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Abstract
Background: Graves’ disease (GD) is the most common 
cause of hyperthyroidism. In children, the overall relapse fre-
quency after treatment with antithyroid drugs is high. There-
fore, many pediatric GD patients eventually require thyroid-
ectomy as definitive treatment. However, the postoperative 
complications of thyroidectomy in pediatric GD patients are 
poorly reported. Objective: To identify the frequency of 
short- and long-term postoperative morbidities after thy-
roidectomy in pediatric GD patients. Methods: A systematic 
review of the literature (PubMed and Embase) was per-
formed to identify studies reporting short- and long-term 
postoperative morbidities after thyroidectomy in pediatric 
GD patients according to the PRISMA guidelines. Results: 
Twenty-two mainly retrospective cohort studies were in-
cluded in this review evaluating short- and long-term mor-
bidities in 1,424 children and adolescents. The frequency of 
transient hypocalcemia was 22.2% (269/1,210), with a range 
of 5.0–50.0%. The frequency of permanent hypocalcemia 

was 2.5% (36/1,424), with a range of 0–20.0%. Two studies 
reported high frequencies of permanent hypocalcemia, 20.0 
(6/30) and 17.4% (9/52), respectively. The 20% frequency 
could be explained by low-volume surgeons in poorly con-
trolled GD patients. Only 21 cases of permanent hypocalce-
mia were reported in the 1,342 patients included in the oth-
er 20 studies (1.6%). Transient and permanent recurrent la-
ryngeal nerve injury were reported less frequently, with 
frequencies between 0–20.0 and 0–7.1%, respectively. Infec-
tion, hemorrhage/hematoma, and keloid development were 
only rarely reported as postoperative complications. Con-
clusion: The results of this systematic review suggest that 
thyroidectomy is a safe treatment option for pediatric GD 
patients. The minority of patients will experience transient 
and benign morbidities, with hypocalcemia being the most 
common transient postoperative morbidity. Permanent 
postoperative morbidities are relatively rare.
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Introduction

Graves’ disease (GD) is the most common cause of hy-
perthyroidism in both adults and children [1]. For pa-
tients with hyperthyroidism due to GD, there are 3 well-
known and effective treatment options: antithyroid drugs 
(ATDs), radioactive iodine (RAI), and thyroidectomy. 
RAI and thyroidectomy aim to eradicate overactive thy-
roid tissue and subsequently achieve euthyroidism by 
thyroid hormone treatment. The preferred treatment 
method remains controversial, varies among institutions 
and physicians, and depends on patient characteristics 
and preferences. Yet, for newly diagnosed pediatric GD 
patients, ATDs are predominantly first-line treatment in 
Europe and are generally well tolerated [2, 3]. Unfortu-
nately, the overall relapse frequency is high in children, 
and only a minority of pediatric GD patients (20–30%) 
experience a lasting remission [3–5]. Therefore, most pe-
diatric GD patients eventually need definitive treatment.

RAI and thyroidectomy are both effective definitive 
treatment options for hyperthyroidism in pediatric GD 
patients [6]. Thyroidectomy is the only definitive treat-
ment option for patients younger than 5 years and the 
preferred definitive treatment option for 5- to 10-year-
old patients and patients with a large goiter and for pa-
tients with an increased cancer risk [5]. In addition, pa-
tients suffering from mechanical or cosmetic dysfunction 
due to an enlarged thyroid gland benefit from thyroidec-
tomy. If thyroidectomy is proposed in pediatric GD pa-
tients, total thyroidectomy is the preferred surgical meth-
od, resulting in lower recurrence rates compared to sub-
total or near-total thyroidectomy [2, 5]. Thyroidectomy 
in pediatric GD patients is considered a safe treatment 
option with a reported mortality rate below 0.1% [7]. 
Therefore, it is important to be well-informed about post-
operative morbidity. Postoperative complications of thy-
roidectomy are predominantly transient and include hy-
pocalcemia and recurrent laryngeal nerve (RLN) injury, 
although these complications may be permanent. To 
minimize these complications, it is recommended that 
thyroidectomy is performed by a high-volume thyroid 
surgeon who performs >30 thyroid surgeries annually 
[5]. Especially in pediatric patients, it is important to be 
informed about the risk of permanent postoperative mor-
bidities, as they may require lifelong calcium or active vi-
tamin D supplementation or long-lasting RLN neuro-
praxia. Data on postoperative morbidities in pediatric pa-
tients after thyroidectomy are relatively scarce, and 
high-quality research is lacking. In this study, we per-
formed the first systematic literature search on this topic 

to identify the frequency of short- and long-term postop-
erative morbidities after thyroidectomy in pediatric GD. 
Presenting an overview of available data on postoperative 
morbidities of thyroidectomy in this patient group is not 
only helpful, but also imperative for preoperative coun-
seling of the patients and their parents.

Methods

This systematic review was performed following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRIS-
MA) 2009 guidelines [8] and was registered with PROSPERO  
(ID = CRD42020180889).

Literature Search
The literature search was performed using the electronic data-

bases PubMed and Embase in April 2020 to identify studies evalu-
ating short- and long-term postoperative morbidities in pediatric 
GD patients undergoing thyroidectomy. The following keywords 
were used: (Graves’ Disease) AND (Child OR Adolescent OR Ju-
venile) AND (Thyroidectomy OR Thyroid surgery OR Surgery). 
The exact search strategy used for both the PubMed and Embase 
databases is available as supplemental data. No time frame was 
used for the literature search. The search was extended by scanning 
the references of relevant articles and using the “related article” 
function of the databases.

Study Selection and Quality Assessment
Title and abstract screening was performed independently and 

blinded by A.S.Z. and C.F.M. using the Rayyan web app for sys-
temic reviews [9]. Full text screening was performed by A.S.Z. and 
discussed with C.F.M., and in case of discussion, a third reviewer 
(A.S.P.T.) was consulted. Original studies on pediatric and/or ado-
lescent GD patients who underwent a thyroidectomy reporting on 
postoperative morbidities in a minimum of 10 GD patients were 
included. When a study reported data on postoperative morbidi-
ties in pediatric patients who underwent a thyroidectomy because 
of a benign thyroid disorder, and the studied cohort consisted of 
≥80% GD patients but data were not specified for GD patients 
only, the study was included as well. Full text availability was the 
last inclusion criterion. Exclusion criteria were conference ab-
stracts, review articles, and articles published in another language 
than English, Dutch, German, French, Italian, or Spanish. Part of 
the full text screening was a critical appraisal to evaluate the qual-
ity per study following the Newcastle-Ottawa Scale (NOS), a qual-
ity assessment form for cohort studies. As (almost) all studies had 
a retrospective and observational character without comparison to 
another cohort, we did not score for comparability of the cohort(s). 
Studies were rated as low, fair, or good quality based on the num-
ber of stars scored in the selection and outcome domain: 3 stars for 
good quality, 2 stars for fair quality, and 0 or 1 star for low quality. 
Only studies that scored 3 stars in both domains were rated as 
overall good quality.

Data Extraction
Data extraction was performed by A.S.Z. and was double-

checked by C.F.M. Data on hypocalcemia (transient and perma-
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nent), RLN injury (transient and permanent), infection, hemor-
rhage/hematoma, and keloid development were collected. Fur-
thermore, the used definitions and diagnostic criteria for the 
reported morbidities were collected from each included study. The 
differences herein will be discussed in the Results and Discussion 
sections. Although the diagnostic criteria and methods differed 
between the studies, we calculated the cumulative reported fre-
quency of each postoperative morbidity to give an indication of the 
overall frequency of postoperative morbidity.

Results

Study Characteristics
The PubMed and Embase searches were performed on 

April 14, 2020, and yielded 1,728 unique articles. 1,623 
articles were excluded after title and abstract screening, 
and an additional 83 articles were excluded after full text 
screening. Twenty-two mainly retrospective observation-
al cohort studies were included in this review (Fig.  1). 
Based on the quality assessment, the quality of 4 of the 
included studies was rated as good [10–13], whereas the 
quality of the other 18 studies was rated as fair (see online 

suppl. Table 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000511345).

These 22 studies reported on the postoperative mor-
bidity of 1,424 children and adolescents. The majority of 
the studied patients were female (Table 1). Thirteen stud-
ies focused mainly on total or near-total thyroidectomy 
(n = 705) [10, 11, 13–23]. In addition, Lobe and Wright 
[24] reported results in pediatric patients who underwent 
total thyroidectomy via a transaxillary endoscopic ap-
proach (n = 31). Subtotal thyroidectomy was performed 
in 5 studies (n = 550) [16, 25–28]. Four studies did not 
specify the surgical method used in the patients with GD 
(n = 110) [12, 29–31]. The mean duration of follow-up 
after surgery ranged widely among the studies (1–100 
months). Cohen et al. [23] received additional follow-up 
data by calling patients who were not seen in the clinic 
over the previous 2 years. Table 1 also shows in which 
studies thyroidectomies were performed by a high-vol-
ume or a low-volume surgeon. Eight studies reported that 
the thyroidectomy was performed by a high-volume sur-
geon [10, 11, 13–15, 21, 29, 31]. In the study by Cohen et 
al. [23], surgery was performed by a low-volume surgeon. 

Records identified through
database searching

(n = 2,145)

Sc
re

en
in

g
In

cl
ud

ed
El

ig
ib

ili
ty

Id
en

tif
ic

at
io

n
Records after duplicates removed

(n = 1,728)

Records screened
(n = 1,728)

Records excluded
(n = 1,623)

Additional records identified
through other sources

(n = 1)

Full-text articles
for eligibility

(n = 105)

Full-text articles excluded, with reasons
(n = 83)

No data on pediatric GD patients (n = 45)
Incomplete data (n = 2)
Reported population with <80% pediatric GD (n = 2)
No original data (n = 9)
No full-text availability (n = 15)
Conference abstracts (n = 4)
Number of included patients <10 (n = 4)
No complications reported (n = 2)

Studies included in
systematic review

(n = 22)

Fig. 1. Flowchart illustrating the results of the literature search on studies evaluating postoperative morbidity in 
pediatric patients GD. GD, Graves’ disease.
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The remaining 13 studies did not report whether thyroid-
ectomies were performed by a low- or a high-volume sur-
geon [12, 16–20, 22, 24–26, 28, 30]. In 3 studies, thyroid-
ectomies were performed by a pediatric surgeon [14, 21, 
22], in 3 studies by an endocrine surgeon [11, 26, 29], and 
in 4 by both pediatric and adult surgeons [12, 18, 19, 31]. 
In the other studies, the surgeon’s background was not 
specified.

In most studies, the majority of patients were initially 
treated with ATDs prior to thyroidectomy. Some studies 
specified the indication for thyroidectomy in their pa-
tients, including drug refractory hyperthyroidism, histo-
ry of thyroid storm, noncompliance to ATD treatment, 
side effects of ATDs, compressive symptoms due to goi-
ter, a coexisting suspicious thyroid nodule, concomitant 
germinoma, or the patient’s choice. In the study by Sher-
man et al. [16], 3 patients underwent thyroidectomy after 
failure of RAI treatment to achieve euthyroidism. Preop-
erative thyroid hormone levels were reported by Cohen 
et al. [23] and indicated hyperthyroidism (mean free T4 
3.2 ng/dL [41.19 pmol/L] and mean total T3 338.7 ng/dL 
[5.20 nmol/L]). Patients in the study of Peroni et al. [11] 
received preoperative preparation with Lugol’s solution 
and were euthyroid or hypothyroid as assessed by TSH 
measurement. Sherman et al. and Breuer et al. [14, 16] did 
not report thyroid hormone concentrations before thy-
roidectomy, but their patients were preoperatively pre-
pared with beta-blocker, Lugol’s solution, or saturated 
solution of potassium, probably achieving euthyroidism 
or hypothyroidism at the moment of thyroidectomy. 
Söreide et al. [27] reported that medical treatment before 
surgery consisted of iodine (93% of the patients), beta-
blocker (73%), and ATD treatment (62%), but they did 
not specify thyroid hormone concentrations at the time 
of surgery. Sugino et al. [26] reported all patients to be 
euthyroid at the time of surgery, without reporting the 
used preoperative treatment protocol. The other included 
studies did not report on preoperative preparation or pre-
operative thyroid hormone levels in their patients [10, 13, 
15, 17–22, 24, 25, 28–31]. Further characteristics of the 
included studies are shown in Table  1. The definitions 
and diagnostic methods used for the individual postop-
erative morbidities varied widely between the studies or 
were not specified in some of the studies (Table 2). None 
of the studies reported cases of postoperative mortality.
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quency of 22.2% (269 out of 1,210 patients) (Table  3). 
Baumgarten et al. [21] reported transient hypocalcemia 
and transient hypoparathyroidism separately, with a re-
ported frequency of transient hypoparathyroidism of 
22% (n = 22 out of 123). De Jong et al. [20] reported both 
hypocalcemia at 24 h after thyroidectomy (48.1%) and 
hypoparathyroidism on discharge (46.2%; n = 24 out of 
52). Zobel et al. [19] (n = 38) reported hypocalcemia im-
mediately after surgery in 17 GD patients, with only 1 
patient still being hypocalcemic after 6 months. This pa-
tient regained normal parathyroid function 1 year after 
surgery. This observation of regaining normal parathy-
roid function 1 year after surgery was also described in 
most children who underwent a total thyroidectomy be-
cause of another benign thyroid disorder or because of 
thyroid cancer [19]. Chen et al. [29] stated that GD was 
an independent risk factor to develop postoperative hy-
pocalcemia in children undergoing a thyroidectomy (OR 
3.99; p = 0.02).

Permanent Hypocalcemia
The frequency of permanent hypocalcemia ranged 

from 0 to 20.0%, with a cumulative reported frequency 
of 2.5% (36 out of 1,424 patients) (Table 3). The studies 
by Cohen et al. [23] and de Jong et al. [20] reported rela-
tively high frequencies of permanent hypocalcemia of 20 
and 17.4%, respectively. The other 20 studies reported 
(very) low frequencies of permanent hypocalcemia, with 
13 studies reporting no cases of permanent hypocalce-
mia [10, 12, 14–17, 19, 22, 24–27, 29]. In these 20 studies, 
1,342 patients were evaluated, and only 21 of them (1.6%) 
fulfilled the used criteria for permanent hypocalcemia.

RLN Injury
Transient RLN Injury
The reported frequency of transient RLN injury ranged 

from 0 to 20.0%, with a cumulative reported frequency of 
5.4% (57 out of 1,062 patients) (Table 3). Cohen et al. [23] 
reported that patients commonly experienced hoarseness 

Table 3. The reported frequency of postoperative morbidities after thyroidectomy in pediatric patients with GD

Study Transient 
hypocalcaemia, %

Permanent 
hypocalcaemia, %

Transient 
RLN injury, %

Permanent 
RLN injury, %

Infection, 
%

Hemorrhage/
hematoma, %

Keloid 
development, %

Akkari et al. (n = 14) [30] 21.4 7.1 – 7.1 – – –
Baumgarten et al. (n =123) [21] 38.22 0.8 2.4 0 – 4.1 –
Bergman et al. (n = 10) [25] 50.0 0 20.0 0 – 0 0
Breuer et al. (n = 32) [14] 18.8 0 6.3 0 – 0 –
Chen et al. (n = 22) [29] 29.2 0 – 0 – –
Chiapponi et al. (n = 21) [15] 28.6 0 4.8 0 – 4.8 –
Cohen et al. (n = 30) [23] 26.7 20.0 03 0 – – 3.3
de Jong et al. (n = 52) [20] 48.1 17.4 – – – – –
Elfenbein et al. (n =31) [31] 35.5 3.2 9.7 3.2 – – –
Lobe and Wright (n = 31) [24] 9.7 0 9.7 0 – 3.2 –
Machens et al. (n = 58) [10] 29.3 0 3.4 0 3.4 3.4 –
Nordenström et al. (n = 214) [13] – 7.0 – – – – –
Peroni et al. (n = 27) [11] 14.8 3.7 11.1 0 0 0 7.4
Perzik (n = 41) [17] 22.0 0 7.3 0 2.4 2.4 –
Raval et al. (n = 15) [18] 46.7 6.7 0 0 0 0 0
Sherman et al. (n = 78) [16] 6.4 0 1.3 0 0 0 –
Sinha et al. (n = 43) [12] 9.0 0 2.0 2.0 0 0 –
Söreide et al. (n = 82) [27] 5.0 0 4.0 0 0 1.2 –
Sugino et al. (n = 419) [26] 17.9 0 6.7 0 – 1.4 –
Witte et al. (n = 21) [28] 9.5 4.8 9.5 4.8 – – –
Yu et al. (n = 22) [22] 45.5 0 – – – –
Zobel et al. (n = 38) [19] 14.7 0 – – – – –
All studies combined1 22.2 (n = 269/1,210) 2.5 (n = 36/1,424) 5.4 (n = 57/1,062) 0.4 (n = 4/1,098) 0.9 (n = 3/344) 1.7 (n = 17/980) 3.7 (n = 3/82)

n, number of patients included in the study; RLN, recurrent laryngeal nerve; GD, Graves’ disease. 1 The reported frequency of the studies combined is 
calculated based on the reported frequencies in the individual studies regardless of the used diagnostic criteria for the postoperative morbidities. 2 Baumgarten 
et al. [21] reported transient hypocalcemia and transient hypoparathyroidism separately. The reported frequency of transient hypoparathyroidism was 22% 
(n = 22 out of 123). 3 Cohen et al. [23] reported that patients commonly experienced hoarseness that resolved by the subsequent clinical follow-up visit. The 
frequency was not quantified and hoarseness was not scored as transient RLN injury.
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directly after surgery that had resolved at the next clinical 
follow-up visit. It was not specified if hoarseness was 
thought to be caused by RLN injury or intubation. Cohen 
et al. [23] did not quantify or score transient hoarseness 
as transient RLN injury.

Permanent RLN Injury
Four studies reported that one of their patients was di-

agnosed with permanent RLN injury (Table 3) [12, 28, 30, 
31]. The other 14 studies evaluating RLN injury reported 
no cases of permanent RLN injury [10, 11, 14–16, 21, 23, 
25, 26]. The cumulative reported frequency of permanent 
RLN injury was 0.4% (4 out of 1,098 patients). None of 
the studies reported on postoperative superior laryngeal 
nerve injury.

Infection
The frequencies of postoperative infections were re-

ported in 7 studies [10–12, 16–18, 27]. Only 3 out of 344 
evaluated patients were reported with a postoperative in-
fection (cumulative reported frequency 0.9%) (Table 3). 
In 1 patient, the infection required reoperation [9]; in 1 
patient, it required open drainage [16]; and 1 patient was 
treated with antibiotics [11].

Hemorrhage/Hematoma
Hemorrhage, postoperative bleeding, or a hematoma 

as a postoperative complication of thyroidectomy in pe-
diatric GD patients was evaluated in 13 studies [10–12, 
14–18, 21, 24–27]. The reported frequency of hemor-
rhage ranged from 0 to 4.8%, with a cumulative reported 
frequency of 1.7% (17 out of 980 patients) (Table 3). De-
spite the low reported frequency of hemorrhage after 
thyroidectomy, GD patients seem to have a higher risk 
of postoperative bleeding compared to patients who un-
derwent a thyroidectomy for another cause (RR = 8.7 
[95% CI: 1.06–71.85]; p = 0.02) [20]. A possible explana-
tion for the higher risk of hemorrhage in GD patients 
may be the hypervascularity of the thyroid gland in these 
patients.

Keloid Development
Only 4 of the included studies evaluated the frequency 

of postoperative keloid development after thyroidecto-
my in pediatric GD patients [11, 18, 23, 25]. The report-
ed frequency ranged from 0 to 7.4%, with a cumulative 
reported frequency of 3.7% (3 out of 82 patients) (Ta-
ble 3).

Discussion

In this systematic review, we report the short- and 
long-term postoperative morbidities after thyroidectomy 
in pediatric patients with GD. Twenty-two studies evalu-
ating 1,424 children and adolescents were included. The 
calculated cumulative frequencies of permanent hypocal-
cemia and RLN injury are low (2.5 and 0.4%, respective-
ly). In contrast, transient hypocalcemia and transient 
RLN injury are more common, with reported complica-
tion rates of 6.5–50.0 and 0.0–20.0%, respectively. Fortu-
nately, transient hypocalcemia and transient RLN injury 
are benign conditions. Transient hypocalcemia is well 
manageable with oral calcium and calcitriol administra-
tion [32]. In most cases, the function of the RLN will re-
turn spontaneously (median recovery time of 8 weeks), 
with speech therapy being the most common performed 
treatment [33]. These frequencies are comparable with 
those reported in adult GD patients after thyroidectomy 
(transient hypocalcemia in approximately 25% and per-
manent in 4%) [34]. The same applies to RLN palsy (in 
adults, permanent in <1%) [34]. Specific data on postop-
erative morbidities in pediatric GD patients who under-
went a thyroidectomy are essential for adequate preop-
erative counseling of the patients and their parents.

Hypocalcemia
Hypocalcemia is the most common complication after 

thyroidectomy in pediatric GD. The primary cause of hy-
pocalcemia is damage to or devascularization of the para-
thyroid glands during surgery. Therefore, in some stud-
ies, “hypoparathyroidism” and not “hypocalcemia” was 
reported as a postoperative morbidity. Transient hypo-
calcemia, which normally resolves within 6 months after 
thyroidectomy, can be distinguished from permanent hy-
pocalcemia when calcium or active vitamin D supple-
mentation (either oral or intravenous) is required for a 
longer time [32]. Although we calculated a cumulative 
frequency of hypocalcemia, it is important to realize that 
the definition of hypocalcemia was not uniform through-
out the various included studies (Table 2). Cutoff serum 
levels for diagnosing hypocalcemia ranged from 1.87 to 
2.15 mmol/L (equal to 7.5–8.7 mg/dL) in the included 
studies. In 10 studies, the diagnosis of hypocalcemia was 
solely based on serum calcium levels [10–12, 15, 18, 20–
23, 29]. In contrast, in some studies, the presence of clin-
ical symptoms (hand paresthesia, perioral numbness, 
muscle cramps, and Chvostek’s sign) was combined with 
serum calcium levels to diagnose postoperative hypocal-
cemia [14, 19, 26]. Elfenbein et al. [31] diagnosed hypo-
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calcemia solely based on the presence of clinical symp-
toms (numbness or tingling of the hands, feet, or mouth 
after surgery) that improved after calcium supplementa-
tion. Overall, uniformity considering diagnostic criteria 
and cutoff values of hypocalcemia was missing. Further-
more, 10 of the included studies considered hypocalce-
mia to be permanent if recovery has not occurred within 
6 months [10, 11, 13, 18, 20, 21, 23, 29–31]. Yu et al. [22] 
discussed this cutoff of 6 months because in their cohort, 
recovery of hypocalcemia occurred as late as 33 months. 
In addition, Cohen et al. [23] reported cases of “perma-
nent” hypocalcemia that restored after 24 months and 5.7 
years. Yu et al. [22] recommended to prolong the follow-
up to at least 1 year for determining the permanence of 
hypocalcemia. This recommendation is supported by the 
finding of Zobel et al. [19] that most patients regain nor-
mal parathyroid function within 1 year after surgery. 
Based on the results of this systematic review, we suggest 
considering hypocalcemia as permanent if recovery has 
not occurred within 6 months after surgery. However, 
one should realize that parathyroid function can normal-
ize even several years after thyroidectomy [21, 22]. We 
recommend to use a uniform cutoff value to diagnose hy-
pocalcemia after thyroidectomy. It is our clinical experi-
ence that postoperatively patients often experience a 
transient drop in serum calcium levels that resolves 
quickly and does not lead to clinical signs of hypocalce-
mia. We suggest maintaining different cutoff levels for 
defining hypocalcemia post-thyroidectomy depending 
on the presence or absence of symptoms; patients with 
clinical symptoms of hypocalcemia (serum calcium level 
<2.0 mmol/L [8.0 mg/dL]) versus patients without clini-
cal signs of hypocalcemia (serum calcium level <1.9 
mmol/L [7.5 mg/dL]). This will prevent unnecessary cal-
cium supplementation and shorten postoperative hospi-
talization.

Transient hypocalcemia is the most frequently re-
ported morbidity after thyroidectomy performed in pe-
diatric GD. In contrast, permanent hypocalcemia is rel-
atively rare. This finding may be explained by the fact 
that the damaged parathyroid glands heal in the first 
months after surgery. The studies by Cohen et al. and de 
Jong et al. [20, 23] reported remarkably high complica-
tion rates of permanent hypocalcemia: 20.0 and 17.4%. 
Cohen et al. [23] hypothesized that the relatively high 
complication rate of permanent hypocalcemia in their 
cohort may be explained by the fact that poorly con-
trolled GD patients were studied, which may increase 
the risk of postoperative complications. Furthermore, a 
low number of annually performed thyroidectomies by 

the surgeons in this study were raised as an additional 
explanation for the high complication rate. None of the 
surgeons in the study of Cohen et al. [23] performed >7 
thyroidectomies in any given year. According to the 
American Thyroid Association (ATA) guideline, it is 
not recommended to perform thyroidectomies if there 
is lack of access to a high-volume surgeon (>30 thyroid-
ectomies per year) [5]. A study in adult patients report-
ed that GD was a significant predictor of postoperative 
complications in surgeries performed by low- and inter-
mediate-volume surgeons [35]. If there is no access to 
high-volume surgeons, the ATA favors RAI therapy 
above thyroidectomy as definitive treatment for GD [5]. 
In addition to the guidelines, research has demonstrated 
that thyroidectomies performed by high-volume sur-
geons have better outcomes with less morbidity [36, 37]. 
The results of the other included studies illustrate that 
the chance of permanent hypocalcemia after thyroidec-
tomy by high-volume surgeons in pediatric GD patients 
indeed is low. One should realize that the size of the un-
derlying population has to be large for a pediatric sur-
geon to be able to perform >30 pediatric thyroidecto-
mies per year. The study by de Jong et al. [20] also re-
ported a relatively high incidence of permanent 
hypocalcemia (17.4%). In their study, the number of 
parathyroid glands remaining in situ (PGRIS) during 
surgery was monitored. Patients with GD had the high-
est incidence of a PGRIS score below 4 (52%) compared 
to patients with other indications for thyroidectomy. A 
2-fold increase of the risk of long-term hypoparathy-
roidism was seen in patients with a PGRIS <4 (OR = 2.61 
[95% CI: 1.01–6.73]; p = 0.04) [20]. As PGRIS scores 
were not reported in the other included studies, we can-
not further evaluate the hypothesis that the number of 
PGRIS is an important predictor for the development of 
permanent hypocalcemia after thyroidectomy.

RLN Injury
The second most frequently reported complication af-

ter thyroidectomy in pediatric GD patients is transient 
RLN injury. The RLNs are located dorsal of the thyroid 
gland and are easily harmed during thyroid surgery 
through a variety of mechanisms (i.e., stretching, crush-
ing, or transection of the RLN) [38]. Nerve regrowth may 
occur slowly (up to 12 months) but may not always be 
sufficient to overcome damage [38]. The RLN innervates 
both abductors and adductors of the vocal cord. Because 
the simultaneous contraction of these antagonist muscles 
is important, even light damage may cause inappropriate 
coordination and result in deterioration of the voice. 
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Swallowing, coughing, and respiration may also be affect-
ed in RLN injury [38].

In the 18 included studies evaluating RLN injury, the 
methods to diagnose RLN injury varied or were not spec-
ified (Table 2) [10–12, 14–18, 21, 23–31]. Machens et al. 
[10] determined each patient’s vocal cord function with a 
laryngoscopy before and after surgery and used intraop-
erative nerve monitoring. Some studies performed direct 
laryngoscopy to visualize normal or abnormal vocal cord 
movement in patients who were experiencing a soft voice 
after surgery or if transection of the RLN was immedi-
ately recognized during surgery [14, 18, 26, 29]. Sinha et 
al. [12] reported that laryngoscopic confirmation was 
only performed in those patients with permanent hoarse-
ness or a postoperative stridor and not in those with a 
temporary change of their voice.

The reported frequency of transient RLN injury 
ranged between 0 and 11.1%, with 1 study reporting a 
higher frequency of 20.0% (n = 2) [25]. The true frequen-
cy of RLN injury in the included studies is debatable be-
cause of heterogeneity in, or absence of information on, 
the used diagnostic methods. To identify RLN injury, it 
is recommended to perform a laryngoscopy to visualize 
the function of the vocal cords in combination with clin-
ical symptoms [33, 38]. A laryngoscopy is recommended 
due to the fact that RLN injuries can be subclinical [38]. 
However, some clinical RLN injuries after thyroidecto-
my occur in the absence of vocal cord paralysis proven 
with laryngoscopy [39]. Only Machens et al. [10] and 
Chiapponi et al. [15] performed a pre- and postoperative 
laryngoscopy or a vocal cord function test in the pediatric 
patients who underwent thyroidectomy for GD. Ma-
chens et al. [10] reported frequencies of transient and 
permanent RLN injury of 3.4 and 0.0%, whereas Chiap-
poni et al. [15] reported frequencies of 4.8 and 0.0%, re-
spectively. These results are likely to accurately reflect the 
complication rates of RLN injury after thyroidectomy 
performed by a high-volume surgeon in pediatric GD, 
due to their reliable diagnostic methods. We would rec-
ommend standardized methods to identify RLN injury 
in future studies to get a better impression on the true 
complication rates after thyroidectomy and to gain in-
sight into the relationship between clinical signs of RLN 
neuropraxia and findings at laryngoscopy. On the other 
hand, in light of the very low frequency, one may ques-
tion the necessity of diagnostic methods like postopera-
tive laryngoscopy to identify possible RLN injury. Since 
transient hoarseness may also be caused by intubation, 
we suggest to consider laryngoscopy only if patients suf-
fer from long-lasting deterioration (>6 months) of the 

voice or other clinical signs of RLN neuropraxia, not re-
solving after speech therapy. The diagnosis of transient 
RLN injury in children should then solely be made on the 
basis of clinical signs of RLN neuropraxia, avoiding in-
vasive diagnostic procedures like laryngoscopy in pedi-
atric patients.

Due to the variable diagnostic criteria and definitions 
of the studied morbidities, variance in cutoff values for 
hypocalcemia in the included studies, and original data 
were missing or not available, it was not possible to re-
port the pooled complication rates of all 1,424 studied 
patients. To give an indication of the real frequency of 
postoperative morbidity, we have calculated cumulative 
frequency rates, based on the diagnostic criteria used in 
each study. This is the major limitation of our review. 
Also, the inclusion of 3 studies containing a few patients 
without GD (n = 14) may have influenced the results. 
Therefore, we recommend that future prospective stud-
ies on morbidities of thyroidectomy in pediatric GD pa-
tients should use widely accepted standardized diagnos-
tic criteria, as proposed in this review. We have decided 
only to include studies with a minimum of 10 pediatric 
GD patients to reduce the risk of publication bias of sel-
dom seen morbidities in very small cohorts or individu-
al cases. However, by doing this, we may have missed 
some data on postoperative morbidities after thyroidec-
tomy for pediatric GD. The same applies to data on pe-
diatric GD patients hidden in mainly adult series that 
were not included in this review. The quality of the vast 
majority of the included studies was scored as fair main-
ly based on their retrospective and observational charac-
ter. Future well-designed prospective studies are needed 
to improve the quality of evidence reporting on postop-
erative morbidities in pediatric GD patients. Neverthe-
less, to our knowledge, this systematic review is the most 
elaborate review on short- and long-term postoperative 
morbidities after thyroidectomy in children with GD and 
therefore gives a good overview of both short- and long-
term postoperative complications in pediatric GD pa-
tients.

In conclusion, based on the results of this review, thy-
roidectomy in pediatric patients with GD has low postop-
erative morbidity. The minority of pediatric patients had 
transient forms of hypocalcemia and RLN injury. Perma-
nent postoperative morbidities are relatively rare. There-
fore, we conclude that thyroidectomy in pediatric GD pa-
tients is a safe treatment option, especially if performed 
by high-volume surgeons.
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