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Abstract
Treatment of hyperthyroidism due to Graves’ disease relies on the use of anti-
thyroid drugs, radioiodine treatment, or thyroidectomy. None of these treatments
are perfect, because they are not therapies targeting pathogenic mechanisms of the
disease. Selection of either treatment is based on several criteria, but the choice
should be shared with the informed patient. The major extrathyroidal manifesta-
tion of Graves’ disease, i.e., Graves’ orbitopathy, when moderate and active
should be treated with high doses of intravenous glucocorticoids. This chapter
provides an overview of treatment options for both hyperthyroidism and extra-
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thyroidal manifestations, underscoring advantages and disadvantages of thera-
pies, as well as preferred strategies in case of under particular circumstances, such
as pregnancy and childhood.
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Introduction

Graves’ disease is an autoimmune disorder and the most frequent cause of hyperthy-
roidism in iodine-sufficient areas (Bartalena 2013). Although recent years have
witnessed relevant improvement in understanding the pathogenic mechanisms under-
pinning thyroid and extrathyroidal manifestations of this disease (see ▶Chap. 14,
“Graves’ Disease” and ▶ 15, “Graves’ Ophthalmopathy”), progress in the manage-
ment has not been equally impressive. As a matter of fact, management of Graves’
hyperthyroidism is still based on treatments used for the last 60–70 years (Bartalena
2013). All of these treatments are imperfect, because they do not target pathogenic
mechanisms of disease, and either are associated with a high rate of recurrent
hyperthyroidism (antithyroid drugs (ATDs)) or cause lifelong hypothyroidism (radio-
active iodine (RAI) or thyroidectomy) (Fig. 1). Recently published guidelines (Ross
et al. 2016) or reviews (Burch and Cooper 2015; Bartalena et al. 2016c; De Leo and
Braverman 2016; Smith and Hegedus 2016) are a helpful guidance for the reader, but
reflect the limited evidence currently available. The same considerations can be

Treatment for Graves’ Hyperthyroidism
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Fig. 1 Current treatments for hyperthyroidism due to Graves’ disease and their limitations
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applied to the major extrathyroidal expression of Graves’ disease, Graves’ orbitopathy
(GO), although guidelines for its management have recently been published
(Bartalena et al. 2016a), the very rare cutaneous manifestation, thyroid dermopathy
(or pretibial myxedema), and the exceptional thyroid acropachy.

Treatment of Hyperthyroidism

None of the available treatments for Graves’ hyperthyroidism fulfill all of the criteria for
an ideal treatment for hyperthyroidism, which should eliminate the pathogenic factors,
restore euthyroidism, avoid permanent hypothyroidism, and prevent development or
progression of GO. Ideally, it should also be devoid of side effects, while having no
negative impact on quality of life. Therefore, the choice of ATDs, RAI, or thyroidec-
tomy as first-line treatment is often conditioned by physician’s preference and experi-
ence, availability of facilities for RAI treatment, availability of a skilled surgeon, and
costs (Bartalena 2013). Of particular importance is a shared decision-making process
involving the informed patient and taking into account not only advantages and
disadvantages, safety, and side effects of different treatments but also patient expecta-
tions and values (Brito et al. 2015). There are geographical differences in selecting
treatments. While ATDs are the first choice in Europe, Asia, Oceania, and Latin
America, RAI is preferred in North America (Burch et al. 2012; Bartalena et al.
2016b). However, recent reports suggest that ATDs are becoming increasingly popular
as first-line treatment also in the USA (Emiliano et al. 2010; Brito et al. 2016).
Worldwide, thyroidectomy is rarely used as first-line treatment (Bartalena 2013).

Antithyroid Drugs

Drugs and Regimens
Three thionamide-derived ATDs are currently used: carbimazole (CBZ), rapidly
converted to its active (and more widely used) metabolite, methimazole (thiamazole,
MMI), and propylthiouracil (PTU). These drugs mainly exert their effect by reduc-
ing thyroid hormone synthesis through inhibition of the enzyme thyroperoxidase
(Cooper 2005). In addition, they may have some immunosuppressive actions, either
direct or indirect, i.e., mediated by restoration of euthyroidism (Cooper 2005). PTU
exerts also a peripheral effect consisting in the inhibition of dediodinase-mediated
thyroxine (T4) to triiodothyronine (T3) conversion. In the initial phases of treatment,
β-blockers (propranolol, atenolol, metoprolol) are useful to control heart rate prior to
restoration of euthyroidism by ATDs, but should not be used in patients suffering
from asthma (Cooper 2005). It is widely accepted that MMI should be preferred to
PTU, except for particular situations, such as the first trimester of pregnancy (see
section “Pregnancy”), thyroid storm (see section “Thyroid Storm”), or in patients
experiencing minor side effects during MMI treatment and unwilling to undergo
definitive treatment by RAI or surgery (Ross et al. 2016). MMI can be taken once
daily, while PTU requires fractionated doses because of its shorter half-life.
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There are twomain regimens ofATD treatment: the “titrationmethod” and the “block-
and-replace method” (Fig. 2). In both cases MMI is started with an initial daily dose of
10–40 mg (100–400 mg of PTU), depending on the severity of hyperthyroidism (Ross
et al. 2016). After restoration of euthyroidism (usually in 4–6 weeks), in the titration
method, the dose of MMI is gradually reduced to the lowest dose maintaining
euthyroidism (usually 2.5–10mg/day), and the treatment is continued for 12–18months,
because shorter courses have been reported to increase the likelihood of relapsing
hyperthyroidism (Abraham et al. 2005). Longer periods of treatment may be considered
in patients in whom serum TSH-receptor antibodies (TRAb), the ultimate cause of
Graves’ hyperthyroidism, are still detectable in serum, or in particular situations, such
as in the elderly with important comorbidities. In the block-and-replace regimen, after
restoration of euthyroidism,MMI is continued at the initial high doses, but levothyroxine
is added to prevent hypothyroidism. This treatment is usually not continued formore than
6 months, because longer courses do not seem to increase the probability of achieving a
permanent remission of hyperthyroidism (Abraham et al. 2005). The two regimens do not
differ substantially in terms of risk of recurrences after drug withdrawal; the block-and-
replace seems to bear a slightly higher risk of side effects (Abraham et al. 2005). In
countries where high-dose (20–30 mg) tablets of MMI are unavailable, the high number
of tablets per day in the block-and-replace regimen may jeopardize patient adherence to
therapy. The block-and-replace regimen should not be used in pregnancy. In a recent
European questionnaire-based survey, the titration method was preferred by 36% of
respondents and the block-and-replace by 26%, while the remaining 38% would use the
block-and-replace method only in selected cases (Bartalena et al. 2016b). The recent
American guidelines underscore that the block-and-replace regimen is generally not
recommended (Ross et al. 2016).

Therapeu�c
Regimen

- -Block and Replace
Method

Titra�on
Method

Star�ng MMI dose:
15-40 mg/ day

Lowest dose to
maintain

euthyroidism

Dura�on :
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Star�ng MMI dose:
30-40 mg/ day

Constant dose
+ 

levothyroxine

6 
Dura�on :

months

Fig. 2 Regimens of antithyroid drug treatment. MMI methimazole
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Outcome of Treatment
One of the major limitations of ATD treatment is the high rate of recurrences after
treatment withdrawal (Piantanida et al. 2015). Relapses occur in 30–70% of
ATD-treated patients (Bartalena 2013). Predictive factors of relapsing hyperthyroidism
include large thyroid volume, young age, smoking, the postpartum period (Piantanida
et al. 2015) (Table 1). Probably TRAb is the most important predictor of ATD treatment
outcome. High TRAb levels at diagnosis have been associated with an 84% risk of
relapse over a 4-year period of follow-up (Tun et al. 2016). Even more important is the
autoantibody status at the end of treatment, particularly using highly sensitive immu-
noassays. The large majority of TRAb-positive patients relapse (Tun et al. 2016),
indicating that these patients should either continue ATD treatment longer or be
switched to a definitive treatment with RAI or surgery (Piantanida et al. 2015). However,
it should be underscored that also patients who are TRAb negative at the end of
treatment relapse in about 30% of cases (Törring et al. 1996; Barbesino and Tomer
2013). Most relapses occur within 6–12 months after ATD discontinuation (Vitti et al.
1997), but regular monitoring of thyroid function is advised also after that period.

Side Effects
ATDs are generally well tolerated, but theymay be associated with side effects (Table 2).
These are usually mild and, at least in the case of MMI, most commonly observed
during the initial phase of treatment, when relatively higher doses of the drug are given
(Cooper 2005). Frequent side effects, such a skin reaction or itching, do not require
treatment withdrawal, are usually transient, and can be controlled with antihistamines
(Bartalena et al. 2016c). The most serious adverse events are hepatotoxicity, agranulo-
cytosis, and vasculitis. Hepatotoxicity is rare using methimazole (0.03%), usually,
although not always, with cholestatic characteristics (Wang et al. 2014), while it is
more frequent, usually with features of hepatocellular necrosis, in PTU-treated patients
(Wang et al. 2014; Yang et al. 2015). Hepatocellular necrosis may occur abruptly and be
rapidly progressive and potentially lethal, requiring liver transplantation (Ruiz et al.
2003; Wang et al. 2014; Yang et al. 2015; Bartalena et al. 2016c; Ross et al. 2016). PTU
hepatotoxicity is more common in children, and therefore, some authors discourage its

Table 1 Predictive factors of recurrence of hyperthyroidism after antithyroid drug treatment

Factor Impact on the risk of recurrence

Age Uncertain, probably higher risk of recurrence in the young

Gender Uncertain

Thyroid size Higher risk when goiter is large

Severity of
hyperthyroidism

Uncertain

TSH-receptor antibody
(TRAb)

High risk if TRAb is still positive at the end of treatment

Graves’ orbitopathy (GO) Uncertain, but high risk of relapse if GO is severe

Long-term treatment Possible higher remission rate after long-term treatment

Smoking Higher risk of relapse in smokers

Postpartum period High risk of relapse in the postpartum period, also in women in
remission
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use, particularly in the pediatric population (Rivkees and Szarfman 2010). It should be
mentioned that hyperthyroidism per se may account for an increase in serum transam-
inase or other liver enzyme levels that usually normalize upon restoration of
euthyroidism. If, however, a sudden increase of more than threefold in serum transam-
inase concentrations is found during PTU (or, more rarely, MMI) treatment, ATDs
should be immediately withdrawn. The usefulness of routine monitoring of liver
function tests, in the absence of suspicious symptoms or signs (such as anorexia, nausea,
vomiting, fatigue, jaundice, abdominal pain, dark urine, acholic feces), has not been
demonstrated (Kim et al. 2001; Ross et al. 2016). Agranulocytosis, i.e., a granulocyte
count<0.5� 109/l, is an infrequent (0.2–1.2%) (Watanabe et al. 2012; Yang et al. 2016)
but potentially lethal adverse event. Its onset is usually abrupt, making the value of
routine white blood cell (WBC) count monitoring questionable (Bartalena et al. 2016c).
The patient should be informed that an urgent WBC count should be obtained in the
presence of high fever, sore throat, or other signs/symptoms of infection (Cooper 2005).
If agranulocytosis develops, ATDs should be immediately discontinued. It is uncertain
whether therapy with granulocyte colony-stimulating factor may shorten the time of
recovery from agranulocytosis (Fukata et al. 1999; Yang et al. 2016). Vasculitis associ-
ated with positive antineutrophil cytoplasmic antibody (ANCA) tests is observed in
<1% of ATD-treated patients, more frequently with PTU than with MMI (Bartalena
et al. 2016c). It is heralded by fever, polyarthralgias, and renal and lung involvement and
is more frequently observed during long-term therapy (Bartalena et al. 2016c).

MMI should be preferred to PTU for its more favorable safety profile. If minor
side effects using either MMI or PTU occur, the other thionamide can be used, but

Table 2 Side effects of antithyroid drugs

Side effect Frequency

Blood Mild leukopenia Relatively frequent

Agranulocytosis Rare (0.2–1.2%)

Aplastic anemia Very rare

Thrombocytopenia Very rare

Skin Skin rash Relatively frequent (>5%)a

Urticaria Relatively frequent (>5%)a

Itching Relatively frequent (>5%)a

Aplasia cutis Very rare (MMI)

Liver Hepatocellular necrosis Very rare (PTU) (0.07%)

Cholestasis Very rare (MMI/CBZ) (0.03%)

Collagen Polyarthritis Uncommon

SLE-like syndrome Very rare (PTU>MMI)

Vasculitis Very rare (PTU>MMI) (<1%)

Miscellaneous Loss of taste Rare (MMI)

Hypothrombinemia Rare (PTU)

Hypoglycemia Very rare (MMI)

MMI methimazole, CBZ carbimazole, PTU propylthiouracil
aThese side effects are usually transient, do not require antithyroid drug withdrawal, and can be
controlled with anti-histamines
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cross-reactivity between the two drugs is common. Therefore, in case of serious
side effects, exposure to the alternative thionamide is contraindicated. For ATD
treatment in pregnancy, see section Pregnancy.

Advantages and Disadvantages
As illustrated in Table 3, ATD treatments have advantages and disadvantages. The
major advantage is that it is a conservative treatment, thus avoiding destruction
(by RAI) or removal (by thyroidectomy) of the thyroid (Bartalena et al. 2016c).
Therefore, there is no risk of permanent hypothyroidism, unless the latter reflects the
natural evolution of the underlying autoimmune thyroid disorder. Overall,
thionamides have an acceptable safety profile, particularly if low doses of the drug
are sufficient, as in the majority of cases, to maintain stable euthyroidism. As pointed
out above, careful surveillance is, however, required for potential treatment-related
adverse events. No hospitalization is required, neither radiation risks nor detrimental
effects on GO are associated with ATDs. These drugs can be used, with some
precautions, during pregnancy and breastfeeding (Ross et al. 2016) (see section
Pregnancy). The major drawback of ATD treatment is the high rate of recurrences
that requires either a second course of pharmacological treatment or an ablative
treatment, thereby simply postponing the final treatment of hyperthyroidism
(Bartalena et al. 2016c). The lack of compliance with treatment is not infrequent,
but this is a general problem that can occur also with levothyroxine treatment for
hypothyroidism following RAI treatment of thyroidectomy. Frequent visit and
testing is required during the treatment course.

Table 3 Advantages and disadvantages of available treatments for Graves’ hyperthyroidism

Treatment Advantages Disadvantages

Antithyroid
drugs

Conservative treatment High relapse rate

No hospitalization required Frequent visits and testing

Low risk of hypothyroidism Lack of compliance

No radiation Adverse events (rarely major)

No negative effect on GO

Use during pregnancy and
breastfeeding

Radioiodine Definitive treatment Lifelong hypothyroidism

Relatively low cost Radiation risk

No hospitalization required Slow control of hyperthyroidism

No anesthetic/surgical risk Possible progression or de novo
occurrence of GO

Thyroidectomy Definitive treatment Lifelong hypothyroidism

No radiation risk Anesthetic/surgical risk

Prompt control of
hyperthyroidism

Hospitalization

No negative effect on GO Cost
Permanent scar
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Radioiodine Treatment

Modalities of Radioiodine Administration
RAI therapy is performed using 131I. This radioisotope (β and γ radiation emitter) is
rapidly concentrated into the thyroid, where it causes progressive thyrocyte necrosis,
fibrosis, and glandular atrophy (Ross 2011; Bonnema and Hegedus 2012). RAI
treatment is still the preferred treatment in North America (Burch et al. 2012). 131I
can be administered in fixed amounts or as calculated doses based on thyroidal RAI
uptake and half-life determination and thyroid size (Bonnema and Hegedus 2012).
However, evidence of the superiority of such calculations and consensus on the use
of either approach are missing. In a survey among UK endocrinologists, it appeared
that fixed doses are employed by 70% of respondents (Vaidya et al. 2008). Whether
RAI should be administered after restoration of euthyroidism with ATDs is also a
matter of argument. The recent American guidelines state that pretreatment with
MMI might be considered only in patients who are at risk of complications due to
exacerbation of hyperthyroidism after 131I treatment (e.g., patients with relevant
cardiovascular comorbidities, or in the elderly) (Ross et al. 2016). In European
countries, RAI treatment is carried out after ATD pretreatment in the large majority
of cases (Bartalena et al. 2016b). MMI, in any case, is preferred to PTU, because the
latter might have radioprotective effects and reduce the efficacy of RAI treatment
(Bartalena 2013). ATDs are usually withdrawn 5–7 days before RAI administration;
they are resumed 7–10 days after treatment only in patients whose hyperthyroidism,
because of associated comorbidities, must be promptly controlled, before RAI stably
controls thyroid hyperfunction (Bartalena 2013). Lithium carbonate, administered
concomitantly with RAI and continued for a few weeks, may facilitate prompt
control of hyperthyroidism in these at-risk patients, although it does not increase
the long-term cure rate achieved with RAI therapy (Bogazzi et al. 2010).

Outcome of Treatment
RAI treatment is given with the deliberate purpose of inducing hypothyroidism,
which, indeed, represents the final outcome in the large majority of patients (Vaidya
et al. 2008; Bonnema and Hegedus 2012). Doses of RAI should be generous enough
to achieve this goal. The use of low activities, aiming at restoring euthyroidism
without inducing hypothyroidism, is associated with an increased risk of retreatment
(Bonnema and Hegedus 2012). As a matter of fact, a small proportion (5–10%) of
patients require a second dose of RAI, which should not be given earlier than
6 months after the first treatment (Burch and Cooper 2015).

Contraindications and Safety Measures
RAI is absolutely contraindicated during pregnancy and breastfeeding. A pregnancy
test should be obtained 2 days before treatment in women with childbearing potential
(Ross et al. 2016). Pregnancy should be postponed for 4–6 months in women, also
allowing for stable restoration of euthyroidism, and for 3–4 months in men to permit
sperm production turnover (Ross et al. 2016). Practice guidelines from the American
Thyroid Association recommend avoiding RAI treatment if the woman has
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interrupted breastfeeding since less than 6 weeks, to reduce radiation exposure of the
breast tissue (Sisson et al. 2011). RAI is also contraindicated if thyroidal iodine
uptake is low, e.g., because of iodine contamination, or there are nodules suspicious
for being malignant. Very large goiters may require more than one treatment and
should probably be preferably treated surgically.

Radiation safety measures, such as sleeping alone for 3–6 days or keeping a
distance of 1 m from adults and 2 m from pregnant women and children, have been
recommended (Sisson et al. 2011), but vary among countries and are dependent on
the administered activities (Bonnema and Hegedus 2012).

Side Effects
In the early period after RAI therapy, transient exacerbation of hyperthyroidism may
occur because of the cytolytic effect of RAI (Table 4).Whether ATD pretreatment, which
reduces intrathyroidal thyroid hormone stores, may avoid this phenomenon is debated
(Bonnema et al. 2003; Bonnema and Hegedus 2012). In a recent European survey, 61%
of expert thyroidologists always treat patientswithATDs prior toRAI treatment, and only
4% never do so, while the remaining 35% pretreat with ATDs in the presence of relevant
comorbidities (Bartalena et al. 2016b). Sometimes RAI therapy may be followed by
actinic thyroiditis, heralded by thyroid pain and swelling. This is usually mild and
transient, not requiring treatment (Bonnema and Hegedus 2012). Sialadenitis may also
occur, involving submandibular glands and parotids, but these phenomena are permanent
in a minority of patients (Bonnema and Hegedus 2012). Lemon juice may help reduce
this side effect. Teratogenicity does not seem to be an issue in thyroid cancer patients
treated with RAI doses higher than those used for hyperthyroidism (Sawka et al. 2008).
Doses of RAI used for hyperthyroidism are not not associated with a decreased male
gonadal function (Ceccarelli et al. 2006). Graves’ hyperthyroidism per se is associated
with increasedmorbidity andmortality (Brandt et al. 2011, 2013a, b).While some studies
reported an increased risk of cardiovascular (Franklyn et al. 1998;Metso et al. 2007) and
cerebrovascular events, as well as occurrence of cancer (La Cour et al. 2015) following

Table 4 Safety of radioiodine

Side effect Action

Exacerbation of
hyperthyroidism

Debated. Pretreat with antithyroid drugs

Actinic thyroiditis Rare and usually transient. Treat with steroids

Sialadenitis Lemon juice

Teratogenicity Not relevant. Pregnancy postponed for 6 months after RAI
treatment

Cardiovascular and
cerebrovascular risk

Recent data are reassuring. Related to hyperthyroidism per se
rather than to RAI treatment

Cancer Slight increase in the risk of thyroid and renal cancer. Likely role
of hyperthyroidism per se

Graves’ orbitopathy Possible de novo occurrence or progression in at-risk patients
(mainly smokers). Preventable by low-dose oral prednisone given
concomitantly with RAI
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RAI treatment, a recentmeta-analysis failed to reveal any overall increased risk of cancer,
except for a slight increase in the risk of thyroid and renal cancer (Hieu et al. 2012). A
recent Finnish study observed, however, an increased risk of gastric and respiratory tract
cancer due to hyperthyroidism per se, with no difference between patients treated with
RAI or thyroidectomy (Ryodi et al. 2015). In addition, a recent study from the UK
showed that all-cause mortality (including cardiovascular mortality) was increased
duringATD treatmentwhen control of hyperthyroidismwas poor orwhenRAI treatment
did not cause hypothyroidism, but not in RAI-treated patients developing hypothyroid-
ism (Boelaert et al. 2013).

RAI treatment can cause progression or de novo development ofGO, particularly
in smokers (Träisk et al. 2009) in patients with preexisting GO (Bartalena et al. 1998),
or with high-serum TRAb levels (Eckstein et al. 2006). This occurs in approximately
15% of cases, is often transient, and can be prevented by a concomitant short-term
course of low-dose oral prednisone (steroid prophylaxis) (Shiber et al. 2014). Steroid
prophylaxis is recommended in at-risk patients, but can be avoided in patients with
long-term inactive GO, or in those without risk of progression (Bartalena et al. 2016a).
Post-RAI hypothyroidism should be avoided or promptly controlled by levothyroxine
replacement, because it is an important risk factor for RAI-associated progression of
GO (Tallstedt et al. 1994; Perros et al. 2005).

Advantages and Disadvantages
RAI has advantages and disadvantages (Table 3). The former include the relatively
low cost, no need for hospitalization, and the lack of anesthetic and surgical risk. It
is, however, an ablative treatment, and the patient is bound to lifelong thyroid
hormone replacement therapy to correct hypothyroidism. Control of hyperthyroid-
ism is not immediate, there is a small radiation risk, and GOmay progress or de novo
occur, particularly in smokers (Bonnema and Hegedus 2012).

Thyroidectomy

Thyroidectomy is the least commonly used among the three available therapies for
newly diagnosed Graves’ hyperthyroidism, since it is selected in no more than 1–2%
of cases (Burch et al. 2012; Bartalena et al. 2016b). It is, however, indicated in the
presence of suspicious nodules, when hyperthyroidism relapses after ATD treatment
and goiter is large or the patient refuses RAI treatment, or if facilities for RAI
treatment are not available (Bartalena 2013). A recent meta-analysis showed greater
effectiveness of surgical treatment compared to RAI treatment in terms of risk of
relapsing hyperthyroidism (Genovese et al. 2013). This is, however, controversial,
because another systematic review failed to show any significant difference between
the two definitive treatments (Sundaresh et al. 2013).

Extent of Thyroidectomy
If thyroidectomy is the selected treatment, near-total or total thyroidectomy should
be the procedure of choice, because subtotal thyroidectomy is associated with a
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higher chance of relapse of hyperthyroidism, while the rate of complications is not
significantly different (Genovese et al. 2013; Guo et al. 2013).

Preparation to Surgery
Patients should be rendered euthyroid by ATDs prior to surgery, to avoid the risk of
exacerbation of hyperthyroidism caused by anesthetic and surgical stress, as well as
by thyroid manipulation (Ross et al. 2016). Although recent guidelines recommend
that iodine drops (KI, saturated solution of KI, Lugol’s solution) be given preoper-
atively for 10 days (Ross et al. 2016), in clinical practice, at least in Europe, they are
used by no more than one third of respondents to a recent survey (Bartalena et al.
2016b). Indeed, they are useful to reduce thyroid vascularity and intraoperative
blood loss (Erbil et al. 2008). In the event that thyroidectomy is an emergency
procedure, and to achieve a rapid control of hyperthyroidism, in addition to ATDs
and iodinated drops, glucocorticoids, β-blockers, and, possibly, cholestyramine can
be used (Ross et al. 2016).

Complications
Thyroid surgery may be complicated by hypoparathyroidism (transient or permanent)
and cause hypocalcemia and recurrent laryngeal nerve palsy (transient or permanent),
causing hoarseness, bleeding, or wound infection (Bartalena et al. 2016c) (Table 5).
Calcium and vitamin D status should be assessed preoperatively and repleted, if
required, or even given prophylactically (Ross et al. 2016). If the patient is inade-
quately prepared by ATDs, thyroid surgery may be followed by a marked worsening
of thyrotoxicosis. The rate of complications following thyroidectomy is inversely
correlated with the surgeon’s experience (Sosa et al. 2008). Accordingly, to minimize
the risks of thyroid surgery, it is fundamental to select a skilled surgeon with a high
annual volume of thyroidectomies (Bartalena et al. 2016c).

Advantages and Disadvantages
Advantages of thyroidectomy include the absence of radiation risk, the prompt
control of hyperthyroidism, the lack of detrimental effects on GO, the absence of
radiation risk (Table 3). On the other hand, it implies an anesthetic and surgical risk
and requires hospitalization, a permanent scar will be left, and costs are higher than

Table 5 Complications of thyroidectomy

Complication Action

Exacerbation of
hyperthyroidism

Render the patient euthyroid with antithyroid drugs prior to surgery

Hypoparathyroidism May be transient or permanent. Give vitamin D and calcium
preoperatively in at-risk patients

Laryngeal nerve palsy May be transient or permanent. Intraoperative neuromonitoring of
laryngeal nerve helps to detect early damage

Blood loss and
hemorrhage

Preoperative treatment with saturated solution of KI or Lugol’s
solution reduces thyroid vascularity

Wound infection Accurate care of the wound, drainage, antibiotics
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using the other modalities of treatment (Table 3) (Bartalena 2016c). However, in one
US study, surgery was more cost-effective than lifelong ATDs or RAI treatment
(In et al. 2009). As for RAI treatment, total thyroidectomy is inevitably bound to
permanent hypothyroidism and lifelong levothyroxine replacement therapy.

Role of Patients in Selecting Therapy

Because all of the available therapeutic options for Graves’ hyperthyroidism have
limitations, patient choice may eventually constitute the reason for the choice of
treatment. In this regard, shared decision-making is an essential process, because it
puts the patient at the center of healthcare taking into account his/her wishes, values,
expectations, impact on quality of life, and comorbidities (Ting et al. 2014). The
level of involvement of the informed patient can be increased by encounter tools for
shared decision-making, such as that recently developed by the Mayo Clinic Spe-
cialists (Brito et al. 2015).

Special Situations

Pregnancy (see also ▶Chap. 23, “Thyroid Physiology and Thyroid
Diseases in Pregnancy”)
Because RAI treatment is contraindicated, and thyroidectomy should be performed
(during the second trimester) only in exceptional cases, such as intolerance to or
major adverse events due to ATDs, thionamides represent the treatment of choice for
Graves’ hyperthyroidism in pregnant women (DeGroot et al. 2012; Stagnaro-Green
et al. 2011). According to recent guidelines, PTU should be used during the first
trimester and replaced by MMI during the second and third trimester (Ross et al.
2016). This approach is motivated by the observation that exposure to MMI in early
pregnancy is associated with an increased risk of fetal malformations (CBZ/MMI
embryopathy) (Bowman et al. 2012), but, on the other hand, PTU can cause severe
hepatotoxicity in the mother (Cooper and Rivkees 2009) (Table 6). Recent studies
from Denmark reported that both MMI and PTU can indeed cause fetal
malformations, although those caused by PTU are probably milder (Linding Ander-
sen et al. 2013, 2014). A recent retrospective Italian study found that the rate of
malformations in the offspring of women exposed to MMI was not higher than in the
general population (Gianetti et al. 2015). A large American insurance database study
reported a 13% increase in fetal malformations in hyperthyroid women, but no
association with ATD treatment (Korelitz et al. 2013). In addition, a study from
Japan did not find any increase in hyperthyroidism-associated malformations
(Yoshihara et al. 2012). Despite these controversial results, it seems advisable to
follow current guidelines, using PTU in the first trimester and switching to MMI in
the second and third trimesters (Bartalena et al. 2016c). Furthermore, the lowest dose
of ATDs should be employed during pregnancy, keeping serum FT4 in the upper
third of normal range (Bartalena et al. 2016c).
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Childhood
Graves’ disease is the most frequent etiology of hyperthyroidism in childhood (Rivkees
2016). ATDs represent the first-line therapy in children, and MMI is the preferred
thionamide, based on a better safety profile, just as in adults (Rivkees and Szarfman
2010; Rivkees 2016). Unfortunately, the rate of relapses after ATD withdrawal is higher
than in adults (Havgaard Kjaer et al. 2015). Although it is unsettled whether long-term
ATD treatment for many years may increase the chance of a permanent remission, this
approach is reasonable for children who are too young for RAI treatment or surgery, but
in the end most of the children will need an ablative treatment (Rivkees 2016). Although
data are reassuring on long-term safety of RAI, according to recent American guidelines,
RAI treatment should be avoided if children are <5 years of age (Ross et al. 2016).
Thyroidectomy is a valid option in children, although it seems to be associated with a
higher risk of complications (Rivkees 2016). Therefore, thyroidectomy should be opted
for in children who are too young to be treated with RAI, and it should be performed by
a skilled surgeon, as in adults (Ross et al. 2016).

Presence of Graves’ Orbitopathy (see also ▶Chap. 15, “Graves’
Ophthalmopathy”)
Management of hyperthyroidism in patients with associated GO is challenging
(Table 7). Patients with mild GO can be treated with either of therapeutic options
(ATDs, RAI treatment, or thyroidectomy). If RAI is selected and the patient has mild
signs or symptoms of activity, steroid prophylaxis is recommended in most of the
patients (see Radioiodine Treatment) (Bartalena et al. 2015). When GO is very
severe and sight-threatening, priority should be given to the cure of GO (medically
or surgically), and hyperthyroidism should be controlled with ATDs (Bartalena et al.
2015). If GO is moderate-to-severe, but stably inactive, hyperthyroidism can be
treated by any of the available treatments without any particular precaution

Table 6 Birth defects that have been associated with exposure to carbimazole/methimazole and
propylthiouracil in early pregnancy

Carbimazole/methimazole Propylthiouracil

Choanal atresia Face and neck
(preauricular sinus/cyst)

Omphalocele Fistula of branchial cleft

Esophageal atresia Congenital
hydronephrosis

Omphalomesenteric duct anomalies Single cyst of the kidney

Aplasia cutis Posterior urethral valve

Malformations of the nipples Megaureter

Anomalies of the eyes

Malformations of the circulatory system (heart septal defect,
ventricular septal defect, pulmonary valve stenosis, pulmonary
artery stenosis)

Malformations of the urinary system

Derived from Linding Andersen et al. (2013, 2014)
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concerning GO. If moderate-to-severe GO is in its active phase, it should be treated
promptly, because efficacy of treatment is inversely related to duration of GO
(Bartalena et al. 2016c). Under these circumstances, it is still unsettled whether
ATDs, given for prolonged periods of time, are preferable to thyroid ablation
performed concomitantly with the management of GO (Bartalena et al. 2015).

Subclinical Hyperthyroidism (see also ▶Chap. 14, “Graves’ Disease”)
Although hyperthyroidism due to Graves’ disease is usually overt, subclinical hyper-
thyroidism is not infrequent at diagnosis, involving up to 20–30% of early diagnosed
patients (Bartalena et al. 2016d; Zhyzhneuskaya et al. 2016). These patients may either
remain subclinical hyperthyroid, revert to euthyroidism, or progress to overt hyper-
thyroidism (rule of thirds) (Zhyzhneuskaya et al. 2016). The choice between active
treatment of subclinical hyperthyroid patients versus strict surveillance depends on the
degree of TSH suppression, the age of the patient, and the presence of comorbidities
that make this condition a risky situation (Biondi et al. 2015).

Management of Graves’ Hyperthyroidism During Immune
Reconstitution
Graves’ disease my occur during immune reconstitution from a lymphopenic disor-
der, such as highly active antiretroviral therapy (HAART) for HIV infection,
alemtuzumab for multiple sclerosis, and bone marrow or stem cell transplantation

Table 7 Treatment of Graves’ hyperthyroidism in the presence of Graves’ orbitopathy

Severity of GO
Activity
of GO Treatment for hyperthyroidism

Mild Active Any treatment for hyperthyroidism,
depending on standard criteria and patient
choice. If RAI is selected, steroid prophylaxis
(see text) is advised

Mild Inactive Any treatment for hyperthyroidism, as above.
Steroid prophylaxis after RAI is not necessary
in the absence of risk factors for
RAI-associated progression of GO (smoking,
high TRAb levels)

Moderate to severe Active Priority should be given to prompt
management of GO with intravenous
glucocorticoids. It is unsettled whether
hyperthyroidism should be in the meanwhile
treated conservatively or whether the thyroid
should be concomitantly ablated

Moderate to severe Inactive Any treatment for hyperthyroidism, as above.
No steroid prophylaxis is required

Sight threatening (dysthyroid optic
neuropathy and/or corneal
breakdown)

Active Emergent treatment for GO (high doses of
intravenous glucocorticoids and/or orbital
decompression). Keep the patient euthyroid
with antithyroid drugs, and postpone
definitive treatment until GO is cured
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(Weetman 2014). Evidence is limited on the management of Graves’ hyperthyroid-
ism in these conditions, but ATDs are indicated as first-line treatment, also because
they are probably associated with a higher rate of remission of hyperthyroidism
compared to the general Graves’ patients (Weetman 2014).

Thyroid Storm
Thyroid storm is an endocrine emergency, characterized by an exacerbation of
thyrotoxic symptoms with possible systemic decompensation (heart failure, liver
failure, psychosis, coma), usually triggered by precipitant events (e.g., infections
or other acute illnesses, thyroid or nonthyroidal surgery in undiagnosed or inade-
quately treated hyperthyroid patient), and with a substantial mortality rate (Angell
et al. 2015). Management of this life-threatening condition should be aggressive
and include high doses of ATDs (PTU rather than MMI in view of its peripheral
effect on T4 to T3 conversion), β- blockers, inorganic iodine, glucocorticoids,
cooling with acetaminophen and cooling blankets, blood volume respiratory and
nutritional support, and treatment of the underlying disorder precipitating thyroid
storm (Ross et al. 2016).

Treatment of Graves’ Orbitopathy

Severe and sight-threatening forms of GO are rare nowadays, and even mild GO is
found in only 25% of newly diagnosed Graves’ patients, is often remitting upon
restoration of euthyroidism (Tanda et al. 2013), and rarely progresses to more severe
forms (Piantanida et al. 2013). Moderate-to-severe forms account for approximately
5% of cases (Bartalena and Fatourechi 2014).

Mild GO

In most cases of mild GO, a watchful strategy is sufficient, supported by local
measures (artificial tears, ointments) and removal of risk factors (particularly
smoking). In a randomized placebo-controlled clinical trial, selenium supplementa-
tion improved mild GO and prevented its progression to moderate-to-severe forms
(Marcocci et al. 2011). In rare patients, whose quality of life is deeply impaired
despite GO being objectively mild, intravenous glucocorticoid treatment, as for
moderate-to-severe GO, may be considered, although, under these circumstances,
risks likely outweigh benefits (Bartalena et al. 2016a).

Moderate-To-Severe GO

Management of these forms depend on the degree of activity of the disease. In active
GO, treatment is medical, whereas in inactive forms treatment is surgical.
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Active

First-Line Treatment
High-dose intravenous glucocorticoids are the first-line treatment for moderate-to-
severe and active GO (Zang et al. 2011) (Fig. 3), because they are more effective
and better tolerated than oral glucocorticoids (Marcocci et al. 2001; Kahaly et al.
2005). Intravenous glucocorticoids are usually given in 12 slow (2–3 h), weekly
infusions. Modalities of pulse administration and cumulative doses of the drug are
extremely variable throughout Europe (Lazarus et al. 2010), but the most common
regimen consists in the administration of a total of 4.5 g of methylprednisolone
(6 infusions of 500 mg, followed by 6 infusions of 250 mg) (Kahaly et al. 2005). In
a large randomized clinical trial by EUGOGO, three different cumulative doses of
methylprednisolone (2.25 g, 4.98 g, 7.47 g) were assessed (Bartalena et al. 2012):
although the highest dose was slightly more effective, it was also associated with
more frequent side effects (Bartalena et al. 2012). In view of the potential serious
adverse events of this treatment (Marcocci et al. 2012), EUGOGO recommended a
medium dose (4.5 g) for most cases, reserving the higher dose (7.5 g) to most
severe forms within the spectrum of moderate-to-severe GO (Bartalena et al.
2016a). The cumulative dose of glucocorticoids should not be higher than 8 g to
reduce the risk of hepatotoxicity (Le Moli et al. 2007; Sisti et al. 2015a), and the
single dose should not exceed 0.75 g (Riedl et al. 2015). Contraindications to high-
dose intravenous glucocorticoids are represented by severe cardiovascular prob-
lems, psychiatric disorders, uncontrolled hypertension or diabetes, liver dysfunc-
tion, and recent viral hepatitis (Zang et al. 2011). Soft tissue changes and
extraocular muscle dysfunction usually respond very well to treatment, while
exophthalmos is less responsive (Bartalena and Fatourechi 2014). To improve
final outcome, treatment should be started within 1 year from the onset of GO
(Bartalena et al. 2016a). Unfortunately GO flares up in about one third of patients
after glucocorticoid withdrawal (Bartalena et al. 2012). In these cases, patients
should be either submitted to a second course of intravenous glucocorticoids or to a
second-line treatment (Bartalena 2011) (Fig. 3).

Second-Line Treatments
Orbital radiotherapy is particularly effective on disturbances of ocular motility
(Tanda and Bartalena 2012). It is commonly given in 10 daily fractions over a
2-week period, using a cumulative dose of 20 Gy per eye (Tanda and Bartalena
2012), but different protocols with lower doses or more prolonged regimens have
been proposed (Kahaly et al. 2000). The association of orbital radiotherapy and oral
glucocorticoids is more effective than either treatment alone (Tanda and Bartalena
2012). Randomized clinical trials showing that the combination of orbital radiother-
apy and intravenous glucocorticoids is more effective than either treatment alone are
missing, but a recent retrospective study showed the effectiveness of combination
therapy (Sisti et al. 2015b) Orbital radiotherapy is safe, but should not be used in
patients with diabetic or hypertensive retinopathy (Bartalena et al. 2016a).
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The combination of cyclosporine and oral glucocorticoids can be considered a
valid alternative. This is based on the results of two randomized clinical trials
(Kahaly et al. 1986; Prummel et al. 1989) reporting that the combined treatment
was more effective than either drug alone. The starting dose of cyclosporine was
5 mg/kg body weight in one study (Kahaly et al. 1986) and 7.5 mg/kg body weight in
the other one (Prummel et al. 1989). Cyclosporine treatment may cause side effects,
including dose-dependent liver and renal toxicity, infections, and gingival hyperpla-
sia (Bartalena et al. 2016a).

The use of rituximab, CD20+ B cell-depleting monoclonal antibody has been
reported, after a few uncontrolled studies (Hegedus et al. 2011; Salvi et al. 2013), in
two small randomized clinical trials, comparing rituximab with placebo (Stan et al.
2015) or with intravenous glucocorticoids (Salvi et al. 2015). Results were
conflicting, because in the first study, the effects of rituximab did not differ from
those of placebo (Stan et al. 2015), whereas in the other one rituximab inactivated
GO as well as intravenous glucocorticoids, without any relapse after treatment
discontinuation, at variance with glucocorticoids (Salvi et al. 2015). The reasons
for this discrepancy between the two studies remain elusive, but in the first study, the
duration of disease was longer and patients were older, possibly making these
patients less responsive to treatment (Stan and Salvi 2016). In the absence of larger,
multicenter randomized clinical trials, for the time being rituximab cannot be
recommended as first-line treatment for GO. Rituximab treatment is not devoid of
side effects. In particular, in the above studies, progression of dysthyroid optic
neuropathy (DON) cumulatively occurred in 4 of 25 patients (16%) during rituximab

Moderate-to-severe and ac�ve GO

Inac�ve

Treat with ivGCs

Rehabilita�ve surgery 
(as needed)

s�ll ac�ve?

Oral GCs
+ Orbital Rx

Oral GCs
+ Cyclosporine Rituximab ivGCs

Shared decision-making

Fig. 3 Treatment of moderate-to-severe and active Graves’ orbitopathy (GO). ivGCs intravenous
glucocorticoids, Rx radiotherapy, Rehabilitative surgery orbital decompression, squint surgery,
eyelid surgery (Derived from Bartalena et al. 2016a)
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treatment (Wiersinga 2016). Accordingly, rituximab should not be administered to
patients with impending or overt DON (Bartalena et al. 2016a).

Because all of the available treatments for moderate-to-severe and active GO are
often unsatisfactory, pros and cons of each treatment should be discussed with the
patient in a shared decision-making dialogue (Stiggelbout et al. 2012).

Inactive
Medical treatment is ineffective in patients whose GO is inactive. In such patients,
residual manifestations (exophthalmos, strabismus, eyelid malposition) can be
corrected surgically by orbital decompression, squint surgery, and eyelid surgery,
respectively. GO should be inactive for at least 6 months prior to rehabilitative
surgery. Should all of the three procedures be needed, they should be performed in
the above order.

Very Severe (Sight-Threatening) Graves’ Orbitopathy

Dysthyroid optic neuropathy (DON) and corneal breakdown are sight-threatening
and constitute an emergency situation. Very high doses of intravenous methylpred-
nisolone (500–1000 mg for 3 consecutive days or on alternate days during the first
week, to be repeated during the second week) are the first-line treatment, but, if the
response is inadequate, patients should urgently be submitted to orbital decompres-
sion (Bartalena et al. 2016a).

Treatment of Thyroid Dermopathy and Acropachy

Thyroid dermopathy (also known as pretibial myxedema) is a very rare manifesta-
tion, affecting approximately 4% of Graves’ patients with GO (Bartalena and
Fatourechi 2014). Thyroid acropachy is even rarer, occurring in 0.3% of Graves’
patients (Bartalena and Fatourechi 2014). In most cases, thyroid dermopathy is mild
and may remit spontaneously or following treatment with local glucocorticoids
(fluocinolone acetonide, clobetasol propionate, or triamcinolone cream base
0.05–0.1%) covered by Saran plastic wrap occlusive dressing (12 h/day for
4–6 weeks) (Bartalena and Fatourechi 2014). Compression stockings
(20–40 mmHg pressure), complete decompressive physiotherapy, and manual lym-
phatic drainage or massage may help also in severe (elephantiasic) forms. Surgery is
contraindicated, because it may worsen skin lesions (Bartalena and Fatourechi
2014). The benefit of intralesional injections of a solution of lidocaine, dexameth-
asone, and saline needs to be confirmed in larger studies (Bartalena and Fatourechi
2014). As to the effectiveness of systemic immunosuppressive treatments, as well as
of plasmapheresis or intravenous immunoglobulins, evidence of benefit is anecdotal
(Bartalena and Fatourechi 2014).

For acropachy there is no treatment, except for pain-relieving drugs in the case of
periostitis (Bartalena and Fatourechi 2014).

506 L. Bartalena



References

Abraham P, Avenell A, Park CM, Watson WA, Bevan JS. A systematic review of drug therapy for
Graves’ hyperthyroidism. Eur J Endocrinol. 2005;153:489–98.

Angell TE, Lechner MG, Nguyen CT, Salvato VL, Nicoloff JT, LoPresti JS. Clinical features and
hospital outcome in thyroid storm: a retrospective cohort study. J Clin Endocrinol Metab.
2015;100:451–9.

Barbesino G, Tomer Y. Clinical utility of TSH receptor antibodies. J Clin Endocrinol Metab.
2013;98:2247–55.

Bartalena L. The dilemma of how to manage Graves’ hyperthyroidism in patients with associated
orbitopathy. J Clin Endocrinol Metab. 2011;96:592–9.

Bartalena L. Diagnosis and management of Graves disease: a global overview. Nat Rev Endocrinol.
2013;9:724–34.

Bartalena L, Fatourechi V. Extrathyroidal manifestations of Graves’ disease: a 2014 update.
J Endocrinol Invest. 2014;38:691–700.

Bartalena L, Marcocci C, Bogazzi F, Manetti L, Tanda ML, Dell’Unto E, et al. Relation between
therapy for hyperthyroidism and the course of Graves’ ophthalmopathy. N Engl J Med.
1998;338:73–8.

Bartalena L, Krassas GE, Wiersinga WM, Marcocci C, Salvi M, Daumerie C, et al. Efficacy and
safety of three different cumulative doses of intravenous methylprednisolone for moderate to
severe and active Graves’ orbitopathy. J Clin Endocrinol Metab. 2012;97:4454–63.

Bartalena L, Macchia PE, Marcocci C, Salvi M, Vermiglio F. Effects of treatment modalities for
Graves’ hyperthyroidism on Graves’ orbitopathy: a 2015 Italian Society of Endocrinology
consensus statement. J Endocrinol Invest. 2015;38:481–7.

Bartalena L, Baldeschi L, Boboridis K, Eckstein A, Kahaly GJ, Marcocci C, et al. The 2016
European Thyroid Association/European Group on Graves’ Orbitopathy guidelines for the
management of Graves’ orbitopathy. Eur Thyroid J. 2016a;5:9–26.

Bartalena L, Burch HB, Burman HD, Kahaly GJ. A 2013 European survey of clinical practice
patterns in the management of Graves’ disease. Clin Endocrinol (Oxf). 2016b;84:115–20.

Bartalena L, Chiovato L, Vitti P. Management of hyperthyroidism due to Graves’ disease:
frequently asked questions and answers (if any). J Endocrinol Invest. 2016c;39:1105–14.

Bartalena L, Masiello E, Magri F, Veronesi G, Bianconi E, Zerbini F, et al. The phenotype of newly
diagnosed Graves’ disease in Italy in recent years is milder than in the past: results of a large
observational longitudinal study. J Endocrinol Invest. 2016d;39:1445–1451.

Biondi B, Bartalena L, Coopper DS, Hegedus L, Laurberg P, Kahaly GJ. The 2015 European
Thyroid Association guidelines on diagnosis and treatment of endogenous subclinical hyper-
thyroidism. Eur Thyroid J. 2015;4:149–63.

Boelaert K, Maisonneuve P, Torlinska B, Franklyn JA. Comparison of mortality in hyperthyroidism
during periods of treatment with thionamides and after radioiodine. J Clin Endocrinol Metab.
2013;98:1869–82.

Bogazzi F, Giovannetti C, Fessehatsion R, Tanda ML, Campomori A, Compri E, et al. Impact of
lithium on efficacy of radioactive iodine therapy for Graves’ disease: a cohort study on cure rate,
time to cure, and frequency of increased serum thyroxine after antithyroid drug withdrawal.
J Clin Endocrinol Metab. 2010;95:201–8.

Bonnema SJ, Hegedus L. Radioiodine therapy in benign thyroid diseases: effects, side effects, and
factors affecting therapeutic outcome. Endocr Rev. 2012;33:920–80.

Bonnema SJ, Bennedbaek FN, Gram J, Veje A, Marving J, Hegedus L. Resumption of methimazole
after 131I therapy of hyperthyroid diseases: effect on thyroid function and volume evaluated by
a randomized clinical trial. Eur J Endocrinol. 2003;149:485–92.

Bowman P, Osborne NJ, Sturley R, Vaidya B. Carbimazole embriopathy: implications for the
choice of antithyroid drugs in pregnancy. Q J Med. 2012;105:189–93.

Brandt F, Green A, Hegedus L, Brix TH. A critical review and meta-analysis of the association
between overt hyperthyroidism and mortality. Eur J Endocrinol. 2011;165:491–7.

16 Treatment of Graves’ Disease 507



Brandt F, Thvilum M, Almind D, et al. Graves’ disease and toxic nodular goiter are both associated
with increased mortality but differ with respect to the cause of death: a Danish population-based
register study. Thyroid. 2013a;23:408–13.

Brandt F, Thvilum M, Almind D, et al. Morbidity before and after the diagnosis of hyperthyroidsm:
a nationwide register-based study. PLoS One. 2013b;8:e66711.

Brito JP, Castaneda-Guarderas A, Gionfriddo NR, Singh Ospina N, Maraka S, Dean DS, et al.
Development and pilot testing of an encounter tool for shared decision making about the
treatment of Graves’ disease. Thyroid. 2015;25:1191–8.

Brito JP, Stephanie S, Singh Ospina N, Rodriguez-Gutierrez R, Maraka S, Sangaralingham R, et al.
Antithyroid drugs – the most common treatment for Graves’ disease in the United states: a
nationwide population-based study. Thyroid. 2016;26:1144–5.

Burch HB, Cooper DS. Management of Graves disease. A review. JAMA. 2015;314:2544–54.
Burch HB, Burman KD, Cooper DS. A 2011 survey of clinical practice patterns in the management

of Graves’ disease. J Clin Endocrinol Metab. 2012;97:4549–58.
Ceccarelli C, Canale D, Battisti P, Cagliaresi C, Moscatelli A, Gavioli S, et al. Testicular function

after 131I therapy for hyperthyroidism. Clin Endocrinol (Oxf). 2006;65:446–52.
Cooper DS. Antithyroid drugs. N Engl J Med. 2005;352:905–17.
Cooper DS, Rivkees SA. Putting propylthiouracil in perspective. J Clin Endocrinol Metab.

2009;94:1881–2.
De Leo S, Braverman LE. Hyperthyroidism. Lancet. 2016;338:906–18.
DeGroot L, Abalovich M, Alexander EK, Amino N, Barbour L, Cobin RH, et al. Management of

thyroid dysfunction during pregnancy and postpartum: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2012;97:2543–65.

Eckstein AK, Plicht M, Lax H, Neuhäuser M, Mann K, Lederbogen S, Heckmann C, Esser J,
Morgenthaler NG. Thyrotropin receptor autoantibodies are independent risk factors for Graves’
ophthalmopathy and help to predict severity and outcome of the disease. J Clin Endocrinol
Metab. 2006;91:3464–70.

Emiliano AB, Governale L, Parks M, Cooper DS. Shifts in propylthiouracil and methimazole
prescribing practices: antithyroid drug use in the United States from 1991 to 2008. J Clin
Endocrinol Metab. 2010;95:2227–33.

Erbil Y, Giriş M, Salmaslioglu A, Ozluk Y, Barbaros U, Yanik BT, Kapran Y, Abbasoglu SD,
Ozarmagan S. The effect of anti-thyroid drug treatment duration on thyroid gland microvessel
density and intraoperative blood loss in patients with Graves’ disease. Surgery.
2008;143:216–25.

Franklyn JA, Maisonneuve P, Sheppard MC, Betteridge J, Boyle P. Mortality after the treatment of
hyperthyroidism with radioactive iodine. N Engl J Med. 1998;338:712–8.

Fukata S, Kuma K, Sugawara M. Granulocyte colony-stimulating factor (G-CSF) does not improve
recovery from antithyroid drug-induced agranulocytosis: a prospective study. Thyroid.
1999;9:29–31.

Genovese BM, Noureldine SI, Gleeson EM, Tufano RP, Kandil E. What is the best definitive
treatment for Graves’ disease? A systematic review of the existing literature. Am Surg Oncol.
2013;20:660–7.

Gianetti E, Russo L, Orlandi F, Chiovato L, Giusti M, Benvenga S, et al. Pregnancy outcome in
women treated with methimazole or propylthiouracil during pregnancy. J Endocrinol Invest.
2015;38:977–85.

Guo Z, Yu P, Liu Z, Si Y, Jin M. Total thyroidectomy vs bilateral subtotal thyroidectomy in patients
with Graves’ disease: a meta-analysis of randomized clinical trials. Clin Endocrinol (Oxf).
2013;79:739–46.

Havgaard Kjaer R, Smedegard Hansen M, Hansen D. Increasing incidence of juvenile thyrotoxi-
cosis in Denmark: a nationwide study, 1998–2012. Horm Res Paediatr. 2015;84:102–7.

Hegedus L, Smith TJ, Douglas RS, Nielsen CH. Targeted biological therapies for Graves’ disease
and thyroid-associated ophthalmopathy. Focus on B-cell depletion with Rituximab. Clin Endo-
crinol (Oxf); 2011;74:1–8.

508 L. Bartalena



Hieu TT, Russell AW, Cuneo R, Clark J, Kron T, Hall P, et al. Cancer risk after medical exposure to
radioactive iodine in benign thyroid disease: a meta-analysis. Endocr Relat Cancer.
2012;19:645–55.

In H, Pearce EN, Wong AK, Burgess JF, McAneny DB, Rosen JE. Treatment options for Graves’
disease: a cost-effectiveness analysis. J Am Coll Surg. 2009;209:170–9.

Kahaly G, Schrezenmeir J, Krause U, Schweikert B, Meuer S, Muller W, et al. Ciclosporin and
prednisone vs. prednisone in treatment of Graves’ ophthalmopathy: a controlled, randomized
and prospective study. Eur J Clin Invest. 1986;16:415–22.

Kahaly GJ, Rosler HP, Pitz S, Hommel G. Low- versus high-dose orbital radiotherapy for Graves’
ophthalmopathy: a randomized, single blind trial. J Clin Endocrinol Metab. 2000;85:102–8.

Kahaly GJ, Pitz S, Hommel G, Dittmar M. Randomized, single blind trial of intravenous versus oral
steroid monotherapy in Graves’ orbitopathy. J Clin Endocrinol Metab. 2005;90:5234–40.

Kim HJ, Kim BH, Yan JS, et al. The incidence and clinical characteristics of symptomatic
propylthiouracil-induced hepatic injury in patients with hyperthyroidism: a single-center retro-
spective study. Am J Gastroenterol. 2001;96:165–9.

Korelitz JJ, McNally DL, Masters MN, Li SX, Xu Y, Rivkees SA. Prevalence of thyrotoxicosis,
antithyroid drug use and neonatal outcomes with an integrated healthcare delivery system.
Thyroid. 2013;23:758–65.

La Cour JL, Jensen LT, Vej-Hansen A, Nygaard B. Radioiodine therapy increases the risk of
cerebrovascular events in hyperthyroid and euthyroid patients. Eur J Endocrinol.
2015;172:771–8.

Lazarus JH, Bartalena L, Marcocci C, Kahaly GJ, Krassas G, Wiersinga WM. Glucocorticoid
administration for Graves’ hyperthyroidism treated by radioiodine. A questionnaire survey
among members of the European Thyroid Association. J Endocrinol Invest. 2010;33:409–13.

Le Moli R, Baldeschi L, Saeed P, Regensburg N, Mourits MP, Wiersinga WM. Determinants of
liver damage associated with intravenous methylprednisolone pulse therapy in Graves’
ophthalmopathy. Thyroid. 2007;17:357–62.

Linding Andersen S, Olsen J, Wu CS, Laurberg P. Birth defects after early pregnancy use of
antithyroid drugs: a Danish nationwide study. J Clin Endocrinol Metab. 2013;98:4373–81.

Linding Andersen S, Olsen J, Wu CS, Laurberg P. Severity of birth defects after propylthiouracil
exposure in early pregnancy. Thyroid. 2014;10:1533–40.

Marcocci C, Bartalena L, Tanda ML, Manetti L, Dell’Unto E, Rocchi R, et al. Comparison of the
effectiveness and tolerability of intravenous or oral glucocorticoids associated with orbital
radiotherapy in the management of severe Graves’ ophthalmopathy: results of a prospective.
single-blind, randomized study. J Clin Endocrinol Metab. 2001;86:3562–7.

Marcocci C, Kahaly GJ, Krassas GE, Bartalena L, Prummel M, Stahl M, et al. Selenium and the
course of mild Graves’ orbitopathy. N Engl J Med. 2011;364:1920–32.

Marcocci C, Watt T, Altea MA, Rasmussen AK, Feldt-Rasmussen, Orgiazzi J, et al. Fatal and
non-fatal adverse events of glucocorticoid therapy for Graves’ orbitopathy: a questionnaire
survey among members of the European Thyroid Association. Eur J Endocrinol.
2012;166:247–53.

Metso S, Jaatinen P, Huhtala H, Auvinen A, Oksala H, Salmi J. Increased cardiovascular and cancer
mortality after radioiodine treatment for hyperthyroidism. JClin EndocrinolMetab. 2007;92:2190–6.

Perros P, Kendall-Taylor P, Neoh C, Frewin S, Dickinson J. A prospective study of the effects of
radioiodine therapy for hyperthyroidism in patients with minimally active Graves’
ophthalmopathy. J Clin Endocrinol Metab. 2005;90:5321–3.

Piantanida E, Tanda ML, Lai A, Sassi L, Bartalena L. Prevalence and natural history of Graves’
orbitopathy in the XXI century. J Endocrinol Invest. 2013;36:444–9.

Piantanida E, Lai A, Sassi L, Gallo D, Spreafico M, Tanda ML, Bartalena L. Outcome prediction of
treatment of Graves’ hyperthyroidism with antithyroid drugs. Horm Metab Res. 2015;47:767–72.

Prummel MF, Mourits MP, Berghout A, Krenning EP, van der Gaag R, Koornneef L, et al.
Prednisone and cyclosporine in the treatment of severe Graves’ ophthalmopathy. N Engl J
Med. 1989;321:1353–9.

16 Treatment of Graves’ Disease 509



Riedl M, Kolbe E, Kampmann E, Kramer I, Kahaly GJ. Prospectively recorded and MedDRA-
coded safety data of intravenous methylprednisolone therapy in Graves’ orbitopathy. J Endo-
crinol Invest. 2015;38:177–82.

Rivkees SA. Controversies in the management of Graves’ disease in children. J Endocrinol Invest.
2016;39:1247–57.

Rivkees SA, Szarfman A. Dissimilar hepatoxicity profiles of propylthiouracil and methimazole in
children. J Clin Endocrinol Metab. 2010;95:3260–7.

Ross DS. Radioiodine therapy for hyperthyroidism. N Engl J Med. 2011;364:542–50.
Ross DS, Burch HB, Copper DS, Greenlee MC, Laurberg P, Maia AL, et al. American Thyroid

Association guidelines for diagnosis and management of hyperthyroidism and other causes of
thyrotoxicisos. Thyroid. 2016;26:1343–421.

Ruiz JK, Rossi GV, Vallejos HA, Brener RW, Lopez IB, Escribano AA. Fulminant hepatic failure
associated with propylthiouracil. Ann Pharmacother. 2003;37:224–8.

Ryodi E, Metso S, Jaatinen P, Huhtala H, Saaristo R, Valimaki M, et al. Cancer incidence and
mortality in patients treated either with RAI or thyroidectomy for hyperthyroidism. J Clin
Endocrinol Metab. 2015;100:3710–7.

Salvi M, Vannucchi G, Beck-Peccoz P. Potential utility of rituximab for Graves’ orbitopathy. J Clin
Endocrinol Metab. 2013;98:4291–9.

Salvi M, Vannucchi G, Currò N, Campi I, Covelli D, Dazzi D, et al. Efficacy of B-cell targeted
therapy with rituximab in patients with active moderate to severe Graves’ orbitopathy: a
randomized controlled study. J Clin Endocrinol Metab. 2015;100:422–31.

Sawka AM, Lakra DC, Lea J, Alshehri B, Tsang RW, Brierley JD, et al. A systematic review
examining the effects of therapeutic radioactive iodine on ovarian function and future pregnancy
in female thyroid cancer survivors. Clin Endocrinol (Oxf). 2008;69:479–90.

Shiber S, Stiebel-Kalish H, Shimon I, Grossman A, Robenshtok E. Glucocorticoid regimens for
prevention of Graves’ ophthalmopathy progression following radioiodine treatment: systematic
review and meta-analysis. Thyroid. 2014;24:1515–23.

Sisson JC, Freitas J, McDougall IR, Dauer LT, Hurley JR, Brierley JD, et al. Radiation safety in the
treatment of patients with thyroid diseases by radioiodine 131I: practice recommendations of the
American Thyroid Association. Thyroid. 2011;21:335–46.

Sisti E, Coco B, Menconi F, Leo M, Rocchi R, Latrofa F, et al. Intravenous glucocorticoid therapy
for Graves’ ophthalmopathy and acute liver damage: an epidemiological study. Eur J Endo-
crinol. 2015a;172:269–76.

Sisti E, Menconi F, Leo M, Profilo MA, Mautone T, Mazzi B, et al. Long-term outcome of Graves’
orbitopathy following high-dose intravenous glucocorticoids and orbital radiotherapy. J Endo-
crinol Invest. 2015b;38:661–8.

Smith TJ, Hegedus L. Graves’ disease. N Engl J Med. 2016;375:1552–65.
Sosa IA, Tuggle CT, Wabg TS, Thomas DC, Boudourakis L, Rivkees S, et al. Clinical and

economic outcomes of thyroid and parathyroid surgery in children. J Clin Endocrinol Metab.
2008;93:3058–65.

Stagnaro-Green A, Abalovich M, Alexander E, Azizi F, Mestman J, Negro R, et al. Guidelines of
the American Thyroid Association for the diagnosis and management of thyroid disease during
pregnancy and postpartum. Thyroid. 2011;21:1081–125.

Stan M, Salvi M. Rituximab therapy for Graves’ orbitopathy. Lessons from randomized clinical
trials. Eur J Endocrinol. 2017;176:R101–9.

Stan MN, Garrity JA, Carranza Leon BG, Prabin T, Bradley EA, Bahn RS. Randomized controlled
trial of rituximab in patients with Graves’ orbitopathy. J Clin Endocrinol Metab.
2015;100:432–41.

Stiggelbout AM, Van der Weijden T, De Wit MPT, Frosch D, Légare F, Montori V, et al. Shared
decision making: really putting patients at the centre of healthcare. Br Med J. 2012;344:e256.

Sundaresh V, Brito JP, Wang Z, Prokop LJ, Stan MN, Murad MH, et al. Comparative effectiveness
of therapies for Graves’ hyperthyroidism: a systematic review and network meta-analysis. J Clin
Endocrinol Metab. 2013;98:3671–7.

510 L. Bartalena



Tallstedt L, Lundell G, Blomgren H, Bring J. Does early administration of thyroxine reduce the
development of Graves’ ophthalmopathy after radioiodine treatment? Eur J Endocrinol.
1994;130:494–7.

Tanda ML, Bartalena L. Efficacy and safety of orbital radiotherapy for Graves’ orbitopathy. J Clin
Endocrinol Metab. 2012;97:3857–65.

Tanda ML, Piantanida E, Liparulo L, Veronesi G, Lai A, Sassi L, et al. Prevalence and natural
history of Graves’ orbitopathy in a large series of patients with newly diagnosed Graves’
hyperthyroidism seen at a single center. J Clin Endocrinol Metab. 2013;98:1443–9.

Ting HH, Brito JP, Montori VM. Shared decision making. Science and action. Circ Cardiovasc Qual
Outcomes. 2014;7:323–7.

Törring O, Tallstedt L, Wallin G, Lundell G, Ljunggren JG, Taube A, et al. Graves’ hyperthyroid-
ism: treatment with antithyroid drugs, surgery, or radioiodine – a prospective, randomized study.
J Clin Endocrinol Metab. 1996;81:2986–93.

Träisk F, Tallstedt L, Abraham-Nordling M, Andersson T, Berg G, Calissendorff J, et al. Thyroid
associated ophthalmopathy after treatment for Graves’ hyperthyroidism with antithyroid drugs
or iodine-131. J Clin Endocrinol Metab. 2009;94:3700–7.

Tun NN, Beckett G, Zammitt NN, Strachan MW, Seckl JR, Gibb FW. Thyrotropin receptor
antibody levels at diagnosis and after thionamide course predict Graves’ disease relapse.
Thyroid. 2016;26:1004–9.

Vaidya B, Williams GR, Abraham P, Pearce SH. Radioiodine treatment for benign thyroid disor-
ders: results of a nationwide survey of UK endocrinologists. Clin Endocrinol (Oxf).
2008;68:814–20.

Vitti P, Rago T, Chiovato L, Pallini S, Santini F, Fiore E, et al. Clinical features of patients with
Graves’ disease undergoing remission after antithyroid drug treatment. Thyroid.
1997;7:369–75.

Wang MT, Lee WJ, Huang TY, Chu CL, Hsieh CH. Antithyroid drug-related hepatotoxicity in
hyperthyroidism patients: a population-based cohort study. Br J Clin Pharmacol.
2014;78:619–29.

Watanabe N, Narimatsu H, Yoshimura Noh J, Yamaguchi T, Kobayashi K, Kami M, et al.
Antithyroid drug-induced hematopoietic damage: a retrospective cohort study of agranulocyto-
sis and pancytopenia involving 50, 385 patients with Graves’ disease. J Clin Endocrinol Metab.
2012;97:E49–53.

Weetman AP. Graves’ disease following immune reconstitution of immunomodulatory treatment:
should we manage it any differently? Clin Endocrinol (Oxf). 2014;80:629–32.

Wiersinga W. Advances in treatment of active, moderate-to-severe Graves’ ophthalmopathy. Lancet
Diabetes Endocrinol. 2016; doi:10.1016/S2213-8587(16)30046-8 (e-pub ahead of print).

Yang J, Li LF, Xu Q, Zhang J, Weng W-W, Zhu YI, et al. Analysis of 90 cases of antithyroid drug-
induced severe hepatotoxicity over 13 years in China. Thyroid. 2015;25:278–83.

Yang J, Zhu Y-J, Zhong JJ, Zhang J, Weng W-W, Z-f L, et al. Characteristics of drug-induced
agranulocytosis in patients with hyperthyroidism: a retrospective analysis of 114 cases in a
single institution in China involving 9690 patients referred for radioiodine treatment over
15 years. Thyroid. 2016;26:627–33.

Yoshihara A, Noh J, Yamaguchi T, Ohye H, Sato S, Seiya K, et al. Treatment of Graves’ disease
with antithyroid drugs in the first trimester of pregnancy and the prevalence of congenital
malformation. J Clin Endocrinol Metab. 2012;97:2396–403.

Zang S, Ponto KA, Kahaly GJ. Clinical Review: intravenous glucocorticoids for Graves’
orbitopathy: efficacy and morbidity. J Clin Endocrinol Metab. 2011;96:320–32.

Zhyzhneuskaya S, Addison C, Tsatlidis V, Weaver JU, Razvi S. The natural history of subclinical
hyperthyroidism in Graves’ disease: the rule of thirds. Thyroid. 2016;26:765–9.

16 Treatment of Graves’ Disease 511


	16 Treatment of Graves´ Disease
	Introduction
	Treatment of Hyperthyroidism
	Antithyroid Drugs
	Drugs and Regimens
	Outcome of Treatment
	Side Effects
	Advantages and Disadvantages

	Radioiodine Treatment
	Modalities of Radioiodine Administration
	Outcome of Treatment
	Contraindications and Safety Measures
	Side Effects
	Advantages and Disadvantages

	Thyroidectomy
	Extent of Thyroidectomy
	Preparation to Surgery
	Complications
	Advantages and Disadvantages

	Role of Patients in Selecting Therapy
	Special Situations
	Pregnancy (see also Chap. 23, ``Thyroid Physiology and Thyroid Diseases in Pregnancy´´)
	Childhood
	Presence of Graves´ Orbitopathy  (see also Chap. 15, ``Graves´ Ophthalmopathy´´)
	Subclinical Hyperthyroidism (see also Chap. 14, ``Graves´ Disease´´)
	Management of Graves´ Hyperthyroidism During Immune Reconstitution
	Thyroid Storm


	Treatment of Graves´ Orbitopathy
	Mild GO
	Moderate-To-Severe GO
	Active
	First-Line Treatment
	Second-Line Treatments

	Inactive

	Very Severe (Sight-Threatening) Graves´ Orbitopathy

	Treatment of Thyroid Dermopathy and Acropachy
	References


