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Preface

Hyperthyroidism involves physiological, biological, and clinical factors that cause
hypermetabolism due to the excessive elevation of thyroid hormones in the blood
and the surrounding tissues under the influence of high levels of hormones. There

is a general acceleration in metabolism. The term ‘thyrotoxicosis’ is sometimes used
to describe this syndrome. Symptoms include irritability, nervousness, excessive
sweating, increased blood pressure and breathing, tachycardia, shortness of breath,
diarrhea, goiter, exophthalmos, and skin changes. Graves’ disease is a very common
autoimmune disease. Antithyroid drugs, lithium carbonate, radioactive iodine, and
dexamethasone are used in the treatment of hyperthyroidism. Thyrotoxicosis is
characterized by hypermetabolism and hyperactivity syndrome, in which serum con-
centrations of T4, T3, or both are increased. Diseases that cause hyperthyroidism can
originate from the thyroid gland, as well as from pituitary or non-pituitary causes.
Hyperthyroidism is categorized into three groups: primary, secondary, and subclini-
cal hyperthyroidism. This book provides comprehensive and important information
on the secretion and functions of thyroid hormones, as well as the causes, types,
symptoms, associated diseases, and treatments of hyperthyroidism.
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Chapter1

Introductory Chapter:

The Relationship between
Hyperthyroidism and Oxidative
Stress-Mediated Cell Damage

Volkan Gelen and Abdulsamed Kiikiirt

1. Introduction

Oxidative stress describes the pathological condition that occurs as a result of the
reaction of reactive oxygen species with various biomolecules in the organism [1]. It may
occur as a result of the increase of free oxygen radicals in the body and the synthesis
of nitric oxide [2, 3]. The free radicals formed combine with the DNA, carbohydrates,
lipids, and proteins in the cell and cause the cell structure to deteriorate [4-6]. In
addition, lipid peroxidation occurs as a result of the reaction of lipids in the cell
membrane with free radicals [7]. MDA, the intermediate product of this reaction,
is formed [8]. MDA formation is directly proportional to the cell membrane’s dam-
age and irreversible damage [9]. Free radicals cause DNA double helix cleavage and
nucleic acid base exchange, thus making DNA ready for mutation [10, 11]. Again, free
radicals cause protein oxidation [12]. As a result of this reaction, the function of the
proteins is impaired and the enzymatic reactions in which the proteins take part, the
transport systems, and the functions of the receptors are impaired [13]. In addition,
reactive oxygens oxidize monosaccharides to form oxoaldehydes, which cross-link
with DNA and RNA [14]. This leads to cancer and aging. In addition, reactive oxygen
species cause the destruction of immune system cells, thus weakening the immune
system [15]. There are some antioxidant-effective enzymes as a protective system
in the organism against this damage [16]. They protect the cell from oxidative stress
by scavenging free oxygen radicals or reducing their effects [17]. Antioxidants are
divided into two groups, enzymatic and non-enzymatic. While antioxidants such as
superoxide dismutase (SOD), catalase, glutathione peroxidase (GSH-Px), peroxi-
dase, and glutathione reductase (GR) are classified as enzymatic, GSH, vitamin C,
urate, bilirubin, albumin, ceruloplasmin, transferrin, and lactoferrin are classified as
non-enzymatic [18-20]. Thyroid hormones increase the metabolic activity of tissues
in most living organisms [21, 22]. Thyroid hormones show their effect on energy
metabolism, oxygen consumption, and some mitochondrial functions including
oxidative phosphorylation, and by increasing mitochondrial respiration by making
many changes in the activity and number of some mitochondrial respiratory chain
components [23, 24]. With the effectiveness of thyroid hormones, superoxide forma-
tion in the mitochondrial electron transport system increases [25]. As a result of this
increase, oxidative stress and cell damage occur [26]. The metabolic effects of thyroid
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hormones are well known, but the effects of thyroid hormone deficiency and excess
on lipid peroxidation and antioxidant system have not been clearly demonstrated
[27, 28]. In this section, we aimed to explain the mechanism of the relationship
between hyperthyroidism and oxidative stress-mediated cell damage.

2. Hyperthyroidism and oxidative stress

Hyperthyroidism is defined as excessive secretion of thyroid hormones. Thyroid
hormones increase basal metabolism and thus oxidative metabolism by inducing
specific mitochondrial enzymes [29]. Therefore, hyperthyroidism accelerates the
formation of free oxygen radicals and causes evenings in the antioxidant defense
system [30] (Figure 1). As a result of increased free radical formation in patients
with hyperthyroidism, changes in the concentrations of other related molecules
(antioxidants, lipid peroxides) are expected [31]. It has been stated that there may
be a relationship between the physiopathology of this disease and free radicals and
antioxidants [32]. Defects in the antioxidant enzyme system can lead to the accumu-
lation of reactive oxygen derivatives [33]. ROS targets protein oligosaccharides and
alters their biological functions [34]. Due to oxidative stress, the extracellular matrix
glycosaminoglycan structure is destroyed [35]. Hydrogen peroxide, formed due to
the catalysis of superoxide ions by superoxide dismutase, is used as a substrate for
thyroid hormone synthesis by thyroid peroxidase [36]. In a study, it was reported
that the GSH level was significantly reduced in patients with hyperthyroidism [37].
Again, some studies determined that MDA levels increased in various tissues of
patients with hyperthyroidism, and SOD activity decreased [38]. Thyroid hormones
cause a hypermetabolic state by changing the activity and number of mitochondrial
respiratory chain components and increasing the mitochondrial respiratory rate. The
accelerated mitochondrial electron transport also increases the formation of super-
oxide, and in this way, the formation of many reactive species occurs [39]. As a result
of oxidative stress and impaired antioxidant defense mechanism, cell membranes
and organelles are damaged.

'-\. = ',[I‘

f LDL oxidation ‘ Hiperthyroidism chvation '

‘ NADPH Mitokondrial ' NOS
oxidase leakage

Figure 1.
Hyperthyroidism and oxidative stress.
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3. Conclusion

As a result, hyperthyroidism is a pathological condition that occurs as a result of
excessive secretion of thyroid hormone. In the case of hyperthyroidism, the increased
thyroid hormone level causes an increase in the metabolic activity of the tissues.
Particularly with the effectiveness of thyroid hormones, superoxide formation in the
mitochondrial electron transport system increases. Increasing metabolic activity not
only triggers the production of free oxygen radicals but also disrupts the antioxidant
defense mechanism. In this case, increasing free oxygen radicals react with lipids,
proteins, and carbohydrates in the cell membrane and disrupt their structure and
activities. In this case, disruptions occur in reactions such as substance transport,
enzymatic activity, and cell communication in the cell. Thus, hyperthyroidism causes
oxidative stress-mediated cell damage.
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Chapter?2

Thyroid Hormones (T3 and T4)
and Their Effects on the
Cardiovascular System

Volkan Gelen, Emin Sengiil and Abdulsamed Kiikiirt

Abstract

Thyroid hormones (thyroxine, triiodothyronine) have a metabolic effect on many
tissues and systems in the organism. Therefore, in case of deficiency or excess of
these hormones, some problems arise. The decrease in the effect of these hormones
in the peripheral target tissue is called hypothyroidism, the picture characterized
by excessive secretion of the thyroid gland or being of non-thyroid origin is called
hyperthyroidism. Thyroid hormone disorders are common in the world. Knowing the
functions of thyroid hormones, which have such important effects on the organism, is
important in developing treatment options for the problems to be encountered. In the
literature reviews, it has been stated that thyroid hormones have some effects such as
heart rate, myocyte contraction, blood pressure, plasma lipid level, and thrombogen-
esis. In line with this information, the presented section has tried to explain how the
mechanism of the effects of thyroid hormones on the cardiovascular system.

Keywords: TSH, T4, T3, hyperlipidemia, thrombogenesis, blood pressure

1. Introduction

The thyroid gland, which is the largest of the endocrine glands and is located in
the right and left lobes on both sides of the end of the larynx and the beginning of the
trachea, is histologically composed of many spherical follicles. The space in the middle
of the follicle surrounded by a single layer of epithelial cells is filled with a substance
called colloid. The main substance of the colloid is a large glycoprotein, namely thyro-
globulin, which also contains the gland hormones like thyroxine (T4) and triiodothy-
ronine (T3) [1]. These hormones are secreted as a result of stimulation of the thyroid
gland by the thyroid-stimulating hormone (TSH) released from the pituitary [2].

The thyroid gland shows its effects on the target tissue through these two hormones.
Of these hormones, T3 has a much stronger effect than T4. T4 is converted to T3 by
monodeiodinization in the periphery [3]. T3 exerts its effects at nuclear and non-
nuclear levels. Its effects at the nuclear level are through the regulation of gene expres-
sion [4]. These hormones released from the thyroid gland affect metabolic processes
in almost all tissues [5-8]. Insufficient or excessive secretion of these hormones causes
many problems in the organism. As a result of various studies, it has been reported
that the effects of thyroid hormones on the cardiovascular system are very important
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and prominent [9]. It shows this effect in two ways: direct and indirect. In line with
this information, in the presented section, the synthesis of thyroid hormones, their
mechanisms of action, and their effects on the cardiovascular system and the mecha-
nism of these effects will be discussed.

2. Thyroid hormones

Thyroid hormones are thyroxine (T4) and 3,5,3' trilodothyronine (T3) and these
hormones are released into the blood by being released from the thyroid gland. These
hormones are very important for normal growth and development and the normal
functioning of metabolism. In addition to these hormones, the calcitonin hormone,
which is involved in Ca metabolism, is also released from parafollicular C cells in the
thyroid gland [7].

2.1 Synthesis of thyroid hormones

The release of thyroid hormones from the thyroid gland is under the control of the
TRH hormone released from the hypothalamus. TRH released from the hypothalamus
stimulates the pituitary gland to release TSH. TSH released from the pituitary stimulates
the thyroid gland and ensures the release of hormones from here [10]. Thyroid hormones
are attached to the thyroglobulin molecule in the thyroid gland. These hormones, which
are stored in the thyroid gland, are given to the blood circulation when needed. In gen-
eral, the synthesis of thyroid hormones consists of 5 stages. These stages are as follows,
in order: (1) uptake of iodine ion into the gland, (2) oxidation of iodine and iodination
of the tyrosyl groups of thyroglobulin, (3) coupling of iodotyrosine residues with ether
bonds (coupling) to form iodothyronines, (4) proteolysis of thyroglobulin and thyroxine
(T4). Release of T3) into the blood, (5) conversion of thyroxine to triiodothyronine in
both the thyroid gland and peripheral tissues [7, 11]. When the T3 and T4 hormones
released into the blood under the control of these hormones reach a certain level, they
stop the release by having a feedback effect on the hypothalamus and pituitary gland [12].

Although T3, one of the thyroid hormones, is released from the thyroid gland, the
source of 80% of the circulating T3 is T3, which is formed as a result of the metabo-
lism of T4 in peripheral tissues. The enzyme that provides the transformation in ques-
tion is iodothyronine-5’'-deiodinase. The place where the transformation takes place
the most is the liver. The source of T3 used in many peripheral tissues is the hormone
released as a result of this transformation. Unlike these tissues, locally synthesized T3
is used in the brain and pituitary gland. When thyroid hormones are released into the
blood, they are transported in the blood by noncovalent binding to plasma proteins.
At the beginning of these transporters is thyroxine-binding globulin (TBG). T4 binds
to this binder with high affinity, whereas T3 has less affinity. T4 also binds to trans-
thyretin (transthyretin: thyroxine-binding prealbumin) (Figure1) [7, 13, 14].

2.2 Mechanism of action of thyroid hormones

Considering the mechanisms of action of thyroid hormones in the cell, T3 is
clamped to high-affinity nuclear receptors on the cell surface, which then binds to a
specific DNA sequence (thyroid hormone response element: TRE) in the promoter/
regulatory regions of specific genes. In this way, T3 modulates gene transcription
and ultimately protein synthesis. The binding of T3 to the receptor can activate gene
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Mechanism of action of thyroid hormones on target cell [7].

transcription by removing suppression. The interaction of hormones with their recep-
tors can cause direct stimulating or suppressive effects. Although T4 also binds to the
aforementioned receptors, it shows less affinity than T3. In addition, despite its ability
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to bind to nuclear receptors, T4 does not have a gene transcription-modifying effect
[15]. Therefore, T4 appears to be more of a prohormone, and the effects of TH are con-
sidered to be mainly through T3 [16]. TH also exerts some of its effects on receptors in
mitochondria. These hormones increase the oxidative metabolism of mitochondria,
oxygen consumption, and ATP formation in some cell types (Figure 2) [17, 18].

3. Effects of thyroid hormones on the cardiovascular system

Thyroid hormone (TH) receptors (TRs) are located in the myocardium and vascu-
lar endothelium, so changes in circulating TH concentration have an effect on cardiac
and vascular functions. In patients with hypo- or hyperthyroidism, cardiovascular
(CV) and hematological manifestations occur. Minor changes in TH concentration
may have an adverse effect on the CV system, and subclinical thyroid dysfunction may
result in a 20-80% increase in the risk of vascular morbidity and mortality [19, 20, 21].

3.1 Thyroid hormone and heart rate

Heart rate is an important mechanism in the regulation of the cardiac output,
which specifically determines the cardiac ejection rate. It also affects systolic and
diastolic functions [22]. Considering the relationship between thyroid hormone and
heart rate, studies have shown that thyroid hormone has a consistent positive chrono-
tropic effect and causes resting sinus tachycardia [23].

3.2 Effect of thyroid hormones on cardiac myocytes

The genomic effects of TH are mediated by TH nuclear receptors in the cell.
Protein receptors bind to T3 with more than 10-fold greater affinity than T4 [24].
In mammals, there are two isoforms of these receptor proteins, a and b (TRa and
TRB). TRa and TRB activate the expression of positively regulated genes in the
presence of T3 and suppress expression in their absence. It has been determined
that the TRal isoform plays an important role in the regulation of cardiac genes. It
contains myosin heavy chain an (a-MHC) and myosin heavy chain b (b-MHC) as
contractile apparatus of cardiac myocytes. The fast myosin a-MHC and the slow
myosin b-MHC are positively and negatively regulated by T3. Cardiac contractility
is further regulated by several important cardiac proteins, including sarcoplasmic
reticulum calcium adenosine triphosphatase (SERCA2) and its inhibitory coun-
terpart, phospholamban (PLB). SERCA2 functions to pump calcium (Ca2+) ions
back into the sarcoplasmic reticulum during the relaxation phase of myofilament
contraction. T3 positively regulates SERCA2 while negatively regulating PLB.
SERCA2 and PLB are responsible for calcium ion influx into the sarcoplasmic
reticulum and subsequent release [25]. Decreased calcium turnover in cardiac
myocytes has been reported in hypothyroidism with impaired diastolic function.
Other important cardiac genes regulated by TH include those encoding TR proteins
themselves, voltage-gated potassium ion (K+) channels, and sodium/calcium ion
(Nap/Ca2+) exchanger (NCX1).TH (both T4 and T3) exerts non-genomic effects on
cardiac myocytes and vessels. Non-genomic effects usually occur at the receptor-
independent plasma membrane and regulate ion transporter activity [26]. These
combined mechanisms at the atrial myocyte level are partly responsible for the
heart rate-enhancing effect of T3 [27].
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3.3 Effect of thyroid hormones on vascular

When the effects of TH on the vessels are examined, it is seen that the effect occurs
at the vascular smooth muscle and endothelial cell levels. TH acts through ion channel
activation (Na+, K+, Ca2+) and regulation of specific signal transduction pathways.
It also activates the phosphatidylinositol 3-kinase and serine/threonine protein kinase
pathways, resulting in nitric oxide production from the endothelium. Thus, it causes a
decrease in systemic vascular resistance through its effects on vascular smooth muscle
cells [28]. Some studies have shown that TH regulates endothelial nitric oxide production
and vascular tone, and patients with hypothyroidism exhibit impaired endothelial func-
tion, which is improved by TH replacement therapy [29-31]. In addition, T3 may produce
avasodilator effect within hours after the application in patients undergoing coronary
artery bypass grafting [32]. Similar effects are observed when patients with chronic heart
failure are treated with intravenous T3 [33]. T3, therefore, has the unique pharmacologi-
cal properties of an indicator acting primarily on diastolic dysfunction. TH does not have
vasodilator effects in the pulmonary vasculature or systemic vasculature [34].

3.4 Cardioprotective effect of thyroid hormones

THs are involved in cardioprotection through the activation of cytoprotective
mechanisms, stimulation of cell growth, neoangiogenesis, and metabolic adaptation.
Recent experimental studies using the ischemia/reperfusion rat model have shown
that TH has multiple protective effects, particularly on mitochondria. TH is a regula-
tor of the tumor suppressor p53, which is activated during acute myocardial infarction
(AMI) and enhances the mitochondrial apoptosis pathway [35]. This promotes p53
accumulation and, therefore, increases mitochondrial dysfunction and BCL-2-like
protein 4 activation, leading to the prolongation of myocardial cell loss [36]. T3 treat-
ment counteracts the reduction in miR-30a levels, thereby limiting p53 activation and
the cascade that leads to mitochondrial damage and cell death in the AMI border region
[37]. In addition, T3 treatment preserves the expression of hypoxia-inducible factor
1-alpha, whose protective effect against reperfusion injury is mediated by inhibiting the
mitochondrial opening of permeability passage pores [38]. THs have an antiapoptotic
effect on myocytes through activation of phosphatidylinositol 3-kinase/serine/threonine
protein kinase and protein kinase C signaling cascades, expression, phosphorylation and
translocation of heat shock proteins 70 and 27, and suppression of p38 mitogen [39].

3.5 Thyroid hormones and blood pressure

Considering the effects of hyperthyroidism on blood pressure, it causes hyperdy-
namic circulation, which causes an increase in cardiac contractility and thus increases
heart rate, again with increased preload and decreased systemic vascular resistance
(SVR). As aresult, cardiac output increases. Although hyperthyroidism can increase
systolic blood pressure, the net effect depends on the balance between increased car-
diac output and decreased SVR [40, 41]. Endothelium-dependent vasodilation is lower
in patients with severe hypothyroidism and SCH [42] and improves with levothyroxine
therapy, as is the pulse-wave rate [43, 44], a surrogate measure of arterial stiffness.
Various factors possibly contribute to arterial stiffness and endothelial dysfunction
in SCH and hypothyroidism, including hyperlipidemia and a proinflammatory state
[45-47]. Both hyperlipidemia and thyroid antibodies are thought to reduce endothelial
nitric oxide synthase expression and thus impair vasodilation.
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3.6 Thyroid hormones and hyperlipidemia

Hyperthyroidism lowers cholesterol levels, which reverses when euthyroidism is
reached. Hypothyroidism is associated with a small but significant increase in lipid
parameters [38], particularly the elevation of low-density lipoproteins (LDLs) [48].
Hypothyroidism is associated with increased oxidation of LDL, which promotes
atherogenesis and improves with treatment [49, 50]. Lipoprotein(a), a stronger
marker of atherogenesis, is also increased in overt hypothyroidism and decreased
with TH replacement [51, 52]. In hypothyroidism, hyperlipidemia results from a
decrease in LDL receptors, resulting in decreased cholesterol clearance from the liver
and decreased cholesterol-clearing activity of cholesterol 7a-hydroxylase activated
by TH [48]. In addition, thyroid hormones stimulate lipoprotein lipase (LPL), which
catabolizes TG-rich lipoproteins, and hepatic lipase (HL), which hydrolyses HDL2
to HDL3 and contributes to the conversion of medium-density lipoproteins (IDL) to
LDL. Another effect of T3 is the up-regulation of apolipoprotein AV (ApoAV), which
plays an important role in TG regulation. In studies, this situation has been associated
with increased ApoAV levels and decreased TG levels.

3.7 Thyroid hormones and thrombogenesis

Overt and SHyper have been associated with increased markers of thrombogenesis
(fibrinogen and factor X levels) [53, 54]. Hyperthyroid patients may have higher von
Willebrand antigen levels than euthyroid patients, resulting in increased platelet plug
formation, decreasing after treatment [55]. Interestingly, a study comparing patients
with moderate and severe hypothyroidism with euthyroid controls found that
patients with moderate hypothyroidism had reduced fibrinolytic activity and were
more susceptible to clot formation, while patients with severe hypothyroidism had
increased fibrinolysis and lower tissue plasminogen activator antigen [56]. The effects
of TH on platelet function are unclear [55].

4, Conclusion

In conclusion, this section presents the importance of thyroid hormones for the
organism and the synthesis steps of these hormones, their transport in the blood,
and their effects on the cardiovascular system. The mechanisms of these effects are
discussed by reviewing the current literature. This study aims to present current
literature information to researchers who will work on this subject.
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Abstract

Hyperthyroidism is one of the most commonly encountered endocrine disorder
with potentially devastating health consequences. Radioactive iodine has been used
for the treatment of hyperthyroidism since 1940s. It is now widely accepted as safe,
cost-effective and reliable treatment option with 50-90% cure rate in first year after
therapy. With long-term follow-up hypothyroidism is inevitable especially in Grave’s
disease which can activate orbitopathy in predisposed individuals. Early and timely
management of hypothyroidism is associated with better therapeutic outcomes. There
is very little evidence of cardiovascular and cancer related mortality risk after radio-
active iodine therapy. However, it is said that these risks appear to be thyroid hormone
driven above all other factors.

Keywords: Grave’s disease, hyperthyroidism, radioactive iodine, thyrotoxicosis,
toxic nodular goiter

1. Introduction

Thyroid dysfunctions are commonly encountered in clinical practice affecting
a considerable portion of population. However, incidence and pattern of thyroid
disease vary significantly depending upon age, gender, ethnicity and geographical
distribution [1]. Global prevalence of hyperthyroidism varies from 0.2 to 1.3% in
different studies [2]. Thyroid dysfunction has important ramifications on health
outcome especially in older population like cardiovascular, metabolism, bone and
mental health. Undiagnosed and untreated hyperthyroidism causes drastic clinical
complications for patients as well as health care delivery system in term of economic
burden. Hence early diagnosis and prompt treatment are indispensable to reduce
mortality and associated costs [3].

Radioactive Iodine (RAI) represents as an effective treatment modality for hyper-
thyroidism, especially in cases who do not respond to medical therapy. RAI therapy is
in practice for the last 80 years. It was first used for therapeutic purpose in 1941 by Dr.
Saul Hertz [4]. Over the time its therapeutic efficacy was evaluated and evolved, by
1990 it becomes preferred treatment option for Grave’s disease in US. Although, pre-
viously it was reserved for patients who had a relapse after failed medical treatment.
New practice guidelines of National Institute for Health and Care Excellence (NICE)
recommends RAI as first line treatment option in cases of Grave’s disease [5].
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This chapter focuses on the role of radioactive iodine in hyperthyroidism and
other related therapeutic aspects with a background knowledge of pathophysiology of
thyroid gland.

2. Thyroid hormone synthesis

Thyroid hormones, L-thyroxine (tetraiodothyronine, T4) and L-triiodothyronine
(T3) are the only iodine containing molecules in vertebrates with well-established
biological role. Baumann was the first to report the presence of iodine in thyroid hor-
mone in 1895 with iodine accounting for 65% of T4 and 58% of T3 weight. Iodine is an
integral component and rate-limiting substrate for thyroid hormone synthesis that is
provided exogenously. Ingested iodine is absorbed from small intestine as iodide into
the plasma which also contains iodide released by thyroid gland and extrathyroidal
deiodination of iodothyronines. This iodide is either transported in plasma and taken
up by thyroid or excreted via urine.

Thyroid follicles, the structural and functional unit of thyroid are responsible for
production, storage and secretion of thyroid hormones. lodide is actively trapped
into thyroid follicular cells (thyrocytes) against electrochemical gradient by sodium-
iodide symporter (NIS) at basolateral membrane while efflux of iodide across apical
membrane into follicular lumen is mediated by Pendrin, a potential iodide transporter.
Normally, thyroid concentrates 20-50 times higher iodide as compared to plasma.
Inside thyroid follicle iodide is rapidly oxidized to iodine by thyroid peroxidase (TPO)
in the presence of hydrogen peroxidase generated by membrane bound NADPH-
oxidase. Iodine is then covalently bound to the selected tyrosyl residues of thyroglobulin
(Tg) at the apical plasma membrane-follicle lumen boundary resulting in the formation
of monoiodotyrosine and diiodotyrosine (MIT, DIT), a process referred to as organifi-
cation or iodination. Tg is the most abundant protein in thyroid providing polypeptide
backbone for thyroid hormone synthesis and storage. Subsequently, two neighboring
iodotyrosyl residues on Tg molecule are coupled in the presence of TPO to produce
iodothyronine; two DIT form T4 while one DIT and one MIT form T3. lodinated Tg is
stored as colloid in follicular lumen. Upon stimulation, Tg is internalized into follicular
cells by pinocytosis and digested by endosomes and lysosomes resulting in release of
T4 (~80%) and T3 (~20%). Deiodination of MIT and DIT by intracellular iodotyrosine
dehalogenase release iodide which is again recycled for hormone synthesis [6].

3. Regulation of thyroid hormone synthesis

Thyroid hormone synthesis is primarily governed by hypothalamic-pituitary-
thyroid axis, a prime negative feedback mechanism that respond suitably to any
challenge to maintain biochemical equilibrium. Hypothalamic hormone, thyrotropin
releasing hormone (TRH) and thyroid stimulating hormone (TSH) or thyrotropin
release by anterior pituitary stimulates thyroid hormone synthesis and secretion while
thyroid hormones in turns inhibit the production and secretion of both TRH and
TSH and vice versa. This complex interaction between TSH and thyroid hormones
maintain serum hormone levels within narrow limit. However, this relationship is
individual, dynamic and adaptive depending on many factors.

TSH almost influences every step in thyroid hormone synthesis and release
via Gp/phospholipase C and cAMP cascade respectively. It stimulates thyroid cell
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proliferation and hormone synthesis by inducing expression of Tg, TPO, NIS and
iodothyronine deiodinase type I (D1). Clinically serum TSH levels serves as sensitive
biomarker for evaluation of thyroid dysfunction even at sub-clinical stage [7].

Beside this, genetics factors, endocrine mediators like estrogen and corticoste-
roids and local factors released by nerve endings, follicular cells and C cells are also
involved in the regulation of biosynthesis of thyroid hormones. Sympathetic and
immune system are also involved in regulation of thyroid hormone activity, however
very less is known in this regard. Antithyroid drugs, iodide and some external com-
pounds also influence thyroid hormone metabolism [8].

4. Hyperthyroidism and thyrotoxicosis

Hyperthyroidism is pathological condition characterized by inappropriately high
levels of thyroid hormones due to its excess production and release by thyroid gland.
The most common causes of hyperthyroidism are diffuse toxic goiter (Grave’s disease),
toxic multinodular goiter (Plummer disease) and toxic adenoma. The term thyro-
toxicosis is often interchangeably used with hyperthyroidism and is characterized by
elevated level of circulating thyroid hormones secondary to exogenous intake or excess
release of preformed stored hormones. Thyroiditis, inflammation of thyroid gland
resulting in release of stored hormones is the most frequent cause of thyrotoxicosis.
Other rare causes of thyrotoxicosis are iodine-induced hyperthyroidism, post-partum
thyroiditis, suppurative thyroiditis, beta human chorionic gonadotropin induced
thyrotoxicosis and thyrotoxicosis factitia. Follicular thyroid carcinoma, TSH secreting
pituitary adenoma and struma ovarii can also cause excess thyroid hormone levels.

4.1 Epidemiology

The prevalence of thyroid dysfunction varies by age, gender, ethnicity, geographic
distribution, iodine status of the population under study and difference in diagnostic
thresholds. In iodine-sufficient parts of the world, the prevalence of hyperthyroid-
ism varies from 0.2 to 1.3% while in US it is estimated to be 1.2% (0.5% overt and
0.7% subclinical). Generally, areas with iodine deficiency have higher incidence of
hyperthyroidism. For example, a 2.9% prevalence of hyperthyroidism was reported
in Pescopagano, an iodin-deficient village in Italy [9]. In US Grave’s disease is the most
common etiology of hyperthyroidism, accounting for 60-80% cases of hyperthyroid-
ism followed by subacute thyroiditis (15-20%), toxic multinodular goiter (10-15%)
and toxic adenoma (3-5%). Females are more commonly affected by thyroid disorders
as compared to male. Peak age of occurrence is second to fifth decade of life [10, 11].

4.2 Clinical presentation

Clinical manifestation is attributed to elevated thyroid hormones level causing
widespread multiorgan effects. The spectrum of clinical presentation depends on age,
duration and severity of illness, comorbidities and underlying cause and may range
from asymptomatic in subclinical disease to life threatening in thyroid storm. Adults
usually present with adrenergic symptoms like restlessness, tremors, anxiety while
older patients lack sympathetic symptoms and tend to presents with less obvious
symptoms like weight loss, decrease appetite, shortness of breath and cardiac mani-
festations like atrial fibrillation and tachycardia. Older patients are at increased risk of
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congestive heart failure and embolic stroke due to atrial fibrillation. Some symptoms
are specific to underlying cause, like Grave’s disease characterized by orbitopathy and
pretibial myxedema [12, 13].

Patients with untreated or uncontrolled hyperthyroidism may land up in thyroid
storm preceding severe physical or mental stress like infection or trauma. Thyroid
storm is a rare life-threatening endocrine emergency. It is acute exaggerated clini-
cal manifestation of thyrotoxic state and may cause death from multiorgan failure.
Thyrotoxic patient with altered sensorium is the hallmark. Patient may present with
agitation, delirium, convulsions, chorea like abnormal movements, severe hyperther-
mia, excessive diaphoresis, hypertension and refractory dysrhythmias. The incidence
and mortality associated with thyroid storm is not precisely known. The reported
incidence is 2-16% in hospitalized thyrotoxic patients with an overall mortality rate of
8-30% [12, 13].

4.3 Pathology

Grave’s disease is the most frequent cause of hyperthyroidism in developed
countries. It is one of most commonly encountered autoimmune disorder with peak
incidence in second to fifth decade of life. Women are 5-10 times more affected. It was
first described in 1834 by Robert Graves from Dublin. It is an autoimmune disorder in
which antibodies against TSH receptors (TRAD) cause unopposed activation of TSH
receptors triggering hormone synthesis. The usual negative feedback mechanism is not
effective as the antibodies are directed against TSH receptors. This result in exces-
sive production and release of T3 and T4, an enlarged thyroid gland and increased
iodide extraction. Since TSH receptors are present in almost all tissues, extrathyroidal
manifestations may be observed. Commonly observed extrathyroidal TRAb driven
features are orbitopathy, pretibial myxedema and thyroid acropathy. The pathogenesis
of Grave’s disease is not fully understood. However, multiple risk factors are attributed
to its pathogenesis. Genetic predisposition accounts for 79% while environmental fac-
tors account for 21% of the risk factors. Smoking, iodine excess, selenium and vitamin
D deficiency are important environmental risk factors. Person with family history
of hyperthyroidism or other autoimmune disease such as myasthenia gravis, type I
diabetes mellitus are at increased risk of Grave’s disease [14].

Toxic multinodular goiter (TMNG, Plummer’s disease) is the second most com-
mon cause of hyperthyroidism in US after Grave’s disease and most common in
elderly living in iodine deficient areas. It was first described by Henry Plummer in
1913. Chronic low grade intermittent physiological or pathological stimuli can lead
to diffuse or nodular enlargement of thyroid gland (goiter). Thyrotoxicosis occurs
in long-standing goiter, with peak incidence in sixth or seventh decade of life. It is
characterized by release of thyroid hormones by multiple autonomously functioning
nodules or single autonomous nodule in thyroid gland. This functional autonomy is
result of activating somatic mutations of TSH receptors genes in most of the cases
(~60%). Autonomous nodules appear hots (hyperactive) on thyroid scintigraphy
while non-autonomous appears as cold (hypoactive). TMNG has indolent progression
with mild clinical symptoms. Clinical features are similar to thyrotoxicosis except
presence of Grave’s orbitopathy, dermopathy and acropathy. Compressive symptoms
may also be present depending on size of gland [15].

Toxic adenoma is a benign autonomously functioning thyroid nodule with clini-
cal and biochemical features suggestive of thyrotoxicosis. Iodine deficiency is well
established risk factor in pathogenesis of adenoma besides other environmental
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and genetic factors. Like TMNG, activating mutations in TSH receptor genes results
in toxic adenoma. The incidence is higher in women and after 50 years of age.
Hyperfunctioning adenoma is usually considered as benign lesion with less than 1%
chances of malignant transformation [16].

Subacute thyroiditis or de-Quervain thyroiditis is inflammation of thyroid gland
that typically follow a viral infection usually upper respiratory tract infection. Recent
studies have suggested that COVID-19 infection is also associated with subacute
thyroiditis. This inflammatory process leads to leakage of preformed thyroid hor-
mones into circulation and subsequently thyrotoxicosis. Patient classically presents
with upper respiratory tract symptoms followed by fever, neck pain, neck swelling.
Malaise, fatigue, myalgias and arthralgias are also common. Thyroid is smoothly
enlarged, firm and tender on palpation. This is a self-limiting disease and usually
extend over few weeks to months. About 30% of the patients undergo hypothyroid-
ism before returning to euthyroid status due to depletion of preformed hormone
stores. Approximately 10% may develop permanent hypothyroidism and require
hormone replacement therapy. Subacute thyroiditis demonstrates high ESR and CRP
levels and has tendency to recur [17, 18, 19].

Painless subacute thyroiditis (autoimmune or silent) is considered as a variant of
Hashimoto’s thyroiditis and occurs spontaneously or following pregnancy (postpar-
tum thyroiditis). It accounts for 0.5-5% cases of hyperthyroidism. Approximately
5-20% of the patients have characteristic sequence of hyperthyroidism followed by
hypothyroidism and then recovery. Thyrotoxic stage last for 2-8 weeks followed by
hypothyroid stage which is usually mild or even asymptomatic and last for few weeks.
It may recur in small subset of patients. About 20% of the patients develop chronic
autoimmune thyroiditis and ultimately permanent hypothyroidism. Painless subacute
thyroiditis is associated with specific human leukocyte antigen (HLA-DR3). Majority
of the patients have elevated serum titers of antithyroid peroxidase and antithyro-
globulin antibodies [18, 19].

Suppurative thyroiditis is infection of thyroid gland most commonly caused by
bacteria but can also be due to fungus, mycobacterium or parasites. Acute suppurative
thyroiditis is rare but life-threatening disease with estimated mortality of 3.7-9%. It is
most common in immunocompromised patients. Patient usually presents with tender
erythematous anterior neck swelling, fever, dysphagia and dysphonia. Acute suppura-
tive thyroiditis can cause airway obstruction, esophageal fistula, Horner’s syndrome,
extension of abscess leading to mediastinitis, pericarditis, thrombophlebitis and
eventually death [12].

Iodine induced hyperthyroidism (Jod-Basedow Syndrome) usually occurs in set-
ting of underlying autonomous thyroid disease after administration of iodine, usually
iodinated contrast media. Iodine provides substrate for thyroid hormone synthesis.

It is common in iodine deficient areas or areas with endemic goiter. This condition is
self-limiting after withdrawal of iodine with a favorable outcome. Increased iodine
intake is also associated with Grave’s disease [20].

There are several other but rare causes of thyrotoxicosis that deserve consider-
ation. Beta human chorionic gonadotropin (-hCG) can induce thyrotoxicosis by
stimulating TSH receptors. Molar hydatiform pregnancies and choriocarcinoma have
high level of circulating p-hCG level. Thyrotoxicosis factitia is caused by exogenous
ingestion of thyroid hormones, either intentionally for therapeutic purposes or unin-
tentionally. Patient with thyrotoxic symptoms in absence of any diagnosed thyroid
disease and deranged thyroid tests should be investigated for this condition [21].
Psychiatric patients are at more risk. Some individuals use it for cosmetic reasons and
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to lose weight. Follicular thyroid cancer, TSH secreting pituitary adenoma and struma
ovarii can also cause thyrotoxicosis in selected population [12].

4.4 Diagnosis

Diagnosis is made on the basis of history, clinical examination and relevant
investigations. All patients with suspected or confirmed hyperthyroidism should be
thoroughly assessed in order to formulate a treatment plan. Older patients should also
be evaluated for potential cardiovascular complications.

Serum TSH and T4 estimation should be done as initial screening test. Serum TSH
is more sensitive than direct thyroid hormone estimation in assessment of thyroid
hormone excess. Majority of the patients (~90%) with thyrotoxicosis have raised
T4 and suppressed TSH levels. However, in patients with T3 toxicosis (~5%), T3 is
raised while T4 is normal. Therefore, in patients with suspected thyrotoxicosis and
normal T4 levels, T3 should be done to rule out T3 toxicosis. This represents autono-
mously functioning thyroid nodule or initial disease stage. In patients with pituitary
dependent thyrotoxicosis TSH is usually normal with raised T3 and T4. In subclinical
hyperthyroidism, TSH levels are suppressed with normalized T3 and T4 while in overt
hyperthyroidism T3 and T4 are elevated with suppressed TSH levels [22].

Mostly underlying etiology is suspected on the basis of clinical features like
exophthalmos and goiter in Grave’s disease. However, if diagnosis is not evident based
on clinical and biochemical evaluation, further evaluation can be accomplished by
TRAD or TSI measurements and imaging studies like radioiodine uptake (RIU) scan
and thyroid ultrasonography. TRAb can confirm the diagnosis of Grave’s disease with
sensitivity and specificity of 97 and 99% respectively. TRAb are detected in almost
all patients with Grave’s disease. In USA, TRADb is only reserved for patients in whom
RAIU studies are contraindicated or unavailable while in Europe TRAD is preferred
over RAIU. Thyroid peroxidase (TPO) antibodies are less sensitive and specific for
Grave’s disease, detected in only 70-80% of patients. They are greatly influenced by
environmental factors such as iodine intake [22, 23].

Ultrasound is inexpensive, non-invasive and radiation free modality to assess
thyroid blood flow and suspicious thyroid nodules warranting further testing like
FNAC. Doppler ultrasound examination has greatly improved accuracy specially in
cases where vascularity is needed. Increased thyroid vascularity is seen in Grave’s
disease while decrease vascularity is indicative of destructive thyroiditis. Thyroid
echogenicity assessed by ultrasonography can be used to predict remission after
initiation of medications and can also identify patients who are at increased risk of
recurrence after withdrawal. However, ultrasound does not precisely establish the
underlying etiology of thyrotoxicosis and is reserved for cases where RAIU is con-
traindicated (pregnancy and breast feeding) or unavailable according to American
Thyroid Association (ATA) guidelines [22, 24].

RAIU measures the percentage of radioactive iodine trapped and organified by
thyroid gland after a fixed interval. It is recommended to establish the underlying
etiology of thyrotoxicosis (ATA guidelines) and is preferred over TRAb estimation
except in cases where RAIU is contraindicated (pregnancy and breast feeding) or
unavailable. A gamma camera is used to measure the percentage of iodine uptake by
gland. RAIU scan shows diffusely increased homogenous uptake in Grave’s disease,
focal area of increased uptake in toxic adenoma and asymmetrically irregular uptake
in TMNG with multiple focal areas of increased and suppressed uptake. RAIU will be
reduced or near zero in painless and subacute thyroiditis or in those with exogenous
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ingestion of thyroid hormones, excess iodine intake or exposure to iodinated con-
trast media in preceding 4-8 weeks. RAIU is also helpful in calculating therapeutic
radioactive iodine dose. However, European Thyroid Association guidelines does not
recommend routine use of RAIU except in cases where etiology cannot be established
by laboratory and imaging studies. Technetium scintigraphy utilizes pertechnetate
which is taken up by thyroid but not organified resulting in low range of uptake. The
radiation exposure is less as compared to RAIU however RAIU provides more physi-
ological information. It can also determine the underlying pathology in toxic nodular
thyroid disease [22, 23, 24].

4.5 Treatment options

Treatment depends on underlying etiology and is influenced by coexisting medi-
cal condition and patient preference. There are multiple treatment strategies includ-
ing antithyroid drugs (ATD), radioactive iodine (RAI) therapy and surgery along
with medications for symptomatic relief.

5. Radioactive iodine therapy for hyperthyroidism

RAI-131 therapy is widely accepted and preferred treatment option for hyperthy-
roidism for the last eight decades. From benign nature of hyperthyroidism to malig-
nant neoplasm and their metastasis, RAI-131 therapy has transformed patient and
physician perspective towards treatment options. It was first used as therapeutic agent
in 1941 for benign thyroid disease while approved by FDA in 1971 for treatment of
toxic diffuse and nodular goiter, non-toxic nodular goiter and well differentiated thy-
roid cancer. Initially its use was only limited to elderly males with age above 50 years
due to fear of associated potential risk factors at that time. However, its application
has now been extended to women and children.

5.1 Historical background

Dr. E Bauman in 1895 for the first time discovered that thyroid gland contain
iodide. 20 years later, it was found that gland can actively concentrate iodine. Henry
Plummer, in 1923 introduce iodine as treatment adjunct for Grave’s disease. Enrico
in 1934 described the artificial production of radioactive isotopes including iodine
which was a major breakthrough. Glenn and John in 1938 discovered radioactive iodine
(RAI-131). Saul Hertz for the first to use RAI-131 in 1941 in human for the treatment of
hyperthyroidism. Since then, millions of patients with benign and malignant thyroid
disease have been successfully treated with RAI-131. The first patient with thyroid
cancer was treated at Royal Cancer Hospital, London in 1949 [25, 26].

5.2 Properties of RAI-131

Iodine occurs naturally in stable form as I-127 with 37 known isotopes. All radioac-
tive isotopes of iodine are produced in nuclear reactors by process of fission. I-131 is
the most commonly used radioisotope of iodine with physical half-life of 8.02 days.
[-131 decays to Xe-131 by emitting beta (p) particle and gamma (y) photons. The first
emission product is f-particle (90%) with end point energy of 0.606 MeV (89.7%).
p-particles make I-131 a therapeutic agent as they have the propensity to ablate thyroid
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tissues. p-particles with these energies can only travel few millimeters ~3 mm, causing
only local destruction. The second emission product is y-photon (10%) with end point
energy of 0.364 MeV (80.9%). It travels far from its source before depositing its energy
with relatively little impact on thyroid tissue, hence cannot be employed for therapeu-
tic purposes. It is however used as diagnostic tool to image thyroid [27, 28].

5.3 Pharmacokinetics of RAI-131

Pharmacokinetics of RAI-131 is similar to normal dietary iodine. After oral ingestion,
sodium iodide I-131 is absorbed from small intestine into extracellular fluid. About 90%
absorption occurs in first hour after ingestion. From extracellular compartment it is
predominantly taken up by thyroid gland or eliminated through kidneys. NIS is respon-
sible for active uptake of iodide in thyroid gland against electrochemical gradient. Under
normal physiological condition, NIS can concentrate iodide 20-50 times of plasma
concentration and this may increase up to 10 times in hyperthyroidism. Thyroid achieves
its maximum uptake of iodide after 2448 hours with 50% of maximum uptake after
5 hours. Normally thyroid has iodide clearance of about 10-50 ml/min. Iodide uptake is
influenced by many factors including patient age, thyroid gland size, circulating iodide
level and functional status of kidneys. After radioactive iodide uptake by thyroid, itis
further oxidized to iodine and follow normal metabolism of thyroid hormone [29, 30].

NIS also mediates active RAI uptake in extrathyroidal tissues like salivary glands,
lactating mammary glands, gastric mucosa, lacrimal sac and choroid plexus. However,
these structures lack the system to oxidize iodide. RAI elimination from the body is
mainly through renal pathway accounting for 37-75% while fecal excretion accounts
for 10% of administered dose. Excretion through sweat glands is negligible [29].

5.4 Pharmaceutical preparations of RAI-131

I-131 is supplied as sodium iodide (Nal-131) in either capsule form or solution
form for oral administration. Capsule are available in different activity ranging from
0.75-100 mCi. These are opaque white gelatin capsules packaged in shielded cylin-
ders. I-131 is also available as stabilized aqueous solution in vial with activity ranging
5-150 mCi at the time of calibration. The pH of the solution is adjusted between
7.5 and 9. Nal-131 utilized in the preparation of solution at the time of calibration
contains more than 99% I1-131 [30].

5.5 Mode of action of RAI-131

RAI-131 emit beta particle with principal energy of 606 KeV and maximal tissue
penetration of approximately 3 mm and hence can be used for therapeutic purposes.
Beta irradiation causes cell death by direct and indirect damage to thyroid follicular
cell’s DNA predominantly through apoptosis and also necrosis. Indirect effect is
mediated via release of reactive oxygen species. Another less understood mechanism
is secondary immunoreactivity by released thyroid self-antigen in response to radio-
iodine. This immunoreactivity leads to intra-thyroidal inflammation [31].

5.6 Effective half life of RAI-131

Within a living tissue, a radionuclide decays either by physical decay
(physical half-life) or biological elimination from the body (biological half-life) in an
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exponential pattern. Physical half-life is constant for a particular radionuclide while
biological half-life is specific for patient. Overall decay of a particular radionuclide
is cumulative effect of both half-lives and the half-life associated with overall decay
is called effective half-life. Effective half-life is always less than isolated physical or
biological half-life and is calculated as

1/T,, (effective)=1/T,, (physical)+1/T,

» (biological)
Effective half-life of I-131 can be estimated by measuring uptake at different time
periods following administration.

5.7 Common indications
Common well-established clinical indications for RAI-131 therapy are:

* Benign thyroid disease (Grave’s disease, TMNG, toxic adenoma and non-toxic
nodular goiter)

* Differentiated follicular and papillary carcinoma; residual or recurrent disease
after thyroidectomy, metastatic disease after near-total thyroidectomy

However, RAI-131 therapy is not only limited to these. Persistent or recurrent
hyperthyroidism after partial thyroidectomy can also be treated with RAI-131.
Subclinical hyperthyroidism treatment with RAI-131 has also shown promising
results when underlying etiology is solitary or multiple functioning thyroid nodules
or Grave’s disease [32].

5.8 Treatment protocol
5.8.1 Dose calculation

RAI-131 therapy has been considered as a safe, cost-effective and durable treatment
option for thyroid pathologies particularly benign thyroid disease for the last eight
decades with known risk and benefits. However, optimal method of calculating RAI-
131 activity to be administered to achieve therapeutic objectives is still controversial.
No consensus exist on what pre-treatment measurements are required for optimal
therapeutic response, balancing the risk of partial response, unnecessary radiation
exposure and therapy-induced hypothyroidism. Different protocols are in use to deter-
mine the therapeutic activity in different centers. However, fixed dose method and
calculating a personalized dose using either clinical scoring or scintigraphy findings
are frequently used methods reported to date and studied in animals and humans.

Standard fixed dose RAI-131 therapy is simple, with early and higher cure rate and
minimal remission. In this method, nuclear physician based on his personal judgment
and experience prescribed a fixed dose usually ranging from 2 to 20 mCi. Different
studies have been done in this regard to establish a standardized fix dose however
no hard and fast rule is applied. Higher fixed dose is associated with high cure and
reduced remission rate but concomitant risk of hypothyroidism. Studies show that
approximately 69% patients achieve hypothyroidism at 1 year with 10 mCi RAI-131
while 75% became hypothyroid at 6 months after receiving 15 mCi [22]. However, it
has been observed that same results can be obtained with different doses indicating
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that therapeutic outcome is not dependent only on administered activity. Studies
have shown that thyroid mass and bio-kinetics also determines therapeutic outcome.
Despite all these factors, European society still advocates administering fixed dose
for benign thyroid disease owing to early therapeutic outcome and decrease need of
retreatment [33, 34, 35].

Some studies also suggest to administer fixed dose per unit mass of thyroid gland
without calculating I-131 uptake and effective half-life. It is time and cost effective
and therapeutic outcomes are achieved earlier. This protocol is recommended by
Society of Nuclear Medicine US and by European Association of Nuclear Medicine.
Patient with small target mass will require less administered activity. However,
variation in biological half-life results in over-dose, this aspect is over looked in this
protocol [28].

Calculated dose protocol is based on individualized dosimetry taking into account
patients anatomical and biological parameters. Idea is to calculate minimum effec-
tive dose to acquire therapeutic goals and to prevent unnecessary radiation exposure.
Individual patient dosimetry is essential for determining dose-response relationship.
Calculation of personalized activity to be administered depends on variables like
thyroid mass, I-131 uptake values, effective half-life and dose to thyroid in grays
(Gy). Some centers use fixed effective half-life of RAI-131 like 5 days for Grave’s
disease and 6 days for nodular goiter while other calculate on the basis of uptake
values over a period of 1 week. However, calculating uptake measurements over a
period of week is time-consuming, costly and inconvenient for patients. Radiation
dose needed to be delivered to thyroid for therapeutic purposes following this
protocol is controversial varying from low calculated dose (80 Gy) to high calculated
dose (300 Gy). Low radiation dose activity is associated with less chances of hypo-
thyroidism but increased rate of hyperthyroidism. Different algorithms are also used
to calculate dose like Marinelli’s formula which takes in account RAI-131 uptake and
effective half-life [36, 37].

5.8.2 Patient preparation

Pre-therapy evaluation must emphasize on following:

Patient should be properly educated regarding procedure, its possible outcome,
adverse events, complications, radiation safety measures they have to follow and need
for long term follow-up by providing written as well as verbal information. Informed
consent should be obtained prior to therapy containing all relevant information.

History including disease duration, previous treatment (ATD or RAI-131 therapy),
use of iodinated contrast media or other iodine containing medications, medical
therapy for other comorbid like amiodarone and urinary incontinence. Thyrostatic
drugs lower radioiodine uptake and effective half-life, so they should discontinue
before RAI-131 therapy. Usually, carbimazole and methimazole should be stopped
2-3 days before therapy while propylthiouracil should be discontinued 2-3 weeks
prior to therapy due to more radioprotective effect because of presence of sulfhydral
group. Exposure to iodine alter the timings of RAI-131 therapy. After administra-
tion of iodinated water-soluble contrast agent, therapy should be postponed for
6-8 weeks. In case of amiodarone use for underlying cardiac issue, therapy is usually
not preferred because it leads to delay in excess iodine elimination for an average
period of 6 months. Similarly, other iodine containing medications like lugols iodine,
potassium iodide and topical iodine should be stopped 2-3 weeks before therapy [38].

Laboratory investigations including serum free T3, T4, TSH, TRAD levels.
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* Recent thyroid scintigraphy and radioiodine uptake studies (< 6 months) to look
for tracer uptake values and cold nodules.

* Recent ultrasound neck (< 3 months) for volume assessment and evaluation of
nodules.

* Fine needle aspiration cytology of suspicious appearing nodules on ultrasound
and hypo-functioning (cold) nodules on scintigraphy to exclude malignancy.

* Fasting for at least 4 hours prior to therapy and 2 hours after therapy is recom-
mended to improve gastrointestinal absorption.

* Breast feeding and lactation are absolute contraindications for RAI-131 therapy.
All women of child bearing age must be screened for pregnancy by serum or
urine B-hCG levels within 24 hours of treatment. Serum p-hCG levels are more
sensitive. Pregnancy test may remain negative for 7-10 days, so treating physi-
cian should discuss limitation of test in doubtful cases and delay therapy till
next cycle. Post-therapy conception should be delayed for at least 6 months.
This duration applies equally for males. Similarly, all potential women should
be asked for breast feeding or lactation. If yes, therapy should be delayed till
lactation ceases in order to minimize radiation dose to breast tissues as lactating
breast can concentrate radioiodine. Usually, lactation ceases 4-6 weeks after
childbirth without breast feeding or after omitting breast feeding [39].

RAI-131 is given orally as outdoor patient in facilities duly registered and autho-
rized by regulatory bodies according to national policies. These facilities must have
trained staff including nuclear physician and physicist, radiation safety procedures
and equipment to handle contamination / spread and disposal of waste. If indoor
therapy is recommended in some special cases, it should be done in shielded rooms.

In some cases where increased radiation dose to thyroid is needed, lithium can be
used as it blocks radioiodine washout from gland without interfering with uptake.
Similarly, recombinant human TSH (rhTSH) has been off label used in non-toxic
MNG to maximize radiation dose to thyroid and minimize dose to reminder of the
body. However, their use is still not fully documented and recommended [40].

In patients with uncontrolled urinary incontinence, proper catheterization should
be done or even in-patient therapy should be considered. Literature also suggest
lifelong ATD therapy in such cases if surgery is risky.

5.9 Special conditions
5.9.1 Grave’s disease

As per American Thyroid Association guidelines, the aim of RAI-131 therapy is
to render patient hypothyroid and it is considered as preferred treatment modality
for Grave’s disease in US. In Europe, ATDs are considered preferred treatment option
unless patient has side effects or relapse after course of ATD, cardiac arrythmias
and thyrotoxic periodic paralysis. Patients with comorbids increasing surgery risk,
previously operated or irradiated, contraindications to ATD or females who are not
planning pregnancy in near future (4-6 months) can be considered for therapy.
Pregnancy, lactation, coexisting thyroid cancer, female planning pregnancy within
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4-6 months and patients who are unable to follow radiation safety guidelines are
contraindications [22, 23, 41].

Patients with overt hyperthyroidism and free T4 levels 2-3 times upper limit
should be pre-treated with beta adrenergic blockers and ATD (methimazole) to pre-
vent post-therapy worsening of symptoms. Elderly patients and those with comorbid
like atrial fibrillation, heart failure, diabetes mellitus, pulmonary hypertension, renal
failure and infection should get pre-therapy ATD along with optimization of their
medical conditions. ATD should be stopped 3-5 days before therapy and again given
3-7 days after therapy till normalization of thyroid functions where it is tapered off.
Levothyroxine substitution is started once patient become hypothyroid [42].

Grave’s orbitopathy can be temporary and improves after definitive treatment of
Grave’ disease. In some instances, it can persist or even deteriorates after treatment.
The risk of developing orbitopathy after RAI therapy is 15-30%, while its 10 and 16%
after ATD and surgery respectively and it can develop any time after treatment. The
deterioration of Grave’s orbitopathy after RAI therapy is attributed to post-therapy
hypothyroidism and increase serum level of thyroid autoantibodies. This deteriora-
tion is transient and can be managed by early initiation of thyroxin replacement and
corticosteroids. Patients with pre-existing thyroid eye disease should be treated with
higher radioiodine dose to achieve quick and sharper response and to avoid slow rise
in autoantibodies level due to slow destruction of thyroid follicular cells. This higher
dose activity along with early initiation of levothyroxine substitution can prevent
worsening of disease. Euthyroid status in such patients before therapy is usually
recommended. Smoking is a risk factor and predictor of therapeutic outcome and is
associated with more frequent worsening and severe symptoms. A short course of low
dose corticosteroids can be added with RAI therapy in non-smokers with mild active
eye disease and smokers with mild or inactive eye disease. Patients with moderate
to severe active thyroid eye disease should be consider for thyroid surgery or ATD.
However, therapeutic efficacy of RAI in such cases needs to be evaluated [22, 23, 43].

5.9.2 Pediatric Grave’s disease

Treatment options for pediatrics Grave’s disease are ATD, RAI therapy and sur-
gery. ATD are considered first-line treatment options, however incidence of relapse
is very high in this age group with only 20-30% patients achieving remission after
2 years. Therefore, majority of patients need definitive treatment with either RAI
ablation or surgery. The goal of RAI therapy is to achieve hypothyroidism, recom-
mended by both ATA and ETA treatment guidelines. Usually administering high
activity in single dose is recommended to prevent need of additional therapy and also
minimize the risk of relapse. Low dose is associated with risk of developing nodules or
malignancy at later stage in partially irradiated thyrocytes. Fixed dose (150 uCi/gm)
or calculated dose protocol can be used to deliver optimal therapeutic dose. Majority
of the patients (~95%) achieves hypothyroidism in 2-3 months after therapy and
decrease in serum TSH level can be seen in within a week after therapy. RAI therapy
should be avoided in patients with active orbitopathy [22, 43, 44].

5.9.3 Toxic nodular goiter

RAI and thyroidectomy are the two effective and safe treatment options for toxic
nodular disease. The decision to select a particular treatment option is based on
many factors taking into account patient preference as well. RAI is usually preferred
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in old age patients, patients with significant comorbids, prior surgery or irradiation
to neck, small sized goiter and lack of experienced surgeon. The goal of therapy is
long term alleviation of hyperthyroid state and achieve euthyroidism and volume
reduction. Euthyroidism is achieved 50-60% at 3 months and 80% at 6 months after
RAI therapy. Risk of hypothyroidism is very low as compared to Grave’s disease. The
incidence of hypothyroidism after therapy is 3% at 1 year while 64% after 20 years
and more common in patients under 50 years of age.

Pretreatment with beta blockers is recommended in patients who are at risk of
worsening of symptoms after therapy including elderly or those with comorbids and
overt hyperthyroidism however the use of ATD before therapy needs careful monitor-
ing and caution. ATD use before therapy can cause normal or raised TSH levels result-
ing in increased radiation dose to peri-nodular and contralateral thyroid tissue leading
to hypothyroidism. Focal uptake in nodule with suppressed uptake in surrounding
parenchyma and TSH levels is the basis of RAI treatment. Adequate radiation should
be administered in single dose to achieve therapeutic goals. RAI is either given as fixed
dose activity (10-20 mCi) or calculated on the basis of thyroid size and radioiodine
uptake values using 150-200 pCi/gm calculated fixed dose. There is estimated 20%
risk of treatment failure of TMNG and 6-18% for adenoma [22, 43, 45].

5.9.4 Non-toxic nodular goiter

Although radioiodine therapy is less commonly indicated treatment option in this
group, it is still preferred in patients with recurrent goiter after surgery and comor-
bids which makes surgery riskier. The aim of therapy is to relive compression symp-
toms by volume reduction. Radioiodine uptake in non-toxic nodular goiter is usually
low, sometimes even 15-20% after 24 hours of administration effecting the efficiency.
This radioiodine uptake can be enhanced by low iodine diet consumption for at least
2 weeks before therapy, lithium, avoiding diuretics and recombinant human TSH
(rhTSH). rhTSH can increase radioiodine uptake up to 100% without effecting half-
life. However, its use is only limited in treatment of thyroid cancer. ATD can be used
to increase endogenous TSH seems promising and needs further studies [46].

5.10 Follow-up

Treated patients should be regularly reviewed to assess treatment response and
timely detection of radioiodine induced hypothyroidism or post-therapy immuno-
genic hyperthyroidism. Usually, patient respond to therapy with normalization of
thyroid function test within 4-8 weeks. Hypothyroidism commonly occur between
2 and 6 months but can occur after 4 weeks after therapy. First TSH and free T4
levels should be done 4-6 weeks after therapy to detect the early effects of therapy.
Subsequent visit should be done after 3 months because some patients develop
severe hypothyroidism followed by yearly follow-up depending on clinical condition.
Decision to start thyroxin replacement therapy depends on serum fT4 and TSH level
along with clinical features. Dose should be sub-replacement level and should be
titrated according to serum free T4 levels.

In cases of overt hyperthyroidism, 3-5 days after therapy ATD are usually recom-
mended. For patients with persistent thyrotoxicosis especially Grave’s disease, re-
therapy is considered after 6-12 months. However, re-therapy is usually less effective
due to stunning effect. In some cases, a third session may be needed if patient is still
hyperthyroid. In refractory cases patient is referred for surgery [38].
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5.11 Contraindications

Pregnancy and breast feeding are absolute contraindication for RAI-131 therapy.
Usually, fetal thyroid tissue begins to accumulate iodine by 10-13th week of gestation.
Also, radioiodine can freely cross placenta. If radioiodine is given during this period,
it will damage thyroid tissue. So, all women of child bearing age should be tested
for pregnancy using serum or urine $-hCG levels within 24-48 hours of therapy.
Serum B-hCG level testing is more sensitive. Pregnancy test may remain negative for
7-10 days after fertilization. So, in doubtful cases patient should be counseled regard-
ing the limitation of test and therapy be delayed till next cycle. Post-therapy concep-
tion should be delayed for 6 months to allow time for dose adjustment of thyroxin to
get favorable values for pregnancy. This time also apply for male patient as well [39].

Lactating breast tissues has the ability to concentrate radioiodine maximizing
radiation dose. Lactation usually ceases 4-6 weeks after child birth in the absence of
breast feeding and 4-6 weeks after cessation of breast feeding. Therapy should be
delayed till lactation ceases in order to minimize radiation dose to breast. Some stud-
ies suggest that breast feeding should not be resumed till birth of next child.

Uncontrolled hyperthyroidism, active thyroid eye disease especially in smokers,
coexisting malignancy and non-compliance to radiation safety precautions are some
other relative contraindications for therapy [47].

5.12 Side effects

Generally, RAI-131 therapy is well tolerated and majority of patients experience
no side effects. However, some patients do experience adverse effect related to thyroid
function, size, immunological response or as a result of extra-thyroidal irradiation.

Patients with large goiter may develop painful swelling of thyroid mimicking as
sore throat lasting for up to 1 week following therapy. These symptoms are likely due to
actinic thyroiditis i.e. result from radiation. It is usually managed with ice, NSAIDs and
steroids if not resolved spontaneously. Slight discomfort of salivary (sialadenitis) with
associated dry mouth (xerostomia) may occur in about 39% of the patients, but these
are transient effects and permanent damage is very uncommon. Sialogogues or lemon
juice can be used to accelerates radioiodine excretion by stimulating salivary glands
resulting in approximately 40% reduction in dose to glands. This treatment should
not be given in first 24 hours after therapy as it will result in increased absorbed dose
due to rebound phenomena. Dry eyes (xerophthalmia) is very rare after radioiodine
therapy. Mild leukopenia and thrombocytopenia can occur in some patients but it is
usually temporary (6-10 weeks). Nausea and rarely vomiting can occurs immediately
after therapy in some patients and resolve withing 24-72 hours [48].

Transient rise in serum thyroid hormones level may occur due to release of stored
hormones leading to thyrotoxicosis. Cases of RAI-131 induced thyroid storm has also
been reported with fatal outcome. This transient rise in hormone level depends on pre-
treatment status. Patients who have been poorly controlled before therapy usually leads
to exacerbation of hyperthyroidism requiring therapy. To reduce this risk, pre-treatment
with ATD before therapy can be done to deplete intrathyroidal hormone stores [49].

Post-treatment hypothyroidism is an expected result following RAI-131 therapy
indicating actual therapeutic response. Some authors consider it as a side effect of
therapy. Recent ATA guidelines consider hypothyroidism the ultimate outcome of
therapy and is more common in Grave’s disease as compared to nodular thyroid
disease. It may occur in early post-treatment period or develops gradually over a period
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of time. Delayed onset hypothyroidism incidence continues to increase with time after
therapy at a rate of 4% per year in following year so that at 25 years nearly all patients
become hypothyroid [41]. The ablative dosage concept for Grave’s disease leads to thy-
roxin substitution in nearly all treated patients. In patients with toxic nodular thyroid
disease incidence of hypothyroidism is greater in younger patients with age < 50 years
in long-term follow-up. In general, majority of the patients usually follow transient
hypothyroidism followed by euthyroidism and then permanent hypothyroidism after
radioiodine therapy. Transient hypothyroidism is caused by disruption of normal
hypothalamus-pituitary- thyroid axis and depletion of intra-thyroidal hormone stores.

Radioiodine induced thyroid damage can lead to immunological response due to
release of thyroid autoantibodies peaking approximately 3-6 months after therapy.
TRAD usually return to baseline within 1 year but remains detectable for many
years. This thyroid autoimmunity results in thyroid associated orbitopathy, seen in
approximately 15-30% of patients with Grave’s disease and more common in patients
with previous history of thyroid eye disease. The risk is associated with release of
autoantibodies and development of hypothyroidism. Steroids have shown promising
results in such cases. In patients with toxic or non-toxic nodular goiter, about 1-5%
patients may develop de novo TRAb and occasionally orbitopathy. The risk is more
pronounced in patients with previously circulating autoantibodies (TPO) and usually
resolve spontaneously [48].

Fertility issues with radioiodine therapy are rare and late side effects. Some men
may experience transient increase in gonadotropins and decrease spermatogenesis
due to damage to germinal epithelium except in those receiving higher therapeutic
doses in the range 200-300 mCi in whom permanent infertility may occur. Radiation
dose associated with single ablative therapy does not cause permanent germinal
epithelium damage, however patients requiring multiple therapy administration
infertility can result due to cumulative dose effect. In such cases sperm storage can
be considered. In female, about 20-30% experience menstrual abnormalities like
amenorrhea or metrorrhagia lasting for 1 year and early menopause. RAI-131 therapy
can also damage ovarian reserves in women treated at later ages [50].

Radioactive iodine therapy is thought to be associated with risk of developing
cancer. This association has been extensively investigated and no convincing evidence
could be established in development of thyroid cancer or secondary malignancies
after therapy. A small negligible increase in relative risk of thyroid cancer after
radioiodine therapy has been reported in some epidemiological studies. However,
this seems to be associated with underlying thyroid disease rather the therapy itself.
Some studies have reported the risk of developing secondary malignancies including
stomach, kidney and breast after therapy and this risk is higher in patient with toxic
nodular goiter. But this risk may be attributed to other confounding factors like age,
smoking etc. Nevertheless, the risk of developing malignancy after therapy is negli-
gible and needs further log-term studies [48, 51].

In patients with large goiter and retrosternal extension, tracheal compression can
occur after therapy. In such cases therapy should be done in collaboration with otolar-
yngology department to address compressive emergency. Laryngeal edema, dysgeusia
and recurrent laryngeal nerve palsy can occur rarely.

5.13 Radiation safety procedures

The amount of radiation received by a person from treated patient depends on
activity retained in patient, distance and duration of contact. Mostly radioiodine
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therapy is administered as outpatient in registered and authorized facility. In case
of indoor therapy, patient is released when no person is likely to receive greater than
5 mSv, when survey meter reading is less than 0.07 mSv/hour at 1 meter and when
administered activity is less than 33 mCi or less. Before releasing the patient or after
outdoor therapy, nuclear physician must instruct the patient on how to minimize
unnecessary radiation exposure to surrounding people. Written information should
also be provided.

Patient should be encouraged to drink plenty of water during first 8 hours and
empty bladder frequently to eliminate excessive activity. Flush toilet twice and rinse
sink and tub after use. Wash hands for 20 seconds. Maintain a distance of at least
3 feet from surrounding people for first 8 hours and use private car to drive home, if
not possible maintain a distance of at least 3 feet from driver and passengers. Public
transport should be avoided.

Do not share utensils, towels or wash clothes for 48 hours. Wash bed linen, towels
and garments stained with urine, sweat or other body fluid. After washing these can
be used by others.

Patient should sleep alone in separate room and avoid close physical contact for at
least 7 days. Maintain a distance of 3-6 feet from pregnant females and children below
18 years of age. Infant and small children requiring nursing care should be provided
with caretaker for at least 1 week. Avoid activities requiring close contact for more
than 5 min for first week like public transport, movie theater, class room etc.

Both men and women should avoid pregnancy for at least 6 months. Breast feeding
should not be resumed for current child. Small amount of radiation can trigger radiation
sensors at airports, hospitals and sensitive buildings for up to 3 months. In such cases
documentary proof regarding therapy can be obtained from concerned doctor [52].

6. Conclusion

Radioiodine therapy for hyperthyroidism is safe, cost-effective and efficient
treatment modality. Patient selection, preparation and appropriate dose calculation to
achieve desired therapeutic response are the corner stone of treatment. Post-therapy
hypothyroidism should be anticipated and early initiation of thyroxin is associated
with less clinical manifestations and also prevent worsening of orbitopathy.
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Abstract

The classical approach to treating Graves’ hyperthyroidism involves rapid control
of the symptoms, generally with a beta adrenergic blocker, and reduction of thyroid
hormone secretion by antithyroid drugs (ATDs) and/or using one of the several
modalities available, including radioactive iodine therapy (RAI), and surgery; the
selection of the treatment modalities often varies according to different guidelines,
patient preferences and local traditions. Thionamides are invariably used as first-
line medication to control hyperthyroidism and induce remission of the disease,
thereby relieving the symptoms. In case of failure of the medical therapy, which is
not uncommon, definitive treatment with surgery or RAI is the standard modality
of management after due consideration and discussion with the patients. However,
the therapeutic options available for patients with Graves’ hyperthyroidism have
remained largely unchanged for the past several decades despite the current treat-
ments having either limited efficacy or significant adverse effects. The clinical
demand for new therapeutic regimens of Graves’ disease has led to the emergence of
several new therapeutic ideas/options like biologic, peptide immunomodulation and
small molecules, currently under investigations which may lead to the restoration of a
euthyroid state without the requirement for ongoing therapy, but the potential risk of
immunocompromise and cost implications needs careful consideration.

Keywords: Graves’ disease, anti-thyroid drugs, radioactive iodine, relapse and remission,
thyroidectomy

1. Introduction

Graves’ disease (GD) is an autoimmune thyroid disorders characterized by
multi-systemic involvement, resulting from a complex interactions between genetic
and environmental factors [1, 2]. It has an annual incidence of 20 to 50 cases per
100,000 individuals and is the most common cause of hyperthyroidism, accounting
for 60-80% of the cases [3]. As with the other autoimmune diseases, women are
affected more than men, with a peak incidence occurring between the age of 30 and
50 years, although no age is immune to the disease. It is estimated that approximately
0.5% of men and 3% of women develop Graves’ disease during their lifetime [4].
Hyperthyroidism, diffuse goiter, and/or orbitopathy are the characteristic features of
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GD, although involvement of other organ systems is not rare. The age of the patient,
severity and duration of the disease, determine the presentation and the course of the
disease [5]. variety of characteristic symptoms and physical findings of the disease
either results from hyperthyroidism (goiter in certain cases) or is a consequence of
underlying autoimmunity [6]. Impaired quality of life, work disability [7, 8] and an
increased risk of death [9] associated with GD render it imperative to understand the
effectiveness of the different modalities of treatment available for the GD to acheive
lasting euthyroidism for a favorable outcome. Clinical and biochemical features
associated with elevated levels of thyroid hormone, particularly of a long duration
and/or orbitopathy, elevated levels of TSH-receptor antibodies (TRAbs) along with a
diffuse increase in radioactive iodine or technetium uptake scan, confirm the diagno-
sis of GD. The association of GD with plethora of systemic manifestations, including
typical and atypical, and a relatively prolonged course on account of higher rates of
recurrences and relapse responsible for significant morbidity and an increased risk
of mortality warrant proper management of the disease and the associated complica-
tions [10]. The treatment for GD comprises rapid control of the symptoms, gener-
ally with a beta adrenergic blocker, and reduction of thyroid hormone levels using
one of the several modalities available, including ATDs to block thyroid hormone
synthesis, destruction of the thyroid gland by RAI, and or removal of thyroid gland
by surgery respectively; the selection of the optimal approach often varies according
to the patient preference, different guidelines, clinical factors and local traditions.
The therapeutic options available for patients with Graves’ hyperthyroidism have to
some extent been successful in reliving the patients of signs and symptoms but lack
of efficacy of ATDs in successful maintenance of remission after stopping these drugs
in many patients and/or need for lifelong thyroid hormone replacement on account
of the lack of functional thyroid tissue in patients treated with either radioiodine,

or surgery and improvement in quality of life of in some patients has led to the need
for newer therapeutic options with better disease outcome and improved degree

of morbidity and mortality. The demand for new therapeutic options, combined
with greater insight into basic immunobiology, has led to the emergence of novel
approaches to treat Graves’ disease. The novel therapeutic options under investiga-
tions like biologic, peptide immunomodulation and small molecule, may lead to

the restoration of a euthyroid state without the requirement for ongoing therapy,

but the potential risk of immunocompromise and cost implications needs careful
consideration.

In this chapter we try to dwell upon the traditional treatment options, such as
antithyroid drugs, radioiodine and or thyroidectomy, available for Graves’ hyper-
thyroidism, besides new strategies under investigation and summarize the effective
components of different modalities of management to restore euthyroidism for a
favorable outcome of the disease.

2. Management options for Graves’ disease

The management of GD has been largely directed towards controlling the hyper-
thyroidism despite the autoimmune mechanisms responsible for the syndrome.
Treatment involves alleviation of symptoms and correction of the thyrotoxic state.
Adrenergic hyperfunction is treated with beta-adrenergic blockade. Correcting the
excessive thyroid hormone levels can be accomplished with antithyroid medications
that block the synthesis of thyroid hormones or by treatment with radioactive iodine
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and surgery resulting in loss of functional thyroid tissue. The therapeutic options
available are: (I) antithyroid drug therapy, (II) surgery, and (III) radioiodine. These
modalities are safe and cost-effective and can be the first-line treatment for hyper-
thyroidism not only due to GD, but also due to toxic adenoma, and toxic multinodular
goiter [11]. Despite the use of these three treatments for decades, selection of the opti-
mal therapy for GD still poses a challenge for both the physician and the patient. Each
modality has its unique advantages and disadvantages with no single best therapy

for all patients. A prudent approach is to make a selection after a thoughtful discus-
sion with the patient regarding advantages, risks, and cost-effectiveness, taking into
consideration the values and preferences of the patient. Autoimmune nature of the
disease and lack of treatment to address the underlying autoimmune pathogenesis has
turned the research focus on the potential use of immunotherapy in GD [12]. Despite
the good understanding of the underlying mechanism, it is worth mentioning that the
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 [13].

3. Antithyroid drugs therapy for GD

ATD are used as first line therapy in the majority of patients and represent the
predominant therapy in Europe, Asia, and as bridge therapy in the USA [12]. The
main ATDs are thionamides, such as carbimazole (CBZ), methimazole (MMI)
the active metabolite of the CBZ and propylthiouracil (PTU). CBZ, a prodrug
molecule needs decarboxylation in the liver to get converted to its active substance
MMI. Thionamides block the formation of thyroid hormone T3 and T4 by inhibiting
enzyme thyroid peroxidase. A 12- to 18-month course of antithyroid drugs may lead
to a remission in approximately 50% of patients with theoretically significant (albeit
rare) adverse reactions.

Thyroid gland plays the central role in the metabolism of iodine and synthesis
of thyroid hormones such as T3 and T4. Thyroid follicular cells take up the iodine
from blood stream through an active transport system constituted by a transporting
protein sodium iodide symporter (NIS) which is located at the basolateral membrane
of these follicular cells. This iodine is used for the process of iodination whereby
iodine binds to tyrosine molecule of thyroglobulin (Tg) promoted by enzyme thyroid
peroxidase. The process of iodination of tyrosine molecules leads to the formation of
3-monoiodotyrosine (MIT) and 3, 5-diiodotyrosine (DIT) which is coupled after-
wards leading to the formation of thyroid hormones. Triiodothyronine (T3) hormone
is formed by coupling of one molecule each of MIT and DIT and thyroxine (T4) hor-
mone is formed by coupling of two DIT molecules. These thyroid hormones are stored
in the thyroid cells as colloid in a quantity enough to meet the body requirements for
up to 3 months. The whole process of formation of thyroid hormones is regulated by
thyroid stimulating hormone (TSH) released from anterior pituitary gland which
stimulates the expression of NIS through TSH receptor (TSH-R) which then activates
follicular cells. The uptake and metabolism of the radioactive iodine (I-123 and I-131)
follows the same process as nutritional iodine to get incorporated into the thyroid
hormones [13].

Thionamide drugs are actively transported into the thyroid where they serve as the
preferential substrate for the iodinating intermediate of thyroid peroxidase and thus
interfere with the iodination of tyrosine resulting in inhibition of the synthesis of T3
and T, hormones. This whole process results in the diversion of oxidized iodine from
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the tyrosyl iodination sites in thyroglobulin. Thionamides also inhibit the coupling
of iodothyronines and hence reduce the biosynthesis of thyroid hormones [14]. In
addition, PTU also blocks extrathyroidal deiodination of T4 to T3 resulting in less
conversion of T4 to T3, but this process of peripheral inhibition is of little clinical
significance other than perhaps in the management of thyrotoxic crisis, when it is
important to lower the raised serum T3 concentration as quickly as possible.

ATDs are indicated as a first-line treatment of GD, particularly in younger
subjects, and also for short-term treatment of GD before definitive therapy with
RAI or thyroidectomy [6]. Available only as oral preparations, they however, have
been used as retention enemas in patients in whom oral intake is not possible or is
contraindicated. Alteration of intrathyroidal immunoregulatory mechanisms have
been reported with ATDs which is believed to contribute to long term success of
maintenance of disease remission. In addition they have been reported to have immu-
nosuppressive effect resulting in reduction of TSHR-Ab levels, soluble IL-2 receptor
(sIL-2R) and intercellular adhesion molecule-1 (ICAM-1) [15]. However, this immu-
nomodulatory effect has proved to be short-lived as is evident from the presence of
frequent relapse of Graves’ hyperthyroidism in patients after drug withdrawal.

Historically, CBZ has been the drug of choice in the United Kingdom, but in
all other areas of the world, MMI has been the drug of choice. The use of PTU is
restricted to first trimester of pregnancy and in patients who have reacted adversely
to CBZ or MMI and is also widely employed in the America.

ATDs are given consideration as first line therapy in the following category of
patients with Graves’ disease [16].

a. Younger patients

b.Bridge therapy as short term treatment prior to RAI or surgery.

c. Patients with mild disease (small size of goiter, negative or low TRAbs values),

d.Elderly comorbid patients at high risk of postoperative complications

e. Patients with a history of head and neck irradiation or surgery.

f. GD in pregnancy.

g.Rapid biochemical control in moderate to severe active Graves’ orbitopathy (GO)

h.Lack of access to an experienced thyroid surgeon.
3.1 Carbimazole

Carbimazole, a pro-drug on oral administration is converted to methimazole in

liver which is an active substance. Historically, CBZ has been the drug of choice in
the United Kingdom and is also available in Europe, but is not approved for use in the
United States. Conversion to active substance methimazole is rapid and almost com-
plete either in the gastrointestinal tract or immediately on absorption, as is evident
from the observation that only drug concentrations of methimazole but not carbima-

zole are detected in the serum and thyroid gland after ingestion. Ten milligrams of
carbimazole is equivalent to 6 mg of methimazole. Carbimazole acts as the substrate
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for thyroid peroxidase (TPO) and decrease the incorporation of iodide into tyrosine
molecules. In addition, it also inhibits coupling of iodinated precursor molecules like
mono-iodinated and di-iodinated residues to form T, and T5 hormones.

Carbimazole has been preferred in some patients on account of fewer side effects
such as less frequent gastrointestinal problems compared with methimazole. The
starting dose of CBZ is usually between 20 to 40 mg/day depending on the severity of
the hyperthyroidism. The initial high dose of the drugs can be tapered down after 4 to
8 weeks in what is referred to as the titration regimen. A maintenance dose of 5 to 20 mg
of CBZ is achieved by about 4 to 6 months and this is continued for 12 to 18 months.
Once a patient is on a maintenance dose of CBZ, thyroid hormone assessment is done
every 2 to 4 months and the treatment continued for 12 to 18 months depending on the
response to achieve the immunomodulatory role of the drug to reduce the rate of recur-
rence of the disease. The patients are followed on regular basis based on thyroid hor-
mone levels and clinical status of the patient. Some studies have also advocated block
and replacement regimen to avoid severe hypothyroidism during treatment where CBZ/
MMI in dose of 30-50 mg daily along with thyroxin replacement is used throughout the
coarse but side effects of ATD are more with this kind of regimen [17].

3.1.1 Adverse effects

Adverse effects associated with the use of antithyroid medication range from
milder adverse events such subcutaneous eruptions, gastrointestinal disorders and
arthralgia’s to more serious complications as agranulocytosis, frank polyarthritis and
hepatotoxicity (Explained in Section 2.1.2).

3.2 Methimazole

Methimazole, an antithyroid drug is an active metabolite of carbimazole- a pro-
drug, which belongs to the thionamide class. On entering the blood stream following
oral administration, methimazole inhibits the enzyme thyroid peroxidase and thus
decrease the incorporation of iodide into tyrosine residues of thyroglobulin resulting
in the inhibition of the synthesis of thyroid hormones T4 and T3. Methimazole also
inhibits oxidation of iodine and the coupling of iodotyrosyl residues and thus blocks
the production of thyroid hormone [18].

The first line of therapeutic option for the treatment of Graves hyperthyroidism
is usually Methimazole with few exceptions, due to the lower risk of hepatotoxic-
ity compared to propylthiouracil [18]. Methimazole is usually the started from
10 to 30 mg daily in divided doses, with titration and variable maintenance doses
depending on the severity of hyperthyroidism. As the disease goes in remission, dose
is gradually reduced through the course of disease based on severity of the illness
referred as “titration regimen”. Thyroid function tests are done at 6-8 weekly intervals
after initial treatment, and the dose is titrated based on T4 and T3 hormone levels.
The levels of T3 & T4 are more reliable to guide the dosage of antithyroid drugs as
the TSH values remain suppressed for long time. The oral route of administration
and non-requirement dose adjustment except in patients with severe hepatic impair-
ment makes the of MMI drug of choice worth consideration as ATD [18]. With the
half-life exceeding 6 hours in follicular cells [19, 20], the administration of MMI in
a single daily dose is considered to be effective [21, 22]. The patients with thyroid
storm, require higher doses, 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 [23].

51



Hyperthyroidism - Recent Updates

Once a patient is on a maintenance dose of MMI, thyroid hormone assessment is
done every 2 to 4 months and the treatment continued for 12 to 18 months depending
on the response to achieve the immunomodulatory role of the drug to reduce the rate
of recurrence of the disease.

3.2.1 Adverse effects

The adverse effects are usually not so common but serious drug reactions of
methimazole seem to be dose related (40 mg/day or more). These adverse drug effects
include agranulocytosis, hepatotoxicity, and teratogenicity [24].

Agranulocytosis can occur at any time during the course of MMI therapy but
usually occurs in the first few months of initiation. Absolute granulocyte count of
less than 500 per ml, fever and sore throat characterize the agranulocytosis. Patients
are advised to stop the medication and report to the hospital for further management
in case of development of such symptom. Treatment consists of stopping methima-
zole if the granulocyte count is less than 1000 per ml and give antibiotic treatment.
Methimazole associated agranulocytosis predicts the risk of agranulocytosis due to
propylthiouracil, thus necessitating the circumventing of the use of propylthiouracil
in these patients.

Cholestasis characterize the MMI associated hepatotoxicity and is dose indepen-
dent and shows slow recovery after discontinuation of the drug [25].

The teratogenic effects of MMI include aplasia cutis, facial dysmorphism,
esophageal and choanal atresia, umbilical malformations as well as craniofacial
malformations and are result of free placental crossing of the drug, especially in the
first trimester. For this reason, the use of propylthiouracil in the first trimester of
pregnancy is preferred [25, 26].

3.3 Propylthiouracil

Propylthiouracil is an antithyroid drug that is mostly used as a second treatment
option in hyperthyroidism after MMI/CBZ owing to higher risk of hepatotoxic-
ity. In patients with a contraindication to CBZ/MMI or radioactive iodine therapy,
propylthiouracil provides an option to be used as second line treatment option.
Propylthiouracil is however, preferred as the first line of treatment in patients with
thyroid storm because of its greater efficacy on account of inhibition of the thyroid
deiodinase resulting in the peripheral conversion of T4 to T3. Similarly in the first
trimester of pregnancy, propylthiouracil is favored because of the relatively lower
teratogenic profile compared to methimazole [25].

Propylthiouracil acts by inhibition of thyroid peroxidase, enzyme responsible
for oxidization of iodine and its incorporation into the tyrosine molecule, resulting
in inhibition of the formation of monoiodothyronine and diiodotyrosine. Unlike
methimazole, propylthiouracil causes peripheral inhibition in conversion of T4 to T3
by inhibiting the enzyme deiodinase [25, 26].

The drug like CBZ is also available only as an oral preparation. The severity of the
hyperthyroidism usually guides the starting dose of the propylthiouracil. The usual
starting dose is 300 mg daily divided every 8 hours, with titration of the dose up to a
maximum dose of 600 to 900 mg daily. However, the usual dose of propylthiouracil
in patients with thyroid storm is 500 to 1000 mg daily divided every 4 hours [25, 26].
Once patient is euthyroid, the maintenance dose of propylthiouracil is around 100 to
150 mg per day.
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3.3.1 Adverse effects

U.S. Food and Drug Administration’s has issued a box warning highlighting
higher risk of severe liver injury associated with use of propylthiouracil. As a con-
sequence of this serious adverse effect, CBZ/MMI is preferred as first line of treat-
ment except in patients with an adverse drug reaction to CBZ/MMI and during the
first trimester of pregnancy [27, 28]. However, adverse effects of propylthiouracil
has not been associated with the dose of drug unlike methimazole [24]. Hepatic
injury and acute viral hepatitis like syndrome is one of the most perturbing adverse
drug effects of the propylthiouracil, arising 2 to 12 weeks after starting the medi-
cation. These adverse drug reactions can occur at any time during the course of
treatment but are usually observed during the first 6 months of treatment. The
specific symptoms along with raised liver enzymes point to the initial diagnosis.
The injury can be severe and many fatal cases have been described. The presence
higher risk of hepatotoxicity in pregnancy, excludes the use of methimazole in the
first trimester [25, 26].

ANCA-associated vasculitis has been associated with the use of propylthiouracil
and is responsible for conditions like glomerulonephritis, alveolar hemorrhage,
central nervous system compromise, and leukocytoclastic vasculitis. These conditions
though less frequent, may be responsible for significant morbidity and may improve
upon drug withdrawal or require additional immunosuppressive treatment [25, 26].

Agranulocytosis as an adverse reaction is seen in up to 0.5% of patients, especially
in the first 3 months of treatment. The agranulocytosis may manifest with symptoms
like sore throat, fever and decrease in absolute granulocyte count. Patient are edu-
cated about the possibility of this condition and instructed to stop the medication and
report to the hospital for further management.

Hypersensitivity, interstitial nephritis, hypothyroidism, aplastic anemia and
potential teratogenicity are the other adverse effects seen with use of propylthiouracil
[25, 26].

4. Radioiodine therapy

Radioactive iodine has been used for several decades to treat thyroid disorders
(both malignant and benign) and preferred first-line treatment in many cases like
GD. A safe and effective management modality, RAI is used as definitive treatment
for GD except for the development or worsening of thyroid eye disease in approxi-
mately 15-20% of patients [29]. RAI in GD involves systemic administration of I-131
for selective irradiation of hyper functioning thyroid gland. Radioiodine on admin-
istration is taken up by thyroid gland and is incorporated into the thyroid hormones.
Ionizing damage and tissue necrosis by radioiodine is responsible for destruction
of the follicle cells of the hyper functioning thyroid gland resulting in an eventual
ablation of functional thyroid tissue and thus providing a definite therapy of hyper-
thyroidism thereby improving patient’s quality of life.

Exacerbation of underlying orbitopathy apart, radioiodine therapy is well tolerated
with fewer complications. The safety and efficacy of radioiodine treatment and the
several beneficial effects over thyroid surgery and ATDs have been documented and
are widely accepted. A beta-emitting radionuclide with a physical half-life of 8.4 days,
I-131 is the radionuclide of choice to treat thyroid disorders. Beta-minus decay of
I-131 results in emission of high-energy beta particles which are responsible for high

53



Hyperthyroidism - Recent Updates

radiation, particularly to the thyroid follicular cells, gradually leading to the destruc-
tion of these cells manifesting as volume reduction and therapy outcome in GD.

Radioiodine mediated radiobiological effects are the result of the DNA damage
effected through breakage of molecular bonds, and/or through the formation of free
radicals leading to genetic damage, mutations, or cell death. This leads to a decrease
production of thyroid hormones and/or reduction in the size of thyroid gland.
However, there are no ideal methods of predicting the clinical response or of measur-
ing the individual radio sensitivity to RAI therapy [30].

RAT has been the most preferable treatment in USA for many years, but currently
there is a tendency towards ATD therapy on account of being safe and definitive
therapy for GD. The goal of RAI treatment is to radiate thyroid cells to render the
patient euthyroid using low doses of I-131. Hypothyroidism being an inevitable and
unpredictable progressive outcome of RAI treatment, is the desired result of RAI
treatment and considered as the elimination of hyperthyroidism [31]. Though the
RAI therapy is safe and effective and is considered as first line therapy in many cases
but is preferably indicated for individuals who are at higher risk of surgical complica-
tions, or in those with a history of prior surgery or irradiation of the head and neck,
previously operated, and after failure of ATD therapy to control hyperthyroidism
and/or contraindications to ATD therapy. Similarly it is preferred modality of choice
in the absence of access to an experienced thyroid surgeon and in patients with right
heart failure, periodic thyrotoxic hypokalemic paralysis, congestive heart failure or
pulmonary hypertension [16].

Radioablation is contraindicated in pregnant and breastfeeding women, inability
to follow radiation safety rules, suspicion of thyroid cancer and in moderate to severe
orbitopathy [16]. Female patients of childbearing age should undergo a pregnancy
test 3 days prior to radioiodine administration and provide written signed declaration
confirming the non-pregnant status. Serum pregnancy test being more sensitive is
preferable to urine test [32].

Patients should be advised against the conception 6 months post RAI therapy. RAI
therapy should be administrated 6 weeks to 3 months after lactation is disrupted [33].
Patients must be instructed to discontinue use of all iodine containing medica-

tions and be placed on an iodine-restricted diet in order to increase radioiodine
uptake (RAIU) and thus to have desired therapeutic effect. Withdrawal of ATD for
3-7 days and iodine restriction for 1 to 2 weeks before RAI administration is also
recommended.

RAI administration in hyperthyroidism provides symptomatic relief within weeks.
To avoid increased failure rate and reduced the rates of hypothyroidism, ATDs can be
withheld for 3-7 days before and after radioiodine administration [15, 34]. Patients
at a higher risk of cardiac complications especially rhythm disturbances due to severe
hyperthyroidism should be put on B-adrenergic blockade.

RAI treatment may experience some side effects of radioiodine therapy despite
being considered safe. Post radiation thyroiditis an adverse effect of radiation treat-
ment manifest as transient elevation of thyroid hormones resulting in exacerbation of
hyperthyroid symptoms. The risk of eventual hypothyroidism though a desired result,
is high especially after treatment of GD. However, the most undesirable and potentially
troublesome adverse radiation effect is potential worsening of thyroid associated
ophthalmopathy. Therefore, a close monitoring of the thyroid function is warranted to
detect hypothyroidism earlier on in order to be treated as soon as possible.

Post radioiodine therapy thyroid hormones return to normal levels in the majority
of the patients while resolution of clinical symptoms is observed in 4-8 weeks post
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therapy. Hypothyroidism sets in more than 80% of the patients 16 weeks post RAI
therapy. The post radiation hypothyroidism is usually permanent however, in rare
cases it may be transient and the patient may return to a euthyroid state or remain
hyperthyroid. In the latter scenario there is no decrease of patients thyroid size [16].
Factors observed to affect the outcome of RAI treatment include thyroid size, iodine
intake (diet or iodine containing medicine), dose regimens, compensation of hyper-
thyroidism, and the timing of the withdrawal of ATDs.

To assess the efficacy of the radioiodine treatment and timely detection of devel-
oping hypothyroidism or persistent hyperthyroidism close monitoring of the thyroid
function is essential for favorable outcome. The review of thyroid function should
be carried out within 1-2 months by assessing the values of serum TSH, FT4 and FT3
to be repeated every 4-6 weeks for the first 6 months or until the patient becomes
hypothyroid and is stable on levothyroxine replacement [35].

5. Surgery

Thyroidectomy is the oldest and the preferred modality of treatment for Graves’
disease and has been found to be at par with ATDs and radioiodine in reducing the
serum thyroid hormone levels with normalization of hormone levels within 6 weeks
of therapy [36]. The role of thyroid surgery particularly as an alternative to ATD
in uncontrolled hyperthyroidism despite being on higher drug doses or in cases of
recurrent hyperthyroidism is an attractive option. Surgical management againisa
preferred option for patients in few conditions, such as in patients with large goiters
with compressive symptoms, women desirous of conception shortly after treat-
ment, younger patients with high risk of recurrence following medical management,
nodular thyroid where malignancy may coexist. Patient’s undergone surgical thyroid-
ectomy is advised against the conception till they achieve euthyroidism either sponta-
neously or with levothyroxine replacement therapy. The surgical thyroidectomy does
not appear to affect the course of Graves ophthalmopathy thus risk of its exacerbation
and as such preferred mode of management in severe Graves’ ophthalmopathy.
Failure of antithyroid medications or radio-iodine therapy and patient preference to
surgical approach are the other indication for thyroid surgery so are the patients who
do not want the exposure to antithyroid drugs or radioiodine.

5.1 Preoperative management

The patients must reach euthyroidism to achieve hemodynamic stability,
before they can undergo surgery. This will reduce the risk of complications [6, 37].
Preparation for surgery involves use of [38]:

1. Beta blockers such as propranolol (40-120 mg/day) or atenolol (25-50 mg/day)
should be used until patient is clinically euthyroid that is thyroid function levels
are within the normal limits

2. ATD therapy is used up until the day of surgery.

3. Use of potassium iodide (KI), saturated solution of potassium iodide (SSKI), or
Lugol solution preoperatively have been shown to decrease the vascularity of the
gland, thyroid blood flow and intraoperative blood loss beside acute inhibitory
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effects of iodide on new thyroid hormone synthesis, referred to as the Wolff-
Chaikoff effect. However, use of iodide products has not been associated with
change in outcomes in few studies.

3.1 SSKI is used as 1 to 2 drops (50 mg/drop) TID and should be initiated 7 to
10 days prior to surgery and discontinued on the day of surgery.

3.2 Similarly Lugol solution (KI-iodine solution) as 5 to 7 drops (8 mg iodide/
iodine per drop) daily can also be used as alternative [16].

3.3 In addition, corticosteroid like betamethasone 0.5mg every 6 hours) or dexa-
methasone (2 mg orally or intravenously 4 times daily) and cholestyramine (4 grams
six hourly) can be used for rapid preparation for emergent surgery to avoid the risk of
thyroid storm.

Although preoperative use of these compounds has been advocated by ATA guide-

lines, the advantages of use of these agents preoperatively on the outcome of surgery
is still debated.

4.The pre-op levels of serum calcium and vitamin D levels should be determined
to establish a baseline level. Replacement therapy should be instituted if low to
avoid post op hypocalcemia.

5. Postoperatively serum calcium, albumin and parathyroid hormone levels should
be measured to screen for postop hypocalcemia so to have earlier detection of
transient and later permanent hypoparathyroidism

6. Pre-op substitution of calcium carbonate in the dosages of 1gram for 3 weeks
prior the procedure can avoid postoperative hypocalcemia.

7. Postoperatively all patients should be advised to have 1gram calcium carbonate
three times a day for 2 weeks until the normalization of calcium and parathyroid
hormone (PTH) levels are documented.

5.2 Total thyroidectomy versus subtotal thyroidectomy

Total thyroidectomy (removal all of the thyroid tissue) is preferred to subtotal
thyroidectomy (leaving 4 to 7 grams of thyroid). The extent of thyroid resection in
GD remains controversial. Total thyroidectomy versus subtotal thyroidectomy is a
balance between risk of recurrence of hyperthyroidism in case of subtotal thyroid-
ectomy and incidence of hypothyroidism seen with total thyroidectomy [38]. Total
thyroidectomy is given the preference to subtotal thyroidectomy to avoid the risk
of recurrence at the cost of rendering the patient on the side of hypothyroidism, in
addition to avoid the second surgery to remove the residual tissue, which will be more
difficult on account of scar tissue formation and distortion of tissue planes with prior
surgery i.e., subtotal thyroidectomy [39]. In a systematic review and meta-analysis
of total vs. subtotal thyroidectomy for GD by Feroci et al., the odds ratio (OR) of
transient and permanent hypoparathyroidism favors subtotal thyroidectomy, the
OR of the recurrence of hyperthyroidism favors total thyroidectomy [37]. One of the
randomized trials involving 191 patients of GD by Barczynski et al., compared total
thyroidectomy vs. subtotal thyroidectomy and followed these patients over a span
of 5 years. Patients undergoing total thyroidectomy had a complete remission of the
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disease and lower risk of hypoparathyroidism (transient and or permanent) com-
pared to subtotal thyroidectomy cohort [39].

Total thyroidectomy offers a better chance of cure of hyperthyroidism than bilat-
eral subtotal thyroidectomy despite the controversy regarding the extent of thyroid
resection in GD and can be accomplished safely with slight increase in the risk of
temporary and permanent hypoparathyroidism.

Total thyroidectomy has been endorsed as the procedure of choice for the surgical
management of GD [40] despite other studies [41, 42] arguing that subtotal thyroid-
ectomy especially when performed with a remnant thyroid tissue of less than 3 gm,
may allow permanent cure of hyperthyroidism to ensure euthyroid state in a signifi-
cant proportion of patients with lower risk of recurrent hyperthyroidism [43].

5.2.1 Complications

Nonfatal complications associated with surgery are hypoparathyroidism either
permanent (1-3%) or transient (10%) and vocal cord paralysis and hypothyroidism.

6. Management of Graves’ disease during pregnancy

Graves’ disease affects approximately 0.1% of pregnancies and if inadequately
treated carries a substantial risk of adverse effects in both mother and child [44].
Untreated hyperthyroidism results in increased risk of pre-eclampsia, preterm
delivery, low birth weight and increased neonatal mortality and morbidity. The
mother is also at increased risk of heart failure, thyroid storm and pre-eclampsia.
Changes in thyroid hormone concentrations that are characteristic of hyperthyroid-
ism must be distinguished from gestational thyrotoxicosis affecting as many as 20%
of pregnancies resulting TSH receptor stimulation by elevated serum levels of human
chorionic gonadotropin (hCG), especially in the first trimester to ensure the early
recognition and management to have a favorable outcome. Fetal hyperthyroidism can
be life-threatening, and needs to be recognized as soon as possible so that treatment
of the fetus with antithyroid drugs via the mother can be initiated. Antithyroid drug
treatment of hyperthyroidism in pregnant women is controversial because in utero
exposure with the usual ATDs especially methimazole and/or carbimazole have been
the associated with between severe birth defects and the alternative propylthiouracil
with hepatotoxicity. As both propylthiouracil and methimazole are associated with
birth defects, lowest effective dose of an antithyroid drug should be used to maintain
thyroid function at the upper limit of the normal range in order to avoid overtreat-
ment and subsequent fetal hypothyroidism [45]. The use of propylthiouracil in the
first trimester and methimazole during the remainder of pregnancy is currently
recommended on the basis of a consideration of potentially severe birth defects.

Thyroid function should be monitored monthly. In up to 50% of cases, antithyroid
drugs may be discontinued after the first trimester as GD improves spontaneously
during pregnancy, but postpartum relapse is common due to a rebound in autoim-
munity [44]. Elevated Thyrotropin-receptor antibodies levels especially by a factor of
more than 3 in the third trimester, identifies pregnancies at risk for neonatal hyper-
thyroidism [44]. Breast-feeding is safe with either methimazole or propylthiouracil,
but methimazole is recommended for postpartum therapy and does not affect infant
thyroid function in the doses commonly used [46, 47].
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PTU is the preferred antithyroid agent during pregnancy, as congenital anomalies
such as aplasia cutis (single or multiple lesions of 0.5 to 3 cm at the vertex or occipital
area in the scalp), choanal and esophageal atresia are reported more frequently with
MMI [48]. However, the incidence of these anomalies is quite rare and it is acceptable
to continue MMI particularly in areas where PTU is not easily available. The PTU
dosage is reduced to the lowest effective dose to maintain the fT4 towards the upper
end of the reference range with monthly monitoring of thyroid functions [49]. The
activity levels of Graves’ disease may fluctuate during pregnancy, with exacerbation
during the first trimester with improvement in later pregnancy with a higher chance
of an exacerbation soon after delivery. Therefore, thyroid function should be moni-
tored every 2 to 3 months for 1 year following delivery to detect early relapse.

7. Newer therapeutic options

Newer treatment options based on antigen-specific Inmunotherapy, immuno-
biology such as biologics, small molecules and peptide immunomodulation under
investigations are in different stages of development particularly aimed at achieving
euthyroidism without the requirement for ongoing therapy.

7.1 Antigen-specific immunotherapy

The antigen-specific immunotherapies are intended to restore the immune
tolerance to the immunodominant epitopes responsible for the aberrant autoimmune
response. Lack of generalized immunosuppression and skewing of the immune
response associated with these therapies pose no greater risk of infection or different
immune-mediated conditions. A study by Pearce et al., investigated a combination
of two TSHR peptides (ATX-GD-59) in 12 subjects with mild-to-moderate untreated
hyperthyroidism that was administered 10 times to each participant over 18 weeks
by intradermal injection, in 12 subjects with mild-to-moderate untreated hyperthy-
roidism. The treatment was also well tolerated, with 10/12 participants finishing the
study and 7/10 subjects had improvement in their thyroid function over the 18 weeks
of ATX-GD-59, with 50% normalizing their serum fT3 concentrations, reduction
in serum TSHR autoantibodies suggesting that ATX-GD-59 may have a significant
potential for effective disease-modifying therapeutic cure in GD [50].

7.2 Immunomodulation

Immunomodulation of B lymphocytes by directly targeting the B cells or their
associated interactors and cytokines by molecules such as iscalimab (anti-CD40),
belimumab (anti-BAFF), and rituximab (anti-CD20).
7.3 Blocking of signaling

Blocking of signaling of TSH receptors by small molecular TSHR antagonist and
TSHR stimulation by TSH or TRAbs (K1-70 blocking),

7.4 Inhibition of immunoglobulin

Inhibition of immunoglobulin recycling by blocking the neonatal Fc receptor
(efgartigimod and rozanolixizumab), which recycles endocytosed IgG antibody by
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binding it in the acidic conditions of the lysosome and recycling it to the cell mem-
brane for release back into the circulation [51].

These newer therapies may dawn the era of restoring a euthyroid state in the
patients of GD without the need for ongoing therapy with least potential risks such
as immunocompromise and render destructive radioiodine thyroid ablation and
thyroidectomy obsolete.

8. Conclusions

The treatment of Graves’ disease, a most common cause of hyperthyroidism
should be tailored to the specific needs of each patient with the benefits and risks of
each therapy explained in full. Antithyroid drugs, surgery and radioactive iodine are
still therapeutic options of choice and are widely available and exercised. Antithyroid
drugs continue to be the first line of treatment, except for patients with contrain-
dications or intolerance. Surgical ablation is still an option in a smaller proportion
of patients with particular conditions. Radioactive iodine therapy has gained more
acceptability and in many cases it is preferred first-line treatment. RAI is a safe and
effective definitive treatment for GD.

New treatment options with biological and immunomodulatory therapy are under
development 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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Abstract

Graves’ disease and nodular toxic thyroid disease are the leading causes of hyper-
thyroidism. Iodine fortification (IF) among mild-to-moderate iodine deficiency
populations is associated with transient increase in incident thyrotoxic nodular disease
that may last up to 10 years. A rise in incident Graves’ disease and other autoimmune
thyroid conditions has also been associated with IF. Epidemiological studies from
different geographical settings around the globe suggest increased incidence even
among reproductive age groups in affected populations. Recurrent iodine deficiency
in iodine replete populations in developed countries may also predispose them to a
similar phenomenon. The prevalence and consequences of hyperthyroidism in preg-
nancy may be higher than previously reported. We intend to describe the
aetiopathology and epidemiology of hyperthyroidism, the mechanisms through which
hyperthyroidism predisposes to infertility; the impact of hyperthyroidism on fertility
treatment, pregnancy in general and among women with infertility; as well as the
effects of hyperthyroidism or agents used in the treatment of hyperthyroidism on
perinatal outcomes and adult life for those exposed in utero.

Keywords: hyperthyroidism, infertility, maternal and neonatal outcomes,
antithyroid drugs, iodine fortification

1. Introduction

Thyroid hormones control the metabolism of all nucleated cells and hence are
vital for the various processes involved in gametogenesis, fertilisation, embryogen-
esis, implantation, foetal development and growth in utero [1, 2]. Hyperthyroidism
is a pathological state characterised by excessive production of thyroid hormones
and subsequent elevation of serum levels of thyroxine (T4) and triiodothyronine
(T3) and diminution of serum thyroid-stimulating hormone levels [3]. The different
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aetio-pathological mechanisms leading to hyperthyroidism as well as the various
treatment modalities can potentially have a negative impact on male and female
fertility, conception, foetal and maternal well-being, as well perinatal and adult life
of foetuses exposed in utero [2, 4, 5]. Previously hyperthyroidism was reported as
having a low prevalence of less than 1%, mainly affecting middle-aged and elderly
populations [6]. Recent epidemiological surveys suggest the prevalence rates of up
to 1.6% in populations recovering from endemic iodine deficiency following univer-
sal iodisation of salt, mainly presenting as toxic thyroid nodules, not only among the
elderly but including persons in the age range 20-49 years [7-9]. Pedersen et al. [7]
reported an increase of prevalence of hyperthyroidism of 160% in the 20-39 age
group in Denmark following food fortification with iodine. In Ghana, following

20 years of universal iodization of salt, Sarfo-Kantanka et al. [8] reported an increase
in the incidence of thyroid diseases-related hospital admissions 213 to 538/100,00
admissions. Toxic nodular goitre was the second most common presentation with a
percentage of 22.5%, affecting mainly women (female: male ratio of 8.3:1) age range
of 27-42 years. This increase in hyperthyroidism following improved access to
iodine nutrition although transient but can last up to 10 years [10, 11]. This is
followed by a decline in the prevalence of hyperthyroidism in countries that attain
and maintain optimal iodine nutrition [7, 9, 12]. It is not clear whether excessive
iodine intake in formerly iodine deficiency endemic populations, or recurrent expo-
sure to iodine deficiency in pregnancy like, has been reported in some European
countries [13, 14] can lead to prolong the ‘transient increase’ in hyperthyroidism
secondary to iodine fortification. One study from south China reported that preg-
nancy not only predisposes to hypertrophy of pre-existing nodules, also but to the
formation of new nodules with biochemical milieu close to subclinical hyperthy-
roidism [15].

Some of the increase in prevalence of hyperthyroidism among younger people
following fortification of food with iodine has been attributed to thyroid autoimmune
disorders. This is in addition to thyroid nodules that were previously reported to be
more common among middle aged and the elderly populations that are also increas-
ingly prevalent among people in reproductive years [10, 16]. Graves’ disease that has
been traditionally reported to be more prevalent in developed iodine-sufficient coun-
tries has also been reported in recent studies done in countries recovering from
endemic iodine deficiency [17]. This has in part been attributed to an epidemiological
transition, or better diagnostic capacity in recent times with many cases remaining
undiagnosed in the past.

With an estimated 1.88 billion people at risk of mild-to-moderate iodine deficiency
in both developed and developing world and concerted effort to improve iodine
nutrition through food fortification [18, 19], the incidence of transient hyperthyroid-
ism at population level secondary to improved iodine nutrition is likely to lead to
higher prevalence of hyperthyroidism secondary to nodular thyroid and Graves’ dis-
ease. Hence, the incidence of hyperthyroidism in developing both developing and
developed countries undergoing iodine supplementation due to endemic or recurrent
mild-to-moderate iodine deficiency may be higher than previously reported. This not
only requires a better understanding of the effect of hyperthyroidism on pregnancy,
but also on fertility, and on neonatal and adult life of those exposed to hyperthyroid-
ism and various treatments iz utero.

In this chapter we intend to

* Describe the aetiopathology and epidemiology of hyperthyroidism
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* Outline the mechanisms through which hyperthyroidism may predispose to
infertility

* Explore the impact of hyperthyroidism on fertility treatment

* Explore the impact of hyperthyroidism on foetal and maternal well-being

Highlight the impact of hyperthyroidism on post-partum maternal health,
perinatal and childhood and adult life of children exposed in utero

2. Aetiology and pathogenesis

Hyperthyroidism has a female predilection (sex ratio of 5:1), and a life time risk
of 2-5% with a modal age of presentation among females is 20 and 40 years [20].
More than 99% of all patients with hyperthyroidism are as a result of pathological
processes within the thyroid gland leading to hyperactivity and excessive secretion
of T3 and T4 [20]. Excessive secretion of TSH from the pituitary is an uncommon
cause.

Graves’ disease, an autoimmune disorder in which stimulatory serum IgG anti-
bodies bind to TSH receptors in the thyroid leading to excessive output of T3 and T4
secretion from the thyroid gland into the circulation, is the leading cause in iodine-
sufficient regions of the world [20]. Graves’ disease tends to affect the young- and
middle-aged people [20, 21] and it thought to result from molecular mimicry follow-
ing infection with bacteria such as Escherichia coli and Yersinia enterocolitica that
possess TSH-binding sites [22]. Other risk factors of Graves’ disease include
HLA-mediated genetic predisposition as well as smoking [20, 23].

Toxic nodular thyroid lesions are the second most frequent cause of hyperthyroid-
ism and the leading cause in iodine-deficient areas [24]. Previously, toxic thyroid
disease associated with iodine deficient was reported to be more prevalent in the
elderly [25]. The aetiology of thyroid glandular lesions leading to hyperthyroidism is
related to the degree of iodine nutrition of the population [26]. Following the imple-
mentation of universal iodization of salt (USI) globally, studies from formerly iodine
deficiency endemic areas reported an increased incidence of both Graves’ disease and
toxic nodular thyroid disease also affecting not only the elderly populations, but also
segments of the population in the reproductive age [8, 9, 11]. Like Graves’ disease,
females are more prone to solitary toxic nodules than males with F:M ratio > 4.8 [8].
Toxic nodular thyroid disease compared to Graves’ disease is more prone to resur-
gence of thyrotoxicosis after achieving euthyroid state with antithyroid drugs [27].

Among populations with low levels of dietary iodine intake, the thyroid gland tries
to ensure adequate hormonal production through increased activity of the thyroid
follicular cells. Prolongation of this compensatory hyperactivity due to persistent
iodine deficiency results into autonomous growth and function of clusters of follicular
cells [25]. The increase in dietary iodine intake following the advent of USI
implemented in various countries with low-to-moderate severe iodine deficiency
results in excessive output of thyroid hormones from the autonomous follicular
clusters resulting into nodular toxic thyrotoxicosis [26]. This increased incidence in
hyperthyroidism including people of reproductive age requires a concerted effort
aimed at preconception diagnosis and management of hyperthyroid disease in people
of reproductive age and in early pregnancy so as to mitigate the short- and long-term
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foetal, perinatal, maternal and adult life complications associated with uncontrolled
hyperthyroidism and its treatment.

Gestational hyperthyroidism also known as gestational transient thyrotoxicosis
(GTT) is a transient elevation of serum thyroid hormone levels in pregnant women
without evidence of thyroid autoimmunity. GTT affects 1-5% of pregnant women
early in pregnancy. This form of thyrotoxicosis usually resolves spontaneously by the
end of the first or early second trimester of pregnancy. This is attributed to the
physiological elevation of serum HCG, which peaks in the first 8 to 11 weeks of
pregnancy, decreasing thereafter, and remaining in plateau up to term [28-31]. GTT
has a short and self-limiting course and does not usually require specific treatment.
Milder forms are likely to remain unrecognised. Free T4 levels tend to return to
normal in the second trimester; hence, supportive management is generally all that is
needed [4]. However, in severe form GTT presents as hyperemesis gravidarum, with
significant weight loss and thyrotoxicotic features such as tachycardia, hyperreflexia,
hand tremors but without goitre or orbitopathy usually associated with Graves’
disease [4].

3. Differential diagnosis

Differential diagnoses of hyperthyroidism are conditions that predispose to thyro-
toxicosis without intrinsic hyperactivity of the thyroid gland. These include thyroid
pathology that leads to destruction of the follicular cells and consequential release of
the preformed T3 and T4 leading to transient thyrotoxicosis. Examples include
post-partum thyroiditis, silent thyroiditis and sub-acute painful thyroiditis. Others
include iatrogenic T4 administration, medications such as lithium, interferon o and
amiodarone, as well as metastatic thyroid carcinoma and thyroid hormone-producing
tumours such as struma ovarii [3] and trophoblastic diseases that produce excessive
B-HCG that is not only structurally similar to thyroid-stimulating hormone but has
accentuated stimulation of the thyroid follicular cells than the normal hCG [32].

4. Hyperthyroidism and reproduction

Thyroid dysfunction is the most commonly found endocrine problem in females of
reproductive age [33]. Hyperthyroidism (both clinical and subclinical) can affect both
males and females of reproductive age, by producing variable degrees of gonadal
dysfunction [33, 34]. In the general population, it affects 1.5% of reproductive age
females and 2.3% of the infertile group [35]. It is associated with infertility, though
this is not well established due to limited evidence [36]. According to WHO, infertility
is failure to achieve successful pregnancy after 12 months or more of appropriate,
timed, unprotected intercourse [37]. Although there is no evidence of improved
ovulation rates, treatment of both clinical and subclinical hyperthyroidism is advisable
to improve pregnancy adverse outcomes, including early pregnancy loss [35, 36].

4.1 Effect of hyperthyroidism on the hypothalamic, pituitary gonadal axis

Thyrotoxicosis in females is associated with increased GnRH sensitivity, though
most women will still have ovulatory cycles [36, 37]. Other hormonal changes in a
female include an increase in the production of sex hormone-binding globulin
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(SHBG) and oestrogen with decreased oestrogen clearance. Thyrotoxicosis is also
associated with the increased production of androgens such as androstenedione and
testosterone that are subsequently converted to estrone [34, 38].

Hyperthyroidism is associated with delayed puberty [32]. Post-puberty hyperthy-
roidism may be associated with hypomenorrhea, polymenorrhea, oligomenorrhea and
hypermenorrhea [34]. These menstrual disturbances are found in about 22% of
women with hyperthyroidism compared to 8% of healthy controls [39].

Hyperthyroidism in males is associated with increased incidence of gynecomastia,
as well as decreased libido which is attributed to increased levels of free oestrogen
[34]. Hyperthyroidism causes oligozoospermia, asthenozoospermia and
teratozoospermia, the mechanisms by which these adverse effects come about is
poorly understood [40].

4.2 Autoimmune thyroid disease (AITD) and fertility

Thyroid autoimmune is present in up to 25% of the general population [35]. AITD
is associated with poor outcomes pregnancy outcomes among women in reproductive
age who are euthyroid, especially those who are undergoing assisted reproduction
[35]. The thyroid is affected by autoimmune disease via T cells, commonly causing to
Graves’ disease and Hashimoto’s thyroiditis accompanied with hyperthyroidism or
hypothyroidism [30]. Most common antibodies include thyroid peroxidase anti-
bodies, thyroglobulin antibodies and thyroid-stimulating hormone receptor anti-
bodies. Thyroid-stimulating antibodies are central to the pathogenesis of Graves’
disease, while other antibodies are produced as a response to thyroid injury leading to
hypothyroidism. Thyroid-stimulating antibodies have a limited effect on fertility, but
have a role in foetal and neonatal hyperthyroidism [30].

The radioactive iodine treatment commonly used for hyperthyroidism, especially
Grave’s disease does not have an effect on gonadal function but pregnancy should be
postponed by at least 6 months after treatment because of teratogenic effect [31, 35].

5. Preconception care

The best maternal and prenatal outcomes are expected from women who are
healthy at the onset of pregnancy [41]. Pregnancy among women with hyperthyroid-
ism faces a two-pronged challenge: potential complications from metabolic derange-
ments secondary to excessive thyroid hormones and circulating auto-antibodies
among women with Graves’ disease; and the adverse effects of the varied treatment
remedies aimed at the control thyroid function close to the normal state [4]. The
principles of preconception care for women with hyperthyroidism are to use effective
contraception until the patient achieves a sustained euthyroid state [42]. This will
reduce the complications associated with the deranged metabolic state due to exces-
sive thyroid hormones in the circulation.

In order to reduce the risk of teratogenicity, women who have attained a euthyroid
state preconceptionally when treated with carbimazole or methimazole should be
switched to propylthiouracil till a stable euthyroid state is maintained before
attempting to conceive [43]. Treatment with propylthiouracil should be continued
until organogenesis is deemed complete at the end of the first trimester.

Since pregnancy is associated with diminution of cell-mediated immunity and
reduced risk of relapse, an alternative strategy for euthyroid women with Graves’
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disease with TSH receptor antibodies (TRab) below cut-off level, on minimum doses
of antithyroid drugs is to withhold the antithyroid drugs at the inception of preg-
nancy. Then, they are to be followed closely with prompt reinstatement of treatment
in case of relapse [43, 44]. Women who still desire pregnancy but are at high risk of
relapse due to high-circulating levels of TRab titres should be counselled for the option
of total thyroidectomy and thyroid hormone replacement [44].

6. Thyroid physiology in pregnancy

The thyroid gland produces T3 and T4 which are essential for normal maternal and
foetal metabolism. The hypothalamic-pituitary-thyroid axis is important for this con-
trol [45]. Increase in oestrogen concentration in pregnancy results in elevated hepatic
synthesis of thyroid-binding globulin (TBG) necessitating increased T3and T4 output
from the thyroid gland. This coupled with relative iodine deficiency due to increased
maternal glomerular excretion, and transplacental transfer of iodine to the foetus
combined with high levels of HCG leads to maternal thyroid hyperstimulation [46].
This increases the serum T4 and T3 levels between 6 and 12 weeks of gestation
reaching a plateau at 20 weeks which through negative feedback reduces TSH secre-
tion from the pituitary [46, 47]. In early pregnancy, there is transplacental transfer of
maternal T4 but not TSH which is essential for foetal metabolism and normal neuro-
logical development. In the second trimester, there is placental metabolism of mater-
nal thyroid hormones and the foetal thyroid takes over thyroid hormone synthesis
using iodine obtained through transplacental transfer from the mother [29].

The normal range of thyroid function tests in pregnancy varies according to iodine
dietary content and ethnicity, and fluctuations across the trimesters of pregnancy
[48]. Total T4 (tT4) has been found to be more reliable for measurement during
pregnancy compared with fT3 and fT4. To adjust for the general increase of tT4 in
pregnancy compared to non-pregnancy state, it is recommended that the levels should
be multiplied by 1.5. As an option fT4 index may also be used in pregnancy, as it
corrects tT4 according to the TBG levels [48].

6.1 Hyperthyroidism and interpretation of results in pregnancy

HCG, which is structurally similar to TSH molecule, has a weak stimulatory effect
on the thyroid cells resulting in elevated T4 and T3 [28, 29]. A negative feedback
effect of the elevated thyroid hormones on the anterior pituitary results in low levels
of TSH [48]. This reduction is estimated to be about 0.1-0.2 mU/L for the lower limit
and 0.5-1.0 mU/L for the upper limit compared to non-pregnant state [41]. HCG
levels decrease in the second trimester; therefore, TSH level rises again [48]. The use
of trimester-specific TSH reference values is necessary in pregnancy due to these
physiological changes that result in modification of the normal reference ranges of
serum thyroid-stimulating hormone. Free serum T4 (FT4) estimates are unreliable
during pregnancy compared to TSH that remains sensitive in pregnancy despite the
effects of HCG (human chorionic gonadotropin) (Table 1) [41].

6.2 Clinical features of hyperthyroidism pregnancy

The clinical features of hyperthyroidism overlap with those of pregnancy and
hence may make diagnosis difficult especially for a patient who develops incident
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Test Non-pregnant state First trimester Second trimester Third trimester
TSH 0.3-4.2 0.1-2.5 mIU/L 0.2-3.0 mlU/1 0.3-3.0mlU/L
fT4 (pmol/l) 9.0-26.0 10-16 pmol/l 9.5-15.5 pmol/l 8-14.5 pmol/l
fT3 (pmol/l) 2.6-5.7 3-7 pmol/l 3-5.5 pmol/l 2.5-5.5 pmol/l
Refs. [41, 48].
Table 1.

Comparison of serum thyroid hormone levels in pregnancy and non-pregnant state.

eLow TSH elevated eLow TSH, elevated T4, *Low TSH elevated

T3, mildly elevated or normal or mildly elevated T3, mildly elevated or
normal T4 T3 normal T4
*TRab negative *TRab positive *TRab negative
*No goitre *Difuse goitre +Solitary or
multinodular goitre
*T3/T4 ratio <20 *T3/T4 ratio > 20
Figure 1.

Biochemical features of gestational thyrotoxicosis, Graves’ disease and nodular thyroid disease.

hyperthyroidism in the first trimester of pregnancy [49]. These include palpitations
dyspnoea, fatigue, sweating and haemic murmurs. If these features become severe in
addition to nervousness and hyperactivity, it is prudent to exclude thyrotoxicosis with
its underlying cause.

Although graves’ disease has traditionally been reported in the young adults, and
nodular toxic thyrotoxicosis in older people, it is worthwhile to consider both condi-
tions in addition to gestational thyrotoxicosis when presented with a symptomatic
pregnant woman [10, 16]. This is informed by the increased prevalence of both
autoimmune and nodular thyroid disease with iodine fortification coupled with
recurrent migration within and between countries and continents [15].

Some features that can help distinguish between the three commonest underlying
causes of thyrotoxicosis in pregnancy are shown in Figure 1 and Table 2 [50-52].

6.3 Effect of pregnancy on the common underlying entities of thyrotoxicosis
6.3.1GTT

Since gestational transient thyrotoxicosis is caused by excessive hCG or in heritable
TSHR hypersensitivity to hCG, GTT will be self-limiting and most patients will revert
to normal thyroid function after the first trimester especially by about 20-week
gestation following the natural reduction in serum hCG [51]. However, thyrotoxicosis
may persist beyond the first trimester among women with hyper-placentosis such as

73



Hyperthyroidism - Recent Updates

Clinical features GD GTT TMG &TA
Symptoms pre-dating pregnancy ++ — Y
Symptoms during pregnancy ++++ +/— +/—
Nausea/vomiting —/+ [ +/—
Persistence of symptoms May subside Subsides in second half May worsen
Goitre + — +
Orbitopathy + — _
Table 2.

Differentiating clinical features of Graves’ disease, gestational thyrotoxicosis and toxic nodular disease.

in multiple pregnancy or among women with heritable TSHR hypersensitivity to hCG.
In these patients, toxic nodular goitre need be excluded.

6.3.2 Graves’ disease

Due to the diminishing levels of cell-mediated immunity as pregnancy progresses,
serum levels of TRab tend to reduce in the second and third trimester with the
consequent reduction in levels of T3 and T4 as well as the symptoms of Graves’
disease [29].

6.3.3 Toxic thyroid nodules

Pregnancy is associated with increase in the size and number of thyroid nodules
especially among women of higher parity [15]. This may potentially increase the
severity of thyrotoxicosis and the necessity for treatment or increase in doses of ATD
or lead to surgical intervention.

6.4 Impact of thyrotoxicosis on pregnancy

Without optimum maternal treatment, hyperthyroidism in pregnancy is associated
with maternal and foetal adverse outcomes. This could be secondary to the high
metabolic state and specific pathological processes, and ATD [29, 41].

6.4.1 Impact on maternal health

Severe GTT may be associated with hyperemesis gravidarum that in addition to
features of thyrotoxicosis will present with weight loss of >5%, dehydration and
ketonuria [4]. Rather than being a direct complication this may be due to the shared
mechanism of high levels or hypersensitivity to circulating hCG.

Maternal nodular goitre can lead to tracheal obstruction. Irrespective of the pri-
mary cause, high levels of thyroid hormones T3 and T4 may predispose to maternal
arrythmias and cardiac failure, or thyroid storm, miscarriage, abruptio placenta and
preeclampsia. Elevated TRAD preconception is a prognostic of risk for relapse of GD,
failing ATD or cessation [53].
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6.4.2 Maternal complications

Maternal complications of hyperthyroidism include preeclampsia, abruptio pla-
centa, incident diabetes mellitus, thyroid storm, and arrhythmia, congestive heart
failure, and cardiovascular disease [4, 41]. In a recent systematic review and meta-
analysis, Alves et al. [5] found that the treatment of hyperthyroidism was associated
with reduced risk of abruptio placentae, gestational diabetes mellitus and postpartum
haemorrhage.

6.5 Management of hyperthyroidism in pregnancy

Optimum management of hyperthyroidism in pregnancy necessitated a multidis-
ciplinary team comprising of an obstetrician, maternal foetal medicine specialist and
paediatric endocrinologist, and a neonatologist is necessary, and sometimes adult and
paediatric critical care specialists if complications arise [29]. The aim of treatment is to
achieve near-euthyroid state without causing adverse effects to the mother and the
foetus.

Challenges of treatment include the following:

* Radioiodine crosses the placenta leading to foetal thyroid ablation so is
contraindicated in pregnancy.

* Surgery predisposes to pregnancy losses especially in first and third trimester and
severe haemorrhage and laryngeal nerve injury to the mother so it is best differed
to post-partum period or if unavoidable done in the second trimester [45, 54].

» ATDs cross the placenta, predispose to congenital defects if used in the first
trimester, and in high doses predispose to foetal hypothyroidism.

6.5.1 Management of GTT

GTT is usually self-limiting hence symptomatic treatment is usually recommended
[49]. If symptoms persist beyond 16 weeks gestation into the second half of preg-
nancy, or is severe enough to require ATD, the patient should be re-valuated and
screened for GD, toxic adenoma or TMN goitre.

6.5.2 Management of thyrotoxicosis among women with GD, toxic adenoma and
multinodular goitre in pregnancy

The management includes administration of ATD, beta-blockers and supportive
treatment as needed. The mechanism of action of thionamides is to block the synthesis
of thyroid hormones; in addition, PTU blocks the peripheral conversion of T4 to more
potent T3 [55]. The aim of ATD therapy is to maintain thyroid hormones levels at the
upper point of the normal range with the minimum possible dosages of the drugs.
PTU should be used in the first trimester as recommended and then later substituted
with methimazole in the second trimester to avoid hepatotoxicity associated with it.
Adjunctive treatment with beta-adrenergic blockers may be used to reduce tachycar-
dia, palpitations and tremors. Propranolol 20 to 40 mg orally every 8 to 12 hours may
be used while awaiting response to the antithyroid medications [4]. Antithyroid
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medications can and should be tapered as pregnancy progresses [56]. When serum
TSH rises to detectable level, this is an indication to reduce ATD.

In patients in with GD in which ATD is discontinued in the third trimester, close
monitoring should be done in the postpartum period due to high risk of relapse [56].
The indications for thyroidectomy include severe thyrotoxic orbitopathy, high
TRab titres post-radioiodine therapy in GD, obstructive goitre and adverse drug
reaction [54].

Since the risk of recurrence of toxic multinodular goitre treated with ATD is
more than 95%, patients with thyrotoxic multinodular disease treated with ATD
during pregnancy should be considered for thyroidectomy in the in the postpartum
period [27].

7. Maternal hyperthyroidism and the foetus

The foetal thyroid gland develops 24-days post-conception and is capable of taking
up iodine from 10 to 11 weeks. Foetal thyroid hormone production is controlled by the
foetal hypothalamo-pituitary axis beginning 20 weeks after conception. Foetal levels
of TSH, T4 and T3 reach adult levels by 36 weeks [55]. Transplacental passage of
maternal thyroid-stimulating antibodies or ATD, both of which may disrupt foetal
thyroid function have an effect on foetal prognosis [29].

7.1 Effect of TRab on the foetus

The foetus may develop thyrotoxicosis secondary to the maternal receptor anti-
bodies, which having crossed the placenta stimulates the adenylate cyclase in foetal
thyrocytes. The foetus of untreated or mothers with poorly controlled GD disease may
be complicated by foetal goitre, intrauterine growth retardation, low birth weight and
preterm birth or foetal death may occur [4]. These foetal complications have also been
observed in pregnancies of some women with Graves’ disease that became euthyroid
after surgical or radioiodine treatment that remained with high-serum thyroid recep-
tor antibodies [57]. The detection of TRAbs in pregnancy should result in the foetus
being considered at risk of developing thyrotoxicosis and monitored accordingly [58].

7.2 Effects of maternal ATD therapy on the foetal thyroid

All available ATDs (MMI, CM, PTU) cross the placenta and therefore have the
potential to cause foetal hypothyroidism [4]. Early exposure in pregnancy to ATD has
been associated with birth defects [4]. PTU is associated with less common and less
severe teratogenicity than MMI (Table 3) [59]. ATD doses necessary to maintain
maternal FT4 in the upper normal to mildly thyrotoxic range are associated with
normal foetal thyroid function. Higher doses of ATD predispose to foetal hypothy-
roidism and goitre [4]. Therefore, it is recommended the lowest effective dose of MMI
or PTU to maintain maternal serum FT4/TT4 at or moderately above the upper limit
of the reference range should be used.

The ‘Block’ and ‘replace’ treatment method with ATD and levothyroxine (LT4)
should be avoided in pregnancy because the transplacental passage of ATD is high,
whereas it is negligible for thyroid hormones; hence, addition of LT4 will not protect
the foetus from ATD-induced hypothyroidism [60, 61].
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Carbimazole/methimazole PTU
Aplasia cutis Pre-auricular sinus/fistula and cysts
Choanal/oesophageal atresia Urinary tract abnormalities in males

Hearing loss

Dysmorphic features

Developmental delay

Omphalocele

Omphalomesenteric duct abnormalities

Refs. [4, 59].

Table 3.
Birth defects associated with ATDs.

7.3 Foetal ultrasound

Mothers with positive Trab should be referred to a maternal foetal medicine
specialist for foetal surveillance. This includes foetal ultrasound in the first trimester
for dating and nuchal translucency (NT scan), foetal anomaly scan at 18-22 weeks and
2-3 weekly scans to screen for adverse effects of TRab and ATD. Ultrasound features
of foetal hyperthyroidism include goitre detected as a solid hyperechogenic vascular
neck mass [60], tachycardia, hydrops, polyhydramnios and risk of premature rupture
of membranes and preterm labour and foetal growth restriction [4].

Foetal hypothyroidism may be diagnosed by the presence of a large goitre,
polyhydramnios and bradycardia. Demonstration of peripheral blood flow on foetal
thyroid Doppler ultrasound differentiates goitre due to foetal hypothyroidism from that
due to foetal hyperthyroidism, which has both peripheral and central blood flow [62].

7.4 Management of foetal complications

The mainstay of treatment of foetal GD secondary to transplacental maternal TRab
regardless of maternal thyroid state is the administration of ATD to the mother and
monitoring of reduction of foetal goitre and foetal heart rate. In case maternal hypo-
thyroidism ensues, this is managed with levothyroxine replacement [41].

The approach to foetal hypothyroidism secondary to maternal ATD is to reduce the
dose and aim to keep the T4 levels closer to the upper limit of normal [52]. In rare
cases where hypothyroidism does not resolve following reduction of maternal ATD
doses, invasive therapy with intra-amniotic levothyroxine at a dose of 10mcg/kg/week
for several weeks can be given [52].

When foetal goitre persists to time of delivery a planned elective caesarean section
should be performed with EX-Utero Intrapartum Treatment (EXIT) procedure to
secure the airway with intubation while still maintaining placental circulation [60].

8. Children Born to Mothers with Hyperthyroidism

Since GTT is usually self-limiting [29], children born to mothers with GTT are
expected to be healthy at birth. Those born to mothers with Graves and nodular
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thyrotoxicosis requiring treatment may present with complications secondary to
transplacental transfer of ATD [63]. Antithyroid drugs are also transferred into the
breast milk and this has been previously thought to put the nursing neonate at risk of
hypothyroidism. However, several studies evaluate thyroid function in infants whose
mothers breastfed while taking PTU or MMI failed to detect the adverse effects on the
newborn [64]. Continuation of breastfeeding is generally now considered safe and
should be encouraged in hyperthyroid mothers taking ATD.

About 1-2% of neonates born to mothers with GD develop neonatal hyperthyroid-
ism although some have reported an incidence as high as 5% [65, 66]. Neonatal
thyrotoxicosis carries significant morbidity and mortality. In most cases, neonatal
thyrotoxicosis is transient and results from the transplacental passage of maternal
stimulating TSH receptor antibodies (TRAb) [66, 67]. TRAb may also be transferred
to the baby by way of breastmilk and cause neonatal hyperthyroidism, which requires
treatment even if the mother is euthyroid [67].

All infants born to mothers with a history of Graves’ disease should undergo
careful examination and monitoring to screen for the development of clinical hyper-
thyroidism and serious complications associated with it [29]. Neonates born to
mothers with Graves’ disease with good control on ATD may not have obvious
symptoms of hyperthyroidism at birth, which may result in delayed diagnosis and
complications [4]. Neonates born to mothers who tested negative for TRAb during the
second half of gestation or those that exhibited absence of TRAD in the cord blood are
unlikely to develop hyperthyroidism and are considered low-risk patients [68]. How-
ever, all neonates of mothers with hyperthyroidism require a focused assessment at
birth for potential complications.

8.1 Clinical presentation of neonatal hyperthyroidism

The time of onset and severity of symptoms of hyperthyroidism are variable.
Neonates born to mothers who had high TRAD levels (more than three times the
upper normal value) and who were not treated with ATDs can exhibit overt
hyperthyroidism at birth, while neonates born to mothers treated with ATDs or
neonates who receive maternal thyroid receptor blocking antibodies may have
normal thyroid function or present with hypothyroidism at birth [69, 70]. Some
neonates of mothers with GD on antithyroid medication may be born with the
features of hypothyroidism and later after about 2-5 days of life may show signs of
hyperthyroidism following subsequent metabolism and excretion of maternal
ATDs from their circulation [71].

The neonatal hyperthyroidism may present with a thyroid storm marked by
tachycardia, hypertension, hyperthermia, tremors, irritability, restlessness,
sweating, difficulty in sleeping, tachypnoea, arrhythmia, supraventricular
tachycardia and cardiac failure [72]. Neonates with thyrotoxicosis and cardiac
failure have a high mortality rate of up to 20% if not timely and adequately
treated [73].

Maternal TRab may remain in the infant circulation for from a month up to
3 months, most neonates with congenital hyperthyroidism respond to ATD therapy
within 1-2 months [74]. However, there might be some long-term adverse effects on
cognitive development even with the prompt treatment.

Others may present with features such as frontal bossing, triangular face,
periorbital oedema, goitre, hyperactivity, failure to thrive despite excessive appetite,
reduction in the subcutaneous adipose tissue [68]. The neonate may also present with
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non-specific clinical features such as diarrhoea, vomiting, fever, sweating, pulmonary
hypertension, chylothorax, jaundice, hepatosplenomegaly, prolonged acrocyanosis
and sialadenitis. Premature closure of cranial sutures (craniosynostosis) and subse-
quent microcephaly may be noted in severely affected infants [75].

8.2 Laboratory tests for neonates with hyperthyroidism

It is recommended that neonates born to mothers with TRAbD antibodies as well as
neonates with a known family history of genetic congenital hyperthyroidism should
have their cord blood tested for the TRAD between days 3 and 5 after birth, then at
2 weeks and 3 months [68, 76]. Thyroid function tests performed on the cord blood
before the third day of life in neonates tend to reflect intrauterine foetal thyroid status
and are poor predictors of neonatal hyperthyroidism. Thyroid function tests start
showing biochemical picture in the neonates with hyperthyroidism between days 3
and 15 following birth [77].

High-risk infants with normal initial testing should have repeat blood workup at
days 10-14 days of life or when symptoms appear. Hyperthyroidism in the newborn is
suggested by high T4 and T3 levels with low TSH (<0.9 mlU/L) [66]. Additional
investigations to check for other organ malfunction include AST, ALT and direct
bilirubin, blood sugar, and platelets, cardiac and thyroid ultrasonography as well as
wrist and hand X-ray for assessment of bone maturation [66].

8.3 Management of neonates with hyperthyroidism

Treatment should be promptly initiated upon clinical and biochemical diagnosis of
neonatal hyperthyroidism [76]. Early and appropriate treatment is necessary in order
to reduce the risk of heart failure in the acute phase. Adequate hydration should be
maintained and airway, breathing and circulatory support should be provided if
required [71]. Pharmacological treatment includes adrenergic blockage, inhibition
thyroid hormone synthesis, release and peripheral conversion, reduction of preload
afterload and regulation of cardiac rhythm and other supportive treatment (Table 4)
[71]. Infants with persistent hyperthyroidism despite adequate medical treatment may
require thyroidectomy [66].

8.4 Pathogenesis of congenital hypothyroidism among neonates born to mothers
with hyperthyroidism

Some neonates of mothers with hyperthyroidism may be born with congenital
hypothyroidism which may be central or primary. Primary neonatal hypothyroidism
may occur among children born to mothers on ATD, or Graves’ disease secondary to
TSHR blocking antibodies transfer across the placenta, which directly suppresses T3
and T4 production in the foetal thyroid (Table 5). Among these patient’s neonatal
hypothyroidism tends to be transient due to the clearance of the ATD and antibodies
from the neonatal circulation; hence, they may not require treatment [78].

Central hypothyroidism arises from downregulation and delayed maturity of the
foetal pituitary due to excessive production of thyroid hormones following foetal
thyroid stimulation by maternal TRSAB. This tends to be transient in about 70% of the
neonates; however, in 30% it may persist requiring lifelong treatment with
levothyroxine [66, 79].
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Pathological state Targeted action of the medication Pharmacological agents
Excessive adrenergic Adrenergic blockage Propranolol 0.25-
stimulation 0.75 mg/kg/dose 8hrly
Excessive adrenergic Reduction of preload, afterload, rate and Diuretics and digoxin
stimulation with cardiac rhythm control
failure
Excessive stimulation of ~ Blockage of thyroid hormone synthesis PTU 5-10 mg/kg/day in 3
the thyroid by TRabs doses OR
Carbimazole 0.5-1.5 mg/
kg/day OR

Methimazole 0.25-1 mg/
kg/day in 2-3 divided
doses

Suppression of synthesis and release of thyroid Potassium 1-2 drops daily
hormones Lugol’s solution 1 drop

(8 mg) 8 hourly

Excessive levels of Suppress peripheral conversion from T4 to T3  Prednisone 2 mg/kg/day
peripheral T3 and T4 Compensation for thyroid hormone induced

hyper-catabolism of endogenous

glucocorticoids
Restlessness and irritability Supportive care Sedatives

Adapted from Ref. [68].

Table 4.
Treatment options for neonates with congenital hyperthyroidism.

Clinical condition TSH T4

Central congenital hypothyroidism Low / normal or mildly elevated Low

Primary congenital hypothyroidism High Low
Table 5.

Biochemical features of central and primary neonatal hypothyroidism.

8.4.1 Clinical features of neonates with congenital hypothyroidism

Most neonates with congenital hypothyroidism may be asymptomatic; however,
symptoms include decreased motor activity, longer spells of sleeping, feeding diffi-
culties, horse cry and prolonged jaundice. The physical examination may reveal
enlarged fontanelles, macroglossia, hypotonia, rounded abdomen, umbilical hernia
and myxoedema [80].

8.4.2 Management of neonates with congenital hypothyroidism

The recommended treatment should be L-T4 which should be initiated within the
first 2 weeks of life at a dose of 10-15 mcg/kg/day according to severity of the disease
and dose adjusted according to fT4 and TSH levels [81]. Close follow-up of 1-2 weeks
is necessary till TSH levels are established then 1-3 months in the first year and then
2-4 months in the first 3 years. The target is to keep TSH levels within the normal
limits according to age and fT4 levels in the upper half of the normal range [81].
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9. Postpartum thyroiditis and depression

Postpartum thyroiditis is an autoimmune destructive inflammation of the thy-
roid gland that manifests within the first 12 months after delivery or miscarriage
[82]. A fifth to one quarter of the patients present with the classic biphasic nature
of thyrotoxicosis presenting within the first 1-4 months after delivery followed by
hypothyroid state in the next 4-8 months. Another quarter present only with
thyrotoxicosis, about 50% only with hypothyroid phases [41, 83]. About 80-85%
revert to euthyroid state, the rest remaining hypothyroid [41, 83]. While postpar-
tum thyroiditis is associated with a wide range of somatic and psychic symptoms,
depression has been more associated with the hypothyroid phase, while anxiety
and hyperactivity are more common in the thyrotoxicosis phase of this disease
[83]. This may explain the conflicting results reported by different studies that
sought to establish the relationship between postpartum thyroiditis and postpar-
tum depression [84, 85] that may have had participants with differing phases of
postpartum thyroiditis. Anticipation of the possible incidence of postpartum
depression during the hypothyroid phase will help plan appropriate follow-up with
consequent early diagnosis and management of women at risk of postpartum
depression secondary to postpartum thyroiditis.

An increased incidence of thyroid autoimmunity has been reported
following iodine supplementation among populations with mild-to-moderate
iodine deficiency [7, 8]. The physiological diminution of cell-mediated immunity
during pregnancy may mask the autoimmune thyroiditis, which may manifest as
postpartum thyroiditis and with features of depression several months postpartum
well past the puerperium period [4, 86]. Hence, it may be prudent to increase
surveillance for postpartum thyroiditis and postpartum depression in populations
undergoing iodine supplementation due to endemic mild-to-moderate iodine
deficiency.

10. Conclusion

Although hyperthyroidism has limited impact on fecundity, if undiagnosed or
not effectively controlled, it can greatly reduce fecundability for both fertile
women and those on fertility treatment through early pregnancy losses and
iatrogenic preterm delivery that may accompany maternal complications. The
transient increase in hyperthyroidism secondary to iodine fortification is
associated with higher incidence non-toxic and toxic thyroid nodules among
women in later half of reproductive age and Graves’ disease among younger
women. This may not only increase the incidence of perinatal, congenital and
behavioural complications associated with in utero exposure to ATD and TRabs,
but also maternal mental and cardiovascular complications. This calls for more
studies to further elucidate the epidemiology of hyperthyroidism and other thyroid
disease especially in populations with recurrent waves of recurrent iodine defi-
ciency or excess with concurrent iodine fortification as well as increased vigilance
during prenatal and postnatal care. Poorly controlled hyperthyroidism in preg-
nancy is associated with maternal morbidity and mortality. Long follow-up of
children born to mothers with hyperthyroidism is crucial as they may present with
neurocognitive disorders.
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Chapter 6

Thyrotoxic Hypokalemic
Periodic Paralysis

Mustafa Cesur and Irmak Saymn Alan

Abstract

Thyrotoxic hypokalemic periodic paralysis (THPP) is a rare but life-threatening
complication of hyperthyroidism characterized by recurrent episodes of muscle
weakness due to intracellular potassium shifting in the presence of high levels of
thyroid hormone. Attacks can be triggered by many factors. Its differential diagnosis
from the other common causes of hypokalemic paralysis is necessary to maintain
targeted therapy. Outcome was right away positive under potassium replacement
therapy. Hyperthyroidism should be treated to prevent attacks.

Keywords: hypokalemia, periodic paralysis, thyrotoxicosis, pathophysiology of THPP,
management of THPP

1. Introduction

Hypokalemia can be defined as a serum potassium level under 3.5 mEq/L. The
symptoms of severe hypokalemia are nonspecific and mainly are related to muscular
or cardiac functions and its effects on nerves. In severe and life-threatening hypoka-
lemia (serum potassium of less than 2.5 mEq/L) generalized weakness and dangerous
ventricular tachyarrhythmias may occur. Heart muscle can be affected by arrhythmias
and may lead to heart failure [1, 2]. Acute decrease of serum potassium may be more
arrhythmogenic than chronic hypokalemia [3].

Acute hypokalemic paralysis is a clinical syndrome presenting with low serum
potassium levels and acute systemic weakness. The muscular weakness ranges
from minor weakness to complete flaccid paralysis. This clinical syndrome is
extremely rare. Fortunately, it is a treatable condition. Thyrotoxic hypokalemic
periodic paralysis (THPP) is one of the reason of acute hypokalemic paralysis
[4]. Approximately 32% of acute hypokalemic paralysis has found to be related to
thyrotoxicosis [5].

The association between thyrotoxicosis and periodic paralysis was first described
by Rosenfeld in 1902. THPP is a rare condition, which occurs in 2% of patients with
thyrotoxicosis. THPP is mainly sporadic, but may be associated with certain HLA
haplotypes [6]. There is no exact knowledge about genetic disposition of THPP.
Genetic analysis identified heterozygous variants in candidate genes. But no single
pathogenetic mutation has been identified. Several single-nucleotide polymorphisms
in these genes have been associated with THPP. Determination of the complete
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Triggering factors

¢ Awakening in the middle of sleep * Alcohol

* High carbohydrate intake * Cold exposure

* High salt intake * Drugs (diuretics, estrogen, laxatives, steroids and

 Epinephrine amphotericin B, etc.)

* Menstrual cycle * Insulin

. s ¢ Upper respiratory tract infections
¢ Radioactive iodine treatment PP P y

. ¢ Trauma
¢ Rest after strenuous exercise

. e Surger
« Emotional stress urgery

* Abuse of thyroid hormone

Table1.
Triggering factors of Thyrotoxic hypokalemic paralytic episodes.

genetic architecture in the future studies will be helpful to understand the patho-
physiology of THPP [7, 8].

THPP is generally associated with intermittent episodes of muscle weakness
and occasionally with severe paralysis. Paralytic attacks are mostly precipitated by
strenuous exercise, high glucose intake, or hyperinsulinemia. THPP is a widespread
complication of hyperthyroidism in males (85%) of Asian origin with a frequency
of almost 2% [4, 9]. The case of THPP in the females is a rare occurrence. The reason
for this is mysterious but proposes that androgens have a role in the pathogenesis of
THPP. Cases with symptoms are generally between 20 and 40 years of age [10, 11].
Rarely it can be seen in children and adolescents [12] or elderly [13].

The best part of etiological agents for thyrotoxicosis may be related with THPP.
The major agent was reported to be Graves’ disease [12, 13]. Silent thyroiditis and
subacute thyroiditis are the rest etiologies [4]. THPP related with Coronavirus disease
2019 (Covid-19) infection reported in some data. Higher incidence of hyperthyroid-
ism was reported in patients with Covid-19 infection, probably related to immune
response to the infection. Thyroid function was shown to be improved when the
infection was resolved [14, 15].

Various circumstances, including TSH-secreting pituitary adenoma [16], using high
doses of thyroxine [17, 18], and iodine-related thyrotoxicosis with inattentive use of
iodine or with drugs containing iodine (e.g., iodinate contrast agents or amiodarone)
[19-21] have also been involved.

One of the Turkish cases occurred as the first manifestation of interferon-alpha-
induced Graves’ disease [22] while another occurred after radioactive iodine therapy,
which led to the consideration of radiation thyroiditis [23]. There are many triggering
factors [4, 24, 25]. The triggering factors of thyrotoxic hypokalemic paralytic episodes
are given in Table 1.

2. The pathophysiology of THPP

The pathophysiology of THPP is poorly understood. In THPP, flaccid paralysis
occurs with comparatively minor alterings in the serum potassium level. Hypokalemia is
the characteristic evidence with elevated thyroid hormones. It is generated with a quick
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shift in K from the extracellular space to the intracellular department, particularly into
the muscles. Increased adrenergic responses and elevated circulating levels of insulin
and thyroid hormones raise Na*/K*-ATPase activity. Additionally, thyroid hormones
rise the sensitivity of beta-receptors, so catecholamine-mediated cellular K uptake is
raised [26, 27]. These suggestions may explain why insulin and epinephrine stimulate
paralytic attacks. Carbohydrate-rich meals increase insulin release, and stress-related
factors (e.g., emotional stress, cold, trauma, and infection) increase epinephrine deliv-
ery. Exercise also delivers K from the skeletal muscles, while rest encourages flow of K,
so paralytic attacks may be seen during rest after strenuous exercise [28].

The robust preference for THPP to occur in males brings forward that androgens
may take part to pathogenesis of THPP. Androgens have been reported to enhance the
expression and activity of the Na'/K*-ATPase and hence related with TPP attacks [29].
Potassium channel Kir2.6 gene mutations have been established to take a role in THPP.
Kir2.6 is mainly expressed in skeletal muscle and is transcriptionally arranged by thy-
roid hormone. Mutation of the gene coding this channel has been established in THPP
cases and is related with high prevalence of paralytic attacks in those patients [30].

3. Differential diagnosis

In an acute attack, THPP must be distinguished from other causes of acute hypo-
kalemic paralysis. Hypokalemic paralysis symbolizes a heterogeneous category of
disorders, which cause an ultimate mutual pathway existing as acute weakness and
hypokalemia. Hypokalemic paralysis can be divided into two main groups. The first
group contains the patients with hypokalemic periodic paralysis, which is related to

Blocks K* Activates Na*/K* Na* permabilityf Abnormal Ca* channel
channel pump Na* channel Ca++pump (Voltage operated)
K* 3Na* Na* Cax Ca* Extracellular
compartment
Muscle @@
membrane ATP ( )
+~——— Na* — Ca* o—80
— 2K+ Intracellular
compartment

tNa*/K* ATPase activiti

| Rebound response after intense exercise }
Hypersensitivity to _
glucose load \ I

] ‘ | Postexercise reuptake of K* into muscle cell ‘

| Catecholamine-induced hyperinsulinemia |

Figure 1.
Pathogenesis of hypokalaemic paralysis in transcellular distribution of potassium without depletion.

91



Hyperthyroidism - Recent Updates

Transcellular distribution of Actual potassium depletion
potassium (o depletion) Renal loss Extra-renal loss
¢ Familial periodic paralysis « Distal RTA ¢ Celiac disease
* Thyrotoxic periodic paralysis * Sjogren’s syndrome * Tropical sprue
* Barium poisoning * Medullary sponge kidney * Severe diarrhea
* Chronic toluene exposure ¢ Short bowel syndrome

* Fanconi’s syndrome

* Primary aldosteronism

Table 2.
Differential diagnosis of hypokalemic paralysis.

an acute exchange of potassium into the cells (Figure 1). The second group contains
the patients presenting with hypokalemic paralysis, which is related to potassium
depletion. Diagnosis among paralytic attacks is hard as the patient may have normal
force and potassium levels. Electromyography shows unusualness in a few patients
but is frequently normal, particularly among episodes when no clinically detectable
weakness is present. Hypokalemic paralysis happens in different situations, and the
diagnosis may require a broad research for the underlying etiology since the treatment
changes according to the reason [31].

The diagnosis of THPP is made based on clinical presentation and exclusion of
disorders associated with low potassium (Table 2).

4, Clinical features

THPP attacks mostly occur in the late night or early morning and last from a few
hours up to several days. Prodromal symptoms such as aches, cramps, and stiffness
can be seen [32]. Generally, the proximal muscles are more seriously affected than the
distal muscles. The acute episode at first involves the lower limbs, followed by girdle
muscles and thereafter upper limb. Atypical findings such as asymmetric paralysis
are uncommon. Presentations alter widely from mild, transient, self-limited motor
dysfunction to total flaccid paralysis, with recovery occurring first in those muscles
affected last. Bladder, bowel, and sensory functions are generally not affected and
mental skills are never damaged [10]. Paralysis of respiratory, bulbar, and ocular
muscles has been rarely reported in severe attacks of THPP. Respiratory muscle
involvement, even though rare, generally can be fatal [33]. Deep tendon reflexes are
prominently reduced or absent. Moriyama et al. reported that sudden deafnessina
man with THPP, circulatory failure, and electrolyte instability in the right inner ear
was accepted to have caused the deafness [34]. Patients completely recover between
the attacks [26].

5. Laboratory features

Hypokalemia is the main laboratory finding in THPP. However, normokalemic
THPP cases have also been reported [35, 36]. Normokalemia may lead to overlooked
diagnosis [36]. The level of hypokalemia is important [31]. Serum potassium level
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may be one of the markers of survey of the disease for its reasoning of fatal and
life-threatening ventricular arrhythmias [37, 38]. Hypomagnesemia and hypophos-
phatemia have been reported to be common in THPP. These laboratory results may
aid differentiate THPP from familial hypokalemic periodic paralysis [39]. Elevated
serum T3 and T4, low serum TSH levels, and thyroid uptake scan showing symmetric
diffuse uptake are component of the diagnostic assessment. Patients with elevated T3
and normal T4 levels have been reported, particularly in patients who have Graves’
disease or an adenoma who usually have T3 thyrotoxicosis [40]. Serum creatine
phosphokinase (CPK) was found to be high [39, 41]. Rhabdomyolysis may be seen

in severe THPP [42]. In addition to hypokalemia [43] and hypophosphataemia [44],
hyperthyroidism alone may cause rhabdomyolysis [45]. ECG alterations in THPP vary
from nondiagnostic to those demonstrating typical features of hypokalemia [46].
ECG alterations related with hypokalemia and/or other ECG abnormalities may be
seen. ECG findings may help in early diagnosis of THPP [47, 48]. Sinus tachycardia,
ventricular tachycardia, ventricular fibrillation, high QRS voltage, first-degree AV
block, atrial flutter, and atrial fibrillation are significant signs proposing THPP in
patients who present with paralysis and hypokalemia [48-50]. An artificial-intel-
ligence-assisted-ECG system trustworthy recognizes hypokalemia in patients with
paralysis, and combining with routine blood tests makes precious judgment assistance
for the early diagnosis of THPP [51].

6. Management

Patients with acute paralysis must be hospitalized in a monitored condition for
cardiac arrhythmias. Acute management of THPP contains potassium chloride
replacement, cautious observation, and close monitoring of serum potassium levels.
Potassium replacement can be done in two ways: oral or intravenous. A recommended
protocol is 30 mEq of oral potassium every 2 hours until recovery begins, with a maxi-
mum dose of 90 mEq in 24 hours. Intravenous supplementation is the major choice
if the patient shows signs of cardiac dysrhythmia, respiratory distress or is unable to
take oral medications. The dosage of potassium varies between patients and can be
standardized according to renal clearance and cardiovascular condition. Potassium
replacement should not exceed 90 mEq/24 h because of the possibility of rebound
hyperkalemia. Rebound hyperkalemia appears to be an important trouble in THPP,
taking place in approximately 40-59% of treated attacks [4, 10, 52, 53]. In contrast to
familial periodic paralysis, regular oral potassium supplementation is ineffective for
prevention of the attacks in THPP [53]. Imminent monitoring of serum potassium
levels throughout the acute attack is necessary. Continual cardiac monitoring is sug-
gested for all patients throughout medical management and observation. A cardiology
consultation should be provided for serious arrhythmias/ECG changes. Correction of
hypomagnesemia, if present, is additionally suggested.

The best way to prevent and to permanently treat the periodic paralysis is to treat
the thyrotoxicosis permanently. THPP does not disappear completely unless patients
become euthyroid. Thus, the management of hyperthyroidism is the mainstay of
therapy. Permanent treatment is so important and could be done by antithyroid
drugs, radioiodine therapy, or surgery [27]. During treatment of hyperthyroidism,
precipitating factors should be avoided. While antithyroid drugs may be used to induce
remission, the performance of this therapy is changeable and relapses are frequent.

By the end of the acute attack, radioiodine therapy or thyroid surgery is preferable to
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permanently end the thyrotoxicosis. For high recurrence rates of long-term treatment
with antithyroid drugs, early permanent therapy, especially with radioactive iodine, is
recommended because surgical stress may further induce paralysis. However, surgical
therapy with close monitoring can be performed if necessary [4]. Chemical ablation
has mainly shown benefit in elderly individuals, pregnant, cardiac and pediatric
patients [54]. Non-selective beta-blockers (e.g., propranolol) have been shown to
significantly improve thyrotoxic symptoms and maintain relief of paralytic attacks by
blocking catecholamines’ effect on ion channels [55]. Selective B-blockers do not act
on skeletal muscle, which makes them less beneficial in the treatment of THPP [27]. In
spite of likely benefits, beta-blockers (principally non-selective agents) are known to
have a mild deleterious effect other metabolic parameters [56].

The effects of glucocorticoids in the management of hyperthyroidism have been
evaluated in many different studies. Even though glucocorticoids have been used to
treat hyperthyroidism, they may further cause harmful effects, including the devel-
opment of THPP.

Glucocorticoids may induce hypokalemia by increasing the Na*/K*-ATPase level
in skeletal muscle and also by creating hyperinsulinemia. In addition, glucocorticoids
can also release muscle weakness by stimulating myopathy and renal potassium waste
owing to its mineralocorticoid effects [11]. Consequently, glucocorticoids can trigger
these attacks. This is an infrequent complication of thyrotoxicosis. But for physicians,
it is important to be aware of the risk of provoking thyrotoxic paralysis when using
high-dose glucocorticoids in the thyrotoxic phase [57]. Lastly, acetazolamide may
worsen the attacks in THPP and should be avoided [52].

In conclusion, THPP is rare but life-threatening complication of thyrotoxicosis.

It needs early diagnosis and immediate treatment of hypokalemia, then permanent
therapy of thyrotoxicosis.
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Abstract

Thyroid hormones play a pivotal role in the overall physiological and developmen-
tal function of the human body. Alterations in thyroid hormones drastically affect
regular metabolic processes as well as physical well-being. Thyroid alterations directly
influence the functioning of all major body systems including cardiovascular, neuro-
logical, gastrointestinal, etc. The thyroid hormonal imbalance is primarily classified
into two major conditions: hyperthyroidism and hypothyroidism. The present chapter
details the pathology of thyroid imbalance in the context of human reproductive
health, autoimmunity, and micronutrient imbalance. Some novel micronutrient
associations independent of iodine deficiencies are discussed. Additionally, the early
predictive capability of the anti-TPO antibody as well as other autoimmune correla-
tions are discussed. Given its role in reproductive health, the associations of various
sex hormones with thyroid function were also explored.

Keywords: hyperthyroidism, micronutrients, Graves’ disease, iodine, hormones,
antibodies

1. Introduction

Thyroid disorders are the most common type of endocrine dysfunction
worldwide, with an estimated prevalence of 5-6% in the US population. Thyroid
disorders can be highly differentiated from other endocrine diseases in terms of
diagnosis, accessibility of treatment methods, etc. [1]. Early diagnosis and treat-
ment of thyroid diseases remain a cornerstone of management. It’s well known
that thyroid hormones play crucial roles in regulating various metabolic processes.
Thyroid hormone synthesis is a sensitive and feedback loop-dependent system con-
trolled by the hypothalamus-pituitary-thyroid (HPT) axis. The regular function-
ing of the thyroid gland is a delicate balance among the hypothalamus, pituitary
gland, and the thyroid gland [2]. The feedback loop slows down the production of
thyrotropin-releasing hormone (TRH) in the hypothalamus which in turn slows
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down the production of thyroid-stimulating hormone and down-regulates thyroid
hormone when excess is synthesized [3], the reverse happens when the thyroid
hormones are low. Any biochemical alterations in this feedback loop results in
under-function or over-function of the thyroid gland resulting in catastrophic
health consequences [4, 5]. Thyroid disease results from a broad spectrum of
pathologies including autoimmune disorders, infectious diseases, organ damage,
pharmaceutical compounds, nutritional deficiencies, and environmental factors.

Deficiency of nutrients, in particular micronutrients, results in various non-
specific physiological effects including metabolic disorders, suppressed immune
responses, and altered endocrine functioning—including that of the thyroid gland.
Micronutrients play a key role in enzyme synthesis, immune function, and regulating
cellular homeostasis [6, 7]. Optimum levels of iodine intake have long been associated
with thyroid health, it is, however, important to consider the optimal supply of other
micronutrients that aid in thyroid function as well.

Recent studies have demonstrated the early diagnosis of autoimmune thyroid
diseases could reduce the severity of the consequent thyroid disease and reduce its effect
on the resulting comorbid conditions. Autoimmune thyroid disease is the most common
thyroid disorder affecting the reproductive system in both males and females resulting
in infertility. The current chapter details the most important causes of thyroid dysfunc-
tion and also discusses recent advances in thyroid research covering various aspects. The
application of anti-TPO as an early predictor of various thyroid disorders and the effect
of thyroid alteration on human reproductive health is also discussed [8, 9].

2. The pathology of hyperthyroidism

Hyperthyroidism is characterized by exceedingly high secretions of free thyroxine
(T4), triiodothyronine, or both. The elevated levels of thyroid hormone in tissues
result in systemic clinical manifestations such as weight loss, palpitations, and heat
intolerance that result in thyrotoxicosis [10]. Graves’ disease, toxic multinodular
goiters, and toxic adenomas are the most common causes of hyperthyroidism result-
ing from mutations in genes that regulate the TSH receptor causing familial or non-
autoimmune hyperthyroidism (FNAH) [11]. In FNAH the disease-causing mutations
are inherited in an autosomal dominant manner and distinguished by a positive
history of inherited non-autoimmune hyperthyroidism exhibiting variable onset
symptoms. With FNAH, patients are clinically presented with goiter with no signs of
autoimmune responses. Iodine-induced hyperthyroidism is one of the major nutri-
tional causes of hyperthyroidism. Others include germ cell tumors, thyroid cancer,
trophoblastic, struma ovarii, TSH-producing pituitary tumors, and medications such
as lithium or pregnancy. Hyperthyroidism resulting from these reasons is generally
self-limited for a period of time and does not require any medications [12, 13].

3. Etiology and epidemiology

Hyperthyroidism is a clinical state resulting from the disproportionate secretion
of thyroid hormones. The most common causes include Graves’ disease and toxic
nodular goiter and other less common causes include factitious thyroiditis, iodine-
induced hyperthyroidism, subacute thyroiditis, and postpartum thyroiditis [14].
Graves’ disease is the most common cause of hyperthyroidism in the United States
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and other western countries. The etiology of Graves’ disease remains multifactorial,
as it arises by the loss of immunotolerance resulting in the development of autoim-
mune responses this induces the thyroid follicular cells by binding to TSH receptors,
Graves’ disease is the most common cause of hyperthyroidism in the young popula-
tion. Deficiency of vitamin D and selenium, thyroid damage, immunomodulating
drugs, beta-blockers, and infections also account for the development of Graves’
disease [15]. Toxic multinodular goiter was found to be the most common cause of
hyperthyroidism in the older population [16]. The use of excessive pharmaceutical
thyroid hormones or inappropriate intake of external hormones results in facti-
tious thyroiditis. Due to a well-received side effect of weight loss, thyroxine has

the potential for abuse, and any history of a hyperthyroid patient should include a
medication list and an assessment of possible misuse (whether intentional or unin-
tentional). Struma ovarii, metastatic follicular thyroid cancer, and TSH-secreting
pituitary adenoma are the other less common causes of hyperthyroidism [16].

The global epidemiology of hyperthyroidism can be defined in correspondence to
the population in iodine-deficient regions and iodine-sufficient regions. In Europe, the
dietary intake of iodine is the major cause of hyperthyroidism, whereas in a few cases
autoimmune disease results in hyperthyroidism. In the US, Grave’s disease is the most
common factor of hypothyroidism in the younger population, whereas toxic nodular
goiter is more common among the older. The overall prevalence of hyperthyroidism
is 0.8% and 1.3% in Europe and the USA respectively. The prevalence of overt hyper-
thyroidism rates 0.1 per 1000 men and 0.4 per 1000 women in Europe, whereas overt
hyperthyroidism accounts for 0.5% of the total US population.

4. Forms of thyroid diseases
4.1 Graves’ disease

Graves’ disease is seen as the prime cause of hyperthyroidism and accounts for
more than 70% of all hyperthyroid cases. Annually over 2% of women and 0.2% of
men were reported with Graves’ disease globally [17]. Graves’ disease was found to be
much more frequent in females, particularly during childhood, and more prevalent
during puberty. The pathology of Graves’ disease remains unclear, the genetic pre-
disposition of the disease in concordance with additional environmental factors can
be given as the most common cause of Graves’ disease [18, 19]. The infiltration of the
thyroid gland by autoreactive T and B cells synthesis of cytokines results in producing
TSH-receptor Ab. The production of auto-antibodies and the preexistence of genetic
predisposition of Graves’ along with external factors including a recurring infection,
stress, smoking, or oral iodine results in Graves’ mediated hyperthyroidism. The most
common first-line therapy includes antithyroid drugs (ATD) [20, 21]. The lower liver
toxicity makes thiamazole as most preferred ATD. The suboptimal remission rate lim-
its the use of thiamazole therapy and offers the use of radioiodine therapy as primary
treatment. Carbimazole and its active metabolite such as propylthiouracil (PTU) and
methimazole (MMI) are other commonly used ATD for Graves’.

4.2 Thyroiditis (Hashimoto’s disease)

Hashimoto thyroiditis is presented as an autoimmune disease that results from the
self-destruction of thyroid cells by auto-antibody-mediated immune responses [22].
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Progressive fibrosis resulting from damaged thyroid tissue by antithyroid antibod-

ies is the most common pathology of Hashimoto’ disease. Based on the pathology
Hashimoto’s can also be termed as chronic lymphocytic thyroiditis or autoimmune
thyroiditis. Hashimotos disease is most prevalent among women than men, particularly
among women aged between 30 and 50 years [23]. Diagnosis remains a constraint in
Hashimoto’ as it still takes time even after the disease progression. Monitoring elevated
levels of antithyroid peroxidase along with depleted levels of free thyroxine and elevated
TSH is the most common diagnostic method [24]. Levothyroxine is the most common
medication which acts by converting T4 to T3, the active form of thyroid hormone [25].

4.3 Thyrotoxicosis

The physiological malfunctions in the expression of excessive levels of thyroid
hormones are characterized as thyrotoxicosis. Thyrotoxicosis refers to the release of
excess thyroid hormone resulting from the rapid distraction of thyroid tissue and
it is not associated with hyperfunction of the thyroid gland [26]. Viral infection or
autoimmune malfunctions resulting in the inflammation of the thyroid gland is
the prime cause of thyrotoxicosis [27]. High levels of circulating thyroid hormones
exhibit a direct inotropic effect by increasing a- to f-myosin heavy chain expression
which affects cardiac contraction. Increased appetite, heat intolerance, and increased
basal metabolic rate results in metabolism and increased food intake [28, 29]. Based
on the degree of the increased rate of metabolism, nutritional deficiency and chronic
caloric inadequacy ensue. The increased basal metabolic rate results in increased
synthesis and degradation of the protein. Increased protein metabolism results in
severe thyrotoxicosis and a radical decrease in net protein content can be evidenced
by muscle wasting, proximal muscle weakness, and loss of weight [30].

4.4 Toxic nodular goiter

Toxic nodular goiter is a hormonally heterogeneous disorder, goiter is a multinodu-
lar hyperthyroidism characterized by multifunctional thyroid nodules with normal,
increased, or decreased thyroid hormone production [31]. The functional heterogenicity
of normal follicular cells through genetic factors and also through accruing new inherit-
able qualities by replicating thyroid cells are the two major primary factors of nodular
goiter [32]. Secondary factors include external aspects such as smoking, stress, high levels
of TSH, pharmaceutical agents, TSF (IGF-1), and other exogenous factors. lodine plays
a pivotal role development of nodular goiters. Iodine deficiency results in hyperplasia
with increased TSH levels, with raise in iodine to a normal level hyperplasia, go into the
resting phase [33]. These physiological alterations result in the development of diffuse
hyperplasia with a higher risk of developing uni-nodule or multi-nodular goiter. Toxic
multinodular goiter exhibits characteristic precursors such as single toxic adenomas or
nontoxic multinodular goiter. The other complications include congestive heart failure,
rapid heart rate, and atrial fibrillation, which might also result in osteoporosis [34].

5. Causes of hyperthyroidism

Hyperthyroidism is a multifactorial hormonal disorder that varies according
to the patient’s age, degree of hormone synthesis, the incidence of similar health
conditions, and extent of the illness. The clinical presentation of hyperthyroidism
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differentiates with each of the conditions given above [35]. Grave’s disease and
thyroiditis are the most common causes of hyperthyroidism. Grave’s is com-

monly characterized as an autoimmune disease with an overproduction of thyroid
hormone and this can be inherited or mostly associated with other autoimmune
diseases. Thyroiditis is also an autoimmune condition resulting from inflammation
of the thyroid gland [36]. An onset of thyrotoxic symptoms results from a hormone
leak from the inflamed gland in subacute thyroiditis. Lymphocytic thyroiditis
results from transient inflammatory causes and is difficult to distinguish from
Graves at the early acute stage.

Various other factors influence the cause of hyperthyroidism which includes, but
not limited to, such as excess thyroid hormone supplementation, iodine-induced
hyperthyroidism, noncancerous tumor of the pituitary gland, and drugs associated
with hyperthyroidism.

5.1 Exogenous thyroid hormone (acute or chronic)

The excessive intake of liothyronine, levothyroxine, or desiccated thyroid either
intentionally or inadvertent may result in exogenous hyperthyroidism. Prevalence
of exogenous hyperthyroidism is more common in elderly people than endog-
enous hyperthyroidism due to an intentional overdose of thyroid hormone [37].
Levothyroxine is the most common suppressive dose of thyroxine administered to
treat patients with goiter and to suppress tumor growth. Drugs used for treating
depression, infertility, and obesity were also known to cause exogenous hyperthyroid-
ism. Overdose of thyroid hormones may result in bone loss, cardiac dysfunction, and
myocardial infarction. Exogenous hyperthyroidism typically exhibits symptoms of
thyrotoxicosis [38, 39].

5.2 Iodine-induced hyperthyroidism

Iodine-induced hyperthyroidism was first stated in 1821 and has been recur-
rently observed in patients when introduced to iodine in iodine-deficient areas. It
was also observed in patients without a history of thyroid disease in iodine-suf-
ficient areas. The disorder has been reported later in relatively low iodine intakes
regions such as western Europe and regions with iodine-deficient goiter. Iodine-
induced hyperthyroidism has been reported in iodine-sufficient areas such as the
United States where iodine intake was far above the minimum daily requirement
(50 to 100pg). The syndrome was commonly reported in iodine-sufficient areas
without any other sign of thyroid diseases. This might result from pharmacological
doses of iodine from common drugs such as Betadine, Iodo-Niacin, amiodarone,
and various other radiographic dyes. Globally 800 million people are at risk of
iodine deficiency (ID) and related disorders. Iodine supplementation is the most
preventable approach to eliminating the risk of ID disorders. The term iodide refers
to the biological form of the free element (inorganic), while iodine includes both
inorganic iodides (I-) and iodine covalently bound to tyrosine [40]. The thyroid
adopts several mechanisms to compensate for the iodine deficiency and to maintain
sufficient thyroid production. Prolonged compensatory mechanisms result in the
development of multifunctional autonomous growth and function of the thyroid
with induced mutation of TSH receptors by harboring scattered cell clones [12, 41].
A high prevalence of multinodular goiter and nodular hyperthyroidism may be
associated with mild prolonged ID (Figure 1) [42].
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Figure 1.
Metabolic pathway of thyroid iodination and deiodination mediated by iodine deiodinases.

5.3 Noncancerous tumors of the pituitary gland

Thyrotroph adenomas are pituitary tumors that induce overproduction of thyroid-
stimulating hormone resulting in hyperthyroidism. Among pituitary adenomas,
thyrotropic adenomas account for less than 1% and are a rare cause of hyperthyroid-
ism [43]. Pituitary adenomas are mostly benign and localized in the pituitary gland.
Tumors spread to nearby tissues by expansion or invasion of their surroundings or
tissue displacement and usually do not spread to other body parts [31]. TSH- secreting
adenomas widely produce TSH (72%) alone where in certain cases, elevated secretion
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of TSH by adenomas results in activating various other hormones such as gonado-
trophins, prolactinoma, and growth hormone which results in various physiological
functioning of the brain by affecting cavernous sinus. Most of the thyroid-adenomas
are macroadenomas (<10 mm) [44]. Hyperthyroidism along with thyrotroph adeno-
mas are frequently associated with loss of vision, headache, visual defects, and loss
of anterior pituitary functioning. Atrial fibrillation, thyrotoxic failure, and vertebral
fracture are the few deleterious effects of thyrotroph adenomas [45].

5.4 Drug-associated hyperthyroidism

Drug-associated hyperthyroidism is commonly referred to as factitious hyper-
thyroidism resulting from inappropriate intake of thyroid hormones. Molecular-
targeted agents, thyroid hormone, interferon, and amiodarone are the most common
drugs associated with hyperthyroidism [45]. Amiodarone is a common drug used
to treat heart rhythm disorder. The high iodine content of the drug accelerates the
thyroid gland to secrete excessive amounts of thyroid hormones [46]. Alemtuzumab
an anti-cancerous drug induces hyperthyroidism in patients by producing auto-
antibodies against the thyroid gland and resulting in the development of Graves’
disease. Another cancer drug PD-1 inhibitor used in cancer immunotherapy to boost
the body’s innate immune system results in the development of hyperthyroidism
in patients by producing antibodies against thyroid hormones [47]. Highly active
antiretroviral therapies, lithium, tyrosine kinase, and interferon a are other pharma-
ceutical compounds associated with drug-induced hyperthyroidism [48].

6. Micronutrients in hyperthyroidism

Nutritional factors are closely associated with regular physiological activities and
optimal metabolic functioning. Dietary micronutrients are one of the predominant
sources of essential micronutrients such as vitamins, minerals, trace elements, and
amino acids [49]. Deficiency in these micronutrients results in great health concerns
and according to the WHO, around 2 billion people are affected by micronutrient
deficiency-related health disorders. Micronutrients mediate optimal metabolic
functioning through the production of hormones, enzymes, and various biomolecules
for optimal growth and development [50]. Despite being required in a small amount,
a sensible deficiency of micronutrients results in detrimental effects on various
physiological functioning such as regulating membrane permeability, enzymatic
reactions, etc. [51]. Nutritional alterations are highly related to thyroid dysfunctions
as the normal functioning of the thyroid is derived from optimal supplementation of
various essential micronutrients.

The role of iodine and selenium in optimal production and proper metabolism
of the thyroid is remarkable. Selenium-containing deiodinases play a pivotal role
in the conversion of circulating T4 into physiologically active thyroid. The affinity
of selenium-containing deiodinases toward specific receptors allows them to bind
to receptors in nuclei, which in turn regulate gene expression. Selenium exists in
the form of selenoproteins as functionally active. Glutathione peroxidase (GPX)
and iodothyronine deiodinase are the two major enzymes with selenocysteine as an
integral protein. Deiodinases generally exist in three forms, where 5'DII mediates the
conversion of active thyroid hormone T3 from prohormone T4 and 5'DI catalyzes
the degradation of rT3. The selenocysteine-containing deiodinase is involved in the
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feedback and inactivates both thyroid hormones T4 and T3. Selenocysteine contain-
ing GPX protects the thyroid tissues from oxidative damage caused by hydrogen
peroxide during the synthesis of thyroid hormone. The precursor of selenocysteine,
monoselenium is also involved in the cellular defense mechanism.

The efficacy of iodine can be improved by supplementation of vitamin A, which
results in vitamin A-mediated TSH-p suppression. The patients with severe iodine
deficiency were observed with increased levels of TSH, thyroglobulin, and goiter size
due to a deficiency of vitamin A [52]. Fluorine inhibits iodine transport and exhibits
an anti-thyroid effect. Dietary intake of fluorine results in severe iodine deficiency
and at higher concentrations, it might lead to goitrogenic [53]. The iodine transpor-
tation to the thyroid gland is inhibited by bromine, which results in physiological
changes in the cellular architecture and affects the thyroid secretions [54]. Cobalt
at higher concentrations results in goiter and affects thyroid hormone production,
whereas cobalt deficiency reduces T3 levels. The function of selenium in thyroid
functioning is well-studied in iodine transport [55]. Metal ions like cadmium, zinc,
mercury, and rubidium tend to mimic the role of selenium or impart with selenium
in iodine transport. Where these metals have various negative effects on thyroid
functioning, as cadmium in rats has proven to increase levels of T3 and T4, and it also
affects the activity of hepatic D1 [56]. Rubidium has been reported with inducing
goiter in rats. Calcium has been reported to interfere with thyroid functioning, where
excess dietary calcium results in goiter and is associated with low iodine clearance.
Calcium also inhibits thyroxine adsorption [57, 58]. Asparagine and serine have been
found to be positively correlated with the expression of TSH. Synthesis of T4 and FT4
were correlated with certain amino acids namely valine, leucine, and arginine, and
the same was reported by Krishnamurthy et al., 2021.

7. Antinuclear antibodies (ANA) in early diagnosis of hyperthyroidism

Among the spectrum of autoimmune diseases, autoimmune thyroid diseases are
the most common and are frequently associated with various organ-specific and
non-organ-specific autoimmune disorders. Ani-thyroid peroxidase (Anti-TPO) and
anti-thyroglobulin (Anti-Tg) are common markers of AITD. The prevalence of these
anti-nuclear antibodies has been widely reported in AITD adult patients. ANA and
other extractable antibodies are identified as novel diagnostic markers for predicting
various autoimmune diseases. Over 90% of the patients with a multifactorial autoim-
mune disease such as systemic lupus erythematosus was detected with ANA. Various
cross-sectional studies have reported the presence of ANA in healthy populations. A
cross-sectional study by Satoh et al. [59] on 4754 individuals above 12 years reported
the prevalence of ANA in 13.8% of the population. Another study by Hilario et al. [60]
on healthy children reported the prevalence of ANA in 12.6% of the population. The
rationale for the occurrence of these ANA remains unclear, but the assessment of these
autoantibodies can be an early predictor of future autoimmune disorders.

Graves’ disease and chronic lymphocytic thyroiditis are the most common organ-
specific autoimmune disorders resulting from lymphocytic infiltration of autoan-
tibodies and thyroid hormones. A retrospective analysis by Siriwardhane et al. [61]
evaluated the association of thyroid hormones TSH, FT4, and anti-TPO antibodies
and anti-Tg. In this study, the presence of ANA and anti-ENA were evaluated in sub-
jects with systemic autoimmune disease markers such as thyroid, anti-TPO, and anti-
Tg. They reported a strong prevalence of ANA in 20.4% of thyroid positive subjects,
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18.0%, and 17.6% in anti-TPO and anti-Tg positive subjects respectively. In their
retrospective study, they exhibited a strong association between ATID markers and
systemic autoimmune markers and the prevalence of anti-TPO and ANA and anti-
ENA as specific markers for autoimmune thyroid disorders. This also suggests that
periodical evaluation of ANA and other autoimmune antibodies would assist in the
early detection of autoimmunity among individuals who have anti-TPO antibodies.

8. Hyperthyroidism in human reproductive health

Thyroid hormones are vital endocrine enzymes in maintaining regular metabolism
and healthy reduction in both males and females. Alterations in thyroid synthesis have
adverse effects on reproductive health. Sex steroids and sex-hormone-binding globu-
lins are the prime metabolites associated with thyroid disorders. Both hyperthyroidism
and hypothyroidism have considerable effects on reproductive health, whereas overac-
tive thyroid is associated with various reproductive dysfunctions. In males, hyperactive
thyroid results in impaired sexual behavior, a decrease in morphologically normal
sperm, reduction in sperm motility and count. In females, thyroid imbalance mainly
results in menstrual disturbances and reduced fertility. Hyperthyroidism is also associ-
ated with polymenorrhea and hypomenorrhea. A sharp increase in estrogen levels can
be observed in hyperthyroid women and levels of SHBG were also found to increase.
The production rate of testosterone and androstenedione was found to significantly
increase in hyperthyroid women along with changes in androgen metabolism.

Hyperthyroidism in men is primarily characterized by elevated levels of SHBG
resulting in increased levels of circulating total testosterone. Studies have reported
that concentrations of free testosterone remain stable whereas the circulating levels
of bioavailable testosterone were found to be depleted. Both total and free estradiol
concentrations were found to decrease in hyperthyroid subjects. Overactive thyroid
had adverse effects on semen quality, a study by Clyde et al. reported marked oligo-
spermia resulting in low motility in two out of three hyperthyroid patients, where one
was reported with low sperm count. A similar study by Kidd et al. in five hyperthy-
roid patients reported low sperm counts in all subjects.

A comprehensive retrospective analysis by Siriwardhane et al. analyzed the effects
of altered thyroid hormones on vital sex hormones. The study with 15,043 subjects
between the reproductive age of 15-49 years reported elevated levels of total testos-
terone and SHBG in hyperthyroid women. Anti-TPO seropositive women reported
elevated testosterone and low cortisol. Whereas hyperthyroid men were reported with
low DHEA-S and elevated estradiol, FSH, and prolactin. The study reported an inverse
direction of SHBG levels in hyperthyroid and hypothyroid subjects in women. The pos-
itive correlation between SHBG with thyroid hormones FT3 and FT4 has been reported
in various studies. The reduction in the metabolic clearance rate of testosterone due to
the increased affinity between SHBG and testosterone increases the circulating levels of
testosterone. This study also suggested that thyroid hormones could activate steroido-
genesis in hyperthyroid patients resulting in increased levels of DHEA-S.

9. Role of anti-TPO in early detection of hyperthyroidism

Thyroid-specific auto-immune disorders are the second most organ-specific
autoimmune disorder next to rheumatoid arthritis. Graves’ disease and Hashimoto’s
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thyroiditis are the most common thyroid-specific auto-immune disease. The patho-
genesis of AITD includes various environmental and genetic factors. Anti-thyroid
peroxidase is an antibody that synthesizes against a transmembrane of thyrocyte and
is related to the levels of TSH which can be used to predict thyroid abnormalities.
Over 90% of the cases with Hashimoto’s thyroiditis and 80% of cases with Graves’
disease are reported with the presence of anti-TPO. Anti-TPO antibodies in AITD
subjects act as competitive inhibitors of thyroid activity and destroy thyrocytes. Anti-
TPO antibodies highly belong to the IgG1 and IgG4 class of autoantibodies. Anti-TPO
is an effective indicator of thyroid disease and also could indicate oxidative stress,
advanced glycation, and oxygen metabolites in blood. Several studies have reported
the presence of anti-TPO in Graves’ disease, the recurrence of Graves’ disease can be
predicted by systemic evaluation of anti-TPO after anti-thyroid treatment [62].

A retrospective analysis by siriwardhane et al. reported the prevalence of anti-TPO
as a selective marker for the early prediction of thyroid diseases. The results revealed
the presence of anti-TPO prior to the onset of thyroid disease in both hyperthyroid
and hypothyroid patients. The study also reported the occurrence of anti-TPO
antibodies lacking any alterations in thyroid hormone levels. The study also reported
that the anti-Tg antibody is a less specific marker for thyroid disease. A similar study
by Hutfless et al. reported the prevalence of anti-TPO and anti-Tg antibodies 7 years
prior to the diagnosis of Hashimoto’s and Graves’ disease. In summary, the thyroid
system has a complex interplay with various factors including nutrition, autoim-
munity, and reproductive function. Though some of these associations have been
highlighted in the past decades, novel biochemistry and better diagnostic capabilities
are unraveling novel associations that are leading to a more nuanced understanding of
thyroid functions. This chapter explores some of these novel associations and sheds
light on exciting outcomes that may arise in the years to come.
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Chapter 8

Surgery for Primary
Hyperparathyroidism without
Leaving a Visible Scar

Elias Kavakas and Stefan Schopf

Abstract

Surgery for primary hyperparathyroidism changed significantly during the past
decades, since localization procedures have been developed and became more and
more reliable. Like in thyroid surgery, minimally invasive techniques are widely used.
Furthermore, remote access techniques have evolved in thyroid surgery with the
aim of optimizing cosmetic results by avoiding a visible scar on the neck. Transoral
Endoscopic access via the vestibular approach (TOEPVA) is the newest remote access
technique, also feasible and safe in parathyroid surgery with optimum cosmetic results.

Keywords: transoral, parathyroid, surgery, feasibility, safety, cosmesis

1. Introduction

Since the first operation for primary hyperparathyroidism (pHPT) surgery has been
safely performed via an anterior neck incision. A better understanding of the underly-
ing causes for pHPT in combination with evolving and improving localization proce-
dures surgical approaches changed from the bilateral cervical exploration via a cervical
skin incision to more and more focused and minimally invasive approaches [1].

These focused approaches are nowadays considered as the new gold standard in
localized pHPT [2].

In most patients, wound healing is without any problems, especially after a skin
incision of less than 2 cm (Figure 1). However, a worldwide consideration of potential
wound healing problems may lead to a more differentiated appraisal (Figure 2). In
African countries, for example, the incidence of keloid development after skin inci-
sion is up to 15% and in some countries, a scar on the neck is historically related to a
negative standing.

Also, in western countries, nearly 20% of patients will experience some feelings of
self-consciousness years after open neck surgery. More than 10% will consider further
treatments such as plastic surgery to their cervical scars [3]. The impact of a the cervi-
cal incision on the health-related quality of life (HRQOL) was found to be like the
impact of vitiligo, psoriasis, or severe atopic dermatitis in one series [4, 5]. Foremost
in the thyroid but also in parathyroid surgery remote access surgery has evolved with
the aim to optimize cosmesis [6].
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Figure 1.
Minimal almost 2 cm skin incision in focused parathyroid surgery.

Figure 2.
Keloid in a small cervical scar.

Remote access surgery includes the areolar or axillary or combined areolar/
axillary (ABBA) incisions and the retroauricular approach, which can effectively
minimize the cosmetic burden on some patients. Improved cosmesis on one hand but
unfamiliar dissection planes, longer routes to the central neck, and novel complica-
tions, on the other hand lead to further investigations focusing on the so-called
natural orifice approaches. The emerging transoral thyroid and parathyroid ves-
tibular approach—TOETVA in thyroid and TOEPVA in parathyroid surgery—was
inspired by the idea to follow the embryologic thyroglossal duct. While feasibility
was proven in substantial experimental and preclinical investigations by different
study groups since 2006 and the first transoral parathyroid resection was done in
2010 [7], the clinical proof of concept was given by Anuwong, who published the
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first case series of 60 patients who underwent scarless thyroidectomy via the lower
vestibule of the mouth with excellent outcomes [8]. This was followed by the first
series of transoral transvestibular parathyroid operations with also promising results
by Sasanakietkul et al. [9].

TOEPVA can be performed for select patients with localized primary hyper-
parathyroidism (HPT). Those without parathyroid adenoma localization, recurrent
or persistent primary HPT, suspected multigland disease, secondary or tertiary
HPT, family history of MEN, suspected parathyroid carcinoma, or previous central
neck surgery or neck irradiation therapy should be excluded from consideration.
Similar to TOETVA, the patient should also be highly motivated for a “scarless”
approach.

2. TOEPVA: parathyroid surgery without leaving a visible scar
2.1 History of parathyroid surgery

Over more than 50 years bilateral cervical exploration (BCE) was the gold
standard in parathyroid surgery. All parathyroids are visualized to resect the macro-
scopically enlarged gland [10]. BCE is associated with a more than 95% cure rate and
minimal morbidity in experienced hands. In these times “the only localization that a
patient needs who has primary hyperparathyroidism is the localization of an expe-
rienced surgeon!” [11]. Because primary HPT is a single gland disease in more than
80% and preoperative localization procedures have emerged and improved during the
past decades minimally invasive procedures have been developed to minimize cervi-
cal skin incisions. These less invasive operations offer similar cure rates and result in
equal complications compared to open surgery [12-14]. Minimally invasive parathy-
roidectomy leads to lower hospital costs, shorter length of stay, and equally high cure
rates with low complication rates [15, 16].

2.2 Prerequisites, patients, and surgical technique

Surgeons interested in performing transoral parathyroid surgery should be
well-experienced in parathyroid surgery. In addition, experience with laparoscopic
instrumentation is beneficial. The transoral technique should be trained within
cadaver courses meanwhile frequently offered in specialized centers. Subsequently,
the first transoral operations in the clinical setting should ideally performed with
the assistance of an experienced transoral surgeon. The suspected parathyroid
gland should be safely detected in one, better two preoperative localization
procedures.

The transoral procedure should safely be implemented in patients with small
thyroid specimens and benign thyroid nodules <20 mm in diameter.

2.3 Postoperative recommendations

In case of recurrent laryngeal nerve palsy (RLNP), patients should be reevaluated
1 week and/or 4 weeks after surgery and, if necessary, logopedics should be initiated
with reevaluation 3 and 6 months after surgery.

Potential paresthesia in the chin area and lower lip due to mental nerve injury
should carefully be documented postoperatively during a hospital stay. In case of
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persistent paresthesia, patients should be reevaluated 3, 6, and 12 months after
surgery. In addition, patients should be introduced to grimace and repeatedly activate
their mimic muscles directly after surgery.

Serum Calcium (Ca) as well as parathyroid hormone (PTH) levels should
be measured pre- and postoperatively on day one to prove the success of the opera-
tion. To exclude persistence Ca levels should be monitored for 6 months. In case
of low vitamin D levels and potential bone involvement Ca and vitamin D should be
provided.

3. TOEPVA technique step by step

3.1 Surgical technique

Patients are placed in a supine position with a slight neck extension (Figure 3a).
The use of intraoperative nerve monitoring (IONM) is strongly recommended. The
endotracheal tube provided with an electrode for IONM can easily be placed tran-
sorally. A transnasal tube placement is not necessary (Figure 3b).

The mucosa of the oral cavity should be cleansed with chlorhexidine solution.
Afterward, three small incisions, 1-1.5 cm in the midline and 5 mm lateral right and
left are made in the lower lip as close to the lip vermilion and as far away from the
branches of the mental nerve as possible (Figures 4a and b).

Afterward, a subplatysmal space is created by hydro-dissection using an epineph-
rine-enriched saline solution injected with a Verress needle. The subplatysmal space is
widened using a blunt dissector (Figures 5a, b and c).

Three trocars (originally one 10 mm and two 5 mm in diameter) are inserted
through the midline and lateral incisions, followed by high-flow CO2 gas insufflation
at a maximum pressure of 8 mmHg (Figure 6).

Figure 3a.
Patient’s positioning with eye protection.
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Figure 3b.
Transoral tube placement and disinfection of the mucosa.

Figure 4a.
Midline incision close to the lip vermilion to avoid mental nerve injury.
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Figure 4b.
Cadaver study regarding trocar placement and mental nerve branches.

Figure 5a.
Application of epinephrine enriched saline solution with Verres needle to create an artificial subplatysmal space.
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Figure sb.
Blunt dissection of the artificial subplatysmal space.

Figure 5c.
Artificial subplatysmal space.

Either a 5 mm or a 10 mm 30° full HD camera is used as well as conventional
laparoscopic instruments. The subplatysmal working space reaches from the thyroid
cartilage to the sternal notch and the medial border of both sternocleidomastoid
muscles.
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Figure 6.
Trocar placement—3 trocars 5 mm in the vestibulum oris.

Figure7.
Division of the strap muscles in the midline with a sealing device.

The strap muscles are divided in the midline and the lateral space of the assumed
side will be dissected (Figure 7). In addition to gas insufflation two stitches are placed
from outside to retract the strap muscles ventrally and laterally to optimize the work-
ing space (Figure 8).

Vessels should be selectively sealed with a thermal device. As in minimally
invasive open surgery, the RLN does not routinely be visualized in case of a lower
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Thyroid

Kocher vein

Figure 8.
Retracted muscles and lateral dissection.

Figure 9.
Localization and identification of a parathyroid gland with indocyanine green fluovescent agent. (with courtesy
of Prof. Philip Riss university hospital Vienna, Austria).

parathyroid adenoma. In addition, parathyroid glands can be visualized using
fluorescent agents (Figure 9).
The resected parathyroid specimen is extracted through the midline trocar access.
Strap muscles are not adapted routinely at the end of the operation. Oral mucosa
as well as retroauricular skin incision are closed using a 4/0 absorbable suture.
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4. Conclusion

Transoral parathyroid surgery is feasible and save. As in conventional open mini-
mal invasive surgery experience of the surgeon in parathyroid surgery and positive
preoperative localization is essential.
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