
ORIGINAL ARTICLE

Surgical management of pediatric Graves’ disease: an effective
definitive treatment

Elena Peroni • Maria Rachele Angiolini • Maria Cristina Vigone •

Gilberto Mari • Giuseppe Chiumello • Edoardo Beretta • Giovanna Weber

Accepted: 11 April 2012 / Published online: 29 April 2012

� Springer-Verlag 2012

Abstract

Purpose The optimal treatment for pediatric Graves’

disease (GD) is controversial. Antithyroid drugs are often

used initially, but they are associated with a high failure

rate. Therefore alternative therapies have become impor-

tant. In the present study, we analyze our institution’s

experience regarding the safety and efficacy of thyroid

surgery among pediatric patients with GD.

Methods This is a retrospective chart review of 27 pedi-

atric patients (age B 18 years) with GD who underwent

thyroid surgery between 1991 and 2009 at a single aca-

demic Institution. We recorded preoperative, intraopera-

tive, and short-term postoperative data.

Results All 27 patients were initially treated with thi-

onamides. The high rate of hyperthyroidism relapse after

discontinuation of medical treatment, age \ 5 years,

adverse reaction to medical therapy, severe ophthalmopa-

thy, and patient preference justified the final decision to

proceed with surgery as definitive therapy. All patients

underwent total thyroidectomy. We had no mortality; sur-

gical complications were rare: 4 (14.8 %) cases of transient

hypocalcemia, 1 (3.7 %) of permanent hypocalcemia, 3

(11.1 %) of transient RLN neuropraxia, and 2 (7 %) of

keloid scar. No bleeding, permanent RLN palsy or relapse

hyperthyroidism were reported.

Conclusions Surgical therapy for pediatric GD performed

by experienced thyroid surgeons is a safe, definitive and

cost-effective treatment.

Keywords Graves’ disease � Thyroidectomy �
Radioactive iodine � Children � Adolescents

Abbreviations

ATD Antithyroid drug therapy

BMI Body mass index

GD Graves’ disease

RAI Radioactive iodine ablation

RLN Recurrent laryngeal nerve

TPOAb Thyroid peroxidase autoantibodies

TRAb Thyroid-stimulating hormone

receptor antibodies

TT Total thyroidectomy

Introduction

The management of pediatric Graves’ disease (GD), the

most common cause of thyrotoxicosis, remains one of the

great controversies in endocrinology. The three currently

available treatment options are antithyroid drug therapy
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(ATD), radioactive iodine ablation (RAI), and thyroidec-

tomy. None of these is able to consistently restore euthy-

roidism without any risk. Therefore the best therapeutic

approach remains a matter of debate.

In Europe, ATD is usually recommended as an initial

treatment, despite the difficulty in control of thyroidal

function, known side effects and the low rate of remission

(generally 20–30 % of pubertal and 15 % of prepubertal

patients) [1–4]. For all these reasons, a definitive therapy,

such as surgery or RAI, is commonly used as a second step,

ultimately leading to permanent hypothyroidism.

The choice between RAI and surgery as a definitive

treatment of GD is centered on the potential adverse con-

sequences of RAI versus the complication of

thyroidectomy.

RAI appears to be quite safe; much of the controversy

surrounding its use for pediatric GD concerns its potential

carcinogenic and teratogenic effects. However, the few

studies existing in the literature suggest that there is no

evidence of increased risk of cancer with RAI for pediatric

GD [5], and of reproductive dysfunction or a higher fre-

quency of genetic abnormalities in the offspring of treated

patients [6–10]. Unfortunately, to date, there are only few

studies reporting long-term follow-up, making this treat-

ment a less attractive modality than surgery to both pedi-

atric endocrinologists and patients’ parents [11].

The decision to perform thyroidectomy in pediatric GD

is taken by a pediatric endocrinologist in cooperation with

a surgeon specialized in thyroid surgery. Clear indications

for thyroidectomy include large glands ([80 g) due to a

poor response to RAI [12, 13], obstructive or compressive

symptoms, requirement for immediate control of the dis-

ease, and age younger than 5 years. Even if the worsening

of Graves’ ophthalmopathy (that may be prevented by

coadministering a short course of corticosteroids [14]) has

been reported in a small percentage of adults treated with

RAI [15], there is no evidence of such complication in

children and adolescents undergoing RAI [16]. However,

for this reason, some patients with moderate to severe

ophthalmopathy may prefer surgery to RAI.

During thyroidectomy, the anesthesiologic risk is low

and mortality is nearly zero. Surgical complications depend

on numerous factors and increase with patients’ age, size of

goiter, degree of hyperthyroidism and, most importantly,

they are inversely related to the experience of the surgeon

[10].

Complications of thyroid surgery include wound infec-

tion, keloid formation at the site of the incision, intraop-

erative bleeding (0.7 %), transient hypocalcemia (10 %),

permanent hypoparathyroidism (2 %), and paresis or per-

manent recurrent laryngeal nerve (RLN) injury (1 %).

Hypothyroidism generally is considered a consequence of

surgery, rather than a complication.

Considering the rarity of the disease, published studies

about GD and its surgical treatment are limited until now,

and they are conducted on small numbers. The strength of

the present study is a large series of pediatric patients with

GD treated surgically at the same center. This retrospective

study was performed to evaluate the presentation, man-

agement and the outcome of children and adolescents

treated surgically for GD at a single institution.

Materials and methods

Demographics and data set

A total of 80 pediatric patients were diagnosed with GD at

our institution between 1991 and 2009. Of these, 27 chil-

dren and adolescents (34 %) underwent surgery as defini-

tive treatment, 15 (19 %) received RAI, and 15 (19 %)

achieved remission after discontinuation of thionamide

administration. The remaining 23 patients (28 %) are still

receiving medical treatment, either due to difficulties in the

control of thyroid function or due to refusal of definitive

therapy.

Focusing on the surgery subgroup (n = 27), 5 patients

(18 %) were male, while 22 (82 %) were female. Complete

medical records of these patients were retrospectively

assessed from the database of our Department of Surgery

and from the medical records of our Pediatrics Department.

Diagnosis and indications for surgery

All patients were diagnosed at the Pediatric Endocrinology

Department of our institution and all of them were initially

treated with medical therapy.

Indications for thyroidectomy, all given by a pediatric

endocrinologist, were as follows: failure of medical ther-

apy, adverse effects of ATD or noncompliance with thi-

onamides, requirement for immediate control of disease,

large goiter, age younger than 5 years, and patient prefer-

ence. All the surgical procedures were performed by only

two general surgeons trained in endocrine surgery.

All patients participating in this study gave informed

consent prior to surgery.

Perioperative details

All 27 surgical patients received Lugol’s iodine solution for

10 days preoperatively, in order to achieve either euthy-

roidism or hypothyroidism (assessed by TSH measurement).

The complete preoperative evaluation also included general

blood tests, electrocardiogram and chest X-ray.

All patients underwent TT. This procedure was carried

out following the standard technique: low and short
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transverse skin incision, creation of flaps and gradual

removal of the gland starting from the superior pole and

proceeding to the inferior one, regardless of the side. The

arterial branches pertaining to the gland were ligated. The

recurrent laryngeal nerve and the parathyroid glands must

be carefully identified. Inadvertent removal of parathyroid

glands was followed by their reimplantation into the ipsi-

lateral sternocleidomastoid muscle.

Postoperative course

The mean follow-up was 48 months (range 8–144 months).

In the present study, we considered a short-term clinical

course data: mortality, overall morbidity, incidence of

single complication as transient hypocalcemia (any patient

discharged with oral calcitriol and calcium supplementa-

tion—due to serum total calcium levels lower than

1.87 mmol/L, equal to 7.5 mg/dL; it was carried out until

serum calcium normalization and it commonly happened

between two and three weeks after surgery), permanent

hypocalcemia (persistent requirement of calcium and cal-

citriol supplementation, 6 months after surgery), transient

RLN neuropraxia, permanent RLN palsy, perioperative

bleeding, and keloid development.

Statistical analysis

Descriptive statistics was calculated for all the variables

analyzed: quantitative variables were described through

mean and range, while qualitative ones were expressed

through frequencies and percentages.

Results

Between 1991 and 2009, more than 3,700 patients diag-

nosed with benign or malignant thyroid disease underwent

thyroid surgery at Endocrine Surgery Department of our

institution. The pediatric subgroup consisted of 67 patients.

Of these pediatric patients, 27 with diagnosis of GD

required thyroidectomy. The mean time of medical therapy

before TT was 5.9 years (range 0.7–15.0 years).

Among the patients who underwent surgery (n = 27), 5

patients (18 %) were male, while 22 (82 %) were female;

the male:female ratio was 1:4.4.

Mean age at diagnosis of GD was 9.2 years (range

3.5–15.5 years); specifically, in the male group it was

11.1 years (range 8.5–14.6 years), while in the female

group it was 8.8 years (range 3.0–15.5 years).

The clinical signs and symptoms of hyperthyroidism at

diagnosis of GD were as follows: goiter (81 %), tachy-

cardia and palpitations (81 %; heart rate was considered

significant if higher than 97� percentile according to the

age), irritability (64 %), ophthalmopathy (54 %), weight

loss (44 %), tremors (31 %), polyphagia (21 %), profuse

sweating (19 %), insomnia or sleep disorders (17 %),

hyperdefecation but not diarrhea (12 %), and rash (5 %).

A great majority of patients also experienced an increase in

the arterial differential pressure. In 3 % of the cases the

diagnosis was occasional.

Regarding the autoimmune status, 100 % of the patients

had a significant titer of TRAb at diagnosis of GD, whereas

85 % of patients had a significant titer of TPOAb.

Fourteen patients (52 %) had a positive family history

for autoimmune disorders in first-degree relatives, whereas

a positive family history for autoimmune thyroid disease

was observed in 11 subjects (41 %). Five patients (18 %)

were also diagnosed with other autoimmune diseases:

two patients were diagnosed with celiac disease, two with

Type 1 Diabetes Mellitus, and one with autoimmune

thrombocytopenia.

All 27 patients were initially treated with thionamides

without ever achieving good control of thyroid function.

Surgery was considered as a definitive therapy in those

patients who had a high rate of relapse of hyperthyroidism

after discontinuation of ATD treatment (n = 18, 67 %),

age \ 5 years (n = 7, 26 %), compressive sign and

symptoms due to a large goiter (n = 12, 45 %), adverse

reaction or poor compliance to medical therapy (n = 7,

26 %), and severe ophthalmopathy (n = 6, 22 %). In 8

subjects (30 %), the patient and family preferences were

crucial for the final decision. In many patients, the choice

of surgery was influenced by the controversial role of RAI

in the treatment of pediatric GD (Table 1).

The mean age at surgery was 15.2 years (17.4 years in

the male group; 14.6 years in the female group). All our

patients (n = 27) underwent TT. The average hospital stay

was about 3.5 days.

Table 1 Operative complications among 27 patients referred for

thyroid surgery for pediatric GD

Complication n %

Mortality 0 0

Transient hypocalcemia 4 14.8

Permanent hypocalcemia 1 3.7

Reimplantation of parathyroid glands 2 7

Keloid development 2 7

Transient RLN neuropraxia 3 11.1

Permanent unilateral RLN palsy 0 0

Permanent bilateral RLN palsy 0 0

Intraoperative bleeding 0 0

Postoperative bleeding 0 0

Postoperative infections 0 0
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Concerning postoperative course, we had no mortality.

Regarding postoperative morbidity, we observed transient

hypocalcemia in four cases (14.8 %), permanent hypocal-

cemia in one case (3.7 %), and transient RLN neuropraxia

in three cases (11.1 %). Two patients (7 %) presented with

keloid scar. We did not observe any case of bleeding,

postoperative infections or permanent RLN palsy. 2

patients (7 %) required reimplantation of parathyroid

glands into the ipsilateral sternocleidomastoid muscle, due

to their inadvertent removal during surgery; these subjects

did not suffer from either transient or permanent

hypocalcemia.

After surgical treatment, all 27 patients developed per-

manent iatrogenic hypothyroidism, requiring replacement

therapy with L-thyroxine. None of these patients experi-

enced complications related to replacement therapy. No

patient developed recurrence of hyperthyroidism.

Discussion

GD is very uncommon among children, with an incidence

of 0.1–3 per 100,000 children [17] and a prevalence of 1 in

10,000 children in the United States [18]. Despite its rarity,

autoimmune hyperthyroidism remains of great interest to

endocrinologists because there is still no consensus on the

best therapeutic approach in children, leaving the final

decision to physicians’ personal experience.

The choice of treatment varies in different parts of the

world. RAI is preferred by endocrinologists in the United

States, whereas European and Asian clinicians favour ATD

(at least 18–24 months of continuous therapy) followed by

definitive therapy (surgery or RAI)—hard to suggest to

parents by its nature.

The lack of long-term studies regarding RAI safety in

children justifies cautiousness in its use as definite therapy.

On the other hand, there is strong evidence about safety

and efficacy of surgical treatment for pediatric autoimmune

hyperthyroidism. In detail, the literature reports no mor-

tality, extremely low rate of postoperative complications,

and no relapse when TT is performed.

Thyroidectomy has been the first definitive therapy

introduced for pediatric GD. Cumulative experience over

time has led to changes in surgical technique, mainly

regarding procedure radicality and wound closure. Con-

cerning the radicality of the procedure, there has been a

long-time debate on the best approach for patients with

GD, whether subtotal (ST) or total thyroidectomy. Com-

plication rates were low with both the procedures. In the

past, ST was the preferred approach, in an effort to main-

tain thyroid function after surgery. Recent studies suggest

that TT should be favoured to ST, since this technique is

virtually never associated with recurrence of

hyperthyroidism, while there is evidence of disease relapse

in patients who underwent ST. Even though TT renders

patients permanently hypothyroid, this is predictable and

can be easily treated with thyroid hormone replacement

immediately after surgery, avoiding transient hypothy-

roidism. Furthermore, the pharmacological management of

surgery-derived hypothyroidism is easier than medical

treatment of hyperthyroidism associated with GD. For all

these reasons, nowadays TT could represent the procedure

of choice [19–21].

Regarding wound closure and scarring, the great

improvements in surgical techniques (with steel staples

instead of intradermal suture) help to reassure the parents

about final aesthetic results. This is important considering

psychological consequences of surgery in this age group.

GD represents a challenge for the surgeon, being a

surgically hardest thyroid disease to deal with: the techni-

cal problems especially related with this pathological

condition (the specific features of glandular tissue and their

relationship with important surrounding anatomical struc-

tures) explain the need to refer patients to high-volume

thyroid surgery centers, because it has been shown that

greater surgeon experience is associated with better post-

operative outcomes [22].

The present study, referring to a high-volume experi-

ence, confirms the safety of this procedure in children.

According to the available literature, we describe a low rate

of postoperative complications that are mainly temporary

and resolve definitely over time. Only a small fraction of

patients developed permanent postoperative complications.

Surgical complications, except for rare cases of nerve

palsy, are not generally debilitating; hypocalcemia is easily

managed with regular blood test and with supplementation

of calcium and calcitriol.

Generally, preparation of patient for surgery is not a

complex procedure, because almost all subjects are

euthyroid on thionamide therapy before surgery, that

should be continued until the day of thyroidectomy. In

addition, a 7–10-day preoperative administration of inor-

ganic iodine (Lugol’s solution) is frequently used to

decrease hormone synthesis and vascularity of the thyroid

gland to limit the onset of thyrotoxicosis [23].

Especially in the United States, RAI is considered as a

low-cost procedure, due to the need of a single treatment

session. However, it should be remembered that this

treatment requires regular and frequent blood tests, and the

disease relapse can occur even many years after iodine

administration. On the contrary, surgery appears as a true

hyperthyroidism definitive treatment, allowing for a grad-

ual thinning of blood controls, once the right hormone dose

has been found.

Although there is still no consensus, some authors report

that hyperthyroidism recurrence rate could be higher
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among patients receiving RAI [24–26] compared to sur-

gical patients: among subjects who undergo RAI it is

reported an increased risk of persistence of antigenic tissue

potentially able to trigger an autoimmune response leading

to hyperthyroidism. According to this theory, surgery

appears as an effective technique for its radicality.

In conclusion, the management of pediatric autoimmune

hyperthyroidism is still debated, not only because ran-

domized studies on this topic analyzing large samples are

missing, but also because parents who are offered a

definitive therapy frequently have concerns. We often have

to face with parents’ doubts and fears. Even if RAI has

been shown to be effective in the short term, the current

lack of data regarding its long-term safety as well as its

limited diffusion in Europe has led us to consider surgery

as a definitive therapy for pediatric GD more often than

RAI. Furthermore, in agreement with the current literature,

the present study highlights the ineffectiveness of pro-

longed medical therapy for long periods among patients

experiencing difficulty in control of thyroid function with

thionamide or adverse effects related to its administration.

Conclusions

At present, the choice between surgery and RAI as defin-

itive therapy for pediatric GD is the result of close inter-

action between the physician, the patient and his family.

The therapeutic decision is strongly influenced by single

physician’s experience or ‘‘geographic’’ medical culture, as

well as by the individual consideration of the risks and the

benefits of different approaches. However, while some

issues of RAI still need to be investigated, surgical therapy

is nowadays a well established definitive, low-risk, and

cost-effective treatment option for pediatric patients with

GD.
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