim YS. Impact of preserving the parathyroid glands on hypocalce-

mia after total thyroidectomy with neck dissection. J Korean Surg

Soc. 2012;83:75–82.

23. Sosa JA, Bowman HM, Tielsch JM, et al. The Importance of

Surgeon Experience for Clinical and Economic Outcomes From

Thyroidectomy. Ann Surg. 1998;228:320–330.

24. Stavrakis AI, Ituarte PHG, Ko CY, et al. Surgeon volume as a

predictor of outcomes in inpatient and outpatient endocrine surgery.

Surgery. 2007;142:887–899discussion 887–899.
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