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Abstract

Thyrotoxicosis is an illness diagnosed with clinically in decreased amount of Thyroid Stimulating Hormone (TSH) and increased serum Triiodothy-
ronine (T3) and Thyroxine (T4) levels [1,2]. Low or high TSH concentrations and low cognitive performance have been associated [3] Hyperthyroid
causes increased resting energy consumption, loss of weight, decreased cholesterol levels, increased lipolysis, and development of hypermetabolic
conditions characterized by gluconeogenesis [2,3]. These studies have revealed that all concept of thyrotoxicosis.

Introduction

The thyroid gland, located in the anterior portion of the neck
just below and bilateral to the thyroid cartilage, develops from the
thyroglossal duct and portions of the ultimobranchial body [4-6].
The right lobe of thyroid gland is normally larger than the left [7]
and, in some individuals, a superior portion of glandular tissue, or
pyramidal lobe, can be identified. Thyroid tissue may be found any-
where along the path of the thyroglossal duct, from its origin on
midline posterior portion of the tongue to its termination of thyroid
gland in the neck [4,6] The thyroglossal duct passes through the
region of the developing hyoid bone, and remnants of the duct can
become enclosed or surrounded by the bone [7] Ectopic thyroid tis-
sue may secrete thyroid hormones or become cystic or neoplastic
[8] In a few individuals, the only functional thyroid tissue is in these
ectopic locations [5] (Figure 1).
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Figure 1

Thyrotoxicosis is a common disease worldwide. The incidence
rate of thyrotoxicosis is influenced by a number of factors, of which
the iodine intake in the population may be important. In areas with
increased iodine intake level [9,10], hypothyroidism is more com-
mon than hyperthyroidism, whereas hyperthyroidism dominates in
areas with mild and moderate iodine deficiency [3]. Thyrotoxicosis
is divided into a number of oncological subtypes with different eti-
ology, clinical presentation, prognosis and outcome of therapy [3,9].

Thyrotoxicosis is characterized by high thyroid hormone syn-
thesis and secretion from the thyroid gland, whereas thyrotoxi-
cosis refers to the clinical syndrome of excess circulating thyroid
hormones, irrespective of the source. Thyrotoxicosis showed low
serum TSH level and high serum levels of T4 or T3, or both [10].

Thyrotoxicosis is two subcategories: thyrotoxicosis with hy-
perthyroidism and thyrotoxicosis without hyperthyroidism. Thyro-
toxicosis with hyperthyroidism is named Graves’ disease and toxic
nodular goiter (Plummer’s disease), and is characterized by a high
thyroid radioactive iodine uptake. Other, thyrotoxicosis without hy-
perthyroidism happened by painless and sub-acute thyroiditis, io-
dine-induced and drug-induced thyroid dysfunction, and factitious
ingestion of excess thyroid hormones [11,12].

Diagnosis of thyroid diseases is often influenced by various
manifestations that are non-specific such as lethargy, weight gain
or loss, palpitations or weakness. A factor applied in the diagnosis
of thyroid diseases such as hypothyroidism or hyperthyroidism is
concentration level interpretation of thyroid hormone T4, T3 and
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TSH that are commonly measured in a test called Thyroid Function
Test (TFT) [10]. In a subgroup of patients, the interpretation of TFT
is more accurate, either because the results appear to not correlate
with the clinical picture i.e. a low TSH in patient with hypothyroid
or normal TFT in patients is suspected to be strongly thyrotoxico-
sis. In these patients, a structured approach that includes clinical
reassessment of thyroid status, along with various potentiating fac-
tors [e.g. infection, stress, drug therapy] can help in identifying the
possible solution to this discordant TFT [11,13].

Thyrotoxicosis occurs due to an inappropriately high synthe-
sis and secretion of Thyroid Hormone (TH) by the thyroid [13]. TH
increases tissue thermogenesis and the basal metabolic rate and
reduces serum cholesterol levels and systemic vascular resistance.
The complications of thyrotoxicosis include weight loss, osteoporo-
sis, fragility fractures, atrial fibrillation, embolic events, and cardio-
vascular dysfunction [14] (Figure 2).
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Figure 2

Thyrotoxicosis is the term applied when there is excess thy-
roid hormone in the circulation due to any reason. The diagnosis
of hyperthyroidism is generally straightforward, with raised serum
thyroid hormones T3, T4 and low serum TSH in almost all cases
[14,15]. Thyrotoxicosis can be easily diagnosed by a high serum lev-
el of T4 and T3 and a low serum level of TSH [15]. Hyperthyroidism
is confirmed by a high isotope (1 131 or Tc99) uptake by the thyroid
gland, while in thyroiditis it will be low [16].

Appropriate treatment of hyperthyroidism occur by identi-
fication of the cause. Anti-thyroid drugs, radioactive iodine, and
surgery are the traditional treatments for the 3 common forms of
hyperthyroidism. Beta-adrenergic blocking agents are used in most
patients for symptomatic relief and might be the only treatment
needed for thyroiditis, which is transient [16,17].

Symptoms of hyperthyroidism which caused by thyrotoxicosis
heat intolerance, palpitations, anxiety, fatigue, weight loss, muscle
weakness, and, in women, irregular menses. Clinical findings may
include tremor, tachycardia, lid lag, and warm moist skin. Symp-
toms and signs of subclinical hyperthyroidism, if present, are usu-
ally vague and nonspecific [18,19,20].
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Type of Thyrotoxicosis

Thyrotoxicosis is defined as the state of thyroid hormone ele-
vated and is not synonymous with hyperthyroidism, which is the
result of high thyroid hormones. However, the major etiologies of
thyrotoxicosis are hyperthyroidism caused by Graves’ disease, toxic
multi-nodular goiter, and toxic adenomas. To treat thyrotoxicosis
appropriately, define the cause is essential [21,22].

Grave’s Disease

Graves’ disease is an autoimmune disorder in which Thyroid
Stimulating Immunoglobulin (TSI) binds to and stimulates the
TSH receptor on the thyroid cell membrane, resulting in excessive
synthesis and secretion of thyroid hormone [23]. Graves’ disease
is frequently complicated by ophthalmopathy, which can be a de-
bilitating component of the disease, resulting in impaired quality of
life [23,24]. The management of Graves’ disease treated restore the
patient to a eu- thyroid state and minimize the extent of extra-thy-
roidal manifestations such as ophthalmopathy (Figure 3).
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Patients with Graves’ disease usually have diffuse, nontender,
symmetrical enlargement of the thyroid gland. Ophthalmopathy,
include protrusion of the eyes with periorbital soft tissue swelling
and inflammation, and inflammatory changes in the extraocular
muscles resulting in diplopia and muscle imbalance, is clinically
evident in 30% of patients with Graves’ disease [25]. Graves’ dis-
ease is the most common cause of hyperthyroidism in developed
countries. It is an autoimmune condition in which antibodies de-
veloped against the TSH receptor which is reason for unopposed
stimulation of the thyroid gland [25,26]. Circulating thyroid anti-
bodies activate TSH receptor and stimulate thyroid follicular hyper-
trophy and hyperplasia lead to high thyroid hormone production
[23,27]. Graves’ disease cause hyperthyroidism and diffuse goiter,
ophthalmopathy, pretibial myxedema and thyroid acropachy may
also be observed [25]. The pathogenesis of this enigmatic condi-
tion remains incompletely understood but the central pathogenetic
event is the unregulated stimulation of the TSH receptor by autore-
active TSH Receptor Antibodies (TRAbs). Graves’ disease showed
predominantly affects women (female: male ratio 8:1), typically in
their 37 to 5 decades of life [23, 25]. People with a family history
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of hyperthyroidism or other autoimmune diseases such as perni-
cious anemia, myasthenia gravis, type I diabetes mellitus, and celi-
ac disease have an increased propensity of developing Graves [28]
(Figure 4).

Figure 4

Pathogenesis of Grave’s Disease: The cause of Graves’ disease
remains unclear, but it is believed to result from a complex inter-
action between genetic background (heredity), environmental fac-
tors and the immune system [29,30]. Without cause, the immune
system produces an antibody (TSH Receptor Antibody (TRAD) that
stimulates the thyroid gland to manufacture excess thyroid hor-
mone. Genetic susceptibility to the disease is thought to be poly-
genic [30]. Graves’ disease has been reported to be associated with
the Human Leukocyte Antigen (HLA) gene on chromosome 6p, the
Cytotoxic T Lymphocyte Antigen-4 (CTLA-4) gene on chromosome
2q33, and the lymphoid Tyrosine Phosphatase (PTPN22) gene on
chromosome 1p13. In Graves’ disease, hyperthyroidism results
from the action of Thyroid-Stimulating Antibodies (TSAb) direct-
ed against the thyrotropin receptor on the surface of the thyroid
cell. The Thyroid-Stimulating Immunoglobulin (TSI) binds to and
stimulates the TSH receptor on the thyroid cell membrane result-
ing in follicular cell growth, vascularity increase, and in excessive
synthesis and secretion of thyroid hormone. The thyroid gland typ-
ically displays lymphocytic infiltration, with T- lymphocyte abnor-
mality and absence of follicular destruction. T cells activate local
inflammation and tissue remodeling by producing and releasing
cytokines, leading to B-cell dysregulation and increase in autoanti-
body production. An imbalance between pathogenic and regulatory
T cells is thought to be involved in both the development of Graves’
disease and its severity [30,31].

Toxic Multinodular Goiter (TMNG)

Toxic Multinodular Goiter (TMNG) is an important cause of
hyperthyroidism. It is caused by unwarranted release of thyroid
hormones from multiple autonomously functioning nodules in the
thyroid gland. It is more common in areas of dietary iodine defi-
ciency (third-world countries) and in the elderly (poor diet). TMNG
is more common than Graves’ disease in the elderly [23].

Toxic Nodular Goitre (toxic adenoma)

Toxic nodular goitre is the most frequent cause of thyrotoxico-
sis in the elderly, especially in iodine deficient areas. Solitary toxic
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nodules are more common in women than in men with 1:5 M: F ra-
tio reported in some studies. An autonomous thyroid nodule (toxic
adenoma) is a discrete thyroid mass whose function is independent
of pituitary control [23, 24].

Subacute Thyroiditis

Thyroiditis is characterized by a self-limiting course of thyro-
toxicosis, followed by hypothyroidism, and then returns to normal
thyroid function or is inflammation of the thyroid gland that typ-
ically follows a viral upper respiratory infection and causes addi-
tional release of preformed thyroid hormone. It is slightly more
common in females than males (ratio of 1.5:1) and permanent hy-
pothyroidism occurs in 10-20% of cases. Acute painful thyroiditis
often presents following a respiratory tract infection, while pain-
less thyroiditis may occur post- partum in up to 9% of otherwise
normal women [23-25].

Suppurative Thyroiditis

Suppurative thyroiditis is an infection of the thyroid gland typi-
cally caused by bacteria but can be caused by fungus, mycobacteria,
or parasites. It is most common in immunocompromised persons
or those with underlying thyroid disease. It presents with a tender
erythematous anterior neck mass, fever, dysphagia, and dysphonia
[11,23].

Drug Induced Hyperthyroidism

Amiodarone-Induced Hyperthyroidism (AIH): Amiodarone,
a benzofuranic derivative containing 75 mg of iodine per 200-mg
tablet, is widely used for the long-term treatment of cardiac ar-
rhythmias. Amiodarone inhibits the 5’'monodeiodination of T4 in
the liver and pituitary, thereby decreasing serum T3 and mildly
increasing serum T4 levels without altering TSH concentrations.
Type 1 AIT is due to the high iodine content of amiodarone. It oc-
curs in areas of iodine deficiency and in patients with underlying
thyroid disorders, such as multinodular goiter. In Type 1 AIT, the
thyroid gland produces and releases excessive amounts of thyroid
hormone. In contrast, Type 2 AIT results from a destructive process
in the thyroid gland in which preformed thyroid hormones leak
from the damaged follicular cells in patients without underlying
thyroid disease. Amiodarone induced thyrotoxicosis is more com-
mon in iodine deficient areas and appears to be more common in
men [11,23].

Amiodarone-Induced Hyperthyroidism (AIH) is much more
common and challenging to treat than amiodarone-induced hypo-
thyroidism. Amiodaroneinduced thyrotoxicosis results from two
different mechanisms. The iodine released during the metabolism
of the drug is responsible for the thyrotoxicosis in most cases. Pre-
disposing factors include micronodular and macronodular goi-
ter, which are common in older patients who most often require
amiodarone. Thyroid autoimmunity has also been incriminated as
a predisposing factor and antithyroid antibodies have been found
following amiodarone administration in some patients but not in
others [23].
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Other drugs that cause thyrotoxicosis include interferon-a, lith-
ium, tyrosine kinase inhibitors, highly active antiretroviral thera-
pies, immune checkpoint mediators and the humanized monoclo-
nal antibodies used in the treatment of multiple sclerosis. Although
these drugs may cause transient thyrotoxicosis through destructive
thyroiditis the immune modifying agents such as interferon-c,
HAART, and alemtuzumab may in addition induce Graves’ diseases
through less well-defined immune reactivation mechanisms [1,2].

Iodine Induced Hyperthyroidism

Iodine-induced hyperthyroidism, the Jod-Basedow phenome-
non, is commoner in older persons with long standing nodular goi-
tre and in regions of chronic iodine deficiency undergoing iodine
supplementation [3]. Iodide-induced hyperthyroidism may happen
in patients with iodine-deficiency goiter, in euthyroid Graves’ dis-
ease patients after antithyroid drug therapy, in euthyroid subjects
with previous spontaneous and iatrogenic episodes of thyroid dys-
function, in patients with multinodular goiters who reside in areas
of iodine repletion or deficiency and in people with no evidence of
underlying thyroid disease [3,9].

Postpartum Thyroiditis

Postpartum thyroiditis is inflammation of the thyroid gland fol-
lowing delivery. It is a transient form of hyperthyroidism that can
develop 6 weeks to 6 months postpartum with a significant chance
of recurrence in subsequent pregnancies. Patients are present with
painless goiter and typically have significant family history of auto-
immune disease [29].

Diagnosis

Direct tests of thyroid function involve the adminis tration of
radioactive iodine [3,10]. Measurement of the thyroid Radioactive
Iodine Uptake (RAIU) is the most common of these tests. 1311 has
been used for this test, but 1231 is preferred because it exposes the
patient to a lower radiation dose. The RAIU is measured 24 hours
after the administration of the isotope. The RAIU varies inversely
with the plasma iodide concentration and directly with the func-
tional state of the thyroid. In the United States the normal 24-hour
RAIU is 10% to 30%. The RAIU discriminates poorly between nor-
mal and hypothyroid states. Values above the normal range use ally
indicate thyroid hyperfunction.6 The measurement of the basal
serum TSH concern tration is useful in the diagnosis of hyperthy-
roidism and hypothyroidism [3,10] Very sensitive methods are
now available, such as immunoradiometric or hemalum nascent, to
measure serum TSH. In cases of hyperthy roidism the TSH level is
almost always low or none testable. Higher levels indicate hypothy-
roidism, and lower levels signify hyperthyroidism [1]. Three types
of thyroid autoantibodies can be mean surged for diagnostic uses.
The autoantibodies that can be tested for are Thyroglobulin (Tg
Ab), Peroxidase (TPO Ab), and TSH Receptor (TSHR Ab). 2 A thyroid
scan is a common test used to localize thyroid nodules and to lo-
cate functional ectopic thyroid tissue. 123lor 99Tc is injected, and a
scanner localizes areas of radioactive concentration. This technique
al lows for the identification of nodules 1cm or larger [9]. Several
tests are available that measure the thyroid hormone concentration
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and binding in blood. Highly specific and sensitive radioimmunoas-
say are used to measure serum T4 and T3 concentrations and rare-
ly to measure Reverse Triiodothyronine (rT3) concentration [3,10]
Elevated levels usually indicate hyperthyroid ism, and lower levels
usually indicate hypothyroidism. The free hormone levels usually
correlate better with the metabolic state than do total hormone
levels. Indi rect assays are used to estimate the free T4 level.6 Cur-
rent practice is to screen patients suspected of being hyperthyroid
with the TSH serum level and measure or estimate the free T4 con-
centration [12,13]. A decreased TSH level and an increased free T4
concentration are classic for hyperthyroidism [12]. Some patients
are hyperthyroid with a low TSH level and normal free T4 concen-
tration, but they have an elevated free T3 level. A few patients have
anormal or elevated TSH and a high free T4. These patients either
have a TSH-secreting pituitary adenoma or have thyroid hormone-
resistance syndrome [3, 12,13].

Treatment / Management

The recommended treatment of thyrotoxicosis depends on its
underlying cause. Beta- blockers, such as propranolol, are used
to alleviate adrenergic symptoms such as sweating, anxiety, and
tachycardia. Theoretically, propranolol inhibits 5’-monodeiodinase,
thus blocking the peripheral conversion of T, to T,. Propranolol also
blocks both 1- and 2 receptors, making it a first-line agent. How-
ever, it should generally be avoided in patients with asthma [18,22].

The 3 mainstays of treatment include thionamide drugs, radio-
iodine therapy, and thyroid surgery.

Thionamide Drugs

Thionamide drugs, including Propylthiouracil (PTU) and methi-
mazole, cause decreased the production of thyroid hormone by act-
ing as preferential substrates for thyroid peroxidase. At high doses,
PTU also inhibits the peripheral conversion of T, to T, [18,22].

Methimazole is prescribe at a dosage of 15 to 30mg/d for 4
to 8 weeks in the treatment of Graves disease, during which most
patients achieve a euthyroid state. Once euthyroid is established,
treatment can proceed with 1 of 2 approaches. In the block-replace
method, the same dose of thioamide is continued to inhibit thyroid
hormone production, while levothyroxine is added to maintain eu-
thyroid. Alternatively, the thioamide dose can be gradually reduced
to allow endogenous thyroid hormone synthesis, thereby sustain-
ing a euthyroid state [22, 23].

In Graves disease, long-term remission is achieved in about
50% of patients treated with thioamide drugs. However, a draw-
back of thioamides is the uncertainty of relapse after discontinua-
tion. Prolonged treatment beyond 18 months has not been shown
to improve remission rates. Methimazole is more effective and has a
longer half-life than PTU, allowing for once-daily dosing [26].

Additionally, PTU carries a higher risk of hepatotoxicity. Agran-
ulocytosis occurs in approximately 1 in 300 patients treated with
thioamides and typically presents with symptoms such as sore
throat, mouth ulcers, and high fever. A differential white blood cell
count is recommended for all patients on thioamides experiencing
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febrile illness or pharyngitis. Minor adverse effects of thioamides
include pruritus, arthralgia, and gastrointestinal upset. If patients
continue to have anti-TSH receptor antibodies or signs of hyperthy-
roidism after 18 months of treatment, options such as radioiodine
therapy or surgery should be considered [23,26].

Teprotumumab, an IGF1R blocker, is approved by the Food and
Drug Administration (FDA) for the treatment of Graves orbitopathy.
Teprotumumab also shows potential for treating Graves disease
and other forms of thyrotoxicosis [23].

Radioiodine Therapy

Radioiodine therapy is the most common treatment for adults
with Graves disease in the United States. This therapy is also ef-
fective for treating follicular nodules and toxic multinodular goi-
ter [18,23,26]. Radioactive iodine is administered as a single oral
dose. This is absorbed by the thyroid gland, causing tissue-specific
inflammation that leads to thyroid fibrosis and a gradual destruc-
tion of thyroid tissue over the following months. Hypothyroidism
typically develops within 6 to 12 months, need lifelong levothyrox-
ine therapy for most patients. Patients with large goiters, severe
thyrotoxicosis, ischemic heart disease, heart failure, or arrhythmia
are advised to undergo thioamide pretreatment until achieving a
euthyroid state before receiving radioiodine therapy [18,23].

Notably, radiation therapy is contraindicated during pregnancy
and lactation, and conception should be avoided for 6 to 12 months
for both males and females. A small risk of thyrotoxicosis exacerba-
tion exists in the first month after treatment due to the release of
preformed thyroid hormones. Additionally, radioiodine therapy is
a definitive risk factor for developing Graves orbitopathy [23,25].

The treatment of thyroiditis differs because antithyroid drugs
are ineffective, as patients typically have reduced production of
new thyroid hormones. Thyroiditis is usually transient, and the
treatment is focused on symptom control using beta-blockers. In
cases of subacute thyroiditis, Nonsteroidal Anti-Inflammatory
Drugs (NSAIDs) and, occasionally, systemic glucocorticoids may
be prescribed to manage pain and inflammation. Beta-blockers are
recommended for older patients with symptomatic thyrotoxicosis
and also for any thyrotoxic patient with a resting heart rate exceed-
ing 90 bpm or with underlying cardiovascular disease [3,10].

Children with thyrotoxicosis may be treated with methimazole,
radioiodine therapy, or thyroidectomy. Methimazole is the first-line
therapy for Graves disease in children, typically administered for
1 to 2 years, as some children may achieve remission. Radioiodine
therapy is not recommended for children aged 5 or younger. Addi-
tionally, PTU should be avoided in children due to its risk of hepa-
totoxicity [3,23].

Thyroid Surgery

Thyroidectomy, whether total or partial, provides rapid and
effective treatment for thyrotoxicosis. However, it is invasive and
expensive and also results in permanent hypothyroidism, necessi-
tating lifelong levothyroxine therapy. Pretreatment to achieve eu-
thyroid is recommended before surgery to minimize the risk of ex-
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acerbating thyrotoxicosis or triggering a thyroid storm. Surgery is
indicated for cases of hyperthyroidism resistant to medical therapy,
significant thyroid enlargement causing compressive symptoms,
or when thyroid cancer is suspected. The surgical procedure usu-
ally involves either a total thyroidectomy, where the entire thyroid
gland is removed, or a thyroid lobectomy, which involves remov-
ing one lobe of the thyroid (right or left). Most patients can resume
normal activities within a few days. Common complications include
transient hypocalcemia due to temporary hypoparathyroidism and
vocal cord paresis caused by injury to the recurrent laryngeal nerve
[3,10,23].
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