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INTRODUCTION
The thyroid gland weighs 20 to 30 grams, and consists of two lateral lobes and a connecting piece, the isthmus.  (The gland has a "horseshoe shape").  It lies anterior to the trachea, just below the larynx.  When the gland becomes enlarged, it can be visualized or felt easily in most persons.  Extreme enlargement may result in respiratory difficulty by compression of the trachea.  It has close anatomic relationships to the parathyroid glands and the recurrent laryngeal nerves.  Hence, radical surgery on the thyroid gland may be associated with inadvertent damage to the recurrent laryngeal nerves causing vocal cord paralysis and hoarseness, or removal of the parathyroid glands causing a low serum calcium and tetany.

The follicular epithelial cells that compose the thyroid gland are arranged in vesicles called Afollicles@.  Each follicle contains a central core of colloid (consisting of thyroglobulin).  Between the follicles run thin‑walled capillaries, into which the secretion (thyroid hormone) of the follicular cells is discharged.  But part of this secretion (thyroid hormone), when not actively needed by the body, is stored in the follicular cavities as colloid, which may be regarded as an emergency ration to be given up to the body on demand.  In addition to the principal follicular cells, the thyroid contains a small population of parafollicular "C" cells.  These cells lie within the basal lamina of the follicles but do not abut on the follicular cavity.  Unless they are hyperplastic or forming tumorous nodule, the C cells are inconspicuous in normal thyroid glands.  The "C" cells produce calcitonin and originate from the ultimobranchial cleft, which is of neural crest derivation.

DEVELOPMENT AND ANOMALIES
The thyroid gland (except the C cells) is derived from entoderm as a median diverticulum at the root of the tongue.  The diverticulum grows caudally to the adult position.  Terminal portion becomes the normal adult thyroid, while the remainder disappears.

1)
Abnormalities of Descent of Thyroid Anlagen

a)
If descent fails ‑ lingual thyroid or no thyroid tissue at all

b)
If descent proceeds too far ‑ mediastinal thyroid

2)
Abnormal Persistence of Diverticulum or Duct

a)
Upper end ‑ lingual thyroid, with or without normally located thyroid tissue

b)
Lower end ‑ pyramidal lobe, found in 50% of normals

c)
Entire duct or segment of duct persists ‑ thyroglossal duct cyst (situated in the midline of neck).

3)
Lateral Aberrant Thyroid Anlagen

When thyroid tissue is found in the lymph nodes of the lateral neck, in virtually all instances such tissue is metastasis from a thyroid carcinoma, and not persistence of a lateral thyroid anlagen.  Ectopic thyroid tissue, when it does occur, is found in the midline of the neck or in the anterior triangle of the neck medial to the carotid arteries.

FUNCTIONS OF THYROID HORMONE
Consult Physiology/Biochemistry lecture notes: ( Review biosynthesis of thyroid hormones  Feedback mechanism).

Actions of thyroid hormones:  To stimulate the metabolism (oxygen consumption) of nearly all cells and to modulate cell growth.

DEFINITIONS
Goitre

‑  Strictly speaking, the term refers to an enlarged thyroid gland, irrespective of the cause.  

   
   However, most people use the term to mean non‑neoplastic thyroid swelling.

Toxic 

‑  Means hyperfunctioning, i.e., implies hyperthyroidism , as in toxic goitre, toxic adenoma.

Non‑Toxic 
‑  Implies normal or euthyroid state.

CLINICAL (FUNCTIONAL) STATUS
Euthyroid 

‑ Normal function: as in most nodular goitres and thyroid neoplasms.

Hyperthyroidism (throtoxicosis) ‑ Graves' disease, toxic nodule, toxic adenoma, etc.

Hypothyroidism                 ‑ Cretinism in infants and children; myxedema in adults

PATHOGENETIC STATUS
Nodular goitrous disease
- Simple goitre, uninodular goiter, multinodular goitre

Autoimmune diseases
- Graves= disease; Hashimoto=s disease, painless thyroiditis

Neoplasm

- Adenoma and carcinoma 

Infection

- acute thyroiditis (bacterial), subacute granulomatous thyroiditis (?viral)

CAUSES OF GLAND ENLARGEMENT
a)
Bilateral, uniform enlargement

‑ 
Graves' disease (meaty or rubbery firm)

‑ 
Hashimoto's thyroiditis (firmer and slight nodularity due to fibrosis)

‑ 
simple physiological goitre

b)
Multi-nodular enlargement

‑ 
multinodular goitre (variably sized nodules)

c)
Solitary nodule

‑ 
benign cyst

- 
thyroid adenoma; low-grade carcinoma

‑ 
a dominant nodule in a nodular goitre 

‑ 
a dominant nodule in Hashimoto's thyroiditis or subacute thyroiditis

d)
Rapidly growing, irregular large mass

-
Anaplastic carcinoma

NOTE:
Although goitre may be associated with increased, decreased or normal function, the most numerous visitors to the thyroid clinics are not patients suffering from either hyper‑ or hypothyroidism but people suffering from euthyroid (nontoxic) nodular goitre.

NON‑TOXIC NODULAR GOITRE
This is the most common form of thyroid enlargement.

1)
Etiology and Pathogenesis
a)
Iodine deficiency.  Other than environmental paucity of iodine, deficiency is more apt to occur during periods of unusual demand for thyroid hormones, e.g. puberty in boys and girls, in women at the menarche, and menopause, or during pregnancy.

b)
Blockade of an essential enzyme by pharmacologic agents (e.g. lithium carbonate), or dietary goitrogens (e.g. cabbage, cauliflower in large amounts, etc.). 

c)
Genetic defect results in congenital enzyme lack.  It seems likely that some goitres in adults may well be due to partial defects in hormone synthesis.  The body is able to readjust, by increasing TSH secretion, eventually achieving sufficient hormone production to permit normal metabolic function at the cost of an unsightly goitre (enlarged thyroid).

2)
Sequence of Development
a)
Thyroxine deficiency from various causes elicits increased TSH secretion by the anterior pituitary. 

b)
TSH results in compensatory hyperplasia of the follicle cells, release of thyroid hormones and resorption of colloid.

c)
Iodine deficiency relieved, e.g., iodine restored to diet or functional demand ceases.

d)
Involution occurs, thyroid hormone and colloid storage resumed.

e)
However, because of residual hyperplasia, thyroid gland is now larger then normal.

f)
Cycle repeated over and over again.  At first enlargement is uniform.  Gland contains abundant colloid.  At this point, terms simple goitre or colloid goitre may be used.

g)
As time goes on, response of thyroid gland to TSH stimulation becomes patchy and uneven.  Why the response of the gland is uneven is not clear.

h)
As a result of repeated cycles of hyperplasia‑involution with uneven response of the thyroid gland, multiple nodules form (multinodular goitre).

3)
Clinical Significance
a)
If the goitre is small and wuthyroid, it has no cliical significance

b)
If the goitre is very large, it may cause cosmetic deformity

c)
May compress trachea and cause pressure symptoms.

d)
Confusion with a thyroid neoplasm (fine-needle aspiration biopsy may be helpful).

e)
One of the nodules in its hyperplastic phase may become hyperfunctioning.  The result is a so‑called toxic nodule.

 THYROTOXICOSIS 


The pathogenetic basis of thyrotoxicosis includes Graves' disease (this is the most common cause), toxic adenoma, toxic goiter, subacute and chronic thyroiditis. Rare causes include metastatic well- differentiated thyroid carcinoma, struma ovarii (teratoma) and hydatidiform mole/ choriocarcinoma. Occasionally, thyrotoxicosis is caused by ingestion of excessive amounts of thyroid hormone (factitious thyrotoxicosis). Clinical features of thyrotoxicosis include: elevated basal metabolic rate (BMR), weight loss, rapid pulse, cardiac arrhythmias, warm moist palms, heat intolerance, lid lag, excitability, restlessness, muscle wasting and weakness. In general, nervous symptoms dominate the clinical picture in younger patients, whereas cardiovascular and myopathic symptoms dominate in older subjects. 

Graves' Disease (Autoimmune Hyperthyroidism) 

Graves' disease is the most common cause of hyperthyroidism. It is an autoimmune disease. The gland is overstimulated by a number of thyroid stimulating immunoglobulins, which are antibodies directed against the TSH receptor sites in the follicular cell membrane. The syndrome consists of a triad of (1) thyrotoxicosis- see previous paragraph, (2) bilateral diffuse thyroid hyperplasia (enlarged glands), and (3) exophthalmos (protuberance of the eyes and upper lid lag). Microscopically, the thyroid gland shows tall, active follicular epithelium, papillary infoldings, loss of colloid store, and increased vascularity. A Iymphoplasmacytic infiltrate, consistent with an immunologic reaction, is present. 

In addition to the signs and symptoms of thyrotoxicosis, there are three clinical features unique to autoimmune hyperthyroidism (Grave's disease) and they are not seen in other conditions of hyperthyroidism. These features are due to an immuno-inflammatory reaction (i.e. lymphocytic infiltrate, edema, and fibroblastic proliferation) involving uniquely the following three sites:- 

(a) Thyroid gland ( = diffuse, uniform enlargement) 

(b) Periorbital muscles and soft tissue ( = proptosis), 

(c) Pretibial skin ( = localized myxedema. Do not confuse this with generalized myxedema in hypothyroidism).

 Whether these apparently disparate manifestations at different sites represent a common underlying immune system defect, a single common abnormal antigen, or the presence of antibodies which cross-react with several antigens remains unclear. 

HYPOTHYROIDISM 

The most common cause of hypothyroidism in adult is "idiopathic" atrophy of the thyroid gland. This condition is now believed to be a late sequela of subclinical Hashimoto's thyroiditis, in which the lymphoid infiltrate is quantitatively insufficient to produce clinical enlargement of the thyroid gland. Hypothyroidism may also be the result of a congenitally absent thyroid, total thyroidectomy, irradiation, enzymatic defects (hereditary or induced by goitrogenic substances), burnt-out Graves' disease, or lack of thyrotropic hormone (TSH) as a result of pituitary disorders. 

The clinical features of hypothyroidism are caused by reduced metabolic activities and all systems are affected (e.g. mental slowness, cold intolerance, constipation and enhanced atherosclerosis). The signs and symptoms of hypothyroidism depends on the time of onset of the thyroid deficiency. "Cretinism" is the condition that results when the deficiency is congenital or acquired in early infancy. The main signs relate to lack of development, particularly of the nervous and skeletal systems. "Myxedema" is the name applied to hypothyroidism in the adult. 

THYROIDITIS 

1. Acute - Bacterial abscess- rare. 

2. Subacute granulomatous (de Quervain's) thyroiditis. Uncommon. A viral etiology is suspected but not proved. The patient has symmetrical or focal enlargement with a painful and firm gland (hence also known as 'painful thyroiditis'). Transient thyrotoxicosis may be present due to destruction of the thyroid follicles with release of thyroid hormones. Microscopically, the gland shows granulomatous inflammation, histiocytic giant cells, and lymphocytes. It is a self-limiting disease and the patient generally recover after several weeks or months. 

3. Subacute lymphocytic thyroiditis: Also referred to as "painless", "silent", or "postpartum" thyroiditis. Histologically, it is part of the spectrum of autoimmune thyroditis and the biopsy shows lymphocytic infiltrate but not as striking as in Hashimoto's thyroiditis. Moreover, the autoimmune reactions are inconstant and evanescent. Clinically, it is regarded as a form of "subacute thyroiditis". Fifty percent of these patients will develop transient thyrotoxic symptoms because an excess of preformed hormone leaks from the thyroid gland due to inflammation. New hormone formation is decreased however, owing to the suppression of TSH secretion by the hormone excess. Since the inflammatory disorder is transitory and since stores of preformed hormones are ultimately depleted, the thyrotoxicosis is self-limited and often followed by a transient period of thyroid hormone insufficiency (hypothyroidism). However, a small number of the patients assessed a decade later will show permanent hypothyroidism due to more severe inflammation destroying the thyroid parenchyma. 

4. Chronic lymphocytic (Hashimoto's) thyroiditis. This is the most common form of thyroiditis. It is an autoimmune disease. Classically, the patient has painless bilateral diffuse enlargement caused by lymphoid infiltration. The serum antimicrosomal antibody titre is elevated. The thyroid follicles undergo destruction and the cytoplasm of the follicular cells undergo eosinophilic change (Hurthle cells). The inflammation may resolve; if not, fibrosis may develop. Patients are euthyroid until the late (fibrotic) stage; then often become hypothyroid (NOTE: Hashimoto's thyroiditis is a frequent cause of hypothyroidism). 

5. Riedel's Thyroiditis - Very rare disease characterized by dense fibrosis (stony hard gland). It is often associated with idiopathic fibrosis of the mediastinum and retroperitoneum. 

NEOPLASMS 

Clinically, adenomas and low-grade carcinomas present as a slow-growing, solitary thyroid nodule. Anaplastic carcinomas, on the other hand, present as a rapidly growing, bulky, irregular mass which may infiltrate and fix to surrounding structures with risks of tracheal compression or laryngeal nerve palsy. Neck nodes may be involved and enlarged by metastastic tumor. 

1. Adenoma - To differentiate from hyperplasia, the lesion should be solitary and there should be encapsulation of the lesion. Often, an adenoma cannot be distinguished from a low-grade carcinoma on clinical ground. Statistically, thyroid adenomas are far more common than carcinomas (5 to 1 ratio). Histologically, there are many subtypes of adenoma: follicular, microfollicular (fetal), trabecular (embryonal), and Hurthle cell. These histologic subtypes are not important, because there is no difference in clinical behaviour among the subtypes. 

2. Papillary Carcinoma - This is the most common malignancy (constituting 60-70% of all thyroid cancer). Some cases are clearly related to childhood radiation. The tumor forms a grey-white mass. Microscopically, papillary fronds are covered with cancerous epithelium. The tumor is well-differentiated and low grade. Many patients who are treated survive 10 to 20 years. The tumor metastasizes first to neck lymph nodes and later to lungs and bone. 

3. Follicular Carcinoma - This is the second most common carcinoma (20% of thyroid cancer). Its incidence is higher in iodine deficient areas. It is more aggressive than papillary carcinoma and it metastasizes through blood stream to the lungs and bones. Microscopically, it is composed of microfollicles containing little colloid. The tumor invades the surrounding capsule and/or blood vessels. At times, distinction between well-differentiated follicular carcinoma and adenoma can be difficult. 

4. Medullary Carcinoma with Amyloid Stroma (5% of thyroid cancer). 

a) It is a tumor of parafollicular or C cells (neuroendocrine) 

b) The tumour cells produce calcitonin 

c) It is associated with amyloid deposition in the stroma, apparently produced by the tumor cells 

d) Twenty to 25% of the medullary carcinoma are familial. Familial medullary carcinomas are often multicentric and bilateral. There is a high association with other endocrine tumors (pheochromocytoma and parathyroid hyperplasia) - multiple endocrine neoplasia syndromes. 

5.
 Anaplastic (Undifferentiated) Carcinoma - An uncommon tumor (2-3% of thyroid cancer). Occurs in the elderly. Rapidly growing, hard, bulky mass and may infiltrate adjacent structures. Histologically, the tumor is composed of bizarre giant cells and spindle cells. Grows rapidly and metastasizes early and has a very poor prognosis. 

6.
 Other Tumors - Occasionally lymphoma, sarcoma, and metastatic carcinoma can affect the thyroid gland. 

FINE NEEDLE ASPIRATION (CYTOLOGIC) BIOPSY 

This technique is useful for differentiating goitre, neoplasm, and thyroiditis, but requires considerable expertise and clinical/cytologic correlation. The ideal situation is to have a core group of physicians dedicated to the fine needle aspiration procedure- the team should consist of a skilled aspirator, an experienced pathologist trained in fine-needle cytologic interpretation, and a clinician who is knowledgable in thyroid disease. (See Suen KC, Mcintosh H, et al. Fine needle aspiration biopsy in the investigation of thyroid disease. BCMJ 23:526-529, 1981). 

NOTE: The fine needle aspiration technique is useful not only for thyroid disease but is also valuable for diagnosing superficial lumps and bumps, breast masses, deep-seated lesions in the lungs, liver, pancreas and the retroperitoneum. The complication rate of FNA is much lower than the tissue core biopsy. 
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