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Preface

Graves’ Disease was first described in 1835, taking its name from the physician who 
identified it, Dr. Robert Graves. The disorder is caused by autoantibodies to the 
thyroid gland that mimic thyroid-stimulating hormone (TSH), causing the gland 
to overproduce thyroid hormone. This speeds up the metabolism of the patient 
and can lead to dangerous conditions including atrial fibrillation and heart failure. 
Mainstays of treatment have included antithyroid medication, surgical removal of 
the thyroid gland, and more recently, radiofrequency ablation of the thyroid gland. 
Enhancements in diagnostic testing have in turn enhanced our understanding of the 
natural course of the disease, creating additional therapeutic options. Furthermore, 
enhanced understanding of the autoimmunity behind the disorder may lead to 
therapeutic options that address the underlying autoimmunity. This book provides 
a comprehensive review of these enhancements and how they have resulted in 
changes in common clinical practice.

Regarding diagnostic testing, there have been improvements in serum assays that 
allow better characterization of the degree of hyperthyroidism and monitoring of 
the underlying autoimmune response. The lower limit of detectability of TSH assays 
has improved and can distinguish between suppression and the low end of the nor-
mal range more reliably. Free T4 measurements have effectively replaced the total 
T4/T3 uptake/TSI combination, allowing direct assessment of bioavailable thyroid 
hormone and avoiding confounding by variations in thyroglobulin levels. These 
improvements allow medical therapy to be titrated more effectively to achieve 
a euthyroid state. TSI assays have improved in accuracy and speed such that the 
diagnosis of Graves’ Disease can often be made without the aid of a thyroid scan. 

Remission was thought to be a rare event in adults (more common in children), 
but this may have been the result of the inability to assess the underlying immune 
response in a patient receiving medical treatment. Assays for thyroid-stimulating 
antibodies have improved in accuracy and reliability, and most importantly, the 
reporting time has decreased from a month to several days. Rather than treating 
blindly for a fixed amount of time and then initiating a trial of therapy, TSI moni-
toring allows for withdrawal of treatment when the thyroid-stimulating antibody 
levels have normalized. This has also improved our understanding of the natural 
course of the disorder. In particular, the appearance of a second remission after a 
relapse is now a recognized phenomenon and corresponds to the ‘waxing and wan-
ing course of other autoimmune disorders. 

The mainstays of treatment for Graves’ Disease remain medical therapy with 
thiozonamides and/or iodine to inhibit the thyroid gland, with surgery and 
radiofrequency ablation providing more definitive therapy. The outcome of more 
definitive therapy is usually hypothyroidism, which then must be treated with 
levothyroxine. This is still considered the superior option, as levothyroxine is safe 
for long-term therapy, but it is still unsatisfying trading one disease for another. 
Clearly, this is an area where further advances are needed. Likewise, while our 
understanding of Graves’ ophthalmopathy has improved, our capacity to manage it 
remains limited, typically involving courses of high-dose steroids. 

XII
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Management of Graves’ Disease in children has also benefited from advances in 
diagnostic and therapeutic tools. TSI monitoring is now an option in neonatal 
Graves’ Disease, although the mix of stimulating and blocking antibodies in this 
condition still creates challenges to maintain a euthyroid state. Routine use of free 
T4 measurements (vs total T4) has been especially helpful, as for children, condi-
tions of high or low thyroid-binding globulin may not yet have been discovered. 
Most importantly, radioactive iodine (RAI) therapy has been extended to ages 
younger than 18 years. Concerns were raised after the Chernobyl accident regarding 
increased risk for children of thyroid cancer after exposure to RAI. However, these 
appear to be the result of tissue damage after low-level radiation exposure and have 
not been seen after higher doses of RAI in RAI therapy. 

As we learn more about the underlying autoimmunity in Graves’ Disease, it is 
intriguing to postulate how future therapies might target this immune response 
rather than targeting the thyroid gland itself. As it stands now, the definitive thera-
pies for Graves’ Disease result in hypothyroidism and the need for lifelong thyroid 
replacement therapy. This is a superior option to current immune-suppression 
therapies, which have potentially dangerous side-effect profiles. However, these 
side effects result not from suppression of TSI production, but rather from suppres-
sion of immune function in infection and tumor surveillance. One could imagine 
a more targeted immune suppressant, which selectively lowers TSI, as a superior 
option to conventional therapy. While such therapies may seem unrealistic today, 
we did see similar advancements in targeted radiofrequency ablation of the thyroid 
gland, which avoids the complications seen with whole-body radiation treatments 
used for cancer therapy. 

Robert Gensure, M.D./Ph.D.
Tufts Medical Center,

Boston, MA, USA
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Chapter 1

Graves’ Disease: Clinical 
Significance and Management
Thenmozhi Paluchamy

Abstract

Graves’ Disease is an autoimmune disease characterized by hyperthyroidism due 
to circulating autoantibodies. Graves’ Disease was originally known as “exophthalmic 
goiter” but is now named after Sir Robert Graves, an Irish doctor who first described 
the condition in 1835. A number of conditions can cause hyperthyroidism, but Graves’ 
Disease is the most common, affecting around 1 in 200 people. It most often affects 
women under the age of 40, but it is also found in men. It affects an estimated 2–3 
percent of the world’s population. Thyroid-stimulating immunoglobulin (TSIs) binds 
to and activates thyrotropin receptors, causing the thyroid gland to grow and the thy-
roid follicles to increase synthesis of thyroid hormone. The overproduction of thyroid 
hormones can have a variety of effects on the body causes exophthalmic goiter, Graves 
ophthalmopathy, Graves dermopathy etc.,. Thyroid profile including antithyroid 
antibodies, radioactive iodine uptake study, and thyroid scan are the main diagnostic 
investigations to rule out Graves’ Disease. The major aim of the treatment is to inhibit 
the overproduction of thyroid hormones by targeting the thyroid gland, to reduce the 
symptoms, and prevention of complication is also major challenges.

Keywords: anti-thyroid drug, autoimmune thyroid disease, goiter,  
Graves’ Disease, Graves ophthalmopathy, hyperthyroidism, thyroglobulin, 
thyroidectomy, thyrotropine receptor antibody, radioactive iodine

1. Introduction

Thyroid diseases are one of the most common endocrinopathies globally [1]. 
The thyroid gland is a small, butterfly-shaped endocrine gland located in the lower 
front of the neck synthesizes and secretes mainly two hormones i.e., T4 (Thyroxine) 
and T3 (Triiodothyronine) [2] into the blood and then carried to every tissues in 
the body. TSH stands for thyroid stimulating hormone, which is produced by the 
pituitary gland of the brain. This gland stimulates the thyroid to synthesize and 
release the thyroid hormones into the blood. Thyroid hormones act on almost all 
nucleated cells and are essential for normal growth and energy metabolism1. It also 
controls the body temperature, menstrual cycles, the functioning of the lungs, heart 
& muscle strength and ancillary vital organs [3]. When thyroid gland secretes either 
too much or too little of the thyroid hormones T4 and T3, it’s called a thyroid disease. 
There are several different types of thyroid disease, including hyperthyroidism, 
hypothyroidism, thyroid cancer, thyroiditis, and autoimmune thyroid disease.

Graves’ Disease is an autoimmune disorder that leads to overactivity of the entire 
thyroid gland due to circulating autoantibodies. The synonyms of Graves’ Disease 
are Basedow disease, exophthalmic goiter, Graves’ hyperthyroidism, Parry disease 



Graves’ Disease

4

and toxic diffuse goiter [4]. Graves’ Disease is the commonest cause of hyperthy-
roidism. Graves’ Disease was originally known as exophthalmic goiter but now it 
is named after Sir Robert Graves, an Irish physician, who described this form of 
hyperthyroidism in 1830s [5]. Autoimmune thyroid disease ranges from one end of 
Hashimoto’s hypothyroidism (HH) to another end of Graves’ hyperthyroidism (GH). 
Autoimmune diseases are characterized by the activity of autoreactive lymphocytes, 
which cause tissue or organ damage through the formation of antibodies that react 
against host tissues, or effector T cells, which are specific for endogenous self-pep-
tides [6]. Thyroid peroxidase (TPO) and thyroglobulin (Tg) are the major auto-
antigens in Hashimoto’s disease whereas in Graves’ Disease TPO-Ab and Tg-Ab are 
also occur in 70% of patients with Graves’ Disease [7], but The thyroid-stimulating 
hormone receptor (TSHR) is the major autoantigen in Graves’ Disease. The antibody 
called thyrotropin receptor antibody (TRAb) and thyroid-stimulating immunoglob-
ulins (TSIs) bind to and activate thyrotropin receptors, causing the thyroid gland to 
grow and the thyroid follicles to increase synthesis of thyroid hormone.

Graves’ Disease is not only affecting the thyroid and often affecting the skin and 
eyes named as Graves’ dermopathy, Graves’ orbitopathy and Graves’ ophthalmopa-
thy. The overproduction of thyroid hormones can have a variety of effects on the 
other body systems too. About 3 in every 4 people with an overactive thyroid gland 
have a condition called Graves’ Disease [8]. Graves’ Disease is considered to be an 
autoimmune disorder, but other causes may contribute to its development, includ-
ing genetic, environmental, and/or other factors. Graves’ Disease usually affects 
people between ages 30 and 50, but can occur at any age [9]. The disease is seven to 
eight times more common in women than men [10].

2. Epidemiology

Graves’ Disease occurs in almost any part of the world. Graves’ Disease is the most 
common causes of spontaneous thyrotoxicosis and it represents 60–90% of all causes of 
thyrotoxicosis in different regions of the world and it is estimated to affect 2–3 percent 
of the world’s population [4]. Graves’ Disease is the most common cause of hyperthy-
roidism in the United States. The incidence of Graves’ Disease in Olmstead County was 
found to be 30 cases per 100,000 annually [11]. The overall prevalence of hyperthy-
roidism in the United States is 1.2% with an incidence of 20/100,000 to 50/100,000 in 
a study conducted in Olmstead County, Minnesota. The incidence of Graves’ Disease 
was 24.8 cases per 100,000 with an adjusted female to male ratio of 3.9:1 [12, 13] but 
studies specifically on Graves’ Disease are rare [14]. In Canada, Graves’ Disease is the 
most common cause of hyperthyroidism affecting one in every 100 people. It appears 
to becoming even more common. In the Wickham Study in the United Kingdom, the 
incidence of Graves’ Disease was reported to be 100–200 cases per 100,000 population 
per year which is significantly higher than previous estimates [15] and among women, 
it has been reported to be 80 cases 100,000 per year [16]. The age adjusted incidence of 
adult onset Graves’ Disease in Sheffield, UK was 24.8 per 100,000 per year. It is more 
common in women than men and the most common in people with ages 20 to 50 years 
and the risk for Graves’ Disease in women and men are 3% and 0.5%. The 12-year inci-
dence of Graves’ Disease among women with 25 to 42 years was as high as 4.6/1000 as 
per Nurses’ Health Study II report. The ratio of 3.9:1 reported in this study is however in 
keeping with other studies in Iceland and Sweden that reported a gender ratio of 4:1 in 
hyperthyroidism in general [16]. In Sweden, the reported incidence of Graves’ Disease 
(2003–2005) was 21.4 per 100,000 per year with a Female:Male ratio of 5.6:1 [17].

The prevalence of maternal thyrotoxicosis is approximately 1 case per 500 persons, 
with maternal Graves’ Disease being the most common etiology [10]. Graves’ Disease 
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is observed with a rate of 0.1–0.4% in pregnant women [18]. Aside from the infre-
quent occurrence of postnatal thyrotoxicosis due to maternal antibodies, the incidence 
of spontaneous Graves’ Disease in children before the age of ten is most unusual, 
but the incidence climbs with each decade until about age 60 [14–15, 19] . Pediatric 
Graves’ Disease accounts for 10–15% of thyroid disorders in patients less than 18 years 
of age [20]. Graves’ Disease is rare under the age of 5 years and has a peak incidence 
at 10–15 years of age [21]. The incidence of Graves’ Disease is believed to be between 
0.1 and 3 per 100,000 children [22] with a prevalence of 1 in 10,000 children in the 
United States [23]. A study found that out of 57 patients with the average age of the 
32.8 years, male:female ratio of 1:3.3, 52 (91%) had subacute thyroiditis as the cause of 
thyrotoxicosis while Graves’ Disease was seen in 9% [24]. The Graves’ Disease affect-
ing all countries and races equally across the world and it occurs eight times more 
common in women than men between 30 to 60 years of age group [14, 15].

3. Causes

Graves’ Disease is caused by a malfunction in the body’s disease-fighting 
immune system. The immune system usually produces antibodies against the target 
specific antigens such as bacteria, virus, or other foreign substance. In Graves’ 
Disease, the immune system produces an antibody against the own cell of the 
thyroid gland. Normally, thyroid gland function is regulated by a hormone thyroid-
releasing hormone (TRH) which is secreted from the posterior lobe of the pitu-
itary gland. The immune system produces antibodies called thyrotropin receptor 
antibody (TRAb) that trigger the TSH receptor, tricking and dominance over the 
normal function of the thyroid gland and also causing an oversecretion of thyroid 
hormones. However the exact cause for Graves’ Disease is not well understood. 
Despite there are risk factors like a combination of genetic and environmental fac-
tors which triggered the immune system against the thyroid.

4. Risk factors

Although anyone can develop Graves’ Disease, many factors (Table 1) can 
increase the risk of disease, including:

Genetic Environmental Agents

• Genetic background: family history of thyroid disease

• Race

• Age

• Gender: Women

• Other autoimmune disorders

 ○ Type 1 diabetes

 ○ Rheumatoid arthritis

 ○ Pernicious anemia

 ○ Lupus erthymatosus

 ○ Addison’s disease

 ○ Vitiligo

 ○ Crohn’s disease

• Infectious agents

• Dietary Iodine

• Dietary Selenium

• Pregnancy and the Postpartum Period

• Medication: (amiodarone,

• interferon-a (IFN-a), and CD52 MABs)

• Smoking

• Stress

• Radiation Exposure

• Toxicants

Table 1. 
Risk factors of Graves’ Disease.
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4.1 Heredity/genetics

Family history of Graves’ Disease is a known risk factor; there is likely a gene 
or genes that can make a person more susceptible to the disorder. 70%–80% of 
susceptibility to autoimmune thyroid disease is based on genetics; individuals 
with a personal history of autoimmune disease or family history of autoimmune 
thyroid disease are the most susceptible. The specific genes involved include 
human leukocyte antigen-DR3, cytotoxic T lymphocyte-associated factor 4, CD40, 
protein tyrosine phosphotase-22 gene, thyroglobulin (Tg), and TSH receptor 
[25]. Graves’ Disease include genes encoding thyroglobulin, thyrotropin receptor, 
HLA-DRβ-Arg74, the protein tyrosine phosphatase nonreceptor type 22 (PTPN22), 
and proteins involved in T cell signaling [26–28]. HLA-DRB1 and HLA-DQB1 also 
appear to be associated with Graves’ Disease susceptibility. Cytotoxic T lymphocyte-
associated molecule-4 (CTLA4) is a major thyroid autoantibody susceptibility gene, 
[29, 30] and it is a negative regulator of T-cell activation and may play an important 
role in the pathogenesis of Graves’ Disease. Heredity increases genetic susceptibility 
to environmental triggers.

4.1.1 Race

The loci associated with autoimmune thyroid diseases are AITD1, CTLA4, 
GD1, GD2, GD3, HT1, and HT2 among white race and also different loci have been 
linked in persons of other races. The more susceptible to occur autoimmune thyroid 
disease is influenced by gene in human leukocyte antigen region on chromosome 6 
and in CTLA4 on band 2q33. It is associated with specific HLA haplotypes and vary 
with ethnicity [10].

4.1.2 Gender

Women are much more likely to develop Graves’ Disease than are men. Women 
develop it seven to eight times more frequently than men [10] and are due to the 
production of special proteins (called antibodies) that attack the thyroid gland. 
The ratio of developing Graves’ hyperthyroidism between women and men is 
7:1 and is often mediated with either more estrogen or less testosterone and also 
observed that moderate amounts of estrogen enhance immunologic reactivity 
[31–33]. However, the X-chromosome is the source of the increased susceptibil-
ity rather than sex steroid since the susceptibility continues after the menopause 
and X-chromosome inactivation has been linked with autoimmune thyroid 
disease [34].

4.1.3 Age

Typically, Graves’ Disease is a disease of young women, but it may occur in 
persons of any age. Graves’ Disease is usually occur in people between ages 30 and 
50 years but can occur at any age. The typical age range is 20–40 years and the most 
affected women are aged 30–60 years [35].

4.1.4 Other autoimmune disorders

People with other autoimmune disorders are more likely to develop Graves’ 
Disease than people without these disorders such as type 1 diabetes, rheumatoid 
arthritis, pernicious anemia, lupus erthymatosus, addison’s disease, vitiligo, or 
crohn’s disease.



7

Graves’ Disease: Clinical Significance and Management
DOI: http://dx.doi.org/10.5772/intechopen.96418

4.2 Environmental agents

The remaining 20%–30% contribution to the onset of autoimmune thyroid 
disease is thought to be due to environmental exposures or triggers. Interfere with 
thyroid function at multiple sites, including thyroid hormone synthesis, thyroid 
hormone metabolism and excretion, and thyroid hormone action [36–39]. Most of 
these agents may influence the pituitary and thyrotropin (TSH) secretion, or even 
be partial thyroid hormone receptor agonists. There are a number of exposures that 
have been identified and proposed, both from human and animal studies (11–14) 
[40–43]. These include infections, life stress, iodine intake, smoking, medications 
such as amiodarone and interferon, radiation, and environmental toxicants. The 
environmental parameters commonly reported as contributing factors are infec-
tious agents, iodine, drugs (amiodarone, Interferon-a (IFN-a), and CD52 MABs), 
tobacco, and stress [44].

4.2.1 Infection

Autoimmune thyroiditis can be induced in experimental animals by certain 
viral infections. Graves’ Disease has been associated with a variety of infectious 
agents such as Yersinia enterocolitica and Borrelia burgdorferi. Homologies have 
been shown between proteins of these organisms and thyroid autoantigens [45, 46]. 
Thyroid autoimmune disease is associated with infections in the thyroid gland 
itself such as subacute thyroiditis, congenital rubella etc., and could initiate class II 
molecule expression. When Hepatitis C infection is treated with interferon therapy 
is a well-recognized precipitator of autoimmune thyroid disease, although less com-
monly a Graves’ Disease develops rather than thyroiditis [47].

4.2.2 Stress

Both physical and emotional stressful life events and illness may act as a trigger 
for the onset of Graves’ Disease among people who have genes that increase their risk. 
A review of the literature including seven case–control studies has highlighted the 
preexistence of a ‘negative’ stressful event in patients with Graves’ Disease [48–55]. 
In general, stress suppresses the immune function, possibly mediated by the actions 
of cortisol on immune cells. Stress-induced suppression may be followed by rebound 
immunologic hyperactivity which could precipitate autoimmune thyroid disease in 
genetically susceptible individuals. The major T helper cells involved in Graves’ Disease 
is Th2 and more recently found that Th17 is favor for the production of the patho-
genic antibody directed against the TSH receptor by B lymphocytes both in mice and 
humans. Stress hormones direct stimulate the Th2, and Th17 or Th1 and also induce 
IL4, IL6, and IL12 by dentritic cells. Stress causes immature DCs which induce apop-
tosis in Treg cells leads not to act like regulators of Th2 and Th17 effector cells. It has 
been found that patients with untreated Graves’ Disease have low in Treg cells which is 
inversely correlated with serum concentration of TSH receptor antibodies [56].

4.2.3 Pregnancy and the postpartum period

Pregnancy or recent childbirth may increase the risk of the disorder, particularly 
among women who have genes that increase their risk. The immune suppression is 
associated with the onset of autoimmune diseases especially postpartum thyroiditis. 
Fetal microchimerism, fetal cells in maternal tissue has maternal immune response 
is recognized as a trigger for thyroid autoimmunity and development of postpartum 
autoimmune thyroid disease [57]. During pregnancy severe Graves’ Disease is 
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uncommon because hyperthyroidism is associated with increased pregnancy loss 
pregnancy loss and reduced fertility. Even if pregnancy occurs it can cause compli-
cation to mother as well fetus. Both B-cell and T-cell functions are declined during 
pregnancy, while Tregs increase dampening the disease [44, 58]. After delivery, 
the slow rebound from immunosuppression results in immune reactivity which 
contributes to the occurrence of postpartum thyroid disease, including recurrence 
or the new onset of Graves’ Disease [59]. Around 30 percent of young women have 
a history of pregnancy in the 12 months before the onset of Graves’ Disease [60], 
which shows that postpartum Graves’ Disease is a surprisingly common condition 
and that pregnancy is a major risk factor for susceptible women.

4.2.4 Smoking

Cigarette smoke contains cyanide, which is metabolized to thiocyante, and 
can interfere with iodine concentration in the thyroid [37]. Cigarette Smoking has 
been associated with an increased production of T3 and thyroglobulin [61, 62], 
affect the thyroid hormone action [63], enhanced sympathetic nervous activity, 
or by affecting thyroid-directed autoimmune responses [49, 62, 64–66]. Cigarette 
smoking causes complex interactions with the immune system which may increase 
cytokines in orbit and thyroid causes Graves’ Disease and also smokers who 
have Graves’ Disease exacerbating risk of developing Graves’ ophthalmopathy 
[41, 67–68].

4.2.5 Dietary iodine

Iodine is essential for thyroid hormone production, although a number of 
regulatory factors allow a normal amount of thyroid hormone to be produced 
across a fairly wide range of iodine intake. Deficient iodine intake is well known 
to be associated with reduced thyroid hormone production. Excess iodine, how-
ever, can also have adverse effects depending on underlying thyroid function, as 
well as the extent and duration of iodine excess [69]. Patients with multinodular 
goiter and associated areas of autonomous, TSH-independent, thyroid hormone 
production can have excess thyroid hormone production in response to iodine, 
the Jod–Basedow effect. Increased immunogenicity of thyroglobulin, thyroid cell 
destruction, In response to iodine supplementation in areas of iodine deficiency, 
there is an increase in thyroid autoantibodies and in some cases autoimmune 
thyroid disease [42, 43, 70, 71]. The mechanism of stimulation of autoimmune 
thyroid disease in response to iodine supplementation is not established. Excess 
iodine intake is associated with highly iodinated Tg, which is thought to be more 
immunogenic than poorly iodinated Tg [42, 70].

4.2.6 Dietary selenium

Selenium interacts with immune response. Low selenium intake has been associ-
ated with an increase in thyroid autoantibodies, and selenium supplementation 
with a reduction in antibodies [41].

4.2.7 Medications

Medications associated with the onset of autoimmune thyroid disease include 
lithium, amiodarone, interferon α, interleukin 2, campath-1 h, and highly active 
anti-retroviral therapy [42]. Some medications, such as lithium, may not trigger 
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autoimmunity, but accelerate the autoimmune process by interfering with thyroid 
function. It may stimulate the immune response at multiple sites. Medications differ 
in their mechanisms of stimulating thyroid autoimmunity, as well as the relative 
effect on promoting hypothyroidism or Graves’ Disease [41].

4.2.8 Radiation Exposure

Radiation exposure especially medical radiation is one of the environmental 
exposures linked to effects on the thyroid which stimulate thyroid autoantibodies, 
increases thyroid antigens, inflammation. Autoimmune thyroid disease has been 
linked to therapeutic medical radiation [72–74]. Patients receiving 131I for thyroid 
disorder develop Graves’ Disease later in their life and, sometimes, it can lead 
Graves’ ophthalmopathy [73]. Radiation therapy with 131I causes low level thyroid 
autoantibody positivity in a sensitive TSH receptor antibody measurement which 
was associated with the development of Graves’ Disease [73].

4.2.9 Toxicants

The main sources of toxicants are industrial chemicals, pesticides and herbi-
cides, toxins in consumer goods, and heavy metals which may impair the thyroid 
function by recruiting antibodies to attack the thyroid. Most municipal water 
sources are now closely monitored for a range of toxicants, including those that 
affect the thyroid and well water also to be tested regularly for contaminants 
[75, 76].

5. Pathophysiology

Hypothalamic–pituitary-thyroid axis feedback mechanism is controlled 
the secretion of thyroid hormone by involving the interaction of stimulatory 
and inhibitory factors. Hypothalamus secretes Thyrotropin-releasing hormone 
(TRH) which stimulates the anterior lobe of pituitary gland to release Thyroid 
Stimulating Hormone (TSH). TSH binds with receptors on the thyroid gland 
leads to the release of thyroid hormones primarily T4 and to a lesser extent T3. 
Elevated levels of these hormones act on the hypothalamus to decrease TRH 
secretion and thus the synthesis of TSH and vice versa. Iodine requires for the 
synthesis of thyroid hormone. Dietary inorganic iodide is carried to the thyroid 
gland by iodide transporter. In the presence of thyroid peroxidase enzyme inor-
ganic iodide is converted to iodine and bound to thyroglobulin through a process 
called organification. This causes the formation of Monoiodotyrosine (MIT) and 
Diiodotyrosine (DIT) and coupled to form triiodothyronine (T3) and thyroxine 
(T4) and then stored in the thyroid’s follicular lumen with thyroglobulin. These 
preformed hormones which diffuse into the peripheral circulation form thyroid 
gland. In the peripheral circulation more than 99.9% of T4 and T3 are in inactive 
form. However, free T3 is 20–100 times more biologically active than free T4. 
Free T3 acts by binding to DNA-binding proteins in cell nuclei which regulate the 
transcription of various cellular proteins [77]. Any causes that alter the process 
leads to an increase in the peripheral circulation of unbound thyroid hormone can 
cause hyperthyroidism.

Thyroid Stimulating Hormone – Receptor (TSH-R) is a G-protein coupled 
receptor with seven transmembrane-spanning domains which primarily seen 
thyroid gland. It is also present in adipocytes, fibroblasts, bone cells and a variety 
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of additional sites [78, 79]. TSHR regulates thyroid growth and thyroid hormone 
production and secretion and TSH also acting via TSHR. Hyperthyroidism in 
Graves’ Disease manifested by the production of autoantibodies against the 
TSHR. These autoantibodies mimic the effects of the hormone on thyroid cells 
thereby stimulating autonomous production of T3 and T4. The derangement 
of immune function also lead to the production of pathologic autoantibodies 
complex by involving B and T cells which enhance the several autoantigens in 
addition to TSH-R. In Graves’ Disease, B and T lymphocyte-mediated autoimmu-
nity are known to be directed at 4 well-known thyroid antigens: thyroglobulin 
(Tg), thyroid peroxidase (TPO), sodium-iodide symporter and the thyrotropin 
receptor. Thyroid stimulating immunoglobulin binds with thyroid-stimulating 
hormone (TSH) receptor on the thyroid cell membrane and stimulates the 
action of the thyroid-stimulating hormone. It stimulates both, thyroid hormone 
synthesis and thyroid gland growth, causing hyperthyroidism and thyromegaly 
[3] The stimulating activity of thyrotropin receptor antibodies is found in 
the immunoglobulin G. Circulating autoantibodies against the thyrotropin 
receptor continuously stimulate the thyroid gland to increase the secretion of 
thyroid hormone and thyroglobulin that is mediated by 3,'5′-cyclic adenosine 
monophosphate which suppresses the secretion of pituitary thyrotropin. These 
autoanitbodies also stimulate iodine uptake, protein synthesis, and thyroid gland 
growth [80].

Intrathyroidal lymphocytic infiltration observed in initial histologic examination 
in autoimmune thyroid disease and can be correlated with thyroid antibodies titer. 
The thyroid cells express molecules due to being the source of autoantigens that 
mediate T cell adhesion and complement regulation such as Fas and cytokines which 
interact the immune system and also the proportion of CD4 lymphocytes is lower in 
the thyroid than in the peripheral blood. Besides being the source of autoantigens, 
the thyroid cells express molecules that mediate T cell adhesion and complement 
regulation (Fas and cytokines) that participate and interact with the immune 
system. In these patients, the proportion of CD4 lymphocytes is lower in the thyroid 
than in the peripheral blood. The increased Fas expression in intrathyroidal CD4 T 
lymphocytes causes CD4 lymphocyte reduction. The autoimmune thyroid disease 
susceptibility genes are CD40, CTLA-4, thyroglobulin, TSH receptor, and PTPN22 
[25, 81] which specific either Graves’ Disease or Hashimoto thyroiditis. The two new 
susceptibility loci are RNASET2-FGFR1OP-CCR6 region at 6q27 and an intergenic 
region at 4p14 [82]. Positive Graves’ Disease is strongly associated with thyroid-
stimulating hormone receptor and major histocompatibility complex variants with 
persistently thyroid stimulating hormone receptor autoantibodies. [83]

5.1 Graves’ thyroid gland

The thyroid gland is diffusely enlarged but not always. The pathological change 
of the thyroid gland is follicular hyperplasia, intracellular colloid droplets, cell 
scalloping, a reduction in follicular colloid, and a patchy (multifocal) lymphocytic 
infiltration. The majority of intrathyroidal lymphocytes are T cells but plenty of B 
cells may be present. In some areas, thyroid epithelial cell size correlates with the 
intensity of the lymphocytic infiltrate, suggesting thyroid-cell stimulation by local 
B cells secreting stimulating TSHR-Ab [84].

5.2 Autoantibodies of thyroid

Thyroid autoantibodies, including TSHR-Abs secretes spontaneously from 
lymphocytes of Graves’ thyroid tissue in activated state [85]. It may also secretes 
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activated autoantibodies when decline in serum thyroid autoantibody concen-
trations after antithyroid drug treatment, after thyroidectomy, and late after 
radioactive iodine therapy.

5.3 TSH receptor and autoantibodies

Long-acting thyroid stimulator (LATS) was found among patients with Graves’ 
hyperthyroidism [86] and it is proved to be an immunoglobulin which inhibited the 
binding of radiolabeled thyroid stimulating hormone to thyroid membranes due to 
the presence of antibodies to the TSH receptor (TSHR-Ab) [87].

5.4 TSHR agonists and antagonists

The characteristics TSHR-Abs are stimulatory or inhibitory or neutral. In case 
of Hashimoto’s thyroiditis, block the binding and action of TSH and, therefore, can 
cause hypothyroidism. Whereas in Graves’ Disease, TSHR-Abs has both stimulating 
and blocking thereby the clinical presentation may manifest depend upon a balance 
between these different antibodies. In third category, TSHR-Abs is of the neutral 
variety which may bind to the receptor but not influencing thyroid stimulating 
hormone binding. However, these antibodies may not be entirely neutral and can 
have cell signaling capability of untoward changes [88].

5.5 Similarities with autoimmune thyroiditis

• Lymphocytic infiltration of the thyroid and anti-Tg and anti-TPO antibod-
ies in the serum occur in both Graves’ Disease and chronic autoimmune 
(Hashimoto’s) thyroiditis

• The genetic susceptibility of both disorders is HLA

• Areas of cellular apoptosis may be seen even in Graves’ thyroid glands [89, 90].

• The presence of antibodies that bind to the TSH receptor in both disorders and 
differ in biological activities

• Progression from Graves’ hyperthyroidism to chronic autoimmune thyroiditis 
and hypothyroidism is well-recognized [91] and vice versa also occurs [92]. 
Patients who have hypothyroidism one year, Graves’ hyperthyroidism another 
year, and again hypothyroidism later [93].

• In families of patients, some members may have chronic autoimmune thyroid-
itis and others may have Graves’ Disease [94]

5.6 Immune mechanisms of Graves’ Disease

The immune mechanisms involved in the pathogenesis of Graves’ hyperthy-
roidism are molecular mimicry (specificity crossover), thyroid-cell expression of 
human leukocyte-associated molecules (antigens), and bystander activation [95].

5.7 B cell in Graves’ Disease

Monoclonal antibody to the CD 34 antigen on the surface of B cells has dem-
onstrated that changing the B cell repertoire can have profound influences on 
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Graves’ Disease [40]. B cell also plays an important role in TSHR-Ab interaction 
with retro-orbital TSHRs which expressed on fibroblasts and adipocytes cause 
Graves Ophthalmology [95].

5.8 T cell in Graves’ Disease

T cells are present in the immune repertoire react with appropriate peptides which 
are derived from thyroid autoantigens in Graves’ Disease. Secretion of thyroid-specific 
autoantibodies from B cells is increase against the activated T cells. The thyroid-spe-
cific T cells in Graves’ Disease primarily act as helper (CD4+ Th1) cells. However, based 
on the production of cytokines, subsets of T cells have been distinguished most easily

• CD4+ Th1 cells — Secrete interleukin-2, interferon gamma, and tumor necro-
sis factor-alpha which in turn activate cytotoxic cells and may induce thyroid 
cell apoptosis when CD4+ Th1 cells activated

• CD4+ Th2 cells — Secrete interleukin −4 and interleukin −5 and activate 
antibody production.

• CD4+ Th17 cells — Interleukin −17 is secreted under the influence of interleu-
kin −23 by the CD4+ Th17 cells which is a newly identified pro-inflammatory 
subset of cells [95].

6. Clinical manifestations

Graves’ Disease is a syndrome which consists of hyperthyroidism, goiter, Graves’ 
orbitopathy, and occasionally a Graves’ dermopathy referred to as pretibial or local-
ized myxedema (PTM). High amounts of T4, T3, or both can cause an excessively high 
metabolic rate. Signs and symptoms of Graves’ Disease manifested due to the effect of 
hypermetabolism as well over stimulation of nervous system by T4, T3 or both.

6.1 General

• Muscle weakness

• Fatigue

6.2 Neck

• Enlargement of the thyroid gland (goiter)

• May be palpable thyroid nodules

• Thyroid bruits on auscultation

6.3 Cardiovascular system

• Rapid or irregular heartbeat (palpitations)

• Increased heart rate (Tachycardia)

• High Blood Pressure

• Heart failure
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6.4 Respiratory system

• Dyspnea

6.5 Gastro intestinal system

• Diarrhea or increased Frequent bowel movements

6.6 Musculoskeletal

• Proximal muscle weakness

• Easy fatigability

• Back Pain

• Increased risk for fracture

6.7 Neuromuscular system

• A fine tremor of the hands or fingers

• Hyperactive deep tendon reflexes

6.8 Metabolic

• Weight loss, despite normal eating habits

• Worsening diabetes control

6.9 Hematologic

• Easy bruising

6.10 Endocrine/reproductive system

• Change in menstrual cycles

• Erectile dysfunction or reduced libido

• Secondary amenorrhea

• Gynecomastia

• Impotence

6.11 Integumentary

• Heat sensitivity and an increase in perspiration or warm, moist skin,

• Hair loss
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• Onycholysis

• Vitiligo

• Thick, red skin usually on the shins or tops of the feet a condition called 
Graves’ dermopathy or Pretibial Myxedema (PTM)

6.12 Extremities

• Edema

• Thyroid Acropachy: is a rare manifestation with characteristic imaging 
 findings. Clinically, it presents as nail clubbing, swelling of digits and toes.

• Onycholysis: Separation of the nail plate starting at the distal free margin 
and progressing proximally usually starting at the tip and/or sides on the ring 
finger but can occur on any of the fingernails

6.13 Psychiatric

• Restlessness

• Anxiety

• Irritability

• Insomnia

6.14 Eyes

Bulging eyes (Graves’ ophthalmopathy) Graves’ ophthalmopathy also called 
Graves Orbitopathy, Graves Eye Disease, or Thyroid Eye Disease (TED), is an 
autoimmune inflammatory disorder of the orbit and periorbital tissues, character-
ized by upper eyelid retraction, lid lag, swelling, redness (erythema), conjunctivitis, 
and bulging eyes (exophthalmos) It is a problem that develops in people with an 
overactive thyroid caused by Graves’ Disease which increase rate of peripheral blood 
mononuclear cell conversion into CD34+ fibrocytes. These cells may contribute 
to the pathophysiology of ophthalmopathy by accumulating in orbital tissues and 
producing inflammatory cytokines, including TNF-alpha and IL-6. although most 
cases of thyroid-associated orbitopathy do not result in visual loss, this condition 
can cause vision-threatening exposure keratopathy, troublesome diplopia, and 
compressive optic neuropathy.

6.14.1 Early symptom

• Feeling of irritation in the eyes

• Excessive tearing or dry eye

• Forward displacement of the eye

• Sensitivity to light

• Double vision
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6.14.2 Late symptoms

• Swelling of the eye

• Inability to move the eye

• Corneal ulceration

• Rarely, loss of vision

7. Complications

7.1 Goiter

An enlarged thyroid gland that has grown big enough to appear as a visible bulge 
on the neck caused by Graves’ Disease is known as a diffuse thyrotoxic goiter. As 
thyroid enlarges bigger without treatment, goiter gets big enough to make difficulty 
in swallowing, causes coughing, and sleep disruption.

7.2 Thyroid storm

If Graves’ Disease left untreated or treated inadequately, can cause a rare but 
life-threatening complication called Thyroid Storm also known as thyrotoxic crisis 
or accelerated hyperthyroidism and requires immediate emergency care. The sud-
den and drastic raise in thyroid hormones causes fever, sweating, vomiting, diar-
rhea, delirium, severe weakness, seizures, irregular heartbeat, yellow skin and eyes 
(jaundice), severe low blood pressure, and coma.

7.3 Heart disorders

Untreated, Graves’ Disease can lead to heart rhythm disorders, changes in the 
structure and function of the heart muscles leads to inability of the heart to pump 
enough blood to the cells to meet the metabolic demand. Hyper secretion of thyroid 
hormone causes left ventricular thickening which may lead to heart failure and 
cardiac-related death. Thyrotoxicosis also has been associated with dilated cardio-
myopathy, [96] right sided heart failure with pulmonary hypertension, diastolic 
dysfunction and atrial fibrillation [97]. An irregular heartbeat that can lead to 
blood clots, stroke, heart failure, and other heart-related problems such as angina.

7.4 Brittle bones

Untreated hyperthyroidism increase in the rate of bone resorption can lead to 
weak, brittle bones (osteoporosis). Too much thyroid hormone interferes with 
body’s ability to incorporate calcium into bones. Patients with Graves’ Disease have 
significantly increased in serum calcium and phosphate, plasma FGF-23 compared 
to healthy individuals and amongst FGF-23 is physiologically related to serum 
phosphate homeostasis in untreated Graves’ Disease [98].

7.5 Maternal/fetal complications

Possible complications of Graves’ Disease during pregnancy include miscarriage, 
preterm birth, fetal thyroid dysfunction, poor fetal growth, maternal heart failure 
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and preeclampsia. Preeclampsia is a maternal condition that results in high blood 
pressure and other serious signs and symptoms.

8. Assessment and diagnostic investigations

8.1 History collection

Analysis of medical and family history with associated sign and symptoms.

8.2 Physical examination

From head to toe examination and the findings are diffusely enlarged thyroid 
gland, thyrotoxic signs and symptoms. The unique findings to Graves’ Disease 
such as Graves ophthalmopathy and dermopathy, Myxedematous changes of the 
skin (usually in the pretibial areas) are described as resembling an orange peel 
in color and texture, and Onycholysis can be seen usually in the fourth and fifth 
fingernails.

8.3 Blood investigations including thyroid profile

In case of Graves’ Disease, abnormally high levels of T3 and T4, and a very low 
level of TSH seen as well elevated TSI and positive Thyroid peroxidase antibody

• Thyroid stimulating hormone (TSH)

• Thyroid hormone Triiodothyronine (T3)

• Free T3 or Free triiodothyronine (FT3)

• Thyroid hormone Thyroxine (T4)

• Antithyroid Antibodies: Thyroid peroxidase (TPO) antibody titers provide an 
evidence for Graves’ Disease. More than 95% of patients have positive assays 
for TPO (thyroperoxidase or microsomal antigen), and about 50% have posi-
tive anti-thyroglobulin antibody assays.

• Thyroid-stimulating Immunoglobulin (TSI): It is measured from drawn blood 
and increase in the level of TSI antibodies reveals that the thyroid gland is more 
active and release excess amounts of thyroid hormone into the blood (Table 2).

Hormone Normal range

Thyroid stimulating hormone (TSH) 0.40–4.50 mIU/mL

Thyroxine (T4) 5.0–11.0 ug/dL

Free Thyroxine (T4) 0.9–1.7 ng/dL

Triiodothyronine (T3) 100–200 ng/dL

Free triiodothyronine (FT3) 2.3–4.1 pg./mL

Table 2. 
Normal range of thyroid profile.
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8.4 Radioactive iodine uptake (RAIU) study

A radioactive iodine uptake test and scan will measure the amount of iodine that 
thyroid gland absorbs and also determines if the entire or only part of the thyroid 
is overactive. If thyroid absorbs more iodine from blood stream which indicates 
Graves’ Disease.

8.5 Thyroid scan

It shows how and where iodine is distributed in the thyroid. With Graves’ 
Disease, the entire thyroid is involved, so the iodine shows up throughout the gland. 
It also may confirm hypoechogenicity or intense vascularity of Graves’ Disease if a 
color Doppler flow exam is done.

8.6 Thyroid ultrasound

High-frequency sound waves to produce images of structures inside the thyroid 
gland. It’s most useful when radioactive iodine uptake study is contraindicated such 
as pregnant women, iodine hypersensitivity.

8.7 Imaging test

computed tomography (CT) scan or magnetic resonance imaging (MRI) scan 
is indicated for clear picture of thyroid gland when the clinical assessment is not 
clear. CT scan and MRI of the eye muscles and eye sockets (called orbital imaging) 
in order to define the exact impact of Graves’ Disease on the eyes and to confirm the 
Graves ophthalmopathy.

8.8 Other investigations to rule out complications

• Electro cardiogram

• ECHO cardiogram

• Blood sugar

• Blood cholesterol

• Serum calcium

• Serum phosphate

• Bone mineral density Test

9. Treatment approaches

The main aims of the management of Graves’ Disease are to inhibit the overpro-
duction of thyroid hormones by targeting thyroid gland and to alleviate the effect 
of an excess hormones on various system of the body thereby correct the thyro-
toxic state.
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The management includes

• Radioactive iodine therapy

• Anti-thyroid medications

• Beta blockers

• Thyroid Surgery

• Treating Graves’ ophthalmopathy

 ○ Corticosteroids.

 ○ Teprotumumab (Tepezza)

 ○ Prisms.

 ○ Orbital decompression surgery

 ○ Orbital radiotherapy

9.1 Radioactive iodine therapy

The most commonly used therapy for Graves’ Disease is radioactive iodine 
(radioiodine) since the 1940s. It is still popular because it is non-invasive and highly 
effective on thyroid gland and has fewer side effects. Graves’ Disease with a large 
thyroid gland, multiple symptoms of thyrotoxicosis, high levels of thyroxine, and 
high titers of TSI are indicated for radioactive iodine and women who are pregnant 
or breastfeeding are contraindicated for this therapy. Commonly used radioactive 
iodine is iodine-131 (I-131) and can be administered orally in the form of capsule 
or liquid. The dose is calculated based on the age, weight of the thyroid gland and 
radioiodine uptake and the usual dose ranges from 5–15 mCi. Iodine is essential for 
thyroid gland to produce hormones, the thyroid absorbs the radioiodine into the 
thyroid cells and the radiation destroys the hyperactive thyroid cells. This causes 
the thyroid gland to shrink, hormones to return normal and gradually alleviate 
the symptoms. It usually takes several weeks to several months. Follow up the 
patient and monitoring the thyroid profile is very important because it causes 
hypothyroidism.

9.2 Anti-thyroid medications

Antithyroid medications are one of the prominent methods to treat hyperthy-
roidism which interfere with the use of iodine by the thyroid to produce hormones. 
Commonly used antithyroid medicines are thionamides, such as propylthiouracil 
(PTU), and carbimazole (CBZ). Thionamides are actively transported into the 
thyroid gland where they inhibit both the organification of iodine to tyrosine 
residues in thyroglobulin and the coupling of iodotyrosines and hence reduce the 
synthesis of thyroid hormone [99, 100] and inhibit the function of thyroperoxi-
dase, reducing oxidation and the organification of iodide. Anti-thyroid drugs may 
be administered before or after radioiodine therapy as a supplemental treatment. 
Methimazole is considered the first choice of antithyroid medicnes as the risk of 
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liver disease is common in Propylthiouracil. However, propylthiouracil is the pre-
ferred anti-thyroid drug during the first trimester of pregnancy, as methimazole 
has a slight risk of birth defects and can continue the methimazole after the first 
trimester. Side effects of anti-thyroid drugs are allergic reactions such as skin rash, 
itching, lower resistance to infection due to decrease in white blood cells and rarely 
liver disease.

9.3 Beta blockers

Beta blockers do not have the direct effect on thyroid gland to reduce the hor-
mone secretion but can minimize the symptoms until the effect other treatments 
occur. Beta-blockers, such as propranolol and metoprolol, are often the first line of 
treatment. The action of beta blockers in hyperthyroidism is to antagonize beta-
receptor-mediated effects of catecholamines thereby reduce the heart rate, blood 
pressure, tremors, anxiety or irritability, heat intolerance, sweating, diarrhea, and 
muscle weakness. Beta blockers may trigger an asthma attack so aren’t often pre-
scribed for people with asthma and also complicate management of diabetes.

9.4 Thyroid surgery

Removal of part or total tissue of thyroid gland namely subtotal or total thyroid-
ectomy is another option for the management of Graves’ Disease. Surgery is less 
common and it is indicated when other treatment fails to manage. Pre-operatively, 
reduce the size of thyroid gland and bring to the euthyroidal state to reduce the risk 
of complications post-operatively. The complications of thyroidectomy include 
hypothyroidism, hypoparathyroidism, recurrent laryngeal nerve, hemorrhage. 
Patient undergone thyroidectomy has to receive the thyroid replacement hormone 
medication such as levothyroxine in remaining life.

9.5 Treating Graves’ ophthalmopathy

9.5.1 Over-the-counter artificial tears

Mild symptoms of Graves’ ophthalmopathy may be managed by using over-the-
counter artificial tears during the day and lubricating paraffin-based gels can be 
applied at night.

If symptoms are more severe:

9.5.2 Corticosteroids

Corticosteroids, such as prednisone, may lessen swelling behind eyeballs. 
Side effects may include fluid retention, weight gain, elevated blood sugar levels, 
increased blood pressure and mood swings.

9.5.3 Teprotumumab (Tepezza)

It’s given through an IV in the arm every three weeks and is given eight times. 
TEPEZZA targets and blocks IGF-1R and inhibits fibroblast activation via the 
IGF-1R/TSHR signaling complex at the source of the disease [101, 102] and 
decreases proptosis by [103–105] by reducing inflammation, preventing muscle and 
fat tissue remodeling, and preventing tissue expansion behind the eye. It can cause 
side effects such as nausea, diarrhea, muscle spasms and elevated blood sugar levels.
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9.5.4 Prisms

Prisms in eye glasses may correct the double vision as double vision is one of the 
effects of Graves’ Disease.

9.5.5 Orbital decompression surgery

Removal of bone between eye socket (orbit) and sinuses, the air spaces next 
to the orbit. This decompression moves the eye back to their original position 
to release pressure on the optic nerve. This treatment is indicated if pressure 
on the optic nerve threatens the vision and treats the possible complication of 
double vision.

9.5.6 Orbital radiotherapy

It is common method of treatment using targeted X-rays to destroy the tissue 
behind the eyes but the underlying mechanism and benefits are not clear. It can be 
administered over the course of several days and is recommended if the Graves’ oph-
thalmopathy is worsening and not respond to corticosteroids or not tolerated well.

10. Patient education

10.1 Diet

National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) 
stated that Graves’ Disease can cause sensitivity to iodine. The symptoms of Graves’ 
Disease may be worsening when consuming foods rich in iodine such as kelp and 
dulse or iodine supplements. The NIDDK warns to consult the physician before 
taking a multivitamin supplement or cough medicine, as these can contain iodine.

10.2 Exercise

Exercising can enhance the improvement in some symptoms during treatment. 
It controls the metabolism as there is a tendency to gain weight when the hyperthy-
roidism is corrected. Brittle bones also can occur with Graves’ Disease, and weight-
bearing exercises can help maintain bone density.

10.3 Stress reduction

It may be helpful, as stress may trigger or worsen Graves’ Disease. Yoga, medita-
tion, relaxation technique such as Listening to music, taking a warm bath or walk-
ing can help to reduce the stress and plan to follow in daily routine.

10.4 Optimal levels of iodine and selenium

Optimal iodine and selenium intake has been found to attenuate the toxic effects 
that heavy metals and perchlorate can have on the thyroid.

10.5 Avoid stimulants

Avoid consuming coffee, tea and quit the habit of smoking and alcohol as it 
worsens the symptoms of Graves’ Disease.



21

Graves’ Disease: Clinical Significance and Management
DOI: http://dx.doi.org/10.5772/intechopen.96418

10.6 Wear sunglasses

Eyes are more vulnerable to ultraviolet rays and more sensitive to bright light 
when eyes protrude. Wearing sunglasses that wrap around the sides of head will 
also lessen the irritation of eyes from the wind.

10.7 Elevate the head end

Keep the head higher than the body lessens fluid accumulation in the head and 
may relieve the pressure on the eyes.

10.8 Cold compresses

Apply cold compress to the eyes to keep the eyes moisture which may 
soothe eyes.

11. Prognosis

Many patients with Graves’ Disease remain well after the course of treatment 
with anti-thyroid drugs, radioactive iodine or surgery, but recurrence can happen at 
any time. Treatment approaches are very effective, but often results in abnormally 
low levels of thyroid hormones cause hypothyroidism. The Graves’ ophthalmology 
also tends to improve slowly with anti-thyroid drug treatment over years. However, 
some element of the staring appearance often remains.

12. Conclusion

This chapter briefed on epidemiology, causes and risk factors, pathophysiology, 
clinical manifestations, diagnostic investigations, management and complications 
of Graves’ Disease. Graves’ Disease is the autoimmune disorders of thyroid gland 
and the common cause of hyperthyroidism. It often poses complex challenges in 
diagnosing and managing the clients with Graves’ Disease. Graves’ Disease in some 
patients is curable within a limited time period with modern treatment but in some 
patients it is a chronic and relapsing. However untreated Graves’ Disease causes the 
complications of thyroid storm, cardiac and ophthalmic complications and over 
treated Graves’ Disease leads to hypothyroidism. Patient education is also plays an 
vital role in managing and preventing complications.
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Abstract

Graves’ Disease (GD) is an autoimmune disorder characterized by presence of 
TSH receptor autoantibody. It is most common cause of hyperthyroidism world-
wide. Though GD can occur any age but peak incidence is seen during adulthood in 
between 20 to 50 years of age. GD is more commonly seen in female. GD is primar-
ily disease of thyroid gland but affects multi organ system i.e. heart, liver, muscle, 
eye and skin. Symptoms and signs are result from hyperthyroidism or a conse-
quence of underlying autoimmunity. Weight loss, fatigue, heat intolerance, tremor, 
and palpitations are the most common symptoms. Diffuse goiter presents in most 
of younger patients with thyrotoxicosis but less common in older patients. Graves’ 
ophthalmopathy and pretibial myxedema are extrathyroidal manifestations of GD 
which results from action of TSHR autoantibodies on TSHR present onfibroblast, 
adipocyte and T cells in extrathyroidal tissue. Treatment of GD remains in between 
antithyroid drugs, radioiodine or surgery. In this review we discuss the diagnosis 
and management of GD.

Keywords: autoimmune thyroid disease, Graves’ Disease, hyperthyroidism, 
radioactive iodine

1. Introduction

Graves’ Disease (GD) is the most common cause of hyperthyroidism worldwide 
[1, 2]. It was first described by German physician Carl Adolf Von Basdow. It is an 
autoimmune disorder characterized by presence of TSH receptor autoantibody [3]. 
These autoantibodies stimulate TSH receptors on thyroid cells and cause hyper-
trophy and hyperplasia resulting thyroid gland enlargement. TSHR autoantibodies 
also cause increased synthesis and secretion of thyroid hormones. GD is primarily 
disease of thyroid gland but affects multi organ system i.e. heart, liver, muscle, 
eye and skin. Graves’ ophthalmopathy and pretibial myxedema are extrathyroidal 
manifestations of GD which results from action of TSHR autoantibodies on TSHR 
present onfibroblast, adipocyte and T cells in extrathyroidal tissue.

2. Epidemiology

Graves’ Disease accounts for 70–80% cases of hyperthyroidism in iodine suf-
ficient population, where as it accounts for 50% cases of hyperthyroidism in iodine 
deficient areas of world [4, 5].

Annual incidence for GD is 20–50 person per 100,000 population and life time 
risk for developing GD is 3% for women and 0.5% for men [6, 7]. Though GD can 
occur any age but peak incidence is seen during adulthood in between 20 to 50 years 
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of age [8]. GD is more common in Caucasians as compare to Asian and least common 
among black African [9, 10]. The annual incidence of thyroid associated orbitopathy is 
16 cases per 100000 in women and 3 cases per 100000 in men and is more in smokers 
[11]. Pretibial myxedema is a very rare complication of GD, is seen in 1.5 cases per 
100000 case of GO [12]. Studies have shown that GD with nodule formation have 
higher incidence of thyroid carcinoma perticularly tall Cell Variant of papillary thyroid 
cancer (a more aggressive form of cancer) was significantly more common [13, 14].

3. Risk factors

3.1 Genetic factors

Genetic component is considered a major risk factor for development of GD. 
Twin studies show concordance rate of GD in monozygotic twins in between 0.29 to 
0.36, and in dizygotic twins between 0.00 and 0.04 [15]. GD predisposition appears 
to be polygenic [16]. Recently, bioinformatics and next-generation sequencing 
(NGS) based pangenomic analyses have identified many predisposing genes which 
are implicated in autoimmune disease, autoimmune thyroid disease and Graves’ 
Disease [16]. These are various genes which take part into the pathogenesis of GD: 
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), TSH-R, Tg, CD40, protein 
tyrosine phosphatase-22 (PTPN 22), HLA, and CD25 [17]. Association with various 
HLA region is also seen, DR3 haplotype (i.e. DQB1*02, DQA1*0501, DRB1*03) pre-
disposes to GD, whereas the DR7 haplotype (i.e., DQA1*0201, DQB1*0302, DRB1*07 
or DQA1*0201, DQB1*02, DRB1*07) appears to be protective [18].

3.2 Sex

GD is more commonly seen in female, and estrogen receptor ESR2 polymorphisms 
are frequently seen in GD. Association of disease fluctuation and estrogen level varia-
tions which are seen during pregnancy, the menstrual cycle, and menopause further 
clarify its role in pathophysiology of the disease [19]. Estrogen receptor expression is 
present on orbital fibroblasts, and glucocorticoids can modulate it [20].

3.3 Environmental factors

Smoking adversely affects immune system and thyroid gland health. Current 
smoking doubles the risk of Graves’ hyperthyroidism and triples the risk of devel-
oping Graves’ ophthalmopathy (GO) the effect was found to be dose dependent and 
more pronounced in women [21–23]. Conversely four large studies confirm that 
smoking decreases the risk of hypothyroidism and autoimmune thyroid diseases 
(AITD) by decreasing Anti-TPO antibodies [24–27]. Three large studies have shown 
that smoking lowers the serum TSH level accompanied by slight increase in serum 
level of FT3 and FT4 and this effect is dose dependent [23, 28, 29].

Pestisides and halogenated organochlorides have thyroid disrupting properties that 
can alter the thyroid functions by binding to thyroid hormone transport proteins [30].

3.4 Stress

Relationship in between stressful life events and onset of GD was documented 
in 1825. Major stress is positively associated with increased risk of GD. By modulat-
ing the cortisol pathway stress can alter the course of many other autoimmune 
diseases also [31].
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3.5 Pregnancy

Pregnancy is associated with major changes in thyroid anatomy and physiology. 
Hyperthyroidism of GD is increased in early pregnancy and during postpartum. 
As pregnancy advances GD tends to improve which may be due to better maternal 
immune tolerance or altered B cell and T cell functions [32]. Decrease immune 
tolerance after delivery may cause increase in autoimmune thyroid diseases in 
postpartum [33].

3.6 Viruses

Many viruses affect the thyroid gland some of which associated with presence of 
thyroid autoantibodies i.e. congenital rubella, hepatitis C virus, subacute thyroid-
itis. But these are not appearing to be associated with development or progression 
of GD [34]. However, the potential influence of various common infections (such 
as Epstein–Barr virus and influenza virus) on the epigenetic characteristics of a 
variety of susceptibility genes remains a major hypothesis for the etiology of GD.

3.7 Iodine and related drugs

Iodine and iodine-containing drugs, such as amiodaroneand iodine-containing 
contrast media, precipitate GD or its recurrence in a genetically susceptible indi-
vidual which may be due to presence of some cryptic epitope on Thyroglobulin 
antibodies [35, 36]. Amiodarone is an iodinated derivative of benzofuran used 
in tachyarrhythmias. Each molecule of amiodarone contains two iodine atoms, 
which constitute 37.5% of its mass and its metabolism results in the daily release of 
approximately 6 mg of free iodine into the circulation which is 20–40 times higher 
than the daily iodine intake. Amiodarone can cause hypothyroidism or thyrotoxi-
cosis by various mechanisms depending on duration of therapy, autoimmunity and 
other characteristics [36].

3.8 Drugs

Various drugs can cause supression of TSH by their direct cytotoxic effect on 
thyroid follicular cells. Interferon and ribaverin used in the treatment of HCV 
disease can aggravate hyperthyroidism associated with GD. Highly active antiret-
roviral therapy (HAART) for human immunodeficiency virus (HIV) infection 
Alemtuzumab humanized anti-CD52 monoclonal antibody, Ipilimumab is a 
monoclonal antibody against CTLA4, Nivolumab and pembrolizumab antibodies 
against programmed death protein 1 (PD1) can also precipitate hyperthyroidism by 
immune mechanisms [37–41].

4. Clinical features

Clinical manifestations of Graves’ Disease related to age of onset, severity and the 
duration of hyperthyroidism. Symptoms and signs (Table 1) are result from hyper-
thyroidism or a consequence of underlying autoimmunity. Weight loss, fatigue, heat 
intolerance, tremor, and palpitations are the most common symptoms, occurring in 
more than 50% of patients. Elderly person more commonly presents with Weight 
loss, decreased appetite, and cardiac manifestations. Atrial fibrillation is seen in 
more than 10% of elderly but rare in younger patients. Goiter presents in most of 
younger patients with thyrotoxicosis but less common in older patients. Goiter is 
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Symptoms

Weight loss (weight gain in 10% of patients)

Palpitations

Dyspnea

Tremor

Tiredness, fatigue, muscle weakness

Heat intolerance, increased sweating

Increased stool frequency

Anxiety, altered mood, insomnia

Nervousness, hyperactivity

Pruritus

Thirst and polyuria

Menstrual disturbances in women (oligomenorrhea or amenorrhea)

Loss of libido

Neck fullness

Eye symptoms (swelling, pain, redness, double vision)

Physical signs of hyperthyroidism

Tachycardia, atrial fibrillation

Systolic hypertension, increased pulse pressure

Cardiac failure

Weight loss

Fine tremor, hyperkinesis, hyperreflexia

Warm, moist skin

Palmar erythema and onycholysis

Muscle weakness

Hair loss

Diffuse, palpable goiter and thyroid bruit

Mental-status and mood changes (e.g., mania or depression)

Extrathyroidal physical signs

Ophthalmopathy

 Eyelid lag, retraction, or both

 Proptosis (exophthalmos)

 Double vision (extraocular-muscle dysfunction)

 Periorbital edema, chemosis, scleral injection

 Exposure keratitis

 Optic neuropathy

Localized dermopathy

Acropachy

Developed from: Ref. [7].

Table 1. 
Major symptoms and physical signs in Graves’ Disease.
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present most commonly as diffuse thyroid enlargement but nodular goiter can also 
be present perticularly in those who reside in iodine deficient areas (Figure 1).

Varying degree of orbital involvement can be seen in GD which is a consequence 
of thyroid autoimmunity which occur parallel to the thyroid involvement. It usually 
present with tearing, congestion, redness and irritation in eyes. In severe cases 
proptosis may occur due to inflammation and edema of extraoccular muscle and 
retrobulbar tissue expension owing to fluid accumulation as a result of accumula-
tion of glycolsaminoglycan. Double vision and sight threatening complications 
i.e. corneal ulceration, dysthyroid optic neuropathy can occur as a consequence of 
damage to extraoccular muscles. For selecting appropriate patient for treatment 
EUGOGO classified GO in mild, moderate to severe and sight threatening. Activity 
of GO can be easily assessed by clinical activity score (CAS) (Table 2). A CAS ≥3/7 
is indicative of active GO (Figure 2).

Figure 1. 
Graves’ orbitopathy.

Spontaneous retrobulbar pain

Pain on attempted up- or down gaze

Redness of the eyelids

Redness of the conjunctiva

Swelling of the eyelids

Inflammation of the caruncle and = or plica

Conjunctival oedema

A CAS ≥3/7 indicates active GO.
Developed from: Ref. [42].

Table 2. 
Measures of clinical activity score (CAS).
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Graves’ dermopathy is seen in 1–4% case of GD. It frequently localize to pretibial 
region but it may be seen on elbow, feet, toe and areas of trauma. Lesion can be 
described as erythematous, non-pitting thickening of dermis in pretibial region. In 
mild cases it gives “orange Peel” appearance. Graves’ dermopathy is almost always 
associated with GO (Figure 3).

Acropachy is very rare extrathyroidal manifestation of GD. Acropachy is defined as 
skin tightness, digital clubbing, small-joint pain, and soft tissue edema progressing over 
months or years with gradual curving and enlargement of the fingers [43]. The patho-
genesis of acropachy is not known. In most of cases acropachy remain asymptomatic.

5. Diagnosis

5.1 Graves’ hyperthyroidism

Diagnosis of GD is based on clinical manifestations of thyrotoxicosis and bio-
chemical abnormalities. If orbitopathy is present than diagnosis of GD is certain but 

Figure 2. 
Graves’ dermopathy.

Figure 3. 
Thyroid acropachy.
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in the absence of orbitopathy serum TSH Receptor Antibody (TRAb) and imaging 
may be required to for the diagnosis.

5.2 Biochemical evaluation

5.2.1 Thyroid hormones

Serum TSH measurement has the highest sensitivity and specificity of any single 
blood test used in the evaluation of suspected thyrotoxicosis [44]. Diagnostic accu-
racy improves when a serum TSH, free T4, and total T3 are assessed at the initial 
evaluation. In overt hyperthyroidism, serum free T4, T3, or both are elevated, and 
serum TSH is subnormal (usually <0.01 mU/L in a third-generation assay). In mild 
hyperthyroidism, serum T4 and free T4 can be normal, only serum T3 may be ele-
vated, and serum TSH will be low or undetectable. These laboratory findings have 
been called “T3-toxicosis” and may represent the earliest stages of hyperthyroidism 
caused by GD [45]. Ratio of total T3 to T4 may also be useful in differentiating GD 
from thyroiditis. In one study the ratio of total T3 to total T4 (ng/lg) was >20 in GD 
and toxic nodular goiter, and <20 in painless or postpartum thyroiditis [46].

5.2.2 TSH receptor antibodies (TRAb)

In a hyperthyroid patient with a diffuse goiter and recent history of orbitopathy, 
the diagnosis of GD is likely so no further testing is required but hyperthyroid 
patient with a diffuse goiter and no definite orbitopathy, TRAb measurement can be 
of useful in distinguish GD from other etiologies.

5.3 Imaging

5.3.1 Thyroid ultrasound

Currently ultrasonography has become an important and practical tool for 
the thyroidologist; beside its role in thyroid nodule it can easily distinguish toxic 
multinodular goiter from GD. Increased blood flow in Doppler ultrasonography can 
distinguish GD from thyroiditis where blood flow is decreased.

5.3.2 Radioiodine uptake (RAIU) and thyroid scan

RAIU measures the percentage of administered RAI that is concentrated into 
thyroid tissue after a fixed interval, usually 24 hours. Technetium uptake measure-
ments utilize pertechnetate that is trapped by the thyroid, but not organified. A 
technetium (TcO4) uptake measures the percentage of administered technetium 
that is trapped by the thyroid after a fixed interval, usually 20 minutes. Uptake 
study is not indicated routinely. It is recommended only when diagnosis is difficult. 
Uptake is increased in GD, toxic multinodular goiter and toxic adenoma. Uptake is 
decreased in subacute, postpartum, painless thyroiditis.

6. Management

After establishing the diagnosis of GD treatment options include antithyroid 
drugs, radioiodine, and surgery. Although RAI is preferred in United States and 
ATDs in Europe but long term quality of life was found to be same in all three 
treatment group [47]. Selection of treatment depends on local availability, cost of 
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treatment, presence of active GO and physician preference. The main goal of man-
agement is to normalize thyroid hormones level and make the patient asymptomatic.

6.1 Pharmacological therapy

6.1.1 Antithyroid drugs

Thionamides are class of ATDs which inhibit thyroid peroxidase thereby inhibit 
thyroid hormone synthesis. Methimazole (MMI) and propylthiourecil (PTU) are 
used in United States where as Carbimazole (converted to methimazole in liver) is 
used in other part of world. MMI is preferred over PTU as initial therapy because 
of long duration of action and reduced risk of major side effect, except during first 
trimester of pregnancy where PTU is preferred because of lesser teratogenic effects 
[48]. Starting dose of MMI is 10 to 30 mg daily and of PTU is 50 to 10 mg three 
times daily. Dose of ATDs should be kept lowest to maintain T4 in normal range 
because higher doses are associated with high risk of adverse effect. Adverse effect 
of ATDs can be divided in minor allergic reaction and serious allergic/toxic effects 
agranulocytosis, liver injury and vacuities [48–52]. Hepatotoxicity and agranulo-
cytosis are seen more commonly with propylthiouracil. Initial complete blood cell 
count and liver function test required before starting these drugs and patient should 
be instructed to report if he develops high grade fever with sore throat. American 
Thyroid Association recommends ATDs should be continued for 12–18 months if 
chosen as primary therapy then can be discontinued if TSH and TRAb levels are 
normal. Remission rate with ADTs treatment is 40–60% and is not associated with 
duration and dose of ATDs. If patient becomes hyperthyroid after completion of 
treatment, RAI or thyroid surgery should be considered.

6.1.2 Beta-adrenergic blocker

Beta-adrenergic blocker should be given to all symptomatic thyrotoxic patients, 
especially elderly. Goal of beta blocker treatment is to decrease heart rate less than 
90 per minute. Propranolol is preferred non-selective beta blocker which decreases 
deiodinationof T4 to T3 [53]. In patient with asthma, obstructive airway disease  
and Raynaud’s phenomenon selective β1 blocker can be used with cautions.  
Calcium channel blockers verapamil and diltiazem can be used when β blockers are  
contraindicated [45].

6.1.3 Lithium

Lithium carbonate inhibits secretion of thyroid hormones. It does not decrease 
the efficacy of RAI so it can be used to control hyperthyroidism during RAI therapy 
or in patient who are allergic to ATDs.

6.1.4 Cholestyramine

It interfarewith enterohepatic circulation thereby decrease thyroid hormone 
leves rapidly. It can be used as adjunctive therapy in resistant thyrotoxicosis.

6.2 Radioactive iodine

RAI is one of definitive treatment for GD. It has been used for more than seven 
decade in the management of GD. Effect of ionizing radiation leads to cellular death 
and consequently reduction in functioning thyroid tissue and thyroid size. The goal 
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of RAI is to render the patient hypothyroid for that 10–15 mci dose is sufficient in 
most of the patients. RAI can be used as primary therapy in mild cases but in severe 
thyrotoxic patient β blockers and ATDs are used first to render the patient euthyroid 
to avoid radiation induced thyroiditis. ATDs should be discontinued 2–3 days prior 
and till 3–7 day of RAI treatment to enhance the efficacy of treatment. Regular 
follow up should be at 4–6 weeks interval with biochemical testing include TSH, 
FT4 and T3 till 6 months or till patient become hypothyroid. Around 40% of 
patient treated with RAI become hypothyroid by 8 weeks and 80% by 16 weeks 
[54]. Levothyroxine replacement therapy should be started once patient become 
hypothyroid. Most of studies found no increase in prevalence of thyroid cancer or 
secondary malignancy in RAI treated patients. RAI is associated with development 
and worsening of orbitopathy as compare to ATDs and thyroid surgery [55, 56]. So 
presence of orbitopathy may influence the treatment option.

6.3 Thyroid surgery

Thyroid surgery is least preferred treatment option for GD. It’s preferred when 
large nodular goiter is present. Total or Near-total thyroidectomy is procedure 
of choice if surgery is chosen as treatment option. Patient should be rendered 
euthyroid before surgery by ATDs and β blockers to minimize risk of thyroid 
storm [57]. Saturated solution of potassium iodide (SSKI) may be used preopera-
tively to normalize thyroid functions and to decrease the vascularity of thyroid 
gland [58]. ATA recommends measurement of calcium and 25-hydroxy vitamin 
D before surgery and if abnormal then should be normalized. Surgery should be 
performed by experienced surgeon at high volumeCentre to minimize postoperative 
 complications [59].

6.4 Treatment of Graves’ orbitopathy in patients with Graves’ Disease

The optimal treatment of GO require restoration of euthyroidism and manage-
ment of orbitopathy. Smoking should be discouraged as smoking increases progres-
sion and severity of GO and worsens the outcome [60]. Management of orbitopathy 
depends on its severity and activity. Mild inactive disease can be managed con-
servatively by artificial tear films only. In severe and active disease intravenous 
pulse steroid therapy may be required to decrease inflammation. External beam 
radiotherapy has also been used in severe cases. In patient with sight threatening 
and dysthyroid optic neuropathy (DON) orbital decompressive surgery is the only 
option proven to be effective. Rituximab, a anti CD20+ monoclonal antibody that 
causes B Cell depletion shown to be very effective in decreasing severity and activ-
ity od orbitopathy [61].

6.5 Treatment of Graves’ Disease during pregnancy

Pregnancy is a hyper vascular state so, clinical signs of thyrotoxicosis and 
normal pregnancy remarkably overlap. Moreover, estrogen induces high serum 
levels of thyroid hormones make the diagnosis difficult. Graves’ Disease affects 
0.1–0.2% of pregnancy and carries a considerable risk to mother and new born if 
not controlled adequately [62]. All ATDs are teratogenic and having risk of birth 
defects in new born [63]. During pregnancy ATDs should be used in lowest dose 
to main thyroid hormone levels in upper normal range and monitoring of thyroid 
function should be done monthly. As pregnancy is a state of immune tolerance so 
in about 50% of patients ATDs can be discontinued after first trimester [62]. Breast 
feeding is considered safe during ATDs treatment. ATA recommends measurement 
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of TRAb at diagnosis, then at 18–20 weeks of pregnancy, if elevated then repeat at 
30–34 weeks to guide decision regarding fetal monitoring.

6.6 Treatment of dermopathy and acropachy

Treatment of dermopathy and acropachy remain ineffective. Topical and intra-
lesional injection of steroid have been used without substantial success [64]. Trials 
using systemic steroid, rituximab and immunosuppressive drugs are underway with 
mixed results.

7. Emerging therapy

For last many years treatment of Graves’ Disease has not been substantially 
changed. In future we can see some great change in management of GD as many 
newer drugs are under trials. These newer therapies are mainly directed to TSH-
receptor. A human anti-TSHR monoclonal antibody (K1–70) is in a phase I trial of 
development [65]. A novel highly selective inhibitor for the TSHR is has promising 
potential for further development for the treatment of GO [66].

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

DG presents with three main presentations: hyperthyroidism with diffuse goiter, 
infiltrative ophthalmopathy and pre-tibial myxedema. Patients with Graves’ Disease 
can rarely develop severe hyperthyroidism. The hyperthyroidism of Graves’ Disease 
is characterized immunologically by the lymphocytic infiltration of the thyroid 
gland and by the activation of the immune system with elevation of the circulating 
T lymphocytes. In GD, goiter is characteristically diffuse. May have asymmetric or 
lobular character, with variable volume. The clinical manifestations of hyperthyroid-
ism are due to the stimulatory effect of thyroid hormones on metabolism and tissues. 
Nervousness, eye complaints, insomnia, weight loss, tachycardia, palpitations, heat 
intolerance, damp and hot skin with excessive sweating, tremors, hyperdefecation 
and muscle weakness are the main characteristics. In the laboratory diagnosis, bio-
chemical and hormonal exams will be done to assess thyroid hormones and the anti-
thyroid antibodies. Additionally, imaging tests may be performed, such as radioactive 
iodine capture in 24 hours, ultrasonography, thyroid scintigraphy and fine needle 
aspiration. It is necessary to make the differential diagnosis of Graves’ Disease for 
thyrotoxicosis, subacute lymphocytic thyroiditis and toxic nodular goiter. The treat-
ment of DG aims to stop the production of thyroid hormones and inhibit the effect of 
thyroid hormones on the body. Hyperthyroidism caused by DG can be treated in the 
following ways: it may be the use of synthetic antithyroid medicines, thionamides, 
MMI being a long-term medicine, it allows a single daily dose, and adherence to treat-
ment occurs, a disadvantage is that it cannot be used in pregnant women; beta-block-
ers, preferably used in the initial phase of DG with thionamides; radioactive iodine 
therapy (RAI), being the best cost–benefit and preventing DG recurrence; finally the 
total thyroidectomy, causing the withdrawal of the thyroid gland. Therefore, it should 
be discussed with the patient what is the best treatment for your case, with a view to 
the post and against each approach. If the patient develops Graves ophthalmopathy, 
in lighter cases the artificial tears should be used, and in more severe cases can be 
used as treatment, corticosteroids, orbital decompression surgery, prisms and orbital 
radiotherapy. In addition, the patient should keep their body healthy, doing exercise 
and healthy eating, following the guidance of their doctor.

Keywords: Graves’ Disease, Hyperthyroidism, Goiter, Thyroid hormones
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1. Introduction

GD presents with three main presentations: hyperthyroidism with diffuse goiter, 
infiltrative ophthalmopathy and dermopathy (pretibial myxedema). Patients with 
Graves’ Disease rarely may develop severe hyperthyroidism (thyroid storm or 
thyrotoxic crisis) [1]. Consider tests for thyroid dysfunction for people if there is a 
clinical suspicion of thyroid disease, but bear in mind that only an isolated symp-
tom may not be associated with this disease [2].

2. Hyperthyroidism

Graves’ Disease hyperthyroidism is characterized immunologically by 
lymphocytic infiltration of the thyroid gland and by activation of the immune 
system with elevation of circulating T lymphocytes, appearance of autoantibod-
ies that bind to the TSH receptor (TRAb) and that stimulate glandular growth 
and function [3–5]. The reasons for triggering this autoimmune process have 
not yet been fully understood, but factors such as susceptibility genetics, con-
stitutional factors such as sex hormones and changes in immune function, and 
factors environmental factors (stress, iodine intake and the action of infectious 
agents) [6, 7].

From a clinical point of view, the hyperthyroidism of Graves’ Disease is 
characterized by diffuse enlargement and hyperactivity of the gland thyroid, 
associated or not with infiltrative ophthalmopathy and, more rarely, localized 
myxedema. Excess thyroid hormones can lead to the development of serious 
complications such as congestive heart failure, cardiomyopathy and arrhythmias, 
mainly atrial fibrillation (10–30%). It is also associated with increased bone 
resorption, increased calcium and phosphorus excretion in urine and faeces, with 
a consequent decrease in bone mineral density and risk of fractures in women 
elderly [1, 3].

3. Dermopathy (pretibial myxedema)

It affects only 5 to 10% of patients with GD and is almost associated with oph-
thalmopathy (usually severe) and high levels of TRAb [8]. Exceptionally, it has seen 
in euthyroid patients with GD [1] or with Hashimoto’s thyroiditis [9]. It consists of 
within the thickening of the skin, particularly within the pretibial area, because of 
the buildup of the glycosaminoglycans. The evidence is shown in plaques and on 
them; the skin is type of thickened, with the looks of orange rind and violet color. 
Sometimes a Dermopathy involves the entire lower leg and should reach the feet. 
Rarely (less than 1% of cases), it can be seen in other places (hands or shoulders), 
especially after prolonged trauma [8, 10]. Very rarely, pretibial myxedema is the 
initial manifestation of GD [1, 11].

Symptoms of Graves’ Disease

Nervousness Fatigue

Excessive sweating Increased evacuations

Heat intolerance Menstrual disorders

Palpitation Increased appetite
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4. Goiter

In GD, goiter is characteristically diffuse. May have asymmetric or lobular 
character, with variable volume. In some patients, there is thrill and murmur over 
the gland, produced by increased flow of blood, this finding being exclusive to 
the disease. Any patient with diffuse goiter and hyperthyroidism has GD until 
they prove the opposite [4, 12]. In the elderly, when present, the goiter tends to be 
small [1].

5. Ophthalmopathy

The clinical manifestations of hyperthyroidism are due to the stimulatory effect 
of thyroid hormones on metabolism and tissues. Nervousness, eye complaints, 
insomnia, weight loss, tachycardia, palpitations, heat intolerance, damp and hot 
skin with excessive sweating, tremors, hyperdefecation and muscle weakness are 
the main characteristics [13, 14].

In GD, goiter is singularly diffuse, being present in 97% of cases. 
Asymmetric or lobular, with variable volume. In some patients, an exclusive 
finding of the disease is that the increase in blood flow brings the presence of 
thrill and murmur over the gland. Any patient with diffuse goiter and hyperthy-
roidism has GD until proven otherwise. In the elderly, when present, the goiter 
tends to be small [15, 16].

Ophthalmopathy or orbitopathy has an equivalent autoimmune pathogenesis 
as GD hyperthyroidism and may exacerbate both hypo and thyroid hyperfunc-
tion. Antibodies react by causing intraorbital auto-aggression, as in tissue thyroid. 
Ophthalmopathy can precede hyperthyroidism (20% of the time), succeed it (40%) 
or appear concomitantly with it (40%) [1, 15].

The cases during which ophthalmopathy, transiently or permanently, isn’t in the 
course of hyperthyroidism are called Graves’ euthyroid disease. Clinically evident 
ophthalmopathy occurs in up to 50% of patients with GD. It stems from the thick-
ening of the muscles extraocular and increased retrobulbar fat, which results in a 
rise in intraorbital pressure. Consequently, protrusion of the eyeball (proptosis or 
exophthalmos) and decreased venous drainage may occur, leading to periorbital 
edema, conjunctival edema and conjunctival hyperemia [16, 17].

The most common ocular manifestations in the GD are the eyelid retraction, the 
stare or frightened look and the sign of lid-lag (delay in lowering the upper eyelid 
when the eyeball is moved down). Nevertheless, they occur in any sort of thyrotoxi-
cosis, as they’re consequent to adrenergic hyperactivity. On the opposite hand, the 
finding of periorbital edema and exophthalmos practically confirms the diagnosis 
of GD. Additionally, diplopia can occur in 5 to 10% of patients, because of the 
functional impairment of the musculature extrinsic ocular. Ophthalmoplegia and 
eyelid ptosis also can occasionally be seen. Finally, severe cases, there could also be 
dysfunction of the nervus opticus, defects in the visual fields, disturbance of vision 
in color or loss of vision [1, 15–18].

GD exophthalmos is typically bilateral, but it can be unilateral. During this 
situation, it must be differentiated from a tumor retrobulbar or arteriovenous 
malformation using computerized tomography or resonance imaging. The most 
effective way to verify the existence of the property and establish its magnitude 
is by using Hertel’s exophthalmometer. A measurement greater than 20 mm in 
Caucasians is taken into account abnormal, 18 mm between Orientals and 22 mm 
in blacks. However, caution is required in borderline interpretations of up to 
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2 mm. Proposals are often selected as mild (increase of 3 to 4 mm), moderate  
(5 to 7 mm) and severe (>7 mm) [1, 16, 18].

6. Laboratory diagnosis

6.1 Biochemical and hormonal exams

6.1.1 Thyroid function tests

For adults when secondary thyroid dysfunctions are not suspected, it is appro-
priate to consider measuring thyroid-stimulating hormone (TSH) itself, then if the 
TSH is above the reference range, measure free thyroxine (FT4) in the same sample. 
If the TSH is below the reference range, measure FT4 and free triiodothyronine 
(FT3) yet in the same sample. In addition, consider measuring both TSH and 
FT4 for adult patients when secondary thyroid dysfunction (pituitary disease) is 
suspected in children and young people. If the TSH is below the reference range, 
measure FT3 in the same sample. Consider repeating the tests for thyroid dysfunc-
tion if symptoms worsen or new symptoms develop (but just 6 weeks from the most 
recent test) [2].

6.1.2 Antithyroid antibodies

The antibodies are often classified a minimum of three general types. Thyroid 
stimulating antibodies (TSAb, sometimes TSI) interact with the TSH receptor 
during a positive functional manner and initiate the adenylyl cyclase function 
and the phospholipase A2 function of the receptor, causing all aspects of thyroid 
stimulation [12, 19].

Functionally, this is probably identical to the effects induced by TSH itself. 
Other antibodies can interact with the receptor in a slightly different manner, pre-
sumably by binding to different epitopes on the receptor, and can block the binding 
of TSH to the receptor while not themselves stimulating function. These antibodies 
are known as thyroid stimulation blocking antibodies, or TBAb [19, 20].

A third set of antibodies can bind to the receptor but neither stimulate nor 
inhibit its function. These are known as thyrotropin binding immunoglobulins. 
They are commonly recognized by assays which detect their ability to interfere 
with the binding of TSH to the receptor, and are identified as TRAb, or TBII [19]. 
Probably all patients with Graves’ Disease have a mixture of all of these antibodies. 
If TSAb predominates, thyroid stimulation occurs and, if the activity is sufficient, 
the patient may become hyperthyroid and be characterized as having Graves’ 
Disease. If the antibodies block the action of TSH, they may induce hypothyroid-
ism, in which case the patient might be characterized as having Hashimoto’s thy-
roiditis or idiopathic myxedema [12, 20].

Among patients with GD, up to 50% have anti-thyroglobulin (anti-Tg) anti-
bodies and up to 90% have antibodies antithyroperoxidase (anti-TPO), at lower 
titers than those observed in Hashimoto’s thyroiditis [21]. Although TSH anti-
receptor antibodies (TRAb) can be found in normal individuals (exceptionally), 
in Hashimoto’s thyroiditis (in 6 to 60%) and in painless subacute thyroiditis or 
postpartum thyroiditis (in 5 to 15%), its occurrence in hyperthyroid patients is 
highly specific for GD (present in 90 to 100% of cases) [13, 14].

A recent meta-analysis showed high sensitivity (97.1 to 97.4%) and specificity 
(98.3 to 99.2%) for the second and third TRAb assays generations. According to 
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these data, the probability of a TRAb-positive individual having GD is 1,367 to 
3,420 times higher (depending on the type of assay) compared to a TRAb-negative 
individual [1, 22]. In Europe, around 85% of specialists measure TRAb in the 
initial diagnostic assessment of GD [23]. A similar approach is reported in Japan 
and Korea [18, 24]. In Brazil and the USA [16, 18] the guidelines still recommend 
prioritizing the dosage of TRAb in some specific situations, such as: 1- In the 
diagnosis of euthyroid GD; 2- in the diagnosis of apathetic hyperthyroidism; 3- In 
the distinction between GD and postpartum thyroiditis or subacute lymphocytic 
thyroiditis; 4- In assessing the risk of recurrence of hyperthyroidism after discon-
tinuation of thionamide treatment (elevated titers increase the risk of relapse); and 
5- In pregnant women with GD [1].

TRAb at elevated titers at the end of pregnancy implies an increased risk of 
neonatal hyperthyroidism. On the other hand, its negativity favors the interruption 
of treatment, aiming to decrease the risk of fetal hypothyroidism [1, 14].

6.1.3 Hematological and biochemical parameters

In GD, leukopenia (common), hypercalciuria and hypercalcemia (occasional), 
elevated transaminases and hyperbilirubinemia (in the most severe cases). 
Reduction of total cholesterol and LDL-cholesterol can also be found [1].

6.2 Medical imaging

6.2.1 Radioactive iodine capture in 24 hours (RAIU/24H)

The uptake of radioactive iodine in 24 hours appears high in basically 100% of 
cases of GD, generating the possibility of its distinction with cases of thyroid acid 
and thyroid oxycosis secondary to lymphocytic subacute thyroid, in which the 
RAIU/24 h has low or absent characteristics. In addition the RAIU/24H should only 
be requested when there is diagnostic doubt between the GD and the mentioned 
pathologies. A path to differentiation is thyroid ultrasonography with color Doppler 
or specification of TRAb levels (lower accuracy) [1, 25–29].

6.2.2 Ultrasonography

Ultrasonography has similar sensitivity to RAIU/24 h for the diagnosis of GD 
(95.4% vs. 97.4%, respectively). Advantages of ultrasonography are absence of 
exposure to radiation, greater precision within the detection of possible thyroid 
nodules and cost low. Additionally, color Doppler ultrasonography can differenti-
ate GD (diffusely enlarged hypoechogenic gland) from thyrotoxicosis induced by 
follicular destruction (reduced glandular volume and blood flow) [1, 30, 31].

6.2.3 Thyroid scintigraphy

Scintigraphy with radioactive iodine (123I or 131I) or technetium should be 
performed in patients with nodules identified at ultrasonography, to assess whether 
such nodules are “hot” or “cold” [1].

In clinical practice thyroid scintigraphy is most ordinarily used to differenti-
ate between subacute thyroiditis and Graves’ Disease. Additionally, patients with 
congenital hypothyroidism, functioning thyroid nodule, suspected ectopic thyroid, 
thyroid carcinoma, and midline neck swelling (thyroglossal cyst) also require 
thyroid scintigraphy [1].
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6.3 Fine needle aspiration

It will be indicated when normal thyroid nodules or hypocaptants are found 
on scintigraphy. It’s been suggested by some studies that such nodules would be 
at higher risk for malignancy in patients with GD, however newer studies haven’t 
confirmed this possibility [32, 33].

6.4 Differential diagnosis

6.4.1 Graves’ Disease versus other causes of thyrotoxicosis

Hyperthyroidism can have several etiologies. In the distinction between these 
etiologies, some data clinical and laboratory tests are often useful, for instance, the 
presence of infiltrative ophthalmopathy or pretibial myxedema in patients with 
hyperthyroidism is sufficient to verify the diagnosis of Graves’ Disease (GD)  
[1, 32]. Furthermore, any patient with diffuse toxic goiter, until proven otherwise, 
has GD. However, within the absence of ophthalmopathy and dermopathy, the 
involvement of other pathologies in the genesis of thyrotoxicosis may be consid-
ered, especially subacute thyroiditis lymphocytic (TSL) and toxic nodular goiter, 
the likelihood of TSL, although low, is higher in patients with goiters small, mild 
and short-lived [1, 32].

Rarely, Graves’ Disease and toxic nodular goiter coexists, characterizing the 
Marine-Lenhart syndrome [1]. This possibility should be suspected whenever the 
treatment of hyperthyroidism requires high doses of synthetic antithyroid drugs 
or when relapse happens soon after suspension of an equivalent. In patients with 
thyrotoxicosis and low 131I uptake, additionally to subacute thyroiditis, other 
diagnostic considerations include factitious thyrotoxicosis (using thyroid hor-
mones), functioning metastasis from follicular carcinoma and also the rare struma 
ovary (ovarian teratoma with ectopic thyroid issues), in the latter situation, there’s 
increased RAIU within the pelvic region [34, 35].

6.5 Atypical presentations of Graves’ Disease

Occasionally, GD can manifest itself during a very atypical way, making diag-
nosis difficult. Sometimes she goes with marked muscle atrophy and wishes to be 
differentiated from a primary nervous disorder. In the elderly, as mentioned, we are 
able to find apathetic hyperthyroidism, during which the classic manifestations of 
GD are usually absent, with predominance of cardiac symptoms. Thus, GD should 
be considered in any patient with atrial fibrillation or heart failure without appar-
ent cause and/or refractory to the standard treatment [1, 36, 37]. GD should also 
be considered in cases of amenorrhea or infertility, since some young women may 
present these problems as a manifestation hyperthyroidism. GD can rarely happen, 
especially in Eastern and Latino men, with a sudden flaccid paralysis and hypokale-
mia (periodic hypokalemic thyrotoxic paralysis). Such paralysis is typically resolv-
able spontaneous, are often the initial manifestation of hyperthyroidism and may 
be treated by potassium supplementation and use of beta-blockers. It’s cured by the 
right treatment of hyperthyroidism [1, 36, 37].

6.6 Treatment

Hyperthyroidism due to Graves’ Disease is treated with one among the subse-
quent approaches: synthesis antithyroid drugs (thionamides), surgical removal of 
the thyroid gland (total thyroidectomy), or RAI-induced shrinkage of the thyroid 
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tissue [1, 18, 21]. These options have advantages and drawbacks, they ought to 
always be presented to the patient, if he has the ability to discern [1, 21]. Treatment 
should be individualized based on the clinical characteristics, age, etiology, size of 
goiter, concurrent comorbidities, patient’s preference, and special situations like 
pregnancy [3].

6.7 Medical treatment

6.7.1 Synthesis antithyroid drugs (thionamides)

The available antithyroid drugs are methimazole (MMI), also called thiamazol, 
carbimazole and propylthiouracil (PTU) [3, 18]. The use of thionamide antithyroid 
drugs as an initial treatment varies according to geographic location, they are the 
foremost common treatment of GD in Asia, Europe and Latin America. However, 
radioiodine is used more often than medications in the United States [21, 38]. These 
drugs are actively transported into the thyroid where they inhibit iodide oxidation 
and organification by inhibiting thyroid peroxidase and therefore the coupling of 
the iodotyrosine to synthesise T4 and T3 [38, 39]. The long duration of MMI (up 
to 24 hours or more) makes it possible to administer it during a single daily dose, 
which facilitates the most effective adherence to the treatment [40].

The PTU should be administered, at least initially, in two to three daily doses 
[1, 41]. Nonetheless, a divided dose could also be more effective initially within 
the most severe cases. Compared to PTU, MMI makes it possible to get euthyroid-
ism more frequently and faster, additionally being better tolerated and causing 
less hepatotoxicity [36, 41, 42]. The current guidelines of the American Thyroid 
Association and also the latest consensus of the Brazilian Society of Endocrinology 
and Metabology recommends that you must always choose MMI as the first option. 
Two exceptions to the this rule are the first trimester or pregnancy and severe 
intolerance to MMI [36, 37].

6.8 Mechanism of action

The mechanism of action of those drugs is the inhibition of synthesis of thy-
roxine (T4) and triiodothyronine (T3) in the follicular cells, for interference with 
the organization (formation of MIT and DIT) and coupling (joining MIT and DIT 
to make T3 and T4) of iodotyrosine, by blocking thyroid peroxidase, and enzyme 
responsible for the iodination of tyrosine residues in the thyroglobulin [40, 42]. 
Additionally, PTU, but not methimazole, inhibits the peripheral conversion of T4 
to T3, with a consequent drop by serum T3 levels and increased reverse T3 when 
utilized in high doses (> 600 mg/day) [1]. There’s, however, little evidence that this 
effect is clinically relevant, except possibly in patients with severe thyrotoxicosis 
[32]. The antithyroid drugs negatively impact the activity and numbers of intrathy-
roidal T cells, the aberrant thyrocyte expression of MHC class II, also because of the 
generation of reactive oxygen species, lipid peroxidation, and subsequent oxidative 
damage [2, 43].

6.9 Posology

For dosage for hyperthyroidism, the severity will follow, the MMI dose is 10 
to 40 mg/day, the PTU dose is 100 to 400 mg/day, these are the initial portions. 
When a more severe case occurs the recommended is a higher MMI dosage of 30 to 
40 mg/day, causing faster normalization of thyroid hormones, however, bringing 
side effects on a larger scale [44, 45].
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After treatment, the patient has to be monitored every 4 to 6 weeks, achieving 
eutyroidism, the dose is gradually decreased, obtaining the lowest possible dose 
for the patient, in addition, the medical consultations should be quarterly. Usually 
the preservation dose is 5 to 10 mg/day of MMI, since OCT is 50 to 100 mg/day 2 
times/day. Carbimazole corresponds to more than 140% of methimazole relative to 
dosage. It is important to monitor serum TSH levels, since they are suppressed even 
after a few months after euthyroidism, being essential to see when there is bio-
chemical hypothyroidism. Therefore, the dosage of TSH at initiation of treatment 
with tionamides is limited [44, 45].

One type of scheme used in the former was blocking and replacement, an 
L-thyroxine adjustment and high doses of TAD, however, causes a greater danger of 
adverse effects. Occasionally combined therapy is used when metimanzol main-
tenance therapy is difficult to titrate, so 10 mg/day of MMI is used in combination 
with 12.5 to 25 μg/day of L-thyroxine [44, 45].

6.10 Effectiveness of treatment

Among patients who tolerate and take thionamides properly, the overwhelm-
ing majority will achieve hormonal normalization, but recurrences are frequent. 
Relapses are common in the first year, especially in the first six months post-
treatment suspension. They rarely manifest after 4 to 5 years. Patients at increased 
risk of recurrence are those with severe hyperthyroidism, larger goiter, orbitopathy, 
duration of treatment <12 months, elevated T3:T4 ratio, TSH persistently sup-
pressed and, above all, high concentrations of TRAb at the beginning or at the end 
of treatment [1, 21, 30, 40, 46]. In case of recurrence, a second course of treatment 
with DAT could also be attempted, but usually opts for an additional sort of therapy, 
preferably radioactive iodine [1, 25].

7. Factors affecting the long-term response to thionamides

One factor may be time, there are still conflicts about the appropriate duration 
of therapy, but it seems to be 12 to 18 months. Patients treated for one semester have 
less favorable results when compared to those treated for 1 to 2 years [47, 48].

A metanalysis was performed and one of the interpretations of the study was 
that the rate of remission in adults does not improve when treatment is performed 
for a period longer than one and a half years. Another factor is the dose of thion-
amide. According to studies, the definitive remission rate appears to be similar with 
the use of low or high doses of TAD. On the other hand the higher doses are indi-
cated for patients with more severe hyperthyroidism, and through their use it was 
also possible to observe the reach of euthyroidism more quickly [10, 14]. Classically, 
it is known through studies that children and adolescents compared to adults have 
considerably lower remission rates [49, 50].

Another factor was demonstrated by most of the reverse relationship studies 
between the initial size of the bucket and the possibility of remission. Patients with 
large buoyancy (≥ 80 g) are the least likely to relapse, the same occurring in cases 
with persistently suppressed TSH at the end of treatment [51]. It also has TSH anti-
receptor antibody factor (TRAb); their levels at diagnosis and end of treatment are 
linked to higher relapse rate compared to low expression of these antibodies [52].

Thyroid function at baseline levels of T3 > 500 ng/dl are associated with 
increased likelihood of disease reappearance [51, 53]. And a very high rate of 
relapse of hyperthyroidism occurred in the postpartum period in women who 
were in remission during pregnancy; a higher probability was also related to 
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ophthalmopathy, as was the use of iodine or drugs that have it in their composi-
tion. Some studies have also found smokers, mostly male, as part of this higher-
risk group. Patients with a high chance of recurrence should be evaluated more 
frequently and shorter intervals after stopping antithyroid drugs (TDD). On the 
other hand, mild disease carriers, small bullets and negative TRAb have a remis-
sion rate > 50%, making the use of TDD potentially more favorable in this patient 
group [1, 8, 14, 53–55].

8. Long-term thionamide treatment

In cases of patients, from young people to the elderly, who do not opt for defini-
tive therapies in the face of the reappearance of the disease, such as surgery or 
radioiodine, it is reasonable to consider other treatment routes, such as long-term 
maintenance [14, 50, 55, 56].

Researchers examined studies in the Ovid MEDLINE, Ovid Embase and Scopus 
databases, on GD until 2020, and evaluated the effectiveness of long-term anti-
thyroid drugs in achieving and maintaining euthyroidism compared to the state 
of euthyroidism during the treatment of hypothyroidism after ablative therapies. 
They cited a retrospective study that concluded that long-term antithyroid drugs 
were effective in maintaining euthyroidism. And it has been seen that the risk of 
hypothyroidism is greater after treatment with radiation compared to antithyroid 
drugs. Bearing in mind that when considering a health-related quality of life, long-
term antithyroid drugs are possibly an economical alternative, despite the fact that 
radioactive iodine is considered the most affordable first-line treatment [57].

9. Adverse effects of thionamide

The effects are most common in the first half of treatment. The most common 
are allergic in origin such as itching, rash, fever and even arthralgia. And also 
very frequent epigastralgia. Subdivisions in two groups: mild reactions (allergic 
reactions, gastric intolerance, neutropenia, fever, hair loss/alopecia, anaemia and 
decreased or even palate loss) and severe reactions (thrombocytopenia, medullary 
aplasia, cholestatic hepatitis, agranulocytosis, hepatocellular necrosis, hypoglyce-
mia, ANCA-positive vasculitis, polyarteritis and glomerulonephritis [30, 50].

In cases of mild side effects the switch to another thioamide can be done cau-
tiously or even the concomitant use of an antihistamine solves the rashes within 
a few days. Patients who develop severe reactions such as vasculitis, hepatitis or 
agranulocytosis should no longer be medicated with another compound in the same 
group [55, 58].

They may possibly also have cramps, muscle pain, edema, general fatigue and 
toxic psychosis rarely occurs. Other serious adverse reactions include polyarthritis, 
lomerulonephritis and lupus-simile syndrome, more common with PTU than with 
MMI [55, 58].

10. Beta blockers

Especially useful in the initial phase of GD treatment with amides, when euthy-
roidism has not yet been achieved. Its main indication is the elderly with symptomatic 
thyrotoxicosis and other thyrotoxic patients with high resting heart rate or who have 
a presence of cardiovascular disease. Caution should be paramount as high doses can 
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cause a decrease in serum T3 levels. Usually the medication is stopped in the third or 
fourth week. There is also an option to use selective B-1 drugs [24, 30, 51].

10.1 Potassium iodide

Since the arrival of antithyroid drugs, iodine has ceased to be used as primary 
therapy for GD. Its main limitation is the escape of the inhibition of the synthesis 
of thyroid hormones by iodine, a phenomenon referred to as the by Wolff-
Chaikoff [1, 32, 41].

10.2 Radioactive iodine (radioiodine)

Radioiodine is definitely administered orally, in solution or capsules, and has 
low cost. This treatment is proper to patients with persistent hyperthyroidism after 
completion of a 12–18 month first course of antithyroid drugs therapy, those with a 
recurrence or relapse of thyrotoxicosis, individuals with poor compliance on ATD, 
patients with major ATD-induced of effects and subjects who choose this approach. It 
is often used either as initial therapy or after treatment with medication. Antithyroid 
drugs, when used, are generally discontinued for 3 to 7 days before radioiodine 
therapy, since the effectiveness of radioiodine could even be diminished when 
antithyroid drugs are given concurrently [59]. Compared to other sorts of treatment 
of GD, 131I is taken into account to be the foremost cost-effective [3, 41, 60, 61]. The 
goal of radioiodine therapy is induced hypothyroidism so as to prevent a recurrence of 
Graves’ Disease. This goal is achieved in approximately 80% of patients [58].

11. Dose

Most specialists choose to use fixed doses for their high simplicity (from 10 to 
20 mCi. However, the dose is usually calculated in microcusts (μCi) or megabec-
querels (MBq) per gram (g) of thyroid tissue, from thyroid size and in the capture 
of radioactive iodine of 24 hours. Generally, 160 to 200 μCi/g is recommended to 
leave the treatment safe and ensure it, the two squirrels being [1, 41, 56, 62].

12. Effectiveness

The rate satisfactory response to radioiodine therapy, with the resultant appear-
ance of hypo or euthyroidism, is approximately 80 to 90% [1]. An oversized goiter 
with hypoechogenicity at US, the presence of anti-TPO antibodies and high doses of 
131I increase the likelihood of hypothyroidism [1]. In many patients, normalization 
of thyroid function tests and symptoms occurs within the period of 4 to 8 weeks. 
Hypothyroidism can appear after 4 weeks, but more commonly it occurs between 2 
and 6 months [1, 21]. With the use of fixed or calculated doses, the efficacy appears 
to be an equivalent [3, 21]. Higher doses provide success earlier and, generally, more 
expressive therapeutic, lower doses (< 10 mCi), tend to result in failure rates and 
more pronounced recurrence [3, 21, 63].

13. Factors that influence the response to radio

Among the varied factors which will interfere with the response to 131I, the 
quantification of the goiter appears to be the foremost important. Smaller goiters 
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are the ones that respond best and those the most often progress to hypothyroid-
ism, especially with fixed doses. Also it had been demonstrated that patients 
with HLA-DR3 would have greater resistance to radioiodine therapy [23, 32, 40]. 
Clinical features most related to therapeutic failure include: male gender, smok-
ing, large goiter (> 50 g): RAIU/24 h very high (>90%) and a marked increase in 
T3 levels (> 500 ng/ml) [64]. Persistence of levels of elevated TRAb and increased 
thyroid blood flow at Doppler also increases the likelihood of relapses [1].

14. Complications

Hypothyroidism is the main adverse effect of radioiodine therapy, being the 
frequency in the short term, depending on the dosage used, and may be more than 
12 to 20 mCi than with 8 to 10 mCi. However, the amount of patients with hypothy-
roidism does not depend on the dose of 131I, reaching a minimum of 80% of these 
adequately treated patients. A frequency of hypothyroidism is observed in about 
50% in the first year, followed by 5% per year, at doses between 12 and 15 mCi. 
However, hypothyroidism due to 131I may be transient, occurring in about 25% 
of patients who acquired hypothyroidism in the first 6 months after dosing. If the 
patient is severely symptomatic, L-thyroxine and discontinue treatment 6 months 
later, checking the maintenance of the disease. Hypothyroidism may develop or 
persist after one year, it is almost always permanent. In addition, one of the compli-
cations of radioiodine therapy is actinic thyroid or radiation, transient and occurs 
in approximately 3% of treated patients. It may cause pain in the anterior cervical 
region, lasting up to 4 weeks, and sometimes exacerbation of hyperthyroidism 
due to the release of t3 and t4 into the bloodstream. Elevation of thyroid hormones 
is reported in up to 10% of patients and should result in actinic thyroiditis or 
increased TRAb, observed 3 to 6 months after taking 131I [1, 14, 39].

15. Radioiodine and thyroid eye disease

When radioiodine therapy (RAI) is used, in a delimited group as in smokers, an 
adverse effect is thyroid eye disease. This issue may occur because of glucocorti-
coid therapy and the next conditions are considered; smoking, active ophthalmop-
athy or severe hyperthyroidism. Moreover, in these cases, prior to RAI, the correct 
is to achieve euthyroidism with thionamide, preferably MMI, possessing the 
most prolonged radioprotective effect on propylthiouracil. However, for patients 
with severe DG and risk for vision disorders, radiotherapy is not recommended 
by choosing thioamides. Different corticotherapy regimens, such as prednisone 
0.2 mg/kg/day, were analyzed one day after administration of radioactive iodine 
and held the dosage for 6 months, this decreased the dosage and discontinued at 
most within two months. There is evidence that thyroid eye disease may worsen in 
patients who may develop hypothyroidism after treatment. Therefore, in the face 
of thyroid hypofunction tests, revising the introduction of L-thyroxine early. Soon 
after 7 days of radiotherapy in patients with registered hyperthyroidism, MMI 
should be reintroduced [1, 14, 24, 65, 66].

16. Preparation for radioactive iodine with thionamides

The danger of worsening hyperthyroidism or thyrotoxic crisis triggering 
induced 131I is <1%. In Brazil and Europe, radioiodine without prior treatment with 
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thioamides is usually common, not in the USA. However, this should be avoided 
in cardiopathic patients with severe hyperthyroidism and the elderly. Due to the 
assumed radioprotective effect of PTU, preference should be given to MMI, there-
fore, it should be administered until it reaches euthyroidism, with the drug discon-
tinuation 5 to 7 days prior to the 131I dose, its reintroduction 4 to 7 days after it. In 
addition, patients using PTU, a 25% increase in radioiodine dose is recommended. 
Another important point is that patients with an iodine allergy have no contraindi-
cation for 131I [1, 14].

17. Contraindications

The use of 131I in pregnant or lactating patients is contraindicated. Women or 
men who intend to have children within the next 6 months are also advised not 
to be given radioactive iodine. However, there is insufficient evidence of the risk 
of teratogenicity with radioiodine. Other equivalent contraindications are: severe 
inflectional ophthalmopathy and patient refusal [3, 14, 57, 66].

18. Radioiodine and thyroid nodules

Radioiodine treatment is indicated for ablation of autonomous tissue and 
reduction of thyroid volume. There is disagreement whether nodules have a greater 
chance of malignancy in GD cases. It is then suggested that non-functioning nod-
ules >1 to 1.5 cm undergo a fine needle suction puncture (PAAF) prior to adminis-
tration of I [14].

19. Monitoring after radioactive iodine

Thyroid function should be monitored 1–2 months after radioactive iodine 
therapy. Some suggest that it be checked after 15 days and then monthly or every 
2 months; Such guidance is aimed at the early detection of hypothyroidism, espe-
cially in patients at risk of developing or worsening orbitopathy. If the patient is still 
thyrotoxic within two months of therapy, thyroid function should be monitored 
every 4–6 weeks until the patient is euthyroid or hypothyroid, remember that it 
may take up to 6 months or more for TSH to normalise. Substitution of levothy-
roxine should be initiated as soon as hypothyroidism occurs before laboratory tests 
proving the condition, immediately introducing L-thyroxine replacement. Patients 
with relapse or persistent hyperthyroidism after 6 months may re-receive radioac-
tive iodine or those with minimal response to treatment ≤3 months [14, 50, 56].

20. Thyroidectomy

Thyroidectomy is the oldermost treatment for GD. The main objective is the 
rapid and definitive control of effects of excess thyroid hormones. That is achieved 
by removing all or almost all of the functioning tissue of the thyroid gland. 
Indications for surgery in the treatment of GD do not are well established in the 
literature, being classified by some authors in absolute and relative indications. The 
indications considered absolute are large goiter with compressive symptoms, suspi-
cious nodule or malignant, pregnant woman who does not get control with DAT, 
refusal of treatment with 131I, woman planning pregnancy within six to 12 months 
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and intolerance to DAT. At relative indications are large goiter, ophthalmopathy 
severe, poor adherence and lack of response to treatment with DAT [56, 62, 67].

The standard procedure is total thyroidectomy (TT), which provides a cure rate 
of around 100% for hyperthyroidism of the DG [14, 65]. The risk of recurrence 
is almost 0% after TT, while subtotal thyroidectomy (TST) implies a probability 
of 5 to 20% (8%, on average) of persistence or recurrence of hyperthyroidism in 
5 years [65]. Furthermore, with the exception of hypothyroidism early, as rates of 
complications with TT and TST may be comparable when the patient is operated 
on by a surgeon experienced (more than 100 thyroidectomies/year): transient 
hypocalcemia, 9.6 vs. 7.4%; definitive hypoparathyroidism, 1.6 vs. 1.0%; recur-
rent laryngeal injury, 0.9 vs. 0.7%, respectively [65]. In a recent meta-analysis 
and systematic review, the risk for hypoparathyroidism (transient or permanent) 
survived the older ones with TT. In a few centers, there is underwent an endoscopic 
thyroidectomy [38].

21.  Preoperative management and follow-up of patients who receive 
thyroidectomy

Before surgery, patients should be euthyroid. Pretreatment with ATD reduces 
the risk of thyroid storm precipitated by surgery, and β blockers control hyper-
thyroid symptoms. Pretreatment with inorganic iodide, such as potassium iodide 
(50 mg iodide, three times daily, for 7–10 days before surgery) can also be con-
sidered in patients with Graves’ Disease [67]. Inorganic iodide reduces thyroid 
hormone release and thyroid vascularity [68], which in turn decreases intraopera-
tive blood loss. After surgery, levothyroxine replacement should be started and 
TSH concentration monitored 6–8 weeks after surgery. Oral calcium and calcitriol 
supplementation can be used before surgery and according to postoperative serum 
calcium concentrations [69].

22. Side effects

Surgical complications are rare, occurring in 1–3% of patients [60]. The most 
frequent complication is hypocalcemia due to permanent hypoparathyroid-
ism, followed by permanent recurrent laryngeal nerve injury. The risk of these 
complications is lower when thyroidectomy is done by a high-volume thyroid 
surgeon [59, 61].
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Abstract

Graves’ Disease is an autoimmune disorder in which hyperthyroidism (over 
active thyroid) is caused by the autoantibodies against the TSH receptor. It is mainly 
characterized by the appearance of goiter. The symptoms are wide ranging as 
thyroid hormone affects many body systems. It is common in women and in people 
with age below than 40. Graves’ Disease is caused by a combination of genetic and 
environmental factors while genetics being the main cause. Graves’ Disease is not 
a single gene defect but has a complex pattern of inheritance. Today it is clear that 
genetic predisposition to Graves’ Disease is caused by multiple genes. HLA gene is 
one the most studied gene predisposing to Graves’ Disease. Lot of polymorphisms 
in this gene has been to be associated with the disease. Lymphoid tyrosine phos-
phatase encoded by the gene PTPN22 has been found to increase the risk of many 
autoimmune diseases including Graves’ Disease. The best documented association 
of PTPN22 variants to autoimmune disorders including GD is rs2476601 (C1858T). 
Other genes associated with the risk of GD are thyrotropin receptor (TSHR), thyro-
globulin gene, FCRL3, SCGB3A2, and CTLA4. This chapter will discuss in detail the 
genetics, pathophysiology, diagnosis and treatment of Graves’ hyperthyroidism.

Keywords: Graves’ Disease, GD, HLA region, PTPN22, CD40, CTLA4, CD152, 
TSHR, Tg, FCRL3, SCGB3A2

1. Introduction

Graves’ Disease (GD) was named after Robert J. Graves, who first recognized 
this disease in the 19th century as a syndrome with enlarged and overactive thyroid 
gland (hyperthyroidism due to circulating autoantibodies), an high heart rate, and 
eye abnormalities (Figure 1). On the quality of life, GD has unpropitious effects 
[1], as a consequence of somatic and psychiatric symptoms, an inability to work 
and is connected with an increased risk of death [2]. The autoimmune basis of the 
GD results from complex interactions between different factors which include 
genetic, endogenous and environmental factors, and this is compulsory for current 
understanding of this disease [3, 4]. The circulating antibodies (IgG) that binds 
and activates the G-protein–coupled thyrotropin receptor leads to hyperthyroidism 
in this disease [5]. In this disease the G-protein–coupled thyrotropin receptor after 
getting activated stimulates follicular cell growth and excessive development which 
results in the enlargement of thyroid gland and also increase in thyroid hormone 
production and the fraction of triiodothyronine (T3) relative to thyroxine (T4) in 
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thyroid secretion [6]. In GD the suppressed serum thyrotropin level and elevated 
levels of serum T4 and T3 are revealed by the thyroid functioning tests. A term 
known as subclinical hyperthyroidism is referred when serum thyrotropin level is low 
as compared to normal serum levels of T4 and T3 [7].

2. Epidemiology

GD with an annual incidence of 20 to 50 cases per 100,000 persons is the most 
common cause of hyperthyroidism [8]. The incidence of GD peaks between 30 to 
50 years of age, but people can be affected at any age. The lifetime risk for women 
is 3% and for men it is 0.5%. The risk of GD is not influenced by Long-term varia-
tions in iodine intake, but rapid repletion can transiently increase the incidence. 
The GD–associated incidence of ophthalmopathy is 16 cases per 100,000 in women 
and in men it is 3 cases per 100,000 annually. It is more common in whites than in 
Asians [9]. Older men develop severe ophthalmopathy more likely than younger 
persons [10]. Subtle abnormalities are revealed in 70% of patients by orbital imag-
ing with GD [11]. In up to 50% of patients in specialized centres, clinically con-
sequential ophthalmopathy is detected with GD, and as a consequence of corneal 
breakdown or optic neuropathy in 3 to 5% of such patients, sight is threatned [12]. 
The thyroid levels remain normal or autoimmune hypothyroidism develops either 
in 10% of the persons with ophthalmopathy [10–12]. In the Whickham study a 
population-based survey in England, the annual incidence of Graves’ Disease was 
approximately 80 per 100,000 women, with most other surveys reporting inci-
dence rates ranging from 15 to 50 per 100,000 persons per year while as the annual 
incidence in English men was approximately eight to ten fold lower than women 
(10 per 100,000) in keeping with gender differences seen in other thyroid diseases 
[13]. The incidence of Graves’ hyperthyroidism in area of particularly high iodine 
intake (Japan), has been reported to be as high as 200 cases per 100,000 general 
population [14]. Similarly, following the introduction of iodine supplementation, 
an increases in the apparent incidence of GD have been reported, although in an 
area of mild to moderate iodine deficiency (Switzerland), a 33% reduction in the 
incidence of GD was associated with iodine supplementation [15].

Figure 1. 
Graves’ Disease.
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3. Pathophysiology of Graves’ Disease

In GD, four standard thyroid antigens: thyroglobulin, thyroid peroxidase, 
sodium-iodide symporter and the thyrotropin receptor are recognized to direct B 
and T lymphocyte-mediated autoimmunity. However, the primary auto antigen 
of GD is the thyrotropin receptor itself and is responsible for the manifestation of 
hyperthyroidism. In this disease, the antibody and cell-mediated thyroid antigen-
specific immune responses are properly defined. The development of hyperthy-
roidism in healthy subjects by transferring thyrotropin receptor antibodies in 
serum from patients with GD and the passive transfer of thyrotropin receptor 
antibodies to the foetus in pregnant women are the direct proof of an autoimmune 
disorder that is mediated by means of autoantibodies. By circulating autoantibod-
ies against the thyrotropin receptor, the thyroid gland is under continuous stimu-
lation, and because of the increased production of thyroid hormones pituitary 
thyrotropin secretion is suppressed [16]. In the immunoglobulin G1 subclass, 
the stimulating activity of thyrotropin receptor antibodies is found mostly. The 
release of thyroid hormone and thyroglobulin that is mediated via 3,'5′-cyclic 
adenosine monophosphate (cyclic AMP) are caused by these thyroid-stimulating 
antibodies, and they also stimulate iodine uptake, protein synthesis, and thyroid 
gland growth. In the etiology of hyperthyroidism in GD the anti-thyroglobulin, 
anti-sodium-iodide symporter, and anti-thyroid peroxidase antibodies seem to 
have a very little role. However, against the thyroid, these are markers of auto-
immune disease. In persons with autoimmune thyroid disease, intrathyroidal 
lymphocytic infiltration is the initial histologic abnormality which has a direct 
correlation with thyroid antibodies’ titer [17, 18]. In addition to autoantigens, 
the cells of thyroid produce specific immune mediators such as cytokines and 
Fas which are involved in various immune process including complement leg-
islation and T cell adhesion. Those individuals who are suffering from Graves’ 
Disease have lesser percentage of CD4 lymphocytes in thyroid as compared to 
their peripheral blood. In addition, the CD4 reduction in these patients may also 
be related to the elevated Fas expression in intrathyroidal CD4 T lymphocytes. 
CD40, CTLA-4, thyroglobulin, TSH receptor, and PTPN22 are several autoimmune 
thyroid disease susceptibility genes that have been identified. Either to GD or 
Hashimoto thyroiditis, some of these susceptibility genes are unique, while others 
confer susceptibility to both conditions. With environmental factors or activities 
to precipitate the onset of GD the genetic predisposition to thyroid autoimmunity 
might also interact [17–19]. The RNASET2-FGFR1OP-CCR6 region at 6q27 and an 
intergenic region at 4p14 are two new susceptibility loci that had been found [20]. 
Moreover, thyroid-stimulating hormone receptor and major histocompatibility 
complex class II versions have strong associations with thyroid stimulating hor-
mone receptor autoantibodies (TRAb)-positive GD [21]. Compared with healthy 
controls, GD patients have higher rate of peripheral blood mononuclear cell 
conversion into CD34+ fibrocytes. The production of inflammatory cytokines like 
Inter-leukin 6 (IL-6) and TNF-alpha by these cells after piling up in orbital tissues 
also contribute to the pathophysiology of thyroid eye disease (opthalmopathy) 
[22]. In a whole genome association study of more than 1500 individuals suffering 
from Graves’ Disease and equal controls, six susceptible loci which are (CTLA4; 
cytotoxic T-lymphocyte-associated protein 4, MHC; major histocompatibility com-
plex, FCRl3; Fc receptor-like protein 3, TSHR; thyroid stimulating hormone receptor, 
RNASET2-FGFR1OP-CCR6 region at 6q27, and an intergenic region at 4p14) have 
been discovered to be associated with GD. Figure 2 describes the pathophysiology 
of Graves’ Disease [23].
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4. Genetics of Graves’ Disease

GD is a complex autoimmune disorder which affects the functioning of the 
thyroid gland, which is the butterfly shaped gland in the lower neck. Specific 
antibodies targetting the thyrotropin receptor are found in about 95% of patients 
with GD. GD is thought to result from a combination of environmental and genetic 
factors most of which are unknown. A number of genes predispose to the GD 
which include HLA region, protein tyrosine phosphatase-22 (PTPN22), cluster of 
differentiation 40(CD40), the cytototoxic T lymphocyte- Associated factor4 (CTLA4 or 
CD152), thyrotropin receptor (TSHR), thyroglobulin (Tg), FCRL3 (FC receptor-like-3), 
Secretoglobulin 3A2 (SCGB3A2) gene encoding secretory uteroglobin- related protein 
1 (UGRP) and many others. The role of these genes in the pathophysiology of GD is 
discussed below:

4.1 HLA region

Human leukocyte antigen (HLA) region (6p21) within the human genome codes 
for 252 expressed loci including numerous key immune response genes is the most 
gene dense region [24]. This region contains the highest degree of polymorphism 
within the genome and is divided into different classes which includes the extended 
class I, classical class I, classical class III, classical class II and extended class II [24] 
(Figure 3). The densest linkage disequilibrium (LD) is also shown by this gene, 
extending up to 540 kb [25], which compares with distances of between 1 and 
173 kb seen in the rest of the genome [26]. When trying to tease out the exact site of 
etiological variants, the degree of LD within the region is challenging. Most studies 
highlights the importance on the role of HLA class II encoded HLA-DR and –DQ 
molecules, which present exogenous antigens for recognition by CD4+ T helper 
(Th) cells. Including GD, strong associations of HLA with almost all autoimmune 
disorders have been detected. Many studies regarding association of HLA alleles 
with GD have been done. Among different ethnic populations, association of HLA 
alleles with GD varies like HLA-B*08, DR3 and DQA1*05:01 are associated with a 

Figure 2. 
Pathophysiology of Graves’ Disease.
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high risk of GD, and HLA-DRB1*07:01 is a protective allele against GD in Caucasian 
populations [27]. HLA alleles have been shown to predispose certain groups of 
people to the disease and vary regionally. British Caucasians showed role of HLA 
class II alleles DRB1-0304, DQB1-02, and DQA1-0501 [28]. The HLA complex 
shows strong linkage disequilibrium. In Caucasians populations, It is found that 
there is strong linkage disequilibrium between the genes that codes DR and DQ 
molecules therefore the existence of a particular DRB1 variant to a larger degree 
determines DQA1 and DQB1 alleles. DRB1*03:01-DQA1*05:01-DQB1*02:01 (DR17, 
DQ2) and DRB1*04:01- DQA1*03:01-DQB1*03:02 (DR4, DQ8) are HLA haplotype 
combinations in GD sibling pairs. The maximum risk related to this disease is asso-
ciated with DR17, DQ2 while as the HLA-DRB1*07 (DR7) is protective for Graves’ 
Disease. The recessive inheritance of MHC related susceptibility is favored by the 
distribution of HLA-B8 genotypes and it is in close accord with Hardy–Weinberg 
equilibrium proportions. The possibility that an individual will be affected with GD 
depends on sex, HLA genotype, and family history. 14.9% of DR3-positive women 
with an affected first-degree relative are liable to be affected [29]. HLA Class I 
is also linked with GD, the disease may be mainly associated with alleles of HLA 
class I, in particular HLA-C*07 whereas C*03 and C*16 provides protection [30]. 
HLA-DPB1*05:01 was the main gene predisposing to GD. Other alleles included 
B*46:01, DRB1* 15:02 and 16:02 whereas DRB1*12:02 and DQB1*03:02 provide 
protection. The association of DQA1*05:01 with GD was not supported by Linkage 
Disequilibrium patterns observed in Asians [31]. Peptides derived from TSHR are 
the cause of association with HLA and development of immune response. Other 
cause is owing to thymic selection affecting positive and negative selection of T cell 
clones with regulatory or effector functions. Moreover, impact on NK cell repertoire 
through interactions with killer immunoglobulin-like receptors (KIR) and/or serv-
ing directly as a source of auto antigens after misfolding and presentation by HLA 
class II molecules [30]. Development of Graves’ Disease is related to HLA-DR3. 
The extracellular domain (ECD) of human TSH receptor (hTSH-R) is a crucial 
antigen in Graves’ Disease. hTSH-R peptide 37 (amino acids 78-94) is an important 
immunogenic peptide [32]. HLA is the cause of many diseases, the disease occurred 
at an earliest age in HLA-DR3 positive patients and important link between exoph-
thalmos and either exophthalmos and/or soft tissue modifications were found with 
DR3. HLA-DR3 positive patients were found to be more resilient to radioiodine 
therapy than patients negative for these antigens [33]. It has been hypothesized that 
arginine at position 74 of the HLA- DRB1 chain has role in GD pathogenesis. But 
the most common residues at position 74 of DRB1*15:01 and DRB1*16:02 reported 
in our association study are both alanine and it is considered to be neutral for GD 
risk [34]. On the other hand, HLA region is linked to GD susceptibility in both 

Figure 3. 
HLA region on chromosome 6p21. a) nucleotide length of genes of HLA, b) regions of HLA genes.
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Caucasian and Chinese Han populations [35]. The associated alleles vary from those 
in Causacians. HLA-DPB1*05:01 is the major gene of GD in our population, B*46:01, 
DQB1*03:02, DRB1*15:01 and DRB1*16:02 were closely linked with GD [31]. As per 
the other meta-analysis study, the HLA-B*46 allele is a risk factor for GD in Asian 
populations. The distribution of HLA-B*46 and HLA-B*08 vary between European 
and Asian populations. The allelic frequency of HLA-B*08 is around 12%, while the 
allelic frequency is 0.3 to 0.5% in most Asian populations. By contrast, the allelic 
frequency of HLA-B*46 is 3.9 to 8.6% in Asian populations and almost zero in 
Europe populations [35]. Figure 4 depicts the classical HLA Class I and II pathways.

4.2 Protein tyrosine phosphatase-22 (PTPN22)

Protein tyrosine phosphatase, non-receptor type 22 (lymphoid) is also known as 
PTPN22. This in humans is encoded by the PTPN22 gene [36]. This gene has various 
variants. The mutations of this gene are associated with increase or decrease in the 
risk of autoimmune diseases. In many autoimmune diseases, this gene has been 
found strongly associated after HLA [37]. rs2476601 (C1858T) is the best known 
association of PTPN22 variants to autoimmune condition including GD. This SNP 
(R620W) located in the P1 proline - rich motif of PTPN22 binds with strong affin-
ity to the SH3 domain of tyrosine kinase, Csk. This mutation disrupts the interac-
tion between PTPN22 and Csk [38] and also increases phosphatase activity which 
inturn suppresses the TCR signaling more efficiently than the wild type [39]. A role 
of PTPN22 in T-cell regulation has been found by the results of knocking out the 
murine homolog of PTPN22, which lowered thresholds for T-cell-receptor signal-
ing and inhibited production of IL-2 in these animals [40]. This PTPN22 620 W 
substitution, a gain of function mutation resulting in the reduction of phosphoryla-
tion of key signaling molecules and associated downregulation of TCR signaling 
which inturn leads to the inhibition of expansion of T cells, weakening of the 
positive selection in the thymus, and decreasing the antibodies’ titer by reducing 
the activity of helper T lymphocytes [41]. Association between the GD and PTPN22 
620 W polymorphism has been demonstrated in several studies among Caucasians 

Figure 4. 
Classical HLA class I and II pathways.
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with odds ratio as OR 1.5-1.9 [42], which makes PTPN22 620 W polymorph one of 
the strongest known genetic factors influencing to autoimmune diseases. In polish 
population a gene dose-dependent effect of PTPN22 ‘T’ allele on the age of onset 
of GD has been found [42] but that was not replicated in a cohort study done in UK 
[43]. The other available results have shown that the PTPN22 locus contains other 
functionally important variants, particularly those conferring protection.

4.3 Cluster of differentiation 40 (CD40)

The Cluster of Differentiation (CD) are cell surface proteins with each of them 
assigned a specific number thereby allowing cell phenotypes to be recognized. 
Surface expression of a particular CD molecule is functional for the characterization 
of cell phenotypes. These molecules can act either as receptors or ligands. Some 
CD proteins though do not play role in cell signaling, but do have other functions, 
such as cell adhesion. CD for humans is numbered upto 371 with their specific 
functions. CD40 is a costimulatory protein found on the antigen- presenting cells 
and results in their activation. The binding of CD154 (CD40L) on helper T cells 
to CD40 activates antigen presenting cells and induces a variety of downstream 
effects. Deficiency can lead to Hyper-IgM syndrome type3. It is located on chromo-
some 20 in humans and chromosome 2 in mouse. Disruption of the CD40- CD40L 
co-stimulatory pathway has been found in many autoimmune diseases, including 
GD. on the basis of a genome-wide linkage study in GD, CD40 has been associated 
with GD as a positional candidate which implicated 20q11 chromosomal region, 
designated GD-2, as harboring a susceptibility locus [44]. C/T polymorphism 
(rs1883832) located at position −1 relative to translation start site affects the initia-
tion step of translation as it has a direct effect on kozak sequence. The C allele of 
rs1883832 has been found to confer risk of GD among Caucasians whereas the results 
from in vitro transcription/translation system suggested that this allele predisposes 
to GD by increasing the efficiency of translation of CD40 mRNA [44]. There is a 
close association between GD and C variant of rs1883832 as supported by studies in 
the Japanese population although in this population the effect may be constrained 
to patients with the late onset of disease [45] and/or to the CC and CT genotypes, 
signifying a dominant rather than a recessive model of inheritance [45]. Recently, 
siRNA mediated inhibition of CD40 expression was evaluated for potential to 
prevent development of GD in mice immunized with adenovirus expressing human 
TSHR A subunit. In spite of successful lowering of CD40 expression, no effect on 
the rate of disease induction was observed [46].

4.4 The cytotoxic T lymphocyte-associated factor 4 (CTLA4 Or CD152)

It is a protein receptor that functions as an immune checkpoint and down-
regulates immune responses. It is constitutively expressed in regulatory T cells but 
only upregulated in conventional T cells after activation; a phenomenon which is 
particularly notable in cancers [47]. It is homologous to the T-cell co-stimulatory 
protein, CD28, and both molecules bind to CD80 and CD86, also called B7-1 and 
B7-2 respectively, on antigen-presenting cells. CTL4-4 binds CD80 and CD86 
with greater affinity and avidity than CD28 thus enabling it to outcompete CD28 
for its ligands. CTLA4 transfers an inhibitory signal to T cells, [48] whereas CD28 
transmits a stimulatory signal [48]. CTLA4 is also found in regulatory T cells and 
thereby contributing to their inhibitory function. CTLA4 consists of four exons 
encoding different functional domains such as a leader sequence and extracel-
lular, transmembrane as well as cytoplasmic domains. The most reliable associa-
tions with GD within CTLA4 locus were found with three polymorphisms: the 
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AT-microsatellite polymorphism (ATn) at the 3’untranslated region (3’UTR) of the 
gene [49]. It has been proposed that this AT-repeat allele decreased the` stability 
of CTLA4 mRNA thus dampening the inhibitory function of the protein and thus 
diminishing the control of T-cell proliferation [50]. The second polymorphism 
implicated was rs231775 (A49G) in the signal peptide causing a substitution of Thr 
to Ala [51]. This amino acid change could influence post-translational processing 
leading to inefficient glycosylation of the autoimmunity predisposing variant [52]. 
Another widely studied genetic polymorphism in CTLA4 gene is rs3087243 (CT60) 
located downstream from the 3’UTR of the CTLA4 [53]. After taking into account 
the CT60 genotype, Examination of full-length (flCTLA-4) and sCTLA-4 expres-
sion revealed a lower expression of sCTLA-4 in persons homozygous for the G allele 
[54]. But, in a larger Swedish study this result was not replicated which also did not 
find any association between concentration of serum sCTLA4 and disease status 
or CT60 genotype [54]. Lately, in Japanese patients a noteworthy association with 
CTLA4 CT60 was found for GD with OR=2.97. The present state of knowledge does 
not specify evidently the mechanism behind the association of CTLA4 with GD. 
However, CTLA4 polymorphism is consistently associated with thyroid autoim-
mune diseases in the majority of populations.

4.5 The thyrotropin receptor (TSHR)

The thyrotropin receptor (TSHR) responding to thyrotropin (thyroid-
stimulating hormone, TSH) is a Gs-protein coupled receptor and stimulates the 
production of thyroxin (T4) and triiodothyronine (T3). It is primarily found on 
the surface of the thyroid epithelial cells [55], but also found on adipose tissue and 
fibroblasts. A G protein signal cascade is activated upon the binding of circulating 
ligand TSH which activates adenylyl cyclase that synthesizes cAMP from ATP and 
subsequently resulting in increased intracellular levels of cAMP. cAMP functions 
as a secondary messenger and activates all functional aspects of the thyroid cells 
which include thyroglobulin synthesis, iodine pumping, endocytosis, iodination, 
proteolysis, thyroid peroxidase activity and hormone release. TSHR gene is located 
on 14q31 [56] and consists of 13 exons [57]. The TSHR is among the susceptibility 
genes of GD because it encodes for a protein that is both responsible for the clinical 
manifestations of the disease and is the direct target of the autoimmune response 
in GD. The anti-TSHR antibodies in serum are the main serological manifestations 
of GD. Indeed, TSHR- stimulating antibodies (TSAbs) are present in nearly all 
cases of GD and severity of the disease correlates with TSAbs levels. One of the 
first non-MHC genes to be tested for association with the disease was TSHR. Three 
germline missence mutations (a substitution of aspartic acid (D) for histidine 
(H) in position 36 (D36H); a substitution of a proline (P) for threonine (T) in 
position 52(P52T), and a substitution of aspartic acid (D) for glutamic acid (E) in 
position 727 (D727E) were primarily described in individuals suffering from GD 
and proposed to be associated with the disease [3]. Of these three, D36H and P52T 
are the two mutations which are located in the putative ligand binding region of 
the extracellular domain of the TSHR, while the third one, D727E lies within the 
intracellular domain of the receptor.

4.6 FCRL3 (FC receptor-like-3)

Fc receptor-like protein 3 is a protein that in humans is encoded by FCRL3 gene 
[58]. It is located on 1q23.1. This gene located on q arm of chromosome 1st is one 
of the several Fc receptors like glycoproteins which encode a member of the IR 
superfamily. The encoded protein plays a role in regulation of the immune system 
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and in its cytoplasmic domain it contains immunoreceptor-tyrosine activation 
motifs and immunoreceptor-tyrosine inhibitory motifs. Rheumatoid arthritis, 
autoimmune thyroid disease, and systemic lupus erythematosus have been associ-
ated in the mutation of this gene [58]. FCRL3 is a novel immunoregulatory gene 
believed to perform similar functions as FC gamma receptors due to high structural 
homology between them. FCRL3 gene polymorphism is related to the susceptibil-
ity to GD with regional and ethnic variability [59]. A SNP at the position -169A/G 
(rs7528684) in promoter of FCRL3 gene has been found to be associated with GD. 
Correlation of this SNP to serum levels of FT3, FT4, TSH and TRAb, gender, age, 
TpoAb, TgAb, severity of goiter and presence or absence of exophthalmos in GD 
have been widely investigated [59]. There is an association of anther SNP rs3761959 
(tagging rs7528684) with GD. Overall the available data suggest that genetic 
polymorphism(s) modifying susceptibility for GD do exist in the FCRL3 region but 
the primarily associated variant(s) remain(s) to be found [60].

4.7 Secretoglobin 3A2 (SCGB3A2) gene

This gene is present on chromosome 5 in humans and chromosome 18 in mouse. 
It is a homodimeric protein thought to play a role in the modulation of inflam-
mation and tumorigenesis. SCGB3A2 is a member of secretoglobin superfamily, 
a family of small, secreted proteins found in animals exclusively of mammalian 
lineage. SCGB3A2 mRNA is predominantly expressed in the lung with low levels of 
expression in the thyroid. Variants in the promoter of the SCGB3A2 gene encoding 
secretory uteroglobin-related protein 1 (UGRP1) have been found associated with 
GD in an extensive study of a total of ~2500 patients and controls from the Chinese 
population who aimed to explain signals in the chromosomal region 5q12-q33 
obtained in previous studies using linkage analysis [61–63]. Song et al. reported the 
strongest association of GD with rs1368408 (112G/A, OR=1.28, P=1.43x10-6) and 
SNP75 (−623~−622 AG/−T, OR=1.32, P=7.62x10-5) [60, 61]. Association between 
GD and the A allele of rs1368408 (OR=1.18, P=0.007) was independently confirmed 
in a similarly sized UK cohort [64]. Recently, further evidence for association 
between rs1368408 and GD was provided by a study in a Russian cohort (~1500 
cases and controls, OR=1.33, P=2.910-5) [60]. It should be noted that a relatively 
early study in a Chinese population did not observe the effect of rs1368408, 
although this might have been caused by low power due to limited numbers of 
subjects (~200 cases and controls) [62]. Till present it is still not clear how variants 
in SCGB3A2 predispose to GD.

There are other genes which have strong association with GD such as cytokine 
genes: IL3, IL4, IL5, IL9, IL13 and the ADRB2 gene encoding beta-2-Adrenergic 
receptor [65–67] were all associated with GD.

5. Diagnosis of Graves’ Disease

The diagnosis to confirm the cause of Graves’ hyperthyroidism is based on the 
clinical and biochemical manifestations of hyperthyroidism and on the clinical 
and laboratory features. For the presence of hyperthyroidism, measurement of 
serum thyrotropin is a useful screening test, because the secretion of thyrotropin 
is reduced by very small increase in thyroid secretion, so by the measurement of 
serum free thyroxine the diagnosis of hyperthyroidism must be confirmed [68]. 
Patients may have only increased secretion of triiodothyronine in the earliest 
stage of Graves’ hyperthyroidism; therefore, patients with normal serum free 
thyroxine concentrations and low serum thyrotropin concentrations, serum free 
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triiodothyronine should be measured. Because of the use of certain drugs and 
increase in thyroid hormone–binding proteins, measurements of serum total 
thyroxine and triiodothyronine are less reliable as it can cause high values [69]. In 
patients with hyperthyroidism and a diffuse goiter, the signs of ophthalmopathy or 
dermopathy are sufficient to confirm the diagnosis of GD. In patients with GD, other 
autoimmune disorders occur more frequently (Type 1 diabetes mellitus, Addison’s 
disease, Vitiligo, Pernicious anemia Alopecia areata, Myasthenia gravis, Celiac dis-
ease) and their presence therefore supports this diagnosis. Occasionally, in patients 
with pre-existing nodular goiter, GD occurs which causes confusion. The presence 
of a high serum concentration of thyroid peroxidase antibody which is present in 
about 75 percent of patients with Graves’ hyperthyroidism, or a thyroid radionuclide 
scan demonstrating a diffuse goiter provides evidence of GD, when the diagnosis 
is unclear clinically. Occasionally, to distinguish between Graves’ hyperthyroid-
ism and thyrotoxicosis caused by painless, destructive (autoimmune) thyroiditis, 
thyroid radionuclide studies may be indicated especially in women post-partum. 
Patients may have a small diffuse goiter with painless thyroiditis, like those with GD. 
However, it is very unlikely that thyrotoxicosis due to painless thyroiditis will last 
longer than two months [70].

5.1 Measurement of thyrotropin-receptor antibodies in serum

It is largely a matter of individual preference, whether serum thyrotropin-
receptor antibodies should be measured in the differential diagnosis of GD, 
some argue that a test for the antibodies should be done routinely, and others 
that a diagnosis of GD can nearly always be inferred correctly on the basis of the 
clinical findings. The immunoglobulin-mediated inhibition of the binding of 
radiolabeled thyrotropin to thyrotropin receptors is most widely used assay for 
thyrotropin-receptor antibodies and is positive approximately in 80% of indi-
viduals suffering for Graves’ hyperthyroidism [2]. Up to 99% sensitivity is shown 
by newer assays. Even though a positive result might specify the occurrence of 
either thyroid- stimulating antibodies or thyrotropin-receptor– blocking antibod-
ies, it is rational to conclude that a positive test in the individual suffering from 
hyperthyroidism is owing to thyrotropin-receptor–stimulating antibodies. With 
time as the mechanism of the interactions of antibodies with the thyrotropin 
receptor improves, it would be possible to develop simple, precise immunoassays 
for thyroid-stimulating antibodies for routine use. The antibodies identified by 
bioassays that measure the synthesis of cAMP in retort to the stimulation of thy-
rotropin receptors are only thyroid-stimulating antibodies — for instance, in cells 
transfected with thyrotropin receptor— but such assays are relatively expensive 
and not widely available [71].

5.2 Computed tomography (CT) or magnetic resonance imaging (MRI)

CT and/or MRI of the orbits is indicated if there is any uncertainty about the 
cause of ophthalmopathy, particularly in a patient with unilateral exophthalmos, 
to rule out a retrobulbar tumor or arteriovenous malformation. Approaches used 
in assessing the activity of ophthalmopathy are very helpful in determining which 
individuals will be benefitted from immunosuppressive treatment. Measurement of 
the relaxation time for extraocular muscles on T2-weighted MRI, Clinical activity 
scores (CAS), and orbital scanning with indium In 111 pentetreotide [54] have all 
been suggested for this purpose but have not been fully assessed. These above tests 
are not needed for the majority of individuals, who have only mild or moderate 
Graves’ ophthalmopathy [72].
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6. Therapy for Graves’ Disease

According to age, severity of hyperthyroidism, goiter size, presence and degree 
of ophthalmopathy, as well as patient’s personal preference, GD treatment should 
be tailored in each individual patient. Medical treatment with anti-thyroid medi-
cine (thionamides) is usually suggested in all patients to revive euthyroidism at 
first. Once euthyroidism is achieved, the long strategy comprises many choices, 
including relatively long-term (usually twelve to twenty four months) course of 
anti-thyroid drugs, radioactive iodine or surgery. Beta-blockers, if not inadvis-
able are time and again used prior to restoration of euthyroidism to reduce the 
symptoms of thyrotoxicosis. The thyroid hormone formation is blocked by specific 
thionamides or antithyroid drugs (propylthiouracil and methimazole). These drugs 
prevent the thyroid hormone production by inhibiting iodine organification and 
coupling of iodotyrosines. Treatment of this disease with these drugs is usually 
well tolerated. Some of the side effects like skin rash and, hardly Granulopenia, 
Hepatits and Arteritis may occur. Methimazole is currently most well liked over 
propylthiouracil, owing to the proof of a lower prevalence of severe side-effects, 
particularly hepatitis [73], with the exception of the first trimester of pregnancy, 
when propylthiouracil is preferred due to the increased rate of congenitalmal 
formations, especially aplasia cutis, which has been reported with the utilization 
of methimazole [74]. Due to the high probability of recurrence of hyperthyroidism 
after the withdrawal of therapy, this method is not suggested to individuals having 
large goiters. Contrary, in individuals with thyroid eye disease (ophthalmopathy), 
we tend to like a surgical removal of all or part of the thyroid gland (thyroid-
ectomy), radioiodine ablation, or both owing to the pathogenetic role of cross-
reactive antigens between the thyroid and orbital tissues [75]. In some centers, 
the methimazole is used at higher doses than desirable amounts needed to correct 
hyperthyroidism in coalition with thyroid hormone for block and replacement 
treatment. This tactic relies on plausible immunosuppressive methimazole action, 
which still has not been incontestable in studies related to humans [76]. Radioiodine 
is ideally administered after the accomplishment of euthyroidism with the help of 
anti-thyroid drugs. Hypothyroidism is induced to attain a stable remission of GD, 
this is the goal of the treatment. To calculate the appropriate radioactive iodine dose 
to be given, 24 hour radioactive iodine uptake is usually performed before treatment 
and used together with gland volume. However, a fixed radioiodine dose may also 
be given without interfering with the outcome [77]. Radioiodine treatment, when 
using appropriate dose, within 1 to 6 months in the majority of patients (about 
80%), it leads to hypothyroidism. Those Patients having large goiter the radioiodine 
therapy should not be used as it has low success rate unless repeated treatments 
are planned. It has been seen that radioiodine has acute side effects which are 
mild, well tolerated and generally self-limiting. Radioactive therapy for the treat-
ment of hyperthyroidism sometimes causes a transitory pain and swelling of the 
neck and subsequently requires a treatment with oral glucocorticoids. During this 
process, for a short period of time the symptoms of thyrotoxicosis may exacerbate 
due to the release of preformed thyroid hormones. After radioiodine treatment, 
a transient worsening or more rarely, the fresh appearance of thyroid eye disease 
may occur, but it can be easily prevented by the administration of oral prednisone 
after radioiodine for 8–12 weeks. After radioiodine therapy in adults with Graves, 
there is no evidence of an increased risk of thyroid cancer and other solid tumors as 
well as of leukemia [78]. No major studies are available in children unfortunately. 
So, radioiodine treatment is not recommended before the age of 18–20 years. With 
the exception of a transitory decrease in testosterone levels in men, no effects on 
the reproductive system in male and female have been described [79]. A patient 
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with a large goiter has been indicated by Thyroidectomy. The surgical procedures 
most commonly recommended in patients with GD are near total thyroidectomy 
(NT) or total thyroidectomy (TT), consisting in the removal of most or all visible 
thyroid tissue, respectively. Both procedures result in hypothyroidism. Recurrence 
of hyperthyroidism is extremely rare. The rate of post-operative complications (e.g. 
surgical hypoparathyroidism, laryngeal nerve paralysis) is not increased compared 
with that observed using other less aggressive surgical procedures [80]. Briefly, the 
treatment of choice depends on the seriousness and activity of GD. In individuals 
with moderately severe thyroid eye disease, the usage of intravenous glucocorti-
coids is the first-line treatment and if this intravenous glucocorticoids treatment 
fails, orbital decompression is performed [81]. And this rehabilitative surgery 
(orbital decompression, muscle or eyelid surgery) must be considered when the 
eye disease is inactive. No major treatments are required for the majority of patients 
having a mild ophthalmopathy, and patients are given local measurement (e.g. eye 
lubricants, sun glasses) or, based on a recent study, selenium [82].

7. Conclusion

Since the incidence of Graves’ Disease is increasing at pace and already told in 
the above chapter that it has an unpropitious effects on the quality of life as it causes 
weight loss, fatigue irritability, goiter (swelling in the thyroid gland) and much 
more. It also affects skin and eyes the conditions called Graves’ dermopathy and 
Graves’ ophthalmopathy respectively. As explained earlier this disease is thought to 
result from a combination of environmental and genetic factors most of which are 
unknown. So it is necessary to understand those factors, which will help us in the 
better management of this disease in future.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 5

Autoimmune Mechanism and 
Recurrence Risk in Graves’ Disease
Vasudha Bakshi and Gollapalli Rajeev Kumar

Abstract

Graves’ Disease (GD) is an autoimmune thyroid disorder where autoantibodies  
are produced against TSH (Thyroid Stimulating Hormone) receptor causing thyro-
toxicosis. It is characterized by goiter, ophthalmopathy, and occasionally pretibial 
myxedema. The autoimmune mechanism causing disease is not well understood 
and it is complex. It involves multifactorial etiology involving environmental and 
genetic factors. Smoking and positive family history contributing to the develop-
ment of GD. GD can be diagnosed based on the clinical manifestation and dem-
onstrating low concentration of TSHs, high TRab (Thyroid Stimulating Hormone 
receptor autoantibodies), and high FT4 (Free thyroxine) concentration. Current 
treatment options aimed at stable restoration of euthyroidism by following different 
modalities of suppressing thyroid gland using antithyroid drugs, removing/ablating 
thyroid gland by surgery, and radioactive iodine treatment with iodine- 131.

Keywords: Graves’ Disease, Thyroid Stimulating Hormone, Thyroid Stimulating 
Hormone receptor autoantibodies, Free thyroxine

1. Introduction

In this particular, Graves’ Disease (GD) an autoimmune disorder, caused by 
excessive secretion of the glandular thyroid hormones by the thyroid follicles, 
which is related to the progressive hyperthyroidism condition. It is found to be the 
main cause of hyperthyroidism. The annual incidence has been reported of about 
14–50 cases per 100,000 populations [1]. The disease may affect at any age and the 
incidence increases with age. The peak incidence of GD is between 30 and 50 years. 
It is generally accepted that younger patients have a severe immune system disorder 
where GD is predominantly found [1]. Few studies showed that younger patients 
are having poorer responses to ATD and poor prognosis with recurrent risk [2–4]. 
The lifetime risk of getting Graves’ Disease is roughly 6 times higher in women 
than in men [1]. The exact mechanism of affecting the different gender is not 
known but believed to be associated with different sex hormones. Females are being 
affected more and the strongest risk factor contributed to the development of GD is 
estrogen. Estrogen influences B- cell functioning and regulates the immune system 
[5]. In GD patients, elevated estradiol relates to TRAb (TSH receptor antibody) 
positivity [6]. The risk of recurrence of GD after the withdrawal of the anti-thyroid 
drugs (ATG) is majorly seen in male GD patients [7, 8]. Large goiter with severe 
immune disorders and genetic aspects are associated with the development of GD 
in males. Genetic factors associated with GD are cytotoxic T-associated lymphocyte 
factor-4 (CTLA4) rs231779 and rs231775, especially Thyroglobulin (Tg) and TSHR 
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polymorphisms are linked with relapse in GD after the withdrawal of ATD. At four 
weeks following the completion of a randomized tobacco trial of ATD, the TRAb 
level was significantly higher in smokers than in nonsmokers [9–11]. Smoking 
promotes elevated levels of TRAb contributed to the development of GD. A number 
of factors recognized against GD includes stress, sex and sex hormones, pregnancy, 
infection, other autoimmune diseases, iodine and other potential environmental 
factors such as radiation have been recognized against Graves’ Disease. The result-
ing breakdown in thyroid tolerance would lead to errors in multiple protective 
immune mechanisms. It is noted that sera of Graves’s patients may contain the 
“predominant Hashimoto” thyroglobulin (Tg) and thyroid peroxidase antibodies 
(TPO Abs). Antibodies toward Hashimoto bind to the TSH receptor while, rather 
than promoting TSH action, block the growth of TSH action during illness and have 
seen positive results throughout the thyroid condition of Graves’ Disease [12].

2. Clinical features of Graves’ Disease condition

Symptoms of hyperthyroidism associated with thyrotoxicosis are nervousness, 
overactivity, insomnia, palpitations, mental confusion, weight loss and prominent 
signs of thyrotoxicosis are tachycardia, atrial fibrillation, hyperreflexia systemic 
hypertension, warm moist skin, hyperactivity, and tremors. The clinical features 
predominantly observed in GD are orbithopathy, pretibial myxedema, and goiter.

The pathogenesis of ophthalmopathy includes the immune response to a TSH 
receptor–like protein in orbital connective tissue initiates cytokine formation fur-
ther promoting production by orbital fibroblasts of hydrophilic glycosaminoglycan, 
resulting in high osmotic pressure, fluid accumulation, and clinical ophthalmopa-
thy. Eye muscle antigens include the flavoprotein (Fp) subunit of mitochondrial 
succinate dehydrogenase, G2s and the FOX P1 protein, a winged helix transcription 
factor, and their respective antibodies are clinically useful markers in the diagno-
sis of GD. The respective roles of the connective tissue response and eye muscle 
antibodies involved in the pathogenesis are under investigation.

3. Pathogenesis

Autoimmune thyroid diseases are the most prevalent organ- specific which 
includes Graves’ Disease (GD) and Hashimoto’s Thyroiditis (HT). The hyperactivity 
of the thyroid gland is due to the production of thyroid stimulating antibodies (auto-
antibodies) and are known to recognize and activate thyroid stimulating hormone 
receptor. The autoantibodies produced by TSHR increase the growth and functioning 
to thyroid follicular cells resulting over production of T3 and T4. It has been suggested 
by the studies that a genetic clonal lack of suppressor T cells may be responsible for 
the inappropriate and unregulated production of TSH receptor antibody [13].

3.1 Autoimmunity mechanism

The pathological process involved in Graves’ Disease is similar to other auto-
immune disease but a unique aspect found in the majority of patients is TSHR 
antibodies which cannot be found in normal individuals. The characterization 
of the autoimmunity process includes a lymphocytic infiltrate seen at the target 
organ and the presence of antigen-reactive T and B cells against thyroid antigens. 
As in all autoimmune diseases it is observed when self-tolerance is broken; T cells 
identify self-antigens, and B cells produce antibodies targeting host cells. Many cell 
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self-specific T cells escape thymic deletion; however, additional mechanisms like 
clonal anergy and peripheral suppression normally prevent reactions to auto anti-
gen. B cells which recognize a specific cell auto antigen in the lymphoid organs are 
taken into T lymphocyte areas; B lymphocytes normally kill by apoptosis if they are 
not activated by T available cells while B lymphocytes, binding soluble self-antigen, 
are anergised; they down- regulate expression of membrane IgM and live for a short 
period. B cells are inactivated by T-cells available for support. An additional B cell 
tolerance mechanism includes allelic exclusion and clonal ignorance in receptor and 
autoreactive B cell receptor (BCRs).

3.2 The thyroid antigens

3.2.1 Tg and TPO

Thyroglobulin (Tg) is 660 kDa, a dimeric glycoprotein secreted by the fol-
licular cells of the thyroid gland and acts as a substrate for the synthesis of T3 and 
T4. Besides, it stores an inactive form of thyroid hormone and iodine in the lumen 
of the thyroid follicle. The antibodies produced in response to Tg induce massive 
destruction of the thyroid gland but few studies propose to show high levels of 
Tg do not perse induce antibody production. Thyroid hormones are synthesized 
on the Tg with the help of thyroid peroxidase (TPO). TPO is an enzyme Anti-
thyroglobulin antibody (ATA) and TPO- specific T cells are often found in GD 
patients. Tg antibodies recognize the confirmation of a large fragment of Tg [14]. 
These are directed against the same epitopes which are mainly observed in GD. 
Antibodies against TPO are involved in complement/antibody-mediated cell 
toxicity and target toward conformational epitopes.

3.2.2 GD auto antigen and TSH receptor antibodies

The auto antigen which is mainly expressed in Graves’ Disease is thyroid 
stimulating hormone receptor (TSHR). It is a G protein coupled receptor with 7 
trans membrane spanning domains expressed in thyroid gland but also in adipose 
cells, fibroblasts, bone cells including heart cells [15]. Binding to circulating TSH, 
a G-Protein signal activates adenylcyclase cascade events and intracellular levels of 
c AMP increases. Rise in c AMP activates all the functional activities of thyroid cell 
which includes iodine pumping; synthesis of thyroglobulin, iodination, endocyto-
sis, and proteolysis; activity involving thyroid peroxidases; and hormone release. 
Literatures suggest that there may be a shedding of the TSHR ectodomain [16–18] 
even though it has not been confirmed in vivo.

The presence of TSHR-Antibodies (TSHR-Abs) [19] is the most unusual feature 
of most GD-patients. The early analysis of TSHR-Abs [20] represents the most 
accurate definition of their features, which resulted by analysis of monoclonal 
antibodies to the TSHR from various sources, including human, mouse and ham-
ster: mouse and hamster antibodies are secondary to TSHR [21–23]. Three types of 
TSHR-Ab are identified among autoimmune-thyroid patients and similar diseases 
are observed in immunized rodents; stimulating, blocking, and so-called “neutral.” 
TSHR-Abs that has proved to be beyond neutral in their biological activity has 
been characteristic of the TSHR ectodomain’s cleavage. Stimulating Antibodies 
(Stimulating Abs) induce cAMP production and inhibit any simultaneous activa-
tion of the thyroid function that bind to naturally conformed TSHR. TSHR block-
ing antibodies, its main bioactivity of this is to prevent TSH receptor binding in a 
manner that may cause thyroid problems, and also it act as weak TSH agonists. Such 
blocking antibodies depend on conformation, and others are very similar to the 
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decreased TSHR antigen and/or linear peptides. At the end, neutral TSHR antibod-
ies may not prevent or stimulate cAMP production or TSH adhering. Neutral TSHR-
antibodies bind only to linear epitopes and are targeted against the “unique region” 
located in receptor among specific amino acids 316–366 [24]. In GD patients, 
the presence of different ratios with high-affinity TSHR-Abs contributes to the 
clinical phenotype. Therefore, a function-based classification of these antibodies 
appears more relevant than their ability or failure to influence the binding of TSHs 
or cAMPs.

3.3 Different epitopes of TSHR Abs

3.3.1 Monoclonal antibodies against TSHR

Any monoclonal antibody raised to TSHR protein or antigen includes synthe-
sized peptides and recombinant ones, that have been shown to be neutralizing 
in mechanism. Only natural intact TSH receptors or genetic immune are used to 
stimulate thyroid-stimulating antibodies and establish an animal hyperthyroidism 
model [25–28]. Monoclonal antibodies, such as MS-1, have been raised in hamsters 
utilizing rare B cells that secrete TSHR-enhancing antibodies [29]. Rodents and 
humans have been used to identify blocking and neutral monoclonal antibod-
ies (mAbs).

3.3.2 Stimulating TSHR-Ab epitopes

Part of the TSHR ectodomain has also been crystallized with the support of 
appropriate stimulating monoclonal fragment TSHR Fab bound in situ [30]. Many 
amino acids have a large section of the concave surface of the TSHR ectodomain 
that has been identified as important for antibody binding, in the leucin-rich repeat 
region (LRR). Reviewing recent studies particularly at conformational epitopes 
using mass spectrometry [29] have shown that epitopes exist outside the LRR for 
blocking and stimulating monoclonal antibodies. The prominent region exist at N 
terminal region of the extracellular domain (ECD) has been well demonstrated and 
also at the residues in the “hinge” region [31].

3.3.3 Blocking TSHR-Ab epitopes

TSHR antibodies block epitopes are widely distributed compared to stimulat-
ing antibodies. Thus, blocking TSHR monoclonal antibodies (TSHR-mAbs) have 
been shown to have binding affinities to independent or confirmational epitopes 
[32]. In patients with GD or HT, TSHR autoantibodies showed themselves to 
compete in N-terminal TSHR beta subunit (aa382–415), with a blocking TSHR-
mAb. Blocking hypothyroid antibodies therefore is heterogeneous in nature and 
this repertoire of anti-bodies involves multiple epitopes. Crystallization and 
modeling of human and mouse blocking TSHR Abs attempting to block and these 
TSHR-Abs strongly proposed that the N-terminal and the leucine-rich binding are 
linked [33, 34].

3.3.4 Cleavage TSHR-Ab epitopes

Peptide binding (ELISA) and the monoclonal competition of antibodies in 
patients with Graves’ Disease is shown throughout cleavage (aaa 316–366) (com-
petitive inhibition assay by FACS). The tissues of the TSHR are strongly related. The 
main linear epitopes in animal GD models are known in the area of cleavage [35]. 
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Such antibodies are not competitive to TSH-borne binding in the cleaved area and 
are therefore often called “neutral.”

3.4 TSHR-mAb induced signal transduction

Through the stimulation of agonist, TSH and TSHR-Abs the TSH receptor seems 
to be active and enhanced. Intracellular signal transmissions spread through clas-
sical GPCR effector proteins with the Gαq and Gαs interaction with the recipient 
directly.

Docking Gαs into the activated receptor results in an increased adenylatecyclasis 
activity generated by the cAMP, direct activation of protein kinase A (PKA) and 
cAMP element-binding protein (CREB). Gαq docking involves PI3 and DAG forma-
tion and further activation of Ca2+ and protein kinase C (PKC). Enables Erk1/2 and 
p90RSK subsequently. Stimulating TSH-mAb has shown to act in a dose-dependent 
and time-dependent manner via the Gαq-PKC-Akt cascade, and the rat thyroid 
model (FrTL-5) was found to be relevant on PKA signaling [36, 37]. Monoclonal 
antibodies, which are frequently detected by point-of-care tests, were also demon-
strated to activate non classical TSH receptor pathways, though this was reported as 
only a few of the studies have shown this. Certain neutral antibodies are not found 
to increase cAMP, but could signal by means of Akt, c-Raf/ERK1/2/p90RSK, PKC, 
and PKA/CREB [37].

3.5 Apoptosis in GD

Apoptosis is absolutely essential for the development of the aggressive immune 
system. The initial theories about thyroidectomy-induced autoimmunity postulated 
that antibody and T cell-mediated destruction of the thyroid contributed to the 
death of thyrocytes. In the ensuing years, it is discovered that apoptosis had a part 
in GD [38]. Apoptosis provided a new insight into autoimmune target destruction, 
further implying the participation in possible pathogenesis of thyroid autoimmu-
nity from death-controlled receptors and cytokine-related apoptotic pathways. An 
abnormally increased level of CD4(+) regulatory T cells break host immune toler-
ance and initiate T-reg apoptosis [39] and, in this way, foster abnormal T-mediated 
immune activation in patients with GD. Bcl-2 regulatory protein family is recently 
linked to the pathogenesis of GD [40] looked at apoptotic proteins, and observed a 
relation to the expression of the Bcl-2 regulatory family in the thyroid follicular cells 
in GD [41]. Furthermore, the researchers suggested that an increase in apoptotic 
molecules (Fas/FasL and caspase 8) are present on T and B lymphocytes in GD and 
HT patients, demonstrating involvement in GD pathogenesis. It is clear to describe 
in apoptosis, death receptors/ligands play a regulatory role, but caspase-indepen-
dent mechanisms can also coexist and contribute to GD thyroid cell death.

3.6 Apoptosis and thyrocyte oxidative stress induced by TSHR antibodies

The induction of cell proliferation via stimulating- monoclonal antibodies 
(mAbs) shown in thyrocyte stimulation studies with TSHR-mAbs that have been 
conducted with cAMP. Some neutral monoclonal antibodies (mAbs) have been 
identified as stimulating multiple stress signals and apoptosis induced. These 
antibodies are responsible for activation of multiple oncogenes, including p53, 
p73 and Reactive oxygen species (ROS). In addition, endoplasmic reticulum stress 
protein (gp98) is induced and the expression of heat shock proteins (p27 and p107), 
hemaoxygenase (HO) and superoxide dismutase (SOD) is further activated and 
supported.These data support stress signals in the thyroid cells of Graves’ Disease. 
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A morphologic staining (annexin V and propidium iodide) and a quantitative flow 
cytometry test [42] confirmed the cell death caused by apoptosis, and is likely to 
confirm the previously described histological evidence that thyroid tissue apoptosis 
is found in GD patients. These observations have revealed that stress signaling 
cascades have been involved although oxidative stress alone or cell-specific signal-
ing molecules induced such apoptosis remain unclear. These results also indicated 
the ability of neutral TSHR monoclonal antibodies (TSHR-mAbs), which is known 
to activate inborn and bystander immune reactivity via DNA release from apoptotic 
cells [43], to aggravate the local infiltration in a thyroid. This same phenomenon  
may be associated with Graves’ orbitopathy as these cells were abundantly expressed 
by activation-induced fibroblast death.

3.7 Humoral immunity

The GD Rodents have shown humoral immunity against other TSHR-
immunized antigens, unless outbred animals like hamsters have been used, to show 
intrathyroid infiltrate. This implies that GD is an intricate genetic disorder, usually 
associated with autoimmune thyroiditis. AITD is not known for the presence of 
pendrin antibodies, sodium iodides symporters [44, 45], thyroxine, triiodothyronin 
[46], tubulin, megalin, calmo-modulin and DNA, or DNA-related proteins [47–49]. 
The IGF-1 receptor is widespread in B cells and in fibroblast from GD patients, 
although over-expressed. In activation of the thyrocyte, synergism between 
antibodies to TSHR and the IGF-1 receptor was suggested. That requires further 
research as TSH and IGF-1 or insulin are commonly known to induce proliferation 
of thyroid cells.

4. Diagnosis

Diagnosis of GD is complex and difficult. The combined effect of several 
symptoms and symptoms leads the doctor to suspect the thyroid irregularity. 
Comprehensive history such as intake or exposure to iodine, drugs, thyroid and 
autoimmune history and physical exam, vital signs such as pulse rate measure-
ment, blood pressure measurement, respiratory and body weight. Moreover, the 
presence or absence of a thyroid tenderness, symmetry and nodularity should also 
be evaluated; pulmonary, cardiac and neuromuscular function and the presence of 
eye signs or pretibial myxedema. Because hyperthyroidism is frequently associated 
with low or undetectable levels of TSH, it is an easy biochemical diagnosis to make 
if thyrotoxicosis is found. T4 and T3 are usually high, but are relatively higher in 
GD serumT3 than T4. The T4 and T3 concentration levels are usually high. In mild 
forms of hyperthyroidism and during earliest phases of DG only serum T3 levels 
can be enhanced (T3 toxicosis). The removal of the lid, anxiety, an increase in neck 
volume, signs of involvement with the eye and the history of autoimmune disease in 
the family also distinguish GD from other types of hyperthyroidism (e.g., toxin goi-
ter, toxic adenoma) (e.g., silent or subacute thyroiditis, exogenous thyroid hormone 
use). Serum measurement of the TSH-receptor automatic antibody (TRAb) helps 
confirm diagnosis. New bioassays for the thyroid stimulant immunoglobulin (TSI) 
especially aid in the measurement of TSI’s ability to increase the intracellular cAMP 
level by detecting stimulating antibodies. Radioactive Iodine uptaking (RAIU), 
despite a clinical examination, thyroid function evaluation and TRAb detection 
should only be carried out when the diagnosis is unclear. The pattern for iodine 
uptake in GD is diffuse if no coexisting nodules or fibrosis do not occur. Technetium 
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99 can be of assistance. Increased color Doppler flow supports thyroid hyperactiv-
ity diagnosis. In case of thyroid nodularity in the neck or in a thyroid scintigram, 
thyroid scan must be conducted.

5. The factors that influence the recurrence in GD patients

5.1 Biochemical parameter

The severity is linked to recurrence risk in ATD-treated GD patients. Partly the 
biochemical parameters help to determine the seriousness of GD. The parametric 
increase of serum T3, which is affected by increased intrathyroid type 1 deiodinase 
activity, is significant in untreated GD. Independent GD factors influenced free 
thyroxine-to-free triiodothyronine ratio (FT3 andFT4) is predictive for the ATD 
treatment outcome for patients with GD. Hyperthyroidism symptoms observed 
after the treatment with beta-blockers. Patients with a higher T3/FT3 or FT3/
T4 serum ratio have been found to be more at recurrence, requiring a longer and 
more additional dose in the treatment. The risk of relapsed treatment is increased 
for patients with a higher serum T3 and FT3/FT4 ratio. When a patient has a high 
T3/T4 ratio, therapy should be continued for at least one year after the ATD has 
been removed. Serum thyroid-stimulating hormone (TSH) should be measured. 
However, as it is known, the thyroid hormone has a negative feed-back influence 
on the TSH. Thus, prior research has established that drug discontinuation is 
associated with elevated levels of TSH. These findings suggest that treatment with 
a prolonged ATD may be indicated for GD patients who do not normalize their 
thyroid-stimulating hormone levels quickly.

5.2 Immune parameters

The GD is the result of hyper-activation by TRAb of the TSH receptor in fol-
licular thyroid cells. In approximately 95% of newly diagnosed GD patients, TRAb 
is positive and higher TRAb levels are indicative of serious immune disorder. Recent 
times have demonstrated TRAb as a helpful and qualitative prognostic indicator 
for ATD therapy. At the time of GD diagnosis, patients with high TRAb levels 
had a considerably higher recurrence risk, while TRAb patients were often more 
likely to get long-term recovery. Switching from positive to negative TRAb in GD 
patients involves a reduced immune disorder after ATD therapy. In the prognosis of 
GD patients, TRAb levels were also observed at ATD withdrawal. Recurrence risk 
was noted to be increased in TRAb-positive GD during the time of drug discon-
tinuation. New assays can be used to distinguish the stimulating (stimulating) 
and blocking (disturbing) effects of medications on antigen responses. Thyroid 
stimulating antibodies (TSAb) antibodies are found to be predominant in GD 
patients. Recently, the value of TRAb for patients on GD treatments for recurrence 
risk with prediction has been shown to be greater than that of GD, particularly 
TSAb. GD patients with thyroiditis from Hashimoto appear to be remission after 
Hashimoto’s thyroiditis due to advanced harm. The prevalence of peroxidase/
peroxidase antibodies is highest in people with Hashimoto’s thyroiditis. Few studies 
have analyzed whether the existence of Thyroid peroxidase antibodies (TPOAb) 
and Thyroglobulin antibodies (TgAb) autoantibodies is linked to the risk of a 
subsequent relapse in those with GD. People with GD may also show low TPOAb 
and TgAb levels, and in such cases, the clinical and laboratory findings are not 
completely consistent with the diagnosis of Hashimoto’s disease.



Graves’ Disease

92

5.3 Goiter size

A major clinical manifestation found in GD patients is the large goiter. Previous 
studies show a large predictor of increased risk of recurrence in GD patients after 
the removal of ATD, goiter size. Findings from 5 years of trail follow-up have shown 
that the rate of remission for normal or mild-goiter patients is higher than for large-
goiter patients. GD patients with significantly lower goiter sizes tend to have higher 
rates of remission after ATD treatment. Enlarged goiter size at the time of GD 
diagnosis and drug withdrawal is associated with a higher recurrence risk of GD.

5.4 Graves’ orbitopathy

At the time of diagnosis of GD, Graves’ orbitopathy is observed in 35% of 
patients. Sometimes, the presence of the Graves orbitopathy indicated that the 
immune system gets worsen. Previous studies show that the risk of GD recurrence 
after withdrawal of ATD in patients with Graves’ orbitopathy is higher [38]. An 
Eckstein et al. study even found that GD patients with severe Graves’ orbitopathy 
only received a 7% remission rate. Although the recurrence rate is higher, the ATD 
treatment remains a preferred therapeutic option for GD patients with orbitopathy 
of Graves because Graves’s orbitopathy improves as well as a steady eutyroid status 
achieved and reduces inflammatory markers of the TRAb. Recent studies have dem-
onstrated that the continuous low dose of ATD has helped to improve GD disease in 
Graves orbitopathy patients.

5.5 Genetic factors

Genetic factors plays a key role in the pathogenesis of GD and increase the 
risk of recurrence to the development of GD. Several studies supports both 
cytotoxic T-lymphocyte-associated factor 4 (CTLA4) rs231775 and rs231779 
polymorphisms were strongly associated with recurrence of GD even after ATD 
withdrawal in Asians, while there is no association in Caucasians for developing 
GD. In Caucasian patients with GD, the recurrence risk after ATD withdrawal 
was observed with the polymorphisms of HLA DQA2, HLA DRB1∗03, and HLA 
DQB1∗02. The HLA region majorly contains immune response genes and tHLA 
polymorphisms might also influence the outcome of GD patients by regulating the 
immune system.

5.6 Environmental factors

GD starts with some environmental factors in the predisposed genetic associa-
tion in individuals. Stress is one of the important environmental considerations, 
and a majority of the studies have supported the association between stress and 
recurrence in GD patients after ATD therapy. The overall stress score for large life 
events was significantly higher in the recurrence group in a prospective study that 
examined the recurrence risk of GD in patients than in the remission. Another trial 
showed that the recurrence group was more stressful than the remission patients, 
and that the total number of stressful events is linked to the number of the recur-
rence. Psychosocial stress is an important part of a stressful event. It is worth 
mentioning. Previous trials showed that the risk of GD recurrence is higher than 
that of GD patients without such a disease for patients with psychiatric disorders as 
depression and hypochondriasis. Therefore, reducing stress is an essential way of 
improving the prognosis of ATD-treated GD patients. Another ecological factor is 
iodine intake.
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The synthesis of the thyroid hormone is based on Iodine. Increased content 
of iodine in thyrocytes has promoted degradation of ATD and reduced uptake of 
ATD. The supplementation of iodine increased the GD recurrence rate. After ATD 
withdrawal hyperthyroidism in euthyroid GD patients arose when pharmaceutical 
doses of iodine were taken. Epidemiologic studies have shown, however, that in 
iodine-adequate countries, recurrence rates in GD patients do not exceed those in 
iodine-deficient areas following ATD withdrawal.

6. Conclusion

Autoimmunity is a collection of heterogeneous disorders which is controlled 
by complex genetic and environmental factors. In GD, the prominent antigen 
responsible is TSHR and the studies of extra thyroidal TSHR expression in different 
variety of cell types and immune cells has added to the complexity of the disease 
and also introduced a variety of potential new mechanisms that may be involved. 
A common approach of GD is that TSHR-Abs promote the disease by enhancing 
thyroid antigen expression. Precision medicine’s promise is still important in the 
future. The chapter has personalized diagnostic and therapeutic approaches will 
encompass both a patient’s genomic makeup and their environmental factors.
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Abstract

Graves’ Disease is a form of specific autoimmune disorder in the thyroid organ 
characterized by thyroid-stimulating antibodies (TSAb). Pregnant women are 
the most susceptible to GD due to hormonal changes and tolerance of immune 
responses during pregnancy. The incidence of prematurity, low birth weight 
(LBW), and neonatal thyrotoxicosis risk are the most complications that can 
be acquired if treatment is late and inadequate. It has implications for increased 
fetomaternal morbidity and mortality. Apart from being a biomarker for definitive 
diagnosis, TSAb testing is also beneficial for assessing treatment response and pre-
dicting relapse of GD (relapse) after oral anti-thyroid treatment. GD patients with 
high TPOAb titers also tend to have a high relapse rate. However, the evaluation 
of both TSAb and TPOAb examinations during and after treatment is rarely done 
routinely due to the examination’s high cost. This works proposed developing TSHR 
and TPO antigen-based rapid diagnostic tests through the immunochromatography 
method to address the challenges of financing and limited laboratory facilities in 
the area. Besides, understanding the importance of examining thyroid antibodies 
(TSAb and TPOAb) and interpretation in clinical practice is still a matter of debate 
in clinical circles, so it requires in-depth information.

Keywords: Graves’ Disease, thyroid-stimulating antibodies, thyroid peroxidase, 
pregnant women

1. Introduction

Improved hygiene and technological advances in several developed and develop-
ing countries have implications for health improvements marked by a decrease in 
the population’s infectious diseases. However, on the other hand, the tendency of 
autoimmune disease [1] and cancer [2] is increasingly being found with the avail-
ability of early detection screening tools. Genetic susceptibility, nutrition, and 
environmental factors are risk factors for the increasing prevalence and incidence of 
autoimmune diseases in the population [3, 4].
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Autoimmune cases in specific thyroid organs are the second-highest after 
rheumatoid arthritis [1], with an incidence rate of about 2–5% affecting the world 
population [5]. Based on screening data from US and European populations, it was 
reported that autoimmune thyroid diseases such as Graves’ Disease were more dom-
inant in women than men with a ratio of 5: 1 [6, 7]. The cause of the predominant 
tendency of women to develop autoimmune disorders is still being debated. Several 
hypotheses are associated with the structure of the X chromosome and hormonal 
changes. Morphologically, the X chromosome is larger and contains more genes 
(800–900 genes) than Y chromosomes (50–60 genes). Most of the genes related to 
immune system response and regulators are present on the X chromosome so that 
women have a higher risk of developing autoimmune disorders than men who only 
have one X chromosome [8, 9].

2. Graves’ Disease in pregnancy

Graves’ Disease (GD) is a form of specific autoimmune disorder in the thyroid 
organ characterized by the formation of thyroid-stimulating antibodies (TSAb) and 
increased thyroid hormone secretion (hyperthyroidism) [10]. This disorder was 
first introduced by Robert James Graves in 1835, who has clinical features such as 
goiter, palpitations, and orbitopathy [11]. About 60–80% of hyperthyroid disorders 
in the population are due to GD [12], with an incidence of 1–2 cases occurring in 
1000 pregnancies [13]. GD disorders can affect all age groups, both children [14], 
reproductive age [15], and the elderly [16], but the most incidence occurs in women 
aged 20–49 years [6, 17].

Pregnant women are the most susceptible to GD, which is thought to be due to 
decreased immune tolerance during pregnancy [18] and hormonal changes [19]. 
Approximately 0.4%-1.0% of women of reproductive age have GD before preg-
nancy, and 0.2% have it during pregnancy [13]. The American Thyroid Association 
(ATA) has issued recommendations for routine thyroid health screening in preg-
nant women, especially the first trimester of pregnancy and postpartum [20]. 
Besides, all women of reproductive age who are suffering from GD or have a previ-
ous history of GD are encouraged to seek counseling when planning pregnancy as 
an effort to improve fetomaternal health [19].

The high titer of maternal TSAb that can cross the placental barrier will mani-
fest in impaired fetal thyroid function, increasing fetomaternal morbidity, and 
mortality [18, 21]. Preterm birth (prematurity) [22], low birth weight (LBW) 
[21, 22], and risk of neonatal thyrotoxicosis [23] are some of the frequently 
reported fetomaternal complications. Apart from TSAb testing, the ATA also 
recommends that pregnant women with a positive TPOAb be advised to evaluate 
serum TSH levels every four weeks during the second trimester [20].

3. TSHR and TPO as autoantigen

Genetically, polymorphisms in the thyroid-stimulating hormone receptor 
(TSHR) gene found on chromosome 14q31 [24–26] and the thyroid peroxidase 
gene on chromosome 2p25 (TPO) [27, 28] are closely related to susceptibility and 
severity of GD disease in various populations. Both thyroid-specific genes can act 
as autoantigens and are potential genetic biomarkers for GD [29, 30]. The term 
autoantigen indicates that a protein originates within the individual’s own body, has 
a highly conserved structure, and is coded for genes with a low mutation rate. Thus, 
autoantigen is not an abnormal molecule but is coded only for genes that undergo 
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polymorphisms in the population. Polymorphisms cause variations in protein 
structure and function so that they are sometimes recognized as foreign antigens 
that can interact with T lymphocytes and antibodies [31, 32].

Thyroid-stimulating hormone receptor (TSHR) is a protein molecule that plays 
a vital role in the growth and differentiation of the thyroid gland and is directly 
involved in signal transduction and regulation of thyroid hormone biosynthesis 
[33, 34]. TSHR protein is the primary autoantigen that triggers GD and is a target 
that is attacked by TSAb [35]. T lymphocyte immunotolerance’s failure to the TSHR 
antigen triggers the infiltration of lymphocytes, dendritic cells, and macrophages 
into the thyroid follicle. Furthermore, lymphocyte infiltration triggers the secre-
tion of several pro-inflammatory cytokines such as interleukin 1ß, IL-6, IL-12 
interferon-ƴ, ligand CD40, and tumor necrosis factor-α. Presentation of TSHR 
peptides by dendritic cells on MHC-II molecules will activate B cells and differenti-
ate plasma cells to synthesize and secrete TSAb into the circulation [10, 36]. TSAb 
protein, which mimics the action of TSH on the surface of the thyroid follicle cells, 
is the leading cause of thyroid hyperplasia and hyperfunctioning of T3 and T4 
secretion becomes uncontrolled [37].

In the majority of people with GD, other autoantibodies can also be found, such 
as thyroid peroxidase antibody (TPOAb) [38, 39]. Thyroid peroxidase (TPO) is 
the main enzyme that assists in the biosynthesis of thyroid hormones. The TPO 
enzyme catalyzes the organization of iodine (iodination) and the coupling process 
of iodothyrosine residues in thyroglobulin [40]. In GD, the persistent lymphocyte 
infiltration of the thyroid follicular cells can also trigger a failure to tolerate the 
TPO autoantigen’s immune response. About 80% of people with GD have positive 
TPOAb, which can activate the complement cascade, causing thyroid gland damage 
and dysfunction [38, 41]. Physiologically, the presence of TPOAb can also be found 
in normal populations around 10%-15% [42, 43], and in thyroid malignancies 
around 10%-20% [41].

Although both autoantibodies cross the placental barrier, only maternal 
TSAb titer can interfere with fetal and neonatal thyroid function. In contrast, 
the presence of TPOAb does not significantly affect neonatal thyroid function 
[20, 44]. However, monitoring of thyroid antibody titer and regular counseling 
is necessary during pregnancy due to complications of morbidity in the mother 
and infant [20, 45].

4. The role of TSAb and TPOAb in early-onset and relapse investigation

The early diagnosis of thyrotoxicosis is a challenge for clinicians because of the 
atypical clinical features and parallels the physiological changes in normal preg-
nancy [18]. Total T3, free T4, and TSH levels established during pregnancy also have 
different parameters or reference values   from non-gravidas [46, 47]. The cause of 
thyrotoxicosis during pregnancy must be identified immediately, and must be able 
to differentiate between GD and other non-autoimmune hyperthyroidism such as 
gestational transient thyrotoxicosis (GTT) [13]. Although serum human chorionic 
gonadotropin (hCG) levels were higher in GTT patients compared to GD, this 
parameter is not typical in the early phase, so TSAb examination can be indicated to 
differentiate the cause of thyrotoxicosis [20].

The presence of TSAb in serum is a hallmark or the primary marker in the 
diagnosis of GD. More than 95% of the presence of TSAb can be found in serum 
with GD [31, 48]. The presence of TSAb can be detected in the early phase of GD 
before causing characteristic clinical symptoms (asymptomatic), and the titer will 
continue to increase if not handled adequately [44]. Apart from the diagnostic 
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screening for GD, TSAb measurement is also useful for predicting cases of GD 
relapse after stopping treatment [37, 49]. The research of Kwon et al. (2016) found 
that only TSAb measurements could predict cases of GD relapse, while the thyro-
tropin-binding inhibitory immunoglobulin (TBII) examination was insensitive to 
relapsing GD cases [49]. Although the use of thionamide anti-thyroid drugs such as 
propylthiouracil (PTU) and methimazole (MMI) has an immunomodulatory effect 
of lowering TSAb titers [50], many reports of remission after treatment [51–54]. 
Carella et al. reported that TSAb titers remained positive in the majority of GD 
patients after 18 months of treatment with Methimazole (MMI) [51].

Increased TSAb titer also affects extrathyroid clinical manifestations, such as 
orbitopathy [55] and dermopathy (pretibial myxedema) [56], which can increase 
morbidity and decrease the quality of life for Graves sufferers. Bahn stated that 
TSAb titers have diagnostic value in euthyroid patients with exophthalmic [57].

In addition, TSAb measurement can also be used to determine treatment 
response (monitoring) and prognosis of Graves’ Disease patients who have been 
treated with oral anti-thyroid [52, 58].

TSAb examination in pregnant women suffering from GD or post anti-thyroid 
treatment can predict the likelihood of neonatal thyrotoxicosis [59, 60]. Pregnant 
women who have high TSAb titers and persist until the third trimester require 
special monitoring of neonates and mothers because of their increased risk of 
thyrotoxicosis [37]. The results of research by Hamada et al. showed that patients 
with GD with a history of radioactive iodine therapy (I-131) had a higher TSAb titer 
during pregnancy and were at risk of delivering babies with thyrotoxicosis [61].

Positive TPO autoantibodies can also be found in GD abnormalities, even though 
a change in titer can predict recurrence of GD after anti-thyroid treatment [27]. 
TPOAb titers are less specific than TSAb in determining the diagnosis of GD. This is 
because, in certain levels, TPOAb titer can be found in the serum of normal indi-
viduals (euthyroid) and pregnant women without autoimmune thyroid disorders. 
The prevalence of both reaches 15% in the average population and 14% in pregnant 
women [42, 43]. This percentage affects the clinical specificity of TPOAb as a 
diagnostic indicator for the detection of AITD.

Interestingly, TPOAb titers were also found in people with GD, which suggests 
an association with the course of thyroiditis. Umar et al. found that 15–20% of 
Grave’s patients had spontaneous hypothyroidism as a result of chronic thyroiditis 
(Hashimoto), and suspected that the widespread immune response in Grave’s 
episode would trigger an increase in TPO and Tg autoantibodies, causing marked 
thyroiditis. With lymphocyte infiltration in thyrocytes cells [62].

5. Development of TSAb and TPOAb measurement methods

In recent decades, methods of measuring thyroid antibodies have continued 
to evolve, ranging from semiquantitative testing via agglutination and comple-
ment fixation tests [63, 64], to ligand-specific testing using recombinant antigens 
and cultured cells transfected with human TSHR [65, 66]. The hemagglutination 
method is rarely used and has many shortcomings in terms of specificity, sensitiv-
ity and depending on operator skills (subjective). Current examination methods 
have better precision because they directly measure autoantigen and autoantibody 
interactions with high sensitivity and specificity [67].

Currently, there are two methods that are often used to detect the pres-
ence of TSHR autoantibodies, namely (i) the TBII test (TSH Binding Inhibition 
Immunoglobulin), also known as the TRAb test, which is a test to assess the capacity 
of a patient’s serum or IgG to inhibit TSH receptor binding with TSH labeled I125 
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or against recombinant TSHR protein expressed on CHO (Chinese Hamster Ovary) 
cells [37, 66]. (ii) A functional test (bioassay) to detect the presence of TSAb 
(stimulation) or TBAb (inhibition), using intact cells that are transfected with chi-
meric or human TSH receptors, which will then produce a biological response in the 
form of an increase in cAMP or bioreporter (luciferase) genes as markers. Biological 
activity against TSAb or TBAb activity in patient serum [68].

The TRAb method can detect TSHR autoantibodies that interact with the TSH 
receptor, regardless of their functional character (stimulation or inhibition). This 
method works based on competitive binding, i.e., the immunoglobulin in the patient’s 
serum will compete with either porcine (porcine) or bovine TSH that is a radiolabeled 
or human monoclonal antibody (code M22) which binds to the TSH receptor (recombi-
nant human TSHR) (Figure 1) [66, 67]. In its development, the third generation TRAb 
test uses a monoclonal antibody that binds to TSH (M22). In the research of Zöphel 
et al. proved that the sensitivity of using human TSHR monoclonal antibody M22 
(90.3%, positive cutoff 0.32 IU / I) was better than that of bovine TSH (62.9%, positive 
cutoff 1.64 IU/I) [66]. The results of a meta-analysis study conducted by Tozzoli, et al. 
showed that the sensitivity and specificity of the third generation TRAb test (98.3% 
and 99.2%) were higher than the second generation (97.1% and 97.4%) [67].

The second method is bioassay (TSAb or TBAb), which uses intact cells trans-
fected with chimeric or human TSH receptors, which will produce a biological 
response in the form of an increase in cAMP or a bioreporter gene (luciferase) as 
a biological marker of stimulating or inhibiting TSHR antibody activity in serum 
patient [68]. This method is a functional examination, which can technically be 
modified to detect the presence of TSAb or TBAb that are present together in a 
patient’s serum. The development of a second-generation bioassay method using 
a mouse/human chimeric TSHR-LH receptor (MC4) can effectively eliminate the 
effect of TBAb. This approach demonstrates sufficient specificity and sensitivity for 
the diagnosis of GD and is clinically useful for monitoring the effect of anti-thyroid 
treatment (relapse and remission) [69].

One of the modalities of the bioassay method introduced recently and widely 
used in research is Thyretain, a method of measuring TSAb activity with a 
luciferase bioreporter using chimeric TSH-LH receptors (MC4) expressed on the 
surface of CHO (MC4-CHO-Luc) cells (Figure 2). In MC4, C-terminal TSHR 

Figure 1. 
Schematic illustration of TSHR autoantibodies detection with competitive binding of TSH receptor with 
radiolabelled or human monoclonal antibody (code: M22) [68].



Graves’ Disease

104

(amino acid 262–335) is substituted with amino acids 261–329 derived from the 
mouse LH-hCG (luteinizing hormone-choriogonadotropin) receptor. The substi-
tuted TSHR C-terminal area contains the epitope TBAb. The MC4 receptor was 
designed to reduce TBAb interactions when TSAb was measured, by eliminating 
the epitope area of TSHR using TBAb. When TSAb binds to the MC4 receptor on 
CHO-MC4 cells, it produces a cascade signal that stimulates increased intracel-
lular cAMP production. Furthermore, cAMP induces activation of a promoter 
containing the luciferase gene CRE-luc (cAMP response element-luciferase). 
Luciferase activity is measured as a relative light unit, determined in cell-lysate 
through a luminometer [69–71].

Initially, TPO autoantibodies were detected as antibodies to thyroid micro-
some or AMA (anti microsomal antibody), using the semiquantitative method of 
erythrocyte hemagglutination and complement fixation [63]. The development of 
more specific detection methods is done by immunoassay or immunometric, using 
recombinant or purified TPO [72]. A recent study by D’Aurizio et al. evaluating and 
developing the diagnostic performance of third-generation immunometric meth-
ods, obtained increased sensitivity and specificity that are better than before [73].

Although many benefits can be obtained from regular TSAb and TPOAb titer 
checks in pregnant women who are suffering from GD or who have a history of GD 
before pregnancy. However, in reality, most clinicians have not routinely performed 
thyroid antibody tests, of course, with various considerations such as the high cost 
of examinations. Not all laboratory facilities can carry out TSAb examinations.

Figure 2. 
Schematic illustration of measuring TSAb activity with a luciferase bioreporter chimeric TSH-LH 
receptor [69].
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Chapter 7

Deiodinase Enzymes and 
Their Activities in Graves’ 
Hyperthyroidism
Ildikó Molnár

Abstract

The origin of hyperthyroidism in Graves’ Disease was displayed demonstrating 
the complexity of the processes. The role of stimulating TSH receptor antibodies 
is the one factor for the production of increased thyroidal T3 and T4. The T3 and 
T4 formation in colloid-embedded thyroglobulin and the activities of thyroidal 
deiodinases [type 1 (DIO1) and type 2 (DIO2)] play a crucial role in that. The 
findings of different authors were summarized with respect to highlighting the 
role of tissue-specific deiodinase activities. Apart from the results of experimental 
studies, the clinical results were brought to the front. The role of tissue-specific type 
2 deiodinase activity was demonstrated according to thyroid function, the presence 
of autoantibodies against thyroid peroxidase (TPO), thyroglobulin (Tg) and TSH 
receptor. Autoantibodies against human eye muscle membrane and cytosol antigens 
had influencing effects on tissue-specific DIO2 activities, and the antieye muscle 
antibody immunoglobulin isotypes were associated with eye muscle enlargements. 
Antithyroid drug (ATD) therapy demonstrated relevant effects on tissue-specific 
DIO2 activities, which were manifested in the alterations of thyroid hormone levels. 
An asymptomatically appearance of autoantibodies against peptides corresponding 
to amino acid sequence of DIO2 was detected associating with thyroid hormone and 
anti-TPO, anti-Tg and TSH receptor antibody levels during the therapy.

Keywords: hyperthyroidism, Graves’ Disease, type 1 and type 2 deiodinases, 
ophthalmopathy, autoantibodies

1. Introduction

Graves’ hyperthyroidism is characterized by increased thyroid hormone levels 
(T4 and T3) with the supprimation of TSH levels, diffuse enlargement of thyroid 
glands and associated symptoms with orbitopathy or/and dermopathy [1, 2]. The 
course of disease is characterized by duality. The main autoimmune processes are 
manifested in thyrotoxicosis with a lymphocytic infiltration and diffuse thyroid 
enlargement, which can be associated with orbitopathy in 15–25% and pretibial 
myxedema in 0.5–4.5% [3]. The autoimmune processes are associated with the 
development of autoantibodies against different antigens, such as thyroid antigens 
[TSH receptor, thyroid peroxidase (TPO) enzyme and thyroglobulin (Tg)] and 
IGF-1 receptor, as well as against extraocular muscle membrane and cytosol anti-
gens, and intracellular particles (flavoprotein subunit of mitochondrial succinate 
dehydrogenase, sarcalumenin, calsequestrin, collagen XII)] in thyroid-associated 



Graves’ Disease

114

ophthalmopathy [4–7]. The increased production of proinflammatory cytokines 
(IL-1, IL-6, TNFα), chemokines and costimulatory ligands on fibroblasts and 
adipocytes lead to inflammatory and infiltrating processes, and glycosaminoglycan 
(GAG) accumulation resulting in local tissue enlargements [8, 9]. In orbitopathy, 
the local infiltrating processes are responsible for the proptosis and sometimes the 
damage of nervi optici that can reach vision loss in the final stage. TSH receptor 
stimulating antibodies are kept to be the causative factors for hyperthyroidism. 
Autoantibodies against IGF-1 nearby receptor are involved in the edematous-infil-
trative processes [10]. Antibodies against thyroid peroxidase (TPO) and thyro-
globulin (Tg) are the relevant thyroid autoantibodies in Graves’ Disease [11]. The 
binding of IgG and IgA autoantibodies to human extraocular muscle was different: 
IgG types bound endomysially, while IgA types bound to muscle fibers [12].

Deiodinase enzymes, DIO1, DIO2 and DIO3 are responsible for the conversion 
of T4 to active T3 hormone, the maintenance of the local T3 levels and the inactiva-
tion of T4 and T3 hormones [13, 14]. Deiodinase enzymes show tissue-specific 
expression, which limits their functions. Many drugs, iodine and selenium supply, 
proinflammatory cytokines and autoantibodies can influence DIO activities [15, 16]. 
The increased T4 levels are connected to the acceleration of the physiological deg-
radation of DIO2 enzyme [17]. The common localization of DIO2 enzyme between 
thyroid and eye muscle tissues suggests that its autoantigenic role can be important 
in Graves’ ophthalmopathy [18, 19]. 5′-deiodinase enzymes (DIO1 and DIO2) play a 
crucial role in thyroid hormone synthesis. TPO enzyme plays a role in the iodination 
of tyrosyl residues and their coupling to T3 and T4 in the colloid-embedded Tg with 
the interaction of hydrogen peroxide (H2O2) at the apical plasma membrane of 
thyrocytes [20]. The schematically illustrated process of thyroid hormone synthesis 
is exhibited in Figure 1 highlighting the role of DIO1 and DIO2 activities.

Figure 1. 
Schematic illustration of thyroid hormone synthesis and thyroidal deiodinase activities (DIO1 and DIO2). 
DIO1: Type 1 deiodinase; DIO2: Type 2 deiodinase; Tg: Thyroglobulin; TPO: Thyroid peroxidase; T2, T3 and 
T4: Iodothyronines with 2, 3 and 4 iodides.
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This review emphasizes the role of deiodinases in the hyperthyroidism of 
Graves’ Disease with respect to the thyroid functional stages and the relationship 
with antithyroid autoantibodies and autoantibodies against extraocular muscle and 
peptides corresponding to amino acid sequence of DIO2, as well as with the antithy-
roid drug (ATD) therapies.

2.  Three types of deiodinase enzymes are involved in thyroid hormone 
activation and inactivation

Three types of deiodinase enzymes (DIO1, DIO2, DIO3) are responsible for the 
activation and inactivation of thyroxine (T4) and triiodothyronine (T3) thyroid 
hormones [21]. Deiodinase enzymes demonstrate tissue-specific localization. DIO1 
enzyme is expressed in the liver, kidney and thyroid parenchymal cells localized 
in the plasma membrane [22]. Its active center is found in the cytosol. T4 plays as a 
prohormone for the active T3 hormone. T4 has four iodine bindings at the 3,3′, 5 and 
5′ positions. DIO1 enzyme is able to cleave iodine from 5 (inner ring deiodination, 
step of T4 inactivation) or 5′ position (outer ring deiodination, step of active T3 
hormone production). The dual effect of DIO1 enzyme plays a crucial role in the 
excessive thyroid hormone production, called hyperthyroidism. DIO2 enzyme is a 
widespread 5′-deiodinase expressed in thyroid, skeletal muscle and adipose tissues, 
hypothalamus, pituitary, skin, osteoblast, astroglia, retina, cochlea, placenta and 
endothelial cells localized in the endoplasmic reticulum [23]. Its active center is 
found in the cytosol. DIO1 expression can be induced transcriptionally by T3 and 
TSH receptor stimulating antibodies. Fasting and chronic illnesses decrease DIO1 
activity. The inhibitory effect on thyroidal DIO1 and DIO2 activities was demon-
strated in vitro in the presence of proinflammatory cytokines (IL-1, IL-6 and TNFα) 
[24]. The inhibitory rate was higher on DIO2 than on DIO1 activities. The inhibitory 
degree was dose-dependent. Thyroidal DIO1 activity is responsible for only 6% 
of the daily T3 production [25]. Propylthiouracil (PTU) inhibits its activity. DIO2 
plays a crucial role in the maintenance of intracellular T3 levels via 5′-deiodination, 
converting T4 to T3. Its increased activity is partly present in hyperthyroidism; 
however, its activity is decreased in nonthyroidal illness [26]. DIO2 is a posttransla-
tionally T4-dependent enzyme, which accelerates its proteasomal degradation. DIO2 
enzyme is involved in the feedback mechanism of hypothalamic–pituitary-thyroid 
axis [27]. The normal development and regeneration of skeletal muscle requires 
DIO2 activity [28].

DIO3 is an enzyme located in the plasma membrane. It has both extra- and 
intracellular activity [29]. DIO3 plays a crucial role in fetal development and 
tissue-repair. It is expressed in placenta, uterus, neurons, skin, alveolar cells, glial 
cells, urothelium, gastrointestinal tract, hypothalamus and skeletal muscle [30]. 
DIO3 inactivates T3 through inner ring 5-deiodination. Its increased activity is 
responsible for the consumptive hypothyroidism observated in hepatic heman-
giomas [31]. Nether DIO2 nor DIO3 are PTU sensitive enzymes. Hypothyroidism 
is connected to an increase in DIO1 and DIO2 activities, but DIO3 activities are 
decreased [22]. Hyperthyroidism is connected to an increase in both thyroidal 
DIO1 and DIO2, but to a decrease in extrathyroidal DIO2 activities. Iopodic 
acid, the contrast material with high iodine content decreases the activities of 
all deiodinase enzymes. The alterations in T4 and T3 levels according to thyroid 
function have a different effect on the deiodinase enzyme activities in the living 
cells vs. sonicated cells [23]. No protein synthesis can happen in sonicated cells. 
Therefore, the sonicated cell content could be regarded as a deiodinase enzyme 
solution.
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3.  The role of DIO1 and DIO2 deiodinase enzymes in thyroid hormone 
production of Graves’ hyperthyroidims

Hyperthyroidism is characterized by increased serum FT4 and FT3 levels, which 
can be associated with Graves’ Disease, toxic goiter, destruction-induced thyrotoxi-
cosis and subacute thyroiditis. Thyroid follicular cells possess both DIO1 and DIO2 
enzymes, but not DIO3 enzyme. The amount of produced FT4 and FT3, and the 
ratio of FT3 to FT4 can help with the diagnosis [32]. Serum FT3 levels are predomi-
nant and are better formed than FT4 in hyperthyroidism connected to Graves’ 
Disease or toxic goiter [33]. In Graves’ hyperthyroidism, the increase in the daily 
production of T3 and T4 was 7-fold and 3.5-fold, respectively. Laurberg and cowork-
ers demonstrated that the major source of excess T3 derived from increased thyroi-
dal DIO1 and DIO2 activities (in a ratio of 3 to 1). This is in contrast to what is found 
in euthyroidism, where 20% of T3 came from thyroidal production and 80% from 
extrathyroidal deiodination [25]. In hyperthyroidism, a large part of T3 levels was 
produced by the thyroid (in 57–77%) by way of converting T4 to T3 with decreased 
peripheral deiodination. The extrathyroidal DIO2 activities were decreased in 
hyperthyroidism with the exception of the thyroidal one due to the increased 
thyroidal formation of T4 and T3. Maia and coworkers supported that thyroidal 
DIO1 activity is responsible for 67% of T3 production in hyperthyroidism [22]. In 
HEK 293 cells, which transiently expressed DIO1 and DIO2 enzymes, the effect of 
2–20-200 pM T4 was studied on these cells modeling hypo-, eu- and hyperthyroid 
states. DIO1 activity was continuous, but DIO2 activity was decreased by the 
concentration of 200 pM T4. Salvatore and coworkers emphasized the greater role 
of DIO2 enzyme in the excess T3 in Graves’ hyperthyroidism [34]. Ito and coworkers 
suggested that thyroidal DIO1 and specifically, DIO2 could be contributed to the 
higher ratio of FT3 to FT4 in Graves’ hyperthyroidism [35]. The lower ratio of T3 to 
T4 can help us with the diagnosis of destruction-induced thyrotoxicosis and sub-
acute thyroiditis [36]. Values less than of 20 confirm the above mentioned diseases, 
while the values above 20 are connected to Graves’ hyperthyroidism. Weetman and 
coworkers made the DIO1 and DIO2 activities responsible for the syndrome of low 
T4 with increased T3 levels during PTU treatment [37]. Thyroidal DIO1 activity 
is mainly regulated by cAMP at pretranslational levels, similarly to TSH receptor 
stimulating antibody-induced cAMP. Thyroglobulin and iodine contents of thyroid 
can influence the generation of T4 and T3 through the rate of hydrolysis from the 
colloid-embedded thyroglobulin. This condition can contribute to the alterations 
in the production of thyroid hormones. Very few reports could be found, which 
explained in detail the thyroid hormone production connecting to the formation of 
the coupling mechanism alone or together with deiodinase conversion. Iodide alone 
inhibited both thyroidal deiodinase activities rapidly decreasing the circulating T3 
by 50% and T4 by 70% [33]. Ipodate is also a potent inhibitor for DIO1 and DIO2 
enzymes due to its iodine content of 64%. Ipodate with PTU resulted in a profound 
decrease in serum T3. In untreated Graves’ hyperthyroidism, the T3 content of Tg 
was 2-fold of what was found in euthyroidism [38]. In hyperthyroidism, local DIO2 
activity is required for the intrapituitary production of T3, which is responsible for 
the acute decrease in TSH levels [39].

4. In vitro model for the measurement of tissue-specific DIO2 activities

In our study, homogenized (supernatant of 100 000 x g separated by centrifuga-
tions) thyroidal, skeletal and eye muscle tissue fractions, called cytosol fractions 
were applied for the measurements of deiodinase enzyme activities [40]. Thyroid 
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tissues were obtained from the removal of euthyroid goiter; the removal of skeletal 
muscle during accident surgery and the removal of extraocular muscle during 
strabismus surgery. All tissue fractions contained DIO2 enzyme, the activity of 
which was measured in the presence of patient sera with Graves’ Disease with 
respect to the different thyroid hormonal stages. The DIO2 content of cytosol 
fractions was proofed before the study using guinea pig sera immunized with TCSS 
and LVFR peptides. Both peptides were corresponding to amino acid sequences of 
human DIO2 (GenBank AAD45494–1) and contained the selenocysteine at position 
133 in the active center of the enzyme: LVVNFGSATCPPFTSQLPAFRKLVEEFSS. 
TCSS peptide (aa 132–152): TCCPPTFSQLPAFRKLVEEFSS was synthesized with 
double cysteins replaced at position 133, as well as amino acids reserved at posi-
tions 136 and 137. LVFR peptide (aa 124–144): LVVNFGSATCPPFTSQLPAFR was 
100% identical to the original amino acid sequence. The bindings of immunized 
sera to cytosol fractions and to tissue sections were investigated with enzyme-
linked immunosorbent assay (ELISA) and immunohistochemistry, respectively. 
Immunized sera against TCSS peptide resulted in more intensive positive bindings 
to the cytosol fractions and gave positive reactions to tissue sections.

The patient sera of hyper-, eu- and hypothyroid Graves’ Disease were added 
to thyroidal, skeletal and eye muscle cytosol fractions, which contained DIO2 
enzyme activities. The study could be considered as an in vitro model, in which 
the patient sera included the actual hormonal and autoantibody parameters. The 
effects of these parameters were measured on DIO2 activities. The results, after 
evaluating them with respect to the parameters, may contribute to gaining use-
ful data for the course and treatment of disease. Thyroidal DIO1 activities were 
inhibited by 2 μM PTU. The sample mixture contained 12.5 μg protein per cytosol 
fraction. Radioiodine labeled T4 (125I-T4) 1 kB/50 μl was the substrate in reducing 
condition [20 mM dithiothreitol (DDT)]. The results were extrapolated at 1 pmol/
T4 of patient serum. DIO2 enzyme activity was expressed as pmol of T4 converted 
per mg/min of protein. The whole protocol is described in detail in our previous 
paper [41].

5.  Recent research with tissue-specific DIO2 activities in Graves’ 
hyperthyroidims

5.1  Measurement and evaluation of DIO2 enzyme activities: DIO2 enzyme 
activities were measured after adding patient sera with Graves’ 
ophthalmopathy to thyroidal, skeletal and eye muscle cytosol fractions, 
all containing DIO2 enzymes. The results were then evaluated according to 
thyroid functional stages

Fifty-two patients with Graves’ Disease, of whom 37 had ophthalmopathy, were 
investigated [42]. The difference in the disease duration, the ratio of FT3 to FT4 and 
the serum levels of TSH receptor antibodies was significant between the Graves’ 
patients with and without ophthalmopathy. The difference in DIO2 activities was 
relevant and constant among thyroidal, skeletal and eye muscle cytosol fractions in 
hyper-, eu- and hypothyroidism in Graves’ ophthalmopathy. The effect of increased 
serum FT4 levels was 1.9 times greater on eye muscle DIO2 than thyroidal DIO2 
activity. The findings demonstrated that, the tissue-specific DIO2 activities also 
play a crucial role in the T3 content of peripheral tissues in hyperthyroidism. The 
skeletal muscle and thyroidal DIO2 activities were lower by 27% and 47%, respec-
tively in hyperthyroidism, as well as were lower by 27% and 87%, respectively 
in hypothyroidism compared to eye muscle DIO2 activity. DIO2 activities of all 
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cytosol fractions were 6.3 times lower in hyperthyroidism and 3.5 times greater in 
hypothyroidism compared to those in euthyroidism (Figure 2). In hyperthyroid-
ism, the thyroidal DIO2 activity was better inhibited than that of peripheral tissues. 
In hypothyroidism, increased thyroidal DIO2 activity could be found together with 
increased peripheral tissue DIO2 activities.

The effects of FT3 hyperthyroidism were identical on DIO2 activities in all 
cytosol fractions, but their activities were 2 times higher in euthyroidism com-
pared to those found by increased FT4 levels. No increase in any DIO2 activities 
could be detected with respect to FT3 levels in hypothyroidism compared to those 
in euthyroidism. The decrease in all DIO2 activities was the consequence of the 
increased FT4 levels, which demonstrated a substrate-mediated inhibitory effect 
in hyperthyroidism. Note, however, that the inhibitory effect of proinflammatory 
cytokines (IL-6, IL-1 and TNFα) and the therapy cannot be excluded in some cases. 
Our previous study confirmed the role of IL-6 in Graves’ ophthalmopathy with 
active eye signs [43]. The presence of inflammatory orbital events and a longer 
manifestation of ophthalmopathy were associated with increased serum IL-6 levels. 
Therefore, the autoimmune features of Graves’ Disease can modify DIO2 activities. 
The increased DIO2 activities in all cytosol fractions in FT4 hypothyroidism could 
be explained by the concomitantly increased serum levels of TSH receptor antibod-
ies compared to those in FT3 hypothyroidism. Nevertheless, serum TSH levels were 
not suppressed by increased serum FT4 levels, which could be explained by the pitu-
itary resistance to T4 [44]. No similar results could be demonstrated for increased T3 
levels. Contrary to FT4 hypothyroidism, the lack of increased DIO2 activities in FT3 
hypothyroidism support that in this condition the active protein synthesis of DIO2 
enzyme is needed for increasing their activities. The partly increased skeletal and 
eye muscle DIO2 activities in both FT4 and FT3 hyperthyroidism excluded a relevant 
inactivating role of DIO3 in muscle cytosol fractions.

DIO2 activities in all cytosol fractions were significantly lower in Graves’ 
ophthalmopathy with increased serum FT3 levels keeping the proportional dis-
crepancies constantly among thyroidal, skeletal and eye muscle DIO2 activities. 
However, Graves’ sera without ophthalmopathy resulted in a 5-fold increase in all 

Figure 2. 
The effect of patient sera with Graves’ Disease on thyroidal, skeletal and eye muscle DIO2 activities with 
respect to thyroid functional stages based on FT4 levels. DIO2: Type 2 deiodinase.
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DIO2 activities still keeping the proportional discrepancies constant among thyroi-
dal, skeletal and eye muscle DIO2 activities. The elevation in TSH receptor antibody 
levels did not associated with DIO2 elevation, but it did with TSH suppression 
and with a lower ratio of FT3 to FT4. Note that due to the small number of patients 
without ophthalmopathy, the conclusions can be limited.

5.2  Effects of antithyroid and antiextraocular muscle autoantibodies on 
thyroidal, skeletal and eye muscle DIO2 activities

5.2.1  Thyroidal, skeletal and eye muscle DIO2 activities with respect to anti-TPO 
and TSH receptor autoantibodies in FT3 hyperthyroid Graves’ Disease

The effects of autoantibodies against thyroid peroxidase (TPO) and TSH recep-
tor were investigated on thyroidal, skeletal and eye muscle DIO2 activities in FT3 
hyperthyroid Graves’ Disease. A greater number of patients with ophthalmopathy 
(n = 11) demonstrated anti-TPO antibodies than those without (n = 4) [42]. Anti-
TPO antibody positive patients without ophthalmopathy exhibited 5 times greater 
DIO2 activities in thyroidal and skeletal muscle cytosol fractions, and even 12 times 
greater in eye muscle cytosol fraction compared to those with ophthalmopathy 
(Figure 3). DIO2 activities were compared between anti-TPO antibody positive and 
negative patients. The difference in all DIO2 activities were significant between the 
patients with and without ophthalmopathy in FT3 hyperthyroid Graves’ Disease, as 
well as between anti-TPO antibody negative and positive patients. DIO2 activities 
increased 17 times in patients without ophthalmopathy, but decreased by 39% in 
patients with ophthalmopathy in the presence of anti-TPO antibodies compared 
to those who were negative for these autoantibodies (Figure 4). The alterations 
could be explained by the greater increased serum FT4 levels in anti-TPO antibody 
positive patients with Graves’ ophthalmopathy in contrast to the patients without 
ophthalmopathy. The patients without ophthalmopathy showed reduced FT4 levels, 
which were below the normal range, concomitantly with the elevated serum TSH 
levels. These result are limited by the small patient number of Graves’ Disease 
without ophthalmopathy.

In FT3 hyperthyroidism, TSH receptor antibody positivity was greater in Graves’ 
ophthalmopathy (n = 11, and 9 out of 11 cases were anti-TPO antibody positive) 

Figure 3. 
The effect of patient sera with Graves’ Disease on thyroidal, skeletal and eye muscle DIO2 activities in 
anti-TPO antibody positive patients between with (GO) and without (G) ophthalmopathy. DIO2: Type 2 
deiodinase; TPO: Thyroid peroxidase.
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than in those who had no ophthalmopathy (n = 2) [42]. DIO2 activities were signifi-
cantly increased in all cytosol fractions (increased by 3.6 times) for TSH receptor 
antibody positive patients compared to TSH receptor antibody negative patients 
with Graves’ ophthalmopathy, but the opposite was true for patients without 
ophthalmopathy (Figure 5). Surprisingly, in the absence of ophthalmopathy, TSH 
receptor antibody positive patients demonstrated relevantly decreased DIO2 activi-
ties, which were 10 times lower than those found in TSH receptor antibody negative 
patients in all cytosol fractions, concomitantly with the increased serum TSH levels.

5.2.2  The effects of IgG and IgM isotype antieye muscle cytosol and membrane 
autoantibodies on eye muscle DIO2 activity in Graves’ ophthalmopathy

Next, the effects of antieye muscle cytosol and membrane autoantibodies on eye 
muscle DIO2 activity were examined in Graves’ ophthalmopathy. Before the study, 
the binding reactivity of sera to human eye muscle membrane and cytosol antigens 
in tissue sections was controlled. In our previous results using immunohistochemis-
try and immunoblotting methods, antibodies against TCSS peptide, corresponding 
to amino acid sequence of DIO2 and eye muscle cytosol or membrane antigens 
(supernatant or pellet fractions of 100 000 x g, separated by centrifugations) were 
demonstrated, which gave intensive binding reactions to human thyroid, skeletal 
and eye muscle tissue sections [40].

The binding of guinea pig sera immunized by TCSS peptide could be inhibited 
by patient sera added in advance, which sera gave positive reactions to eye muscle 
tissue sections. Toyoda and coworkers investigated the DIO1 enzyme activity in 
FRTL-5 rat thyroid cells in the presence of IgG type immunoglobulins derived from 
untreated hyperthyroid Graves’ patients and controls [45]. They demonstrated a 
relevant increased DIO1 activity, which could be completely abolished by the addi-
tion of cycloheximide.

Based on the previously mentioned results we wanted to measure the effects of 
antieye muscle cytosol and membrane autoantibodies on eye muscle DIO2 activity, 
as well as to compare DIO2 activity to eye muscle enlargements. The hypothesis 
was, that antieye muscle autoantibodies may affect DIO2 activity, which can lead 
to eye muscle enlargement. We investigated the role of antieye muscle antibodies 
in Graves’ Disease [46]. In turn, the appearance of these autoantibodies was not 

Figure 4. 
The effect of patient sera with Graves’ Disease on thyroidal, skeletal and eye muscle DIO2 activities between 
anti-TPO antibody negative and positive patients with (GO) and without (G) ophthalmopathy. DIO2: Type 2 
deiodinase; TPO: Thyroid peroxidase.
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only connected to ophthalmopathy, but they could also be found in a small part 
of patients without ophthalmopathy. IgG, IgA and IgM isotype antieye muscle 
membrane and cytosol autoantibodies were measured with enzyme-linked immu-
nosorbent assay (ELISA) in 32 patients with hyperthyroid Graves’ Disease, of 
whom 20 cases had ophthalmopathy. None of IgA isotype autoantibodies could be 
detected against membrane and cytosol antigens in any of the patients. A greater 
number of patients with ophthalmopathy demonstrated IgM (n = 10) and IgG 
(n = 5) antieye muscle autoantibodies than those without ophthalmopathy, of 
whom 3 cases had IgG type and 3 cases had IgM type autoantibodies. Surprisingly, 
the addition of serum containing IgG isotype antieye membrane (EyeM) or 
cytosol (EyeC) autoantibodies resulted in 6.4 times or 3.9 times increased eye 
muscle DIO2 activity, respectively compared to those found with IgG negative 
sera (Figure 6). Conversely, the effect of IgM type antieye muscle membrane or 
cytosol autoantibodies was associated with 3 times or 1.9 times lower eye muscle 
DIO2 activity, respectively. The presence of IgG type anti-EyeC autoantibodies 
resulted in 1.5 times greater eye muscle DIO2 activity than anti-EyeM autoantibod-
ies. A similar increase in DIO2 activity could be demonstrated in the presence of 
IgM type anti-EyeC autoantibodies compared to those with anti-EyeM autoan-
tibodies. In this instance, the increase in eye muscle DIO2 activitiy was 2 times 
greater. Furthermore, the increase in eye muscle DIO2 activity was 7 times and 5 
times higher in the presence of IgG type anti-EyeM and anti-EyeC autoantibodies 
compared to those in the presence of IgM type anti-EyeM and anti-EyeC autoanti-
bodies, respectively. Eye muscle DIO2 activities strongly correlated with IgG type 
anti-EyeM and anti-EyeC autoantibody levels. It seems, the autoantibody binding 
to eye membrane could mediate a signal towards the cytosolic DIO2 enzyme. The 
findings between eye muscle DIO2 activity and eye muscle enlargement suggest 
this idea. IgG type anti-EyeM autoantibodies were associated with increased eye 
muscle enlargement, although the difference was not significant. However, IgM 
type anti EyeM autoantibodies were associated with a significant decrease in eye 
muscle enlargement. The fact that IgM type anti-EyeM autoantibodies could play 
a role in DIO3 activity, could not be excluded. The eye muscle DIO2 activity was 
more greater in patients with the absence of ophthalmopathy compared to those 
in the presence of that. Our results suggest that autoantibodies against eye muscle 

Figure 5. 
The effect of patient sera with Graves’ Disease on thyroidal, skeletal and eye muscle DIO2 activities between 
TSH receptor antibody negative and positive patients with (GO) and without (G) ophthalmopathy. DIO2: 
Type 2 deiodinase.
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antigens have a role in the development of ophthalmopathy through the eye muscle 
enlargements. The limitation of this study was the small patient number containing 
IgM isotype anti-EyeM and IgG isotype anti-EyeC antibodies. Another limitation 
could be the measurement method of the eye muscle enlargements, which was done 
using ultrasound in the absence of CT or MRI possibilities.

5.3  The effect of antithyroid drugs on tissue-specific DIO2 activities, as well as 
their role in the induction of autoantibodies against DIO2 peptides

5.3.1  The effect of antithyroid drugs on thyroidal, skeletal and eye muscle DIO2 
activities

Antithyroid drugs (ATD) are used very often in the therapy of Graves’ hyper-
thyroidism. Methimazole (MMI) and propylthiouracil (PTU) are the medicines 
used to block the synthesis of thyroid hormones in Hungary. ATDs are thioamide 
derivates with the binding reaction to DIO1 enzyme forming an intermediary 
selenyl-iodide-DIO1 enzyme complex (presumably the same is true for DIO2 also). 
In addition, they inhibit the activity of TPO enzyme due to the impairment of H2O2 
generation and the coupling of iodotyrosines. MMI may be a selective DIO1 blocker 
and inhibits thyroidal H2O2 generation. However, MMI has no remarkable effect on 
DIO2 activity. PTU is a very strong inhibitor for DIO1 activity. None of the patients 
were treated with PTU in the tissue-specific DIO2 activity study.

The difference in thyroidal DIO2 activities was significant between those with 
and without ophthalmopathy in FT3 hyperthyroidism who did not undergo MMI 
therapy [42]. MMI therapy was associated with a greater increase in thyroidal, 
skeletal and eye muscle DIO2 activities in both patients without and with ophthal-
mopathy (the increase was 17 times and 4 times higher, respectively) compared to 
the increases in patients who were not treated with MMI. MMI therapy was associ-
ated with greater TSH levels and greater ratio of FT3 to FT4 in patients without 
ophthalmopathy, and greater TSH receptor antibody levels in patients with ophthal-
mopathy (Figure 7).

Figure 6. 
The effect of patient sera containing IgG and IgM type antieye muscle membrane (EyeM) and cytosol (EyeC) 
autoantibodies on eye muscle DIO2 activity in Graves’ ophthalmopathy. DIO2: Type 2 deiodinase.
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5.3.2  Occurrence of antibodies against peptides corresponding to amino acid 
sequence of DIO2 during antithyroid drug therapy and the efficacy of therapy

In another study, the occurrence of autoantibodies against DIO2 peptides, 
such as TCSS (cyspeptide) and LVFR (hompeptide) peptides were investigated 
in 78 patients with hyperthyroid Graves’ Disease [47]. The relationships were 
examinated among ATD therapies, antibodies against TPO, thyroglobulin (Tg) and 
TSH receptor, as well as thyroid hormone levels. The appearance of autoantibodies 
against cys-, hompeptide or both peptides could be detected in 24, 4 or 9 cases, 
respectively, in Graves’ Disease. The appearance of these autoantibodies was not 
associated with the clinical signs of urticaria or ANCA-associated vasculitis. These 
anticys- and antihompeptide antibodies could be demonstrated in 12 and 3 cases 
in hyperthyroidism, and in 10 and 1 cases in euthyroidism. A significant difference 
was found in the occurrence of anticyspeptide antibodies between PTU (n = 3 out 
of 3 cases) and MMI (n = 13 out of 42 cases) therapies. The frequency of antipep-
tide antibodies was smaller in Graves’ ophthalmopathy (9 cases for anticyspeptide 
antibodies and 1 for antihompeptide antibodies). The exact mechanism is not clear, 
but ATDs are thioamide drugs with the binding feature to DIO and TPO enzymes 
blocking the T4 conversion to T3, and the iodination with the phenolic coupling of 
iodothyrosine residues. Their higher binding features are connected to their greater 
reactivity with free radicals. Not only the asymptomatic occurrence of autoantibod-
ies against cys- and/or hompeptide was surprising in hyperthyroid Graves’ Disease, 
but also their strong relationship with decreasing anti-TPO and increasing TSH 
receptor antibody levels (Figure 8). In hyperthyroidism, two antipeptide antibod-
ies possessed distinct features with relation to the occurrence of anti-TPO, anti-Tg 
and TSH receptor antibody levels, as well as to the thyroid hormone levels and the 
ratio of FT3 to FT4. Antibodies against cyspeptide were rather stimulating: Positive 
correlation could be demonstrated between anticyspeptide antibodies and serum 
FT4 levels; the ratio of FT3 to FT4 was increased when those antibodies were present 
compared to when they were absent. In Graves’ ophthalmopathy, the serum FT4 and 
FT3 levels were lower in the presence of antibodies against cyspeptide compared to 
when those antibodies were absent. The ratio of FT3 to FT4 was increased in patients 

Figure 7. 
The effect of patient sera who were treated with methimazole (MMI) on thyroidal, skeletal and eye muscle 
DIO2 activities in hyperthyroid Graves’ Disease with and without ophthalmopathy. DIO2: Type 2 deiodinase.
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without ophthalmopathy compared to those when it was present (Figure 9). 
Antibodies against hompeptide and both peptides were rather inhibiting: anti-TPO 
and anti-Htg antibodies levels were reduced in their presences compared to when 
they were absent. In hyperthyroid Graves’ ophthalmopathy, antibodies against both 
peptides were associated with reduced antibody levels against TPO and Tg, but with 
increased TSH receptor antibody levels, particularly when the clinical activity score 
(CAS) was above 4. In FT4 hyperthyroidism, MMI treated Graves’ patients without 
ophthalmopathy, demonstrated significantly increased FT3 to FT4 ratio with the 
occurrence of anticyspeptide autoantibodies.

Figure 8. 
The effect of patient sera containing autoantibodies against peptides (hom – and/or cyspeptide) corresponding 
to amino acid sequence of DIO2 on the levels of anti-TPO and anti-Tg autoantibodies, as well as on the 
ratio of FT3 to FT4 in hyperthyroid Graves’ Disease. DIO2: Type 2 deiodinase; TPO: Thyroid peroxidase; Tg: 
Thyroglobulin.

Figure 9. 
The effect of patient sera containing autoantibodies against cyspeptide corresponding to amino acid 
sequence of DIO2 on serum FT4 and FT3 levels, as well as on the ratio of FT3 to FT4 in hyperthyroid Graves’ 
ophthalmopathy and between the presence and absence of ophthalmopathy. DIO2: Type 2 deiodinase.
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The results in thyroid hormone levels supported that the presence of antipep-
tide antibodies before the treatment and their absence during the treatment with 
MMI may contribute to the worsening of orbital processes in hyperthyroid Graves’ 
ophthalmopathy. Antibodies against DIO2 peptides may influence the therapeutic 
efficacy during the treatment (Figure 10). In MMI treatment, the presence of anti-
bodies against hompeptide only was connected to increased serum FT4 levels, but 
when autoantibodies against both hom- and cyspeptide were present, it resulted in 
a relevant decrease in TSH receptor antibody levels. MMI treatment demonstrated 
lower TSH receptor antibody levels and lower ratio of FT3 to FT4 in the appearance 
of anticyspeptide autoantibodies compared to those treated with PTU. The exact 
role of antipeptide antibodies and their relationship with antithyroid autoantibod-
ies, as well as the possibility of the occurrence of autoantibodies against other 
amino acid sequence of the whole DIO2 protein need futher investigations.

6. Conclusions

In hyperthyroid Graves’ Disease the thyroid hormone excess is dominantly 
T3. The thyroidal production of T3 and T4 excess can derive from the thyroidal T4 
and T3 formation in the colloid-embedded Tg mediated by thyroidal TPO, and 
the additional production of T3 due to deiodinase enzymes mediated conversion 
from T4 resulting in the ratio of 3 to 1 for DIO1 and DIO2 activities in the cytosol, 
respectively. The results using in vitro model for the study of tissue-specific DIO2 
activities confirmed the dominance of thyroidal DIO1 activity, but the thyroidal 
DIO2 activity seemed to be more reduced compared to skeletal and eye muscle 
DIO2 activities. The degree of DIO2 activities was tissue-specific, but the extent of 
their decreases in hyperthyroidism and increases in hypothyroidism was identical. 
The findings highlighted that the increase in tissue-specific DIO2 activity needed 
an active protein synthesis only in FT3, but not in FT4 hypothyroidism. The appear-
ance of anti-TPO, TSH receptor, and antieye muscle membrane and cytosol auto-
antibodies modified the tissue-specific DIO2 activities, which manifested in both 

Figure 10. 
The effect of patient sera containing autoantibodies against peptides (hom- and/or cyspeptide) corresponding 
to DIO2 amino acid sequence on serum FT4 and TSH receptor antibody levels, as well as on the ratio of FT3 to 
FT4 in hyperthyroid Graves’ Disease treated with methimazole (MMI) and propylthiouracil (PTU). DIO2: 
Type 2 deiodinase.
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increased and decreased serum TSH levels and sometimes in eye muscle enlarge-
ments. Besides the effect of ATDs on tissue-specific DIO2 activities, autoantibodies 
against peptides corresponding to amino acid sequences of DIO2 also appeared 
asymptomatically in Graves’ Disease. Furthermore, they were also detectable before 
ATD therapy, and the therapy increased their occurrences. The antipeptide autoan-
tibodies were associated with alterations in serum FT4 and FT3 levels, as well as in 
the levels of autoantibodies against TPO, Tg and TSH receptor. In Graves’ ophthal-
mopathy, the tissue-specific DIO2 activities were much more reduced and they were 
connected to a lack of appearance of antipeptide autoantibodies. The occurrence 
of anticyspeptide autoantibodies was associated with lower serum FT4 and FT3 
levels compared to those in patients who were negative for these autoantibodies. 
Although, autoantibodies could be demonstrated against eye muscle cytosol anti-
gens, which inhibited the binding of antipeptide antibodies derived from guinea pig 
immunization to eye muscle in immunohistochemical studies, these antieye muscle 
and antipeptide autoantibodies had no pathognomonic role in Graves’ ophthal-
mopathy. These findings above explain why the duality of features causes a greater 
complexity of hyperthyroidism in Graves’ Disease.
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Abstract

Graves’ Disease is an autoimmune disease, with a genetic susceptibility, activated 
by environmental factors like stress, iodine excess, infections, pregnancy and smok-
ing. It is caused by thyroid stimulating immunoglobulin (TSI) or thyroid stimulating 
antibody (TSAb) and is the most common cause of hyperthyroidism with an incidence 
of 21 per 100,000 per year. Treatment of Graves’ Disease includes antithyroid drugs 
such as methimazole and propylthiouracil, radioactive iodine therapy and thyroidec-
tomy. Methimazole, an antithyroid drug that belongs to the thioamides class, is usually 
the first line of treatment due to lower risk of hepatotoxicity compared to propylthio-
uracil. Radioactive iodine therapy is reserved for those patients who do not respond to 
antithyroid drugs or have contraindication or adverse effects generated by antithyroid 
drugs, and thyroid surgery is an option in people with thyroid nodular disease with 
suspected malignancy or large goiters such as predictors of poor response to antithy-
roid drugs and radioactive iodine therapy. Multiple factors influence the management 
of patients with Graves’ Disease including patient and physician preferences, access to 
medical services and patients features such as age, complications and comorbidities.

Keywords: Hyperthyroidism, Graves’ Disease, antithyroid agents, methimazole, 
propylthiouracil, thyroidectomy

1. Introduction

Graves’ Disease is the most common cause of hyperthyroidism with an incidence 
of 21 per 100,000 per year [1], with a F:M ratio ranging from 3 to 5:1 [2–4]. The 
usual age of presentation ranges from 20 to 50 years old.

Graves’ Disease is an autoimmune disease, with a genetic susceptibility, acti-
vated by environmental factors like stress, iodine excess, infections, pregnancy 
and smoking. It is caused by thyroid stimulating immunoglobulin (TSI) or thyroid 
stimulating antibody (TSAb). TSI stimulate follicular thyroid cells by binding to 
the thyroid stimulating hormone (TSH) receptor on the thyroid cell membrane to 
produce the thyroid hormone synthesis and liberation as well as gland growth, with 
consequent hyperthyroidism and bocio [1, 5].

Graves’ Disease produces varied symptoms such as sweating, insomnia, weight 
loss, anxiety, muscle weakness, loss of libido. Clinical signs include tachycardia, 
systolic hypertension, heart failure, atrial fibrillation, tremors, hyperkinesia, 
hyperreflexia, hot skin, palmar erythema, onycholysis, alopecia, goiter and 
impaired mental status. Among the most characteristic signs of the disease are 
thyroid orbitopathy and the infrequent pretibial myxedema. Orbitopathy is charac-
terized by proptosis, palpebral retraction, chemosis, and periorbital edema [1, 5].
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Treatment of Graves’ Disease includes antithyroid drugs such as methimazole 
and propylthiuracil, radioactive iodine therapy and thyroidectomy. Methimazole, 
an antithyroid drug that belongs to thionamides class, usually is the first line 
of treatment due to lower risk of hepatotoxicity compared to propylthiuracil. 
Radioactive iodine therapy is reserved for those patients who do not respond to 
antithyroid drugs or have contraindication or adverse effects generated by antithy-
roid drugs, and thyroid surgery is an option in people with thyroid nodular disease 
with suspected malignancy or large goiters such as predictors of poor response to 
antithyroid drugs and radioactive iodine therapy [5–9].

Multiple factors influence the management of patients with Graves’ Disease 
including patient and physician preferences, access to medical services and patients 
features such as age, complications and comorbidities.

2. Antithyroid drugs

2.1 Methimazole

Methimazole, an antithyroid drug that belongs to the thionamide class, with few 
exceptions is usually the first line of treatment due to the lower risk of hepatotoxic-
ity compared to propylthiuracil [10, 11].

The mechanism of action of methimazole is to block the production of thyroid 
hormone by interfering with the iodination of tyrosine residues of thyroglobulin 
by inhibiting the enzyme thyroid peroxidase and then the synthesis of thyroxine 
and triiodothyronine. Furthermore, methimazole inhibits iodine oxidation and the 
binding of iodotyrosyl residues [10, 11].

The route of administration of methimazole is oral. The starting dose depends 
on the severity of the disease, in most cases it varies between 20 to 40 mg per day, 
with titration every 4 to 8 weeks and variable maintenance doses and a maximum 
dose of 60 to 80 mg. does not require dose adjustment except in patients with severe 
hepatic impairment [10, 11]. The recommended starting dose in mild cases is 15 mg 
per day and moderate to severe cases 30 mg per day.

Although methimazole has a half-life of less than 6 hours, the half-life has been 
shown to be greater than 6 hours in follicular cells [12, 13], and the effectiveness of 
administering it in a single daily dose in usual doses is effective [14–17].

In patients with thyroid storm, higher doses are required, with a starting dose 
of 60 to 80 mg per day with the dose divided every 4 to .8 hours, with a maximum 
dose of 120 mg [18].

Serious adverse effects of methimazole include agranulocytosis, hepatotoxicity, 
and teratogenicity. Agranulocytosis usually occurs in the first months of treatment 
but can occur at any time during treatment, it is characterized by an absolute granulo-
cyte count less than 500 per ml, fever and sore throat, so it should be indicated to the 
patient attend the emergency room in case of these symptoms. Treatment consists of 
stopping methimazole if the granulocyte count is less than 1000 per ml and antibiotic 
treatment. Agranulocytosis due to methimazole predicts the risk of agranulocytosis 
due to propylthiuracil, therefore the use of propylthiuracil should also be avoided in 
these patients. Methimazole hepatotoxicity can occur at any dose, is characterized by 
cholestasis and slowly recovers after discontinuation of the drug [19–21].

The teratogenicity of methimazole occurs by free crossing the placenta, espe-
cially in the first trimester, the effects include aplasia cutis, umbilical malforma-
tions, facial dysmorphism, esophageal and choanal atresia as well as craniofacial 
malformations. For this reason, the use of propylthiuracil in the first trimester of 
pregnancy is preferred [19–21].
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2.2 Propylthiuracil

Propylthiuracil is an antithyroid drug that is frequently used as a second treat-
ment option in hyperthyroidism after methimazole due to an increased risk of 
hepatotoxicity, as well as in patients with a contraindication to methimazole or 
radioactive iodine therapy. Propylthiuracil is preferred as the first line of treat-
ment in patients with thyroid storm because of its greater effect in theory, by 
inhibiting the peripheral conversion of t4 to t3 by inhibiting thyroid deiodinase. 
Propylthiuracil is also preferred in the first trimester of pregnancy because of the 
toxicity of methimazole [20, 21].

The mechanism of action of propylthiuracil is inhibition of thyroid peroxidase, 
which oxidizes iodine and incorporates it into the tyrosine molecule, preventing 
the formation of diiodotyrosine and monoiodothyronine. Unlike methimazole, 
it has a peripheral effect by inhibiting the conversion of T4 to T3 by inhibition of 
 deiodinase [19, 20].

The route of administration is oral. The presentation is tablet of 50 mg. The ini-
tial dose depends on the severity with the usual starting dose 300 mg daily divided 
every 8 hours, with titration of the dose up to a maximum dose of 600 to 900 mg 
daily. The usual maintenance dose is 100 to 150 mg per day. In patients with thyroid 
storm the usual dose is 500 to 1000 mg daily divided every 4 hours [19–21].

Hepatic injury is one of the most worrisome adverse effects of the use of pro-
pylthiuracil, it occurs frequently in the first 6 months of treatment, however it can 
occur at any time, the symptoms are specific and the initial diagnosis is made by 
elevation of liver function markers. Due to the high risk of hepatotoxicity in preg-
nancy, methimazole is preferred in the second and third trimester of  pregnancy 
[19–21].

Less frequently, propylthiuracil has been associated with ANCA-associated 
vasculitis that can cause glomerulonephritis, alveolar hemorrhage, central nervous 
system compromise, and leukocytoclastic vasculitis, may improve with drug 
withdrawal or require additional immunosuppressive treatment [19–21].

Agranulocytosis can occur in up to 0.5% of patients, especially in the first 
3 months of treatment, the symptoms as in methimazole agranulocytosis are 
sore throat and fever and the patient should be advised of attend the emergency 
department in case of presenting these symptoms. Other adverse effects are hyper-
sensitivity, hypothyroidism, and potential teratogenicity. Less frequently, multiple 
adverse effects have been described, including dermatological manifestations, 
interstitial nephritis, neuritis, paresthesia, headache, vertigo, lymphadenopathy, 
 splenomegaly, aplastic anemia, fever, and lupus-like [19–21].

3. Initial treatment and relapse risk factors

Antithyroid drugs are the initial treatment for hyperthyroidism due to Graves’ 
Disease, with the exception of patients who have contraindications. Methimazole 
is preferred as the first line of treatment due to a lower risk of liver toxicity and 
propylthiuracil as the second line of treatment, with the exceptions previously 
described [20, 21]. The relapse rate after initial antithyroid drug treatment based on 
a meta-analysis with more than 1000 patients is 52% [22].

There are factors that predict a higher remission rate with antithyroid drugs, 
some studies have identified factors such as female gender, not smoking, absence 
of orbitopathy, duration of treatment, pharmacological hypothyroidism, higher 
levels of TSH during treatment, more than 3 months of discontinuation of antithy-
roid drugs and lower levels of FT4 and FT3, antimitochondrial antibody level and 
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factors associated with a higher relapse rate such as antithyroid use for more than 
24 months [23–25], Scores such as GREAT have also been created that give a higher 
relapse risk score to people under 40 years of age, with greater ft4 level, higher 
levels of Thyrotropin-binding Inhibitory Immunoglobulin (TBII), greater degree of 
goiter and HLA polymorphisms [26].

After 12 to 18 months of antithyroid treatment, the patient should be reassessed 
and depending on the risk factors for relapse as well as the TRBII titers, continuing 
treatment with antithyroid drugs for an additional 12 months or taking the patient 
to therapy may be considered. Ablative with iodine 131 or surgery, depending on the 
age, comorbidities and desire of the patient, taking into account risks and benefits 
of each therapy. In selected patients, one option is to continue treatment with anti-
thyroid drugs. In patients seeking pregnancy or pregnancy who are being treated 
with methimazole, it is recommended to switch to propylthiuracil during the first 
trimester of pregnancy [27].

The use of combined therapy with methimazole and levothyroxine has been 
evaluated in some studies, however it has been found that it does not increase the 
rate of remission of the disease with the probability of increasing adverse effects 
[28, 29], with the exception of one study which demonstrated a probable benefit in 
bone mineralization with the use of combination therapy [30].

3.1 Beta blockers

Beta-blockers are an adjuvant to antithyroid drugs, radioactive iodine, or sur-
gery. They have been used for more than 20 years to modify the severity of general 
symptoms due to excess thyroid hormones by blocking the hyperadrenergic effects. 
The effects of the different beta-blockers depend on their selectivity for B1 recep-
tors, membrane stabilizing activity, sympathomimetic activity, and lipid solubility 
[31–33].

Some beta-blockers such as propranolol have effects on the metabolism of 
thyroid hormones by decreasing the conversion of T4 to T3, decreasing the levels of 
active hormone T3, this effect is not typical of all beta-blockers and has been associ-
ated with the stabilization activity of membrane [31–33].

When comparing treatment with propranolol and metoprolol, it has been shown 
that both are equally effective in controlling the symptoms and signs of thyrotoxi-
cosis, however propranolol produces a decrease in T3 and an increase in reverse 
rT3 by the mechanism previously described, findings that are not known. Found in 
patients treated with metoprolol [31–33].

In conclusion, beta-blockers are effective in treating the metabolic and hyper-
adrenergic symptoms of hyperthyroid states and in the case of Graves’ Disease they 
are an adjuvant treatment to antithyroid drugs and ablative therapies [31–33].

3.2 Iodine 131 (I131) therapy

Ablative treatment with radioiodine or thyroidectomy result in better cure rates 
and overcome the risk of non-compliance with thionamides, but both treatments 
incur the need for permanent levothyroxine therapy [34].

The mechanism of action of I131 is physiological, it is taken up by the thy-
roid gland and incorporated into thyroid hormone, releasing beta particles that 
cause ionizing damage and tissue necrosis, this results in ablation of functional 
thyroid tissue. On average, it takes between 6 to 18 weeks before an euthyroid 
or hypothyroid state is achieved following I131 treatment. After a single dose of 
radioiodine, around 15–25% of patients remain hyperthyroid and require additional 
 treatment [35].
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Iodine therapy represents a cost-effective treatment option for Graves’ Disease. 
In the United States is the preferred therapy, whereas in Europe, Australia and most 
of Asia, it is reserved as second line for patients who relapse after initial thionamide 
treatment [34, 36]. The recent National Institute for Health and Care Excellence 
(NICE) guidelines recommends that radioiodine should now be the first line treat-
ment for Graves’ Disease in the UK because of its superior cost-effectiveness and 
efficacy of radioiodine compared to thionamides [34].

Previous studies have reported factors related to success of radioiodine therapy 
(RIT) including: gender (lower remission rates in males), more severe hyperthy-
roidism, thyroid size, serum TSH receptor antibody titers and thyroid uptake on 
radionuclide scans [36]. A recent study included 336 patients aged 22–75 years who 
were diagnosed with Graves’ Disease and treated with iodine therapy, which 220 
(65.5%) were smokers. In regards of the treatment, 115 (52.2%) of patients received 
single RIT and 105 (47.8%) received second dose of RAI due to recurrent hyperthy-
roidism. In non-smokers (n = 116, 34.5%), 91 (78.6%) received single activity of 
RAI, while 25 (21.4%) required second RIT due to recurrent hyperthyroidism [36].

Potential complications of I131 therapy include: worsening of Graves’ ophthal-
mopathy (15–20% of patients) and development of a radiation thyroiditis (1% of 
patients), which appears within 2 weeks after I131 therapy and can be associated 
with neck tenderness and swelling. The risk of exacerbation or new occurrence of 
Graves’ eye disease can be mitigated by glucocorticoid prophylaxis [35, 36].

Regarding outcomes of radioiodine therapy, data from 101 patients in an 
Australian 10 year cohort reported remission following a single dose of I131 in 73 
patients (79.3%), 64 patients became hypothyroid (87.6%) and 9 patients (12.3%) 
remained euthyroid. Individuals who did not achieve remission with a single dose 
were more likely to have higher TSH receptor antibody titers at diagnosis. The 
median time from I131 administration to hypothyroidism was 4 months. There was 
no difference in technetium uptake, I131 administered activity, duration of medical 
therapy, pre-treatment free thyroxine or duration of disease [35].

The safety of radioiodine with respect to long-term mortality risk has been 
subject of debate; observational studies from the United States, Sweden, UK and 
Finland reported increased all-cause mortality compared to the background general 
population in patients who received radioiodine therapy for hyperthyroidism, 
attributable to cardiovascular disorders, and in some cases, mortality increased with 
higher radioiodine doses. Along cancer mortality, there are reports of increased, 
similar or decreased cancer mortality risk in radioiodine-treated patients with 
hyperthyroidism. The increased mortality was seen in younger versus older patients, 
and in patients with toxic nodules compared to Graves’ Disease. Mortality cancer risk 
was dose dependent, and it attributable to upper gastroesophageal, respiratory tract 
or breast tumors, suggesting that the malignancies were a consequence of internal 
exposure to radioactivity in iodide accumulating organs. A critical appraisal of these 
and other treatment-related mortality studies in hyperthyroidism is therefore neces-
sary to ascertain the safety of the proposed NICE approach [34].

There are several studies that compare mortality in radioiodine versus thion-
amide treated patients. Some showed excess cancer deaths in thionamide but not 
radioiodine-treated patients, and others showed reduced mortality in association 
with radioiodine but only after it led to hypothyroidism, implying survival advan-
tages of hyperthyroidism control [34].

3.3 Surgery

Thyroidectomy is the oldest form of Graves’ treatment and has been found to 
be as effective as ATDs and radioiodine in normalizing serum thyroid hormone 
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levels within 6 weeks of therapy. A meta-analysis that included 8 studies and a 
total of 1402 patients with hyperthyroidism has shown that thyroidectomy has 
the lowest relapse rate (10%) when compared with RAI (15%) and ATD (52%) as 
well as another meta-analysis which showed a 100% cure rate among patients who 
 underwent total thyroidectomy [37].

Indications for thyroidectomy include large goiters, goiters causing airway 
obstruction/ dysphagia, moderate to severe ophthalmopathy (because radioiodine 
may worsen ophthalmopathy), pregnant or breastfeeding women (If the patient is 
unable to tolerate propylthiuracil or methimazole after the first trimester, persistent 
hyperthyroidism after radioablation and ATD therapy, or a nodule with abnormal 
cytology on fine needle aspiration (FNA) [37].

Regards of mortality outcomes in radioiodine versus thyroidectomy cohorts. 
A 1982 Mayo clinic study showed no difference of mortality in radioiodine versus 
surgically treated women with hyperthyroidism, but two studies from Finland and 
Sweden have shown an increase in all-cause mortality and cardiovascular mortality 
in radioiodine treated patients compared to thyroidectomy patients; differences in 
cancer related mortality were not observed between the two groups in these cohort. 
Excess cardiovascular morbidity was not seen in radioiodine or in surgically who 
developed hypothyroidism, suggesting that the survival advantages of surgery 
over radioiodine therapy may be related to the superior hyperthyroidism control 
achieved with thyroidectomy [34].

Preparing for surgery [37]:

• Thyrotoxic patients should be rendered euthyroidic before undergoing surgery, 
some believe that there is a risk of hemodynamic instability if thyroid function 
is not controlled

• Beta blockers should be used up to and after surgery until thyroid function 
levels are within the normal limits

• Antithyroid drug therapy is used up until the day of surgery

• According to ATA guidelines, preoperative potassium iodide (KI), saturated 
solution of potassium iodide (SSKI), or Lugol solution should be used, this 
treatment has been shown to decrease thyroid blood flow, vascularity, and 
intraoperative blood loss. Although, there have also been other studies that 
show no change in outcomes when using these products.

• Calcium and vitamin D levels should be measured prior to surgery to establish 
a baseline level

• Serum calcium and albumin levels should be measured in the 
 postoperative setting

• Parathyroid hormone is tested postoperatively after thyroidectomy to screen 
for transient and later permanent hypoparathyroidism

• Postoperative hypocalcemia can be avoided by pretreating with calcium 
carbonate 1 g for 3 weeks prior the procedure

• All patients should take 1 g calcium carbonate TID for 2 weeks until the levels 
of calcium and parathyroid hormone (PTH) are measured again



139

Treatment of Graves’ Disease in Adults
DOI: http://dx.doi.org/10.5772/intechopen.97563

Total thyroidectomy is preferred to subtotal thyroidectomy. Total thyroidectomy 
versus subtotal thyroidectomy is a balance between risk of recurrence of hyperthy-
roidism and incidence of hypothyroidism [37].

One randomized trial of total thyroidectomy vs. subtotal thyroidectomy fol-
lowed 191 patients over a span of 5 years. Total thyroidectomy had a recurrence of 
0% versus 4.7% in patients undergoing subtotal thyroidectomy. It was also found 
that transient hypoparathyroidism occurred in 12.6% of total thyroidectomy and 
permanent hypoparathyroidism in 0.5% patients. In the subtotal thyroidectomy 
cohort, 6.8% had transient hypoparathyroidism and 0% had permanent hypopara-
thyroidism [38].

A systematic review and meta-analysis of total vs. subtotal thyroidectomy for 
Graves’ Disease, found that the odds ratio (OR) of transient and permanent hypo-
parathyroidism favors subtotal thyroidectomy, the OR of the recurrence of hyper-
thyroidism favors total thyroidectomy. Permanent recurrent laryngeal nerve injury 
was found to be equivalent between the 2 operations [39].

3.4 Thyroid storm

Thyroid storm is a life-threatening complication of severe disease with a high 
risk of mortality. Once thyroid storm is recognized, the patient should be managed 
in an appropriate location such as an Acute Medical Unit, high-dependency area or 
intensive care unit [40, 41].

Thyroid storm has multiple aims: supportive care, inhibition of new hormone 
synthesis, inhibition of thyroid hormone release, peripheral β-adrenergic receptor 
blockade, preventing peripheral conversion of T4 to T3 and identifying and treating 
precipitating factors [41].

General supportive care includes intravenous resuscitation, electrolyte replace-
ment and nutritional support. Fluid losses could result from the combination of 
fever, diaphoresis, vomiting, and diarrhea. Normal saline can be given for replace-
ment [40, 41]. Antipyretics can be administered to relieve pyrexia, but salicylates 
should be avoided as they are associated with displacement of thyroid hormone 
binding from thyroid binding globulin [40].

Thionamides inhibit synthesis of thyroid hormones. Iodine (lugol solution, 
potassium iodide can be given to stop thyroid hormone release. Iodine-containing 
solution should not be given to patients with iodine overload, iodine-induced 
hyperthyroidism, or those with amiodarone-induced thyrotoxicosis. In these 
situations, an alternative such as lithium or potassium perchlorate may be used 
instead [41].

Conversion of T4 to T3 is blocked by PTU, propranolol, and glucocorticoid. For 
PTU and propranolol, this effect is not quantitatively significant. Therefore, gluco-
corticoids like hydrocortisone or dexamethasone are essential in treatment [41].

Peripheral β-adrenergic receptor blockade is made by using propranolol. It 
can be given intravenous in slow 1–2 mg boluses, which may be repeated every 
10–15 min until the desired effect is achieved. Orally, propranolol therapy usually 
begins at 20–120 mg per dose, or 160–320 mg/day [41].

Propranolol could be used for the management for secondary atrial fibrillation. 
Alternatively, esmolol, with a shorter acting effect could also be used. Intravenous 
calcium channel blockers may be considered if β-blockers are contraindicated, other 
alternatives are digoxin and amiodarone [41].

The incidence of thromboembolism in thyrotoxic patients is considerable. In 
view of the hypercoagulable state and increased incidence of mitral valve prolapse 
in thyrotoxicosis-related atrial fibrillation, anticoagulant should be started [41].
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In the case of acute heart failure, which is associated with a high cardiac output 
state, initial management is with loop diuretics. Vasodilators such as nitrates should 
be avoided as thyrotoxicosis is associated with vasodilatation and systemic vascular 
resistance [41].

4. Future therapies

Although antithyroid drugs, radioactive iodine and surgery have been the 
treatment options in the las few decades, in recent years treatment options based on 
immunobiology such as biologics, small molecules and peptide immunomodulation 
have been investigated. These treatments are in different stages of development and 
are aimed at immunomodulation of B lymphocytes such as rituximab, iscalimab 
and belimumab, blocking of immunoglobulin recycling, signaling of TSH recep-
tors as antagonists of TSH receptor, immune tolerance as immunomodulatory TSH 
receptor peptides, with the benefit of a lower risk of toxicity and since they are 
targeted treatments, a lower risk of immunosuppression and the hope of higher 
rates of remission [42].

5. Conclusions

Graves’ Disease is the most common cause of hyperthyroidism. Treatment 
options are still antithyroid drugs, radioactive iodine and surgery. Antithyroid 
drugs continue to be the first line of treatment, except for patients with contrain-
dications or intolerance, radioactive iodine therapy has gained more force in some 
management guidelines such as the NICE 2019 guidelines. Surgical ablation is still 
an option in a smaller proportion of patients with particular conditions. New treat-
ment options with biological and immunomodulatory therapy are under develop-
ment and in the future may be a treatment option with a lower risk of toxicity and 
perhaps higher rates of cure.
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of the Creative Commons Attribution License (http://creativecommons.org/licenses/
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Chapter 9

Radioiodine for Graves’ Disease 
Therapy
Aisyah Elliyanti

Abstract

Radioiodine-131 (RAI) is an isotope of the chemical element iodine and is  
commonly used for hyperthyroidism, including Graves’ Disease. It is given orally, 
and its concentration in the thyroid gland. The RAI transport involves a natrium 
iodide symporter (NIS) role that brings two cations sodium (Na+) and one anion 
of iodide (I-) across the membrane. The process is facilitated by the enzyme Na+/
K+ ATPase. RAI is a beta (β) and gamma (γ) particles emitter. β particle is used for 
therapy and γ particle for imaging (theranostic). β particle inhibits cell growth by 
inducing cell death through apoptosis or necrosis of some of the sufficient thyroid 
cells. The aim of RAI therapy in Graves’ Disease is to control hyperthyroidism 
and render the patient hypothyroidism. It is easier to manage patients with hypo-
thyroidism with levothyroxine and fewer complications. This review will focus 
on RAI’s therapeutic approach in Graves’ Disease, including patient preparation, 
selecting activity dose, adverse events, contraindication, controversies issues such 
as malignancy and fertility, the follow-up to ensuring the patient remains euthyroid 
or need a replacement therapy if they become hypothyroidism. RAI therapy is safe 
as definitive therapy and cost-effective for Graves’ Disease therapy.

Keywords: hyperthyroidism, hypothyroidism, malignancy, pregnancy,  
replacement therapy

1. Introduction

Graves’ Disease is an autoimmune disorder that affects the thyroid gland, 
and it causes 50–80% of hyperthyroid cases and is associated with a firm diffuse 
goiter [1–3]. Its etiology is not entirely understood. The disease occurs in patients 
with having a genetic history and combination with environmental factors and 
lifestyles. Graves’ Disease (GD) is characterized by elevated thyroid-stimulating 
receptor antibodies with increased thyroid hormone production [4–6]. GD can 
also affect other organs, including the eyes and skin. The annual incidence rate has 
been estimated at 14–50 cases per 100,000 persons. The peak incidence is between 
30–50 years. Even though the disease may affect every age, the incidence is higher 
in women than men, with a 6:1 ratio [2, 5].

Graves’ Disease treatments depend on the presentation. The treatment consists 
of symptomatic therapy and reduction of thyroid hormone synthesis. The symp-
tomatic therapy, such as a beta-adrenergic blocker, is given for patients with tachy-
cardia, a history of cardiovascular disease, and elderly patients [2, 6]. Therapies 
for reducing thyroid hormone synthesis are antithyroid drugs (ATDs), radioactive 
iodine (RAI), and thyroidectomy [2, 3, 6–8]. All three options have advantages and 
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disadvantages. There is no consensus on which one is the best choice, and it is one 
of the more debatable issues. The treatment choice is likely to be influenced by local 
availability, treatment cost, patient’s preferences, and socio-economy that caused 
vary from country to country.

Antithyroid drugs are widely used in Europe and most of Asia as first-line 
therapy. However, RAI is used by most physicians in the United States of America. 
[3, 6–8]. Hertz and Roberts were used radioiodine I-130 for the first time on March 
31, 1941, for hyperthyroidism treatment [9, 10]. Its radiation was delivered rapidly 
to the thyroid cells over a day or two. Since the Atomic Energy Commission was 
allowed to supply the fission products for peaceful medical use in August 1946, 
I-130 was replaced by I-131 because I-131 was much cheaper [9]. RAI is used for 
therapy and imaging (theranostic). It is a beta (β) and gamma (γ) emitter with a 
half-life of 8.05 days. A β particle has a peak energy of 0.606 MeV, with a maximum 
range of ~3 mm in the tissue used for therapy. The peak of γ particle is 0.364 MeV is 
used for imaging [4, 11, 12]. The longer physical half-life of RAI ensures long-term 
irradiation of the target tissues, becoming a potential advantage.

RAI therapy aims to treat hyperthyroidism by destroying sufficient thyroid 
cells to reach either euthyroid or hypothyroid conditions. Radioactive iodine is 
safe as definitive therapy, cure rates ~80–90%, and cost-effective, rarely or minor 
side-effects. [4, 6, 7, 11–14]. The choice of therapy depends on the patient’s prefer-
ence. The choice of therapy should take into account local availability and cost-
effectiveness. In practical terms, RAI is administrated as an outpatient visit, and 
it is an advantage. RAI is recommended for optimal treatment of Graves’ Disease 
by the American Thyroid Association (ATA) and American Association of Clinical 
Endocrinologists (AACE) guidelines for the management of thyrotoxicosis 2011 and 
ATA 2016 [3, 6, 15]. The recent guidelines of the United Kingdom (UK) National 
Institute for Health and Care Excellence (NICE) recommend that radioiodine 
should now be the first-line treatment for Graves’ Disease in the UK [7].

2. Transport radioiodine

RAI is administrated in a capsule or liquid. Once it is ingested, it is quickly 
absorbed into the bloodstream in the gastrointestinal (GI) tract. It is taken up by 

Figure 1. 
Natrium iodide symporter brings two cations of sodium (Na+) and one anion of iodide (I−) cross the epithelial 
thyroid cells’ at the basolateral membrane. The process is facilitated by the enzyme Na+/K+ ATPase.
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thyroid cells through active transport, which is the same natural iodine process. The 
transport involves a natrium iodide symporter (NIS) role that brings two cations 
sodium (Na+) and one anion of iodide (I−). The process is facilitated by an enzyme 
Na+/K+ ATPase, as shown in Figure 1. NIS is a transmembrane glycoprotein that 
contains 13 membrane-spanning segments and three N-linked carbohydrates. It 
resides in the basolateral membrane of epithelial thyroid cells [16–20]. Besides 
the thyroid cell, NIS is expressed by extra-thyroid tissues [20]. NIS expression 
increased RAI uptake for diagnostic and therapy in thyroid extra-thyroid organ.

3. The mechanism action of RAI

β particle of RAI inhibits cell growth by inducing cell death through apoptosis 
or necrosis. Cell responses to radiation are influenced by various factors that lead to 
different responses between cells. The amount of RAI radiation received by cells is 
affected by the capture and accumulation of RAI and its biological half-life, which 
correlates with the effects. Cell responses to radiation are influenced by the cell’s 
sensitivity and the complexity of the cells’ micro-environments [21, 22]. Due to the 
small therapeutic range of β particles within the tissues, naturally, no β particles 
escape from the thyroid. So, the remaining non-target tissue (i.e., parathyroid glands) 
still safe even though high activity RAI dose is given to the patients. [4, 11, 23].

A β particle of RAI has a low Linear Energy Transfer (LET) value (0.2 KeV/
μm). It causes cell death, direct and indirect. The decay of radioisotopes in the cell 
(self-dose) cause DNA damage through direct breakage of molecular bonds. The 
formation of free radicals or the decay of radioisotopes in adjacent cells (cross-fire) 
indirectly causes cell death, as shown in Figure 2. The condition leads to a reduction 
of thyroid function and diminished thyroid size [24, 25].

Figure 2. 
RAI radiation damages a DNA directly (lethal and sub-lethal) or indirectly from adjacent cell radiation 
(cross-fire/bystander).
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4. Treatment protocol

Many studies reported various approaches to RAI therapy published by different 
institutions. It remains a matter of debate when choosing the treatment protocols, 
whether a calculated dose that considers radioiodine uptake (RAIU) and thyroid 
volume measurements versus a fixed-dose, or a high dose versus a low dose, or 
whether short term versus long term medical management. RAI administrates as 
low as reasonably achievable (ALARA) dose that is an essential principle for radia-
tion treatment [23, 25].

5. Radioiodine dose

RAI therapy is well established for the definitive treatment of GD. However, 
Its approach remains controversial due to differing treatment control goals. It is 
between hyperthyroidism versus avoidance of hypothyroidism. Various methods 
of RAI doses have been used to deliver adequate radiation to the thyroid gland. 
Radiation dose to the thyroid depends on the RAI uptake, thyroid volume, and 
biologic half-life of the RAI. Actually, RAI activity dose measured based an amount 
of the radiation delivered to the thyroid gland rather than administered activity, but 
few publications confirm this unequivocally [23]. Three approaches for determining 
the administered RAI activity doses. 1. Based on the calculation of thyroid volume 
and the RAI uptake 24 hours. 2. Based on thyroid volume, RAI uptake, effective 
half-life. 3. Fixed activity dose [4, 11].

In calculation approaches, the thyroid volume, RAI uptake, and effective half-
life are factors determine the activity dose. It is recommended a delivered activity of 
RAI about 3–8 MBq (80–220 μCi) per gram of thyroid mass, with absorbed radia-
tion dose 100–150 Gy to restore a euthyroid status, whereas the total ablation dose 
is in the range 200–300 Gy [12, 14, 23]. Naturally, the normal thyroid mass is about 
20 grams. Ultrasound, x-ray/MRI studies, and scintigraphy thyroid can be used 
to evaluate thyroid volume. However, ultrasonography is superior to all of these 
techniques because of its relatively low cost, wide availability, ease of technically.

The RAI uptake should be appropriately prepared to ensure its real thyroid 
uptake. The patient should be advised to avoid meals for at least 2 hours before and 
2 hours after the oral administration of RAI for the test. The thyroid uptake can also 
be measure by intravenous administration of Tc-99 m pertechnetate. The pertech-
netate is trapped but not be organification by the thyroid. The measurement usually 
after 20 minutes of the injection [6, 11, 23]. GD uptakes usually high unless the 
patient has a history of iodine intake recently. However, the calculated dose versus 
fixed-dose effectiveness is an equally successful outcome [6, 26]. Radioactive iodine 
uptake (RAIU) can be calculated using formula (1) [12].

 ( ) ( )
( )

thyroid counts
RIAU % 100.

Administrated counts
cpm

x
cpm

=  (1)

An effective half-life is needed for an accurate absorbed dose calculation to 
the thyroid [6, 11]. Effective half-life is the combination of the physical half-life 
(constant for a particular nucleus) and the biological half-life (varies from patient 
to patient). A radionuclide in a living tissue decays in two ways, physical decay 
and biological elimination from the body is called biological half-life. The effective 
half-life of RAI in the thyroid can be determined by measuring its uptake at several 
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different periods following RAI administration. It may vary from 1.2 to 7.5 days in 
hyperthyroidism (i.e., the variation factor is 6.25). The effective half-life calculation 
is cumbersome. It has a lot of calculations and assumptions that may have a human 
error. Effective half-life calculation will increase the accuracy of RAI activity dose 
[11]. However, the outcome has not been shown to be better, so the method is rarely 
used [6].

Fixed-dose of RAI activities is a simple protocol and convenient to use. It can 
be administered as a single dose and be repeated as necessary, with a range of 
185–740 MBq (5- 20 mCi). The administration dose is given based on validated 
clinical parameters and an estimated thyroid size by palpation or measurement by 
ultrasonography or scintigraphy [26, 23, 25].

The majority of patients cure with a single RAI dose [11, 13]. Many physicians 
prefer a single high RAI dose, which leads to hypothyroidism. Cure rate high dose 
reach 85% - 94.4%, and 66–74% for low dose [4, 11, 14]. A single high dose or abla-
tive dose concept is preferred by a physician today. It can avoid patients’ frequent 
visits and laboratory testing for hypothyroid onset detection. It decreases the risk of 
persistent or recurrent hyperthyroidism [23]. A low dose is administered to achieve 
a euthyroid state to avoid hypothyroidism. 50%–90% of patients become hypothy-
roidism within 3–12 months [13]. Around 14% of hyperthyroid patients required 
second therapy. Persistence hyperthyroidism showed 7.3% after received 555 MBq 
(15 mCi) RAI [12, 13].

On the other hand, the low activity dose is generally not recommended because 
many patients need RAI retreatment. Furthermore, most patients will become 
hypothyroid after RAI [4, 23, 25]. Finally, therapy aims to control hyperthyroidism 
and render the patient to be hypothyroidism. The therapy outcome can be accom-
plished equally by administering a fixed RAI activity dose or calculating the activity 
based on the thyroid RAIU and size.

6. Patient preparation

Certain evaluations for adequate treatment include the treatment history such 
as ATDs, food or medication containing iodine that blocked radioiodine uptake 
that needs to discontinue before the treatment, and the duration of their period as 
shown in Table 1.

Pharmaceutical Withdrawal duration

ATDs
(propylthiouracil, methimazole carbimazole)

7–14 days before therapy
7 days after therapy

Thyroid hormones
• Triiodothyronine
• Thyroxine

10–14 days
3–4 weeks

Lugol solution 2–3 weeks

Vitamins containing iodine 7–10 days

Amiodarone 3–6 months

Intravenous radiographic contrast agents
• Water soluble
• Lipophilic

6–8 weeks
1–6 months

Table 1. 
Pharmaceuticals containing iodine block of RAI uptake [4, 6, 11, 23, 25].
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The patient should also be advised to avoid meals for at least 2 hours before and 
2 hours after the oral administration of RAI. Large meals can slow the absorption of 
RAI. Laboratory results, including free T4, free T3, Thyroid-stimulating hormone 
(TSH). Thyroid scintigraphy is used to assess the potential variability distribution 
of RAI in the thyroid gland. Graves’ Disease scintigraphy pattern is a diffuse high 
uptake at the thyroid gland. It can differentiate between Graves’ Disease with toxic 
adenoma and toxic multinodular goiter, as shown in Figure 3. Ultrasonography 
assessment may be useful if patients have a contraindication for the scintigraphy, 
such as during breastfeeding and pregnancy [6]. The choice of testing depends on 
cost, local availability, and expertise. RAIU measurements are not required when 
fixed activities are used. Thyroid ultrasonography can be used to determine thyroid 
volume. Pregnancy test for child-bearing females within 72 hours before the RAI 
administration, and when pregnancy is excluded, the test can be omitted.

For patients with ophthalmopathy, RAI can exacerbate existing Graves’ ophthal-
mopathy (GO) [11, 12, 23]. Smokers, high serum triiodothyronine pre-treatment, 
posttherapy hypothyroidism, and thyroid-stimulating receptor antibody are also 
associated with an increased risk of developing or worsening ophthalmopathy [23]. 
Steroids prevent the risk of RAI-induced ophthalmopathy without influence the 
outcome of therapy. Mild and active ophthalmopathy pre-exists patients with high-
risk factors associated with development or worsening of ophthalmopathy should 
receive steroid prophylaxis [25, 27, 28].

RAI therapy may need to be repeated. Patients also need a long-term follow- up 
because of the likelihood of eventual hypothyroidism and very uncommon side 
effects. Written information must be provided, and the patient should obtain writ-
ten informed consent before therapy.

7. Contraindication

Absolute contraindications of RAI are in pregnancy and during breastfeed-
ing and in patients who cannot comply with radiation safety regulations. Relative 
contraindications are uncontrolled hyperthyroidism and active thyroid orbitopathy 

Figure 3. 
Scintigraphy thyroid showed enlargement of both thyroid lobes, with high diffuse uptake of a Tc-99 m 
pertechnetate.
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(especially in smokers) [4, 6, 12, 25]. RAI is not contraindicated in large goiters, 
even if partially retrosternal or intrathoracic [25]. A higher cure rate reaches up to 
96%, even for thyroid size of more than 40 gram [12].

8. Adverse effects

Some patients, especially those who have large thyroid mass, may notice a 
transient swelling of goiter for approximately one week after therapy, salivary 
gland discomfort, or dyspnoea. Nausea that could develop into vomiting depends 
on the amount of administered activity for RAI. Antiemetic treatment can reduce 
the symptom. The effects are infrequent when the patients received <1.1 103 MBq 
(<30 mCi). Those effects are usually observed on a high dose >3.7 103 MBq  
(> 100 mCi) of RAI [29].

RAI treatment can cause a transient exacerbation of hyperthyroidism. The 
β- adrenergic blocker should be considered in symptomatic and asymptomatic 
patients who have hyperthyroidism risk (i.e., elderly patients and patients with 
comorbidities) [6]. Even though it is rare, the radiation can induce thyroiditis and 
thyroid hormone release into the circulation leading to thyroid storm precipitation 
[4, 6, 12]. The condition is more likely occurring in patients with a large thyroid 
mass and who received higher RAI activities. Elderly patients and patients with sig-
nificant pre-existing heart disease, severe systemic illness, or debility may benefit 
from pre-treatment with ATDs. However, ATDs should be withdrawn for one week 
before RAI therapy and resumed a week afterward [4, 6, 23, 25].

The aim of RAI therapy in GD is to control hyperthyroidism and render hypo-
thyroidism. It is easier to manage hypothyroidism with levothyroxine and fewer 
complications compared to treat hyperthyroidism with ATDs in the long term, 
leading to undesirable therapy effects [30]. The number of mortality reduced in 
hyperthyroid patients who become hypothyroidism after RAI therapy. The condi-
tion is implying the survival advantages of hyperthyroidism control. The risk of 
mortality of patients with hyperthyroidism, whether caused by cardiovascular or 
cancer, appears to be driven by thyroid hormone excess [4, 31].

9. Malignancy

The challenge of RAI’s late effect is concern developing the risk of malignancy 
after RAI treatment. Based on multi-center trials, there was no association of any 
clinical malignancy of RAI for the therapy. [7, 9, 11, 13, 23, 29, 31]. The malignancy 
is associate with a small risk of pre-existing or coexisting thyroid cancer in patients 
with toxic nodular goiter. Graves’ Disease was not related to cancer development 
after RAI therapy [23].

10. Pregnancy

Conception should be delayed after six months of the therapy. The same period 
applies for males to allow irradiated spermatozoa and complete ovarian recovery 
for patients without undergone gonadal function and thyroid hormone under 
control [12]. Child-bearing women have no evidence of decreased fertility after 
received RAI treatment and no adverse outcome on subsequent pregnancies [32]. 
The incidence of intrauterine growth restriction, neonatal gender, and premature 
birth did not significantly differ between patients who received RAI therapy and 
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antithyroid drugs (ATDs). However, a higher abortion rate was found in Graves’ 
Disease patients who received RAI and ATDs [33].

Furthermore, patients with intractable Graves’ Disease and too high thyroid-
stimulating receptor antibody who want to pregnant soon should not receive 
radioiodine therapy to avoid developing fetal or neonatal hyperthyroidism [34]. 
RAI exposures in the first ten weeks of pregnancy do not affect fetal growth, but 
after ten weeks, the exposures can affect the growth [35]. Studies reported have 
no evidence of genetic damage and congenital anomaly, miscarriage, and preterm 
birth in patients who received RAI with the general population [7, 11, 13, 25, 36–38].

11. Follow-ups

Long-term follow-up after RAI therapy is needed. The likelihood of eventual 
hypothyroidism can occur within 2–3 months after therapy or even decades later, 
with a small, ongoing annual incidence. Lifelong thyroid hormone supplementa-
tion would then become necessary and should be started when thyroid-stimulating 
hormone elevation is detected and should have as its goal a euthyroid, symptom-
free state [23]. Transient hypothyroidism is reported in 3–20% of cases. It does not 
invariably lead to permanent hypothyroidism, but thyroid hormone supplementa-
tion is generally recommended.

12. Conclusions

RAI therapy is safe as definitive therapy and cost-effective for Graves’ Disease 
definitive treatment. The treatment has to be individualized. Patients should fully 
understand the treatment procedures to reach the desired outcome and handle the 
risks and adverse effects. Three approaches for determining the administered RAI 
activity doses. 1. Based on the calculation of thyroid volume and the RAI uptake 
24 hours. 2. Based on thyroid volume, RAI uptake, effective half-life. 3. Fixed 
activity dose. However, the effectiveness is an equally successful outcome between 
them. RAI treatment aims in GD is to control hyperthyroid rather than avoidance of 
hypothyroidism. Hypothyroidism can occur within the first three months after RAI 
therapy or even decades later. Lifelong follow-up is needed to ensure recurrence of 
disease, and hypothyroidism is detected. Thyroid hormone supplementation would 
then become necessary and should be started when thyroid-stimulating hormone 
elevation is detected. Long-term studies show that radiation does not induce genetic 
damage or malignancy. However, conception should be delayed at least for six 
months after the therapy. So, the physician needs to provide written information for 
the patients to avoid miss interpretation.
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Abstract

Graves’ Disease is the most common cause of hyperthyroidism. It has multiple 
manifestations and it requires appropriate diagnostic and therapeutic manage-
ment. Once it has been established that the patient is hyperthyroid and the cause is 
GD, the patient and physician must choose between three effective and relatively 
safe initial treatment options: antithyroid drugs (ATDs), radioiodine (RAI) 
therapy, or thyroidectomy. RAI has been used to treat hyperthyroidism for more 
than seven decades. It is well tolerated and complications are rare, except for those 
related to orbitopathy. Most patients are effectively treated with one therapeutic 
dose of I-131. The patient usually notes symptomatic improvement within 3 weeks 
of therapy. However, the full therapeutic effect takes 3 to 6 months because stored 
hormone must first be released. Radioiodine therapy may not initially be effec-
tive in up to 10% of patients. They require repeat treatment, usually with a higher 
administered dose.

Keywords: RAI, hyperthyroidism, therapy, Graves’ Disease, Nuclear Medicine, 
theranostics, guidelines

1. Introduction

Thyrotoxicosis is a very common clinical syndrome caused by an excess of 
thyroid hormones in the serum. It results in a generalized acceleration of metabolic 
processes. Occasionally, thyrotoxicosis may be due to other causes. Graves’ Disease 
is the commonest cause of hyperthyroidism, typically presenting in patients 
between 40–60 years. It is characterized by the presence of thyroid stimulating 
hormone receptor antibodies (TRAbs) but pathogenesis is not completely under-
stood [1]. The thyroid stimulating hormone receptor (TSHR) is a transmembrane 
G-protein-coupled receptor (GPCR) and when it is activated by thyroid stimulating 
hormone (TSH) it stimulates thyroid hormone production [2]. TRAbs mimic the 
action of TSH leading to hyperthyroidism. Although autoimmune mechanisms are 
responsible for the syndrome of GD, management has been largely directed toward 
controlling the hyperthyroidism. Three therapeutic methods are available: (l) 
antithyroid drug therapy (ATD), (2) surgery, and (3) radioiodine treatment (RAI) 
and have proved to be effective, safe and cost-effective. They can be the first-line 
treatment for hyperthyroidism not only due to Graves’ Disease, but also due to 
toxic adenoma, and toxic multinodular goiter [3]. Nowadays research has turned its 
focus on the potential use of immunotherapy in GD [4, 5]. It is remarkable that the 
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selection of the right therapy for each patient still poses a challenge to the clinician 
as there is no single best therapy for all patients [6].

Radioactive iodine (I-131), has been commonly used for the treatment of 
both benign and malignant thyroid conditions since the 1940s. In the early days 
of nuclear medicine, endocrinologists were attracted to the field by the potential 
of radioiodine for diagnosis and therapy. Today thyroid diagnosis and therapy 
continue to have an important role in the practice of nuclear medicine. The story of 
radioiodine started in 1935 at the Massachusetts Institute of Technology in coop-
eration with the Thyroid Unit of the Massachussetts General Hospital. Diagnostic 
thyroid studies were performed for the first time in 1937 using iodine-128. In 1938, 
not more than one year later, I-130 and I-131 were discovered, followed by the first 
treatment of benign thyroid disease in. Hertz and Roberts were the first to do so on 
March 31, 1941; Hamilton and John Lawrence, began on October 12, 1941. In 1946 
the Oak Ridge National Laboratory produced I-131 for routine use and from this 
time on I-131 treatment is increasingly performed not only in benign thyroid disease 
but also in differential thyroid cancer (DTC) [7].

Nuclear medicine involves the administration of radiopharmaceuticals to 
patients for diagnostic and therapeutic purposes. The theranostic approach is 
an established tool for specific molecular targeting, both for diagnostics and 
therapy. Most radiopharmaceuticals are a combination of radioactive molecule, 
a radionuclide, that permits external detection and a biologically active molecule 
or drug that acts as a carrier and determines localization and biodistribution. For 
a few radiotracers (e.g., radioiodine), the radioactive atoms themselves confer 
the desired localization properties [8]. RAI in GD includes the systemic adminis-
tration of 131-I for selective irradiation of hyperfunctioning thyroid gland. The 
efficacy and safety of this treatment and the advantages over thyroid surgery 
and ATDs have been documented and are widely accepted. Several guidelines, 
protocols and recommendations have been released by various scientific societ-
ies including the European Association of Nuclear Medicine (EANM), and the 
American Society of Nuclear Medicine Molecular Imaging (SNMMI), European 
Thyroid Association (ETA) and American Thyroid Association (ATA) whose 
procedural guidelines are updated in last decade and will be discussed in this 
chapter.

2. Physical and radiobiological properties of (radio)iodine

Physicians responsible for treating thyroid disorders should have an understand-
ing of the clinical pathophysiology and natural history of the disease processes. 
They also should be familiar with iodine uptake and metabolism. Iodine is a 
micronutrient of crucial importance for the health and well-being of all individu-
als. It is mostly obtained from food sources. Thyroid gland plays the central role 
in the metabolism of iodine. When iodine enters the bloodstream it is then taken 
up by thyroid follicular cells through an active transport system the sodium iodide 
symporter (NIS) which is located at the basolateral membrane of the follicular 
cell [9]. Then, peroxidase promotes iodine to bound to thyroglobulin (Tg) and in 
particular to tyrosine which is then iodinated. The latter leads to the formation 
of 3-monoiodotyrosine (MIT) and 3,5-diiodotyrosine (DIT) which are coupled 
afterwards leading to the formation of thyroid hormones. Two molecules of DIT 
form thyroxine (T4) hormone and when one MIT and one DIT molecule couple 
they form Triiodothyronine (T3) hormone. Thyroid hormones remain stored in 
the thyroid cells in a thick fluid that is called colloid. Colloid can store a 3 month 
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supply of thyroid hormones. Thyroid stimulating hormone (TSH) regulates thyroid 
hormone production. In particular it stimulates NIS expression which then activates 
follicular cells through TSH receptor (TSH-R). The uptake and metabolism of the 
radioactive iodine (I-123 and I-131) does not differ from nutritional iodine uptake 
in the normal or hyperfunctional gland.

I-131used for the treatment of thyroid disorders has a physical half life of 
8.4 days and undergoes beta-minus decay emitting a principle primary gamma 
photon of 364 kiloelectron volts (keV) (81% abundance). The 364-keV photons 
are not optimal for gamma cameras. The detection sensitivity for I-131 (i.e. the 
amount of photons detected by the gamma camera) is poor. Approximately half 
of the photons penetrate a 3/8-inch crystal without being detected. Other higher 
energy I-131 emissions will pass though the collimators holes leading to image 
degradation. Beta-minus decay also results to emission of beta particles of 0.606 
megaelectron volt (MeV) (89% abundance) which are responsible for the therapy 
outcome but cannot be used for imaging. The I-131 high-energy beta emissions 
and long physical half-life of gamma emissions result in a high radiation dose to 
the patient, particularly to the thyroid. Thyroid gland which is the target organ 
of RAI treatment receives ultimately a high radiation dose ~0.01Gy/μCi, and this 
defines the maximum applicable administered dose [10]. Radiobiological effects 
of radioiodine on tissues are direct (radiation deposit within DNA) or indirect. 
Indirect effects produce free radicals that in turn react with critical macromol-
ecules. The cellular effect of the ionizing radiation leads to genetic damage, 
mutations, or cell death. The DNA damage from radiation is mediated via a 
combination of direct effects, through breakage of molecular bonds, or indirectly 
through the formation of free radicals. This leads to a decrease in thyroid function 
and/or reduction in thyroid size. There are neither good measures of individual 
radiosensitivity nor ideal methods of predicting the clinical response to RAI 
therapy [11].

3. Treatment choices for Graves’ hyperthyroidism

Patients with overt Graves’ hyperthyroidism should be treated with any of the 
following modalities: RAI therapy, ATDs, or thyroidectomy. Once the diagnosis has 
been made, the treating physician and patient should discuss each of the treatment 
options, including the logistics, benefits, expected speed of recovery, drawbacks, 
potential side effects, and costs. This sets the stage for the physician to make 
recommendations based on best clinical judgment and allows the final decision 
to incorporate the personal values and preferences of the patient. The treatment 
selection should also take into account the local availability and the associated costs. 
Whenever surgery is selected as treatment one should consider the use of expert 
high-volume thyroid surgeons with on average lower risk of complications; lack of 
that expertise should be considered against the known risk of alternative choices. 
Long-term continuous treatment of hyperthyroidism with ATDs may be considered 
in selected cases [12]. Despite the use of these three treatments for decades, selec-
tion of the optimal therapy for GD still poses a challenge for both the physician and 
the patient.

3.1 Thyroidectomy

Thyroidectomy, in particular subtotal thyroidectomy, is the oldest way of 
treating hyperthyroidism [13]. A Swiss surgeon, Theodor Kocher (1841–1917) won 
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the Nobel Prize for Medicine and Physiology in 1909 after performing the first 
successful surgeries for GD [14]. Nowadays, thyroidectomy is the least preferable 
therapeutic selection for GD worldwide [15]. However, in some circumstances it 
is regarded as the most preferable treatment option. In particular, it is indicated 
for women who are planning a pregnancy in less than 6 months (provided they 
are rendered euthyroid with ATD), in patients with large goiters (≥80 g) or with 
compressive symptoms, in cases of coexisting hyperparathyroidism which will 
lead to a surgery and when thyroid cancer is suspected. Also, surgery is preferred 
in patients with moderate to severe active Graves orbitopathy (GO), in cases of 
large thyroid nodules that are additionally cold (has lower radiopharmaceutical 
uptake than the surrounding thyroid tissue) on scintigraphy, when TRAb values 
are very high or radioiodine uptake is low. Thyroidectomy should not be consid-
ered in patients with comorbid conditions such as cardiopulmonary disease and 
end-stage malignancy. Lack of access to a high-volume thyroid surgeon may also, 
directs against the choice of surgery. During pregnancy it can be considered as 
an emergency treatment of hyperthyroidism, when rapid control of the latter 
is crucial and ATD therapy cannot be used, but it is followed by a higher rate of 
complications such as hypoparathyroidism and recurrent laryngeal nerve (RLN) 
injury [12].

Thyroidectomy can be associated with postoperative complications, such as 
hypocalcemia, wound infection, hematoma, recurrent laryngeal nerve (RLN) 
injury, and Horner’s syndrome. Those complications are dependent on surgeon’s 
experience and skills as well as on removal approaches and the type and extent 
of the disease, having a great impact on patient’s quality of life. Studies have 
shown that surgeons experience and post surgery complications are inversely 
proportional. In rare cases, after subtotal thyroidectomy recurrence of GD may 
be present [16].

3.2 Antithyroid drugs

ATD represent the predominant therapy in Europe, Asia, and as a bridge 
therapy in the USA [17]. The thionamides, propylthiouracil (PTU), carbimazole 
(CBZ), and the active metabolite of the latter, methimazole (MMI) by inhibiting 
thyroid peroxidase enzymes they cause a decrease in thyroid hormone produc-
tion. Moreover studies have shown that they have an immunosuppressive effect 
resulting in reduction of TSH-RAb levels, intercellular adhesion molecule-1 
(ICAM-1) and soluble IL-2 receptor (sIL-2R) [18]. ATD are indicated especially 
in younger patients and in cases when a short term treatment is needed prior to 
RAI or surgery. Moreover, patients with mild disease (small size of goiter, nega-
tive or low TRAb values), of old age with comorbidities who are at high risk of 
postoperative complications or patients with a history of head and neck irradia-
tion or surgery, are candidates for ATD therapy. In pregnancy ATD are the first 
line therapy for GD. Also ATD are indicated, in cases of people receiving care in 
nursing facilities and therefore radiation safety precautions cannot be preserved, 
in patients with moderate to severe active Graves’ orbitopathy (GO) and in 
those who need more rapid biochemical disease control. Finally, ATD should be 
considered when there is lack of access to an experienced thyroid surgeon [12]. 
Adverse events of antithyroid medication range from milder adverse events such 
ascutaneous eruptions, gastrointestinal disorders and arthralgias to more serious 
complications as agranulocytosis, frank polyarthritis and hepatotoxicity. Adverse 
events of methimazole seem to be dose related (40 mg/day or more) while such 
thing has not been associated pylthiouracil doses [19].
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3.3 RAI therapy

RAI treatment is a very effective therapy of GD. Accordintg to the NICE guidance, 
which is prepared for the National Health Service in England, it is used as first line 
treatment and in cases of hyperthyroidism recurrence post ATD therapy. The aim of 
this therapy is to radiate thyroid cells rendering the patient eu/hypothyroid. Although 
for many years it has been the most preferable treatment in USA, currently there is a 
tendency toward ATD therapy [20]. RAI treatment is performed after failure of ATD 
therapy to control hyperthyroidism or when the latter is contraindicated. Also RAI is 
preferred in patients with commodities who are at high risk of surgical complications, 
or in those with a history of prior surgery or irradiation of the head and neck. RAI 
treatment is the therapy of choice when there is no access to an experienced thyroid 
surgeon and in patients with periodic thyrotoxic hypokalemic paralysis, right heart 
failure pulmonary hypertension, or congestive heart failure [12]. RAI treatment is 
contraindicated when there is suspicion of thyroid cancer, in women who are preg-
nant or are breastfeeding and in those who cannot follow radiation safety rules. As 
RAI treatment has a risk of worsening Graves orbitopathy it is contraindicated in case 
of moderate to severe orbitopathy [12].

4. Patient preparation for RAI therapy

A close collaboration between, endocrinology and nuclear medicine, depart-
ments is required for the management of patients with thyroid disease who are 
candidates for RAI therapy. The determination of the activity, as well as the 
administration of radioiodine are responsibilities of the nuclear medicine physician. 
According to the EANM guidelines for the treatment of benign thyroid disease prior 
to any intervention a detailed medical history is needed including previous thera-
pies for hyperthyroidism and especially any potential intake of iodine-containing 
medication (such as amiodarone and contrast media) or food [21]. The medical 
history should include medical conditions, surgeries, allergies and medications 
(especially those who may interfere with radioiodine uptake). Nuclear medicine 
physician should provide oral and written information about RAI therapy proce-
dure, possible side effects, risk of recurrence and possible retreatment as well as 
radiation safety precautions post RAI therapy [14, 22] and rule out any possibility of 
pregnancy prior treatment. It is mandatory for female patients of childbearing age 
to undergo a pregnancy test 3 days prior to radioiodine administration and provide 
written signed declaration stating that they are not pregnant. Serum pregnancy test 
is preferable than urine test as it is more sensitive [23]. If previous hysterectomy has 
been reported or the patient is in postmenopausal state then the test can be omitted. 
Patients of both sexes should avoid conception 6 months post RAI therapy. RAI 
therapy is contraindicated in breastfeeding and it should be administrated 6 weeks 
to 3 months after lactation is disrupted [21]. To increase radioiodine uptake (RAIU), 
iodine restriction for 1 to 2 weeks and ATD withdrawal 3–7 days before RAI admin-
istration are also recommended.

Serum levels of TSH, FT3, FT4, TPO and TSI should be measured prior RAI 
therapy. Thyroid volume is assessed by ultrasonography (US) and in cases of a large 
goiter magnetic resonance imaging (MRI) is performed in order to estimate possible 
extension in the mediastinum. Computed Tomography (CT) is not preferred as the 
contrast media impair with the radioiodine uptake. Thyroid scintigraphy with 99mTc 
pertechnetate (99mTcO4) and radioiodine is also mandatory to provide metabolic 
information of the organ. Radioactive iodine thyroid uptake (RAIU) at 4-6 h and 
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24 h post administration must be measured. RAIU increases gradually over 24 h but 
in some patients it can be increased rapidly reaching maximum values at 4 to 12 h 
and return to normal after 24 h. In some nuclear medicine departments a fixed dose 
of radioiodine is used, therefore RAIU calculation is not needed.

For nodules >1–1,5 cm, with suspicious findings in US (hypoechoic nodules 
solid or cystic with hypoechoic solid component, with irregular shape, calcifica-
tions and presence of invasion in adjacent structures) which appear in scintigra-
phy as “cold’ or with a decreased uptake, fine needle aspiration (FNA) biopsy is 
recommended [24].

Patients with GD may present with ophthalmopathy. An experienced ophthal-
mologist should estimate the severity of the disease as RAI therapy has been associ-
ated with exacerbation of the ophthalmopathy. Corticosteroid therapy should be 
considered [12]. Studies have shown a possible correlation between Grave’s ophthal-
mopathy (GO) progression post RAI therapy in smokers. Cessation of smoking is 
recommended. RAI therapy in cases of active moderate-to-severe ophthalmopathy 
is contraindicated [25].

As transient elevation of thyroid hormones due to actinic thyroiditis may 
present, ATD therapy should be discontinued approximately one week before 
and be resumed 3–7 days post RAI therapy [18]. B-adrenergic blockade should be 
administered in cases of patients who are at a higher risk of complications due to 
hyperthyroidism.

4.1 Patients’ information for RAI therapy

Patients should be properly and adequately educated concerning the procedures 
they will undergo, the precautions they should take, the outcomes and possible 
adverse events of RAI therapy. Fulfilling these needs requires a collaborative 
approach among patients and health care professionals. Patients should receive 
both written and verbal information. More modern approaches such as mobile 
health (mHealth) could also be helpful [26]. Except for the pre- and posttreat-
ment use of thyroid specific medication, risk of recurrent disease and subsequent 
retreatment(s), early and late side effects, health care professionals should prepare 
the patients regarding radiation protection initiatives to reduce radiation doses to 
family members and general population, according to national rules. Unlike thyroid 
cancer patients, those who receive RAI therapy to treat benign thyroid diseases do 
not need hospitalization.

RAI capsule is administered on an outpatient basis, in authorized Nuclear 
Medicine Departments. After RAI administration the patient is advised to avoid 
eating or drinking anything for 2 h, to allow time for the iodine to be absorbed. 
After this time patients should eat as normal and drink plenty of fluids.

For a few weeks after the treatment patient’s thyroid gland will be radioactive. 
The amount of radioactivity is gradually decreasing. During this period, which 
is estimated for each patient individually, they are advised to avoid or restrict to 
minimum radiation exposure to their environment. Patients are guided to reduce 
the radiation exposure to other people by limiting the amount of time they spend 
with them and by keeping more than three meters away from them. They must not 
share a bed with anyone or sleep within 2 meters of anyone, even if there is a wall 
between beds. For 1–1 ½ months after RAI treatment, patients should not spend 
more than a few minutes each day within arm’s reach of any children or pregnant 
women. Of course, they also need to limit close and prolonged contact with any 
other people, and stay away from crowded places such as cinemas, theaters, public 
transport as well as their work place, where they may be close to the same person for 
a prolonged period of time.
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Although, most of the radioactivity is concentrated in thyroid gland, for a few 
days after RAI treatment, some of the radioiodine is excreted by urine and sweat. 
Around 90% of administered radioiodine activity is excreted mainly through the 
kidneys. Thus, patients with renal insufficiency may retain radioiodine activity 
over a long period, thereby leading to more intense internal exposure to radiation 
than that observed in normal ones [27]. Drinking plenty of fluids and emptying 
bladder frequently can help minimize bladder and adjacent tissues’ exposure. 
Patients are advised to take care with personal hygiene in the first few days after 
treatment. They are instructed to always flush the toilet after use and always wash 
their hands. They are also guided to use their own towels and face cloth. Their 
clothes do not need to be washed separately unless they experience any inconti-
nence [28, 29].

5. Radiation dosimetry and dose calculation

The aim of RAI therapy in GD is to cure hyperthyroidism. This is achieved by 
radiating and therefore destroying thyroid cells. The outcome is the patient to 
return to an euthyroid state or to become hypothyroid. RAI therapy is very effec-
tive, even in cases of possible retreatments, with a cure rate ~ 100%. Individualized 
dose of radioiodine for rendering a patient euthyroid is not feasible [30]. While 
several studies have been conducted, regarding the association between the opti-
mal dose of radioiodine, thyroid’s volume (based on ultrasound) and radioiodine 
turnover [31], there is lack of consensus for the proper dose regimen. The majority 
is in favor of rendering the patient hypothyroid [20] applying high radioiodine 
doses [32] to avoid the possibility of treatment’s failure or relapse of the disease. 
Many nuclear departments apply fixed doses [33]. For rendering a patient euthyroid 
a target dose of ~150 Gy is needed. Higher doses (200–300 Gy) are applied for 
complete ablation.

The following equation recommended by the EANM, is used to estimate the 
appropriate radioiodine dose:

 [ ] [ ] [ ]
( )
GyF

RIU t dt
∞

×
= ×

∫ 0

M g D
A MBq

ln2
 (1)

A: radioiodine activity, F: conversion factor (between coulombs per kilogram 
and grays), M: mass of the target volume, D: the target dose.

Radioiodine uptake (RIU) is calculated as follows:
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Administered activity

= ×
   

RIU 100%
 

 (2)

As it has been mentioned above many nuclear medicine departments apply 
fixed doses, in a range of 200–800 MBq with the commonest applicable doses 
of 400–600 MBq. Estimation of the thyroid size is needed (based on ultra-
sound) [21].

6. RAI therapy outcome

Initially the goal of RAI treatment was to render the patient euthyroid using 
low doses of I-131. Through the years it has become clear that hypothyroidism is an 
inevitable and unpredictable progressive outcome of RAI treatment. Nowadays, 
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hypothyroidism is the desired result of RAI treatment and it has been described by 
many authors as the elimination of hyperthyroidism [34]. RAI treatment fails when 
persistent hyperthyroidism occurs. In the majority of the patients thyroid hor-
mones return to normal levels while clinical symptoms are reduced 4–8 weeks post 
therapy. More than 80% of the patients become hypothyroid 16 weeks post RAI 
therapy. Hypothyroidism, in rare cases can be transient and the patient may return 
to a euthyroid state or remainhyperthyroid. The latter is often associated with no 
decrease of thyroid size [12]. The desired outcome of RAI treatment is dependent 
on multivariable factors such as thyroid size, dose regimens, compensation of 
hyperthyroidism, iodine intake (diet or iodine containing medicine) and the timing 
of the withdrawal of ATDs.

When low dose regimes are preferred, then the possibilities of treatment failure 
increase and ATD continuance and/or RAI retreatment are needed. Unfortunately, 
the field of RAI dose regimen still remains vast and things become more compli-
cated when a fixed dose is compared to an individualized one. Many authors suggest 
that a calculated dose of radioiodine has no advantage over a fixed dose, while oth-
ers recommend individual dose showing correlation between the success of therapy 
and the radiation dose actually absorbed by the thyroid [35]. Other factors that 
influence treatment outcome have been studied as well. In their retrospective cohort 
study, Aung et al. found that RAI treatment failure was more frequent in patients 
with high levels, of thyroid hormone or TRABs and in those who received ATD after 
RAI treatment. There were no correlation found among RAI treatment failure and 
other parameters such as age, sex or smoking. Moreover approximately 7% of the 
patients developed GO and 13.3% of them required surgery. There seemed to be 
a correlation between high thyroid hormone levels and orbitopathy whereas high 
TRAB levels had no effect in the development of orbitopathy [36].

Despite more than 75 years’ experience with RAI treatment of GD, it is not 
always feasible to predict the efficacy of the treatment or the factors that will 
eventually affect it. The “GREAT” score, a predictive model consisting of clini-
cal and biochemical variables has been introduced as a clinical tool that predicts 
the success of antithyroid drug therapy for Graves’ Disease. Calculation of the 
GREAT 6-point score is as follows: age (<40 or ≥ 40 years: 1 or 0 point, respec-
tively), goiter (not visible to slightly visible or clearly visible: 0 or 2 points), 
FT4 (<3.1 or ≥ 3.1 ng/dl: 0 or 1 point), and TBII (<6; 6–19.9; >19.9 U/L: 0, 1, or 
2 points) resulting in the GREAT score classes of I (0–1 point), II (2–3 points), 
and III (4–6 points). Higher recurrence rate at the end of follow up is observed 
in GREAT score class III when compared with class II or class I (16.4%) [37]. 
However, GREAT score has been suggested for predicting outcome before the 
start of ATD and to our knowledge there has not been developed yet a clinical 
tool that can estimate RAI results.

7. Follow-up

Regular review of thyroid function tests in patients who have undergone radio-
iodine treatment for thyroid disease is essential to assess the efficacy of the treat-
ment and for timely detection of developing hypothyroidism or post treatment 
immunogenic hyperthyroidism. The first review of thyroid function post RAI 
therapy should be conducted 1–2 months later by assessing TSH, FT4 and total FT3 
values and be repeated every 4–6 weeks for the first 6 months or until the patient 
becomes hypothyroid and is stable on LT4 treatment [13]. In patients at high risk 
for endocrine ophthalmopathy or who have received ATD, follow up is recom-
mended at shorter intervals. In cases of RAI treatment for overt hyperthyroidism, 
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ATD should be initiated 3–5 days post RAI treatment. If RAI retreatment is deemed 
necessary, it can be conducted 6–12 months later. RAI retreatment is not necessary 
in cases of post therapy immunogenic hyperthyroidism; ATD administration for 
a few months is adequate. As it is mentioned above a lifelong testing of thyroid 
function is necessary, even in patients who have returned to an euthyroid state post 
RAI treatment.

8. Adverse events

Actinic thyroiditis is the result of radioiodine therapy. As radioiodine is accumu-
lated by thyroid cells the emitted betta particles cause cellular necrosis and stored 
thyroid hormones are released into the circulation causing a transient exacerbation 
of hyperthyroidism. This effect is greater in radioiodine therapy of a toxic nodular 
goiter as the levels of stored thyroid hormones are bigger [38]. This transient 
elevation of thyroid hormones can be asymptomatic or it can lead to atrial fibril-
lation, heart failure and rarely to thyroid storm with a possible fatal outcome. The 
latter demands admission to an intensive care unit and administration of ATDs and 
steroids (intravenously) as well as b-blockers [16].

Hypothyroidism is another side effect of radioiodine therapy and according to 
the ATA guidelines, it is the main goal of the therapy [12]. This outcome is more 
common in GD rather than in toxic goiter or in solitary hyperfuctionong nodules 
[16]. It requires lifelong follow up and LT4 treatment. In cases of failure to accom-
plish a hypothyroid state post radioiodine treatment, an increase in cardiovascular 
and cerebrovascular deaths has been noted [12].

Actinic thyroiditis is accompanied by thyroid pain and swelling which is preva-
lent the first week post therapy. In a few patients this can lead to dyspnea while the 
majority is asymptomatic. In cases of a large goiter with signs of tracheal compres-
sion, corticosteroids before radioiodine therapy should be considered. Sialadenitis, 
xerostomia or altered taste are adverse effects seen in patients with differentiated 
thyroid cancer who receive radioiodine therapy, however in patients with GD no 
permanent damage has been reported.

Ionizing radiation has been associated with increased incidence of leukemia 
and many solid cancers [39]. An increase in the incidence of thyroid carcinoma 
in children after Chernobyl accident has been reported [40]. Many studies have 
evaluated the possible correlation between radioiodine therapy in GD and the risk 
of malignancy. In a multicenter retrospective cohort study taken place in USA and 
UK, known as Cooperative Thyrotoxicosis Therapy Follow-up Study Group, 35,593 
hyperthyroid patients were included and evaluation of cancer mortality among 
those patients and especially in those who received radioiodine treatment, was 
made. The results showed no significant increase in cancer mortality and this was 
due to the fact that mean doses of radiation among organs except for the thyroid 
were < 200 mGy. It has to be mentioned that the study cannot provide any infor-
mation for the children population as themean age of the patients was 46 years 
[41]. Kitahara et al. [42] extended the previous study and found that radioiodine 
therapy of GD was correlated with a dose dependent increase in the incidence 
of all solid tumors and especially of breast cancer, while Greenspan et al., [43] 
challenged those previous results. Αmeta analysis by Hieu et al., [44] found no 
increase in cancer risk post radioiodine therapy in benign thyroid disorders except 
perhaps for the thyroid, kidney and the stomach cancer, which the authors esti-
mate that it should be investigated with further studies. The latter has also been 
challenged by Salvatori et al., [45] as the main reason for increased incidence of 
cancer in hyperthyroid patients is not radioiodine therapy but hyperthyroidism 
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itself. Thyroid hormones through ανβ3, a membrane receptor which is overex-
pressed in tumor cells, play a crucial role in cancer cell proliferation, angiogenesis 
and metastasis.

9. Conclusion

Thyrotoxicosis is a very common clinical syndrome caused by an excess of thyroid 
hormones in the serum. Graves’ Disease is the commonest cause of hyperthyroid-
ism. Graves’ Disease is the commonest cause of hyperthyroidism. It has multiple 
manifestations and it requires appropriate diagnostic and therapeutic management. 
There are three effective treatment options: RAI therapy, ATDs, or thyroidectomy. 
RAI treatment has been used to treat thyroid disorders, both malignant and benign, 
for many decades and in many cases it is preferred first- line treatment. In Graves’ 
Disease radioiodine radiates and therefore destroys the follicle cells of the hyper-
functioning thyroid gland providing a definite therapy of hyperthyroidism as well as 
improving patient’s quality of life. It is well tolerated with rare complications except 
for those related to orbitopathy.
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Surgery for Graves’ Disease
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Abstract

Graves’ Disease (GD) is the commonest cause of hyperthyroidism followed by 
toxic nodular goitre. Patients presenting as goitre with clinical features of hyperthy-
roidism are to be carefully evaluated with biochemically with thyroid stimulating 
hormone (TSH), free thyroxine (fT4) and radionuclide scan (Technitium-99/
Iodine-123). Those with GD also have raised thyroid receptor stimulating antibody 
levels. Patients are simultaneously evaluated for eye disease and managed accord-
ingly. Initial treatment is rendering patient euthyroid using anti thyroid drugs 
(ATD) and if remission does not occur either continue medical therapy or proceed 
for definitive therapy by radioactive iodine ablation (RAI) or surgery. In last 
decades there is ample literature preferring surgery as preferred definitive therapy. 
Surgery in thyroid disease has become safer with development of many intra-
operative adjuncts but it should be performed by high volume thyroid surgeon. The 
procedure of choice is near total or total thyroidectomy as it avoids recurrences. 
Patients who are not eligible or willing for surgery can be managed with RAI.

Keywords: hyperthyroidism, Graves’ Disease, thyroidectomy, radioactive iodine

1. Introduction

Graves’ Disease (GD) is the commonest cause of hyperthyroidism world over 
representing more than 50% of hyperthyroid patients [1]. A woman is 7–10 times 
more likely to be affected by it [2]. The incidence of autoimmune thyroid diseases 
like GD and Hashimoto’s thyroiditis is on the rise in tropical countries probably 
due to environmental immunological factors [3]. GD has systemic manifestations. 
Eyes’s are involved to variable extent in more than half the patients. Treatment 
aims to restore to the thyroid hormones to normal levels along with achieving 
remission and care of ophthalmological manifestations. Anti-thyroid drugs (ATD), 
Radioactive Iodine (RAI) and surgery are the current modalities of treatment [1]. 
They have their unique indications, advantages, disadvantages and complications. 
ATD are the usual first line of treatment. Relapsing patients or GD with certain co 
existing conditions may require a definitive treatment. RAI or surgery are indicated 
in such patients. The choice of definitive therapy depends on the patient and treat-
ing physician. Patients involvement in decision making has been associated with 
increased patients satisfaction [4, 5].

2. Epidemiology and pathogenesis

The peak incidence of GD is observed between 30 to 50 years of age. Annual 
reported incidence of GD is 50 and of ophthalmopathy is 16 per 100000 population. 
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Orbital imaging if performed in all patients of GD will reveal changes of ophthal-
mopathy in upto 70% of patients. Approximately 3% of women and 0.5% of men 
during their life time can develop GD [6].

GD is an organ specific auto immune disease caused by thyroid stimulating 
hormone receptor (TSHR) circulating stimulating auto antibodies. The TSHR 
stimulating antibody binds to leucine rich extracellular domain of TSHR on surface 
of thyrocytes and orbital fibroblasts and IGF1 receptors. After binding it increases 
production of intracellular cyclic AMP causing thyrocyte growth and increased 
thyroid hormone production.

3. Diagnosis

Measurement of Free T4/Free T3 and TSH is the initial diagnostic test. In overt 
hyperthyroidism FT4 and FT3 are elevated but in milder hyperthyroidism FT4 may 
be normal with only FT3 elevation. TSH R antibody is sensitive (97%) and specific 
(98%) tool for accurate diagnosis of GD [7]. High resolution ultrasound reveals dif-
fuse goiter and hypoechogenicity. Diagnosis is confirmed by thyroid scintigraphy by 
Tc 99 pertechnatate or I 123 scintigraphy. Scintigraphy is definitely needed for diagnosis.

4. Treatment options

Anti-thyroid drugs (ATD) are used in the initial management of GD with aim to 
achieve euthyroidism. Once patient is euthyroid it should be maintained to achieve 
remission. About half of the patients go into remission after 18 to 24 months of treat-
ment with ATD. Patients without remission and recurrent disease (30–40% in the 
first 12 months and approximately 50–60% in long term) require definitive therapy. 
Definitive therapy is either surgical or medical ablation of all thyrocytes. The options 
are radioactive iodine (RIA) or thyroidectomy. After ablative therapy thyroid hor-
mone replacement is provided to control hypothyroidism. There are reports of use 
of long term ATD to achieve remission. Choice between RIA and thyroidectomy are 
influenced by physician, patient, institutional and geographical beliefs and practice 
patterns. The most “effective” therapy for both physician’s and patient perspective 
will be which will provide rapid euthyroidism and prevent recurrences.

Early and rapid euthyroidism is desirable in all GD patients as it decreases 
mortality and halts eye disease progression. In a retrospective cohort study of 4189 
GD patients regardless of the method of treatment, low TSH at 1 year following 
GD diagnosis was associated with a 55% increase in cardiovascular mortality (atrial 
fibrillation, heart failure, pulmonary hypertension, angina pectoris, and stroke) 
[8]. Lillevang et al. in a cohort study of 235,547 individual investigated association 
between hyperthyroidism and mortality in both treated and untreated groups and 
concluded that decreased TSH increases mortality in both groups and with every 
duration of 6 months of suppressed TSH was associated with 11–13% increase in 
total mortality [9]. Dale et al. found that even transient hypothyroidism during 
treatment was associated with greater weight-gain during medical treatment in 162 
consecutive hyperthyroid patients [10]. Even consensus statement of the European 
Group on Graves’ orbitopathy (EUGOGO) recommends avoidance of hypothyroid-
ism as it can cause exacerbation of thyroid eye disease [11].

Thyroidectomy is the only modality of treatment which can provide both rapid 
euthyroidism and prevent recurrence. There are reports of RAI worsening GD 
ophthalmopathy [12, 13]. In a systematic review of literature between 2001 and 
2011which included retrospective and prospective studies (14,245 patients) on the 
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comparison of RAI and surgery as best definitive treatment for GD, reported surgery 
to be 3.44 times more likely to be successful than RAI (P < .001). And total thyroid-
ectomy (TT) was 95.45 times more successful than RAI (P < .001) and concluded 
thyroidectomy as the most successful modality for the management of GD [14].

5. Thyroidectomy

Thyroidectomy has been performed for GD since 19th century. However, the 
earlier years were fraught with significant morbidity and mortality. Introduction 
of RAI resulted in a rapid decline in popularity of thyroidectomy for GD. 
Improvements in medical management and refinements in surgical techniques 
along with knowledge of long term effects of RAI has renewed interests in surgery 
and it is re gaining the lost grounds [15–17].

6. Indications for surgery

Surgery is the treatment of choice in those with compressive symptoms attrib-
utable to goiter, large goiters, presence/suspicion of co-existing malignancy, GD 
with non-malignant nodule with no/reduced uptake of RAI which is large in size, 
co-existing parathyroid pathology. Those lactating, pregnant or desirous of preg-
nancy within next 6 months and presence of significant active ophthalmopathy are 
advised surgery [5, 18–20]. Pediatric patients failing ATD are more likely to undergo 
thyroidectomy compared to RAI [21]. Intolerance/non-compliance to ATD, patient 
preference is an indication in themselves for surgery as treatment of choice.

Indications of thyroidectomy in GD patients include following (6C’s):

1. ATD Contraindicated: Difficulty with adequate hormonal control on medica-
tions, or Intolerance, or recurrence after ATD treatment

2. RAI Contraindicated: pregnant and nursing women, Large goiter with or with-
out compressive symptoms (dysphagia, dysphonia, dyspnoea), Relatively low 
uptake of RAI, associated thyroid nodule with confirmed or suspected thyroid 
malignancy,

3. Coexisting moderate-to-severe active Graves’ orbitopathy

4. Associated Coexiting disease: periodic paralysis

5. Other Conditions: Young or pediatric patients, women planning a pregnancy 
within 6 months, refusal or lack of facilities for RAI, individual preference 
for surgery

6. Cigrette Smokers (increased risk of exacerbation of eye disease after definitive 
treatment with radioactive iodine).

7. Advantages of surgery

Surgery is considered the most effective treatment for GD. It results in prompt 
control of hyperthyroidism. Co-existing thyroid nodules a subset of which may be 
harboring malignancy are treated concurrently by surgery [22]. Surgery is said to have 
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the best ophthalmological outcome in ophthalmopathy compared to ATD and RAI 
although these observations are based on expert opinion or non-randomized clinical 
trials [23–27]. Recurrence has been seen both after ATD and RAI with the former hav-
ing a significantly higher recurrence rate. Though the recurrence rates after RAI and 
surgery are not significantly different, multiple doses of RAI may be required for cure 
in a given patient [23]. In a meta-analysis involving 1402 patients across 5 continents, 
surgery had the lowest recurrence rates even though a sub total thyroidectomy was the 
procedure performed in those with available surgical records [27]. More over surgery 
avoids the long-term systemic side effects of ATD and radiation exposure of RAI. 
Though a matter of debate, patients having chosen surgery as a definitive treatment 
are likely to be more satisfied compared to RAI [5, 28]. Patients preference should 
always be taken into consideration. Patients are likely to browse the internet for more 
information. However, the both reliability and comprehension of available informa-
tion is occasionally questionable [29]. Hence, the treating physician should make 
available to the patient pertinent information so that patient can make an un biased 
decision which will further improve compliance and satisfaction to treatment.

8. Geographic variability in preferred treatment options

There are wide variations in the preferred first line treatment for GD. The choice 
is culmination of patient and physician preference along with disease status. In the 
US, RAI is likely to be the primary therapy though its popularity is decreasing. ATD 
are preferred in Latin America, Europe and Japan [30, 31]. Popularity of ATD has 
also surpassed RAI in New Zealand [32]. Once again ATD are the favored first line 
treatment in middle east and north African regions. Also, the physician practices 
were found to be that between European and American preferences, probably 
attributed to their training and affiliations [33].

9. Peri operative management

Imaging of thyroid is essential, and ultrasonography is useful. It aids in surgical 
planning and presence of nodule(s) mandates a fine needle aspiration cytology 
before surgery. Contrast enhanced CT scan (CECT) may be required for large 
goiters. Euthyroid state should be achieved in all patients before surgery [30]. This 
is achieved by ATD which is continued till the morning of surgery. Tachycardia if 
present is controlled by institution on beta blockers. The role of pre-operative Iodine 
solution remains controversial but the authors favor same [34]. Lugols Iodine/ 
collosal Iodine/SSKI is given thrice a day for 7–12 days prior to surgery. Iodine has 
been shown to decrease the vascularity the thyroid and makes the gland firmer. 
These changes aid the surgeon [35]. Guidelines suggested by various professional 
bodies aid in management and peri operative preparation of hyperthyroid patients 
of which American Thyroid Association (ATA) seems to be most commonly fol-
lowed. However, a study by Siddique Akram et al. found that adherence to ATA 
guidelines did not impact the outcome significantly but for increased intra operative 
tachycardia in patient not following ATA guidelines [36]. In fact, almost 28% of the 
cohort remained hyperthyroid at the time of surgery but no adverse impact was 
noted. Pre-operative vit D deficiency may result in higher incidence of post thyroid-
ectomy hypocalcemia [37]. Vit D and calcium may be supplemented in pre-opera-
tive period to reduce the incidence of post-surgery hypocalcemia [38, 39]. However 
unpublished data from authors have not shown any advantage of supplementation 
in reducing post TT hypocalcemia.
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Surgery is best performed by a high-volume surgeon in a specialized unit for 
best outcome [40]. Surgical adjuncts may be utilized as per need, availability, cost 
constraints and surgeon preference. Meticulous surgery parathyroid vascularity is 
of prime importance in bettering outcomes. Parathyroid auto transplantation after 
inadvertent injury or excision results in increased occurrence of temporary hypo-
calcemia but not permanent hypocalcemia [41].

Post thyroidectomy, patients are kept under observation for development of 
hypocalcemia or risk of bleed. These were traditionally said to occur at a higher 
incidence after surgery performed for GD [41]. Hungry bone syndrome, Vitamin 
D deficiency, female sex are factors that have been associated with apparent higher 
incidence of post TT hypocalcemia in GD. However, recent studies have concluded 
that hypocalcemia and post thyroidectomy bleed do not occur at a significantly 
higher rate in GD [42]. Post TT PTH may be evaluated as per institutional protocols 
to predict hypocalcemia and plan early discharge. PTH gradient is said to better 
predict hypocalcemia than any single value. Same day safe discharge of patients 
is feasible for GD after surgery with no adverse outcomes [43]. ATD are discon-
tinued and Beta blockers if prescribed are tapered gradually in the post-operative 
period. Thyroxine supplement is started between POD1–7 at a dose if 1.6–2.1 
microgram/Kg.

10. Rapid preparation for Graves surgery

Patients are usually rendered euthyroid by ATD to reduce peri operative 
complications with thyroid storm being the most dreaded one. However, a subset 
of patients may require urgent/emergent surgery in view of significant compres-
sion, intolerance of drugs or failure of drugs. Such patients may be subjected to a 
rapid preparation protocol where in two or more of dexamethasone, beta blocker, 
sodium iopodate, iopanoic acid, collosal/lugols Iodine, cholestyramine, iodinated 
radiographic contrast agent, lithium and ATD if tolerated are used for 10–12 days 
prior to anticipated surgery. No significantly increased morbidity has been reported 
after surgery in the rapidly prepared patients and this strategy is required and is 
feasible in a subset of patients [44–46]. The occurrence of thyroid storm is rare 
and biochemically hyperthyroid patients may undergo thyroidectomy safely if the 
surgeon and anesthetist are comfortable [47]. However, the consensus remains that 
the outcome is best when surgery is performed on a euthyroid patient.

11. Choice of surgical procedure

Bilateral subtotal thyroidectomy (STT), Dunhill procedure (DP), near total 
thyroidectomy (NTT) and total thyroidectomy (TT) are the four procedures that 
have been or are being performed for GD. STT, DP, NTT were the procedure of 
choice till 21st century due to said higher incidence of hypoparathyroidism, nerve 
damage or hematoma [15]. However, these have not been verified in recent large 
studies or meta-analysis [48]. A retrospective cohort study 8032 patients of benign 
thyroid disease having undergone STT or TT found no difference in temporary of 
permanent nerve damage and permanent hypoparathyroidism though temporary 
hypocalcemia was significantly higher in TT compared to TT (13.12% Vs. 2.7%) 
[49]. A similar trend has been seen in most other studies. TT for GD has been found 
to have lower rates of recurrent hyperthyroidism compared to other procedures 
(STT more than DP) [17, 50]. The nerve damage rates have been higher however 
hypocalcemia rates have been slightly higher though they do not reach statistical 
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significance [50]. The choice of surgical procedure did not have a difference in their 
effect on Graves’ ophthalmopathy [17, 50]. RAI with steroid cover was found to 
be not inferior to surgery. The TT performed by trained surgeons at high volume 
center have no higher rates of these morbid complications. More and more TT are 
now being performed for benign diseases throughout world. Thomas WT et al. in an 
analysis of nationwide in patient analysis in US noted an increase in TT for benign 
diseases from 17.6% in 1993–1997 to 39.6 in 2003–2007 [51]. This trend is seen across 
the globe even in less developed regions [40, 52]. However TT may be avoided in in 
situations where lifelong thyroxine supplements may be un reliable, more com-
mon in the lesser developed countries [3]. Never the less, 2016 ATA guidelines for 
Hyperthyroidism suggest that a NTT of TT should be performed for GD if surgery 
is being contemplated [30].

12. Disadvantages of surgery

Patients would require lifelong thyroxine replacement after thyroidectomy and 
compliance may be an issue in some. Also, potential risk of permanent hypopara-
thyroidism and recurrent laryngeal nerve damage or neck hematoma are present. 
However, in trained hands, their incidence is no higher than after surgery for 
euthyroid goiters. Vis a vis ATD and RAI, surgery is the least cost effective first line 
treatment of Graves’ Disease [53, 54]. In recurrent GD after ATT, surgery was more 
cost effective than RAI or lifelong ATD to a large extent [55]. The cost implications 
are likely to vary across the globe depending on various factors.

13. Surgical approach to thyroid

Though conventionally, open thyroidectomy through a transverse collar inci-
sion is the standard of care, heightened cosmetic demands of patients along with 
refinements in surgical instruments and surgical training has resulted in significant 
shift favoring minimally invasive procedures. Meta-analysis of 846 cases between 
1999–2011 by Zhang et al. concluded that endoscopic thyroidectomy provides better 
cosmetic satisfaction along with lesser blood loss at the expense of higher costs and 
operative time with acceptable rates of hypocalcemia and nerve compromise [56].

Robotic surgery is now a feasible option for Graves’ Disease with comparable 
complication rates [57]. Also, larger glands can be excised via robotic technique. 
Retrospective analysis of 44 robotic TT via bilateral axillo- breast approach was no 
inferior when compared to 144 cases of open thyroidectomy in terms of recurrence, 
hypocalcemia and nerve damage on prolonged follow up of 35 months [58]. This is 
now a valid option for those concerned about cosmesis.

14. Conclusion

Etiology of hyperthyroidism has to be determined thoroughly to determine 
the line of management. Radioactive iodine ablation (RAI) or surgery is the main 
modality of treatment in GD. Anti-thyroid drug is essential to make the patient 
euthyroid prior to definitive therapy. Prompt discussion with patients regarding 
delayed outcome and retreatment in those who opt for RAI is mandatory. Surgical 
treatment of choice in the form of NTT or TT ought to be performed in a high-
volume centre to reduce complication and recurrence. Toxic adenoma and TMNG 
are managed similarly to GD i.e., rendering euthyroid with ATDs, followed by 
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definitive therapy. Extent of surgery in toxic solitary adenoma depends on radiol-
ogy, nuclear imaging after malignancy is ruled out. Newer ablative therapies like 
RFA, EA, LTA are considered as a substitute for definitive therapy in selective 
patients. Nonetheless malignancy should always be treated by surgery.
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Chapter 12

Graves’ Disease and Cardiac 
Complications
Abdulla Arslan and Hakan Altay

Abstract

Graves’ Disease is an autoimmune thyroid disease and a common cause of 
hyperthyroidism. Thyroid hormones have multiple adverse effect on cardiovascular 
system through many direct and indirect mechanisms. They increases heart rate, 
cardiac contractility, systolic and mean pulmonary artery pressure, cardiac out-
put, diastolic relaxation, and myocardial oxygen consumption, whereas decrease 
systemic vascular resistance and diastolic pressure. All these hemodynamic changes 
in cardiovascular system can eventually lead to heart failure, tachyarrhythmias, 
systemic and pulmonary hypertension, if left untreated. Cardiovascular complica-
tions of Graves’ Disease are frequent and important cause of increased morbidity 
and mortality. This chapter reviews the cardiovascular complications of Graves’ 
hyperthyroidism with underlying mechanisms and treatment.

Keywords: Graves’ Disease, cardiac complications, heart failure, thyrotoxicosis, 
pulmonary hypertension

1. Introduction

Robert Graves identified the association of goiter, palpitations, and exophthalmos 
in 1835 [1]. Although the cause of Graves’ hyperthyroidism was initially thought to be 
thyrotropin, it was later understood that Graves’ hyperthyroidism was clearly caused 
by thyroid stimulating antibodies-IgG- which bind to and activate to thyrotropin 
receptors on thyroid cells [2]. Although the incidence is not known exactly, manifest 
hyperthyroidism is common and affects 2–5% of the population [3]. Approximately 
60–80% of hyperthyroidism cases have Graves’ Disease due to regional factors, 
particularly iodine intake. Over a period of 20 years, the incidence in women is around 
0.5 per 1000 annually and the most frequent onset age gap is 40–60; hence, Graves’ 
Disease is most common autoimmune disorder in the United States [4]. Graves’ 
Disease rate in men is between 1/5 and 1/10 and equal to women; however, the disease 
is unusual in children. The prevalence is lower in African-Americans in reference to 
Asians and Whites [5]. Graves’ Disease has similarities with autoimmune hypothyroid-
ism, including high serum concentrations of antibodies against thyroglobulin, thyroid 
peroxidase, and possibly the sodium-iodide cotransporter in thyroid tissue. These 
antibodies’ concentrations vary among patients, and the antibodies themselves may 
modify the stimulatory effects of thyroid-stimulating antibodies. In some patients, 
the simultaneous production of antibodies that block the thyrotropin receptor reduces 
the stimulatory action of thyroid-stimulating antibodies. For these reasons there is no 
direct correlation between serum concentrations of thyroid-stimulating antibodies and 
serum thyroid hormone concentrations in patients with Graves’ hyperthyroidism [6].
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Thyroid hormones have major effects on the heart and cardiovascular system 
through many mechanisms. They increase heart rate, cardiac contractility, systolic 
and mean pulmonary artery pressure, cardiac output, diastolic relaxation, and 
myocardial oxygen consumption, and reduce systemic vascular resistance and 
diastolic pressure [7]. Cardiovascular symptoms have been showing some signs of 
patients clinical presentation for the physicians: palpitations, exercise intolerance, 
dyspnoea, angina-like chest pain, peripheral edema and congestive heart failure are 
common symptoms of hyperthyroidism [8, 9]. In hyperthyroid patients mortality is 
increased by 20% and the major causes of death are cardiac problems [10].

2. Graves’ hyperthyroidism

The clinical manifestation and the laboratory findings aid to establish the 
diagnosis of Graves’ Disease in hyperthyroidism patients. Especially, serum thy-
rotropin levels is very beneficial marker in hyperthyroidism because secretion 
is thyrotropin is substantially reduced by small amount of elevation in thyroid 
secretion. Nevertheless, the diagnosis should be confirmed via the serum free 
thyroxine measurements [11]. However, in the early periods, only triiodothyronine 
increase may occur; considering this condition serum free triiodothyronine levels 
should be examined in the presence of normal serum free thyroxine and low serum 
thyrotropin concentrations. On the other hand, serum total thyroxine and triiodo-
thyronine measurements are not as reliable as aforementioned markers because the 
certain drug use may cause elevated values in thyroid hormone–binding proteins. 
Establishing the diagnosis in a patient with hyperthyroidism is shown here:

3. Algorhythm for the diagnosis of suspected Hyperthyroidism

In the first step: Measure serum thyrotropin and free thyroxine

1. Low serum thyrotropin and normal free thyroxine- → Measure serum free 
triiodothyronine:

A. Normal serum free triiodothyronine; Subclınıcal Hyperthyroidism

B. High serum free triiodothyronine- → Triiodothyronine Hyperthyroidism

2. Low serum thyrotropin and high free thyroxine- → Hyperthyroidism

Diagnosis of Graves’ hyperthyroidism was established for patients with bio-
chemical evidence of overt hyperthyroidism, i.e. high levels of serum free T4, free 
T3, TSH < 0.1 mIU/l accompanied by at least two of following parameters: diffuse 
goiter, Graves’ ophthalmopathy, increased level of anti-TSH receptor antibodies 
(TRAb), antithyroid peroxidase antibodies (TPOAb).

4. Pathogenesis

4.1 Cardiac effects, molecular and cellular mechanisms

Cellular and molecular mechanisms by which thyroid exerts its action on 
almost every cell and organ in the body have been well studied [12]. Thyroid gland 
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maintains T4 and T3 excretion according to TSH levels. The thyroid gland primarily 
secretes T4 (≈85%), which is converted to T3 by 5′-monodeiodination in the liver, 
kidney, and skeletal muscle. The heart function is mainly based on T3, because of 
the absence of myocyte intracellular deiodinase activity and T3 migrates into the 
myocyte instead T4 [13]. Then, the activity of T3 is administered after binding to 
thyroid hormone nuclear receptors (THRs). Then, these receptor proteins binds to 
thyroid hormone response elements (TREs) in the promoter regions of positively 
regulated genes thus regulates the transcription [12, 14]. T3 acts on THRs in the 
nucleus, and creating dimers of 9-cis-retinoic acid receptor (RXR) [15]: the formed 
complexes recognize some specific DNA consensus sequences, TREs, located in 
the enhanced region of the genes to initiate the transcription [16]. Although, TRs 
considered as a steroid hormone receptors, unlikely, bind to TREs regardless of 
whether ligand is present or not. TRs connect to TREs with 1 of 3 isoforms of retinoid 
X receptor (RXRα, RXRβ, or RXRˠ) as homodimers or heterodimers [17]. While 
bound to T3, TRs induce transcription, and in the absence of T3 they repress tran-
scription. Thyroid hormone upregulates α, but downregulates β-chain in myocytes 
[18]. Negatively regulated cardiac genes such as β-myosin heavy chain and phosphol-
amban are induced in the absence of T3 and repressed in the presence of T3 [19, 20].

Thyroid hormone has a direct impact on cardiac activity through myocytes by 
achieving structural and regulatory gene expressions. The 2 isoforms of a contrac-
tile protein pertain to thick filament of cardiac myocyte is codified by myosin heavy 
chain gene.

The sarcoplasmic reticulum Ca2+-ATPase and its inhibitor, phospholamban, 
regulate intracellular calcium cycling. Together they are largely responsible for 
enhanced contractile function and diastolic relaxation in the heart [21]. T3 lev-
els are also intimately associated with the β –adrenergic receptors and sodium 
 potassium ATPase.

Thyroid hormone cause extranuclear genome-free effects on both the cardiac 
myocyte and systemic vasculature. These effects of T3 can occur rapidly and do 
not involve

TRE-mediated transcriptional events [22]. These T3-mediated effects include 
changes in various membrane ion channels for sodium, potassium, and calcium, 
effects on actin polymerization, adenine nucleotide translocator-1 in the mitochon-
drial membrane, and a variety of intracellular signaling pathways in the heart and 
vascular smooth muscle cells (VSM)A27. The collaboration of the both genomic and 
nongenomic features of the T3 activity regulate the cardiovascular system.

Thyroid hormone express its activity in myocytes via various TREs, such as 
alpha myosin heavy chain fusion (MHC-α), sarcoplasmic reticulum calcium-
activated ATPase (SERCA): which maintains calcium uptake during diastole, by 
calcium activated ATPase and phospholamban -the inhibitory cofactor- [23, 24] 
the cellular membrane Na-K pump (Na-K ATPase), β1 adrenergic receptor, car-
diac troponin I, and atrial natriuretic peptide (ANP), and some genes are also 
suppressed, such as β-myosin heavy chain fusion (MHC-β), adenylyl cyclase (IV 
and V) and the Na-Ca antiporter [25–27]. The final effect of thyroid hormones 
in animal studies-and also similar effects have also been observed in preliminary 
human studies-is increased rate of V1 isoform of MHC (MHCα/α) synthesis that 
is characteristically faster in myocardial fiber shortening [28–30]. Thyroid hor-
mones enhance myocardial relaxation by upregulating expression of SERCA, and 
downregulating expression of phospholamban. Cytoplasmic calcium concentration 
substantially decrease at the end of the diastole. This cause a higher magnitude 
of systolic transient of calcium; therefore heightens capacity for actin-myosin 
subunits activation. As a supportive evidence, a phospholamban deficient mice 
demonstrated no tachycardia in response to thyroid hormone treatment [31] on the 
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plasma membranes, T3 has extragenic actions on various ion channels such as Na/K 
ATPase, Na/Ca++ exchanger, and voltage gated K channels (Kv 1.5, Kv 4.2, Kv 4.3) 
affecting  cardiovascular  hemodynamics [32].

For instance, Na channel activation period augments in myocardium; this cause 
prolonged intracellular Na uptake and increased secondary Na-Ca antiporter func-
tions. Thus underlying mechanism under the inotropic effect may be comparatively 
revealed [33]. T3 effects on L-type calcium channels directly by abbreviating the 
action potential period [34, 35]. The augmentation of β-adrenergic receptors the 
may be the main reason for the intense inotropic response to the thyroid hormones 
[36]. Although, G protein and β-receptors increased; circulating cathecolamine 
measurements remained similar [37]. The sensitivity of the cardiovascular system 
to adrenergic stimulation is not changed by thyroid hormones. The changes in the 
heart rate result from both an increase in sympathetic tone and decrease in parasym-
pathetic tone [38, 39]. Rapid response for the Cardiac and vascular structures of the 
thyroid hormone response was not sufficiently clarified by genomic effects [40–42].

Hyperthyroidism elicits rapid hemodynamic response as well as non-genomic 
changes in plasma membranes. Authors, indicate that thyroid hormone stimulates 
acute phosphorylation of phospholamban. This pathway may be slightly respon-
sible the collaboration between thyroid hormone and the adrenergic effects on the 
heart [43].

The use of β-adrenergic receptor antagonists in hyperthyroidism reduced heart 
rate, but systolic or diastolic contractile performance remained similar, support-
ing the direct cardiac muscle effect of thyroid hormone [44]. Meanwhile, thyroid 
hormone impacted on the sinoatrial node and caused oxidative stress in experimen-
tal studies. The heart rate is parallel to the sinoatrial activity, lower threshold for 
atrial activity, and shortened atrial repolarization [45]. Hemodynamic changes such 
as volume preload increase following the renin-angiotensin system activation or 
augmented contractility due to improved metabolic demand or the reduction in the 
direct effect of the thyroid hormone on heart muscle, decreased systemic vascular 
resistance caused by triiodothyronine-induced peripheral vasodilatation, lead to a 
dramatic impairment in cardiac output [7, 46, 47].

Preload is increased in a state of hyperthyroidism, and the reduced peripheral vas-
cular resistance and elevated heart rate lead to increased cardiac output. The reduction 
in systemic vascular resistance lead to impaired renal perfusion pressure thus activates 
renin-angiotensin-aldosterone system (RAAS), hence sodium reabsorption and 
blood volume increase. In turn, this leads to increased preload, decreased afterload, 
and ultimately a significant increase in stroke volume [48]. Furthermore, it is sug-
gested that T3 enhances renin substrate synthesis in liver and stimulates the cardiac 
expression of renin mRNA, leading to elevated cardiac renin levels and angiotensin 
II independent from the circulating renin and angiotensin. The expression of angio-
tensin II receptors in the myocardium increases in the hyperthyroid state [49]. These 
hemodynamic responses trigger atrial stretch trigger and stimulate atrial natriuretic 
peptide (ANP) secretion, resulting in more vasodilation. Such changes figure out a 
critical role of the myocardial RAAS in thyroxine-induced cardiac hypertrophy as well 
as potential therapeutic implications of agents that block this system.

Adrenomedullin, a polypeptide of 52 amino acids, is a potent vasodilator 
and thyroid gland is responsible for regulation transcription of adrenomedullin. 
Serum levels therefore proportionally increase in thyrotoxicosis [50]. Interestingly, 
however, Diekman and colleagues demonstrated that although systemic vascular 
resistance (SVR) is decreased and adrenomedullin is increased in thyrotoxicosis, 
restoration of euthyroidism normalized SVR but was not correlated with plasma 
adrenomedullin levels [51]. In the present study, only T3 was an independent 
determinant of SVR.
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5.  Clinical manifestations and Hemodynamic Effects of Thyroid 
Hormones

The clinical manifestations and the severity of the disease are strongly correlated 
to the duration of Graves’ Disease and the patient age. More than half of the patients 
are symptomatic in time of diagnosis. The most frequent findings may be counted as 
nervousness, fatigue, a rapid heartbeat or palpitations, heat intolerance, and weight 
loss respectively. By age, weight loss and decreased appetite are frequently observed, 
whereas irritability and heat intolerance are less frequent. Atrial fibrillation is 
occasional below age 50. A firm, diffuse goiter of variable size presents in the 90% 
and 75% patients, respectively; when 50 years of age was hold as threshold [52].

Thyroid hormone has cardiovascular effects that include decreased SVR and 
increased resting heart rate, left ventricular contractility, and blood volume. 
Thyroid hormone reduce the peripheral arteriolar resistance and decrease mean 
arterial pressure, through the renin-angiotensin-aldosterone system. Also, T3 
increases erythropoietin synthesis, which leads to an increase in red cell mass. 
Harmony of these effects contribute to increase in blood volume and preload. In 
hyperthyroidism, these combined mechanisms maximize cardiac output up to 
300% higher when compared to control group. In hypothyroidism, the cardio-
vascular effects are diametrically opposite and cardiac output may decrease by 
30–50% [53].

Thyroid hormone shows its affects rapidly and non-genomic pathway through 
heart and blood vessels. Beyond what is reported above, In the peripheral vascular 
system, the elevated oxygen consumption, metabolic remnants and relaxation of 
arterial smooth muscle fibers by thyroid hormone eventuate in peripheral vasodi-
latation [32]. This dramatical decrease in peripheral vascular resistance (PVR) has 
a great role in hemodynamic changes caused by thyroid hormones [54]. Decreased 
PVR results in bradycardia, a selective increased blood flow towards visceral 
organs eventually, cause a decrease in diastolic pressure thus widen pulse pressure. 
Vasodilatation without elevated renal blood flow results in a reduction in renal 
perfusion thus activates the renin-angiotensin cascade. Hence, sodium retention 
and increased blood volume occurs [46]. Moreover, thyroid hormones effects on 
erythropoietin secretion; hence cause to increase in red cell mass and the blood vol-
ume [55]. Increased diastolic relaxation and blood volume improves left ventricular 
end-diastolic volume (LVEDV). Reduced PVR and increased LVEDV in together, 
augment preload and impair afterload; thus the stroke volume increases. Improved 
stroke volume and heart rate increase cardiac output, which cannot be only a 
consequence of an increased metabolic rate [56]. The correlation between systemic 
vascular resistance and systemic blood flow in hyperthyroidism is investigated 
previously, focusing on arterial vasoconstrictors in particular. On the contrary to 
the normal subjects, atropine and phenylephrine succeeded to decrease peripheral 
blood flow and cardiac output by 34% in hyperthyroidism group [57].

Studies including large cohorts determined that blood pressure levels widened 
throughout the entire spectrum of thyroid function [58]. In this study, Asvold et al. 
reported a linear correlation between TSH and both systolic and diastolic blood 
pressure, however other studies did not find a correlation [59]. Basal metabolism 
is triggered by thyroid hormones and a complete response develops in almost 
every tissue and organ system in the body, as a consequence of increased metabolic 
demands, hemodynamic changes in cardiac output, SVR, and blood pressure occur. 
On several counts, such changes are similar to the physiological response to exercise 
[60]. Pulse pressure tends to be widened in case of hyperthyroidism. Some current 
reports have determined that despite the low SVR in hyperthyroidism, arterial 
stiffness is increased [61]. Thus excess thyroid hormone typically enforce systolic 
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blood pressure to rise, the increase can therefore be quite dramatic in older patients 
with atherosclerosis led to impaired arterial compliance. Hyperthyroidism has been 
identified as the second most common reason for isolated systolic hypertension 
[62]. Efficient hyperthyroidism treatment and the administration of β-blockade 
to achieve normocardia reverses these changes. In hypothyroidism, endothelial 
dysfunction and impaired VSM relaxation eventuate in lower SVR [63]. These 
effects lead to diastolic hypertension in ≈30% of patients, and thyroid hormone 
replacement therapy restores endothelial-derived vasorelaxation and blood pres-
sure to normal in most [64].

Sinus tachycardia is the most frequent ECG disorder. Intraventricular conduc-
tion delay in the form a right bundle branch block is observed in approximate of 
15% patients.

Alternative, unknown reasons may also be present for the occurrence of atrio-
ventricular block Increased dispersion of QT interval corrected by the heart rate 
(QTcD) and pulmonary hypertension may also be present, however underlying 
mechanisms are yet unclear; the similar cardiac and hemodynamic changes accom-
panying with the autoimmune disorders in Graves’ patients probably contribute to 
conduction problems [65]. Hyperthyroidism leads to shortened action potential and 
altered expression of L-type calcium channel 1D, enhances Na and K permeability, 
and affects Na pump density [66]. The forced preload increase and altered total 
blood volume impose burden on cardiac workload, hence frequently myocardial 
hypertrophy develops.

6. Graves’ Disease and atrial fibrillation

Patients with hyperthyroidism manifest more premature supraventricular 
depolarization and premature atrial complex (PAC; also referred to a premature 
atrial beat, premature supraventricular complex, or premature supraventricular 
beat), more nonsustained supraventricular tachycardias, and reduced heart rate 
variability [67]. The reduced variability is probably occurs as a consequence of 
decreased parasympathetic tone. These electrical stimulates may lead to paroxysmal 
atrial tachycardia, atrial fibrillation, and atrial flutter. The most frequent rhythm 
disorder is sinus tachycardia in hyperthyroidism [43]. Its clinical impact is over-
shadowed by atrial fibrillation. The rate of atrial fibrillation (AF) and other rare 
forms of supraventricular tachycardia in this disease varies between 2% and 20% 
The prevalence of atrial fibrillation in hyperthyroidism was determined as 13.8%, 
however peaked at up to 15% in patients over the age of 70 years. These results is 
significantly higher when compared to the rate of 2.3% in control group [66–69]. 
Atrial fibrillation often coexists with a rapid ventricular response. The occurrence 
of AF is more frequent in men and significantly increases with age, over 40 years in 
particular [69]. A current study revealed that the AF rate was below 2% in a cohort 
includes more than 13 k cases with hyperthyroidism. Early stage of disease or rec-
ognition may contribute to these result [70]. A stepwise increase in the prevalence 
was observed in the analysis based on age, especially peaked at ≈15% in patients 
>70 years old. This findings support data from the cohort of 40.628 hyperthyroid 
patients in the Danish National Registry. This database revealed that although 8.3% 
of the patients demonstrated an atrial fibrillation; male gender, the presence of 
ischemic or valvular heart disease or congestive heart failure were associated with 
the highest risk rates. Apparently, subclinical (mild) hyperthyroidism involves 
similar relative risk for atrial fibrillation as does overt disease [68]. This dilemma 
may be interpreted in favor of other accompanying diseases that occur in the older 
population. In unselected patients with atrial fibrillation, less than 1% were the 
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consequence of over-hyperthyroidism [71]. Consequently, although the abnormal 
thyroid function levels seems less reliable and indicative in the new-onset atrial 
fibrillation, establishing an euthyroid state and achieving sinus rhythm, justifies the 
value of TSH examining [7].

The left atrial size is enlarged in most of the patients with hyperthyroidism and 
AF rather than hyperthyroid people with sinus rhythm. Hyperthyroidism should 
not be accepted as the only reason for developing the new onset AF and possible 
underlying organic heart diseases should be investigated to avoid as serious car-
diovascular events such as angina or heart failure. In an experimental study, con-
nexin-40, a gap junction protein of myocardium which is essential for the transport 
of electrical activity upregulated by thyroid hormone in rats. This pathway may 
contribute to atrial fibrillation development in hyperthyroidism [72].

Atrial fibrillation generally reverts to sinus rhythm when an euthyroid state 
established. On the other hand, in young and early diagnosed patients β-Adrenergic 
blockade may be sufficient to regulate the ventricular rate. Higher dose may be 
required in case of elevated plasma clearance of β-blockers. Propranolol has 
an additional advantage by blocking T4 - T3 conversion in peripheral tissues. 
Nevertheless, cardio-selective β-blockers have a longer half-life and have similar 
cardiac effects. Intravascular administration of calcium blockers should be avoided 
considering the possible risk of a further fall in PVR: channel blockers, may cause 
potential adverse cardiovascular events such as blood pressure reduction via 
developing relaxation through smooth muscle cells of the resistance arterioles. 
Such treatment has been linked to acute hypotension and cardiovascular collapse 
[73]. Treatment of atrial fibrillation in the setting of hyperthyroidism includes β 
-adrenergic blockade. This can be accomplished with β 1-selective or nonselective 
agents, even in peroral usage, whereas treatments such as antithyroid therapy or 
radioiodine, which lead to a restoration of a chemical euthyroid state [7]. Although 
digitalis was an option in the treatment of hyperthyroidism and coexisting atrial 
fibrillation, due to the increased digitalis clearance and decreased sensitivity of 
the hyperthyroid heart to digitalis necessitated higher doses for optimal treat-
ment beside leading to less predictable responses [74, 75]. How much risk does the 
systemic embolization include in the setting of thyrotoxicosis is yet unclear. It is 
still controversial whether to administer an anticoagulant therapy in patients with 
AF is efficient to prevent systemic embolization. Accordingly, each patient should 
be evaluated individually considering the risk of bleeding over embolization [76]. 
Hyperthyroidism in younger patients without any cardiac disease except for AF, 
the risk of anticoagulant therapy may exceed its benefits. However, it would be 
wise to administer anticoagulant drugs to older patients with previously diagnosed 
or suspected heart diseases or AF with longer duration. Oral anticoagulants doses 
should be trimmed considering that hyperthyroid patients will require less medi-
cation than euthyroid ones, due to faster elimination of vitamin-K dependent 
clotting factors [77]. Early diagnosis and full treatment radioiodine or thioureas 
demonstrated a reversion to sinus rhythm most patients within 2 to 3 months [70]. 
Older patients (>60 years old) with atrial fibrillation with longer duration are more 
resistant to spontaneous reversion to sinus rhythm. For this reason, electrical or 
pharmacological cardioversion are advised to attempt if the AF continues after an 
euthyroid state achieved chemically. Following an adequate treatment most of the 
patients turn into sinus rhythm permanently. Disopyramide (300 mg/d) adminis-
tration after successful cardioversion, contribute to remain in sinus rhythm when 
compared to those not treated [76].

Reversion and maintenance from AF to sinus rhythm is unusual before the 
euthyroid state is achieved; therefore electrical cardioversion should be avoided 
before euthyroid condition. In another experimental study, the authors remarked 
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the downregulator effects T3 via connexin-43 phosphorylation in diabetic rats. 
Thus, cardiac adaption to hyperglycemia reduced and the heart become prones to 
ventricular arrhythmias [78].

7. Graves’ Disease and heart failure

Early manifestations regarding heart failure may be present in patients with 
hyperthyroidism [7, 14, 79]. Majority of the patients with hyperthyroidism suffer 
from exercise intolerance and exertional dyspnea, due to the loss of skeletal and 
respiratory muscle strength. Hyperthyroid patients can demonstrate congestive 
heart failure symptoms regardless of prior cardiac injury. This phenomenon has 
inaccurately identified “high-output heart failure,” in the presence of paradoxical 
features involving enhanced cardiac contractility and output characterized by thyroid 
hormone excess [7]. Decreased cardiac contractility, reduced diastolic compliance, 
and pulmonary congestion are true manifestations of the heart failure however these 
can be consequences of severe and chronic hyperthyroidism, tachycardia, and atrial 
fibrillation also [80–82]. The use of “high output heart failure” has not abandoned in 
late decades, considering the potential of the heart to enhance the output at both rest 
and exercise. However, In the setting of low vascular resistance and decreased preload, 
cardiac functional reserve is compromised thus lose the capacity of accommodating 
the demands of maximal or even submaximal exercise [83]. High-output heart failure 
may demonstrate dyspnea on exertion, fatigue, and fluid retention with peripheral 
edema, pleural effusion, hepatic congestion, and PAH [82]. Heart failure develops 
approximately in the 6% of thyrotoxic patients. Beyond that, dilated cardiomyopa-
thy with reduced left ventricular systolic dysfunction occurs less than 1%, due to a 
tachycardia-mediated mechanism causing an elevated cytosolic calcium levels during 
diastole with impaired contractility of the ventricle and diastolic dysfunction, often 
with tricuspid regurgitation [84]. A research conducted by Yue et al., diastolic dys-
function was found to be more prominent in thyrotoxic patients older than 40 years 
of age, whereas in younger ones a demonstrated a reduction in peripheral vascular 
resistance and improved cardiac output were outstanding [85]. However, severe and 
chronic hyperthyroidism may exaggerate sinus tachycardia or atrial fibrillation; hence, 
produce rate-related left ventricular dysfunction and heart failure [86]. This clarifies 
the reason why several patients manifesting the combination of hyperthyroidism, low 
cardiac output, and impaired left ventricular function had AF at the time of diagnosis 
[7]. However, pre-existent ischemic or hypertensive heart disease may also contribute 
the to the development of heart failure in hyperthyroid patients [14, 86].

Mitral valve prolapse is more frequently reported in patients with Graves’ 
Diseases. The latter may be a predisposing factor for the elonged the left atrial 
diameter and atrial fibrillation [87]. The risk for AF which may lead to congestive 
heart increases in the presence of low TSH levels, especially among patients over 
60 years old [88, 89]. The high prevalence of pulmonary artery hypertension that 
comprises several signs of heart failure, such as neck vein distension and peripheral 
edema, may be caused by right heart strain [90, 91]. Similarly, reduced pulmonary 
compliance and skeletal muscle dysfunction may lead to the exercise intolerance 
and exertional dyspnea in such patients [14]. Distinctively, thyrotoxic cardiomyopa-
thy represents a myocardial damage that caused by toxic effects as a result of exces-
sive thyroid hormone activation. This condition leads to dynamic and structural 
changes such as myocyte energy production, intracellular metabolism, and myofi-
bril contractile function. Left ventricular hypertrophy, heart rhythm disturbances, 
primary atrial fibrillation, dilation of the heart chambers, heart failure, PAH, and 
diastolic dysfunction constitutes the main manifestations [48].
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Although, β-adrenergic blockage was contraindicated in previous decades in the 
treatment of thyrotoxic cardiac events, nowadays the use of such drugs considered 
as first-line therapy [92]. Digitalis and diuretics are not recommended in the heart 
failure accompanying pulmonary congestion [60].

The definitive treatment option for the hyperthyroidism is 131I-radioiodine [93]. 
Optimal hyperthyroidism treatment goals to establish an euthyroid state commonly 
represents a recovery from atrial fibrillation to sinus rhythm and a dissolution of the 
cardiac manifestations [76, 79]. Studies pointing out how crucial is an adequate and 
sufficient treatment concluded that the cardiovascular complications arising from 
thyrotoxicosis are the primary cause of death [94].

8. Graves’ Disease and arterial hypertension

Thyroid hormone causes decreased resistance in peripheral arterioles through 
a direct effect on VSM cells and decreased mean arterial pressure, which, when 
sensed in the kidneys, activates the renin-angiotensin-aldosterone system and 
increases renal sodium absorption. T3 also induces erythropoietin synthesis, which 
leads to an increase in red cell mass. These changes combine to promote an increase 
in blood volume and preload. Hyperthyroidism has been identified as the second 
most common reason for isolated systolic hypertension [62]. Because of the revers-
ible effects of hyperthyroidism hypertension, efficient hyperthyroidism treatment 
and the administration of β-blockade to achieve normocardia reverses hyperten-
sion, heart rate variability and arrhythmias. Iryna Tsymbaliuk et al. [95] reported 
that there are 95% arterial hypertension between Graves’ hyperthyroidism patients, 
especially demonstrating high systolic blood pressure, as result of low vascular 
resistance, elevated resting heart rate and blood volume due to excess of thyroid 
hormones [95, 96]. Moreover, they showed that arterial hypertension was devel-
oped secondary to Graves’ hyperthyroidism and associated with diminished quality 
of life. Restoring of euthyroid state resulted in elimination of arterial hypertension 
or stabilization of blood pressure levels in patients with a history of arterial hyper-
tension, which is consistent with other studies.

The role of euthyroidism restoration is supported by findings from other studies 
showing the direct effect of hyperthyroid state on the cardiovascular system; in 
animal studies, the excess of thyroid hormones had a major impact on the cardio-
myocytes, whereas beta-adrenergic or angiotensin receptor stimulations played a 
minor role [79, 97]. And in the study, as a result, improvement of cardiovascular 
parameters in relatively short follow up time was achieved after restoring of euthy-
roid state by antithyroid therapy accompanied by administration of beta-blockers 
and ACE inhibitors.

9. Graves’ Disease and pulmonary hypertension

About 1/5 of pulmonary hypertension cases are shown to be concomitantly occur-
ring with thyroid disease [98]. Pulmonary artery hypertension (PAH) is identified as 
mean pulmonary arterial pressure levels higher than 25 mm Hg at rest [81]. Increased 
pressure in the left atrium is transmitted backwardly to pulmonary veins. This acti-
vates baroreceptors ending up with a reflex contraction in the arterioles. Elevated 
pulmonary artery pressure aggravates the right ventricular workload. This overload 
forces the right ventricle to contract laboriously to maintain blood flow towards pul-
monary vasculature. However, this process eventually leads to increased pulmonary 
resistance and PAH [48]. Although, current knowledge regarding hemodynamics of 
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PAH in hyperthyroidism has not well explained yet, decrease in PAH after establishing 
an euthyroid state may be considered as a supportive evidence for a causal relation-
ship [99]. A current study asserts a direct relation between TSH receptor antibodies 
and PAH, thus a possible autoimmune-mediated pulmonary vascular remodeling 
may be conducted [101]. Hyperthyroidism should be excluded in patients with PAH; 
moreover, in case of coexisting hyperthyroidism and dyspnea, every patient should be 
examined for PAH either [98, 100].

PAH has been associated with thyroid dysfunction, mainly hyperthyroidism. It 
has been suggested that SVR lowering effect of thyroid hormone may not occur in 
the pulmonary vasculature [60]. PAH and atrioventricular valve regurgitation have 
been both documented with a high prevalence [90]. Various articles have revealed 
that hyperthyroidism may manifest as right heart failure and tricuspid regurgita-
tion [91]. A research including of 23 cases with hyperthyroidism originating from 
Graves’ Disease documented that 65% of those patients had PAH. Following an 
adequate treatment for the Graves’ Disease, pulmonary artery pressure levels 
returned to normal values in almost all patients [100, 101].

Right heart failure and peripheral edema accompanying hyperthyroidism may 
be reasoned by this reversible increase in pulmonary artery pressure [60, 91]. 
Primary pulmonary hypertension is defined as the levels of pulmonary artery 
pressure above 25 mm Hg at rest and 30 mm Hg during exercise and frequently seen 
in young women. It has a progressive nature and mostly leads to right heart failure. 
A link between pulmonary hypertension and thyroid disease (i.e., hypothyroidism 
and hyperthyroidism) has been elucidated in recent [102]. Hypothyroidism rate 
was determined as 22% in a study including 40 patients with primary pulmonary 
hypertension [103]. There are several evidences indicating the importance of the 
autoimmune disease’s role in both hypothyroid and hyperthyroid linked cases of 
primary pulmonary hypertension [91, 101, 103]. Thyroid dysfunction therefore 
should always be examined in the presence of primary pulmonary hypertension.

10. Thyroid hormone effects on lipid metabolism

Increased serum lipid levels in hypothyroidism is well-known. Hypothyroidism 
causes hypercholesterolemia especially augments low-density lipoproteins (LDL) 
and apolipoprotein B. Although, estimated prevalence of overt hypothyroidism in 
patients with hypercholesterolemia is between 1.3% to 2.8%, hypercholesterolemia 
is observed in 90% of the patients with hypothyroidism [104]. Altered lipid profile 
levels manifest even in subclinical hypothyroidism. Some authors revealed revers-
ible increased LDL levels in subclinical hypothyroidism after thyroid hormone 
replacement. On the contrary, some other studies have determined no changes in 
LDL levels despite increased total cholesterol levels in subclinical hypothyroidism 
[105]. The underlying mechanisms of the hypercholesterolemia in hypothyroidism 
involves impaired fractional clearance of LDL by decreased LDL receptors and 
receptor activity in the liver [106]. Cholesterol catabolism is regulated by choles-
terol 7α-hydroxylase [107]. This liver-origin enzyme has a negative correlation with 
T3 and may reduce catabolism and cause elevated serum cholesterol levels associ-
ated with hypothyroidism [103]. The increased serum lipid levels in subclinical 
hypothyroidism are strongly associated with increased cardiovascular risk [108]. 
This high risk may be reversed by thyroid hormone replacement therapy to establish 
euthyroid condition [106]. If left untreated, the dyslipidemia accompanying with 
the diastolic hypertension associated with hypothyroidism lead the patient prone to 
atherosclerosis [53, 86].
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11. Subclinical hyperthyroidism and heart

The impact of thyroid hormones especially the subclinical hyperthyroidism on 
cardiovascular system faces an ever-increasing interest in last decades. Subclinical 
hyperthyroidism represents low serum TSH levels accompanying with normal 
serum free T4 and T3 concentration and its prevalence varies from 0.6–16% [109]. 
Persistent abnormal TSH measurements have to be re-examined within 2–3 months 
from initial values [109, 110]. There are two main categories regarding subclinical 
hyperthyroidism: Grade 1 defines a mildly low serum TSH (0.1–0.45 mIU/L) levels 
whereas Grade 2 represent lower levels of serum TSH (< 0.1 mIU/L). Subclinical 
hyperthyroidism may have exogenous or endogenous etiology. Exogenous origin 
mainly occurs as a result of a TSH suppressive therapy (or excessive use of levothy-
roxine) for thyroid carcinoma. Endogenous reasons resembles overt hyperthyroid 
state causes including mild Graves’ Disease, multinodular goiter, and autonomous 
functioning thyroid nodule. Various authors have evaluated the effects of subclini-
cal hyperthyroidism on cardiovascular and skeletal systems, particularly in older 
populations. Nanchen et al. analyzed conducted a study with a large cohort com-
posed of patients with subclinical hyperthyroidism and observed a significantly 
higher hospitalizations rate due to heart failure in older patients, especially in 
those with grade 2 subclinical hyperthyroidism [111]. A distinct inverse propor-
tion between TSH level and the risk of AF have been concluded in previous studies 
[112]. Furthermore, current retrospective studies with large cohorts have obviously 
determined a link between subclinical hyperthyroidism and cardiovascular events 
especially heart failure. More importantly, all-cause mortality observed higher in 
this group [113]. The European Thyroid Association recommends full treatment in 
patients older than 65 years with grade 2 subclinical hyperthyroidism. Beyond that, 
same guideline suggests to treat milder grade if any additional heart disease or other 
significant comorbidities or risk factors present [110].

12. Treatment

Recent treatment options for Graves’ hyperthyroidism include antithyroid drugs, 
radioactive iodine, and surgery. In addition β-adrenergic blockade is targeted to 
blockade cathecolamine discharge. The cardiovascular symptoms stimulated by 
hyperthyroidism resolve after an adequate treatment regardless of utilizing radio-
active iodine or antithyroid drug. Hyperthyroidism may exaggerate preexisting 
cardiovascular diseases by increasing demand for myocardial oxygen, contractility 
and heart rate. In such circumstances, silent coronary artery disease, angina or com-
pensated heart failure and even endothelial dysfunction develop [114]. Tachycardia 
control by using β-blockers should be added into treatment in the management of 
heart failure. Nevertheless, possible contraindications have to be considered in each 
individuals. Furosemide may aid to reduce volume overload. However, requirement 
of more Na-K-ATPase in the myocardium due to İncreased blood volume (distribu-
tion) in euthyroid heart failure patients result in relative resistance to digoxin [77]. 
Beta blockers, especially propranolol and atenolol aid to control palpitations by decel-
erating the heart rate in case of sinus tachycardia [115]. Although, all types of calcium 
channel blockers are utilized in the management of newly emerged atrial fibrillation, 
in the presence of thyrotoxicosis, intravenous administration increase adverse effects. 
The vasodilator and negative inotrope effects of these drugs may cause hypotension 
and even cardiovascular collapse [116]. Further precautions are required in case of 
atrial fibrillation, marked palpitations, or severe tachycardia [7, 92].
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In case of heart failure resisting despite the heart rate decelerated, or if the 
patient is in advanced age, or has diagnosed or suspected preexisting heart disease, 
or has hypertension standard treatment protocols should be applied. In occasional 
conditions such as hyperthyroidism or thyroid storm requires close cardiovascular 
monitoring and management of other comorbidities (infection, trauma, acute psy-
chiatric illness) [92, 117]. The efficacy of anticoagulant drugs has been less inves-
tigated into correctable causes of AF such as hyperthyroidism. Our clinical routine 
tends to initiate antithrombotic agents as in general population. After euthyroid 
state established, and in the documented absence of AF during at least three 
months, terminating the anticoagulant therapy should be concluded. However, the 
patients should be kept in close follow-up with routine intervals in terms of heart 
rate. Although, some clinics demand further documentation, 24 hours of continu-
ous monitoring without AF and the absence of any sign and symptoms regarding 
AF is sufficient to terminate anticoagulant therapy in our protocol. However, two 
clinicians decide whether to discontinue anticoagulant treatment according to 
CHA2DS2-VASc score, regardless of rhythm.

13. Conclusion

It’s important to bear in mind that significant cardiac complications of Graves’ 
Disease (dilated cardiomyopathy, atrial fibrillation, systemic hypertension and 
pulmonary hypertension) may occur in previously fit young patients without 
cardiac disease. All these cardiac complications increase mortality and morbidity in 
patients with Graves’ Disease. Most of the time cardiac function recovers if Graves’ 
Disease is specifically treated and cardiac interventions are done in a timely fashion. 
Therefore early diagnosis and definitive treatment of hyperthyroidism is crucial for 
prevention of the development of thyrotoxic cardiomyopathy.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Graves’ Disease and Pregnancy
Nikolay Petrov Botushanov, Aleksandar Nikolaev Botushanov  
and Albena Dimitrova Botushanova

Abstract

Graves’ Disease is an autoimmune organ specific disease characterized by  
excessive production of hormones from the thyroid gland and by its diffuse 
enlargement. The growth and function of the thyroid gland are stimulated by auto-
antibodies directed against the thyroid-stimulating hormone receptor. Pregnancies 
complicated by Graves’ Disease are characterized with higher incidence of abor-
tion, preterm delivery, low-birth- weight infants and neonatal mortality, as well 
as maternal complications such as heart failure, eclampsia and rarely thyroid 
storm. When fully controlled hyperthyroidism have excellent outcomes. Different 
therapeutic approaches are used in women with Graves’ planning pregnancy and 
in those when the disease is diagnosed after they became pregnant. Thionamides 
are the first choice for treatment, with Propylthyouracil being preferred for the 
first trimester and Methimazole for the second and third trimester. Aplasia cutis 
and some other malformations were associated with methimazole use during 
pregnancy. Monitoring the effect of treatment should ensure keeping maternal 
FT4 in the high normal range. Block-and replace regimen is not recommended and 
rdioiodine therapy is absolutely contraindicated. Thyroidectomy may be considered 
before pregnancy or in rare cases in the second trimester. Iodine is avoided because 
of the risk of fetal hypothyroidism and goiter. The use of beta-blockers is contro-
versial. Noenatal thyrotoxicosis may occur in association with maternal Graves’ 
Disease due to maternal TSAbs cross through the placenta.

Keywords: Graves’ Disease, pregnancy, thionamides, iodine, surgery

1. Introduction

Graves’ Disease (GD) is an autoimmune organ specific disease characterized 
by excessive production of hormones from the thyroid gland (hyperthyroidism) 
and by its diffuse enlargement. The growth and function of the thyroid gland are 
stimulated by autoantibodies directed against the thyroid-stimulating hormone 
(TSH) receptor (TSHR). Nevertheless, other autoantibodies against thyroid 
peroxidase (TPO) and thyroglobulin (Tg) may also be present, TSHR is the major 
autoantigen of Graves’ Disease, making antibodies against it (TRAb) the most 
characteristic for the disease. Graves’ Disease (GD) is the most frequent cause of 
thyrotoxicosis in iodine sufficient countries [1], although the exact frequency of 
GD in general population is difficult to be established and differs from country to 
country. A meta-analysis of various studies has estimated the general prevalence 
of GD to be around 1% [2], which makes it one of the most frequent clinically 
relevant autoimmune disorders. Graves’ Disease is a multifactorial disorder. Like 
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all autoimmune diseases, GD is characterized with the loss of immune tolerance 
to thyroid antigens and the initiation of a sustained autoimmune reaction caused 
by a complex interplay of genetic, hormonal and environmental factors. While 
detailed discussion of these factors is beyond the scope of this chapter, it is worth 
to mention that GD is typically a disease of women, with the female-to- male ratio 
ranges in different studies from 5 to 10 at any age [2, 3]. Autoimmune disorders are 
in general more prevalent in women and genetic and nongenetic factors may play 
role for that [4, 5]. Male hormones are considered to down-regulate immunity and 
thus play a protective role from autoimmunity, whereas the effect of estrogen is not 
always unequivocal [4, 5]. Despite this, little evidences in the literature are backing 
the role for sex hormones in the high prevalence of GD in women. Moreover thyroid 
autoimmunity often accompanies patients with Turner’s syndrome, who have low 
estrogen levels [6]. Besides sex hormones, some genetic factors linked with the X 
chromosome could explain the epidemiologic evidence of a female preponderance 
in GD. In families with GD, a putative Graves’ Disease susceptibility locus on the 
long arm of X chromosome was located by an linkage analysis [7]. Inactivation of 
the X chromosome, an epigenetic phenomenon, has been suggested to determine 
the female predisposition to thyroid autoimmunity. One study showed that this 
phenomenon is more frequently observed in patients with GD or autoimmune 
thyroiditis than in healthy controls [8]. Never mind, what the predisposing factors 
for GD could be, pregnancy, itself, is a well-known risk factor for thyroid autoim-
munity. Pregnancy can influence and change the course of a pregestational Graves’ 
Disease or can become a reason for the development of GD during the pregnancy or 
after delivery. The risk of development of GD in postpartum year increases fourfold 
to eightfold [9]. The reasons for this could be explained by the observed abrupt fall 
in the level of pregnancy-associated immunosuppressive factors immediately after 
delivery (rebound immunity) [9]. The factors involved in the immune alterations 
of the postpartum period may include, but are not limited to estrogen and progestin 
[9, 10]. Approximately 2–3% of all pregnancies are complicated by thyroid disease 
[11], making thyroid disorders the second most common significant pathology 
affecting women during pregnancy after diabetes mellitus [12]. Detailed under-
standing of the physiology, pathophysiology, diagnosis and treatment is required to 
limit the effects on both maternal and fetal health.

2. Physiology of maternal and fetal thyroid in pregnancy

Pregnancy induces several major changes to thyroid morphology and physiol-
ogy. Diagnosis of thyroid dysfunction during pregnancy is complicated by the 
hormonal changes that take place, posing specific challenges for both detection 
and management. During pregnancy, thyroid gland physiologically undergoes 
moderate enlargement, typically increasing in size between 10 and 40% of 
volume, and increasing of vascularization. This enlargement can be more pro-
nounced if there is underling iodine deficiency [13]. At the same time there are 
transient, reversible after delivery, changes in thyroid hormone physiology and 
iodine metabolism. In early gestation, the thyroid gland is stimulated not only 
by TSH, but also by the alpha subunit of human chorionic gonadotropin (hCG), 
produced by the syncytiotrophoblasts of the developing placenta, which binds 
to and stimulates the TSH receptor, increasing thyroid hormone production and 
resulting in a subsequent reduction in serum TSH concentration [14]. Normally, 
hCG starts to rise from the very beginning of pregnancy and peaks at around 
9–11 weeks of gestational age. Due to this, there is a parallel decrease in serum 
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TSH in the first trimester. Generally, TSH concentrations in pregnant women are 
lower than in non-pregnant women. Physiologically TSH concentrations fluctuate 
during different periods of gestation. During the first trimester, approximately 
15% of healthy women have TSH level below the lower limit of the reference 
range of 0.4 mU/L [15, 16]. The percentage of women with suppressed TSH falls 
to about 10% in the second trimester, and 5% in the third trimester [17]. The 
upper limit of TSH reference range during pregnancy is also decreased by about 
0.5–1.0 mU/L, in comparison to the typical nonpregnant TSH reference range and 
this downward shift usually occurs in the latter first trimester of pregnancy but 
typically not before week 7 [18]. Levels of hCG then decline until approximately 
20 weeks of gestation and remain stable for the remainder of the pregnancy [19], 
which is followed by a slight increase of TSH levels. The level of decrease of TSH 
depends on number of the developing fetuses, because hCG concentrations are 
higher in multiple pregnancies than in singleton pregnancies, and downward 
shift in the TSH reference interval is greater in twin pregnancies [20]. The degree 
of the lowering of TSH concentrations during pregnancy varies significantly 
between different racial and ethnic groups, that is why the recommended by 
American Thyroid Association (ATA) trimester-specific reference ranges for 
TSH levels shown on Table 1 [21], require determination of population-based 
trimester-specific reference ranges for serum TSH through assessment of local 
population data.

The reduction of the lower TSH reference range, observed during pregnancy 
should be regarded in the light of the data that even if this represents an undergoing 
subclinical hyperthyroidism, it has not been associated with adverse pregnancy 
outcomes. In a small percentage of women, TSH can be undetectable (<0.01 mU/L), 
but this is still represent a normal pregnancy. Therefore, a maternal TSH concentra-
tion that is low but detectable is likely not to be clinically significant [22].

Starting from the fourth week of gestation, the increase of estrogens causes 
the rise of circulating level of thyroid-binding globulin (TBG). Estrogens induce 
increase in the sialylation of the TBG, which is followed by a decrease of its hepatic 
clearance and by a prolongation of its serum half-life from 15 minutes to 3 days in 
comparison with the nonpregnancy time. TBG level reaches a plateau during mid-
gestation and remain elevated until delivery. In the postpartum period TBG tend to 
normalize [23]. This rise of TGB level is followed by an increase of the total concen-
trations of thyroxine (TT4) and of triiodothyronine (TT3) in early pregnancy. There 
levels achieve a plateau early in the second trimester, at a concentrations value of 
30–100% greater than prepregnancy [24]. To continue to maintain normal unbound 
thyroid hormone levels, thyroid gland needs to increase its thyroid hormone pro-
duction. Some studies have reported a decrease, whereas others have stated even an 
increase of free T4 (FT4) and T3 (FT3) making the changes in free-hormone levels 
during pregnancy controversial. Despite this, pregnant women in general have lower 
free-hormone concentrations at term than nonpregnant women [17, 25, 26]. Because 

TSH range

First trimester >0.1 mIU/L and < 2.5 mIU/L

Second trimester >0.2 mIU/L and < 3.0 mIU/L

Third trimester >0.3 mIU/L and < 3.0 mIU/L

TSH, thyroid-stimulating hormone.

Table 1. 
Generalized trimester-specific reference ranges for TSH levels [21].
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FT4 reference intervals in pregnancy vary widely between methods, interpretation 
of FT4 values requires method-specific as well as trimester-specific ranges.

The placenta is also an active player in thyroid hormone metabolism. It is a 
site for the inner ring deiodination of T4 and T3, generating the inactive iodo-
thyronines, reverse T3 and 3,3′-T2, respectively, and thus modulating the amount 
of active hormone that passes to the fetus [27]. Because of the increased thyroid 
hormone requirements and iodine glomerular filtration rate during pregnancy [28], 
adequate iodine availability is strongly necessary to meet these needs. In iodine-
replete regions, women are able to meet the increased demands of pregnancy. If 
adequate iodine is not available, TSH rises and consequently goiter develops [29]. 
Thyroid hormones play a vital role in the early embryogenesis. They are essential 
for neurodevelopment, somatic growth, and tissue differentiation. Because, 
organogenesis of fetal thyroid gland occurs by around 12-th week of gestation and 
the gland becomes functionally active approximately eight weeks later by the 20-th 
week of gestation, till then, the fetus fully relay on maternal T4, which is the only 
thyroid hormone that can cross the placenta. Fetal deiodinase converts maternal T4 
to the bioactive T3The [30].

After his thyroid gland becomes active and starts to produce hormones, fetal 
thyroidal turnover of iodine increases and becomes much higher than that in adults 
[30]. Fetal iodine store, which exclusively depends from maternal intake, must be 
continuously refilled. Iodine homeostasis, following fluctuating metabolic needs 
varies across the different trimesters. After parturition, maternal iodine continues 
to be the only source of iodine to the breast-fed neonate. Sodium Iodine symporter 
(NIS) is present in breast tissue and is responsible for concentrating iodine in 
colostrum and breast milk [31].

3. Thyroid autoimmunity in pregnancy

In around 10% of the women with childbearing potential thyroid antibod-
ies could be found and they represents the most common autoimmune disease. 
Stagnaro-Green et al. in 1990 first demonstrated an association between pregnancy 
loss and thyroid antibodies. They showed, that there was a 2-fold increase in the 
risk of pregnancy loss (17% vs. 8.4%) in women with thyroid antibodies [32]. 
One meta-analysis discovered, that the presence of thyroid antibodies in pregnant 
women was connected with a 4-fold increased risk of miscarriage in cohort studies, 
and a 1.8-fold increased risk in case–control studies [33]. The association of thyroid 
autoimmunity and preterm birth is not unambiguously as the studies showed 
conflicting results. Some found significant association [33–36], while others [37] 
didn’t show such correlation.

Following the changes of the activity of the immune system through pregnancy, 
the activity of Graves’ Disease fluctuates. Concomitant changes of the TSH receptor 
antibody (TRAb) levels, generally reflecting the clinical course of the disease, are 
observed [38]. During the first trimester TRAb levels are usually elevated with a 
subsequently fall to even undetectable values during the second and third trimes-
ters and may increase again postpartum [39, 40]. Due to this pattern of fluctuations 
of TRAb levels, exacerbation of the clinical symptoms of Graves’ Disease may occur 
in the first trimester of gestation, followed by a remission in the second and third 
trimesters, because of the observed immune tolerance [41]. The decrease in TRAb 
levels, rather than increases in inhibitory anti-TSH receptor antibodies determines 
this clinical pattern [39]. From a clinician’s point of view, the dosage of antithyroid 
drugs can be reduced or even discontinued late in gestation and restarted in the 
postpartum period [41].
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4. Hyperthyroidism and pregnancy

Hyperthyroidism is defined as an excessive production of thyroid hormones 
caused by immune or nonimmune thyroid disease. Hyperthyroidism is less com-
mon than hypothyroidism, but nevertheless, it represents a great challenge for the 
physician, pregnant woman and developing fetus. Specific knowledge is required by 
healthcare providers and a team approach is necessary to provide the best possible 
cares for pregnant women with GD. Caring physicians (gynecologists, endocrinolo-
gists, cardiologists) must be aware of the symptoms of thyrotoxicosis, often over-
lapping with the pregnancy itself and of specific changes of the thyroid hormones 
during pregnancy. Knowing the fact, that any pregnancy complicated with hyper-
thyroidism carries a greater risk for complications for both mother and developing 
fetus, proper diagnosis and treatment are necessary. Adequate decisions about when 
to start treatment and with what to start are required, following the ancient princi-
ple of primium non nocere. Although our therapeutic approaches didn’t change very 
substantially during the last fifty years, our understanding of the pathophysiology, 
hormonal changes, immunology and obstetric outcomes have changed dramatically. 
We still have at our disposal only two types of antithyroid drugs (ATD) (see later in 
the text), which are the same that had been in use since the 1950’s and still remain 
the cornerstone of treatment of GD in pregnancy. Rarely, other approaches are 
necessary, like surgery during the second trimester. Radioiodine ablation is abso-
lutely contraindicated. Close monitoring of thyroid hormone levels and frequent 
adjustment of the dose are necessary to avoid both overdosage or subdosage of 
antithyroid drugs.

The reasons for thyrotoxicosis during pregnancy can be divided in such 
typical for all patients and such specific for the pregnancy. The common causes 
for thyrotoxicosis include: Graves’ Disease, chronic thyroiditis, painless thy-
roiditis, subacute thyroiditis, toxic adenoma, multinodular goiter; excessive 
levothyroxine (LT4) intake and drug induced thyrotoxicosis caused by iodine, 
amiodarone, lithium. The causes of thyrotoxicosis specific for the pregnancy are: 
gestational transient thyrotoxicosis, multiple gestations, trophoblastic disease, 
hyperplacentosis, hyperreactio luteinalis [22]. Graves’ Disease and gestational 
transient thyrotoxicosis (GTT) account for the majority of hyperthyroidism in 
pregnancy. Graves’ Disease affects 0.2% of pregnant women [42]. Thyrotoxicosis 
during pregnancy could affect both pregnant woman and developing fetus. 
Hyperthyroidism may cause both maternal complications such as heart failure, 
eclampsia and thyroid storm and also higher incidence of abortion, preterm 
delivery, low-birth-weight infants and neonatal mortality [43]. Distinguishing 
between different causes of hyperthyroidism is relevant, because some of them, 
like GTT, are transient, lead to mild thyrotoxicosis and do not require treatment 
with antithyroid drugs and are not associated with adverse pregnancy outcomes 
[44]. The Endocrine Society recommends that screening for thyroid conditions 
in pregnancy is performed in women >30 years, those with previous personal or 
family history of thyroid disease, women with issues with conception and existing 
autoimmune conditions [45].

5. Graves’ Disease and pregnancy

As it has been already discussed, generally there are three scenarios in which 
Graves’ Disease may affect a pregnancy. First, women with preexisting active 
Graves’ Disease. Second, women in remission, who may experience a relapse during 
pregnancy. Third, Graves’ Disease may occur for the first time during gestation 
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[46]. The women with prepregnancy active disease (either treated or untreated) 
may undergo exacerbation during the first trimester. Those, with previously diag-
nosed GD, who stayed in clinical remission and remained euthyroid throughout the 
whole pregnancy, hyperthyroidism may recur in the postpartum period. We must 
be very careful in this situation, because this may represent either the thyrotoxic 
phase of postpartum thyroiditis (PPT) or in up to 25% or relapse of Graves’ Disease. 
Even in those with PPT, Graves’ Disease may recur after resolution of PPT, trig-
gered by the destruction of the thyrocytes [47].

5.1 Diagnosis

Diagnosis should begin with taking complete case history, medical history 
and family history. The clinical diagnosis of hyperthyroidism may be difficult 
because pregnancy is itself a hypermetabolic state with symptoms of palpitations 
and heat intolerance. In addition, patients will usually have increased irritability, 
decreased exercise tolerance, heat intolerance, fatigue and increasing shortness 
of breath during physical activity. The examination usually reveals the presence 
of a diffuse goiter, sometimes with a bruit or thrill and eye changes. The clinician 
must recognize this constellation of symptoms so that the patient can be appro-
priately screened for hyperthyroidism. Once, hormonally hyperthyroidism has 
been established, it is very important to go deeper into the specific reason which 
causes it, because all types of thyrotoxicosis are characterized with similar changes 
of thyroid hormones. Different reasons for hyperthyroidism during pregnancy 
require different therapeutic approaches. Some are self-limiting and do no require 
treatment with ATD but only follow up.

5.2 Differential diagnosis

The most common cause of nonautoimmune hyperthyroidism is gestational 
transient thyrotoxicosis (GTT), defined as transient hyperthyroidism, limited 
to the first trimester of pregnancy. It is associated with hyperemesis gravidarum 
(HG) and is characterized by elevated serum FT4 and suppressed or undetect-
able serum TSH. It is differentiated from Graves’ Disease by the absence of anti-
TSH-receptor antibody (TRAb) [48]. Hyperemesis gravidarum often presents 
in the first trimester of pregnancy with severe nausea and vomiting [49]. It may 
result in dehydration and ketonuria. Thyroid hormones return to their normal 
trimester specific reference ranges within 15 weeks, due to resolution of vomit-
ing. Initially FT4 normalized spontaneously; however, serum TSH may remain 
suppressed for several other weeks and does not require ATD therapy, because 
this condition is self-limiting [50]. Rarely, for example in the case of dual or 
triple pregnancy, connected with very high level hCG, the use of ATD is required 
due to the severity of symptoms. For the clinical practice, it is very important to 
differentiate between GTT and Graves’ Disease. The presence of goitre, thy-
roid eye disease (Graves’ orbitopathy) and TRAbs in Graves’ Disease and their 
absence in GTT can help for proper diagnosis. Because in both conditions there 
are similar changes of TSH (low) and FT4(high) levels, using a free T3/free T4 
ratio could be discriminatory. Often the patients with gestational thyrotoxicosis 
have significantly lower or even normal T3 values [51].

Subclinical hyperthyroidism, defined as a serum TSH concentration below the 
lower limit of reference range, with FT4 and FT3 concentrations within normal 
reference range, affects up to 1.7% of pregnant women. This condition has not 
been found to be associated with adverse outcomes and doesn’t require ATD 
therapy [31].
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5.3 Laboratory

The usual findings from the laboratory studies show low, below the trimester-
specific 95% lower confidence limit, TSH level together with elevated serum thy-
roid hormone (FT4 and FT3) concentrations. We should always consider the fact 
that up to 50% of women with hyperemesis gravidarum may have similar changes 
of theh hormonal levels (suppressed serum TSH level and/or elevated FT4) [52]. 
An elevated free T3 index or free T3 level may be the most clinically useful test to 
distinguish hyperthyroid patients from those with hyperemesis gravidarum as less 
than 15% of hyperemetic women have elevations in these measures. TSH receptor 
antibodies are usually detectable and may also be of diagnostic utility. High levels of 
TRAb cross placental barrier [53]. and the risk of fetal and neonatal thyrotoxicosis 
increases with TSRAb values 3–5 times above normal [54, 55].

5.4 Pregnancy outcomes

Maternal hyperthyroidism is associated with increased morbidity for both 
mother and fetus. Prior to the development of ATD, only about 50% of hyperthy-
roid women were be able to conceive. About in half of those who conceived, sponta-
neous miscarriage and premature delivery occurred [56]. The degree and duration 
of hyperthyroidism strongly correlate with pregnancy outcomes for both mother 
and fetus. The highest risk was reported in those with uncontrolled or poorly 
controlled disease and a decreased risk in those appropriately treated with ATD. 
Established thyrotoxicosis during gestation or before a planned pregnancy, requires 
appropriate treatment, because in cases with uncontrolled maternal hyperthyroid-
ism in the first trimester, the period of embryogenesis, there is an increased risk for 
congenital malformations (imperforate anus, polydactyly, harelip) [57]. The use of 
ATD during this period itself is not associated with a higher incidence of structural 
anomalies. For optimal pregnancy outcomes it is very important to keep maternal 
hyperthyroidism under control, avoiding the development of drug induced hypo-
thyroidism, understanding the crucial significance of thyroid hormones for the 
normal embryogenesis. Significantly, subclinical hyperthyroidism, has not been 
found to be associated with adverse pregnancy outcomes and doesn’t require anti-
thyroid therapy [22]. Pregnancy complications reported in hyperthyroid women 
vary in frequency in different studies and include: miscarriage from 8 to 10–21% 
[58, 59], preterm delivery [58, 60, 61] from 3 to 14% to 21–88%, preeclampsia [60] 
from 2–11%, heart failure [61] from 3–63%, stillbirth [58, 61] from 0% -7 to 50%, 
small for gestational age [59, 62] and thyroid storm during delivery.

5.5 Treatment

Unfortunately, because the cause of the immune dysregulation in Graves’ 
Disease remains unclear, the available treatments are directed at the thyroid gland 
rather than the underlying autoimmunity. In general, the available therapies 
include: Antithyroid drugs, surgery and radioiodine, with predominant use of ATD 
in pregnancy hyperthyroidism, surgery in exception, during the second trimester 
and iodine ablation being absolutely contraindicated. Because the degree of hyper-
thyroidism can vary from patient to patient, those who are relatively asymptomatic 
may remain undiagnosed and untreated till the delivery, when usually aggravation 
of thyrotoxicosis is observed. Even when they had been properly diagnosed, they 
may do not want to accept the diagnosis and ask whether specific treatment is 
really necessary, fearing of possible side effects of the drugs both for them and for 
their developing fetuses. Usually they consider their complaints to be related with 
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the pregnancy itself. Those with overt hyperthyroidism require restoration of a 
euthyroid state because of potentially negative outcomes, both for the mother and 
the fetus. Fully controlled hyperthyroidism substantially decrease the potential risk 
for these negative outcomes and at the same time is not a reason for recommending 
abortion.

Therapeutic approaches differ from case to case. In the first scenario, when GD 
is preceding pregnancy, the woman will be advised to conceive after restoration of 
euthyroidism. Taking into account patent’s plan for the time of the future preg-
nancy, treatment with thionamide drugs is started, and the treatment continues 
throughout the whole pregnancy. In this case, the patient should be fully aware 
of the possible side effects of ATD, both for the mother and fetus and of the need 
for frequent monitoring of thyroid hormones levels. To avoid this an if the woman 
with GD is willing to postpone her future pregnancy, than alternatively radioio-
dine ablation can be offered. Pregnancy should be delayed for at least 4 months 
after radioiodine therapy, but a longer period, 6 months or even a year, is usually 
required for restoring euthyroid state and establishing the necessary stable dose of 
the inevitable postablational replacement therapy with thyroid hormones. Surgery 
may also be considered as an alternative because of more rapid restoration of 
euthyroidism.

In the second scenario, if GD is diagnosed during pregnancy, ATD are almost the 
only therapeutic option. Radioiodine is absolutely contraindicated, because it may 
result in congenital hypothyroidism and may cause malformations. Thyroidectomy 
is restricted to exceptional cases.

In the third scenario, if GD is established after delivery and when the possibility 
of transient, self-limiting destructive thyrotoxicosis has been excluded, it is pru-
dent to start thionamide treatment. In this case breast feeding should be stopped, 
because of the risk for development of neonatal hypothyroidism (see below). 
Radioiodine ablation with its delayed effect of achieving euthyroidism, the need 
for concomitant use of ATD to control symptoms in some cases and the need for 
isolation for several days, usually is not well accepted by the mothers. Surgery is an 
option in patients who experienced side effects of ATD use, or found it difficult to 
adhere to the prescribed drugs, either due to the number of pills or to the frequency 
of their intake.

Decision to initiate ATD treatment depends on the severity of the clinical symp-
toms and the pretreatment levels of FT4, FT3 and TSH. In mild cases with Graves’ 
Disease, when FT4 values are at or slightly above the reference range, treatment 
may be withheld with a subsequent monitoring of the thyroid status as long as there 
is a satisfactory clinical progression of pregnancy. In other words, the pregnant 
woman with Graves’ Disease should be kept in slight subclinical hyperthyroidism, 
because there are no reported gestational adverse effects of maternal subclinical 
hyperthyroidism [63]. The goal of treatment is to keep the patient euthyroid, using 
the lowest possible dose of antithyroid drugs necessary to maintain FT4 levels in the 
upper one-third of the normal non pregnant range or up to 10% above the normal 
range [64]. This level will ensure fetal euthyroidism, because FT4 in the mother’s 
serum correlates with fetal FT4 levels in cord blood [65]. Maternal serum T3 levels 
may not be as helpful because there is no correlation with fetal thyroid function 
[66] The dose should be adjusted every 2–4 weeks to maintain a serum FT4 of 1.7 to 
2.0 ng/L and TSH at or just below at the 95% confidence interval trimester-specific 
lower limit [67]. The presence of detectable TSH is an indication to decrease ATD 
dose [60]. A low TSH level is not a reliable index to judge the adequacy of treat-
ment, because it doesn’t promptly reflect the changes in thyroid function like FT4. 
It is important to monitor TSH level, because a high level always indicates over 
dosage of ATD and the need for proper dosage correction of the drugs. Because of 
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the expected immunosuppression during the second and third trimester, a partial 
and transient remission of Graves’ Disease may occur and appropriate reduction 
of the dose or even discontinuation of ATD could be done. Otherwise excessive 
doses of ATDs, indeed, may affect fetal thyroid function, with the development of 
hypothyroidism and/or goiter [68, 69]. Relapse of the hyperthyroidism is frequent 
in postpartum period [70].

5.5.1 Antithyroid drugs

ATD are the first choice for treatment of Graves’ Disease during pregnancy. 
Propylthiouracil (PTU) and methimazole (MMI) are equally effective in the man-
agement of hyperthyroidism during pregnancy. Propylthiouracil and methimazole 
inhibit thyroid hormone synthesis by interfering with intrathyroidal iodine utiliza-
tion and the iodotyrosine coupling reaction, both of which are catalyzed by thyroid 
peroxidase. Antithyroid drugs do not directly affect iodine uptake or hormone 
release by the thyroid. Because of this, the clinical and hormonal improvement 
is delayed for 10-14 days after their implementation in the therapeutic regimen. 
PTU, but not methimazole, inhibits the conversion of T4 to T3 in peripheral tis-
sues, thus theoretically it can ensure faster alleviation of the symptoms and reach-
ing the desired levels of FT4. In clinical practice this is not considered relevant. 
Comparative study showed that methimazole generally normalizes serum T4 and 
T3 levels faster than PTU [71]. Both antithyroid agents are well absorbed from the 
gastrointestinal tract. They differ in their ability to bind to proteins in circulation, 
with PTU being strongly protein-bound, mainly to albumin, at physiologic pH, 
while methimazole binding to proteins is negligible [72]. Other studies have found 
that both drugs readily cross the placenta [73, 74]. The serum half-lives of PTU 
and methimazole are 1 and 4 to 6 hours, respectively. The intrathyroidal duration 
of action of both drugs is longer than that. Both drugs are metabolized in the liver 
and their metabolites are excreted by the kidney. However, so far there are no data, 
that the doses used to treat hyperthyroidism generally need to be altered in patients 
with liver or kidney disease. This characteristic, apart from their side effects, may 
determine the choice of the antithyroid drug in pregnancy and lactation, since 
PTU crosses the placenta and breast epithelium less readily than methimazole. So 
it is reasonable to begin therapy with PTU because there are no reported cases of 
PTU-associated aplasia cutis. However, if a woman cannot tolerate PTU for any 
reason, experience side effects does not want to take the prescribed number of pills 
(PTU usually requires multiple daily dosages, whereas MMI can often be given 
once daily), MMI may be substituted. The initial dose rarely exceeds more than 
450 mg of PTU or 30 mg of MMI daily in order to achieve the predefined levels 
of FT4 and TSH. The median time, usually seven to eight weeks, to normalization 
of the maternal FT4 index for both PTU and MMI is equal [75], but improvement 
in these parameters may be seen earlier at three to four weeks. This fact, makes 
clinically relevant to reassess maternal FT4 or total T4 at an interval of three to four 
weeks and to adjust ATD dosage appropriately based upon the current levels of 
thyroid hormones. We should keep in mind, that maternal serum TSH levels may 
remain suppressed for several weeks after normalization of thyroid hormone levels. 
So measuring TSH level is not helpful early in treatment, and may mislead us to 
continue with the unnecessary high dose of ATD, causing drug induced hypothy-
roidism and thus depriving the developing fetus from crucially important maternal 
T4 delivery. As was discussed above, due to the changes of the activity of Graves’ 
Disease throughout pregnancy, determined by fluctuations of TRAbs concentra-
tions, in the late second and third trimesters the dose of ATD can be reduced or 
even stopped by 32 to 34 weeks of gestation in 30% of women [76]. Of course, the 
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same spectrum of adverse effects related to ATD therapy in the nonpregnant state 
applies to use during gestation.

Both drugs are showing similar fetal outcomes, in terms of thyroid function. 
The risk for congenital abnormalities had been considered to be higher in MMI 
than in PTU.

Aplasia cutis and also other malformations have been reported in the offspring 
of mothers who had taken methimazole during pregnancy [67, 77]. Aplasia cutis is 
a congenital localized absence of skin that occurs spontaneously in approximately 
1 in 2000 births [78]. Many years, the fear from the possible development of this 
complication had restricted the use of methimazole during pregnancy, neverthe-
less, there is no definitive proof that MMI is actually responsible for the condition. 
Additional possible congenital malformation in children exposed to MMI during 
the first trimester of pregnancy are choanal and esophageal atresia, minor facial 
abnormalities and psychomotor delay, which either isolated or associated with 
aplasia cutis define the so called methimazole embryopathy [67, 77].

Because there are no reports of aplasia cutis in association with PTU, this drug 
is preferred by some physicians. Growing data from the literature for the causative 
roll of PTU for acute liver injury, had limited the use of the drug only during the 
first trimester of the pregnancy due to its lower risk for congenital malformations. 
Before pregnancy and during the second and third trimester methimazole is pre-
ferred, considered to be less hepatotoxic. Pregnancy itself does not appear to alter 
the maternal pharmacokinetics of MMI, although serum PTU levels may be lower in 
the latter part of gestation compared to the first and second trimesters [71].

The treatment of Graves’ Disease during pregnancy should aim to achieve 
normalization of FT4 and FT3 levels with strict monitoring of maternal thyroid 
function at an appropriate intervals. Careful surveillance of fetal development 
to optimize fetal outcomes is also important, and this makes the team approach 
with a close collaboration between endocrinologist and obstetrician crucial. Apart 
from monitoring the laboratory parameters, there are clinical signs of improve-
ment, that include maternal weight gain, decrease in pulse rate and appropriate 
fetal growth, that should be followed up. Clinical signs and laboratory values must 
always be considered together when a therapeutic decision is necessary, and if for 
example, there is a detected lack of maternal weight gain in conjunction with mild 
elevations in thyroid hormone levels, the initiation of a low dose of ATD should be 
considered.

5.5.1.1 Antithyroid drugs: effect on the Fetus

In pregnancies complicated with concomitant Graves’ Disease, fetal thyroid 
status is influenced by two maternal factors, both of which cross the placenta: 
maternal ATD dosage and maternal TRAb activity. There are two potentially 
opposing influences on fetal thyroid function by maternal TRAb, because they 
can be with either stimulating or blocking effect on the developing fetal thyroid 
gland. Different assays for maternal TRAb exist. Some, like one of the most 
commonly used radioreceptor assay does not distinguish between blocking and 
stimulating antibodies, so their peripheral effect can be estimated only by assess-
ing the thyroid function [79]. The currently available bioassay is the thyroid 
stimulating immunoglobulin (TSI), which measures the generation of cyclic 
adenosine monophosphate by cells that express TSH receptor when incubated 
with the patient’s serum [66].

Because both PTU and MMI can cross the placenta and they may decrease fetal 
thyroid hormone production The dose–response relationship between maternal 
ATD dose and neonatal thyroid function is controversial, as some studies have 
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reported a direct correlation [66, 69, 80] and others have not demonstrated this 
[64, 69, 73]. There are data showing that ATD drugs even at low daily dosages 
(PTU ≤ 100 mg, MMI ≤ 10 mg) at term may affect the fetal thyroid function. An 
elevated cord TSH level was found in 23% of babies born to such PTU-treated 
mothers and in 14% of those treated MMI [81]. There is an individual variability in 
serum PTU and MMI levels after a standard oral dose and that could partly explain 
the observed lack of correlation between maternal dosage and fetal thyroid func-
tion [81, 82]. Transplacental passage of maternal TRAb resulting in excessive fetal 
thyroid stimulation is the second factor that can influence fetal thyroid function. 
Usually, this becomes clinically relevant at 24 to 26 weeks, of gestation. Maternal 
levels reflect the degree of fetal exposure [83]. At term there is a strong correlation 
between maternal and cord TRAb levels with development of neonatal hyperthy-
roidism. Clinically relevant is to measure the maternal TRAb levels at term, because 
the combination of continued use of maternal ATD therapy with low maternal 
TRAb levels may lead to elevated serum TSH levels in approximately 50–60% of 
infants [80]. This shows how important is to adjust appropriately the maternal ATD 
dosage during pregnancy especially when maternal immune thyroid stimulation is 
low. In nonimmune types of thyrotoxicosis, like toxic adenoma for example, dose 
relationship between ATD and the risk of suppression of the fetal thyroid function 
is more profound, since there is no contribution of fetal thyroid stimulation by the 
maternal immune system. Therefore, it is not surprising that fetal thyroid status 
is not strictly correlated with maternal ATD dosage. Inappropriately high doses of 
ATD may result in development of fetal or neonatal goiter, which in the most severe 
cases if markedly enlarged at birth may cause respiratory distress. In the past, due 
to the concomitant iodide therapy and ATD, goiter occurred more frequently. The 
combined inhibitory effect on the fatal thyroid gland of iodide and ATD resulted 
in the development of goiter. One clinical approach is to perform a fetal utrasound 
in all women who are still taking relatively high ATD doses at 26 to 28 weeks (PTU 
≥450 mg/day, MMI ≥30 mg/day) [84]. If a fetal goiter is detected this could be due 
to either fetal hyperthyroidism, transplacental passage of stimulating TRAbs, or to 
fetal hypothyroidism caused by transplacental passage of maternal ATD therapy. 
In both situations intrauterine growth retardation may occur. The presence of fetal 
tachycardia (160–180 beats per minute) and advanced fetal bone age is highly 
suggestive of hyperthyroidism [85, 86]. When caused by maternal ATD use, a quick 
resolution within two weeks after birth of the neonatal goiter is observed, reflect-
ing the discontinuation of drug exposure [69]. Therefore, stopping maternal ATD 
therapy and monitoring the fetal goiter by ultrasound is advisable. Other thera-
peutic approach for treatment of the fetal goiter due to maternal ATD exposure 
includes intra-amniotic levothyroxine injections [87, 88], but because it was done 
concomitantly with lowering of the maternal PTU dose, it is difficult to estimate the 
relative importance of each factor on the resolution of the fetal goiter. The cessation 
of maternal ATD therapy alone may result in decrease in the fetal goiter assessed 
ultrasonographically [89]. Discontinuation or decreasing the dose of ATD therapy 
is crucial in cases where hypothyroidism is suspected because of transplacental 
ATD passage. Fetal goiter must be followed with sequential ultrasounds and if no 
reduction in size, within two to three weeks, occurs, fetal thyroid function should 
be determined by performing periumbilical blood sampling, and intra-amniotic 
levothyroxine therapy should considered if necessary. Several studies have reported 
no cognitive and somatic defects in development of children exposed to maternal 
ATD in utero [90–93] and this was so even after accounting for higher dosage or 
first trimester exposure. These were cross sectional studies that measured cognitive 
development by intelligence quotient. Therefore, it is unknown if transient, or more 
subtle developmental changes might have been present.
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5.5.2 Beta-adrenergic blockers

Considering the relation between thyroid hormones and sympathetic nervous 
system, beta-adrenergic blocking agents may be used transiently to control adren-
ergic symptoms, while waiting for ATD therapy to decrease thyroid hormone levels. 
The fact, that combined use of ATD and propranolol in comparison with ATD alone 
was related with a higher rate of spontaneous first trimester miscarriages, although 
the similar levels of thyroid hormone [94], beta-blockers should be used for short 
period and with caution.

5.5.3 Iodides

As was previously discussed, chronic use of iodides during pregnancy has been 
associated with hypothyroidism and goiter in neonates, sometimes in severe cases 
resulting in asphyxiation because of tracheal obstruction [95]. Iodides should not be 
used as a first line therapy in women with Grave’s because of the well-known dual 
effect of iodine upon the thyroid function and the risk for provocation of a latent 
autoimmune disorder and also for aggravation of the thyrotoxicosis increasing the 
iodine store in an already hyperfunctioning thyroid gland. Iodides could be used 
transiently if needed in preparation for thyroidectomy.

5.5.4 Surgery

Subtotal thyroidectomy for Graves’ Disease is rarely considered during preg-
nancy. The reasons for such treatment could be the need to use high levels of ATD 
(PTU 450 mg/day, MMI 40 mg/day) to control the clinical symptoms and thyroid 
hormonal levels, if compressive symptoms due to goiter size develop or if a patient 
is allergic to ATD therapy or noncompliant to the therapeutic regiment. The surgery 
is usually performed in latter half of the second trimester. The surgery in the first 
trimester is relatively contraindicated, because that this is the time of the high-
est spontaneous abortion rate and surgery and anesthesia could possibly further 
increase the risk, but if clinically indicated subtotal thyroidectomy may be done in 
some specific cases [96].

5.5.5 131I therapy

The use of 131I therapy is completely contraindicated in pregnancy. The most 
vulnerable for the fetus period to 131I therapy is that after 12 weeks gestation, 
because at this period the fetal thyroid begins to concentrate radioiodine at 
higher rate than the maternal thyroid and other fetal tissues are generally more 
radiosensitive [97]. It is essentially important to exclude pregnancy in all women 
prior to radioiodine therapy. The therapeutic administration of 131I to a nurs-
ing mother is contraindicated and lactation should be stopped immediately if 
this occurs.

5.6 Lactation

Because the ATD present in breast milk in sufficient concentrations that can 
influence infant’s thyroid, their use in breast-feeding women was considered 
contraindicated. Due to the ability of PTU to bind more tightly with protein than 
MMI, less amount of PTU is available in the milk. The ratio of milk to serum 
levels is found to be lower for PTU (0.67) [98] than for MMI (1.0) [99], more-
over the amount of ingested drug secreted in breast milk is approximately six 
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times higher for MMI than for PTU (0.14 vs. 0.025% of the ingested dose) [99]. 
Despite this, the fetal thyroid function assessed in newborns breast-fed by moth-
ers treated with ATD with daily doses of PTU (50–300 mg), MMI (5–20 mg), or 
carbimazole (5–15 mg) for periods ranging from three weeks to eight months, 
remained normal, even in overtreated women with elevated serum TSH levels 
[100]. Data from the literature show that ATD therapy (PTU 300 mg/day, MMI 
20 mg/day) may be considered relatively safe during lactation [100]. Generally, 
PTU would be preferred than MMI, because of its less availability in breast milk. 
It is wise the drug to be taken by the mother after a feeding. So far, there are 
no reports of the development of ATD side-effects in an infant breast fed by a 
mother treated with ATD [101].

Abbreviations

GD Graves’ Disease
TSH Thyroid-stimulating hormone
TSHR Thyroid-stimulating hormone receptor
GTT Gestational transient thyrotoxicosis
ATD Antithyroid drugs
hCG Chorionic gonadotropin
TBG Thyroid-binding globulin
TT4 Total thyroxine
TT3 Total triiodothyronine
FT4 Free thyroxine
FT3 Free triiodothyronine
rT3 Reverse triiodothyronine
NIS Sodium Iodine symporter
TRAb TSH receptor antibody
PPT Postpartum thyroiditis
PTU Propylthiouracil
MMI Methimazole
HG Hyperemesis gravidarum
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Pregnancy in Women with 
Graves’ Disease: Focus on Fetal 
Surveillance
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Abstract

Graves’ Disease (GD) is one of the most common autoimmune conditions 
in women of reproductive age. The disorder is characterized by the presence of 
pathogenic immunoglobulins that bind the TSH receptors (TRAbs) and stimulate 
the production of thyroid hormones leading to hyperthyroidism (the occurrence of 
inhibiting or neutral antibodies being rare). Affected individuals can be treated by 
radioiodine therapy, surgical removal of the gland or by antithyroid drugs (ATDs). 
Thyroid stimulating immunoglobulins may persist for years after medical treatment, 
radioiodine therapy or surgical removal of the gland in those affected by GD and dur-
ing pregnancy can cross the placenta and can act on the fetal thyroid gland resulting 
in the development of fetal and neonatal hyperthyroidism and sometimes to goiter. 
Antithyroid drugs used during pregnancy can also cross the placenta and may be 
teratogenic and act on the fetal thyroid gland, leading to fetal and neonatal hypothy-
roidism and goiter. This chapter will discuss specific aspects of GD during pregnancy 
and postpartum focusing on fetal and neonatal consequences related to this disorder.

Keywords: pregnancy, Graves’ Disease, TRAb, anti-thyroid drugs, fetal goiter,  
fetal hypothyroidism, fetal hyperthyroidism

1. Introduction

Graves’ Disease (GD) is one of the most common autoimmune conditions 
in women of reproductive age. Pathogenic immunoglobulins that bind the TSH 
receptors (TRAbs) are the hallmark of GD and stimulate the production of thyroid 
hormones leading to hyperthyroidism (the occurrence of inhibiting or neutral anti-
bodies being exceptional). Treatment for affected individuals is either by radioio-
dine therapy, surgical removal of the gland or by antithyroid drugs (ATDs). TRAbs 
may persist for years after medical treatment, radioiodine therapy or surgical 
removal of the gland in those affected by Graves’ Disease and during pregnancy can 
cross the placenta by hijacking the physiological maternal-fetal antibody transfer 
pathways [1] and can act on the fetal thyroid gland resulting in the development of 
fetal hyperthyroidism and sometimes to fetal goiter. Antithyroid drugs used during 
pregnancy can also cross the placenta and may be teratogenic and act on the fetal 
thyroid gland, leading to hypothyroidism and fetal goiter.

The maternal thyroid gland undergoes extensive changes during pregnancy and 
postpartum. These changes are supported by the interaction between the fetal-
placental unit and the maternal endocrine system and are reflected in the thyroid 
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function tests, which differ from outside pregnancy as early as first trimester. 
Normal fetal development depends on maternally derived thyroid hormones (TH) 
at least until 16–18 weeks’ gestation when the fetal thyroid starts to function [2].

This chapter will discuss specific aspects of Graves’ Disease during pregnancy 
and postpartum with focus on its fetal and neonatal consequences.

2.  Physiological changes of the thyroid gland and the thyroid hormone 
metabolism during pregnancy

The maternal thyroid gland and thyroid hormone metabolism undergo significant 
changes in pregnancy. The volume of the gland and its blood supply increase in 
pregnancy [3]. Plasma volume expands thus increasing total T4 and T3 pool size  
(T4 - thyroxine and T3 - tri-iodothyronine). The placenta produces estrogen that 
induces hepatic synthesis of thyroid-binding globulin (TBG), the main protein 
involved in serum transport of TH, thus increasing levels of total T4 (TT4) and T3 
(TT3) in the maternal plasma. Thyroid hormone production is dependent of iodine 
supply so iodine metabolism needs to keep up with these changes, hence, there is an 
increase in iodine requirements during pregnancy to both meet the maternal and 
fetal demands and to overcome the increased clearance by the kidneys. The placenta 
also produces HCG (human chorionic gonadotropin), a glycoprotein hormone with 
molecular similarity of its α-subunit with TSH (thyroid stimulating hormone) which 
acts as an agonist of TSH raising transiently free T4 levels and decreasing serum TSH 
levels. These changes are more relevant to the first trimester, and, beyond it, maternal 
thyroid hormone levels gradually return to those seen in the nonpregnant state [4].

Thyroid hormones are essential for normal development of the fetus and par-
ticularly of the fetal brain. The fetal thyroid gland only starts to produce adequate 
amounts of thyroid hormones in the second trimester; the first trimester fetus relies 
on maternal delivery of thyroid hormones to develop [2]. In the first part of preg-
nancy, before the fetal thyroid starts to work, T4 can be detected in fetal blood and 
brain, indicating that there is relevant transfer of maternal thyroid hormones to the 
fetus. The way maternal thyroid hormones are transferred across the placenta and 
in the fetal brain is not completely understood. Even though thyroid hormones are 
lipophilic, they can not passively cross the placenta nor the fetal blood–brain barrier 
because they are charged and thus can not cross a phospholipid bilayer [5]. Passage 
across the placenta and into the fetal brain is thought to be dependent on the func-
tion of several mechanisms [6] including: the existence of a specific transportation 
system, the function and expression of iodothyronine deiodinases (D) (enzymes that 
TH) in the placenta and fetal brain, and proteins within trophoblast and fetal brain 
which specifically bind TH. At the level of the placenta specific transporters capable of 
transporting maternal TH like monocarboxylate transporters MCT8 and MCT10 have 
been identified [6, 7]. Deiodinases found in the placenta in high concentration are D3, 
the main inactivating enzyme that catalyze monodiodination of T4 to reverse T3 and 
of T3 to T2, but also, D2, which the primary activating enzyme in tissues and locally 
catalyzes the monodeiodination of T4 to T3 [8]. The iodine released by this process 
might be used as a substrate by the fetus for the synthesis of its own thyroid hormones. 
D2 has been identified in the fetal brain [9] converting T4 to active T3, thus making 
it readily available. In the serum, TH are bound to liver-synthetized transportation 
proteins mainly TBG but also albumin and transthyretin. Transthyretin has been 
identified in the placenta and fetal choroid plexuses and is thought to play a role in 
transporting TH into the cells [10]. TSH does not cross the placenta and TSH in the 
fetal blood remains relatively constant throughout pregnancy between 4–8 mU/L [11]. 
The coordination and interplay between these systems ensures adequate availability of 
maternal TH to the fetus in a critical period of development (Figure 1).
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3. Thyroid function tests in pregnancy

The physiological changes occurring in the thyroid gland from the beginning of 
pregnancy reflect in changes of the thyroid function tests. International guidelines 
recommend that ideally, for each population, there should be available trimester 
specific normal ranges for TSH and maternal TH [4]. These data should be derived 
from studies in healthy pregnant women with no known thyroid disease, with no 
evidence of thyroid autoimmunity and with an adequate amount of iodine intake 
for each trimester of pregnancy. In the absence of such data, which in many clini-
cal settings can be difficult to obtain, in order to determine normal first-trimester 
reference ranges for TSH it has been suggested that the lower limit of its reference 
interval used in the non-pregnant state can be reduced by 0.4 mU/L and the upper 
limit by 0.5 mU/L [4]. For a healthy young pregnant woman the upper limit of 
TSH would therefore correspond to a value of 4.0 mU/L in the first trimester. 
This downshifting of the normal TSH reference interval only applies to the first 
trimester values, between 7 and 12 weeks of pregnancy since in the second and 
third trimesters, TSH levels recover and intervals valid outside pregnancy could 
be used.

The second most common test used to investigate thyroid function outside as 
well as in pregnancy is free T4 (FT4). FT4 represents the thyroxin that is not bound 
to plasmatic proteins; it constitutes less then 0.1% of total T4 (TT4) but is the active 
form that is up taken by cells. Precise measurement of FT4 is difficult in pregnancy 
in part because of the limitation of the widely used commercial immunoassays to 
account for thyroid hormone concentration changes that occur under the influ-
ence of increased levels of TBG, nonesteryfied fatty acids and decreased albumin. 

Figure 1. 
The interaction between the fetal-placental unit and the maternal endocrine system during pregnancy. TRH – 
Thyrotropin releasing hormone; TSH – Thyroid stimulating hormone; T3 - tri-iodothyronine; T4 – Thyroxine; 
HCG - human chorionic gonadotrophin; TBG - thyroid hormone binding globulin; D3 - type 3 iodothyronine 
deiodinase; D2 - type 2 iodothyronine deiodinase; rT3 – Reverse T3.
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Therefore, it has been suggested that TT4 and the index of T4 are more accurate in 
determining shifts in thyroid hormone levels in pregnancy. With TT4 it is important 
to acknowledge that its level increases by 50% during weeks 7 to 16 and remain 
high thereafter throughout pregnancy. When the level of TT4 is determined before 
16 weeks, an adjustment to the upper limit of the non-pregnancy interval by 5% 
per week between weeks 7 to 16 could be made. A TT4 measurement with reference 
value 1.5 times the non-pregnancy range may be used in second and third trimesters 
as discussed above. When trimester-specific FT4 values are not available, use of the 
reference range for non-pregnant patients is recommended [4, 12–14].

4. Graves’ Disease in pregnancy

4.1 Incidence and pathophysiology

Graves’ Disease is one of the most common causes of thyrotoxicosis in women 
of reproductive age. It has been reported in as much as 1 in 500 pregnancies [15] 
but is more frequent in the years prior and after conception. GD presents clinically 
in pregnancy as outside pregnancy with hyperthyroidism, goiter, ophthalmopathy. 
The condition is autoimmune and is characterized by the presence of abnormal 
autoantibodies (TRAbs) directed against the TSH receptor in the thyroid gland. 
These antibodies, unlike anti-thyroperoxidase and anti-tyroglobulin antibodies, 
do have a pathogenic role in the thyroid-related and extra-thyroidal manifestation 
of GD and in pregnancy can cross the placenta and act on the fetal thyroid gland 
[16]. TRAbs are the pathogenic hallmark of GD and are measurable in around 95% 
of patients with active Graves’ hyperthyroidism but can also be found, sometimes 
in high levels, in patients with a history of treated GD [17]. TRAbs are usually of 
the stimulating type, but blocking or neutral autoantibodies have been described 
[18]. TRAbs can cross the placenta by hijacking normal physiological mechanisms 
of antibody transfer that become functional after 16 weeks of pregnancy and can 
get into the fetal blood and act on the fetal TSH receptor, therefore they also have a 
pathogenic role in the fetal consequences of maternal GD, especially when in high 
titers (> 2 to 3 times the upper limit of normal [4].

The types of assays used in clinical settings for TRAb determination are relevant 
to pregnancy. There are two major methods to assess TRAbs in maternal blood: 
by using “receptor assays” and the newer “bioassays”. Receptor or TSH Binding 
Inhibitory Immunoglobulin (TBII) assays detect serum autoantibodies that can 
block the binding of THS to an in vitro prepared receptor. They are of three genera-
tions, with the third-generation TRAbs assays reaching very high sensitivity and 
specificity [19]. They do not measure antibodies’ activity and can not distinguish 
between stimulating or blocking TRAbs types, hence they do not predict the pheno-
type of maternal or fetal GD and do not correlate well with the clinical and biochem-
ical severity of the disease in neither mother nor the fetus [20]. The new bioassays 
are functional tests that characterize the biological properties of TRAbs – stimulat-
ing (TSAbs) or blocking (TBAbs). New bioassays are commercially available to 
measure either TSAbs or TBAbs [21–23]. The functional activity of TRAbs relevant 
in pregnancy since, depending on their type, they can cause either hyperthyroidism 
or hypothyroidism in the fetus, for whom we do not readily have access to blood to 
assess fetal thyroid function as for the mother. Moreover, many women with a his-
tory of GD enter pregnancy in a euthyroid state either by taking medication (ATDs) 
or after undergoing surgery/radioiodine therapy, however, TSAbs and TBAbs can 
stay elevated for years after these procedures. As stated by international guideline 
[4]. TRAbs should be determined during pregnancy for the following categories:
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1. Pregnant women with recently diagnosed GD

2. Pregnant women known with GD and treated with ATDs

3. Women with a previous history of GD with past treatment by radioiodine or 
thyroidectomy

4. A previous history of delivering an infant with hyperthyroidism

5. Known history of thyroidectomy for treatment of hyperthyroidism in 
pregnancy

Fetal and neonatal hyperthyroidism has been reported in 1–5% of infants of 
mothers with GD [24]. In a follow-up study of 47 newborns of mothers with TRAbs 
during pregnancy, 9 infants developed hyperthyroidism and 5 required ATD medi-
cation [25]. A maternal TRAb serum concentration approximately 3 times the upper 
limit of normal for the assay in the second and third trimesters predicted neonatal 
hyperthyroidism with 100% sensitivity and 43% specificity [25]. A similar risk cut-
off for TRAb level was also found in other studies [26]. It is therefore recommended 
to take into consideration determining TRAb levels at the initial thyroid function 
assessment during early pregnancy for those with a history of GD and maybe even 
in those that present for the preconceptional visit. TRAbs should definitely be mea-
sured at the first visit in pregnant women with previous GD that underwent radio-
iodine or surgery, in those requiring ATDs and in those that are first diagnosed with 
GD in pregnancy. If maternal TRAb is undetectable or low in early pregnancy, no 
further testing could be proposed. However, for those with elevated levels, repeated 
testing should occur at 18–22 weeks to guide fetal follow-up. If levels are persistently 
high at 18–22 weeks, repeat testing at 30–34 weeks guides neonatal monitoring [4].

4.2 Differential diagnosis

Graves’ Disease can rarely first manifest in the first trimester of pregnancy when 
it is important to be distinguished from gestational transient thyrotoxicosis (GTT) 
or in the postpartum when it should not be confused with the thyrotoxicosis phase 
of the postpartum thyroiditis (PPT). Gestational transient thyrotoxicosis is defined 
as hyperthyroidism of new-onset in the first trimester of pregnancy; it is usually 
associated with hyperemesis gravidarum and is mediated by the interaction of high 
level of HCG with the TSH receptor, hence it is expected to be more common with 
multiple gestation, hydatidiform mole and choriocarcinoma, where HCG levels 
are higher, but it can occur in any pregnant woman. In GTT there are no previous 
signs or symptoms of GD and importantly, TRAbs are not detectable. The condi-
tion is self-limiting and improves in the second trimester of pregnancy, therefore 
ATDs, which are known teratogenic, should be avoided. Supportive treatment 
with hydration, antiemetics, electrolyte replacement and occasionally a short-
course of beta-blockers is sufficient [27]. Postpartum thyroiditis is characterized 
by inflammation secondary to autoimmunity (antithyroid peroxidase antibodies 
[TPO], anti-thyroglobulin antibodies) against the thyroid gland that manifests as 
new-onset thyroid dysfunction specifically developing in the first 12 months after 
a pregnancy in a previously euthyroid woman [28]. The condition typically ensues 
with a hyperthyroid state where the reservoir of thyroid hormones stored in the 
gland is released consequent to inflammation, followed by a hypothyroid state. 
The thyrotoxicosis state is more common in the first 6 months after delivery and 
again is different from GD because it lacks the presence of TRAbs and is generally 
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characterized by milder symptoms: palpitations, heat intolerance, fatigue and 
irritability. PPT is encountered in women with known TPO antibodies in the first 
trimester or in those with a personal or familial history of thyroid disease or other 
autoimmune conditions. It tends to recur after each pregnancy and in most cases the 
affected women recover their euthyroid function within 12 months, however, some 
of them may be persistently hypothyroid. PPT has a prevalence of about 5% [29]. 
Complete and partial hydatidiform moles as in gestational trophoblastic disease 
can sometimes present with thyrotoxicosis in pregnancy. This is more rare than 
previously believed. In a recent cohort-study, completed by a systematic review 
and meta-analysis of cases of hydatidiform moles in missed-miscarriages, in 295 
women with a confirmed histological diagnosis of hydatidiform mole in the first 
trimester there were no cases of thyrotoxicosis [30]. However, in a review of 196 
patients treated for gestational trophoblastic disease over a 5-years period at a major 
specialized center, 7% (14/196) patients had biochemical hyperthyroidism and 4 
had clinical signs and symptoms of hyperthyroidism [31]. Causes of thyrotoxicosis 
in pregnancy are described in Table 1 [27, 28, 32–36].

4.3 Clinical scenarios with Graves’ Disease in pregnancy

There are several clinical scenarios related to pregnancy in women with Graves’ 
Disease and they will be discussed in detail further.

4.3.1 Preparing for pregnancy in women with known Graves’ Disease

Graves’ Disease is common in women of reproductive age. Pregnancy should 
be carefully planned because both the characteristic pathogenic antibodies and the 
treatment of GD may be deleterious to the fetus. Also, uncontrolled GD may lead 
to unfavorable outcomes of pregnancy such as miscarriage, gestational hyperten-
sion, preeclampsia, preterm birth, fetal growth restriction, fetal intrauterine 
death, fetal and neonatal goiter, neonatal abnormal thyroid function with potential 
life-long disability for the infant. Contraception is strongly advised in women 
with newly diagnosed GD or in those with uncontrolled GD until euthyroidism 
is reached by treatment. Many patients will first be prescribed ATDs, however 
options of ablative therapy with I131 or surgery (total thyroidectomy) are also 
considered. These options should be discussed with women with GD in relation to 
how they may interfere with a potential pregnancy. Benefits and risks of options 
used for management of GD in women of reproductive age desiring a pregnancy 
are given in Table 2 [4].

Gestational transient thyrotoxicosis

Hyperthyroid phase of postpartum thyroiditis

Graves’ Disease

Toxic nodular goiter

Toxic adenoma

Thyroiditis

Excessive thyroid hormone drugs intake, factitious thyrotoxicosis

Gestational trophoblastic disease

Familial nonautoimmune hyperthyroidism

Table 1. 
Causes of thyrotoxicosis in pregnancy and postpartum [27, 28, 32–36].
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Antithyroid drugs, thionamides propylthiouracil (PTU), carbimazol and 
methimazole (MMI) have been the traditional mode of treating GD. These drugs 
inhibit the enzyme thyroperoxidase which facilitates the addition of iodine to 
tyrosine in the production of thyroglobulin (Figure 1), an essential step in the 
formation of thyroid hormones. ATDs have their advantages, however, when it 
comes to preparing for pregnancy, counseling on the continuation of treatment and 
on what drugs should be preferred is of great use. ATDs can have adverse effects to 
the mother, but during pregnancy, they can cross the placenta and affect the fetus. 
Use of ATDs in the first trimester of pregnancy has been linked with congenital 
malformations. Later usage may lead to fetal/neonatal hypothyroidism and goiter. 
Carbimazol and methimazole administration during the first trimester and espe-
cially between 6 to 10 weeks has been associated in epidemiological and case-report 
studies with a pattern of anomalies (carbimazole/methimazole embryopathy) 
characterized by dysmorphic facies, choanal atresia, aplasia cutis congenita and 
other skin defects, heart and gastrointestinal abnormalities and abdominal wall 
defects [37]. Prudently, many authorities recommend for pregnant women with 
GD on ATDs, that PTU should be used in the first trimester and MMI thereafter. 
While PTU has a very small risk of maternal liver toxicity, it could be preferred in 
the first trimester, however, switching from one ATD to another at the beginning 
of pregnancy is not an easy process and it may lead to worsening in control of the 
thyroid function which in itself may increase the chance of congenital anomalies 
[37]. Recent reports show that PTU also is not devoid of the risk of congenital 
anomalies. In a Danish study, 2–3% of children exposed to PTU presented facial 
anomalies, necks cysts and urinary tract abnormalities, often requiring surgery in 
later life [38].

Women with GD treated with I131 before at least six months prior to conception 
who are in an euthyroid state had similar outcomes of their pregnancies as healthy 
controls in a retrospective study [39]. Obviously, I131 is contraindicated in preg-
nancy and women undertaking this treatment should prove a negative pregnancy 
test 48 hours prior to it [4].

Total thyroidectomy is the definitive treatment for GD but it can lead to surgical 
complications such as recurrent laryngeal nerve paralysis and hypoparathyroidism. 

Approach Benefits Risks

ATDs Euthyroidism in 1–2 months
Gradual decrease of TRAb
Easy to take, inexpensive
Easy to discontinue or modify

Mild adverse effects: 5%, Severe adverse 
effects: 0.2%
Birth defects (see below)
Relapse after discontinuation: 50%–70%

Ablative therapy (I131) Oral administration
Reduction in goiter size
Relapse rare

Repeat therapy at times
Increase in TRAb for months to years – risk 
for the fetus
Conception delayed for at least 6 months
Worsening of orbitopathy
Lifelong dependence of substitution with 
exogenous levothyroxine

Total thyroidectomy Definitive treatment
Autoimmunity gradually 
resolves
Removal of the goiter

Surgical site complications: 5%
Chronic hypoparathyroidism
Permanent neck scar
Life-long dependence of substitution with 
exogenous levothyroxine

Table 2. 
Benefits and risks of the options for management of GD in women desiring a pregnancy. Adapted and 
modified from [4]; TRAb – TSH receptor antibodies.
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Hypoparathyroidism is the most common complication after total thyroidectomy 
and is usually underrecognized. In a recent retrospective study of patients undergo-
ing total thyroidectomy for benign thyroid conditions, the incidence of transient 
hypoparathyroidism was 43.3% and permanent was 13.4%. In patients with GD 
chronic hypoparathyroidism developed in 27.3% [40]. Entering pregnancy with 
hypoparathyroidism has its own potential risks for both mother and the fetus [41].

A preconceptional visit should ideally be planned for women with known GD 
of reproductive age that are considering pregnancy. This consultation should be 
given by a team of physicians that includes an endocrinologist and a maternal-
fetal medicine specialist/obstetrician with experience in dealing with GD during 
pregnancy. Women with GD seeking pregnancy should be euthyroid – exhibit 
normal levels of thyroid hormones for at least 1–2 months successively. It may 
be sensible that in patients who underwent thyroidectomy but especially in 
those previously treated with I131 ablative therapy, TRAb titers be assessed at 
the preconceptional visit, since the level of these antibodies could interfere with 
fetal thyroid development in the second half of pregnancy and they can remain 
increased many months even years. Pregnancy could be postponed if the levels are 
very high. For those with a total thyroidectomy, parathyroid function should be 
checked if not assessed before. For women with GD, other autoimmune condi-
tions should be looked for and a thorough clinical exam complemented in specific 
cases with targeted tests should be prescribed. A recent systematic review and 
meta-analysis found overt polyautoimmunity in 14% of patients with autoim-
mune thyroid disease. Most common autoimmune conditions associated with GD 
were type 1 diabetes mellitus and autoimmune gastritis, but rheumatological, 
dermatological and neurological autoimmune disorders could also be found in GD 
affected patients [42]. Folic acid is usually recommended to these women in the 
preparation of pregnancy.

4.3.2 Pregnancy in women with Graves’ Disease on anti-thyroid drugs

For many women with Graves’ Disease ATDs are a good choice of treatment 
gradually inducing remission of autoimmunity. Drugs can be stopped after 
1–2 years of trail, and even though, hyperthyroidism will eventually develop 
in almost 50% of these patients, reactivation of TRAb positivity is not usually 
expected. In a prospective study on 218 patients with GD treated for 12 months with 
ATDs, only 5% of those that were TRAb-negative with treatment became hyper-
thyroid within 8 weeks after stopping the medication [43]. It has therefore been 
suggested that, under good clinical judgment, in women with GD on ATDs that 
become pregnant and that are considered in remission, drugs could be stopped at 
least during the first trimester of pregnancy, especially between weeks 6 to 10, the 
major teratogenic period [4]. This approach is very different from what is recom-
mended for other autoimmune conditions in early pregnancy where discontinu-
ation of the chronic medication is strongly discouraged. Clinical assessment and 
thyroid function tests are recommended frequently in these patients and if relapse 
is diagnosed and ATD therapy is required, PTU is the preferred drug during the 
first trimester. The risk of rapid relapse of hyperthyroidism after stopping ATDs 
during early pregnancy is higher in women that were treated less then 6 months, in 
those that required more then 5 mg MMI per day to remain euthyroid, in those with 
suppressed or low levels of TSH, in those with large goiters, with orbitopathy and 
those with high levels of TRAbs [44].

In women where ATDs can not be discontinued during pregnancy, MMI is 
usually changed with PTU for the first trimester and reintroduced thereafter. Some 
women will have a worsening of their symptoms with GD in the first trimester and 
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improvement later in pregnancy. Many pregnant women will not require ATDs 
by the third trimester as autoimmunity subsides characteristically in pregnancy. 
Normal THS levels and disappearance of maternal TRAb guide the decision to stop 
ATDs. If this is not done, there is a risk of overtreatment that can lead to hypothy-
roidism in the fetus (see below).

4.3.3 When Graves’ Disease is first diagnosed in pregnancy

Uncontrolled maternal hyperthyroidism is associated with adverse maternal, 
fetal and neonatal outcomes [4]. When GD is first diagnosed during pregnancy, 
thionamides are the mainstay of treatment and they should be prescribed to achieve 
an euthyroid state. Beta-adrenergic blockers, which are generally considered 
safe in pregnancy, are also prescribed to control the hypermetabolic state until 
patients become euthyroid on ATDs. I131 is contraindicated in pregnancy and 
thyroidectomy, if required should ideally be performed in the second trimester. 
Thyroidectomy is considered for those women that have contraindications to ATDs, 
are not compliant with drug therapy, and in women where euthyroidism is not 
achieved despite large doses of ATDs. Preparation for surgery with beta-blockers 
and a short course of potassium iodide solution (50–100 mg/day) is permitted 
during pregnancy [4]. TRAb levels decrease slowly after surgery, therefore, con-
tinuation of monitoring should be in place for the remainder of pregnancy, since 
these antibodies can cross the placenta when in high titers (> 3 times the upper 
reference for the assay) and render the fetus hyperthyroid despite euthyroid-
ism in the mother. Initial doses of ATDs for GD diagnosed in pregnancy depend 
on the severity of the symptoms and the degree of hyperthyroxinemia. During 
pregnancy MMI is prescribed at doses between 5–30 mg/d, typically in an average 
patient about 10–20 mg; CMZ at 10–40 mg/d and PTU at 100–600 mg/d (typically 
the average dose for PTU in an average patient is 200–400 mg/d). The beneficial 
effects of the drugs are seen gradually over weeks as the reservoir of hormones 
stored in the thyroid gland is consumed. The risk of maternal side effects from 
ATDs is not increased during pregnancy and is similar with one would expect in the 
non-pregnant state. Allergic skin reactions are the most common side effects while 
severe agranulocytosis and liver failure are rarely expected. Because of its potential 
risk of liver hepatotoxicity and liver transplant, some authorities recommend that 
the use of PTU should be limited to the first trimester of pregnancy and considered 
for use thereafter for those with MMI allergy and for those in thyroid storm [4]. 
The greatest concern however, with ATDs use in pregnancy remains their potential 
teratogenic effect and their risk of inducing fetal and neonatal hypothyroidism 
by crossing the placenta. Beta-blockers are considered safe in pregnancy even in 
the first trimester [45]. Usual doses for pregnancy are 10 to 40 mg of propranolol 
every 6 to 8 hours for several weeks. There is a concern related to fetal growth, fetal 
bradycardia and neonatal hypoglycemia with long term use of some beta-blockers 
[46], however propranolol and metoprolol have a more favorable safety profile then 
other beta-blockers during pregnancy [47].

Thyroid function tests could be carried out every 2 to 4 weeks in these patients at 
the beginng of the ATDs course and every 5 to 6 weeks after reaching and euthyroid 
state. When specific population lab values for pregnancy by trimester are not avail-
able, it is recommended to use the reference ranges for nonpregnant patients [4]. [See 
Thyroid function tests in pregnancy above]. The aim of GD treatment is to maintain 
maternal TT4/FT4 values at or just above the pregnancy specific upper limit of normal 
on the lowest effective dose of ATDs, to avoid potential harm to the fetus. Worthy of 
mentioning, ATDs are considered more potent in the fetus then in the mother, hence, 
in a well controlled mother, we could expect hypothyroidism in the fetus.
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4.4 Fetal and neonatal consequences

Fetal and neonatal outcomes of GD are related to the control of the maternal 
hyperthyroid state, the presence or absence of TRAbs and the effect of ATDs. 
Uncontrolled maternal thyrotoxicosis can negatively influence how pregnancy pro-
gresses. TRAbs, when in high levels can cross the placenta and lead to fetal hyper-
thyroidism and goiter and ATDs, by also crossing the placenta, can lead to fetal 
hypothyroidism and goiter. When assessing a fetus in a mother with GD, a mater-
nal-fetal specialist checks with the use of ultrasound the fetal neck in both gray-
scale and color doppler, looking for signs of fetal goiter. Assessment of fetal growth, 
Doppler studies for assessment of fetal oxygenation, bones, heart rate, amniotic 
fluid volume are also performed. The exact incidence of fetal goiter is not known 
but it may be up to 1 in 5,000 births, usually, but not exclusively, in association with 
maternal Graves’ Disease [48]. It has been estimated form different studies that 
the incidence of fetal goiter with either hypo- or hyperthyroidism in mothers with 
treated or untreated Graves’ Disease is about 10% [49–53]. Fetal hypothyroidism 
is found more frequently than fetal hyperthyroidism in mothers with GD because 
of the inadequate use of ATDs [50, 51]. Fetal goiter can be diagnosed prenatally 
by ultrasound with the demonstration of an anterior cervical echogenic mass of 
variable size. (Figure 2) Large fetal goiters may lead to obstruction of fetal swal-
lowing with consequent polyhydramnios and an increased risk of preterm birth; the 
neck may be hyperextended. As with other causes of obstructive polyhydramnios 
(duodenal stenosis, esophageal atresia) this becomes evident usually after 24 weeks’ 
gestation. With fetal goiter there may also be a higher risk of birth dystocia because 
of the inadequate head flexion during labor and increased incidence of neonatal 
breathing problems and difficulties in intubation. Fetal goiter harbors thyroid 
dysfunction. Ultrasound is not a reliable tool to distinguish between fetal hyper- 
and hypothyroidism. In some cases of fetal hyperthyroidism there can be associated 
intrauterine growth restriction with accelerated bone maturation, tachycardia, 
intrauterine death by cardiac failure or thyrotoxicosis and craniosynostosis [54, 55]. 
In severe fetal hypothyroidism there can be a delay in bone maturation [56] and 
there may be impaired growth and bradycardia. There are usually no other associ-
ated structural anomalies and the incidence of chromosomal or genetic anomalies is 
not increased in fetal goiters in maternal Graves’ Disease. In terms of management, 
in most cases of fetal goiter, assessment of the maternal condition can help decide 
whether the cause is fetal hypothyroidism or hyperthyroidism. In uncertain cases, 

Figure 2. 
Ultrasound imaging of a fetal thyroid goiter (A in gray scale, B with color doppler). Courtesy of the Fetal 
Medicine Foundation, reproduced with permission.
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cordocentesis and measurement of fetal blood thyroid hormones and TSH can help 
distinguish between hypothyroidism, with low thyroid hormones and high TSH, 
due to ATDs and hyperthyroidism, with high thyroid hormones and low TSH, due 
to TRAbs [49, 57]. Normal ranges for the thyroid hormones level in the fetal blood 
have been previously reported [58, 59].

In fetal hypothyroid goiter the first-line of treatment is to reduce or even discon-
tinue maternal ATD medication aiming to maintain maternal blood thyroxine in the 
upper level of the gestational age-specific normal range. As noted before, GD, simi-
lar to other autoimmune conditions, improves during pregnancy and consequently 
requires less medication. The second-line of treatment is intra-amniotic injection 
of levothyroxine (100 μg/kg) every 1–2 weeks until delivery at term [49, 60]. The 
goiter usually decreases in size within a few days to weeks after the first course of 
treatment. Subsequent injections are given depending on sonographic evidence of 
re-enlargement of the gland or serial measurements of levels of thyroid hormones 
in amniotic fluid or fetal blood [49, 61, 62].

In fetal hyperthyroid goiter the treatment is administration of ATDs to the 
mother [63]. Occasionally, the mother should also be given levothyroxine, as the 
dose of ATDs can be appropriate for the fetus but could lead to hypothyroidism in 
the mother (one of the few occasions block and replace therapy is used) [4]. The 
fetal goiter usually decreases in size after initiation of the treatment, but if this does 
not occur measurement of levels of thyroid hormones in fetal blood [24] may be 
needed and the dose of ATDs adjusted. Follow-up should be arranged depending 
on the clinical context, but generally at every 2–4 weeks to monitor fetal growth, 
size of the tumor, fetal heart rate, amniotic fluid volume and cervical length (for 
the prediction of risk of preterm birth). Delivery in the case of fetal goiter should 
take place in a hospital with neonatal intensive care capacities and pediatric surgery 
facilities, ideally around 38 weeks. With large goiters, where there is hyperexten-
sion of the neck, cesarean section is preferred for delivery. An EXIT (ex utero 
intrapartum treatment) procedure may be required to access and stabilize neonatal 
breathing while maintaining placental flow through the umbilical cord from the 
mother [24]. Adequately treated fetal thyroid goiters generally have good prognosis. 
However, fetal hyperthyroidism may lead to neonatal thyrotoxicosis [64] and, to 
long term intellectual impairment [65] while fetal hypothyroidism may result in 
long term abnormal psychomotor development [66].

Neonatal thyroid function abnormalities are frequent in newborns of moth-
ers with GD. In a recent study in 32 newborns from mothers with GD, 3 cases had 
hypothyroidism and 2 had hyperthyroidism despite not showing a goiter. These 
affected babies all had higher levels of TRAbs in their cord blood at delivery and in 
the follow-up tests [67]. Newborns of mothers with GD can present with hyper-
thyroidism but also with central or primary hypothyroidism. There are no clear 
guidelines as to how these neonates should be followed, but most authorities do 
recommend testing for TRAbs in the cord blood/blood with subsequent discharge 
of negative testing newborns. FT4 and TSH can be performed at 3 to 5 days of life 
and repeated at 10 to 14 days. For hyperthyroid newborns MMI and beta-blockers 
can be used [68]. Maternal TRAbs passed to the newborn will be cleared from the 
neonates’ serum within weeks to months as in the case of other maternal autoim-
mune conditions [48].

4.5 The postpartum in women with GD

Worsening of GD, relapse or need for increased medication do occur after 
delivery even in mothers that were previously under remission [69, 70] and 
women should be counseled and informed about this. Pregnant women with 
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positive TRAbs in early pregnancy are at high-risk of developing postpartum GD. 
Postpartum GD usually occurs after 3 months from delivery and this helps in dif-
ferentiating it from other forms of thyrotoxicosis specific to this period that tend 
to develop earlier. Women with known GD before or during pregnancy should be 
regularly checked with thyroid function tests in the postpartum. Treatment options 
for postpartum GD are the same as for any GD patient. ATDs are an initial good 
choice since in many instances GD postpartum can be transient and mothers can 
continue breastfeeding on them. Both MMI (up to maximal recommended dose of 
20 mg/d) and PTU (up to maximal dose of 450 mg/d) can be safely administered 
in breastfeeding mothers [4]. Monitoring the infants for appropriate growth and 
development routinely is advised [4]. It may be necessary to check the infants’ thy-
roid function when antithyroid drugs are administered at higher doses. Medication 
should be taken just after breastfeeding, which should provide a 3 to 4 hours lactat-
ing free interval [71]. Considering the possibility of side effects of severe hepatic 
injury of PTU in mothers and infants [72], and high incidence of general side 
effects with PTU [73], MMI is the preferred drug in the treatment of breastfeeding 
women. The use of I131 is strictly contraindicated during lactation. If circumstances 
require it I123, when available can be used in lactating women. The half-life of 123I 
is 13 hours so breast milk should be pumped and discarded for 3–4 days until the 
radioactive iodine has cleared from the body [74]. Similarly, Tc-99 m pertechnetate 
administration requires breast milk to be pumped and discarded during the day of 
testing [4].

5. Conclusions

Graves’ Disease is frequent in women of reproductive age and in pregnancy. It 
can lead to maternal, fetal and neonatal complications with potential long-term 
sequels. For those with known GD before pregnancy a preconception plan should 
be made to ensure optimal timing for pregnancy when GD is well under control. 
Management options for GD and their implications to pregnancy should be dis-
cussed. TRAbs are the pathogenic hallmark of GD and they can cause harm to the 
fetus and the neonate by crossing the placenta. Antithyroid drugs are traditionally 
used to treat GD, however in pregnancy they can be teratogenic and they can induce 
fetal and neonatal hypothyroidism by placental passage. Fetal ultrasound during 
pregnancy is helpful for fetal assessment and for diagnosing fetal goiter. The type 
of fetal thyroid disfunction when goiter is associated can be usually deduced by 
assessing the maternal state. Fetal treatment is in most cases achieved by treating 
the mother – increasing or decreasing ATDs. Neonatal assessment in newborns of 
mothers with known GD is recommended. Maternal GD, like other autoimmune 
conditions can flare in the postpartum, therefore, the mother should also be under 
supervision. Breastfeeding is allowed in women on regular doses of ATDs.
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Chapter 15

Graves’ Disease in Childhood
Madhukar Mittal and Vanishri Ganakumar

Abstract

Graves’ Disease (GD) is an autoimmune disease caused by autoantibodies against 
thyroid stimulating hormone receptor (TSH-R), resulting in stimulation of thyroid 
gland and overproduction of thyroid hormones resulting in clinical manifestations. 
It is uncommon in children and is 6 times more prevalent in females. The symptom-
atology, clinical and biochemical severity are a function of age of onset of disease. 
Prepubertal children tend to present with weight loss and bowel frequency, associ-
ated with accelerated growth and bone maturation. Older children are more likely 
to present with the classical symptoms of thyrotoxicosis like palpitations, tremors 
and heat intolerance. Prepubertal children tend to have a more severe disease, 
longer duration of complaints and higher thyroid hormone levels at presentation 
than the pubertal and postpubertal children. The non-specificity of some of the 
symptoms in pediatric age group can lead to children being initially seen by other 
specialities before being referred to endocrinology. Management issues are decided 
based on patient’s priorities and shared decision making between patient and 
treating physician. Radioactive Iodine Ablation is preferred when there is relatively 
higher value placed on Definitive control of hyperthyroidism, Avoidance of sur-
gery, and potential side effects of ATDs. Similarly Antithyroid drugs are chosen 
when a relatively higher value is placed on possibility of remission and avoidance of 
lifelong thyroid hormone treatment, Avoidance of surgery, Avoidance of exposure 
to radioactivity. Surgery is preferred when access to a high-volume thyroid surgeon 
is available and a relatively higher value is on prompt and definitive control of 
hyperthyroidism, avoidance of exposure to radioactivity and avoidance of potential 
side effects of ATDs. Continental differences with regards to management do exist; 
radio-iodine ablation being preferred in North America while Anti-thyroid drug 
treatment remains the initial standard care in Europe.

Keywords: Graves, hyperthyroidism, radioactive iodine, antithyroid, thyrotoxicosis, 
children

1. Introduction

Graves’ Disease (GD) is an autoimmune disease caused by autoantibodies against 
thyroid stimulating hormone receptor (TSH-R), resulting in stimulation of thyroid 
gland and overproduction of thyroid hormones resulting in clinical manifestations. 
GD is a relatively uncommon entity in pediatric age group, in contrast to adults, 
where prevalence ranges from 0.5–1%. Pediatric GD in the age group 0–15 years 
comprises of only 5–6% of the total number of Graves’ thyrotoxic patients. It usually 
occurs in the context of a family history of autoimmune thyroid disease or in asso-
ciation with other autoimmune diseases like type 1 diabetes, Hashimoto’s thyroiditis, 
rheumatoid arthritis or adrenal insufficiency. It is also found in association with 
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genetic syndromes like Down’s syndrome and Turner’s syndrome. However, GD is 
the most common cause of thyrotoxicosis in children, accounting for atleast 95% 
cases of hyperthyroidism and 10–15% of all childhood thyroid disorders [1]. Other 
rare causes of juvenile thyrotoxicosis include toxic adenoma (TA), toxic multinodu-
lar goitre (TMNG), McCune Albright syndrome (MAS), Hashimoto’s thyroiditis and 
iatrogenic causes. In children, GD can occur at any age, but is most often diagnosed 
in adolescent age group, occurring more frequently in females than in males [2, 3].

The eye changes accompanying GD are termed thyroid-associated ophthal-
mopathy (TAO) or Graves’ ophthalmopathy (GO). The symptoms of GO can run 
an independent course from the clinical course of thyrotoxicosis and often require 
specific treatment. Clinical characteristics of GO are often milder in children than 
in adults, nevertheless adversely affecting quality of life.

2. Epidemiology

Very few epidemiological studies are available to document the incidence of 
pediatric Graves’ Disease in different populations, mostly involving Northern 
Europe and Hongkong. These have resulted in widely variable incidence rates, rang-
ing from 0.79 to 6.5/100000 patient-years [4–9]. Iodine intake in populations could 
be one of the factors for differences observed in different populations, with higher 
incidence rates being observed in populations with higher iodine intake, particu-
larly in studies from Hong-Kong compared to Caucasian children [7, 8].

GD, in concordance with other autoimmune disorders, is more common in 
females, particularly after 4 years of age. Female to male ratio has varied from 2.37–9.7 
in various studies, depending on the age groups included [9]. The female preponder-
ance becomes particularly marked in adolescent years, merging into the adult trends.

In one of the earliest nation-wide comprehensive studies, the incidence ratio 
of thyrotoxicosis was 0.79/100 000 person-years in Danish children under the age 
of 15 years between 1982 and 1988. The incidence was very low in age < 4 years, 
gradually increasing in both genders to peak incidence at 10–14 years of age. As with 
other autoimmune disorders, there was a female preponderance of 6.7: 1, but this 
difference was virtually non-existent in age group 0–4 years. The gender disparity 
widened gradually after early childhood to reach the maximum in the 10–14 year 
age group. Diffuse toxic goitre accounted for 96% of the cases, toxic adenoma and 
toxic multi-nodular goitre (MNG) were rare entities [4].

However, a more recent study in the Danish population spanning between 1998 
and 2012 revealed a higher incidence rate of 1.58/100000 person-years [6], GD 
accounting for 86.8% of the cases. This increasing trend was consistent with rising 
incidences of other autoimmune disorders like type 1 diabetes and celiac disease. The 
authors postulated that environmental factors, including hygiene hypothesis, could 
play a key role in explaining the increasing trends in autoimmune disorders [6].

Similar trends of rising incidence rates have also been documented in studies 
from Hong-Kong as well. This could not be explained by the slight advancement in 
pubertal age or increasing disease awareness. The trends were primarily ascribed 
to the increasing iodine intake in the population, reflected by high urinary iodine 
concentration in the population [7, 8].

Similar to GD, GO is rare in pediatric age group. One of the earliest data about 
the incidence of pediatric GO came from the Olmsted County cohort study from 
Minnesota, USA. The study identified 120 incident cases of GO from 1976 to 1990. 
Peak incidence of GO had a bimodal distribution in the age groups 40–49 year and 
60–69 years in both females and males, with a 5 year later presentation in males. 
The overall age-adjusted incidence rates per 100000 population were 16 and 2.9 



247

Graves’ Disease in Childhood
DOI: http://dx.doi.org/10.5772/intechopen.97569

cases in females and males respectively. On the other hand, GO was much less fre-
quent in the pediatric age group. Incidence rates per 100000 population per year in 
the age groups 5–9, 10–14, and 15–19 years were 3.5, 1.8 and 3.3 and 0, 1.7 and 0, for 
females and males respectively. Only 6 out of the 120 incident cases of GO observed 
in this cohort study were in patients below the age of 20 years [10]. The prevalence 
of GO in different countries has also been seen to be directly related to the preva-
lence of smoking in teenage population in the respective countries, emphasising the 
importance of smoking as risk factor for development of GO [11].

3. Pathogenesis

GD is a classical autoimmune disorder, characterised by a complex interplay of 
genetic susceptibility and environmental factors. GD had long been recognized 
as having a genetic background in view of clustering of cases in families. Family 
H/O autoimmune thyroid disease (AITD) is apparent in nearly half of the affected 
patients. AITD also tends to occur in more than a third of siblings and thyroid auto-
antibodies occur in over half of asymptomatic children of affected patients. This 
was further confirmed by twin studies where concordance of AITD in monozygotic 
twins was 30–40%, as compared to less than 5% concordance in dizygotic twins. 
It has also been proposed that genetic anticipation may occur in successive genera-
tions leading to younger ages at onset of disease [12, 13].

The genetic predisposition to GD is polygenic in origin, with each individual 
gene conferring a modest increase in risk. The most commonly implicated genes are 
located in the HLA region in the short arm of chromosome 6, the odds ratio (OR) 
for GD ranging from 2 to 4. HLA DRB1*03 and DQA1*05 in Caucasian patients, and 
HLA DPB1*05:01 allele in Han Chinese populations have been found to confer 2–3 
times increased risk of GD. Similarly HLA class I alleles C*07 and B*08 have also 
been implicated as risk factors, and DRB1*07, DRB1*12:02, DQB1*03:02, B*44, C*03, 
C*16 have been observed to have a protective effect in various populations.

Some of the other genes which confer a modest increase in risk of GD (OR 
ranging from 1.1–2) are Protein Tyrosine Phosphatase-22 (PTPN22), Cluster of 
Differentiation 40 (CD40), Cytotoxic T-lymphocyte-associated factor 4 (CTLA4), 
TSH-R, Thyroglobulin (Tg), FC-Receptor Like-3 (FCRL3), Secretoglobin 3A2 
(SCGB3A2), Interleukin-2 receptor alpha (IL2RA) etc. Possible mechanisms 
postulated are variation in binding of self-antigens, defective regulation of thymic 
selection of autoreactive clones, regulation of T cell responses and effect of HLA 
class I molecules on natural killer cells.

Some studies have also observed genotype phenotype correlation. For example, 
several genes like interferon γ (IFN 𝛾𝛾, TNF, IL-1A, IL-23R, IL-5, CTLA4, PTPN-12, 
ICAM-1 have been associated with development of Graves ophthalmopathy (GO). 
Similarly several candidate genes have been associated with clinical course of GD, 
including age of onset (HLA, ICAM-1, PTPN22, NFKB1, CD40), severity and 
remission/relapse rates of GD (CTLA4, CXCL10) [14].

With the concordance rate in monozygotic twins being clearly less than 100%, 
it highlights the importance of environmental factors for predisposing an indi-
vidual for developing GD. Analysis of Danish twin studies in GD attributed 79% 
of liability to develop GD on genetic factors, whereas 21% could be explained by 
environmental factors not shared by the twins [15].

Stressful life events and post-partum periods can result in a dysregulated 
immune response, predisposing to autoimmunity. Smoking, radiation, excess 
iodine intake, dietary selenium deficiency, drugs like amiodarone, interferons, 
alemtuzumab have been associated with development of AITD. Recent evidence has 
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brought into light the role of Endocrine disrupting chemicals (EDCs), which are 
environmental toxicants that interfere with thyroid hormone production, metabo-
lism and action. Most widely studied EDCs are polychlorinated biphenyls (PCBs), 
which have thyroid-disrupting effects and can have intrinsic thyroid hormone ago-
nist action. Others chemicals like bisphenol A, phthalates, perflourinated chemicals 
and brominated flame retardants have also been shown to have thyroid-disrupting 
effects, predisposing to AITD [16, 17].

The thyroid gland typically demonstrates a non-homogenous lymphocytic 
infiltration and absence of follicular destruction. T-lymphocytes can cause local 
inflammation and cytokine release resulting in dysregulation of B- cells and 
production of autoantibodies. These TSH-R auto antibodies (TRAb) can bind to 
the TSH-R on thyroid follicular cells. These are of the IgG1 subclass and can have 
different functional implications of stimulation, blockade or neutral effects on the 
TSH-R. Thyroid stimulating antibodies (TSIs) act via G proteins like Gs and Gq 
to cause increased thyroid hormone production, secretion and modulation of cell 
proliferation respectively [2, 18].

Graves ophthalmopathy is a distinct pathological process that may precede or 
follow the hyperthyroid phase. Orbital fibroblasts are the target cells in the pathol-
ogy. Plausible explanation for this cellular origin include antigen sharing with the 
TSH-R, enhanced expression of Thy-1 (CD90) and IGF-1 receptor, exaggerated 
inflammatory response to cytokines and hyaluronan synthesis. Environmental 
factors like smoking and radioiodine therapy play a major role in development of 
ophthalmopathy [19].

4. Clinical features

GD can present at any age, with peak prevalence occurring in adolescent years. 
Around 10% of cases can present in very young children less than 5 years of age. 
GD is clinically characterized by the triad of thyrotoxicosis, ophthalmopathy and 
dermopathy. GD in children often presents with classical symptoms and signs of 
thyrotoxicosis like in adults.

The frequency of the symptomatology, however, is variable across literature. 
Major presenting symptoms symptoms include goitre (19–99%), excessive sweating 
and heat intolerance (28–53%), fatigue or weakness (10–54%), irritability, ner-
vousness or restlessness (17–47%), tremors (17–58%), ocular symptoms, ophthal-
mopathy or exophthalmos (10–43%), weight loss or no weight gain (28–63%), 
tachycardia (34–45%). Decreased academic performance can be seen in 1–24% 
of patients, whereas decreased athletic performance can be seen in upto 15% of 
patients. Other common complaints included behavioural changes (50%), headache 
(1–22%), increased bowel frequency (11–16%) and slight fever (10.5%) [5, 20–22]. 
Children can also present with ocular complaints like pain, foreign body sensation 
and grittiness, tearing, redness, photosensitivity, and rarely diplopia [23].

Children, like adults, can have low bone mass for age and increased fracture risk 
in the presence of untreated thyrotoxicosis, but this is often reversible once euthy-
roidism is restored for 2 years with treatment. Thyrotoxicosis may rarely be associ-
ated with choreiform movements in childhood and adolescence. This may manifest 
as involuntary, coordinated, rapid spastic movements like flexion and extension of 
fingers, raising and lowering of shoulders and grimacing. Thyrotoxicosis can also 
result in proximal muscle weakness and wasting syndrome, termed the thyrotoxic 
myopathy, which can mimic limb girdle muscular dystrophy. Importantly, these 
symptoms can even precede the more typical thyrotoxic symptoms. Another type of 
muscular weakness associated with thyrotoxicosis is thyrotoxic periodic paralysis, 
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characterized by recurrent transient episodes of muscular weakness, usually pre-
cipitated by a stressor event like exposure to cold, high carbohydrate meal, infec-
tions and stress. This phenomenon has been more commonly described in Asian 
populations in middle aged males. It is rare in pediatric age groups, and is virtually 
not reported in very young populations [24].

The symptomatology, clinical and biochemical severity are also a function of 
age of onset of disease. Prepubertal children tend to have a more severe disease, 
longer duration of complaints and higher thyroid hormone levels at presentation 
than the pubertal and postpubertal children. Prepubertal children tend to present 
with weight loss and bowel frequency, associated with accelerated growth and bone 
maturation. Older children are more likely to present with the classical symptoms of 
thyrotoxicosis like palpitations, tremors and heat intolerance [25].

The risk of developing GO in pediatric GD appears to be to be similar to or slightly 
higher than the risk in adult patients with GD. Female preponderance (87%) is also 
similar to that observed in adult patients (83%). However, pediatric GO tends to be 
less severe and debilitating as compared to adult manifestations. Soft tissue involve-
ment, lid lag, proptosis and punctate corneal epithelial erosions are more commonly 
seen with pediatric GO, whereas the more severe manifestations like restricted ocular 
motility, severe strabismus and optic nerve affection are virtually never seen in 
pediatric GO. This has been attributed to the lower prevalence of smoking in children 
as compared to adults. Manifestations of GO tended to become similar to adults as 
adolescence approached in pediatric patients with GO in another study, likely due to 
increased prevalence of smoking in adolescent ages. Hence active or passive smoking 
seems to increase the risk and severity of GO in children as well as adults [11, 26, 27].

The non-specificity of some of the symptoms in pediatric age group can lead 
to children being initially seen by psychologists, gastroenterologists, neurologists, 
cardiologists and ophthalmologists, before being referred to endocrinology.

Examination may reveal tachycardia, increased blood pressure for age and raised 
pulse pressure. Skin may be warm and moist, thinning of hair, onycholysis and 
softening of nails can be present.Vitiligo and alopecia areata can be seen in patients 
with associated autoimmune disorders. Precordial pulsations may be prominent, 
accompanied by a apical systolic regurgitant murmur due to functional mitral 
insufficiency secondary to papillary muscle dysfunction. Tremors may be present, 
along with hyperactive deep tendon reflexes. Musculoskeletal examination may 
reveal proximal muscle weakness and wasting.

On local examination, size of the gland can be variable, with a large propor-
tion of patients having none to small or moderate sized goitre, which may escape 
patient’s and family’s attention [28]. The thyroid gland is usually symmetrically 
enlarged, non-tender, smooth and having firm consistency, and may be associ-
ated with a palpable thrill and a thyroid bruit in upto one fourth of patients due 
to increased vascularity. A large goitre can cause tracheal compression and other 
compressive symptoms.

Lid retraction, especially of the upper eyelid, and a staring appearance may be 
evident in upto one-third of the cases. Lid retraction is a sign of adrenergic overac-
tivity, and is not considered a sign of GO per se. Other common signs in pediatric 
GO are lagophthalmos or von Graefe’s sign (9–74%), proptosis (4–91%), signs of 
soft tissue involvement (19–26%), including conjunctival injection (8–49%), che-
mosis (1–23%) and lid edema in around 10% of the patients. Corneal involvement 
can occur in the form of corneal punctate staining (12–34%), exposure keratitis and 
superior limbic keratitis. Extraocular muscle motility defects has been described in 
relatively fewer number of patients (2–11%), except in a study by Eha et al., where 
it was observed in 36% of the patients [23] (Table 1). Similarly, dysthyroid optic 
neuropathy (DON) can be seen very rarely in pediatric age groups.
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Some of the key differences in the presentation of pediatric GD vis-à-vis adult 
GD are as follows:

• Weight loss is less common in children. Increased appetite with/without 
weight loss, or absence of weight gain during pubertal years can be an indi-
cator of thyrotoxicosis. Growth charts can be pivotal in identifying trends 
for early detection. BMI SD scores have been reported to be particularly 
lower in younger children as compared to older children in few studies.

• Early symptoms like behavioural changes, emotional lability, fatigue, 
nervousness, palpitations, sleep disturbances with insomnia are particularly 
subtle and difficult to identify.

• Difficulty in concentrating, restlessness, hyperactivity, impaired scholastic 
performance can be the presenting complaints, especially in younger children. 
These can be commonly mistaken to be Attention deficit hyperactivity disorder 
(ADHD), leading to a delay in diagnosis and treatment.

• Untreated thyrotoxicosis can lead to increases in height velocity and advance-
ment of skeletal age, which can be apparent as an increased height SDS in 

Differences Pediatric Graves Adult Graves

Symptoms Classic symptoms less common
(Tachycardia is a reliable sign than 

blood pressure changes)

Classic

Ophthalmopathy Less common
Less severe

More common

Pretibial Myxedema Rare 5%
(15% in Graves’ Disease with 

ophthalmopathy)

Thyroid storm Rare 1–2%

Atrial fibrillation Rare 10–15%
(25% in age > 60 years)

Remission rate with 
ATD

<30%
(Higher in Koreans)

(Lower rates in prepubertal children 
~17%)

40–60%

Surgery Higher complication rates
Requires experienced high-volume 

thyroid surgeon

Relatively safe and easy surgery

Cosmesis Greater concern Lesser concern

RAIA Increased sensitivity to radiation
Increased susceptibility to 

carcinogenic effects of radiation

Lesser sensitivity
Negligible carcinogenic effects

Table 1. 
Differences in Pediatric vs. Adult Graves’ Disease.
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growth charts. Increase in height SDS is seen more commonly in prepubertal 
children than pubertal and post-pubertal children. This may be explained by 
the fact that prepubertal bone maturation is driven by growth hormone (GH) 
and thyroid hormones, whereas pubertal bone growth is driven primarily by 
estradiol. Another plausible reason could be the delay in diagnosis in younger 
children. The effect on final height, however is variable across literature, where 
some studies show achievement of a normal height within target range, some 
showing increased final height [25, 29]

• Ophthalmic abnormalities are less severe. Soft tissue involvement, lagophthalmos, 
proptosis and punctate corneal erosions more common, extraocular muscle 
restriction and optic neuropathy are rare

• Pretibial myxedema is rare (0.9%)

• Atrial fibrillation is rare

• Thyroid storm is rare in children

Pediatric GD can commonly be associated with other conditions as follows 
[2, 30].

5. Differential diagnosis

GD is the most common cause of thyrotoxicosis in children. However, it has 
to be clinically differentiated from other causes of thyrotoxicosis in childhood. 
These include hyperthyroid disorders, associated with increased secretion of the 
thyroid hormones from the thyroid gland, or cases of thyroiditis, where symp-
toms occur due to thyroid follicular disruption leading to release of preformed 
causes. Some of the common differential diagnostic causes have been summarized 
in Tables 2–4.

Consumption of biotin as a part of management of metabolic or dermatological 
diseases can lead to surreptitious laboratory results of elevated thyroid hormones, 
suppressed TSH and positive thyroid receptor autoantibodies with immunoas-
says utilizing the streptavidin-biotin platforms. Hence, laboratory results must 
be reconsidered and rechecked in the absence of supportive clinical features of 
thyrotoxicosis [31].

Endocrine autoimmune 
disorders

Non-endocrine autoimmune 
disorders

Syndromic disorders

• Hashimoto’s thyroiditis

• Celiac disease

• Type 1 diabetes

• Primary adrenal insufficiency

• Vitiligo

• Systemic lupus erythematosus 
(SLE)

• Rheumatoid arthritis (RA)

• Myasthenia gravis

• Down syndrome

• Turner syndrome

Table 2. 
Common associations of pediatric GD.
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Acute suppurative thyroiditis • Bacterial infection: Haemophilus influenza, Group A streptococci

• Painful thyroid, fever, fistula can be present

• Transient thyrotoxicosis

• Associated with elevated ESR and WBC count, decreased uptake 
on nuclear scan (Tc-99 m or radioiodine)

Subacute granulomatous 
thyroiditis/ de Quervain disease

• Viral infection

• Fever, painful thyroid, symptoms less severe than bacterial 
thyroiditis

Hashimoto’s thyroiditis • 5–10% of children can present with “Hashitoxicosis”

• Transient thyrotoxicosis

• Low or absent uptake in thyroid on nuclear scans

Thyroid injury • H/O significant neck trauma or exposure to radiation

Thyrotoxicosis factitia • Exogenous ingestion of thyroid hormones, particularly in the 
setting of adolescents trying to lose weight

• Low or absent thyroid uptake in nuclear scans

• Low serum thyroglobulin is diagnostic

Table 4. 
Differential diagnosis of GD: Thyrotoxic disorders without hyperthyroidism.

Differential diagnosis 
of GD

Remarks

TA • Focal increase in uptake on nuclear scans with suppressed uptake in rest of the 
gland

• Surgical excision preferred therapy

TMNG • Multiple foci of increased uptake with suppressed uptake in remainder of the 
gland on nuclear scan

• Surgery preferred modality

Germline activating 
mutations of TSH-R

• Familial or denovo forms

• Can lead to simple or multinodular goitre

McCune Albright 
syndrome

• One-third can develop hyperthyroidism

• Polyostotic fibrous dysplasia, café-au-lait spots, precocious puberty

TSH producing 
pituitary adenoma

• Rare

• Elevated T4 with an inappropriately normal TSH

• High serum alpha subunit concentration and alpha subunit to TSH ratio, little 
to no response to thyrotropin releasing hormone (TRH)

Resistance to thyroid 
hormone

• Autosomal dominant

• Elevated T4 with a normal or elevated TSH

• Generally euthyroid, clinical manifestations depend on the site of the defect in 
thyroid hormone receptor

Table 3. 
Differential diagnosis of GD: Hyperthyroid disorders.
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6. Diagnosis

6.1 Biochemical diagnosis

6.1.1 Thyroid function tests

All patients with suspected thyrotoxicosis should undergo detailed thyroid func-
tion tests, including TSH, free thyroxine (FT4) and preferably total triiodothyro-
nine (T3). Measurement of total T3 is preferred over free T3 (FT3) as the FT3 assays 
are less robust and less validated as compared to the FT4 assays. Measurement of 
free hormones makes the assay reports more reliable in the presence of conditions 
affecting the concentrations of thyroid binding globulin (TBG) like liver disease, 
nephrotic syndrome. Serum TSH is more sensitive the changes in thyroid hormone 
levels due to the log-linear relationship of TSH with the free thyroid hormone levels.

Assays have been constantly evolving from the older manual radioimmunoas-
says (RIA) to the modern day fully automated chemiluminescent immunoassay 
(CLIA) and electrochemiluminescent immunoassay (ECLIA) platforms. Results 
have to interpreted in the light of age and assay-specific reference ranges. Lack of 
consistency between biochemical reports and clinical presentation should alert the 
physician to consider assay interferences like presence of heterophile antibodies and 
excess biotin consumption.

Thyroid function tests typically reveal elevated free thyroxine (FT4) and T3 
with a suppressed TSH in overt thyrotoxicosis. Patients with milder thyrotoxicosis 
may exhibit only elevated T3 values and suppressed TSH with normal T4 values, a 
state known as T3 toxicosis, a common presentation in pediatric age groups. Higher 
T3 values have been noted in prepubertal children as compared to post-pubertal 
children, and have been observed to be a negative predictor of the likelihood of 
remission in pediatric GD [25, 32].

6.1.2 Markers of thyroid autoimmunity

TRAbs are specific for GD, and are found in majority of the patients at diagno-
sis, with a reported prevalence of >70% in pediatric GD in some studies [33, 34]. 
TRAb levels can be higher in younger patients <5 years of age and in clinically severe 
disease [2].

Traditionally, TRAb concentrations were measured using either bioassays or recep-
tor assays. Estimation of TRAb levels by bioassays was based on the ability of TRAbs 
to increase cyclic adenosine monophosphate (cAMP) production either directly from 
thyroid follicular cells in vitro, or indirectly via TSH-R transfected Chinese hamster 
ovary (CHO) cells. These also enabled detection of functional subtypes of TRAbs, 
including inhibitory TRAb antibodies. Receptor assays, on the other hand, provide 
an estimate of TRAb levels by measuring the ability of TRAb to inhibit the binding of 
labelled TSH to thyroid membranes, and provided enhanced sensitivity [1].

TRAb assays subsequently evolved with the advancements in immunoassays 
techniques. The “liquid phase” first generation immunoassays were competitive 
immunoassays based on inhibition of binding of radionuclide or enzyme labelled 
TSH. These provided excellent specificity of 97.5–100%, but suffered from a 
suboptimal sensitivity ranging from 52 to 94%. Subsequently, 2nd generation “solid 
phase” immunoassays utilized monoclonal antibodies and human or porcine TSH-R 
immobilized on a solid surface, improving the sensitivity to 87–100%. The 3rd 
generation immunoassays utilized a stimulating biotinylated monoclonal antibody 
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(M22) to bind to immobilized TSH-R. In recent years, fully automated platforms 
have been developed using the ECLIA and fluoroenzymatic immunoassay prin-
ciples, with excellent sensitivity of 95–100% and specificity of 97–100% [35].

GD may also be associated with other anti-thyroid antibodies like thyroid 
peroxidase (TPO) autoantibodies, anti-thyroglobulin antibodies, as well as other 
autoantibodies like antimicrosomal antibodies (AMA) and antinuclear antibodies 
(ANA) [33].

6.2 Thyroid imaging

6.2.1 Thyroid scintigraphy

Thyroid scans utilize a gamma camera to provide a planar image, which 
provides anatomical information in addition to the functional status, whereas 
uptake scans are used to measure the % radioiodine uptake (RAIU), typically 
measured by placing a non-imaging gamma scintillation probe detector over the 
neck. Most commonly used radiopharmaceuticals for nuclear thyroid imaging 
are iodine-123 (I-123) and 99 m-technetium (Tc99m-pertechnetate). Drugs 
which can potentially interfere the tracer uptake like thionamides and sources of 
excess iodine have to be stopped atleast 3–7 days and 2–4 weeks prior to the study 
respectively. The doses for diagnostic imaging should be weight-based rather 
than fixed doses especially in children. The scintigraphic images and uptake 
studies are typically performed around 4 hours after I-123 intake, or 20 minutes 
after the iv injection of Tc-99 m pertechnetate. While technetium scans result in 
a low radiation exposure, they result in a high background noise and a low range 
of normal uptake in the thyroid gland [36].

GD is characterized by a homogenous increase in tracer uptake in the thyroid 
scans and an increased %RAIU on uptake studies. These studies are not done rou-
tinely for diagnosis in pediatric GD. Their primary role is in differential diagnosis 
of thyrotoxicosis in cases with inconclusive clinical and biochemical findings, and 
in assessing the radioiodine uptake in order to calculate the dose of therapeutic 
I-131 when radioiodine ablation is planned as therapy. However, germline TSH-R 
activating mutations can also give rise to a diffuse and homogenously increased 
uptake in the thyroid gland. On the other hand, McCune Albright syndrome, TA 
and TMNG are typically associated with focal increases in uptake with suppressed 
uptake in the remainder of the gland, whereas autoimmune thyroiditis, iodine 
excess and thyrotoxicosis factitia are associated with decreased to absent uptake 
in the thyroid gland [22, 37].

6.2.2 Thyroid ultrasonography

A thyroid ultrasound and doppler study provides a safe and non-invasive modal-
ity for differential diagnosis of thyrotoxicosis. Thyroid gland is classically diffusely 
enlarged in GD, and may display normal echogenicity or hypoechogenicity like 
in thyroiditis. GD is characterized by a diffuse increase in parenchymal vascu-
larization, often referred to as a “thyroid inferno”. Autoimmune thyroiditis may 
be associated with a lesser degree of increase in parenchymal vascularity as well. 
Quantitative measurements of the thyroidal blood flow can also be vital in diagnos-
ing GD, with superior and inferior thyroidal artery’s mean peak systolic velocities of 
more than 45–50 cm/second suggestive of a diagnosis of GD, providing a sensitivity 
and specificity of 81–83% and 92–96% respectively.

Ultrasound should also be performed in the case of thyroid asymmetry or a 
palpable nodule [2, 18, 38–40].
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7. Management

The three cornerstones of management of pediatric GD are antithyroid drugs 
(ATDs), radioiodine (RAI) therapy and surgical management. Age of the patient, 
likelihood of remission, availability of expertise and facilities, patient preferences 
determine the choice of modality. The choice of initial therapy also depends on 
the prevailing practices in different geographic regions of the world. For instance, 
antithyroid drug therapy remains overwhelmingly the most popular choice in 
Japan, with >90% of children with newly diagnosed GD being instituted on ATDs, 
whereas the proportion is >80% in Europe, Asia, Oceania and South America. 
RAI therapy is more commonly used in the United States of America, with >70% 
of newly diagnosed pediatric GD patients being treated with I-131 previously. 
However, the use has been declining, with current estimates of 40% of patients 
being instituted on ATDs [22].

7.1 Medical management

Antithyroid medications still remain the modality of choice in most pediatric 
patients with GD, despite lower remission rates as compared to adults. Methimazole 
(MMI) or carbimazole (CBZ) are the drugs of choice, with the former used com-
monly in the United States and Japan, and the latter being used in Europe.

All the drugs act by inhibition of the critical enzyme thyroid peroxidase, effec-
tively inhibiting the organification of iodine by inhibiting its binding to the tyrosyl 
residues on thyroglobulin. They also inhibit thyroglobulin synthesis, coupling of 
iodotyrosine residues, and secretion of thyroid hormones. PTU additionally inhibits 
type 1 deiodinase enzyme, decreasing the conversion of T4 to the peripherally 
active T3. Carbimazole is a prodrug and it get converted to methimazole completely 
after hepatic metabolism. 10 mg CBZ is equivalent to 7.5 mg MMI and 100 mg PTU. 
Besides the differences in potencies, the drugs differ in their pharmacokinetics, 
with MMI having a half-life of 6–8 hours, whereas PTU has a much shorter half-life 
of 30 minutes, necessitating 3 times a day dosing [22].

7.1.1 Dosing considerations

The starting dose of MMI is typically 0.2–0.5 mg/kg/day, ranging from 0.1-1 mg/
kg/day. French guidelines suggest a dose of 0.4 mg/kg/day in moderate thyro-
toxicosis (FT4 < 50 pmol/L), and doses of 0.8 mg/kg/day in severe thyrotoxicosis 
(FT > 70 pmol/L). As MMI is usually available in the form of 5 or 10 mg tablets, ATA 
guidelines also put forth a simplified guideline to ease administration, suggesting 
doses of 1.25 mg/day, 2.5–5 mg/day, 5–10 mg/day and 10–20 mg/day in the age groups 
of infancy, 1–5 years, 5–10 years and 10–18 years respectively, with dose escalation 
of 50–100% above the suggested doses in cases of severe hyperthyroidism. The doses 
are typically administered in a single dose or divided into two or three doses a day in 
the initial stages. Single dose therapy may result in better patient compliance.

PTU may be considered in doses of 2–7.5 mg/kg/day in three divided doses. But 
it is strictly avoided in pediatric patients due to concerns of severe hepatotoxicity, 
except in cases of thyroid storm and patients with adverse reactions to MMI requir-
ing short-term control of thyrotoxicosis prior to definitive therapy. French guide-
lines contraindicate PTU use in children, and Japanese guidelines advocate caution 
with PTU use [22, 31, 36].

Symptoms of sympathetic overactivity including tremors, tachycardia, muscle 
weakness, neuropsychological disturbances are treated with beta blockers, pro-
pranolol at 1–2 mg/kg/day in 2–3 divided doses, or atenolol at 0.5–1.2 mg/kg/day as 
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a once daily dose. Selective beta blockers like atenolol and metoprolol are preferred 
in children with reactive airway disease [22, 31, 36].

7.1.2 Adverse effects

Most adverse reactions to antithyroid drugs emerge within 3 months of initiat-
ing treatment. PTU was widely used for medical management of pediatric GD until 
it fell out of favour in early 2000s, due to multiple reports of serious hepatotoxicity. 
PTU is associated with idiosyncratic hepatocellular necrosis, leading to hepatic 
dysfunction ranging from reversible injury to acute liver failure requiring trans-
plantation, and rarely leading to death. PTU was the third most common cause of 
drug-induced liver failure, accounting for approximately 10% of drug-related liver 
transplantations in the United States [41].

The risk of hepatotoxicity is considerably higher in children than in adults, with 
children accounting for almost half of the patients in case reports of PTU-induced 
liver failure. Rivkees et al. estimated that the risk of reversible liver injury in chil-
dren taking PTU was atleast 1 in 200, and the risk of liver failure requiring trans-
plantation was atleast 1 in 2000–4000. It was also noted that PTU-induced liver 
failure was rapidly progressive and with low chances of reversibility, and there were 
no meaningful biochemical markers to predict the risk of hepatotoxicity [42]. FDA 
issued a boxed warning for PTU use in 2010, noting that 22 adult and 10 pediatric 
cases of serious liver injury were associated with PTU use, and limited its use to 
patients intolerant to other modalities and in first trimester of pregnancy [43].

MMI can also be associated with hepatotoxicity, although it is typically milder 
and of the cholestatic pattern. No cases of liver failure or transplantation have been 
reported in association with MMI use in children, in contrast to adults in whom 
hepatocellular toxicity has been described.

PTU is also associated with a 40 times higher risk of antineutrophil cytoplasmic 
antibody (ANCA) vasculitis than with MMI use. The positivity rate of ANCA in 
pediatric users is higher, approximately 64%, approximately 20% of whom can 
develop vasculitis. The antibodies tend to develop at or after 1 year of treatment. 
Usually asymptomatic, it can occasionally manifest as polyarthritis, dermatologic 
involvement in the form of purpuric skin lesions, pulmonary and renal involvement. 
There exist few case reports of renal failure in children due to vasculitis. Majority 
of the cases resolve with discontinuation of the offending medication, but severe 
involvement may require glucocorticoid and other immunosuppressive therapy.

MMI is more commonly associated with minor adverse events in upto 25% of 
the children being treated with MMI, most commonly involving mucocutaneous 
adverse events like urticaria, rash, oral ulcers and arthralgias, myalgias. The risk of 
agranulocytosis appears to be similar for MMI and PTU, affecting 0.3% of treated 
adults, with possibly lower prevalence in children. The risk appears to be dose-
dependent with MMI use, with most of the cases occurring with daily MMI doses 
exceeding 20 mg/day.

Minor allergic reactions are usually managed with antihistamines, while continuing 
the drug under watchful guidance. On the other hand, occurrence of serious adverse 
reactions warrant drug discontinuation and consideration of alternative therapies. 
PTU and MMI exhibit significant cross-reactivity, hence use of either drugs should be 
avoided with the occurrence of a serious adverse reaction to the other drug [22, 31, 36].

7.1.3 Monitoring and dose titration

Patients should be monitored clinically for symptoms and signs of thyrotoxi-
cosis. Weight and height should be checked periodically during clinic visits and 
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charted in appropriate growth charts. Parents should also be counselled about 
possible weight gain in the first few months of therapy, which can persist.

ATA guidelines suggest a complete hemogram and liver function testing prior to 
initiating ATDs. Routine monitoring of WBC counts and liver function tests is not 
advocated due to sudden onset of agranulocytosis and rapidly progressive nature 
of PTU-related hepatotoxicity. WBC counts should be ordered in the presence of 
febrile illnesses or pharyngitis. Similarly, liver functions should be obtained when 
patients develop symptoms of hepatotoxicity like jaundice, pruritus, anorexia, 
light-coloured stools or dark urine, drug should be discontinued if transaminases 
are elevated upto 2–3 times the upper limit of normal. Subsequently, liver function 
tests should be monitored till normalization. Japanese guidelines also advocate 
annual urinalysis and MPO-ANCA measurement for early detection of ANCA-
associated vasculitis in children on PTU [22, 36].

Thyroid function tests should first be obtained after 2–6 weeks of initiation of 
therapy, every 4–6 weeks till dose is stabilized and every 3 months thereafter. MMI 
dose can be reduced by 50% once thyroid hormones normalize. The usual mainte-
nance doses range from 5 mg every alternate day to 10 mg a day [22, 36].

Alternatively, “block and replace” strategy has been used, where replacement 
levothyroxine is added so that ATDs can be continued at higher doses. A 2010 
metanalysis by Abraham et al. showed that block and replace regimens had similar 
efficacy to titration regimens, but had higher risk of treatment withdrawal due to 
adverse effects [44]. This is especially true for MMI as most adverse effects of MMI 
are dose-related. However, some authors attributed these findings to the unconven-
tionally higher doses of MMI in the studies using block-and-replace regimens in 
the meta-analysis, and hence maintain that block-and-replace can be a worthwhile 
strategy, especially in patients who are sensitive to minor increases in doses of MMI 
and become hypothyroid [36, 45].

7.1.4 Duration of therapy

Multiple prognostic factors determine the response to antithyroid drugs. It 
is usually assessed by remission rates, defined as the proportion of patients who 
remain euthyroid 1 year after cessation of ATD. Remission rates in children after 
1–2 years of ATD therapy are typically 20–30%, lower than in adults.

In contrast to older studies which suggested a 25% chance of remission for every 
2 years of continued treatment, longer duration of therapy has not translated into 
significant improvements in remission rates in more recent studies. For example, 
treatment beyond 2 years has been seen to associated with remission rates of 
23–37% after 4 years, and only 15% after 4–10 years of therapy. Relapse can occur 
in as many as 36–47% of patients after initial remission. Additionally, longer 
treatment durations carry the risk of non-compliance and drug toxicities. However, 
more recent studies have shown encouraging data on relapse rates. In a retrospective 
study involving 1138 pediatric GD patients by Ohye et al., remission rate was 46% 
after a median duration of 3.8 years of ATD therapy, with no significant predictors 
for remission identified. The cumulative rates of remission increased with duration 
of anti-thyroid medication till 5 years of therapy. Similar findings were seen in the 
prospective study by Leger et al., in which remission rates were 20, 37, 45 and 49% 
after 4, 6, 8 and 10 year of ATD therapy respectively, suggesting a plateau of remis-
sion after 8–10 years of ATD therapy [36, 46, 47].

Evidence for prognostic factors predicting remission and relapse in pediatric 
GD have been mostly derived from many retrospective and few prospective stud-
ies. Older age and pubertal onset of disease, higher BMI, lower levels of thyroid 
hormone levels at presentation, early achievement of euthyroidism within 3 months 
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of institution of ATDs and smaller goitres, have all been associated with early 
remission. Pre-pubertal children also tend to require longer duration of therapy 
to achieve remission vis-à-vis pubertal children [25, 32, 33, 48]. Non-Caucasian 
origin, higher TRAb levels additionally have also been associated with increased 
risk of relapse in treated patients [49]. In a study by Smith et al., TRAb antibodies 
decreased with duration of antithyroid therapy, but normalized only in 18% of 
children even after 24 months of therapy, with no further significant decreases with 
prolonged therapy. This points to a persistence of autoimmunity in pediatric age 
groups in contrast to adults, in whom TRAb levels tend to decline with anti-thyroid 
therapy, and may be used to guide decision-making for stopping anti-thyroid 
medication [50].

ATA guidelines suggest 1–2 years of ATD therapy before considering definitive 
modalities of RAI or surgery, depending on age of the child. Japanese guidelines 
suggest a duration of atleast 18–24 months, extending upto 5–10 years for better 
remission rates. They also suggest utility of TRAb assays in deciding duration of 
therapy.

7.1.5 Other drug therapies

Patients of thyrotoxicosis intolerant to MMI, awaiting surgery can be treated 
with inorganic iodine, either with 3–7 drops thrice a day of saturated solution of 
potassium iodide (SSKI) containing 50 mg iodide per drop, or 3–4 drops a day of 
Lugol’s solution, containing 6.3 mg of iodine per drop, for 10 days prior to surgery. 
Inorganic iodine can also be used in the management of thyroid storm. It acts 
by inhibiting organification of iodine and thyroid hormone release, termed the 
“Wolff-Chaikoff effect”. Caution has to be exercised for potential development of 
escape phenomenon, or exacerbation of thyrotoxicosis after drug withdrawal.

Alternatively, other drugs like lithium carbonate can be used, which acts by 
inhibiting the synthesis and release of thyroid hormones, but needs watchful care 
for any adverse effects. Some of the other medications that have been used are 
perchlorate, cholestyramine, corticosteroids and rituximab [22, 36].

7.2 Radioiodine therapy

The target of I-131 therapy is to achieve hypothyroidism by thyroid ablation with 
a single optimal dose of I-131 rather than euthyroidism. This is particularly relevant 
in pediatric age groups due to sensitivity of the thyroid gland to radiation.

The concerns over increased risk of malignancy with radioiodine were born 
after the Chernobyl incident, where increased risk of thyroid malignancies was 
attributed to low doses of I-131 and other radionuclides, in the presence of a dietary 
iodine deficiency in the population. Importantly, the maximum risk appeared to 
occur in children less than 5–6 years of age, decreasing gradually through 12 years 
of age. However, the highest risk of thyroid malignancy is seen with low levels 
of radiation exposure of about 0.09–30 μCi/g, and not with the higher activities 
administered in treatment of GD.

In a retrospective study by Read et al. involving 36 years follow up of 116 
patients who had received RAI therapy between the ages of 3–19 years, there were 
no cases of thyroid malignancy or leukemia. There was also no increase in con-
genital anomalies in the offspring or rate of spontaneous abortions in the cohort 
[51]. Similarly, no significant increase in risk of non-thyroid malignancies has been 
observed in recipients of I-131 treatment.

Hence, ATA guidelines suggest avoiding RAI therapy in children less than 5 years of 
age, and considering RAI therapy in children between 5 and 10 years of age when the 
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required activity for treatment is <10 mCi, while emphasizing that these restrictions 
are based on theoretical concerns of malignancy [18, 22, 31, 36].

7.2.1 Preparation

ATA guidelines suggest achieving euthyroidism with anti-thyroid drugs and 
beta blockers in patients with total T4 > 20 μg/dl, and free T4 > 5 ng/dl prior to RAI 
therapy. Iodine intake has to be restricted atleast 1 week prior to I-131 therapy. Anti-
thyroid medications are typically stopped 2–3 days prior to administering I-131. 
This is associated with potential risk of worsening thyrotoxicosis and precipitating 
thyroid storm after radioiodine therapy. Alternatively, 20% higher dose can be 
administered while patient is on anti-thyroid medication, minimizing the risk of 
thyroid storm. Either of these approaches have not been well studied in pediatric 
age groups.

ATDs are restarted only 1 week after RAI therapy to optimize the likelihood of 
successful ablation, although this is seldom required in children as thyroid hormone 
levels begin to decrease within one week after RAI treatment [18, 22, 31, 36].

7.2.2 Dosing considerations

The activity to be administered as fixed doses of about 15 mCi or calculated 
using the Quimby-Marinelli formula, or the modified version based on the 
24-hour uptake values on RAIU scan. Estimation of total gland size can be done 
by physical examination or by ultrasound dimensions of the gland, and is particu-
larly challenging in pediatric patients. In general, the total dose of I-131 should be 
atleast 150 μCi/g of thyroid tissue, resulting in hypothyroidism in >95% of cases. 
Increased doses of 200–300 μCi/g may be required in patients with large goitres 
and lower radioiodine uptake. There are no studies available to compare the two 
methods in children.

Radioiodine is retained in the thyroid for several days, and is also excreted in 
body fluids like saliva, tears, sweat, stool and urine. Appropriate local radiation 
safety precautions have to be observed by the patient and family members after RAI 
treatment [18, 22, 31, 36].

7.2.3 Complications

Pain in the gland can develop in the week after I-131 therapy in less than 10% 
of the patients. It can be managed by symptomatic treatment with analgesics for 
1–2 days. There may be temporary exacerbation of thyrotoxicosis, requiring treat-
ment with ATDs, glucocorticoids and iodine preparations. Long-term risks include 
the theoretical risk of secondary malignancies following radiation [36].

7.2.4 Monitoring

Patient has to be clinically monitored for signs and symptoms of hyperthy-
roidism as well as for development of hypothyroidism. Patients can experi-
ence an exacerbation in ophthalmopathy, which may require treatment with 
glucocorticoids.

Hypothyroidism is usually achieved at 1–3 months after an optimal dose of I-131, 
with occasional patients taking upto 6 months to achieve hypothyroidism. Thyroid 
function tests should be obtained 4 weeks after I-131, followed by periodic testing 
at 4–6 weeks till hypothyroidism is achieved, when thyroid hormone replacement 
can be initiated [22, 36].
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7.2.5 Contraindications

RAI therapy is an absolute contraindication in children less than 5 years of age as 
per AT and French guidelines. The latter also mention it as a relative contraindica-
tion in pre-pubertal children. Japanese guidelines advocate “careful administration” 
in children younger than 18 years of age on account of risk of thyroid malignancy 
and gonadal injury post radiation.

RAI therapy can be considered in pediatric patients with GO in non-severe 
cases. The NO-SPEC severity classification and clinical activity score (CAS) have 
not been validated in pediatric population. RAI therapy may still be considered in 
the presence of more severe manifestations like corneal involvement, persistent lid 
retraction and chemosis with concomitant oral glucocorticoid therapy, beginning a 
day after RAI, and tapered over 1–3 months [22, 31, 36].

7.3 Surgery

Surgery should be considered in patients with large goitres, presence of com-
pressive symptoms, coexisting differentiated thyroid cancer (DTC), patients 
wishing to achieve faster remission, patients who do not wish to use ATDs or have 
adverse effects or contraindications to use of ATDs. ATA guidelines recommend 
thyroidectomy in children younger than 5 years of age, in whom definitive therapy 
is indicated and have accessibility to surgical expertise.

The major limiting factor for choice of surgery as the modality is the access to a 
high volume thyroid surgeon, defined as performing more than 30 cervical endo-
crine procedures in a year. The surgical complication rates are inversely related to 
the annual number of procedures by the operating surgeon, rather than the training 
or surgical specialty per se. The centre should be capable of handling pediatric anes-
thestic challenges and post-operative intensive care requirements. In the presence of 
availability of expertise and infrastructure, surgery can be offered as equivalent to 
RAI therapy to the parents [18].

7.3.1 Preparation

Patient should be rendered euthyroid with medications prior to surgery 
(thionamides, inorganic iodide and beta blockers). Potassium iodide, containing 
50 mg iodide/drop can be administered as 1–2 drops thrice a day, 7–10 days prior 
to surgery can alleviate thyrotoxicosis as well as decrease vascularity of the gland. 
Dexamethasone can also help in rapid control of thyrotoxicosis [22, 36].

7.3.2 Procedure

Total or a near-total thyroidectomy (with <3 g of residual thyroid tissue) are the 
procedures of choice for management of GD. Partial or subtotal thyroidectomies 
may result in recurrence rates of 10–15%. Intra-operative PTH monitoring can be 
valuable in predicting the occurrence of post-operative hypocalcemia.

7.3.3 Complications

Most common post-operative complications include transient hypoparathy-
roidism and recurrent laryngeal nerve palsy. These complications tend to occur 
at the rate of 10–20%, more frequent than in adults, and are particularly more 
common in younger children. Other severe complications like permanent hypo-
parathyroidism, hematoma, infection, recurrent laryngeal nerve palsy occur less 
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frequently. Significant bleeding occurs more frequently with large goitres, neces-
sitating blood transfusions in children. Caution has to be exercised in handling of 
recurrent laryngeal nerves as they are thinner in children. Growth-related bone 
metabolism may make the patient prone for transient hypoparathyroidism post-
operatively. Post-operative hypocalcemia requiring intravenous calcium correc-
tion occurs more frequently in children. Its risk can be decreased by preoperative 
calcitriol, usually started 3 days before surgery and weaned off over the first 
2 weeks post-operatively.

Surgery offers the advantages of definitive therapy. This has to be weighed 
against the risks associated with an invasive procedure, and the requirement of life-
long thyroxine replacement with appropriate monitoring after surgery [22, 31, 36].

7.4 Choice of modality

Anti-thyroid drugs are usually the first line of management, typically admin-
istered for atleast 1–2 years. Definitive therapy with RAI therapy or surgery 
should be considered if remission is not attained after 1–2 years of ATD therapy. 
Continued medical management with periodic biochemical monitoring is a 
viable option in patients who are not candidates for either of the two definitive 
modalities. They offer the advantages of ease of administration, availability, 
reasonable safety and avoidance of exposure to radioactivity and surgical proce-
dure. These have to be weighed against long duration of therapy and associated 
followup, lower rates of remission, low rates of compliance, higher frequency of 
adverse effects.

Radioiodine therapy in sufficient doses results in achievement of hypothyroid-
ism in majority of patients, and should be considered as the modality of choice 
for definitive therapy in children >10 years of age, and in children 5–10 years of 
age with calculated dose requirements of less than 10 mCi. This has to be balanced 
against the risks of temporary flare, radiation thyroiditis and concerns of malig-
nancy, even if theoretical as per most studies.

Medical management RAI therapy Surgery

• First line of therapy in 
most patients

• Lack of access to defini-
tive therapies

• Good compliance to 
medication and periodic 
followup

• Risk factors for poor response to ATDs:

 ○ Prepubertal

 ○ Severe biochemical thyrotoxicosis 
and elevated TRAb at presentation

 ○ Prolonged time to achieve 
euthyroidism

 ○ Persistently elevated TRAb

 ○ Large goitre

• Adverse effects and poor compliance to 
ATDs

• Contraindications or unwilling for 
surgery

• Relapse after medical and surgical 
management

• Avoidance of surgical scar and risks 
associated with surgery

• Risk factors for poor 
response to ATDs as 
described

• Children younger than 
5 years of age

• Large goitres more than 
twice the normal size for 
age or > 80 g

• Compressive symptoms

• Nodular goitre, suspicion of 
malignancy

• Inability to comply with 
precautions and follow-up 
instructions after RAI 
therapy

• Severe eye disease

• Post-pubertal patients 
considering pregnancy

Table 5. 
Clinical factors influencing choice of modality in pediatric GD.



Graves’ Disease

262

Surgery offers immediate and definitive therapy. However, the need for hospi-
talization, associated complications, surgical scarring preclude its use as a first line 
therapy. It can be considered in patients requiring definitive therapy and not being 
suitable candidates for RAI ablation.

Clinical factors that can influence the choice of modality are summarized in 
Table 5.

8. Special considerations

8.1 Thyroid storm

Encephalopathy can occur in association with thyroid storm. Initial presentation 
can include mental status changes including behavioural abnormalities, agitation, con-
fusion, anxiety and emotional lability. Patients can also present with seizures, which 
can range from generalized tonic clonic to complex partial to more focal seizures.

8.2 Neonatal GD

Neonatal GD, though rare, can be life-threatening with significant morbidity 
and mortality. Maternal transfer of thyroid-stimulating immunoglobulins (TSIs) 
to the fetus, can occur in 1 in 80 cases of maternal GD. The risk of neonatal GD is 
directly proportional to the magnitude of elevation of TSI levels, typically increased 
at levels 2–4 times the upper limit of normal. The fetal thyroid can respond to TSIs 
resulting in excessive production of thyroid hormones.

This can manifest as fetal thyrotoxicosis, especially in second half of gesta-
tion. The condition should be suspected in the presence of fetal tachycardia (heart 
rate > 160/min after 20 weeks of gestation), goitre on antenatal ultrasound. 
Uncontrolled fetal thyrotoxicosis can result in intrauterine growth retardation 
(IUGR), premature fusion of cranial sutures, advanced skeletal age, accelerated mat-
uration of femoral ossification centre, learning disabilities and mental retardation.

Management consists of adequate control of maternal thyrotoxicosis with 
anti-thyroid drugs. Propylthiouracil (PTU) is often the first choice at the time 
of organogenesis. Methimazole (MMI) is avoided in first trimester due to risk of 
methimazole embryopathy (Odds ratio of 1.66 for developing birth defects). This 
can manifest as aplasia cutis congenita, omphalocele, choanal and esophageal 
atresia and other omphalomesenteric duct anomalies in the newborn [52, 53].

The condition usually resolves by 3–6 months of age, due to clearance of TSIs 
from the infant’s circulation. Infants may meanwhile require medical manage-
ment of thyrotoxicosis. This entails treatment with antithyroid medications (PTU 
5–10 mg/kg/day or MMI 0.5–1 mg/kg/day) and propranolol (1 mg/kg/day). Rapid 
biochemical control may require administration of Lugol’s solution or saturated 
solution of potassium iodide (SSKI) for 7–10 days. Thyroid hormones typically 
normalize after 2 weeks of medical therapy, and may necessitate addition of 
levothyroxine to prevent hypothyroidism. Anti-thyroid medication can usually be 
weaned by 3 months, guided by monitoring of infant’s serum TSI levels.

9. Summary

Graves’ Disease in children is a classic example of children not being small adults. 
There are differences in management and response to treatment in children with 
Graves’ Disease. Nuances exist for the various modalities for children and requires 
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Chapter 16

Hyperthyroidism in Children
Artur Bossowski and Karolina Stożek

Abstract

Hyperthyroidism is the state of excessive synthesis and release of the thyroid  
hormones by thyrocytes. Graves’ Disease is the most common cause of hyperthyroid-
ism in children. The condition may occur at any age but the prevalence increases with 
age. According to the classical paradigm, coexistence of genetic susceptibility, envi-
ronment triggers and immunological dysfunction are responsible for its development. 
Diagnosis of Graves’ Disease is based on presence of characteristic clinical symptoms, 
TSH receptor antibodies and excess of thyroid hormones. The management in 
pediatric population involves mainly pharmacotherapy (thyrostatics, β-adrenolitics), 
in resistant cases radical radioiodine I131 therapy or surgical treatment is necessary.

Keywords: hyperthyroidism, Graves’ Disease, children, autoantibodies,  
antithyroid drugs

1. Introduction

Hyperthyroidism (hyperthyreosis) is the condition that occurs due to exces-
sive synthesis and release of the thyroid hormones T3 (triiodothyronine) and/or 
T4 (thyroxine) by thyrocytes and as a result of hyperstimulation of cells having 
receptors specific to these hormones.

A negative feedback blocks the secretion of thyrotropin (TSH) from the pitu-
itary gland. Subclinical hyperthyroidism is characterized by normal levels of free 
thyroxine (f T4) and free triiodothyronine (f T3), with TSH below the reference 
range in the blood.

The term “thyrotoxicosis” refers to the clinical syndrome associated with the 
increased level of thyroid hormones caused by their enhanced production by the 
thyroid gland, their excessive release resulting from the gland destruction (e.g. 
the Hashitoxicosis phase in chronic thyroidits of Hashimoto’s type), as well as due 
to the exogenous supply of thyroid hormone preparations in an abnormal, too 
large dose, and casual poisoning with thyroid hormone preparations (thyrotoxi-
cosis factitia). Thus, thyreotoxicosis refers not only to the level of hormones in the 
blood, but is also associated with the level of sensitive cells that undergo activa-
tion, which leads to the manifestation of subjective and objective symptoms.

2. Causes of hyperthyroidism in children

The causes of hyperthyroidism in children include:

• Graves’ Disease (toxic diffuse goiter, struma diffusa toxica) accounting for 
95–99% of hyperthyroidism cases in children and approximately 60% in adults.
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• toxic nodular goiter (Plummer’s disease) being much less common in children 
than in adults; most frequently occurring as a single nodule, especially in older 
children.

• the Marine-Lenhart’s syndrome, in which an overactive thyroid nodule  
co-occurs with Graves’ Disease in the same patient.

• thyroiditis.

• the initial stage of Hashimoto’s disease.

• phase 1 subacute (viral) thyroiditis.

• poisoning with thyroid hormones – iatrogenic hyperthyroidism.

• Iodine Basedow Syndrome – hyperthyroidism develops due to the application 
of inorganic iodides, which act as triggering factors that induce hyperthyroid-
ism on the grounds of autoimmunization.

• amiodarone-induced thyrotoxicosis (amiodarone has a chemical structure 
resembling that of thyroxine, one tablet contains approximately 75 mg of 
iodine!)

• hyperthyroidism in the course of follicular and papillary cancers.

• McCune-Albright syndrome is associated with the point mutation of the gene 
encoding the alpha subunit of the Gs protein, resulting in permanent activa-
tion of adenylyl cyclase; its main components are: fibrous dysplasia, café au lait 
spots, overactivity of many endocrine glands.

• the so called early effect of radioiodine I131 treatment for the thyroid.

• ovarian goiter (struma ovarii) - a substantial amount of thyroid tissue in 
ovarian tumour.

• thyrotropic pituitary adenomas – secondary hyperthyroidism (elevated values 
of TSH and thyroid hormones).

• pituitary thyroid hormone resistance – elevated levels of TSH and thyroid 
hormones.

• false hyperthyreosis in patients taking biotin preparations – in some cases even 
TSH receptor antibodies appear [1, 2].

3. Etiology and etiopathogenesis of Graves’ Disease

The disease is named after an Irish physician, Robert Graves, who was the first 
to describe the symptoms of hyperthyrosis. In non-English speaking countries, the 
two-word term is commonly used as the name of a German doctor, Karl Adolph von 
Basedow, is added. This is an autoimmune disease, in which stimulating antibod-
ies activate TSH receptor, leading to the thyroid growth as well as to unrestrained 
production and release of thyroid hormones.
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Last decades have shown a constant increase in the incidence of autoimmune 
thyroid diseases (AITD). It is estimated that the problem affects approximately 5% 
of the world population. However, Graves’ Disease is rarely diagnosed in the pediat-
ric population. Its prevalence accounts for about 0.02% and children constitute less 
than 5% of all the patients. Nevertheless, it is Graves’ Disease that remains the most 
common cause of hyperthyreosis in children, being responsible for 10–15% of all 
thyroid disorders in this group. Among pediatric patients, Graves’ Disease may occur 
at any age but the morbidity rate increases with age, having its peak in adolescence. 
Its annual incidence among younger patients is 0.1 per 100,000 as compared to 3.0 
per 100,000 at puberty. In the USA, Graves’ Disease affects 0.2–0.4% of children 
and adolescents, i.e. 1 per 10,000, whereas in Hongkong it is diagnosed in 14 chil-
dren per 100,000 a year. Sex distribution in the age group of up to 11 years is compa-
rable, but in the older age group, girls are more frequently affected than boys (6–8,1).

It is estimated based on the research into monozygotic twins that the etiology of 
AITD has genetic causes in approximately 80% of cases, as compared to 20% due 
to environmental factors. Hashimoto thyroiditis and Graves’ Disease share some of 
the genes.

Genes likely to be responsible for the development of AITD can be divided into 
two groups:

1. genes modulating the immune system, i.e. HLA-DR, CD40, CTLA-4, PTPN22, 
CD25, FoxP3.

2. genes specific to the thryroid gland: the gene for thyroglobulin (Tg) and the 
TSH receptor (TSHR) gene.

Additional genes may also play a role, being involved in the differentiation of 
AITD phenotypes, disease severity and response to the therapy.

Genes whose mutations may be responsible for the disease onset include:

• GD-1 (chromosome 14q31).

• GD-2 (chromosome 20q11.2).

• GD-3 (chromosome Xq21).

• HLA-DR3 gene described mainly as the main gene in the development of 
Graves’ Disease. The presence of arginine at position 74 of the HLA-DRβ chain 
predisposes to AITD disclosure, whereas glutamine at the same position shows 
protective functions.

• CD40 performs a key function in the interaction between antigen-presenting 
cells and T lymphocytes. CD40, found on B cells, ensures normal signal for 
proliferation, differentiation and production of IgG. Therefore, the CD40 gene 
predisposes to the development of Graves’ Disease, which is to a large extent 
B-cell dependent.

• CTLA-4 is present on the surface of T cells and inhibits their excessive 
response to the antigen. Moreover, it shows the expression on regulatory T 
cells, thus playing a major role in promoting their suppresive functions.

• CD25 gene polymorphism inhibits Treg functions, thus promoting autoim-
munity. A latest study has described the level of mRNA expression for the 
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genes encoding T-bet and GATA3, main regulators of Th1 and Th2 differentia-
tion, respectively, and for the cytokines secreted by (IFNγ) and Th2 (IL4) in 
patients with Graves’ Disease. The levels of the expression of mRNA T-bet and 
IFNγ are substantially elevated in patients, whereas those of GATA3 and IL4 
remain decreased.

Also mutations of the gene encoding the expression of thyroglobulin, located 
on chromosome 8 and the autoimmune regulator gene located on chromosome 21 
predispose to Graves’ Disease. Moreover, vulnerability to develop ophthalmopathy 
in the course of Graves’ Disease has been studied, with the involvement of CTLA-4 
genes, tumor necrosis factor α (TNFα), adhesion molecule 1 (ICAM-1), interferon γ 
(IFN-γ), insulin-like growth factor 1 receptor (IGF-1R), protein inhibiting the path-
way of signal 3 transduction (SOCS3), thyroid peroxidase (TPO) and calsequestrin 
1 (CASQ1) [3–5].

The environmental factors that trigger the cascade leading to AITD include:

• infections, both viral and bacterial, may be responsible for the loss of tolerance 
and development of AITD; in the etiology of Graves’ Disease Yersinia enteroco-
litica is the best known pathogen having specific bindings to TSH, recognized 
by antibodies against TSH receptor; Y. enterocolitica ompF (outer membrane 
porin F) produces antibodies and according to some sources is responsible for 
the process of molecular mimicry;

• stress -stress hormones (glycocorticosteroids, catecholamines) may induce the 
production of IL4, IL6, IL12 by dendritic cells, stimulate Th2, Th17 or Th1 cells 
and lead to Treg cell apoptosis, which promotes the pathogenesis of Graves’ 
Disease;

• radiation -radioiodine treatment for toxic nodular goiter may contribute to the 
development of Graves’ Disease or ophthalmopathy; the effect of radiotherapy 
on thyroid function depends on a number of factors, such as age, sex, the 
presence of antithyroid antibodies, iodine intake, etc.;

• exposure to tobacco smoke -according to the available data the proportion of 
smokers is elevated in patients with orbitopathy (64.2%) and Graves’ Disease 
(47.9%) as compared to the control group (30%); smoking increases the risk of 
Graves’ Disease twice and orbitopathy 3–4 times; moreover, the risk is associ-
ated with treatment failure and severity of ophthalmopathy;

• excessive iodine supply -iodine-induced hyperthyrosis, also called iodine-
Basedow syndrome, refers particularly to patients with nodular goiter or to a 
population in which salt iodination program has been recently implemented;

• medications -interferon-α, alemtuzumab, highly active antiretroviral drugs 
capable of AITD induction; a classic example of the hyperthyreosis-inducing 
drug is amiodarone, a benzuforan derivative rich in iodine, whose structure 
resembles that of thyroid hormones; there are two types of amiodarone-
induced thyrotoxicosis (AIT):

 ○ I -caused by enhanced production of thyroid hormones,

 ○ II - manifested by inflammation and destruction of thyrocytes.
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• vitamin D3 deficiency.

• contaminations [6–9].

However, Graves’ Disease can be associated with the involvement of a com-
bination of factors. The disease may even appear a long time after contact with a 
stimulus. Immunologically, the pathogenesis of Hashimoto thyroiditis is based on 
the predominance of cellular response, whereas the pathogenesis of Graves’ Disease 
is associated with humoral response. This is, however, a gross simplification, as 
these processes overlap. Up to now, it has been thought that hyperstimulated CD4+ 
T cells play a major role in the pathogenesis of Hashimoto thyroiditis. T helper 1 
cells (Th1) produce interferon γ. Anti-TSHR antibodies against TSH receptor, whose 
differentiation is induced by Th1 cells, belong mainly to the IgG1 subgroup. Th1 
cells can also stimulate the production of antibodies by IL10 secretion, which in 
turn stimulates B cells. Helper T2 cells (Th2) secrete interleukin 4 (IL4) and lead to 
the stimulation and production of B cells and plasmatic cells, which produce IgG4 
antibodies against thyroid-attacking antigens (Figure 1).

Th17 cells originate from Th under the effect of various factors, i.e. TGFB, IL6, 
IL21, IL23 or STAT3. They produce interleukin 17 (IL17), involved in the promotion of 
inflammatory processes. Th17 cells show the expression of CCR6, IL23R, IL12Rβ2 and 
CD161. Their large population has been found in patients with AITD. In turn, Tregs 
make up an opposite population of lymphocytes that are mainly involved in the inhibi-
tion of immune hyperreaction; hence, their function is impaired or their number is 
decreased in various autoimmune diseases, including AITD. The analysis of the Th17/
Treg proportion in children showed a reduced number of phenotypes characteristic of 
Treg cells: CD4+IL17+/CD4+CD25+CD127− and CD4+IL17+/CD4+CD25+CD127−FoxP3+ in 
patients with Graves’ Disease as compared to the control group.

Figure 1. 
Model of Graves’ Diseases etiopathogenesis; APC – antigen presenting cell; M – macrophages, CD8 – cytotoxic 
cells; cells – Th1, th2.
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Inflammation is an orderly process that should result in the elimination of a 
pathogenic factor and recovery of physiological condition, thus reflecting an effec-
tive immune response. One of the major traits of inflammatory condition is its self-
limiting nature. The impaired suppresive function of lymphocytes leads ultimately 
to uncontrolled tissue injury and chronic inflammation. In the last few years, the 
maintenance of immunological tolerance has been ascribed to the subpopulation 
of B cells called B regulatory cells (Bregs). Their role has been emphasized in many 
autoimmune diseases which show both abnormal count and disturbed functionality 
of Bregs. Throughout the decades the knowledge of Bregs was based mainly on the 
research conducted on mice. The breakthrough was a study by Janeway et al., who 
in mice deprived of B cells observed a failure to recover after previous experimental 
autoimmune encephalomyelitis (EAE). Moreover, interleukin 10 (IL10) was found 
to be responsible for regulatory properties. Immature and mature B cells and 
plasmoblasts are thought to have a potential to differentiate towards Bregs produc-
ing IL10 both in mice and people. There is a strong potentiation of the function 
between Bregs and Tregs. On the other hand, Bregs inhibit differentiation of Th1 
and Th17 cells by suppressing the production of proinflammatory cytokines as well 
as proliferation of dendritic cells (Figure 2).

Apart from IL10 secretion, Bregs are characterized by the production of other 
factors, i.e. transforming growth factor β (TGFβ) and interleukin 35 (IL35) (Figure 3). 
Through the production of TGF-β, Bregs activated by lipopolysaccharide (LPS) are able 
to induce the apoptosis of effector CD4+ T cells and inactivity of CD8+ T cells. Another 
mechanism inhibiting the immune response is due to the effect of IL35 which may 
inhibit the effector function of T cells; it also induces Bregs, promotes differentiation of 
B cells to Bregs secreting not only IL35, but also IL10.

Authors still pose a question whether Bregs constitute a separate cell line, in 
which a specific factor controls the expression of the genes responsible for their 
suppresive function or appear in response to the action of specific factors that 
stimulate B cells in a suitable environment. Immature and mature B cells and plas-
moblasts and plasmatic cells may act as Bregs. Also B10 cells may differentiate into 
cells producing antibodies following termination of IL-10 production. In response 
to the inflammatory process, the level of Bregs increases and they gain the ability 
to regulate immunity. Thanks to the combination of antigen with B cell receptor 
(BCR), Bregs detect the inflammatory signal and induce regulatory effects [10–14].

Figure 2. 
Role of B regulatory cells in inhibiting differentiation of lymphocytes Th1 and Th17 and dendritic cells 
proliferation.
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3.1 Autoantibodies

The major markers of Graves’ Disease include TSHR-directed autoantibod-
ies (TRAb). TSHR belongs to the family of glycoprotein hormone receptors and 
stimulates adenyl cyclase (cAMP) through G protein. The cAMP activates all the 
functions of thyroid cells, e.g. thyroglobulin synthesis, functioning of iodine pump, 
activity of thyroid peroxidase and release of hormones. Thyrotropin is a physiologi-
cal agonist for the receptor.

Three types of TSH receptor antibodies can be distinguished:

• stimulating - thyroid stimulating immunoglobulins (TSI), which imitate the 
receptor ligand and increase the level of adenyl cyclase (cAMP), thus promoting 
the production of thyroid hormones and the growth of the gland.

• blocking - thyroid blocking immunoglobulins (TBI), inhibiting the activity of 
TSH and thus leading to hypothyreosis.

• neutral, whose effect on TSH receptor has not been yet examined.

In rare cases, both TSI and TBI are present or they are changed, one into the 
other, due to treatment. In clinical studies, the level of TRAb can be assessed 
using methods based on receptor binding (the so called binding assays), used to 
detect antibodies in the blood that compete with TSH for binding to its receptor 
(TSH binding inhibitory immunoglobulins, TBII or TRAb). However, in this way 
it is impossible to differentiate between their biological, stimulating or blocking 
activity.

The newest method, the so called bioassay (biological tests), is not routinely 
applied due to high costs. It can be used to determine the level of cAMP produc-
tion after TSI binding to TSH receptor. The method is also used to monitor thyroid 
opthalmopathy and in the case of doubtful diagnosis of Graves’ Disease due to 
borderline or negative TRAb values. Currently, no system is available to measure the 
activity of neutral antibodies. In our patients, TSI and TBI were determined with a 

Figure 3. 
Dual role of B lymphocytes. 10% of them release IL10, transforming growth factor beta (TGFβ) and 
interleukin 35 (IL35).
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biological test using Chinese hamster ovary cells with an embedded gene encoding 
the TSH receptor and with the luciferase system. TSI from a sample obtained from 
a patient binds to the receptor and via cAMP triggers the production of luciferase, 
thereby initiating a light reaction. The emission is measured with a luminometer. 
The measured values are compared to the reference values and in this way the pres-
ence of antibodies is confirmed or denied. The cut-off point in the analysis using 
a Thyretain TSI bioassay is the sample-to-reference ratio of more than 140% for 
the stimulating antibodies, and the degree of inhibition over 40% for the blocking 
antibodies.

Patients with hyperthyroidism and concomitant Graves’ opthalmopathy showed 
significantly higher values of TSI/TSAb before and during treatment as compared 
to hyperthyroid patients without opthalmopathy (Figure 4). Patients in the pre-
pubertal age had higher levels of TSI/TSAb than those in the pubertal age. Girls had 
significantly higher values than boys (p < 0.02) (Figures 5 and 6).

Moreover, the comparison of the proportion of positive values of TSI/TSAb 
vs. TBII in the whole group of patients with untreated Graves’ Disease and 

Figure 4. 
Levels of thyroid stimulating immunoglobulins (TSAb): (A) untreated children; (B) children treated with 
Graves’ Disease and with or without ophthalmopathy.

Figure 5. 
Levels of thyroid stimulating immunoglobulins (TSAb) in children with Graves’ Disease before and during 
adolescence.
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Figure 6. 
Levels of thyroid stimulating immunoglobulins (TSAb) in females and males with Graves’ Disease.

Figure 7. 
Comparison of positive values of TSI/TSAb to TBII levels in all patients with Graves’ Disease – untreated and 
with Graves’ Disease and ophthalmopathy.

Figure 8. 
ROC curves for TSI and TBII levels in patients with Graves’ Disease; (A) untreated; (B) treated.
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Graves’ Disease with concomitant opthalmopathy revealed significantly higher 
values for TSAb than TBII in each group (Figure 7). The ROC curves for TSI and 
TBII in the above mentioned group of patients with Graves’ Disease are pre-
sented in Figure 8.

Graves’ Disease is also characterized by the presence of autoantibodies 
directed against various components of the thyroid, i.e. antibodies against 
thyroid peroxidase (anti-TPO), thyroglobulin (anti-TG). However, they are not 
highly specific and sensitive in the detection of this disease [15–17].

4. Clinical symptoms

Graves’ Disease is a chronic disorder characterized by periods of exacerba-
tions and remissions, with a differentiated clinical picture, slightly different 
in children as compared to adults. In the pediatric population, the CNS shows 
higher sensitivity to the excess of thyroid hormones and lower to the circulatory 
system. On the physical examination, the patient presents with restless behav-
iour and body mass deficiency despite good appetite. The child’s skin becomes 
smooth, warm and moist, and the goiter is the most constant symptom. The 
thyroid goiter is usually evenly enlarged, with parenchymal density, smooth and 
painless. On palpation, throbbing and tremour of the gland can be felt, caused by 
enhanced blood flow, well heard (when auscultated above the thyroid) as a vas-
cular murmur, mainly in the upper poles of the gland. The heart action is mark-
edly accelerated and does not slow down at rest. In hyperthyroidism observed in 
the prepubertal group the growth rate and bone age advancement are accelerated 
due to increased release of growth hormone. The excess of thyroid hormones 
in early childhood is manifested by physical overreaction and concentration 
disorders. This effect is associated with the particular sensitivity of the CNS to 
the thyroid hormones, which affect α- and β-adrenergic postsynaptic receptors 
and increase serotonin release. In the prepubertal Graves’ group neuropsychiatric 
symptoms have been observed including hyperirritability, locomotor anxiety, 
sleep and concentration disorders, which are manifested as worse academic 
performance and emotional lability. Ophthalmopathy in children with Graves’ 
Disease is generally mild in nature and ocular lesions subside along with normal-
ization of thyroid hormone secretion. Infiltrative-hydropic exophthalmos is rare. 
Pretibial edema in the pediatric group has a location similar to that in adults but 
is different in nature: it is soft and not well separated. Table 1 presents the effect 
of hyperthyroidism on the respective systems.

Graves’ Disease occurs in children with other autoimmune diseases, such 
as type 1 diabetes, Addison’s disease, albinism, systemic lupus erythematosus, 
miastenia gravis, juvenile idiopathic arthritis, autoimmune thrombocytopenia, 
Addison-Biermer anemia. The risk of the disease is increased in children with 
trisomy 21, Turner syndrome and DiGeorge syndrome. In diabetic children meta-
bolic balance is difficult to achieve. The course of the disease in these patients 
with concomitant hyperthyroidism is labile and it is difficult to compensate for 
glycemia. Demand for insulin increases, mainly as a result of developing insulin 
resistance and fast tissue insulin metabolism. At the same time intestinal glucose 
absorption is increased, gluconeogenesis is enhanced and glycogen synthesis is 
decreased. Moreover, in the states of thyrotoxicosis the secretion of growth hor-
mone, which is also responsible for glycemia increase is elevated. In consequence, 
ketone acidosis frequently develops [1, 2].
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5. Diagnosis

5.1 Medical history and clinical examination

A detailed medical history and thorough clinical examination are indispensable 
for proper diagnosis. Clinical diagnosis of primary hyperthyroidism is confirmed 
by elevated levels of circulating thyroid hormones and TSH suppression to the 
values close to zero. In rare cases of hyperthyroidism, such as thyreotropinoma, 
ectopic TSH secretion and pituitary resistance to thyroid hormones, serum TSH 
level is usually elevated or inadequately normal, whereas the levels of thyroid 
hormones (fT4 i/lub fT3) are increased. With autoimmunization in Graves’ Disease, 
the level of anti-TSHR antibodies is elevated. High titer of these antibodies allows 
for the exclusion of the toxic phase of Hashimoto thyroidits (hashitoxicosis) and 
subacute thyroiditis. Other antithyroid antibodies (a-TPO and a-ATG) are of minor 
importance. Very seldom, the co-occurrence of Graves’ Disease and hashitoxicosis 
determines a positive titer of anti-TSHR antibodies.

5.2 Imaging investigations

Imaging investigations- thyroid ultrasound - is a subsequent stage in the 
diagnosis of hyperthyroidism; however, it is not indispensable for the diagnosis 

Organs Symptoms

Nervous system Nervousness, irritability, emotional lability, sleep disturbance, headaches, learning 
difficulties, trembling of fingers, toes, tongue- fine tremor; motor incoherence, muscle 
weakness, excessive fatigue, especially of proximal muscles of limbs; reduction of 
tendon reflexes’ duration;

Skin Smooth, soft, satin skin; increased sweating and moistness; intensified warmth of the 
skin; vivid dermographism; delicate and breakable hair;

Eyes Von Graefe’s, Kocher’s, Stellwag’s, Popow’s, Dalrynple’s, Joffroy’s signs- mild symptoms 
caused by stimulation of the sympathetic nevous system; Moebius’ sign- lack of 
convergence; exophthalmos- bulging of the eye anteriorly out of the orbit;

Bones Acceleration of growth rate and maturation of bone age in children; final height lower 
than expected due to early overgrowth of epiphyseal cartilages; intensive decay; limbs’ 
pain; osteoporosis- typical for adults;

Circulatory 
system

Constant tachycardia; increase of systolic BP, decrease of diastolic BP (high amplitude 
of blood pressure); heart arythmia- premature atrial contractions, atrial fibrillation 
(especially in newborns); systolic murmur caused by hyperkinetic circulation; in ECG: 
increase of QRS amplitude; disturbance of repolarization phase; echocardiography: 
signs of hyperkinetic circulation;

Digestive system Increased appetite combined with weight loss; accelerated intestinal passage and 
increased number of defecations; fatty diarrheas caused by inadequate secretion 
of pancreatic enzymes due to accelerated gastric emptying and increased intestinal 
peristalsis; absorption disorders;

Urinary tract Increased thirst and polyuria due to increased index of glomerular filtration; 
hypercalcaemia, as the most frequent electrolyte disturbance in hyperthyroidism, 
impairs antidiuretic hormone activity, disturbs urine concentration and induces renal 
diabetes insipidus;

Reproductive 
system

Menstrual disorders; secondary lack of menstruation; decreased libido;

Table 1. 
Impact of hyperthyroidism on different systems.
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of Graves’ Disease. In autoimmune hyperactivity, the thyroid is usually enlarged, 
with reduced echogenicity and markedly increased blood flow in color Doppler 
ultrasound (CDUS) and in power Doppler examination, with moderately 
increased flow in non-autoimmune hyperactivity caused by active mutation in 
TSH-R (Figures 9 and 10). Currently, due to high access to anti-TSHR antibody 
titer assays, gland scintigraphy with I123 or Tc99 is seldom performed. It used to 
be widely applied to differentiate between Graves’ Disease, thyrotoxic phase 
of chronic lymphocytic thyroiditis, subacute thyroiditis and a hormonally 
active nodule.

5.3 Other examinations

If nodular lesions coexist, fine-needle aspiration biopsy (FNAB) of the thyroid 
should be performed. Elastography remains a complementary method to differenti-
ate nodules [18].

Figure 9. 
Ultrasound image of hyperthyroidism in the course of active mutation in TSH receptor: (a) thyroid gland 
slightly enlarged bilaterally, inhomogeneous, hypoechogenic; (b) moderately increased vascular flow in Doppler 
ultrasonography.

Figure 10. 
Ultrasound image of hyperthyroidism in the course of Graves’ Disease: (a) thyroid gland enlarged 
bilaterally, inhomogeneous, hypoechogenic; (b) increased, regular vascular flow in Doppler  
ultrasongraphy.
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6. Treatment of hyperthyroidism

In most common type of hyperthyroidism in children with Graves’ Disease 
causal treatment is unknown. The management involves pharmacotherapy (thy-
rostatics, β-adrenolitics), although sometimes radical radioiodine I131 therapy or 
surgical treatment is necessary. Some world literature reports indicate the applica-
tion of immunotherapy in Graves ophtalmopathy in adults using rituximab (mono-
clonal anti-CD20 antibodies) to delete B cells. Thorough knowledge of the structure 
of human antibodies stimulating (M22) and blocking (Ki-70) TSHR has given great 
hope for their immunotherapeutic use in humans, including possible administra-
tion of blocking antibodies (TBI) to treat severe thyroid ophthalmopathy in the 
course of Graves’ Disease. In children, conservative treatment with thyrostatics is 
most frequently used.

In clinical practice, two basic methods are used:

• the so called combined method (“block and replace” regimen), consisting in 
the inhibition of the production of thyroid hormones with a thyrostatic and 
administration of levothyroxin at a replacement dose (less recommended 
currently).

• adaptive method (titration regimen), based on monotherapy with a thyro-
static; smaller doses of the drug are used depending on the levels of thyroid 
hormones.

6.1 Thyrostatics

It is assumed that treatment with thyrostatics until eutyreosis is obtained usu-
ally lasts a few weeks (2–6 weeks), and complete treatment with gradually decreas-
ing doses should be conducted for 24–36 months (Figure 11A). When Graves’ 
Disease occurs in the prepubertal period the time of therapy prolons to 3–6 years 
(Figure 11B). In children thiamazoles are administered, namely imidazole, thiam-
azole (administered in one or two doses; 0.3–0.6 mg/kg/24 h, max. 30 mg/24 h), 
carbimazole (two or three doses daily; 0.4–0.8 mg/kg/24 h.

Propylothiouracyl, which 12–15 years ago used to be the most commonly 
administered medicine in the USA in the therapy of Graves’ Disease, currently is 
not recommended and even contraindicated due to increased risk of severe liver 
damage. FDA reports have indicated that 1:2000 children may develop severe liver 
failure that will require transplantation as a consequence of propylothiouracyl 
administration. In 1:200 children reversible propylothiouracyl-dependent liver 
damage will occur. The only way to avoid liver injury is to withdraw this drug, 
limiting its use only to patients who are allergic to thiamazole and who have to 
be prepared to surgery or in children sensitive to thiamazole whose parents do 
not give their consent to radical treatment, as well as in the first trimester of 
pregnancy.

A -adrenolitic drug (athenolol 1–2 mg/kg in one dose or propranolol  
1–2 mg/kg in 2–3 doses) is also administered for the first 2–4 weeks until euthy-
reosis is achieved to monitor hyperactivation of the cardiovascular system. 
Serum levels of fT3 and fT4 get normalized after 2–6 weeks, whereas TSH can be 
inhibited for a few months (3–6 on average). Therefore, in the initial phase of the 
treatment peripheral hormones should be monitored. Thyroid hormones usu-
ally need to be measured after 2 weeks, one month and then every month until 
TSH normalization. When f T3 and f T4 become normal the thyrostatic dose is 



Graves’ Disease

282

decreased by 30–50%, and then after the subsequent 3–6 weeks depending on the 
level of the hormones to the maintenance dose of 5–15/24 h. The persistence of 
antireceptor antibodies and difficulty in obtaining euthyrosis indicate high risk of 
relapse. Thus, remission is strictly related to the titer of TSI antibodies. When the 
titer is high, the chance of remission is 15%, and with a low titer approximately 
50% of patients enter remission. Therefore, already at the start of the therapy, 
determination of TSI antibodies may help predict which patients are likely to 
achieve long-term remission of the disease.

Figure 11. 
(A) Schemes of Graves’ Disease treatment strategies: A option (Figure 11A) and B option (Figure 11B).  
(B) Schemes of Graves’ Disease treatment strategies: A option (Figure 11A) and B option (Figure 11b). Based 
on: Léger et al. [1].
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The incidence of side-effects depends on the thyrostatic dose. All antithyroid 
drugs may cause goiter. Other undesirable effects include skin disorders, such as 
pruritus, urticarial or erythematosus exanthema, dyspepsia, arthralgia or transitory 
granulocytopenia (<1500 granulocytes/mm3).

Agranulocytosis is rare (approximately 0.2% of cases). It should be remem-
bered that as hyperthyreosis may lead to moderately increased neutropenia, 
complete blood cell count should be done prior to treatment and in any case of 
fever or strep throat. When the level of neutrophils is <1000/mm3, the treatment 
should be discontinued or the dose decreased; at <500/mm3 – further treatment is 
contraindicated.

In turn, the level of transaminases should be assessed prior to treatment imple-
mentation and possibly when a thyrostatic is introduced. Regular control of liver 
function is not justified. If symptoms of jaundice, gastrointestinal dysfunction or 
pruritis appear, measurements should include liver enzymes (ASPAT, ALT), total 
and bound bilirubin and ALP. Cholestatic jaundice, hepatitis or lupus-like syn-
drome are rare.

Other side-effects after propylothiouracyl administration include hepato-, 
neuro- and myelotoxic effects (with thrombocytopenia and agranulocytosis <250 
granulocytes/mm3) and vasculitis with the presence of ANCA antibodies. Thus, in 
the light of the current knowledge, children should not be treated with propylothio-
uracyl, and the recommended therapy should be based on thiamazole, radioactive 
iodine or surgery [19–22].

6.2 Radioiodine therapy

Radioiodine therapy is usually restricted to patients who are resistant to phar-
macological treatment and who do not enter remission, or when they develop toxic 
reaction to a drug or have not complied with doctor’s recommendations. The aim of 
the therapy is total destruction of the thyroid parenchyma by applying an ablative 
dose and in consequence obtaining permanent hypothyroidism. The advantages 
include easy application, lack of long-term side-effects and high efficacy of the first 
dose (approximately 95%). In the relapse of hyperthyroidism the subsequent dose 
of radioiodine can be administered 6 months after the first dose.

Young age (>5 years) is not a contraindication for this therapy, although much 
caution is required in children younger than 10. The risk of thyroid cancer in 
children exposed to I131 is the highest in those younger than 5 years due to increased 
vulnerability of the thyroid tissue to proliferative effects of ionizing radiation and 
gradually decreases in older age groups. Thus, children receive higher doses of 
radioiodine, i.e. a constant dose of 15 mCi, or doses dependent on the gland mass 
and its iodine uptake potential (150–200 μCi/g of thyroid tissue; 5.5–7.4 Mq/g; 12 
000–16 000 cGy/g), so that to minimize the risk of secondary neoplasms. The 
radioiodine therapy should be followed by thyroxin substitution to manage hypo-
thyroidim and avoid TSH increase. There is also no evidence that in the offspring of 
patients treated with I131 due to hyperthyreosis or thyroid cancer the risk of genetic 
defects is elevated (it is comparable to the risk noted in the general population).

Iodine (I131) is usually administered after a break of 5–7 days in the application of 
the thyrostatic. Some suggest that antithyroid therapy should not be disrupted and 
the I131 dose needs to be increased by 20% to avoid the risk of an overactive thyroid 
storm. Otherwise, the use of -adrenolites and antiinflammatory non-steroids should 
be recommended to attenuate the symptoms of postradiation thyroiditis. Moreover, 
less common are nausea, pruritis of the neck skin, hypoparathyroidism or exacerba-
tion of Graves ophthalmopathy. In this latter case, even though enhanced opthal-
mopathy in children is not frequent, protective treatment with glycocorticosteroids 
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for 6–8 weeks should be considered (some recommend 3 months after radioiodine 
administration). Prolonged steroid therapy may have an effect on growth cartilage 
and body mass, and shows immunosuppresive action. Contraindications to radioio-
dine therapy are at the same time indications for surgery: large goiter >80 g, pressure 
symptoms, severe thyrotoxicosis with accompanying neurological symptoms, lack of 
iodine uptake of the thyroid, suspicion of a neopastic lesion, severe ophthalmopathy, 
age < 5 years, pregnancy and lactation, and also lack of consent to I131 treatment.

6.3 Surgical treatment

Surgical treatment of Graves’ Disease is the oldest therapeutic method and total 
thyroidectomy which prevents relapse of hyperthyroidism is currently recom-
mended. However, it is burdened with the risk of retrograde laryngeal nerve injury, 
hypoparathyroidism and more seldom hypothyroidism relapse (referring to 1–5% 
of children after total thyroidectomy vs. approximately 10–20% after partial or 
subtotal thyroidectomy). Sporadically, infection or keloid is observed at the site of 
the postoperative scar. The risk of complications depends to a large extent on the 
skills and experience of a surgeon. Importantly, prior to surgery a patient has to be 
treated with a thyrostatic drug and be in euthyreosis, receive iodide preparations 
(e.g. Lugol’s solution or potassium iodide) 7–10 days before, 3–7 drops, each dose 
twice daily to reduce thyroid gland vascularity.

6.4 Excision of thyroid tissue

In rare cases of hyperthyroidism in children that is caused by the presence of 
autonomic tissue, radical treatment with thyroid removal or administration of abla-
tion doses of radioiodine is recommended. In the state of thyroid hormone poison-
ing, the hormones need to be withdrawn and a -adrenolitic drug, e.g. propranolol, 
should be administered.

The therapy should be individually tailored and discussed both with the patient 
and the family [23–26].

7. Conclusions

• The diagnosis of Graves’ Disease in children is based mainly on the determina-
tion of TSH suppresion and the presence of anti-TSHR antibodies.

• Thyroid ultrasound is not indispensable for the diagnosis; however, it allows 
for the assessment of the gland size and homogeneity.

• Scintigraphy is not required to diagnose Graves’ Disease.

• The measurement of T4 and T3 is not obligatory in the diagnosis of Graves’ 
Disease in children, but it is useful for treatment monitoring and to assess the 
prognosis of the disease relapse.

• Lack of anti-TSHR antibodies may suggest genetically inherited 
hyperthyroidism.

• The first-line treatment of Graves’ Disease in children involves pharma-
cotherapy with imidazole, carbimazole, thiamazole at the initial dose of 
0.4–0.8 mg/kg/24 h (0.3–0.6 mg/kg/24 h for thiamazole) depending on the 
disease severity to the maximum dose of 30 mg.
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• Propylothiouracyl is contraindicated for children.

• Depending on patient’s age, disease severity and the presence of anti-TSHR 
antibodies the initial therapy should last 3–6 years.

• Prior to the treatment implementation, peripheral blood cell count measure-
ment should be performed to assess the grade of neutropenia caused by 
hyperthyroidism. Regular determination of blood count during check-ups is 
not necessary.

• Blood count should be performed if the patient is feverish or has strep 
throat. Neutrophil count <1000/mm3 is an indication for treatment discon-
tinuation or dose reduction; <500/mm3 - further treatment is absolutely 
contraindicated!

• The level of transaminases should be determined prior to treatment. Regular 
control of liver function is not justified.

• When jaundice, gastrointestinal tract dysfunction or pruritis appear, liver 
enzymes (ASPAT, ALAT), total and bound bilirubin and ALP should be 
determined..

• Patients and their parents should be informed about possible side-effects of 
thyrostatics.

• Patients and their families should be informed about prognosis (50% of 
patients obtain remission after a few years of treatment) and possibilities of 
radical treatment.

• Female patients with Graves’ Disease (both in the course of remission and after 
radical treatment) require endocrinology care prior to and during planned 
pregnancy.

• Indications for radical treatment include contraindications to pharmacology, 
poor results of pharmacotherapy, repeated prolongation of therapy, parents’ 
and child’s request.

• Thyroidectomy is a radical method applied in children before the age of 5 years 
or in the case of large goiter, nodular goiter or goiter pressing the organs.

• The experience of a surgeon performing thyroidectomy in children is the major 
factor responsible for postoperative complications.

• Radioiodine therapy is recommended after the age of 5 years if the goiter is not 
too large (more frequently in puberty).

• Education of patients and parents is important to ensure the best possible 
response to treatment.
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Chapter 17

Unusual Presentation and Rare 
Comorbidity of Graves-Basedow’s 
Disease in Children
Agota Muzsnai

Abstract

Graves’-Basedow’s disease (GD) is a well-defined hyperthyroid disorder caused 
by circulating antibodies that results the overproduction of thyroid hormones. All 
but a few children present with some degree of thyroid gland enlargement and most 
have two or more signs of excessive thyroid activity, such as tremor, irritability/
nervousness, tachycardia etc. Fully developed clinical picture is easy to recognize 
while often the onset is insidious. Thyroid hormones affect many body systems, so 
signs and symptoms of Graves’ Disease can be wide ranging. A survey on PubMed 
literature was conducted to gather all published pediatric Graves-Basedow’s cases 
with unusual presentation at the time of diagnosis. We found all together 70 
manuscripts with relevant information from 1978 to 2020 but mainly adult cases. 
One third of them were found to meet the criteria we focused on and were included 
in this paper, though in some situation the unusual findings do not consist part of 
hyperthyroidism, the rare manifestation is only a coexistence, or the serious disease 
even precedes the GD. Dermatopathy, hepatic dysfunction, impaired fluid balance, 
concomitant disorders in thyrotoxicosis, tricky laboratory findings, a phenomenon 
of metamorphic thyroid autoimmunity, peculiarities of thyroid dysfunction in 
children with Down syndrome, apparent associations, and reconstitution GD are 
highlighted in this chapter. Awareness about the relation of these remote findings 
to GD, or frequent coexistence with GD is important for early diagnosis. Finally, a 
reasonable suspicion for Graves’ Disease may ultimately help to prevent unneces-
sary investigations and treatment.

Keywords: hyperthyroidism, thyrotoxicosis, thyroid autoimmunity, antibodies,  
rare disorder, Hashimoto thyroiditis, Turner syndrome, Down syndrome, 
reconstitution GD, children

1. Introduction

In pediatric age group the Grave’s-Basedow disease (GD) is by far the most 
common cause of hyperthyroidism, accounting for greater than 95% of cases. The 
underlying process is an autoimmune reaction with cell proliferation and excess 
function (overproduction of thyroid hormone) caused by anti-thyrotropin recep-
tor antibody (TRAb). When using term thyrotoxicosis, it depicts the clinical and 
biochemical manifestations of excess thyroid hormones. The annual incidence 
of thyrotoxicosis was less than 1 per 100,000 children <15 years of age in the last 
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century and rised slowly above 1.5 per 100,000 by 2012 with the pubertal domi-
nance up to 80%. In spite of the GD is a rare disorder in children, physicians should 
consider Graves’ Disease in any child with clinical manifestations of hyperthyroid-
ism, regardless of the age.

All but a few GD children present with some degree of thyroid gland enlarge-
ment and most have two or more signs of excessive thyroid activity. The clinical 
manifestations of hyperthyroidism during fetal life are tachycardia, cardiac 
arrhythmia, intrauterine growth retardation and may be associated with nonim-
mune fetal hydrops, craniosynostosis. Features of this condition in the neonate 
include irritability, tachycardia, hypertension, cardiac failure and arrhythmias, 
diarrhea, poor weight gain, vomiting, jaundice, hepatosplenomegaly, ophthal-
mopathy, craniosynostosis and thyroid enlargement. In childhood hyperkinesis, 
tachycardia, tremor, frequent stools, nervousness are the signs of hyperthyroidism 
but in young children these are less characteristic, often unrecognized. In school-
age hyperthyroidism neuropsychiatric symptoms such as hyperactivity and poor 
school performance are common features. Adolescents usually present with classic 
signs including weight loss despite of good appetite, diarrhea, nervousness, and 
heat intolerance. Fully developed clinical picture is easy to recognize while often 
the onset is insidious. Thyroid hormones affect many body systems, so signs and 
symptoms of Graves’ Disease can be wide ranging.

This chapter is aimed to draw attention to less common or less distinctive signs 
and symptoms which can be in relation to GD at the time of diagnosis. A survey was 
conducted on PubMed literature to gather all published pediatric Graves-Basedow’s 
cases with unusual presentation at the time of diagnosis. We found all together 70 
publications with relevant information from 1978 to 2020 but mainly adult cases. 
Half of them (36) were found to meet the criteria we focused on and were included 
in this paper, though in some situation the unusual findings do not consist part of 
hyperthyroidism, the rare manifestation is only a coexistence, or the serious disease 
even precedes the GD. Awareness about the relation of these rare manifestations or 
disorders to GD is essential to avoid wrong diagnosis, unnecessary investigations, or 
fatal outcome due to delay of diagnosis.

2. Unusual signs and symptoms

2.1 Dermopathy and acropachy

Thyroid dermopathy (TD), also called pretibial myxedema and thyroid 
acropachy (TA) together with Graves’ orbitopathy (GO) are extrathyroidal 
manifestations of GD. Graves’ ophthalmopathy in children not as common as in 
adults and less severe than in later age. Dermatological symptoms are rare and 
in general develop sequentially: Dermopathy is usually present if the patient is 
also affected with GO. The very rare acropachy occurs only in patients who also 
have dermopathy [1]. Or in other words, acropachy is an indicator of severity of 
ophthalmopathy and dermopathy. All have an autoimmune origin, the immune 
reaction is targeted to TSH receptor and, likely, the IGF-I receptor. Typical 
presentation of dermopathy is nonpitting edema or plaque-like lesions on the 
pretibial region, while thyroid acropachy presents as digital clubbing, swelling of 
digits and toes, and periosteal reaction of extremity bones. Awareness about the 
relation of TA to GD is important as clubbing usually is not a patient complaint 
and is noted only by clinical observers. Recently Kraus CN and al. reported a 
case of acropachy in a child as well as reviewed the literature of pediatric thyroid 
dermopathy [2].
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2.2 Cholestasis

Hepatic dysfunction is commonly observed in patients with thyroid disease, it 
can be categorized mainly into group with either hepatocellular damage (transami-
nases elevations), or intrahepatic cholestasis (bilirubin elevation). In newborn, the 
hypothyroidism is the most typical thyroid disorder associated with cholestasis. 
Jaundice due to intrahepatic cholestasis may be a salient symptom in GD patients, 
and very occasionally, it is the presenting manifestation of thyrotoxicosis. The 
mechanism of liver injury in pure hyperthyroid states is not well understood, and 
no correlation was documented between abnormal liver biochemical tests and 
thyroid hormone levels. A contributing factor appears to be relative hypoxia in the 
perivenular regions, due to an increase in hepatic oxygen demand without an appro-
priate increase in hepatic blood flow [3], the other might be the thyroid hormones 
themselves with a direct toxic effect on hepatic tissue in hypermetabolic state [4]. 
If other possible causes of cholestasis are excluded, recovery occurs parallelly with 
restoration of euthyroidism. In the absence of another evidence of liver disease, 
and when jaundice is purely due to the hyperthyroidism, thionamide drugs may be 
used with monitoring of serum bilirubin and liver function tests [5]. Newborns and 
adolescent patient were reported with jaundice/hyperbilirubinemia as manifesta-
tion of GD hyperthyroidism [6–8].

2.3 Polydipsia, nocturnal enuresis

Disturbance of water homeostasis can lead to polyuria-polydipsia syndrome, 
which is a diagnostic challenge. Polydipsia is a nonspecific symptom in various 
diseases, often accompanied by polyuria. Increased thirst and/or nocturnal enuresis 
can be the main complains, and a careful case history usually reveals the primary 
reason (disturbed input or output). Polydipsia has been described as a presenting 
symptom of hyperthyroidism in adults. A few years back a serendipitous identifica-
tion of GD in identical twin girls with polydipsia was published [9]. Though etiol-
ogy of nocturnal enuresis is not fully understood, evidence is growing that enuresis 
may have a central origin: bedwetting children have lower brainstem reflex control 
(impaired prepulse inhibition) than normal controls [10]. A case of a 9-year-old 
boy has been reported by the same team who suffered from hyperthyroidism and a 
new appearance of enuresis. Bedwetting ceased and prepulse inhibition – measured 
as a parameter of central control – increased during on course of anti-thyroid 
therapy [11]. In our praxis we experienced two GD cases where nighttime inconti-
nence was the presenting feature of recurrent hyperthyroidism.

3. Rare concomitant disorders

3.1 Thyrotoxic periodic paralysis

Thyrotoxic periodic paralysis (TPP) is a rare disease of the muscles secondary to 
hyperthyroidism presenting sudden attacks of short-term muscle weakness, stiff-
ness, or paralysis. The underlying mechanism is malfunctions in the ion channels 
in skeletal muscle cell membranes: An increased influx of potassium into skeletal 
muscle cells leads to profound hypokalemia and paralysis. Hypokalemia in thy-
rotoxic hypokalemic periodic paralysis (THPP) results from an intracellular shift 
of potassium and not total body depletion. The symptoms may be mild or severe, 
and they may last for minutes or days, involving the whole body or just one or 
both limbs. The severity of the disease does not correlate with the hormone levels, 
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and muscle paralysis simply resolves by achieving the euthyroid state. TPP most 
frequently seen in Asian men and also reported in Hispanic adolescent males  
[12, 13]. Fatal outcome of a 10-years-old girl with delayed diagnosis of hyperthy-
roidism should draw attention to the awareness about this rare but potentially 
lethal disorder [14].

3.2 Encephalopathy

Presenting feature of encephalopathy in GD and Hashimoto’s thyroiditis 
would be similar (seizures, stroke-like episodes, cognitive decline, neuropsy-
chiatric symptoms etc.) but characteristics of thyroid derangement is reversed. 
Thyroid function is not an issue in Hashimoto’s encephalopathy which is renamed 
now as ‘steroid responsive encephalopathy associated with autoimmune thyroid-
itis (SREAT)’, while brain dysfunction is associated to hyperthyroid state in GD. 
Hecht T and coworkers reported on a 7-year-old girl with generalized seizures, 
somnolence, fever, and respiratory distress. The increase of sinus tachycardia 
with good hydration, sufficient analgesia, and hyperthermia led to the determi-
nation of thyroid hormones, and therefore finally to the diagnosis of a thyrotoxic 
crisis in Graves’ Disease. Symptoms were disappeared by thyrostatic therapy 
[15]. They concluded that thyrotoxic crisis should be considered a differential 
diagnosis in case of resistant unexplained sinus tachycardia, seizures, and 
encephalopathy.

4. TSHR-blocking autoantibody (TBAb)

In Graves-Basedow’s patients TRAb stimulates thyroid hormone synthesis by 
activating the TSH receptor (stimulating TRAb /TSAb/, TSHR agonist). TSHR 
antibodies that lack agonistic activity but are competitive inhibitors of TSH bind-
ing can cause hypothyroidism (blocking TRAb/TBAb/, TSHR antagonist). There 
is a wide variety of TSHR antibody assays employed in the past and nowadays. 
Depending on the underlying method, two types of assays are important for 
determination of circulating autoantibodies: Competition for ligand binding or 
measuring bio-response. A rare history of monozygotic 10-year-old twins was 
published who presented with hyper- and hypothyroidism, respectively [16]. Both 
girls had antibodies against thyrotropin receptors as measured by a radioreceptor 
assay. Analyzing further the sera in a functional bioassay, the TSH receptor anti-
bodies of the hyperthyroid twin displayed stimulatory activity typical of Graves’ 
Disease, while the antibodies of the hypothyroid twin acted as pure antagonists at 
the TSH receptor level. This is a proven pediatric case with hypothyroidism due to 
thyroid (or TSH)-blocking antibodies, where the pathogenesis was similar to GD. 
In the following 30 years an extensive work of research groups has led to significant 
improvements that has enabled bioassays to be employed routinely in clinical labo-
ratories: 1, Two human monoclonal antibodies (MAbs) with TSHR agonist activity 
(M22 and K1-18), one human MAb with TSHR antagonist activity (K1-70) and one 
human MAb (5C9) with both TSHR antagonist and TSHR inverse agonist activity 
have been isolated [17]. 2, Currently available highly sensitive and specific assays to 
measure TRAbs use the human TSHR monoclonal antibody (Mab) M22 instead of 
the TSH [18]. Based on a research-use only service offered by RSR Limited, an adult 
case of woman with fluctuating hypo- and hyperthyroidism was published provid-
ing proof that a patient can produce a mixture of blocking and stimulating TSHR 
autoantibodies at the same time [19].
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5. Metamorphic thyroid autoimmunity

Here we overview the phenomenon of metamorphic thyroid autoimmunity 
anticipating, that more investigational studies are needed to reveal the underlying 
mechanism, and larger epidemiological studies are needed to confirm that this find-
ing is not unusual but is rather under-recognized in pediatric population. The term 
metamorphic thyroid autoimmunity was introduced by Ludgate M. and Emerson 
H. commenting cases with a conversion from Hashimoto thyroiditis (HT) to GD or 
vice versa [20–22]. A few years later Wasniewska M et al. aimed to ascertain HT in 
the history of GD children order to assess the relative frequency of this phenom-
enon [23]. Based on retrospective data of a cohort of 109 GB children and adoles-
cents without coexistent chromosome abnormalities they calculated the frequency 
between 3 and 4%. Reporting results they confirmed the existence of a possible 
continuum between HT and GD within the spectrum of autoimmune thyroid 
diseases. In search of switching process from HT to GB in patient with either Turner 
syndrome (TS) or Down syndrome (DS) the same team found that antecedents of 
HT were significantly more common in chromosomopathy group (9/35 = 25.7%) 
compared to age-matched GD patients (4/109 = 3.7%) [24]. Guessing the clue of 
this immunological paradigm it should take into high consideration that attribute 
of HE is a cell-mediated destruction of thyroid tissue with hypo- or euthyroidism 
while GB is a TRAB-mediated gland activation presented in hyperthyroidism. In 
general, thyroid autoimmunity involves loss of tolerance to thyroid proteins in 
genetically susceptible individuals in association with environmental factors, no 
single mechanism explains the altered immune-reaction. Further immunological 
and genetic investigations can add explanatory information to this unusual pendu-
lum swinging thyroid autoimmunity.

6. Peculiarities in Down syndrome

6.1 Asymptomatic vs. cumulative presentation

Thyroid derangement is the most frequently encountered endocrinopathy in 
Down syndrome (DS) affecting almost half of the patients (7 - 66%). Based on 
this fact the life-long monitoring of the thyroid function is recommended for all 
DS patients. Thyroid abnormalities encompass mainly any kind of hypothyroidism 
(congenital, primary, subclinical, or overt hypothyroidism), isolated hyperthyro-
tropinemia, Hashimoto thyroiditis or very rarely GD. Autoimmune thyroid disease 
is uncommon in young children with Down’s syndrome but is common after 8 years 
of age [25]. A Spanish group [26] reported on three DS children with GD: Two 
of them were asymptomatic for thyroid hyperfunction (a 14-year-old girl and an 
8-year-old boy), while the third child (a 12-year-old girl) presented goiter, ner-
vousness, weight loss and tachycardia. In addition to the typical features of hyper-
thyroidism, the patient showed right-side heart failure and elevated transaminases, 
which disappeared with antithyroid treatment. Though annual biochemical screen-
ing for early detection of thyroid hypofunction is reasonable, regular auxological 
and clinical assessment in syndromic patients is also important.

6.2 Metamorphic thyroid autoimmunity

HT and GB are two different disease entities in the spectrum of thyroid autoim-
munity presenting dominantly with hypothyroidism (HT) or with hyperthyroidism 
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(GB). A metamorphosis of both clinical and biochemical phenotype from HT to 
GD or vice versa has been discussed for more than 10 years [22] based on sporadic 
cases. A tapered Italian team conducted several retrospective studies to shed light 
on this phenomenon in pediatric population. In 2015 they published a research 
paper reconstructing the conversion process from HT to GD and the subsequent 
evolution of GD in a series of 12 children (7 girls/5 boys) with DS [27]. All patients 
fulfilled the criteria for diagnosis of HT and GD taking laboratory measurements 
and ultrasonography scan. Time interval between HT diagnosis and GB presenta-
tion ranged from 0.7 to 6.5 years, and Graves’ Disease showed a milder clinical and 
biochemical course in this cohort. Summing up they conclude that „1, DS children 
might be incline to manifest over time a phenotypic metamorphosis from HT to GH 
and to subsequently fluctuate from hyperthyroidism to hypothyroidism; 2) in DS 
GD may have a mild biochemical and clinical course” [27].

6.3 Unusual scenario

A DS case with an unusual thyroid constellation were published by Nebesio TD 
and Eugster EA. „ A 10-year-old girl with Down syndrome was diagnosed with 
congenital hypothyroidism in the newborn period due to left thyroid hemiagenesis. 
Unexpectedly, her hypothyroidism resolved at the age of 3 years. After being off 
thyroid hormone replacement for 7 years and having normal thyroid function, she 
developed Graves’ Disease with typical signs and symptoms of hyperthyroidism 
including diarrhea, inattention, and hyperactivity” [28]. This case highlights also 
the unpredictable course of thyroid disease which may occur in children with Down 
syndrome.

7. Coincidence in polyendocrinopathy APS3

The autoimmune polyglandular syndromes (APS1-4) encompass a wide clinical 
spectrum of disease with different (monogenic/complex) genetic etiologies and 
heterogeneous presentation. APS2 is defined by presence of primary adrenocortical 
insufficiency with either autoimmune thyroid disease or type 1 diabetes mellitus in 
the same patient. The clinical diagnosis of APS3 requires the presence of an autoim-
mune thyroid disease and an additional autoimmune illness other than Addison’s 
disease; a frequent combination is pernicious anemia, vitiligo, alopecia, myasthenia 
gravis and Sjögren sy. Thyroid disease purports a variety of thyroid disorders. 
Hypothyroidism is more common than Graves’ Disease, and GD tends to manifest 
at a younger age. Recently Klenczar K and coworkers reported on a 11-year-old 
female patient, who presented coincidence of T1DM with other autoimmune 
diseases, such as Graves-Basedow’s disease, myasthenia gravis, vitiligo, and IgA 
deficiency [29]. The clinical picture of this case fulfilled the criteria of autoimmune 
polyglandular syndrome type 3.

8. Unexpected coexistence

Stickler syndrome is a rare genetically heterogeneous disorder of the connective 
tissue, caused by abnormal synthesis of type II, XI, or IX collagen. It is character-
ized by a distinctive facial appearance, eye abnormalities, hearing loss and joint 
problems. Ocular involvements are early onset cataract, myopia, abnormal vitre-
ous humor, retinal detachment, and most of the patients exhibit short stature. 
Onesimo R et al. reported on a 5-year-old girl affected by Stickler syndrome who 
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was diagnosed with GD in preclinical state, during health supervision and evalua-
tion by pediatric endocrinologist for short stature [30]. None of her family member 
suffered from autoimmune thyroid disorder and her medical history was negative 
for autoimmune disease. Association between Stickler’s syndrome and GD in this 
case seems to be an incidental coexistence.

9. Reconstitution Graves’ Disease

Reviewing the manuscripts on Graves’ Disease and rare comorbidity, a new 
issue has been raised. Growing numbers of publication on the association between 
biological treatment for life-threatening and/or medication-refractory disorders, 
and the development of autoimmune hyperthyroidism in adults, call the attention 
to secondary GD [31, 32]. The use of different modality targeting the immune 
system as a curative therapy (e.g. hematopoietic stem cell transplantation /HSCT/, 
antithymocite globulin/ATG/, antiretroviral therapy/ART/etc.), has had a profound 
impact on clinical outcomes. A subset of patients may experience immune restora-
tion disease (IRD)/immune reconstitution inflammatory syndrome (IRIS) affecting 
the thyroid gland in two form, such as Hashimoto thyroiditis or Graves’ hyperthy-
roidism. Although both are more common in children because of early thymic dam-
age, it has received little attention in pediatric literature [33]. Sporadic cases were 
reported on challenging autoimmune processes: Defective T-cell function take place 
during the pathogenesis both of aplastic anemia (AA) and GD. Antithyroid drugs 
used for the management of GD may induce AA and GD may occur following treat-
ment of severe aplastic anemia (SAA). The latter occurred in a 11-year-old girl who 
had been treated with allogenic HSCT at age of 8 years as having severe acquired 
AA [34]. A case of another child was published earlier with chronic relapsing severe 
aplastic anemia and GD [35]. Authors supposed a close relation in manifestation of 
hypertyroidism due to withdrawal of immunosuppressants. In adult patients the 
secondary GD may exhibit a fluctuating course, with alternating phases of hyper- 
and hypothyroidism, due to the coexistence of TRAb with stimulating and blocking 
function [36]. Clinicians need to remain vigilant when initiating immune reconsti-
tution therapy, and a careful management and follow-up for thyroid function after 
these treatments are essential.

10. Discussion

In this chapter we presented a spectrum of unusual clinical findings, signs of 
Graves-Basedow’s disease in childhood, but atypical laboratory results. Less com-
mon and less distinctive features detailed above are well documented in adults, 
which suggests that these are neither age-dependent nor characteristic to pediatric 
GD. Though the mechanism remains uncertain in majority of unusual manifesta-
tions, the recovery that occurs parallelly with restoration of euthyroidism, gives the 
evidence of their relation to GB hyperthyroidism. Metamorphic thyroid autoimmu-
nity, a phenomenon of conversion from Hashimoto thyroiditis to Graves’ Disease 
is also summarized without guessing the clue of this immunological paradigm. 
Existence of a continuum between HT and GD within the spectrum of thyroid 
autoimmunity is confirmed in pediatric population without coexistent chromo-
some abnormalities, also in children with Turner or Down syndrome. Beside this 
peculiar event sequence, GD in DS patient can be insidious by presenting delayed 
clinical symptoms even with multiple organ derangements. In some rare syndromic 
disorder regular clinical assessment and biochemical screening supports to reveal 
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the occurrence of Graves’ hyperthyroidism. Finally, a very vulnerable population 
with malignancy, immune deficiency syndromes, hemoglobinopathies and other 
disorders attract attention with a possible secondary GB following immune recon-
stitution therapy. Awareness about the relation of these remote findings to GD, or 
frequent coexistence with GD is important for early diagnosis, and a reasonable 
suspicion for Graves’ Disease may ultimately help to prevent unnecessary investiga-
tions and treatment.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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