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Abstract

Introduction Paediatric Graves' disease (PGD) is an autoimmune condition, which if left untreated, can result in
cardiac complications. National Institute for Health and Care Excellence (NICE) Guidance (NG145) advocates the use of
antithyroid drugs (ATD) as first-line therapy for PGD, with a consultation to consider a move to definitive therapy in the
form of radioactive iodine (RAI) or thyroidectomy if the initial 2-year course failed to achieve normal thyroid function.
We aim to evaluate the effectiveness, adverse events, and potential predictors of remission for ATD and RAIl in treating
PGD.

Methods A thorough guideline search of NICE Evidence and Royal College of Physicians (RCP) guidelines and policy
was conducted to yield a guideline relevant to our review question. A literature search of the Cochrane Library,
MEDLINE, EMBASE and PubMed, alongside a clear inclusion and exclusion criteria was utilised to generate systematic
reviews and primary literature exploring the efficacy and adverse effects (AEs) of ATD and RAI. Our guideline,
systematic reviews and primary literature were appraised using AGREE-Il, AMSTAR 2 and CASP respectively.

Results The search strategy yielded one NICE guideline (NG145) published in November 2019, two systematic
reviews published after November 2019 and four primary studies, published after the most recent systematic review
(August 2020). All studies concluded that ATD and RAl are effective treatment options for PGD. With regards to AEs,
RAl and ATD were safe treatment options, with the latter having the least severity of complications.

Conclusions In patients who have been identified to have predictors of remission, we agree with NG145 and

ATD should be offered as first-line treatment. However, for those who do not have characteristics aligning with the
predictors of remission, RAl should be offered as first-line therapy. Future studies should investigate the effect of
biochemical parameters to identify predictors of remission, to aid the choice of treatment in paediatric Graves'disease
treatment.
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Introduction

Paediatric Graves disease (PGD) is an autoimmune
condition responsible for 10-15% of thyroid disorders
in children and adolescents [1]. Graves’ disease (GD) is
caused by thyroid stimulating immunoglobulin (TSI)
acting upon the thyroid-stimulating hormone receptor
(TSHR) to stimulate the production and release of thy-
roid hormone, resulting in hyperthyroidism, and ulti-
mately, if left untreated, thyrotoxicosis [2]. Consequently,
patients may present with systemic symptoms and signs,
including weight loss and fatigue, as well as muscle weak-
ness, anxiety and ophthalmopathy [3]. In addition to
these systemic symptoms, arguably the most danger-
ous sequelae of untreated thyrotoxicosis are the cardiac
implications. Manifestations include atrial fibrillation
and heart failure, highlighting the importance of early
diagnosis and management [2, 3].

The wide-ranging effects of GD highlight the neces-
sity for an effective treatment plan to successfully man-
age this disease as these consequences pose a burden
for the patient, as well as National Health Service (NHS)
resources. Subsequently, NICE clinical guidance [NG145]
1.6.18 details recommendations for first-line treatment of
PGD with antithyroid drugs (ATDs) for a course of two
years. If successful, ATD therapy is either stopped or
decreased and subsequently the need for further treat-
ment is reviewed. In the event of relapse [NG145] 1.6.19
states that surgery or radioactive iodine (RAI) should be
discussed as alternative treatments [4].

ATDs work by either inhibiting the synthesis or action
of thyroid hormones, with only thionamides prescribed
in the UK [5]. Thionamides inhibit the Thyroid peroxi-
dase (TPO) enzyme which plays a vital role in the syn-
thesis of thyroid hormones [5]. Conversely, RAI emits
beta-radiation causing DNA damage to thyrocytes lead-
ing to cell death [6]. Total thyroidectomy involves exci-
sion of the whole thyroid gland, thereby nullifying the
synthesis and release of thyroid hormones [7].

Despite offering ATDs as the definitive first-line ther-
apy being standard practice in England, there is evidence
to support the claim that the chance of achieving remis-
sion after a two year course of ATDs is less than 30%, with
further evidence stating certain features of the patient,
i.e., serum level of TSI, predispose them to a better or

Table 1 Population, intervention, comparator and outcome
(PICO) framework used to generate review question
Description

Children with Graves'disease
undergoing first line treatment

Population

Radioactive iodine
Antithyroid drugs

Remission (number whose thy-
roid returns to normal function)

Intervention
Comparator
Outcome
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worse chance of achieving remission with ATDs [1, 8].
This demonstrates that a broad advocation of ATDs as
the first-line therapy for PGD may not be the most suit-
able option for all patients, and a more targeted approach
may be required. Radioiodine and surgery both hold
advantages over ATDs, such as the fact that radioiodine
offers a definitive treatment of hyperthyroidism, while
surgery can treat hyperthyroidism more immediately
than either of the other two options [9]. However, they
both have their disadvantages, such as the occurrence of
hypothyroidism post-treatment, or the long-term effects
of radioiodine which are lacking a clear evidence base [9].
Although evidence showing that surgery is a definitive
treatment for PGD we are not considering this in our evi-
dence review as an option for first line treatment because
it is rarely used in paediatrics due to its associated com-
plications [10, 11].

The primary aim of this review is to establish whether
ATD or RAI is more effective in treating PGD, includ-
ing the severity and frequency of adverse events (AEs).
Through evaluation and critical appraisal of current evi-
dence regarding the relative efficacy and AEs of ATDs
and radioiodine in paediatrics, we aim to compare the
optimal first-line treatment options for PGD.

Review question

An initial scope of evidence in this field of research was
conducted via the NICE evidence database to determine
whether there was adequate literature in the field to
review. The success in this initial scoping allowed pur-
suit of this area of research, in which use of the PICO
(Population, Intervention, Comparator and Outcome)
framework shown in Table 1 created a sound basis for
the development of our review question [12]. The current
recommended first line treatment according to NICE
guideline NG145 advises the use of antithyroid drugs,
hence this treatment has been used as the comparator in
the PICO framework [4].

Methods: literature searches

Literature searches for systematic reviews and pri-
mary research were conducted through the following
databases: Cochrane library, MEDLINE, EMBASE and
PubMed. The search criteria for these searches are shown
in supplementary Tables 1 and 2, with inclusion and
exclusion criteria also displayed in supplementary Tables
3 and 4. Consequently, systematic reviews and primary
research was selected for analysis.

Guideline

The search of the NICE database and RCP yielded
thirty-two documents of which NG145 - Thyroid Dis-
ease: Assessment and Management was selected [4]. It
is a detailed generalised guideline with a vast amount of
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information regarding the diagnosis and treatment of
thyroid disorders and disease.

Guideline appraisal

Four independent assessors used the AGREE-II tool
to critically appraise the NICE guideline as this is the
optimal number of assessors [13]. AGREE-II was used
because it is routinely employed for appraising guidelines
[14]. The scores attributed to each of the six domains of
AGREE-II are detailed in the appendices (Supplementary
Material 1).

Scope and purpose

The scope is clearly defined [15]. There is a clear popu-
lation to which the guidance can be applied, as well as
having a setting of NHS-funded healthcare providers.
Outcomes were concisely expressed and well-written.
There is also discussion of available treatments and asso-
ciated comparators. A range of conditions are explored in
different age groups of the population, while also exclud-
ing certain populations, e.g. neonates. Additionally, there
is advice as to who the guideline is intended to be used
for.

Stakeholder involvement

There were varying levels of stakeholder involvement
from the multidisciplinary team to wider engagement
[16]. Each of them had their name, discipline, location,
and institution denoted [17]. The process is robust where
the team produce the guidance, which is then opened for
stakeholder comment.

Rigour of development

This guideline was rigorously developed. A compre-
hensive search strategy was employed, and the relevant
databases were searched. It was decided to use specific
MeSH (Medical Subheading) terms and timeframes.
Only papers written in English were reviewed which were
cross-checked via reference reading of highly relevant
papers. Predefined inclusion and exclusion criteria were
stipulated, and studies assessed methodologically using
the appropriate tool: GRADE (+ GRADE CERQual),
QUIPS and CASP [18]. Recommendations were devel-
oped in an orderly fashion by the committee from the
available evidence. It is said they considered the benefits,
harms, and cost of each course of action. They state the
guideline is subject to being updated if needed.

Clarity of presentation

Presentation was succinct and not ambiguous. Relevant
interventions are explored and targeted towards the pop-
ulations in question. They make use of caveats to describe
contraindications in certain situations that may differ
from normal management. Separately, recommendations
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are summarised in a section and grouped together with
key further questions and reviews.

Applicability

There was a brief mention of barriers and concerns raised
by stakeholders; however, it was concluded that it was
not significantly more difficult to access services depend-
ing on which group you were in. NICE itself provides a
generic auditing tool and implementation support. Sum-
maries and the NICE pathway showed other simplified
versions of the guideline [19]. Health economists played
a part in the development by conducting a cost-conse-
quence analysis [20]. Systematic checking of the model
calculations by two specialists occurred.

Editorial independence

While assessing editorial independence it was apparent
that NICE funded the National Guideline Centre (NGC)
to produce this guideline [18]. Moreover, the RCP hosted
it. It is unlikely that their views will have influenced the
guideline as they are separate independent bodies. Posi-
tively, the interests of all committee members were pub-
licly declared. To finalise the four independent authors
saw this guideline as a distinguished piece of work with
only minor flaws and therefore would recommend it.

Systematic review search

The systematic review search was conducted indepen-
dently by three separate authors (AA, BKSS and AS)
using the electronic databases EMBASE, MEDLINE,
PubMed, and the Cochrane Library (Supplementary
Table 1).

‘Paediatric Graves’ Disease’ was used as a MeSH term
to yield a total of twenty-two systematic reviews, as
shown in Supplementary Fig. 1. Filter included ‘system-
atic review’ and a publication date after November 2019,
as the relevant guideline (NG145) was published at this
date. The eligibility of the two selected systematic reviews
was determined by collaborative analysis and comparison
of abstracts between AA, BKSS and AS to assess whether
the studies fulfilled the pre-defined inclusion and exclu-
sion criteria (Supplementary Table 3). The final two sys-
tematic reviews chosen each look at one of the possible
treatments used for PGD (ATD and RAI). All reviews
included explored efficacy and adverse events.

GD is less common in children and adolescents than in
adults, thus reviews exclusively containing randomised
trials solely within the paediatric population are limited
in number. This, along with the obvious ethical issues
involved in paediatric treatment meant we included a
combination of randomised and non-randomised stud-
ies, with the majority being observational. This enabled
us to look at the duration of treatment, dosage differences
and side effects in our outcome measure. The systematic
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reviews were appraised using the AMSTAR-2 tool, with
the review search authors (AA, BKSS, AS) collaborating
with authors (RO, ASS) [21]. Each pairs’ findings were
presented to the remaining authors to discuss any dis-
parities, drawing conclusions regarding any biases which
may have affected the credibility of results.

Inclusion criteria & exclusion criteria
We chose an age range of 1-18 years to yield the greatest
number of studies. The review excluded neonatal Graves’
disease patients (age 0—1 year) due to differences in aeti-
ology and treatment approach. Reviews that had varying
methods of administering treatments were also included
to increase the number of studies available for analysis.
The studies must have taken place in large tertiary
centres in economically developed countries. To define
a less developed country we used the list of nations that
are part of the G20 summit [22]. An exception was made
for studies where Graves’ disease prevalence was higher
or conducted in tertiary centres, resulting in publication
in European or American journals. The above points also
apply to the inclusion and exclusion criteria for the selec-
tion of primary studies.

Primary study search

A search was undertaken to identify pertinent primary
literature published after August 2020, as data published
after this was not included in the systematic reviews.
Authors AA, BKSS and AS conducted searches via the
databases MEDLINE, EMBASE, Cochrane Library and
PubMed.

A combination of MeSH terms was used to procure a
large number of studies. This yielded thirty-four studies
after duplicates from the combinations of search terms
were removed and the titles were screened. Further stud-
ies were then removed based on our inclusion and exclu-
sion criteria, resulting in the selection of four studies
(Supplementary Table 4). Supplementary Table 2 details
the search strategy. In addition, we prioritised studies
that evaluated both efficacy and adverse events.

Table 2 Results of systematic reviews
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As shown four retrospective cohorts were chosen (Sup-
plementary Fig. 2). This study design allowed for dosage
variations to be investigated, rather than just unexposed
versus exposed participants. Each study was indepen-
dently appraised using the CASP framework by the five
authors (AA, BKSS, AS, ASS, RO) [23]. Views of the five
authors regarding the primary literature were explored
collectively, allowing for the assembly of the results into
one fluent appraisal. Authors agreed regarding the inclu-
sion of selected studies, and which provided the strongest
evidence.

Review findings

Our searches yielded one guideline, two systematic
reviews and four primary studies (four cohort) which met
our strict predefined inclusion criteria shown in supple-
mentary Figs. 1 & 2.

Systematic review results
A summary of the results of both systematic reviews are
shown below in Table 2.

Systematic review appraisal

No systematic reviews that directly met our inclusion
and exclusion criteria compared ATDs and RAI in terms
of efficacy and AEs. Therefore, we have included two
systematic reviews, with each solely assessing one treat-
ment (Table 3). AMSTAR2 reported a critically low and
low rating for the systematic reviews included, which is
largely due to the absence of RCTs, highlighting the need
for higher quality evidence in this field. Further reason-
ing for the scores of each review can be attributed to the
fact that they both evaluated retrospective cohort stud-
ies, which are of lower quality of evidence compared to
prospective studies. A positive of the reviews is that they
both state they are the most extensive and up to date
reviews in this field, thus making their findings more reli-
able. Van Lieshout et al. was rated as the highest quality
of reviews as it accounted for the impact of heterogene-
ity, coupled with the fact that it included the largest num-
ber of participants [25].

Study Reference  Number Cohort RCTs Overall Findings
of Study Studies included
Participants included
Lutterman et al. 1,283 23 0 Treating patients with 11-15MBq iodine-131 per gram of thyroid tissue is an effec-
[24] tive treatment option when aiming to achieve hypothyroidism.
2021 Efficacy seems to increase with dosage and activity of RAI
Short-term & long-term side effects are a rare occurrence in radioactive iodine
treatment.
JMvan Lieshout et 3,057 24 5 Intention to treat analysis (ITTA) showed an overall remission rate of 28.8% in me-
al. [25] thimazole treated patients. Going up to 75% as treatment duration rises to 9 years
2021 « Occurrence of adverse effects: 17.6%

+ Occurrence of major side effects: 1.1%-
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Table 3 Appraisal of systematic reviews

Study Advantages Disadvantages Percentage
(%) of crite-
riamet on
AMSTAR 2

Lutter- + Most in depth systematic review of the effectivenessand ~ + No randomised control trials included Critically

man et al. occurrence of adverse effects in PGD to date
[24] - Study selection was performed independently and blinded
2021 to reduce reporting bias
- Data extraction was performed in duplicate
« Justification of exclusion criteria provided
- Use of the Critical Appraisal Skills Program (CASP) checklist
in critical appraisal of cohort studies

JMvan - Llargest study design with highest number of participant
Lieshout  population (n=3,057)
etal.[25] - Data was standardised via recalculating remission rates

2021 using ITTA to overcome heterogeneity
+ Only studies assessed to be at a low risk of bias (deter-
mined via use of the CASP checklist) were included

- Unable to determine effect of confounders due to lack of Low
bias assessment tool

- No meta-analysis of results included and therefore unable to
determine heterogeneity through statistical analysis

- Unaware of the impact of heterogeneity on the results

- End points for efficacy were not consistently defined, thus it

is difficult to compare included studies

- 82.6% of included study participants were female meaning  Low
results may not be generalisable to a typical hospital setting,

where proportions of males: females may differ)

- Confounding factors, such as study participant character-

istics were not included for all cohort studies affecting the
generalisability of the systematic review results

Both systematic reviews detailed a comprehensive set
of inclusion/exclusion criteria. Study selection and data
extraction were performed in duplicate, minimising
the possibility of bias. Lutterman et al. included studies
published in languages other than English, allowing for
a more expansive literature search [24]. Whereas Van
Lieshout et al., excluded studies not published in English
[25].

Lutterman et al. and Van Lieshout et al. both excluded
studies at a high/moderate risk of bias via use of the
CASP checklist [24, 25]. Both reviews included summary
tables detailing study characteristics. However, neither
accounted for the impact of confounding factors, such as
age and ethnicity. The presence of confounding factors
could influence remission rates, affecting the generalis-
ability of review findings, and therefore reducing validity
of the results.

In assessing the efficacy of the treatment options, only
Lutterman et al. incorporated studies which assessed
efficacy based on different treatment outcomes, namely
euthyroidism & hypothyroidism [24]. This inhibited
merging of the results, so a pooled estimate of effect was
not able to be determined. In contrast, the Van Lieshout
et al. review standardised data by recalculating remission
rates using ITTA to overcome heterogeneity and hence,
provided a pooled estimate of effect [25].

Primary study results
A summary of the results of the four primary study
results are shown below in Table 4.

Primary study appraisal

Baseline characteristics

Nawongprom et al., Lee et al. and Song et al. included
similar baseline characteristics such as age, gender, and
family history of thyroid disease, with each of the studies

including further characteristics [26, 27, 28]. Mizokami
et al., on the other hand, does not report baseline charac-
teristics [29]. This introduces the possibility of confound-
ing to a greater extent than the other studies as multiple
factors are not accounted for in the statistical analysis.

Namwongprom et al., Lee et al. and Song et al. stud-
ies present continuous data as mean + SD, and categorical
data as a % [26, 27, 28]. At baseline, only Lee et al. sepa-
rated subjects into different arms (this was done based on
their severity of Graves’ disease and the resultant ATD
dose received) [27]. Therefore, p-values were given to
inform on statistical differences in baseline characteris-
tics between each group, however, this was not possible
in the other primary studies. Namwongprom et al. stated
no statistically significant differences in baseline charac-
teristics between participants, contributing to the exter-
nal validity of this study [26].

The absence of information on ethnicity is a key point
that prevents true generalisability to the general popu-
lation, as Ehrhart et al. suggested in a 2018 article [30].
Ethnicity is not reported in any study, and as they are all
conducted in East Asian countries, it can be problematic
to assume these results will hold true in the UK, further
hindering the strength of its evidence towards its applica-
tion in the NICE guideline.

Study design
None of the studies were of a particularly large scale,
however relatively, Namwongprom et al. included the
lowest number of subjects [32], with Song et al. using the
largest number of subjects (195). To lower the sampling
variability, a larger sample size would be required, which
would contribute to more precise estimates of treatment
effect.

All studies included follow-up tests and examina-
tions, to assess the efficacy and safety of each treatment.
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Namwongprom et al. assessed thyroid levels in patients
at 6 months whereas Song et al. exhibited a mean dura-
tion of follow-up of 5.9+3.8 years, testing various bio-
chemical markers such as thyroid function tests and
complete blood count. The follow-up periods in Lee et
al. and Mizokami et al. were 2 years and a median of 95
months respectively. Such an extended follow-up period
increases the reliability and validity of the results. How-
ever, some cases in Mizokami et al. were only followed-
up for a minimum period of 4 months, ranging to a
maximum of 226 months. The major advantages of using
longer follow-up periods are that they are more likely to
detect any declines in the efficacy of a treatment, show-
ing any relapses, and detect any adverse events which
may not present until a later date.

Outcomes

Namwongprom et al., Lee et al. and Song et al. measured
the time taken for free T4 levels to normalise, with Song
et al. also looking for the presence of goitre and ophthal-
mopathy. Mizokami et al. used ultrasound imaging to
determine thyroid status using the volumetric ellipsoid
method.

A major limitation seen in many retrospective cohort
studies is a high loss to follow-up. The loss to follow up
can significantly reduce the validity of the results if the
loss to follow up ratio is >30%. High loss-to-follow-up
ratios (>30%) are known to compromise study validity by
introducing attrition bias and reducing the reliability of
findings [45]. Mizokami et al. and Song et al. reported a
lost to follow up of less than 30%, suggesting the validity
of their results will not be affected by lost to follow up.
A drawback of Namwongprom et al. study is the omis-
sion of a lost to follow up ratio being reported, meaning
this study could be prone to bias. Interestingly, Lee et al.
decided to remove loss to follow up from their statistical
analysis, using a so-called ‘per-protocol’ approach. This
approach can be problematic as it leads to the possibil-
ity of attrition bias, reducing the external validity of the
study (Table 5).

Discussion

Comparison of the effectiveness of ATD and RAI proved
to be difficult as each review utilised different methods
and assessed different outcome measures. Definitions
of remission differed between included primary studies
meaning that the overall risk ratios could not be calcu-
lated, but pooled estimates of effect were provided. How-
ever, due to the different treatment lengths and dosages,
the effectiveness of radioiodine could not be directly
compared with the effectiveness of ATD. Despite this,
we were able to assess the effectiveness of each treat-
ment option on an individual basis. In order to enable the
direct comparison of ATD and RAI, future trials should
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incorporate core outcome sets, to standardise the chosen
measures of treatment efficacy [31]. This will help policy
makers to make more informed decisions with regards to
the first-line treatment for PGD.

As supported by the AMSTAR 1II scoring criteria [21],
Van Lieshout et al. demonstrated the greatest strength of
evidence in support of the effectiveness of the reviewed
drug, in this case ATD. Van Lieshout et al. demonstrated
a 75% effectiveness after a 9-year course of ATD. How-
ever, the NICE guideline previously recommended the
use of ATD for 2 years with alternative definitive treat-
ment considered at this point if remission has not yet
been achieved [4]. After a 2-year course of ATD, Van
Lieshout et al. reported a relapse of over 70%. Therefore,
in practice, most patients would be required to change
their treatment to RAI or surgery, and recent NICE evi-
dence indicates a switch to a more definitive treatment
at the last update in 2023 [4]. Consequently, it could be
argued RAI would be better suited as a first line treat-
ment in some. To establish whether this would be the
case, one factor that is important to consider is the pre-
dictors of remission with respect to ATD. Multiple stud-
ies have shown how certain characteristics can predict
whether remission will be achieved [32, 33, 34]. A cor-
relation between initial thyrotropin receptor antibody
(TRAD), thyroid peroxidase antibody (TPOAD), and total
triiodothyronine (T3) at diagnosis and remission after
2 years of ATD therapy has been reported in both pae-
diatric and adult populations [32, 33, 34]. While these
adult studies provide valuable insights, their applicability
to paediatric cases may be limited due to differences in
disease presentation, treatment response, and long-term
outcomes. We recommend measuring total T3, TPOAD,
and TRAD levels in PGD patients at diagnosis to evalu-
ate their potential as predictors of remission with ATD
therapy. If these biochemical markers predict remission
with the use of ATD we suggest their use as first line
treatment. However, if the biomarkers do not predict
remission from the use of ATDs, we advocate first line
treatment with RAIL This will help to ensure that patients
are offered the most effective treatment for them, thereby
mitigating the consequences of unnecessary additional
treatment, such as wasted resources and patient concerns
over failed treatment.

Another differentiating factor for a definitive treatment
option is the severity and frequency of AEs. AEs of medi-
cal management have been explored in both the system-
atic reviews and primary studies. Frequency of AEs in
ATD therapy was reported to be low in Song et al., with
a low severity of AEs reported (i.e. rash). This is further
supported by Van Lieshout et al., with only a 1.1% occur-
rence of major adverse effects across studies. Lutterman
et al. reported the short and long-term SEs of radioiodine
treatment to be rare, with Mizokami et al.29 supporting
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a low occurrence of SE’s. However, the AE’s Mizokami
et al. reported included thyroid cysts and thyroid nod-
ules, proving to be more prevalent than those reported in
ATD treatment [46]. This indicates the frequency of SE is
similar in both ATD and RAL It is important to empha-
size that the adverse effects of surgery, such as recurrent
laryngeal nerve injury and hypocalcaemia, can be more
life-altering than those associated with ATD and RAI
treatment [47].

As alluded to in the introduction, surgery has not
been included in our evidence search for the following
reasons. A recent systematic review in Western Europe
reported on frequency of postoperative complications,
with hypocalcaemia and right laryngeal nerve injury
proving to be common complications [35]. It is likely
that these complications will occur in an even greater
frequency within the UK setting, compared to a Western
European setting, because Western European countries,
i.e. France & Germany, performed 45,000 and 60,000
total thyroidectomies respectively, compared to the UK,
which performed 4,663 thyroidectomies for thyrotoxi-
cosis [36, 37]. Therefore, the volume of thyroid surgeries
performed in the UK is still relatively low. This, combined
with the varying level of skill and experience amongst the
surgeon performing the procedure, suggests that compli-
cations because of a total thyroidectomy are more likely
to occur in a UK setting compared to in Western Europe
[38]. Another consideration with regards to surgery is
the patient preference, as it has been demonstrated there
is a patient apprehension for surgical management with
a preference for medical management [39]. Bearing in
mind such limitations to surgery, we cannot recommend
thyroidectomy as a first-line definitive treatment for
PGD.

Concerns about long-term risks of RAI, such as poten-
tial effects on growth, fertility, and pubertal development,
remain a significant consideration in paediatric patients.
Safi et al. highlight that the potential radiation risks in
growing children may differ from those in adults, neces-
sitating careful evaluation [40]. Similarly, another study
discussed the potential implications for fertility in adoles-
cents, emphasizing the importance of age in determining
suitability for RAI [41]. Ethical considerations regarding
the use of a permanent treatment modality in a develop-
ing child must also be addressed. For instance, the risk of
hypothyroidism post-RAI and the lifelong dependence
on thyroid hormone replacement therapy may pose chal-
lenges for young patients.

The acceptability of RAI in children hinges on the per-
spectives of parents and caregivers. Parental apprehen-
sion also plays a pivotal role in the acceptability of RAIL
Rivkees and Stephenson (2010) reported that families
often prioritize safety and reversibility when choosing
between ATDs and RAI [42]. In addition, the approach
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to definitive therapy further underscores the need for
shared decision-making, particularly as families weigh
the irreversible nature of RAI against the benefits of
definitive therapy [43, 44]. However, there is limited lit-
erature directly exploring the views of paediatric patients
themselves, highlighting the need for further research in
this area.

Limitations

This review does not include direct head-to-head studies
comparing ATD and RAIL Conclusions regarding relative
effectiveness and safety are based on indirect compari-
sons across separate studies, which limits the strength of
the findings. The variability in clinical guidelines across
countries, particularly regarding ATD treatment dura-
tion, presents a limitation in generalizing these findings
to the UK clinical setting, where NICE guidelines recom-
mend ATD therapy for a maximum of two years. Existing
studies on predictors of remission are small and outdated
compared to recent systematic reviews. Further research
is essential to validate predictors and optimize treatment
recommendations.

The severity of adverse effects such as thyroid cysts
and nodules versus ATD-associated effects like rash or
neutropenia remains subjective without direct compara-
tive studies. While both ATD and RAI are effective, the
current evidence base, predominantly retrospective and
limited in scale, necessitates cautious interpretation and
further prospective studies.

Future research

The scope of literature included in this essay has been
thoroughly reviewed, however certain questions need to
be answered with further research. Novel studies should
focus on conducting randomised controlled trials (RCTs)
to ascertain the optimal dosage and type of ATD or RAI
used. In addition, RCTs comparing the two treatments
investigated in this review should also evaluate efficacy
of thyroidectomy in PGD. Prospective cohort studies can
predict levels of response to ATDs by using biochemical
markers. Future research should also explore the per-
spectives of paediatric patients on each type of treatment
through qualitative studies.

Conclusion

In conclusion, PGD is a disease that if left untreated,
can lead to severe complications including arrhythmias
and thyroid eye disease. This review was undertaken to
explore the efficacy and associated AEs of ATDs against
RAI in paediatric patients. The findings of this review
demonstrate the effectiveness of all treatment options
considered, with adverse effects being the most detri-
mental in cases of surgery, and of less medical concern
in ATD and RAI Based on the findings of this evidence
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review, there is potential to stratify treatment options
based on predictors of remission, where ATD will be
offered as first line treatment to patients who satisfy
these predictors, and RAI for those without predictors
of remission. To ensure upmost reliability of predictors
of remission, prospective cohort studies are required, to
determine their validity and generalisability to the paedi-
atric population.

As shown in the discussion section, further research
questions which utilise a randomised methodology will
strengthen the evidence-base regarding effectiveness
and safety of treatment options for PGD. In particular, a
systematic review which includes studies utilising a core
outcome set to directly compare the effectiveness of all
treatment options will allow a better comparison to be
made regarding their relative efficacies, helping to better
inform on the ideal first-line therapy for PGD.
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