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Outline Review of Thyroid Physiology and Pathology
Overview of Thyroid Structure and Function

The thyroid gland consists of two lobes connected by an isthmus. It is named after the classical Greek shield (thyreos) , since it resembles the shape (eidos) of a shield. Each pear-shaped lobe measures approximately 2.5 to 4 cm in length, 1.5 to 2 cm in width, and 1 to 1.5 cm in thickness. It normally weighs 20 to 30 grams in the adult human and is not visually prominent or easily identified by manual palpation. This gland is usually asymmetric and the right lobe is often twice the size of the left lobe. It is generally larger in women, and it frequently enlarges during adolescence, pregnancy, lactation, and between ovulation and menstruation. Seasonal changes have been associated with a change in thyroid size. It is located medially in the anterior neck approximately halfway between the prominence of the thyroid cartilage and the suprasternal notch. 

The functional and structural unit of the thyroid gland, which is visible with microscopic examination, is the "follicle." There are approximately 20 million follicles within the human thyroid gland. The thyroid follicles produce thyroid hormones, namely 3,5,3',5'-tetraiodothyronine (T 4) and 3,5,3'-triiodothyronine (T 3). 

Thyroid hormones induce many physiological effects and modify virtually every metabolic pathway in every human tissue and organ. They have general rather than tissue-specific effects. Thyroid hormones affect cellular metabolic rate, cellular oxygen consumption, protein, lipid and carbohydrate metabolism, growth, and development. Thyroid hormones also affect the rates of synthesis and degradation of hormones and chemicals within the human body. They bind to specific thyroid hormone receptor sites in the cell nuclei and induce transcription of specific gene segments. 

The thyroid gland also contains calcitonin secreting parafollicular cells, or C cells. Calcitonin is involved with the regulation of calcium metabolism. Calcitonin is discussed with the parathyroid glands and calcium regulation. 

Thyroid Hormones 

Go to Figure of thyroid Hormone Structure
The thyroid gland is the only tissue that can both concentrate and organify iodine. Iodine is concentrated in the thyroid follicles where the iodine pump concentrates iodine 20- to 100-fold above circulating serum levels. Synthesis of thyroid hormone by the thyroid follicles requires not only concentrated iodine, but also the organification of iodine, and the incorporation of iodine into tyrosyl residues on thyroglobulin. Thyroglobulin is a large (660,000 mol wt) glycoprotein that is synthesized by the follicular cells.  The tyrosyl residues act as receptor molecules for iodine. The iodination of tyrosyl initiates the formation of thyroid hormones within thyroglobulin. Substances that inhibit the thyroidal iodine pump have anti-thyroid activity. For example, thiocynate (SCNj, perchlorate (CLO-), selanocyanate (SeCN-), bromide (Brj, and nitrite (NO2-) competitively inhibit the iodine pump, and act as "goitrogens." 

T 4 and T 3 are formed by the coupling of iodotyrosines, monoiodotyrosine (MIT) and  diiodotyrosine (DIT). Peroxidase-mediated iodination of tyrosyl groups within the structure of the thyroglobulin molecules triggers coupling of iodothyronines, and consequently a coupling enzyme is not required.  

T 4 is the main thyroid hormone produced by the thyroid gland. It forms a large pool of circulating thyroid hormone, which is very stable, having a half-life of approximately seven days. T 4 is protected from degradation by binding or carrier proteins. The thyroid gland also produces small quantities of T3. Free T4 is in dynamic equilibrium with free T3 and T4 is converted to T3 peripherally (primarily in the liver) as needed to provide a stable source of T3, the most active  thyroid hormone. T4 is converted to T3 by the enzyme 5' -deiodinase and to reverse T 3 by 5- deiodinase. Selenium and iron are also necessary for the conversion of T4 to T3. 

Biosynthesis of Thyroid Hormones:

· Iodide-1 is actively concentrated within the thyroid gland. 

· Iodide-1 is converted to organic iodine by peroxidase in the thyroid gland. 

· Organic Iodine is incorporated into tyrosine attached to thyroglobulin within thyroid gland follicle

· Tyrosine is iodinated by one iodine molecule to form monoiodotyrosine (MIT) or by two iodine molecules to form diiodotyrosine 


(DIT). 

· Two iodinated tyrosine molecules are coupled to form active thyroid hormones. 


T 4 is formed by the coupling of DIT + DIT = L-3,5,3',5'-tetraiodothyronine (T 4)


T 3 is formed by the coupling of MIT + DIT = L-3,5,3'-triiodothyronine (T 3). 

· T 3 & T 4 are released into the circulatory system where they are largely bound to carrier proteins. 

· T 4 is converted peripherally to T 3 by 5'-deiodinase. 

· T 4 is converted to rT 3 by 5-deiodinase. 

There are three monodeiodinases that regulate the conversion of T4 peripherally. Type I and Type II monodeiodinases are known to act at the outer molecular ring of T4. Type I deiodinase is responsible for the peripheral conversion of T4 to T3 in the somatic tissues, particularly the liver, kidney, and muscle tissues. Type II deiodinase catalyses the conversion of T4 to T3 in the central nervous system, including the pituitary. Type II deiodinase specifically affects the negative feedback of T3 upon TSH production in the anterior pituitary. 

Type III deiodinase or 5-deiodinase, found in the central nervous system and placenta and in lesser amounts in the peripheral tissues, acts on the inner ring of T4 and is responsible for the conversion of T4 to reverse T3 (r T3). The resulting rT 3 has little thyroid hormone activity. Switching from 5' -deiodinase to the alternative monodeiodinase, 5-deiodinase, is probably a target tissue homeostatic mechanism adapted to maintaining ideal cellular levels of active T 3 thyroid hormone. After rT 3 is produced, it is subsequently rapidly degraded. 

The thyroid gland produces primarily T 4 and a smaller amount of T 3. Specifically, T 4 accounts for approximately 80% of the thyroid hormone produced by the thyroid, while T 3 accounts for only 20% of the thyroid hormone produced by the thyroid gland. T 4 levels are normally very stable in humans from about the third day after birth until old age when a gradual decline in T 4 levels is observed. Most of the T 4 is bound to binding proteins leaving only 0.03% free, and T4  has a relatively long half-life of approximately one week. This creates a very stable reservoir of circulating thyroid hormone. T 4 accounts for 98.5% of the circulating thyroid hormone. There is also a store of T 4 within the thyroid gland that is sufficient to last approximately two months. T 4 is often considered a pro-hormone since it acts as a precursor to T 3, the most active thyroid hormone. T 3 is 2 to 10 times more active than T 4, depending upon its function and the site of its action. T 3 is less tightly bound to carrier proteins and 0.3% of circulating T 3 is free. The half-life of T 3 is approximately one day. The thyroid gland produces 5% of the total rT 3 with approximately 95% normally being produced by peripheral conversion of T 4. Reverse T 3 has a relatively brief half-life of 0.2 days. 

It is the free fraction of thyroid hormone (T 3 and T 4) that has active hormone effects. The bound fraction of thyroid hormone is more stable, but inactive. The amounts of circulating binding hormones affect the normal amounts of circulating Total T3 and T4. The main protein that binds thyroid hormone is thyroid-binding globulin (TBG) which accounts for 70-75% of the binding. TBG is produced in the liver.  TBG levels decrease with liver disease and protein wasting nepthropathy.  TBG levels increase during pregnancy.  Other thyroid-binding proteins include transthyretin (also called thyroxine-binding prealbumin) and albumin. 

Summary of Thyroid Hormone Pharmacodynamics

· T4 is the major hormone produced by the thyroid gland. Most of the circulating thyroid hormone is T 4 (98.5%). 

· Only a small part of the circulating T 3 is produced by the thyroid gland (20%). 

· Most of the circulating T 3 is produced by peripheral conversion of T 4 to T 3 (80%). 

· T3 is 3-8 times more biologically active, depending on the target tissue, than T 4. 

· Reverse T 3 (rT 3) is inactive and has little thyroid hormone (thyromimetic) effect. 

· Most of the rT 3 is produced by peripheral (non-thyroid) conversion of T 4 to rT 3 (95%). 

· 0.015% of total circulating T 4 is free (unbound), and active. 

· 0.33% of total circulating T 3 is free (unbound), and active. 

· Thyroid-binding globulin (TBG) is the major thyroid-binding protein (70-75%). 

· Transthyretin (thyroxine-binding prealbumin) and albumin are minor thyroid-binding proteins. 

· The approximate plasma half-life for T 4 is: 7 days, for T 3: 1 day, for rT3: 0.2 days. 

Iodine Requirements 

Iodine is ingested in food, water, or medication as either inorganic iodide (as an iodide salt) or as iodate in the form of organic iodine. Iodate must be converted to iodide in the GI tract before it can be absorbed. After iodide is absorbed, it is concentrated in the thyroid gland, and then converted to the organic form as it is incorporated into the tyrosyl residues of thyroglobulin. Iodine must be ingested in sufficient amounts to maintain normal thyroid function. If a minimum daily intake of approximately 50 micrograms of iodine is not consumed, the thyroid gland begins to hypertrophy and produces a goiter. If iodine deficiency continues, the normal production of thyroid hormone becomes progressively compromised. 

Iodine deficiency is uncommon in the United States. The average daily iodine intake in the U.S. since the introduction of iodate as a mold inhibitor in the 1980's is in the range of 240-740 micrograms. Other sources of iodine include iodized salt, sea vegetables, seafood, some cough medicines, and iodinated contrast media. The recommended daily intake of iodine is 150 micrograms. 

The effect of decreased iodine intake is to 

· decrease the levels of follicular iodine

· increase the ratio of monoiodotyrosine to diiodotyrosine in the thyroid follicles

· increase the ratio of T 3 to T4 secreted by the thyroid gland

· to increase circulating TSH levels

· produce thyroid gland enlargement. 

The thyroid gland may develop a goiter but still be able to compensate for moderate iodine deficiency and maintain normal thyroid hormone activity.  More than 800 million people worldwide develop endemic goiters due to iodine deficiency. If iodine deficiency is severe enough, it can cause hypothyroidism and mental retardation due to cretinism. Iodine supplementation has been implemented in some geographical areas where iodine deficiency is severe. 

Excess iodine ingestion can cause dyshormonogenesis by inhibiting thyroid hormone synthesis and secretion, an effect known as the "Wolff-Chaikoff effect". The thyroid gland normally can escape the suppressive effects of excess iodine within approximately two weeks. The transient suppressive effect of iodine loading has been used to control thyrotoxicosis until thyroidectomy or thyroid ablation can be performed. Iodine loading has the added advantage of decreasing the vascularity of the thyroid gland in preparation for thyroid surgery. Iodine excess can sometimes induce hyperthyroidism, a reaction known as the "jodbasedow effect," particularly in individuals with latent Graves' disease and multinodular goiter. It is also thought that iodine excess in some individuals may act as a trigger for autoimmune thyroid disease.

 Thyroid Hormone Regulation 

T 3 and T 4 formation is regulated by thyroid-stimulating hormone (TSH) from the anterior  pituitary. TSH binds to thyroid plasma membrane receptors on the external cell surface and activates enzymes that promote the production of thyroid hormone. Pituitary TSH secretion is controlled by negative feedback modulation by free T 3, and to some extent by free T 4. TSH is also regulated by thyrotropin-releasing hormone (TRH) produced in the hypothalamus. The precise regulation of TRH synthesis and release is complex. Cold environments, stress and exercise can up-regulate TSH, while a warm environment, increased ambient light, and corticosteroids can down-regulate TSH. 

Negative feedback regulation of thyroid hormones. 
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Other hormones also influence thryoid hormone regulation. One of the best studied examples is estrogen. READ more about estrogen and thyroid hormone. 

Thyroid Gland Examination 

Accurate examination of the thyroid gland is an important diagnostic skill used in the evaluation of individuals with thyroid disease and it is also an important screening test used when performing routine physical examinations. The thyroid gland is often non-palpable in normal individuals, and abnormal findings in thyroid disease can be subtle. Consequently, experience in the examination of both the normal and abnormal thyroid gland is necessary in order to acquire the skills required to properly evaluate the thyroid gland. 

The patient is first examined by visual inspection. The anterior neck is inspected with the patient is a seated position. Particular attention is focused upon the exposed suprasternal fossa and lateral areas for fullness or sign of masses. The patient can be instructed to slowly turn the head back and forth and to swallow to facilitate visualization of thyroid abnormalities. 

Then the patient is examined using manual palpation. Thyroid gland palpation can be performed from behind the patient or facing the patient. The lateral margins of the lobes along with the upper and lower poles and isthmus of the thyroid gland are evaluated for size, tenderness, masses, nodularity, and consistency. Patients can be instructed to turn their heads in order to obtain the best possible position to evaluate the thyroid gland. The patient can also be instructed to swallow in order to differentiate the thyroid gland, which moves with swallowing, from non-thyroid masses. The thyroid gland can be outlined with a felt pen on the patient's skin and then traced on the patient progress notes for future comparison and reference. 

The thyroid can also be auscultated for bruits, which may be present with increased blood flow. The blood flow to the thyroid gland is normally 4 to 6 mll minute, but can be increased with hyperthyroidism. 

Thyroid Function Tests:

Go to Flow Chart of Current Thyroid Screening Guidelines
Measurement of the HPT axis:

· TSH: a measurement of serum thyroid-stimulating hormone. A "3rd or 4th generation TSH test" is now a commonly available test and is relatively sensitive at both the low and high ends. It is moderately expensive but generally the single best test used to evaluate thyroid gland function. The exception to this is in the case of a pituitary or hypothalamus defect causing secondary, or tertiary hypothyroidism, in which case measurement of thyroid hormones is also necessary. 

Advances in laboratory technology have simplified the evaluation of thyroid disorders. The TSH test is a powerful tool that has made screening for thyroid function much more precise than was possible with less sensitive tests of thyroid function. The Sensitive TSH test is the preferred test to screen for thyroid disease for several reasons:

1.
The pituitary's assessment of thyroid hormone status is revealed by measurement of serum TSH. The pituitary gland regulates   the thyroid gland by means of feedback received from circulating thyroid hormones. The pituitary adjusts its production of TSH according to the levels of these circulating thyroid hormones. 

2. The sensitivity of the TSH test is enhanced by biological amplification, where an incremental  change in free thyroid T 4 and T 3 causes a much greater change in TSH. Amplification results in a hundred-fold increase in TSH when T 4 decreases to one half of its normal level. 

3. TSH tests becomes abnormal when the Free Thyroxine Index, free T 4, and free T 3 tests are still within normal ranges. In the early stages of evolving thyroid disease and in mild hyper- or hypothyroidism, TSH is the earliest and most sensitive test for thyroid hormone abnormalities. TSH testing consequently allows for early diagnosis and treatment. 

When TSH is abnormal, a test for either free T 4 (f T 4) or Free Thyroxine Index (FTI) is generally the most useful follow-up test. 

· TRH: This test can be used to evaluate the function of the hypothalamic- pituitary-thyroid axis. It has been used to identify individuals who may respond beneficially to thyroid hormone replacement who otherwise have normal thyroid function tests. The TSH response to TRH is exaggerated in patients with primary hypothyroidism. Prolactin response can also be measured, which normally increases after TRH administration. This is not a routine test but may be of supportive value when other tests have failed to provide a definitive diagnosis. 

Measurement of Thyroid Hormones

· Total T4: Measures total (free + bound) T 4. It is a relatively inexpensive screening test used in conjunction with a T 3U test. Since over 99% of T 4 is bound to proteins such as TBG and inactive, this test is not a reliable measure of thyroid hormone activity unless combined with a T 3U. 

· T 3U: a laboratory derived correction factor for thyroid hormone binding. It is an inverse function of thyroid binding proteins. It is not a test for T 3. It is used in conjunction with Total T 4 to calculate T7 (FTI).

· FTI: Free Thyroxine Index (=Total T4 X T 3U), is a relatively inexpensive indirect measurement of free T 4. It is calculated from the product of the measured values of Total T 4 and T 3U. 

Euthyroidism can present with a high Total T 4 and a low T 3U, or a low Total T 4 and a high T 3U. The resulting deviations from normal in Total T 4 and a T 3U do not represent thyroid disease, but are the reflection of extra-thyroidal factors. With euthyroidism, the FTI remains within normal limits.
Total T4 and T3U abnormalities in Euthyroidism:
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Free T4 and Free T 3 are not affected by conditions where there is abnormal thyroid hormone binding such as abnormal amounts of TH binding proteins

· Free T4: This is becoming a routinely ordered test and is direct laboratory measurement of unbound, bioactive (free) T 4. 

· Free T 3: a direct laboratory measurement of unbound, bioactive (free) T 3. This test is particularly useful to identify conditions where there is deficient conversion of T 4 to T 3, such as in the "Low T 3 Syndrome," and where there is an isolated T 3 toxicosis, such as can occur in early Graves' disease.

A fT4 or FTI is required to give an accurate measurement of thyroid hormone activity, since only 0.03% of Total T 4 hormone is unbound and reflects the thyroid hormone activity of T4. The remaining 99.97% of Total T 4 is bound to carrier proteins and metabolically inactive. 

The fT4 or FTI in conjunction with a TSH can be used to categorize most cases of thyroid dysfunction. The exception occurs where fT4 remains normal but fT3 is abnormal. This anomaly occurs sometimes when a deficient conversion of T 4 to T3 exists, or in the case of an isolated T 3 thyrotoxicosis (such as can occur in early in the course of Graves' disease or toxic multinodular goiter). 

The f T 4 or FTI allows direct measurement of thyroid hormone status without concern for the hypothalamus-pituitary-thyroid 


axis.

Summary of Common Thyroid Function Findings

	Thyroid Condition
	TSH
	fT4 (FTI)
	fT3

	Incipient or mild primary hypothyroidism is accompanied by a near normal thyroid hormone production maintained by an increase in production of TSH that drives the failing thyroid gland. 
	(
	N
	N

	Overt primary hypothyroidism is characterized by deficient thyroid hormone production despite increased TSH production.
	(
	(
	(

	Incipient or mild primary hyperthyroidism is accompanied by a mild increase in thyroid hormone despite profound TSH suppression.
	(
	N
	N or (

	Overt primary hyperthyroidism is characterized by thyrotoxicosis that persists despite decreased TSH production.
	(
	(
	(


Thyroid Imaging

· 123I Thyroid Scan: is a radioactive iodine uptake test that images the thyroid gland and thyroid gland activity. 123I is administered intravenously and 8 to 24 hours later the thyroid gland is scanned with a rectilinear scanner or a gamma camera. The 123I concentration imaged within the thyroid gland represents the iodine pump activity and is an index of thyroid gland activity. The normal 24-hour radioactive iodine uptake is 10-25%. This test is useful in the differential diagnosis of hyperthyroidism. The thyroid scan can also be useful in the evaluation of thyroid nodules. 

· Thyroxine Suppression Test: is a test used to evaluate autonomously functioning thyroid tissue. After 4-6 weeks administration of a full replacement dose of L-thyroxine, normal individuals have relatively absent radioactive iodine uptake with a 123I thyroid scan, since TSH and thyroid function is suppressed. However patients with thyroid autonomy, such as seen with toxic adenomas, Graves' disease, and toxic multinodular goiters, will show radioactive, iodine uptake. 

Other Thyroid Tests
· Thyroglobulin: is elevated with destructive thyroiditis, since it is the major protein constituent of thyroid follicles. It also is used to screen for, or follow patients with papillary or follicular thyroid cancer. In patients treated with thyroidectomy for thyroid cancer, thyroglobulin levels should remain undetectable unless there is persistence, reoccurrence, or metastasis of the I cancer. 

· Autoantibodies: anti-thyroglobulin antibody (anti- TBG) and anti-thyroid peroxidase antibody j (anti- TPO), previously known as microsomal antibody, are used in the diagnosis of autoimmune thyroid disease such as Hashimoto’s thyroiditis. The single most sensitive test for Hashimoto's thyroiditis is anti- TPO. TSH receptor antibodies can occur either as a blocking antibody (TSH-R Ab block), sometimes present in Hashimoto's thyroiditis, or as a stimulating antibody (TSH-R Ab stim), previously known as long-acting thyroid stimulator (LATS) or thyroid-stimulating immunoglobulin (TSI), typically present in Graves' disease. 

· Calcitonin: is used in the diagnosis of medullary carcinoma of the thyroid (MCT). Serum calcitonin levels are also used to screen individuals who have a family history of MCT or multiple endocrine neoplasia (MEN).

	Test
	Description
	
	Complications

	Total T4 (Bound)
	· Over 90% is bound, therefore this test measures mostly bound T-4 , therefore measuring a protein (TBG) and hormone (T4)

· Test picks up the complex
	· Hypothyroid usually low

· Hyperthyroid usually high
	· Liver disease – false low total T-4 because of low concentrations of TBG

· Hypothyroidism – low T4 therefore again a concentration of Total T4 will be noted.

	TSH
	· Serum sample
	· Usually increased in primary hypothyroidism

· Secondary and Tertiary hypothyroidism – TSH low

· Usually decreased in hyperthyroidism – but cannot 
	· Give TRH to see if there is a response by the TSH to help differentiated secondary and tertiary hypothroidism. – confirm with TRH measurements esp. if TSH increases with TRH injection

· Autoimmune – hashimotos initial hypothyroidism 

· Autoimmune – graves later disease may look like hashimotos. – hyperthyroid to hypothyroid

	Antithyro-globulin antibodies
	· Serum sample
	· both hashimotos and graves IgM, IgG, 
	· 

	Anim micro-somal antibodies
	· serum sample
	· Only seen in Hashimotos 70-80%
	· Only 70-80% sensitive

	Free T3
	· New test

· Used when all the tests seem normal
	· It will be low with hypothyroid
	· 

	Resin T-3 uptake
	· Assumes that it is a measurement of T3

· Sample serum – with TBG – in testtube add excessive amount of radioactive T-3 –

· TBG take up additional T3

· Wash away bound

· Left over is place with resin and will take up what is left over


	· Hypothyroidism – there will be low amount of hormone or a large amount of TBG (pregnancy) therefore more radioactive T3 will be taken up and less will remain in resin. – Decreased RT3 uptake

· Hyperthyroid (graves ex.) or decreased TBG (liver disease) there will be less radioactive T3 taken up by TBG, then there will be more radioactive T3 available for uptake Increased RT3 uptake
	· TBG concentration and thyroid hormone  concentration will effect results

	T7, FTI (free thyroxin index)
	· Mathematical value

· Total t4 x RT3 uptake
	· Same direction – thyroid abnormality – hyperthyroid, hypothyroid

· Opposite -  TBG problem – liver disease, pregnancy
	· 

	TBG levels
	· confirmatory test 
	· other problems other than hypothalmus ---- thyroid axis.
	· 


Hypothyroidism

Hypothyroidism is the result of a deficiency of thyroid hormone activity, a relatively common disease with a recorded prevalence of 2-3% in the general U.S. population. The incidence of hypothyroidism is probably much greater than this if individuals are included in this category that have "subclinical" or mild hypothyroidism, which has been calculated to affect as many as 10-20% of women over the age of fifty. Hypothyroidism more commonly affects women with a female to male ratio of 10: 1. In adults, the signs and symptoms of hypothyroidism are largely reversible with effective treatment. 

Causes of Hypothyroidism:

Many conditions can cause hypothyroidism. The most common are autoimmune hypothyroidism, or Hashimoto's disease, and thyroid ablation, used to treat hyperthyroidism. Postpartum hypothyroidism is a transient form of hypothyroidism that affects 5-10% of women in the U.S. Hypothyroidism is often idiopathic, with no definable cause. 

· Defective hormone synthesis: iodine deficiency (indemic goiter), autoimmune hypothyroidism (Hashimoto's disease, postpartum thyroiditis), subacute thyroiditis (De Quervain's thyroiditis), congenital thyroid disease (inherited enzyme deficits), iodine pump inhibitors (dietary goitrogens, thiocynate, perchlorate, selanocyanate, bromide, nitrite), blocking agents (propylthiouracil, methimazole, carbimazole, iodides, lithium carbonate, oral hypoglycemic agents, 6-mercaptupurine, amiodarone, interferon), and infiltrative thyroid disease. 

· Thyroid gland ablation: thyroidectomy, radiation, 123lodine (scan), 1311odine (Therapy), and 99Technetium (scan). 

· Deficient TSH: pituitary disease (secondary hypothyroidism), or deficient hypothalamic TRH (tertiary hypothyroidism). 

· Peripheral hypothyroidism (non-thyroid hypothyroidism): thyroid hormone resistance, deficient T 4 to T3 conversion, and excess rT3 (Wilson’s Syndrome). 

· Interaction with other endocrine systems: Some research suggests estrogen may contribute to thryoid function supression. READ personal paper on Estrogen and Thyroid Function.
Adult Hypothyroid SnlSx:

In adults, hypothyroidism causes a generalized slowing of the metabolic rate with an associated slowing of nervous system activity (mentation, deep tendon reflexes, etc.) and gastrointestinal peristaltic activity. Signs of myxedema may develop due to the deposition of glycosaminoglycans in intracellular spaces, particularly in the skin and muscles. 

	System
	Symptoms
	Signs
	Labs

	Behaviorl
Psych 
	depression, poor concentration
	
	

	Cardio-

vascular
	
	low heart rate hypertension with elevated diastolic pressure
	decreased cardiac output; low voltage QRS complex 

	Constitution and Metabolic
	fatigue, weight gain, coldness and intolerance for coot environments
	lowered basal body temperature
	· normocytic anemia wl malabsorption of  B12, folic acid and iron 

·  ( creatine phosphokinase (CPK) may be elevated (( MM isozyme also)

· ( lipids wl ( total cholesterol

	Dermato-logical 
	lateral eye brow thinning (Queen Anne’s sign)
	· cool, dry, rough skin, hyperkeratosis

· coarse hair, hair loss, brittle nails,

· palmar, perioral carotene deposition 
	

	ENT
	
	hoarse, husky voice; enlarged tongue
	

	Gastro-intestinal
	constipation: ( intestinal muscle contractility and peristalsis
	
	

	Genitourinary
	tendency for fluid retention
	
	decreased kidney functionl GFR; hyponatremia

	Gynecological
	menstrual irregularities with an abnormal luteal phase, menorrhagia
	endometrial hyperplasia, progesterone deficiency, infertility 


	· anovulatory basal body temperature chart

· prolactin excess associated with increased TRH secretion

	Musculo-skeletal
	muscle cramps, hand numbness and general paresthesias, carpal tunnel syndrome, joint pain, particularly shoulder pain, bursitis, calcific tendonitis, vertigo
	muscle weakness, puffy hands and feet
	

	Neurological
	hearing loss
	slow deep tendon reflexes with a slow relaxation phase (pseudomyotonia)
	

	Pulmonary
	
	slowed respiration
	· (ventilatory volumes

· respiratory acidosis


Hypothyroidism in Children:

Hypothyroidism in children can cause a delay, or permanent deficit, in physical growth and development. It can also cause a permanent impairment in normal mental development. This condition caused by hypothyroidism during development is called cretinism.

· Child specific hypothyroid signs: growth and development deficits , mental development retardation, and cretinism 

Diagnosis of Hypothyroidism :

Symptoms and signs, and the patient history are usually the initial diagnostic clues leading to the suspicion of hypothyroidism. Physical examination gives added information important in the differential diagnosis and work-up of hypothyroidism. Once this information has been gathered, appropriate laboratory tests can be chosen and ordered. 

· TSH (elevated):  The "single best test" in the differential diagnosis of hypothyroidism is generally a TSH test, which is elevated with primary  hypothyroidism. 

· Free T 4, or FTI (Low: free T4, T7 (FTI), and free T3 ):  In conjunction with a TSH, will aid in the differential diagnosis of 2( or 3( factors involved in hypothyroidism.

· Auto antibodies (Elevated: anti- TPO, anti- TBG, and TSH-R Ab block) The most sensitive test for Hashimoto’s thyroiditis is anti- TPO. It is also found to be positive in some euthyroid patients, which suggests the presence of a latent autoimmune process.

· Erythrocyte Sedimentation Rate or ESR (elevated) for subacute thyroiditis(De Quervain's thyroiditis)

· Reverse T3 (rT3) for the "Low T 3 Syndrome." 

· Thyroglobulinin (elevated) in destructive thyroiditis and thyroid cancer 

Subclinical Hypothyroidism :

Patients who have "subclinical hypothyroidism" * generally have symptoms and signs of hypothyroidism, benefit from thyroid hormone replacement, but do not meet the strict criteria for hypothyroidism using standard thyroid hormone tests.
 There is an increasing trend among alternative healthcare providers to look more closely at this group of patients as potentially suffering from "subclinical hypothyroidism." The usual approach in traditional medicine has been to dismiss these individuals as normal, or at least euthyroid. Using more refined testing techniques identifies an additional group of patients that have mildly elevated levels of TSH, and these do apparently benefit from thyroid hormone replacement. The recent development of sensitive 3rd and 4th generation TSH testing has contributed significantly to the diagnosis of subclinical hypothyroid individuals. Euthyroid individuals generally have a TSH in the normal range of 0.5-5 (Ulml. Pizzorno and Murray have suggested treating individuals for primary hypothyroidism who have a TSH level greater than 2.5 (Ulml, particularly if anti-thyroid antibodies are present.
 

Basal Body Temperature (BBT) 

Basal body temperature testing has been suggested as a screening test for subclinical hypothyroidism and Wilson's syndrome, since circulating levels of thyroid hormones affect basal body temperature. However, there are many factors other than thyroid hormones that affect BBT and BBT by itself is not a pathognomonic indicator of thyroid hormone status. For example, BBT normally increases approximately 0.50 F( at the time of ovulation and falls again to pre-ovulation levels at the time of menstruation. This fluctuation in BBT is not associated with changes in thyroid hormone levels. BBT is one of many signs of thyroid hormone status and is useful as a screening test for hypothyroidism but not by itself a specific diagnostic test for thyroid hormone deficiency. 
Core body temperature is regulated by the "thermoregulatory center" of the hypothalamus and is a reflection of the basal metabolic rate (BMR). Peripheral temperature, especially surface temperature, is a result of many other factors including 

· vasoconstriction (regulating the delivery of basal body heat, via the circulatory system, to superficial or distal tissues), 

· sweat gland activity (which lowers peripheral temperature via evaporation)

· piloerector response (which limits heat lost from the skin via convection)

· environmental temperature

· relative humidity

· insulation of peripheral tissues by clothes (limiting black body radiation, conductive, and convective heat loss). 

Core body temperature is the most stable indicator of BBT. Vaginal or rectal temperature is a good indicator of core temperature. Oral temperature is usually an adequate indicator of core temperature if it is obtained upon first awakening before taking anything by mouth. Axillary temperature and skin temperature can vary considerably over small distances and is significantly affected by many confounding factors and is consequently neither a reliable nor sensitive indicator of core body temperature. 

The recommended method for measuring BBT is by using a reliable thermometer, preferably a basal temperature thermometer. A rectal, vaginal or oral temperature can be measured at the same time each morning, before arising, and then recorded on graph paper. Temperatures are best recorded for several weeks so that monthly variations in hormone levels that affect BBT can be observed. 

Any temperature below 97.8( F is considered abnormally low. Dr. Jana Nalbandian has observed that this cut-off is appropriate for men but to high for women.  She recommends 97.0(F and below is more indicative of hypothyroidism in women. 

Factors elevating BBT 

· Free T 4 and T 3 (thyroid hormone) are thermogenic. T 4 is converted to T 3 peripherally, which increases oxygen consumption and heat production in part by stimulation of oxidative enzymes (sodium and potassium ATPase) in all tissues except the brain, spleen, and testes. This contributes to the increased basal metabolic rate (oxygen consumption at rest) and the increased sensitivity to heat with hyperthyroidism. 

· Progesterone is thermogenic and is thought to potentiate thyroid hormone. 

· Androgens are thermogenic. 

· Anabolic steroids are thermogenic. 

· Catecholamines (epinephrine) are thermogenic but produce a subjective sensation of being cold (cold intolerance) due to peripheral vasoconstriction. 

· Histamine contained in circulating basophils, and platelets is part of the pool of circulating histamine that acts as a neurotransmitter in portions of the CNS, and it is thermogenic. 

· Aerobic exercise continued over a long enough period of time to produce a training effect causes increased thermogenesis by inducing oxidative enzymes and increasing lean body mass and brown fat cells which have a high metabolic rate. 

· Environmental cold is thermogenic (acute cold increases adrenal medullary and sympathetic nervous system activity producing increased vasomotor activity, shivering, and striated muscle tonus, while chronic cold increases TSH and thyroid hormone production). 

Factors lowering BBT: 

· Environmental toxins inhibiting T 3 and T 4 production (phenols, pyridines, polyaromatic hydrocarbons, halogens, and radiation) are thermolytic. 

· Estrogen is thermolytic. Estrogen is thought to impair thyroid hormone activity, i.e. act as a thyroid hormone antagonist.

· (-blockers (antagonize some thermogenic effects of catecholamines) are thermolytic 

· Hypoglycemia and insulin excess (secondary to decreased oxidative metabolism) causes a decrease in BBT. 

· Prolactin (increases estrogen and decreases progesterone) is thermolytic. 

· Many factors cause a decreased T 4 to T3 conversion, which in turn causes a decrease in metabolic rate and BBT: 

· selenium, iron, and lor zinc deficiency 

· dietary: chronic and extreme calorie or carbohydrate restricted diets, malnutrition, starvation , anorexia nervosa, 


bulimia, repeated fasting 

· chronic illness:  diabetes mellitus, chronic liver disease 

· advanced age 

· warm environments 

· drugs: corticosteroids, amiodarone, iodinated dyes, beta-blockers, oral choleocystographic agents 

*Note: A more accurate description is “sublaboratory” hypothyroidism, or as Dr. Alan Gaby describes: “clinical hypothyroidism with normal laboratory values”. Due to its unfortunate incidence of use in the naturopathic community, “subclinical” will be used in this section. 

Individuals with subclinical hypothyroidism when treated with conservative doses of thyroid hormone replacement have an improved sense of well being (compared to a placebo-treated group),
 and measurable lipid and cardiac abnormalities tend to resolve.
  Thyroid antibodies, particularly anti-thyroid peroxidase (anti- TPO), can identify a group of individuals that have subclinical hypothyroidism which may progress to clinical hypothyroidism and thyroiditis at a later time. Treatment of subclinical hypothyroidism should be preceded by a search for extra-thyroid causes of symptoms. A differential diagnosis should be undertaken to rule out conditions that cause symptoms that can be confused with hypothyroidism, such as iron deficiency, estrogen dominance, chronic systemic illness, adverse effects of medications, etc. Always assess adrenal function before using thyroid hormone replacement. Maladaptive Stress Syndrome or Adrenal insufficiency may also be a common cause of “subclinical” hypothyroidism. 
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Treatment of Hypothyroidism:  Thyroid hormone replacement therapy

Desiccated thyroid (generic USP thyroid, Armour thyroid) has been a standard of medical treatment for hypothyroidism since 1891, when it was first used in Newcastle to successfully treat hypothyroidism. It is used in a daily dose of up to 3 grains, or more, taken during the morning. Desiccated thyroid (USP) typically contains 38 mcg of T 4, and 9 mcg of T 3, for each grain (60 mg) of desiccated thyroid (which equates to about 74 (g of T4 as 9 (g of T3 = 36 (g T4 so 38 + 36 = 74 (g T4), but can vary somewhat in potency. It also contains precursor and glandular factors that can be useful for supporting normal thyroid function. It should be used cautiously in autoimmune disorders, for which it may have some antigenic effects. The United States Pharmacopoeia lists thyroid hormone replacement equivalents as 1 grain (60 mg) of desiccated thyroid gland as being equivalent to 100 mcg of T 4 or L-thyroxine (actually:  74 see above), or 25 mcg of T 3 (L- triiodothyronine). Patient TSH levels should be monitored to determine proper dosage of desiccated thyroid. 

Clinically, 3 gr USP thyroid = 150 (g T4 ( this is not a mathematical but a clinical observation because 3 gr USP thyroid mathematically equates to 222 (g T4).

The advantages of USP thyroid include the presence of precursors, potential stimulating of blocking autoantibodies in autoimmune thyroid disease and the presence of T3 in case a conversion disorder is present.

T4 (L-tetraiodothyronine, L-thyroxine) has recently become the most popular thyroid hormone replacement for clinical hypothyroidism. It can be prescribed in a full replacement dose of 1.6 mcglkgld (0.7 mcgllbld), taken during the morning An adult dose of 100 to 150 mcg is usually sufficient (can use up to 200(g). Geriatric patients should be dosed more conservatively. Patients with heart disease should be cautiously started at a lower dose (e.g. 25 mcglday) and increased by 25 mcglday every 2 to 3 weeks until TSH levels show a desired response. Absorption of T 4 is 90-95% and the potency is standardized. However, unlike desiccated thyroid, L-thyroxine does not contain T3. Usually T 4 to T3 conversion can maintain adequate T3 levels. L-thyroxine provides an inexpensive and reliable source of T 4 thyroid hormone. 

T 3 (L-triiodothyronine, L-iodothyronine) can be prescribed to replace thyroid hormones;, and the usual daily dose is 25 to 75 mcg. Absorption is 95% for standard preparations. Because the half- life of T 3 is relatively short (< 24 hr), major fluctuations of thyroid hormone activity can occur with T 3 therapy. Caution in prescribing T 3 is required since fluctuations in thyroid hormone activity can produce significant side effects. Considerably more cardiovascular side effects are reported with T 3 than with T 4 therapy. Sustained release preparations can reduce the fluctuations of thyroid hormone and partially help to reduce the frequency of side effects. However, timed-release formulations of T 3 may have problematic absorption rates, particularly with rapid or variable bowel transit times. Sustained release T 3 is prescribed where impaired conversion of T 4 to T 3 is suspected, such as in "Wilson's Syndrome." 

Cautions to observe with thyroid hormone replacement: 

Thyroid hormone is usually started at a daily morning dose of 1 grain (or 0.1 mg L-thyroxine) or less, and gradually increased as indicated until clinical presentation, free T4, and TSH levels indicate a maintenance dose has been achieved. 

Some conditions are aggravated by thyroid hormone replacement, and therefore, thyroid hormone replacement should be used cautiously. Thyroid hormones can cause increased superoxide anions and free radical formation due to a decrease in superoxide dismutase levels. Excessive thyroid hormone places increased stress on the myocardium (particularly with ischemic heart disease). Thyroid hormones can decrease the half-life of cortisol and aggravate adrenocortical hypofunction (causing an acute adrenal crisis). They can increase sensitivity of receptor sites to catecholamines (causing anxiety syndromes), can cause carbohydrate intolerance (precipitating diabetes), and can cause a negative calcium balance (aggravating osteoporosis). Thyroid hormone replacement should be used cautiously with alpha-adrenergic agonists (Ephedra, sympathomimetic amines, weight-loss aids, stimulant drugs). Beware of interactions between thyroid hormones and prescription medications: anticoagulants, hypoglycemic agents, cholesterol binding agents (Cholestyramine, Colestipol), estrogen, oral contraceptives, tricyclic antidepressants, beta-blockers, and digitalis. 

It is important to rule-out conditions that react adversely to thyroid hormone replacement before prescribing thyroid hormone. Remember that thyroid hormone can aggravate adrenal cortical insufficiency (Addison's syndrome), coronary artery disease (angina pectoris), cardiac arrhythmias, tachycardia, cardiomyopathy, nervousness, diabetes mellitus, diabetes insipidus, low T3 & T 4 syndrome, thyrotoxicosis, and osteoporosis. Older patients are particularly susceptible to the untoward effects of thyroid hormone. 

Patients taking thyroid hormone replacement should be instructed to report the occurrence of any unusual symptoms. Symptoms and signs of thyroid hormone excess include heart palpitations, increased heart rate, nervousness, chest pain, excessive sweating, etc. 

Naturopathic Treatment of Hypothyroidism:  

Dietary Considerations

Iodine intake of over 600 mcglday should be avoided since excess iodine can suppress normal thyroid function and possible trigger autoimmune thyroid disease. Excess ingestion of goitrogens should be avoided, unless well cooked. Goitrogens (substances that inhibit thyroid hormone production) include such foods as members of the cabbage family (cabbage, radish, Brussels sprouts, turnip, rutabaga), soy, peanuts, pine nuts, and millet.

Life-style factors that adversely affect thyroid function, include exposure to excess halogens (fluoride and chlorine) that oppose the effects of iodine and inhibit the concentration of iodine within thyroid follicles. Exposure to warm environments can suppress TRH production and TSH receptor sensitivity. 

Invigorating outdoor activities and water sports, avoidance of electric blankets and overheated environments, and cold hydrotherapy can stimulate thyroid function. Avoidance of excess exposure to ionizing radiation is prudent since the thyroid and pituitary are particularly sensitive to radiation. 

· Aerobic exercise has been found to stimulate the peripheral production of T 3 by inducing Type I, 5'-deiodinase, the enzyme which converts T 4 into the more bioactive T 3. 

· Wide-spectrum light is used to stimulate T 4, production. Wide-spectrum light acts upon the pineal gland and causes a reduction in the production of melatonin. It is known that increased circulating melatonin caused by decreased daytime light, such as in Temperate Zone winters, is associated with depression (seasonal affective disorder) and a decrease in T 4 levels. Daytime full-spectrum can be used to reestablish normal diurnal rhythms of melatonin and thyroid hormones. 

Botanical Therapeutics

· Fucus vesiculosus (thallus) which contains approximately 0.01 % iodine
 and Phytolacca decandra (root) which is traditionally used to stimulate lymphatic circulation and to treat enlarged or nodular thyroid glands. 

· Iodine supplementation at a dosage of 0.6 mg daily (from Fucus vesiculosus or other sea vegetation) provides organic iodine that is essential for thyroid hormone synthesis. Larger amounts of iodine greater, than 1 mg per day, can interfere with thyroid hormone synthesis and aggravate hypothyroidism (Wolff-Chaikoff effect). Iodine excess can sometimes induce hyperthyroidism, a reaction known as the "jodbasedow effect," particularly in individuals with latent Graves' disease and multinodular goiter. It is also thought that iodine excess in some individuals may act as a trigger for autoimmune thyroid disease. 

Iodine deficiency is uncommon in the U.S., however individuals who do not consume iodine rich foods such as iodized salt, grain products with iodate mold inhibitors, or seafood can develop an iodine deficiencies. Iodine deficiency is common in many areas outside of the United States and was common within the U.S. before iodine was added to table salt in 1924. Endemic goiters had a prevalence of 47% in Michigan before the iodination of table salt. 

Nutritional Therapeutics

Nutritional factors that promote the normal production of thyroid hormones can be used to treat hypothyroidism. The precursors, required for the synthesis of thyroid hormones include tyrosine and Vitamin B12. Vitamin B12 is an important factor in oxidative pathways and is often deficient in autoimmune hypothyroidism due to impaired gastrointestinal absorption. 

· Glandular thyroid tissue, without active thyroid hormones, can be used to provide precursors used in thyroid hormone synthesis. Glandular thyroid tissue may be useful in the treatment of autoimmune thyroiditis by acting as a "decoy" for autoimmune antibodies, or by stimulating IgG blocking antibodies. 

· Selenium is essential for the conversion of T 4 to T 3. Selenium deficiency can cause subclinical hypothyroidism due to decreased T 3 levels.
 Selenium supplementation in individuals with iodine deficiency has been observed to increase T 4 to T 3 conversion, accelerate thyroid hormone metabolism, and ultimately aggravate iodine depletion.
  Therefore, adequate iodine intake should be established when activating 5'-deiodinase with selenium supplementation. 

· Adequate iron and copper are necessary for the proper function of thyroid hormones. 

· Zinc is essential for normal thyroid hormone function and has been shown to improve clinical signs of hypothyroidism in subclinical hypothyroidism with normal blood T 4 levels.

· Tyrosine:  Dr. Guiltinan gives iodine and tyrosine prior to giving thyroid hormone to see how the patient responds especially if labs are in normal.

Summary of Treatment of Hypothyroidism:

· Iodine: 0.6 mglday and Tyrosine *

· Thyroid hormone replacement with desiccated thyroid 1-3 grlday, or L-thyroxine 0.1-0.2 mglday. 

· Wide-spectrum light 2500 lux for 20 minlday 
· B 12 1000 mcglday 

· Folic acid 1-5 mglday 

· Glandular thyroid (protomorphogen) 60 mglday 

· Selenium 200 mcglday 

· Zinc 30 mglday 

· Copper 5 mglday

· Iron (ferrous or chelate) 30 mglday 

* Note: Although some practioners recommend iodine and tyrosine as thyroid hormone precursors, other say this treatment is uneffective. In fact, worsening of thyroid function could result if the patient is already experiencing iodine overload (Wolff-Chaikoff effect). This seems particularly true of patients immigrating to the United States from countries not using iodized salt or have limited access to sea food and sea vegetables. Consider likelihood of iodine or tyrosine deficiency before using this treatment. Sea vegetable are reported (Ryan Drum, herbalist) to contain iodotyrosine-like compounds which have hormonal activity and may be indicated in hypothyroid patients. 

Hashimoto's Thyroiditis

Chronic lymphocytic thyroiditis (Hashimoto's thyroiditis) is characterized by a goiter, secondary to autoimmune thyroiditis, followed by a period of hypothyroidism. Hashimoto's thyroiditis is a prevalent cause of hypothyroidism and affects women more often than men (8:1) and commonly begins between the age of 30 and 50. 

Physical examination of Hashimoto's thyroiditis typically reveals a nontender, firm, and smooth or nodular thyroid gland. Approximately 20% of patients have symptoms of hypothyroidism when first diagnosed. In addition to symptoms of hypothyroidism, there is often a complaint of a sensation of enlargement and fullness in the throat. Patients with Hashimoto's thyroiditis can have other forms of autoimmune disease such as pernicious anemia, Addison's disease, rheumatoid arthritis, systemic lupus erythematosus, and Sjogren's syndrome. 

Diagnostic laboratory findings typical of Hashimoto's thyroiditis include positive antithyroid antibodies (anti- TPO, anti- TBG, and TSH-R Ab block), an elevated TSH, and abnormal I123 uptake Test.  Anti-thyroid peroxidase antibody (anti- TPO) is the earliest sign and most sensitive test for Hashimoto's disease. TSH is a sensitive test for hypothyroidism. A radioactive I123 uptake (RAI uptake) is test typically elevated early, and depressed late in the course of the disease. As the disease process of thyroiditis progresses, free T 4 and free T 3 levels decline. 

Treatment of Hashimoto's disease routinely involves thyroid hormone replacement. A dose of 1-3 grld of desiccated thyroid, or 100-150 micrograms of T 4, is the average replacement dose. Thyroid hormone replacement not only corrects the hypothyroid condition, but also suppresses the thyroid gland and the autoimmune process associated with the thyroiditis. Some patients are found to recover from Hashimoto's thyroiditis after an extended treatment time with thyroid hormone and no longer need to be maintained on thyroid hormone replacement. Antigenic proteins within desiccated thyroid are thought to benefit autoimmune thyroiditis 1) by stimulating blocking antibodies to anti-thyroid antibodies and 2) by acting as decoys for thyroid antibodies. Some patients are unable to tolerate desiccated thyroid therapy, presumably because of an adverse reaction to the antigenicity of thyroid substance, and the preferred treatment for these patients is L-thyroxine. 

Treatment of Autoimmune Thyroid Disorders

Hashimoto's disease and Graves' disease both have an underlying autoimmune process that causes the thyroid gland disease. Natural therapies can be focused on alleviating the autoimmune process.

· Decreasing the antigen load by treating food allergies can be advantageous in treating an autoimmune process. Allergy testing by means of laboratory tests, per cutaneous tests, or elimination and challenge testing can be followed by avoidance of identified allergic foods. 

· Dehydroepiandrosterone (DHEA) has been found beneficial for a variety of autoimmune diseases in numerous studies. In addition, DHEA has been found to potentiate thyroid hormone activity in some individuals. Clinical studies have typically used large doses of 100-200mgld, however many clinicians report beneficial responses with much lower doses in a physiological dosage range of 10 or 20 mgld in men and women, respectively. 

· Detoxification has had a traditional place in the naturopathic treatment of autoimmunity. Clinical experience suggests that there is a possible association between autoimmune disorders and decreased phase I and II detoxification pathways caused by altered hepatic function. Therapies that support liver function and detoxification have demonstrated benefits as adjunctive treatments in the management of autoimmune thyroiditis. Fasting is a traditional detoxification therapy that in clinical trials has shown beneficial effects in autoimmune disorders. Fasting is used both for detoxification and to decrease the antigenic load derived from foods. 

· Treatment of digestive tract dysbiosis in autoimmune disorders can be addressed by eliminating "unfriendly" intestinal flora and following this with the implantation of beneficial flora (probiotics). Treating dysbiosis can reduce the production of endotoxins and decrease intestinal hyperpermeability.

· Fish oils, omega-3 fatty acids, or GLA can be used as an adjunctive treatment in autoimmune disorders. Studies show that increased dietary omega-3 fatty acid intake has anti- inflammatory effects and is found to decrease PGE2 levels, to decrease helper cell activity, and to decrease other indices of immune system activation.

Wilson’s Syndrome: Deficient Conversion of T 4 to T 3

Deficient peripheral conversion of T 4 to T 3 by Type 1, 5'-deiodinase in the liver, muscle and other tissues has been found to cause symptoms and signs of hypothyroidism. In this situation laboratory tests for T4 (Total T 4, T 3U, FTI, and free T 4) may remain within normal ranges. Free T 3 and rT 3 testing can be advantageous in identifying this condition. 

"Wilson's syndrome" is a name used for the condition where subclinical hypothyroidism is thought to be associated with deficient peripheral conversion of T 4 to T 3 and this condition is often treated with timed-release T 3 therapy.
  In cases where deficient conversion of T 4 to T 3 is suspected, it is prudent to search for an underlying cause of the deficient conversion before treating with thyroid hormone replacement. In some conditions (e.g. aging, coronary artery disease, hypoadrenocorticism, etc.), deficient conversion of T 4 to T 3 is associated with the Low T 3 syndrome where the decreased conversion of T 4 to T 3 can be a protective mechanism and thyroid hormone replacement may have detrimental effects (see The Euthyroid Sick). Management of the underlying causal factors or disease process should be the primary therapeutic goal. 

The cause is thought to be associated with both physiological (trauma, excessive dieting, eating disorders, partus) and psychological stresses (divorce).  Those who have Wilson’s syndrome appear to have an ethnic heritage where famine was common (i.e.  Irish).  Causes of decreased T4 to T3 conversion includes…

· Advanced age 

· Warm environment 

· Prolonged or repeated fasting 

· Malnutrition, starvation 

· Anorexia nervosa, bulimia 

· Chronic or extreme calorie or carbohydrate restricted diets

· Chronic liver disease

· Diabetes mellitus 

· Serious chronic systemic illness 

· Drugs: iodinated dyes, oral choleocystographic agents (iopanoic acid, ipodate sodium), amiodarone, drugs that inactivate Type 1, 5'- deiodinase (methimazole, propylthiouracil, blockers), and corticosteroids

· Selenium deficiency

· Iron deficiency

Some clinicians believe that this condition may exist as a subclinical form of hypothyroidism in which testing for free T 3 or TSH may not be diagnostic. However, patients with Wilson’s syndrome have a high rT3:T3, according to Dr. Powell.  Broda Barnes and others have suggested that basal temperature testing is a functional test useful in the diagnosis of this condition.
 However, since laboratory rT3 testing is available, it seems prudent to perform this testing rather than risk serious adverse reaction, i.e. MI, in a patient with a significant underlying cause of decreased thyroid function, i.e. CVD. 


Almost ever Wilson’s patient has a significant stress component to their condition, whether physical, emotional, or a combination. See Maladaptive Stress Syndrome. Therefore adrenal function should be assessed and treated appropriately prior to beginning T3 therapy (see below). 

Treatment for Wilson’s syndrome

Ramp up with T3 until a temperature of 98.6( F is reached and maintained.

Increasing BBT decreases T1l2 of cortisol ( ( serum cortisol ( impact on depression fatigue, insulin resistance.  Part of the effect of ramping up TH is to correct elevated cortisol levels.

Problems with Treatment Wilson’s Syndrome

· side effects of T3:  depletion of antioxidants, tremor, anxiety, palpitations

· Treatment:  patients often experience a recurrence

Resources: Syndrome Foundation 800-621-7006 (Dennis Wilson); Wilson’s Syndrome Doctors Manual

Euthyroid Sick

Some individuals are clinically hypothyroid without having a primary thyroid disease process or thyroid gland dysfunction and are classified as "euthyroid sick." Acute and chronic disease can have a marked affect on thyroid hormone activity by 

1) modifying the T 4 to T 3 conversion rate

2) increasing production of rT 3 

3) interfering with thyroid hormone binding

4) eliciting tissue resistance to thyroid hormone.

This may manifest as either the Low T 3 syndrome or the Low T 3 and T 4 syndrome.  In these patients, deficient T4 to T3 conversion can be a protective response to an underlying disease process and thyroid hormone replacement may not beneficial. Thyroid hormone replacement in these individuals may in fact be hazardous. Patients with the Low T3 and T4 Syndrome are often critically ill patients who have a high mortality rate. 

Evaluating Thyroid Hormone Replacement in Questionably Hypothyroid Patients 

In selected patients on thyroid hormone replacement therapy, a trial withdrawal of thyroid hormone may be desirable. A trial withdrawal can identify those individuals who are euthyroid and in whom the necessity for continued treatment should be questioned. Hypothyroidism is a commonly diagnosed entity (19:1,000 adult women) and many patients are given a prescription for thyroid hormone without a confirmed diagnosis of hypothyroidism. Also, some individuals with confirmed hypothyroidism at one point in time are later euthyroid without thyroid hormone replacement. It is possible that treatment with natural thyroid supportive therapies concomitant to withdrawal of thyroid medication can increase the number of individuals that will not require thyroid hormone prescription. A careful selection of patients and some caution in the withdrawal of thyroid hormone are prudent.

Subacute Thyroiditis (De Quervain's Thyroiditis)

Subacute thyroiditis is an acute or subacute granulamatous inflammatory condition of the thyroid gland. It is most often of viral etiology. Frequently there is a history of mumps or other viral disease with upper respiratory symptoms preceding the onset of subacute thyroiditis. 

Histologically, the thyroid gland shows giant cell infiltration characteristic of viral infection, rather than lymphocyte infiltration characteristic of autoimmune thyroiditis such as in Hashimoto's thyroiditis. 

Signs and Symptoms 

Acute onset occurs with a "sore throat" followed by prolonged progressive tenderness in the neck (thyroid gland) and a low-grade fever. The neck pain characteristically shifts from side to side and then settles in one area, frequently radiating to the jaw and ears. It is often confused with dental pain, pharyngitis, or otitis and is aggravated by swallowing or turning the head. On physical examination, the thyroid gland is enlarged, firm and tender 

The course of the illness is characteristic. The first few weeks are characterized by acute symptoms, an increased erythrocyte sedimentation rate (ESR), increased C-reactive protein (CRP), and increased free T 4. At this stage subacute thyroiditis resembles hyperthyroidism and other causes must be ruled out. After several weeks, symptoms resolve and free T4  frequently becomes low. Several months or longer are generally necessary for the complete resolution of hypothyroidism. 

Thyroglobulin tends to remain elevated for months after thyroid function has returned to normal. Follicular iodine concentrations also can remain low for months after clinical recovery. Reoccurrence of subacute thyroiditis occurs in approximately 2% of patients. Patients who have recovered from subacute thyroiditis are more susceptible to reoccurrence of hypothyroidism due to excess iodine. Hypothyroidism caused by subacute thyroiditis can occasionally be permanent.

Laboratory tests 

Laboratory tests show an elevated erythrocyte sedimentation rate (ESR), a C-reactive protein (CRP), and an elevated free T 4 early in the course of the disease. The elevated free T 4 is caused by thyroid hormone released by the inflamed thyroid gland. Later the free T4 may drop to hypothyroid levels when thyroid inflammation interferes with thyroid hormone synthesis. The hypothyroidism is usually temporary and self-limited. Radioactive iodine uptake (RAIU) on a 123Iodine (scan) is usually abnormally low. Usually subacute thyroiditis can be diagnosed without recourse to RAIU. There is some concern that the iodine administered as a part of the RAIU test may potentiate a latent autoimmune process or aggravate hypothyroidism in subacute thyroiditis. If this condition is diagnosed early, unnecessary diagnostic procedures can be avoided. An RAIU test is usually unnecessary and may aggravate hypothyroidism.

Medical treatment 

Corticosteroids, analgesics, and non-steroidal anti-inflammatory drugs (NSAIDS) are commonly used to treat subacute thyroiditis. 

Naturopathic treatment 

Avoid immune system suppression. Non-steroidal anti-inflammatory drugs are generally avoided because it is documented that they can significantly depress the immune response to viral infections. Steroids should also be avoided since they can cause immune system 

suppression and long-term adrenocortical suppression in susceptible individuals. Analgesic medications are usually not required. 

Antiviral and Immune system support 
· Psychospiritual factors include reassurance is indicated since subacute thyroiditis is a self-limited disease. Reassurance with emphasis on the benefits of immune system support and the avoidance of immune system suppressants is warranted. 

· Dietary therapeutics include low stress diet of fruits, vegetables, legumes, minimal refined sugars such as an ovo-lacto-

vegetarian diet.

· Lifestyle factors include stress reduction, and adequate rest.

· Botanical therapeutics include Echinacea spp. (root), Phytolacca decandra (root), Ligusticum spp. (root), Baptisia tinctoria 
(root), Tanacetum parthenium (herb)

· Nutritional therapeutics include Vitamin C, zinc

· Carnitine 3g qd can be used to manage hyperthyroid symptoms in the acute phase. 

· Pharmaceutical therapeutics include thyroid hormone replacement to treat the hypothyroid phase of subacute thyroiditis. 


Thyroid hormone replacement is useful to treat the hypothyroidism and to suppress thyroid inflammation. 

Hyperthyroidism

Hyperthyroidism can be caused by a diffuse toxic goiter (Graves' disease), a multinodular goiter, or by other conditions listed below under “Other Causes of Hyperthyroidism." The symptoms of thyrotoxicosis can occur with any of the various types of hyper1hyroidism, while ophthalmic signs are generally due to an autoimmune process is associated with Graves' disease. 

Grave's Disease (diffuse toxic goiter): 

Etiology of Grave's disease 

· Usually there is a familial factor present that can be confirmed by HLA typing. 

· Thyroid stimulators are present: thyroid-stimulating immunoglobulin (TSI) or thyroid- stimulating antibodies (TSA). 

· Antibodies are thought to arise from a defect in suppresser T -lymphocytes.

· Iodine excess or lithium therapy can be initiating factors. 

· Some viral and bacterial (Yersinia entercolitica) infections may be initiating factors. 

· Pregnancy can be an initiating factor and symptoms generally begin postpartum. 

· Corticosteroid withdrawal can be an initiating factor

Symptoms and signs of Grave's disease :


Symptoms of hyperthyroidism include nervousness, increased motor and mental activity, excessive sweating, fatigue, heat intolerance, preference for cold and intolerance of hot environments, cardiac palpitations, increased appetite, weight loss, tremor, insomnia, and increased bowel motility. 


Signs of hyperthyroidism include tachycardia, widened pulse pressure, fine skin, fine tremor, atrial fibrillation, and hyperreflexia. 


Autoimmune manifestations may be present such as exophthalmos, periorbital edema, swelling and redness of the conjunctiva, corneal involvement, visual loss, diplopia, onycholysis, and pretibial dermopathy. 


Adrenergic activity increases in hyperthyroidism. There is a concomitant decrease in serum catecholamines in hyperthyroidism, a finding that remains paradoxical. Eyelid retraction can occur with thyrotoxicosis because of increased adrenergic activity. 

Diagnosis of Grave's disease 

Symptoms and signs are generally the initial diagnostic clues. Laboratory tests for Grave's disease are diagnostic and include: 

· Elevated free T4, FTI and free T 3

· Depressed TSH 

· Thyroid auto-antibodies: (TSH-R Ab stim) previously known as long-acting thyroid stimulator (LATS) or thyroid stimulating immunoglobulin (TSI), and thyroid stimulating antibody (TSA) 

· Miscellaneous findings can include a normocytic anemia, mild leukopenia, elevated transaminases, elevated alkaline phosphatase, elevated serum calcium, reduced albumin, and reduced total serum cholesterol. 

Allopathic medical treatment for Grave's disease:

Radioactive I131 is concentrated in thyroid follicles where it emits beta particles that cause cellular destruction over a period of several months after treatment. Doses of I131 are administered in sufficient quantity to permanently ablate thyroid function. Radioactive I131 treatment (cautioned in women during childbearing age) is the most common ablative treatment for diffuse toxic goiter. A dose of 8-15 (Ci of radioactive I131 is typically administered to treat Graves' disease. Pregnancy should be prevented for at least 6 months after I131 therapy. Stable normal thyroid hormone levels should be restored with hormone replacement therapy and signs of ophthalmopathy reversed before pregnancy is suggested. There is evidence to suggest that treatment with I131 therapy may cause or aggravate ophthalmopathy in Graves' disease. Therefore, it may be prudent to avoid I131, therapy for patients with active autoimmune eye signs. 

Radioactive I131 therapy is currently the preferred therapy for Graves' disease except when contraindicated with pregnancy or lactation. Women of childbearing age must be instructed in the necessity of avoiding pregnancy with radioactive I131 therapy. Oral contraceptives are not necessarily a reliable form of birth control in hyperthyroidism because of increased oral contraceptive renal clearance and increased levels of sex hormone-binding globulin.

Surgical treatment (thyroidectomy) of diffuse toxic goiter is used in cases where I131 treatment is not appropriate, such as in women of childbearing age who are at risk because of the possibility of pregnancy. 

Antithyroid drugs (ATDs) such as propylthiouracil (PTU), and methimazole can be used to inhibit the production of bioactive thyroid hormone (T 3). ATDs inhibit type 1, 5'deiodinase. Approximately 90% of patients with Graves' disease treated with ATDs become euthyroid without developing significant side effects. Approximately 50% of these patients are able to discontinue ATDs after 18 months and have a remission of Graves' disease. However, 70% of these patients develop a reoccurrence of the disease within one to two years. A typical dose of PTU is 100 mg three times daily, or MMI 30 mg daily. 


(-blockers (beta-adrenergic blocking drugs) can be used to control the symptoms and signs of thyrotoxicosis.  Beta-blockers are often used before thyroidectomy or I131 treatment to minimize risks associated with these interventions.  


Iodine in large doses is sometimes administered with hyperthyroidism prior to thyroidectomy because it inhibits organification of iodine (Wolff-Chaikoff effect), a transitory effect lasting approximately 10-14 days, and it decreases the vascularity of the thyroid gland. Lugol's solution in a dose of 3-5 drops three times daily is used to produce a temporary Wolff-Chaikoff effect. Adverse effects of large dose iodine include inflammation of the salivary glands, conjunctivitis, and skin rashes. Prescription of large doses of iodine for longer than a week is not recommended because it can increase thyroid activity in some individuals (Jodbasedow effect) and aggravate hyperthyroidism. The Wolff-Chaikoff effect generally lasts for only one to two weeks until the thyroid gland escapes the suppressive effects of the increased iodine load and circulating thyroid hormone levels increase again. 

Naturopathic Treatment of Graves' Disease 

· Lifestyle Considerations include Stress reduction. It is commonly reported that an unusually stressful event precedes the onset of Graves' disease.

· Botanical Therapeutics:  Anti-thyroid botanicals reduce bioactive thyroid hormone levels by inhibiting TSH production and receptor-site activity, by reducing thyroid hormone production, and by blocking conversion of T 4 to T 3. Antithyroid botanicals include Lycopus virginicus (herb), Leonurus cardiaca, Lithospermum spp. (herb), and Melissa officinalis (leaf). Lycopus virginicus (herb) 1:2 fresh plant, or 1:5 dried plant, tincture is a specific traditional treatment for hyperthyroidism and is used in a dose of 20-60 minimums 3xld. Lithospermum spp. and Melissa officinalis can be prepared as an infusion with a teaspoon of the dried cut herb of each in 16 oz. hot water and drank 3xld. 

Immune support (stimulates suppresser T -lymphocytes) can be used to treat diffuse toxic goiter including Echinacea spp. (root), Phytlacca decandra (root), Ligusticum spp. (root), Baptisia tinctoria (root), and Melissa officinalis (leaf)

Botanical nervines can be used to control the symptoms and signs of thyrotoxicosis including Valerian spp. (root), Passiflora incarnata (herb), Cimicifuga racemosa (root), and Scutellaria lateriflora (herb). 

Cardiovascular support that reduce the effects of thyrotoxicosis on the heart can be prescribed including Crataegus oxyacantha (berry) and Leonurus cardiaca (herb), which both have some nervine effects. 

Antioxidant support, such as Ginkgo biloba, can be beneficial as thyrotoxicosis generates free radicals.

· Nutritional Therapeutics for diffuse toxic goiter includes Vitamin B complex, calcium, magnesium, hesperidin, and antioxidants (thyrotoxicosis generates free radicals). Melatonin can be prescribed because it suppresses T 4 production and can be used to treat insomnia which is often associated with thyrotoxicosis. 

· Carnitine has been studied clinically for the treatment of hyperthyroidism with good success at a dose of 2-4 g qd. It appears as though carnitine disrupts the nuclear transport of thyroid hormone. The effects of carnitine in Graves are unknown, but may help in symptom management while other interventions are considered. Read Personal Paper on Carnitine and Hyperthyroid- Ryan Bradley)
· 
Homeopathic treatment can be administered in the form of a high potency thyroid nosode (Thyroidinum 30c-1 M), or other 


homeopathics as indicated by symptoms.  

· DHEA avoidance since it is known to potentiate thyroid hormone activity (DHEA has been observed to aggravate thyrotoxicosis in approximately 10% of individuals with Graves' disease). 

Endocrine imbalances can be treated such as hypoestrogenism and Maladaptive Stress Syndrome stage 1 or 3, (MSS-1, MSS-3). 

Toxic Multinodular Goiter


Toxic multinodular goiter commonly develops from chronic multinodular goiter (Plummer's disease) when nodules begin to function autonomously and secrete excessive amounts of thyroid hormone. Hyperthyroidism often develops in individuals with multinodular goiter after an exposure to excess iodine (jodbasedow effect) with the use of iodine-containing intravenous contrast media, iodine-containing drugs, or a excess iodine intake. Toxic multinodular goiter usually occurs in individuals over 50 years old. 


These patients develop symptoms of hyperthyroidism. They usually do not develop the autoimmune signs of ophthalmopathy which occur with Graves' disease. 


Physical examination of a toxic multinodular goiter shows an enlarged nodular goiter and signs of thyrotoxicosis. 


Diagnostic laboratory tests with a toxic multinodular goiter show a suppressed TSH, an elevated free T 3, a less consistently elevated T 4, and an RAI scan shows hyperfunctioning nodules. RAI test is desirable to avoid with suspected toxic multinodular goiter because of the risk of aggravation with iodine exposure. 


Treatment of toxic multinodular goiter is similar to the treatment of Graves' disease (see above) except that treatment for autoimmune thyroid disease is not necessary. Avoidance of excess iodine is indicated. 

Other Causes of Hyperthyroidism

· Toxic thyroid adenoma is a form of hyperthyroidism caused by a hyperfunctioning autonomous thyroid nodule. It may cause T 3 toxicosis. 

· T 3 toxicosis is a form of hyperthyroidism, which is not diagnosed by T 4, T 3U, FTI tests. It is common early in Grave's disease, toxic adenoma, and multinodular goiter. It can be identified by a free T 3 test. 

· Thyroid Storm is a life-threatening emergency which can be initiated by infection, trauma, surgery, embolism, diabetic acidosis, extreme fear, toxemia of pregnancy, discontinuance of antithyroid medication, or thyroiditis. 

· Thyrotoxicosis factitia is caused by excess thyroid hormone ingestion. If T 3 is being taken as the thyroid hormone replacement, serum T 4 test will be normal or low. 

· Thyroiditis: can produce thyrotoxicosis in the hyperthyroid phase. 

· Secondary hyperthyroidism is caused by excess pituitary TSH or tumor production of ectopic TSH or TSH-like substances. 

· Tertiary hyperthyroidism is caused by excess hypothalamic TRH or tumor production of ectopic TRH or TRH-like substances.

· Silent thyroiditis usually occurs postpartum. It is an autoimmune disorder that is self- limited. It is characterized generally by non-tender thyroid enlargement. A hyperthyroid phase lasting several weeks to several months is often followed by a hypothyroid phase followed by eventual recovery. 

· Subacute thyroiditis (De Quervain's disease): will cause thyrotoxicosis in the hyperthyroid phase (see subacute thyroiditis above). 

· Malignancies producing ectopic hormones such as choriocarcinomas in women and germ cell tumors in men that secrete large amounts of human chorionic gonadotropin which can stimulate TSH receptors. 

· Autoimmune alternating hypothyroidismlhyperthyroidism can occur where patients manifest alternating times of hypo- and hyperthyroidism caused by fluctuating amounts of TSH-R Ab block (or anti- TPO, andlor anti- TBG) and TSH-R Ab stim. 

Thyroid Enlargement and Masses

Diffuse thyroid enlargement can be caused by diffuse toxic goiter, (Graves' disease), 

Hashimoto's disease (Chronic lymphocytic thyroiditis), subacute thyroiditis (De Quervain's disease), euthyroid goiter, endemic colloid goiter, or thyroiditis. Multinodular goiter is also known as Plummer's disease. 

Thyroid masses can be caused by a thyroid cyst, a benign thyroid adenoma, or a thyroid 

carcinoma. 

Euthyroid goiter 

Euthyroid goiter can be caused by a compensated "hypothyroidism." It may be caused by iodine deficiency (endemic colloid goiter), excess goitrogens (cabbage family), or drugs (lithium, higher doses of iodine, aminosalicylic acid, etc.). It is also a commonly occurring condition in puberty, pregnancy, and menopause. In euthyroid goiter, thyroid organ reserve is low but thyroid function is normal. 

Benign adenoma 

Benign adenomas have an occurrence rate of 4% in normal adults. Benign adenomas are often asymptomatic and found by the patient or discovered on a routine physical examination. Autopsy reports show that approximately 3% of thyroid nodules are malignant. 

Management of Thyroid Masses

The primary concern in investigating thyroid masses is in identifying thyroid malignancies. A typical diagnostic work-up with a radioactive thyroid scan (differentiating "hot" from "cold" nodules) and diagnostic ultrasound (identifying cystic lesions), often results in eventual surgical exploration. This protocol is specific with less than a 

1% likelihood of missing a malignancy; however it leads to unnecessary surgeries in over 50% of patients. 

Fine-needle biopsy is now being used more frequently as the initial diagnostic procedure. When fine-needle biopsy is combined with a thyroid scan, the average cost per nodule is much less and the frequency of unnecessary surgeries is reduced.
  A fine-needle thyroid biopsy should be performed if there is justified concern about the possibility of a thyroid malignancy. 

Post-ablation therapy or partial thyroidectomy regular follow-up with periodic examination of the thyroid gland and TSH monitoring to establish an adequate and safe thyroid dose is important. The prescribed dose of thyroid needs to be near a full replacement dose in order to adequately suppress the thyroid gland*. Management should be cooperative with an endocrinologist. 

*Note: The utility of thyroid supression therapy following partial thyroidectomy is being questioned, but concrete quidelines have not been established. Update on the current research to determine proper management for your patient.

Thyroid Cancer

Risk factors for thyroid cancer 

1. A history of radiation exposure to the head or neck 

2. Younger age (youth are more susceptible to thyroid cancer) 

3. Males (men have a higher risk of thyroid nodules being malignant) 4. A solitary nodule 

5. A cold nodule on RAIU scanning 

6. Recent or rapid nodule enlargement 7. "Stony hard" nodule consistency 8. Family history of thyroid cancer 

Thyroid Carcinomas 

· Papillary thyroid carcinoma is the most common thyroid cancer (70%), is the least aggressive thyroid carcinoma and is twice as common in women. Papillary thyroid carcinoma is often preceded by a history of radiation exposure. It can metastasize via the lymphatic circulation and develops more often in hypothyroid (TSH elevated) individuals. Treatment most often involves conservative surgery andlor thyroid hormone replacement to suppress TSH and the thyroid gland. 

· Follicular thyroid carcinoma accounts for 15% of thyroid cancers. It is slightly more aggressive than papillary thyroid carcinoma and is more common in older people. It commonly metastasizes via the circulatory system. Treatment generally involves aggressive surgery and I131  therapy. 

· Medullary thyroid carcinoma accounts for 7% of thyroid cancers. Medually thyroid carcinoma is an aggressive form.  It is a calcitonin- producing tumor and serum calcitonin can be used as a screening test. It is often familial and associated with MEN  II or MEN III(multiple endocrine neoplasia). It metastasizes via the lymphatic circulation to distant sites in the liver, lungs, or bones. Treatment involves aggressive surgery and screening of relatives for MEN II or III. 

· Anaplastic thyroid carcinoma accounts for 10% of thyroid cancers. It is a very aggressive thyroid cancer with a high mortality rate. It is more common in older patients. Surgery does not usually produce a favorable response. 

Radiation to the head and neck increases the risk of thyroid cancer markedly. It normally requires about 5 years to develop a thyroid abnormality. There is an increased risk for thyroid cancer to develop for 40 years or more after exposure to radiation. Those patients who are at a higher risk for thyroid cancer can be preventively treated with thyroid hormone replacement to suppress TSH to suppress the thyroid gland and to reduce the risk of developing a thyroid cancer. 

Phytotherapeutic treatment for a thyroid malignancy includes Glycyrrhiza glabra (root), Trifolium pratense (flowers), Rhamnus purshiana (bark), Smilax officinalis (root), Arctium lappa (root), Rhamnus frangula (bark), Berberis aquifolium (root), Echinacea spp. (root), Phytolacca decandra (root), Stillingia sylvatica (root), Rhamnus purshiana (bark), and Zanthoxylum americanum (bark). All of the botanicals listed above can be combined in the form of cut herbs and used as a decoction in the amount of 16 ozld. 

Miscellaneous treatments for thyroid malignancy include pancreatic enzymes, Vitamin C, flavonoids, liver support, detoxification diet, refined sugar avoidance, flower essences (Crab apple, Olive, Mimulus, Star of Bethlehem, Self-heal), homeopathics (Cobra, Lachesis, Phytolacca), visualization (Simonton technique)
, and hormone replacement (suppresses TSH and the thyroid gland). Natural treatments for thyroid carcinomas are adjunctive treatments used to supplement medical interventions. It is essential that adjunctive therapies are compatible with the medical treatment. 

Review of Thyroid Histology, Physiology and Pathology

A.
What is the embryological origin of the thyroid?

1.
foramen cecum develops from oral cavity between 1st and 2nd pharyngeal pouches and moves downward anterior to trachea and thyroid cartilage; connection disappears at 5 to 6 weeks of embryonic development


B.
What happens if the connection persists in part?

1.
thyroglossal duct cyst

2.
nodule in neck

C.
What happens if the descent is incomplete or excessive (parathyroid also)

1. lingual thyroid , post to trachea

2. substernal thyroid 

D.
What is the basic morphology of the thyroid?

1.
gross anatomy

a)
weight is 20 to 25 gr.

b)
two lateral lobes and an isthmus

c)
sometimes a pyramidal lobe too

d)
where are the parathyroid glands?

e)
where is the recurrent laryngeal nerve?

2.
histology (dynamic)

a)
thyroid follicles


i.
simple squamous (( TSH) to simple cuboidal to simple columnar (( TSH) :  sqamous metaplasia


ii.
colloid lthyroglobulin: also dependent on TSH ( ( TSH ( ( colloid, etc.

b)
parafollicular cells are where?  in connective tissue surrounding the follicles

(1)
C-cells:  calcitonin

(2)
source of medullary carcinoma of the thyroid:  MEN type 2


E.
What are the roles of the thyroid hormones?  

1.
synthesis 

a)
iodide concentrated in epithelium

b)
incorporated into tyrosine residues in thyroglobulin  (MIT, DIT , ect)

2.
storage of hormone

a)
in colloid

b)
as thyroglobulin

3.
release of hormones

a)
lysosomal digestion of thyroglobulin

b)
production of thyroxine and tri-iodothyronine (T4 and T3)
4.
transport in the blood

a)
by thyroid-binding globulin (TBG), made in liver

b)
about 99.95% of  T4 is bound to TBG

c)
T3 is bound much less, therefore T3 is more available (relatively)

d)
what happens if there is more TBG in blood 

(1)
less T3 is available (more bound to TBG)

(2)
then decreased inhibition of TSH from anterior pituitary (less free hormone for (-) feedback

(3)
greater stimulation of thyroid 

(4)
 more TBG then more TSH and more stimulation of thyroid

e)
what conditions lead to increased TBG?

(1)
pregnancy

(2)
oral contraceptives (higher estrogen types)

(3)
early liver disease

f)
what conditions lead to decreased TBG?

(1)
advanced liver disease

(2)
protein-losing enteropathies

(3)
steroid therapy

5.
how do the hormones function?

a)
TRF is produced in hypothalamus and activates anterior 
pituitary

b)
anterior pituitary secretes TSH

c)
TSH causes activation of thyroid follicle cells

(1)
increased activity of adenyl cyclase

(2)
increased synthesis of proteins and nucleic acids and

(3)
cell hypertrophy and hyperplasia of thyroid

d)
the thyroid hormones have receptors in nuclei of cells

(1)
increased oxidative phosphorylation in target cells

(2)
increased production of ATP

(3)
increased membrane transport mechanisms and enzyme activity

(4)
increased basal metabolic rate (BMR)

e)
increased negative feedback inhibition of anterior pituitary**

f)
what are the physiological results?

(1)
gland increases in size during

(a)
puberty

(b)
pregnancy

(c)
stressful situations (wl cortisol)

(2)
transient hyperplasia of gland during menstrual cycle

(3)
thyroglobulin reabsorbed and cells become columnar in stress

(4)
when there is decreased stress, cells become low cuboidal


6.
what inhibits the action of the thyroid?

a)
chemical goitrogens



(1)
antithyroid drugs block oxidation of iodide and iodination therefore blocks synthesis of T3 and T4
(a)
thiourea

(b)
mercaptoimidazole

(c)
lithium for manic depression

(d)
phenylbutazone

(e)
para, aminosalicylic acid

(2)
iodide in large doses

(a)
inhibits proteolysis of thyroglobulin

(b)
increased colloid and decreased release into blood

b)
dietary goitrogens (same function as chemical goitrogens)

(1)
cabbage, cauliflower, brussel sprouts, turnips, rutabagas

(2)
calcium and fluoride

7.
assays of thyroid function

a)
radioimmunoassay:  assesses T3lT4

b)
PBI determination:  assesses TBG

c)
radioactive iodine uptake (RAIU):  screening for cancer (black- hot spot , active, differentiated or white- cold spot, non-functioning, too primitive)

(1)
technetium pertechnetate

(2)
Scintiscan


IV.   Pathology of the Thyroid Gland

A.
Basic principles

1.
how do we classify the basic syndromes?

a)
hyperthyroid

b)
hypothyroid

c)
goiter (diffuse or nodular):  hypo, hyper or euthyroid

(1)
enlargement often without hyper or hypo function

(2)
most common form

d)
thyroiditis: hypo, hyper or euthyroid

2.
symptoms often based on negative feedback relationships

B.
Hyperthyroidism

1.
what are some terms used in conjunction with hyperthyroidism?

a)
thyrotoxicosis (incl. Graves disease):  could die from a heart attack if severe enough

b)
thyrotoxic crisisl thyroid storm

2.
what are the principle symptoms of hyperthyroidism?


a)
nervousness, palpitations, rapid pulse, fatigability, muscle weakness, weight loss, diarrhea, emotional lability, 
menstrual changes, hand tremor, eye changes

3.
what are some of the clinical laboratory signs?

a)
increased BMR

b)
increased serum T3 and T4
c)
decreased TBG (absolute) i.e. liver condition

d)
increased PBI

4.
what are some of the morphological features?

a)
no simple correlation between morphology of gland and clinical manifestations!!!!!!

b)
warm skin, moist and flushed (vasodilation)

c)
peripheral vasodilation to increase heat loss

d)
wide-eyed starel exopthalmus:  fatty tissue behind eye becomes inflammed (mech. unknown)

(1)
retracted upper eyelid, even upper eyelid lag and fall behind eyeball

(2)
variable protrusion of eyeball from inflammed retroorbital tissues

e)
cardiomegaly

(1)
associated with the tachycardia and palpitations ( arhythmias, high output cardiac failure
(2)
fibrosis of myocardium (vs. hypothyroidism ( myxedema ( flabby heart)

(3)
may have heart failure

5.
what are the etiologies?

a)
the 3 most common causes

(1)
Graves disease

(2)
multinodular goiter (can be euthyroid, but usually hyperthyroid):  can be dlt chronic (+) TSH levels

(3)
adenoma of the thyroid

b)
uncommon causes

(1)
thyroid cancer:  uncommon but ( freq. wl radiation exposure

(2)
thyroiditis:  although hyperthyroid usually not seen in Hashimoto’s thyroiditis

(3)
teratoma in ovary: struma ovarii 
(4)
TSH-secreting tumor else where in the body (paraneoplastic syndrome) ( diffuse enlargement: various stages of glandular activity, but  no colloid
(a)
pituitary adenoma

(b)
choriocarcinoma

(c)
hydatidiform mole


C.
Hypothyroidism

1.
extremely diverse causes

2.
what are some associated terms?

a)
cretinism:  newborns

b)
myxedema:  adults

3.
what are the principal causes?

a)
deficiency of thyroid tissue

(1)
surgical or radiation ablation

(2)
primary idiopathic myxedema

b)
goitrous conditions

(1)
Hashimotos thyroiditis

(2)
iodine deficiency, endemic type

(3)
goitrogenic agents

(4)
congenital 

c)
suprathyroid causes:  uncommon

(1)
hypopituitary states: 

(2)
hypothalamic lesions:  glioma ( panhypopituitarism
4.
more on cretinism  (congenital hypothyroidism)

a. Neurological cretinism:  early life, delayed physical growth and metal retardation

(-) of TSH, ataxia and spasticity, deaflmute


b.
Hypothyroid cretinism:  I def. in fetal life, agenesis, metabolic defect, unresponsive to TSH (( TSH)


5.
myxedema

a)
hypothyroidism in adults

b)
primary hypothyroidism

(1)
autoimmune type

(a)
in fith to sixth decades of life

(b)
autoantibodies to thyroid antigens:  does not destroy but inhibit thyroid

(c)
nongoitrous forms from blockage of TSH activity

(2)
iodine deficiency (endemic goiter)

(a)
in areas far from salt water and seafood

(b)
iodized salt is now available

(c)
however over 200 million are still afflicted worldwide

(3)
antithyroid drugs

(4)
iodide-induced

(a)
such as seaweed in Japan

(b)
potassium iodide in expectorants

c)
what are the principal symptoms of myxedema?  Pan over production of GAGs ( trap water

(1)
more women than men

(2)
skin

(a)
proteoglycans accumulate in connective tissue

(b)
puffy face, eyelids; edema of hands and feet

(c)
enlarge tongue

(d)
thickened mucouse membrane of larynx (hoarse)
(e)
vasoconstriction causes pale cold skin

(f)
bruises from increased capillary fragility

(3)
nervous system (can be mistaken for Parkinson’s disease)

(a)
hypothyroid pregnant women risk cretinism of newborn

(b)
adults suffer memory loss, lethargy

(c)
slow mental processes
(d)
slow speech
(e)
myxedema "madness"

(f)
possible deafness and night blindness

(g)
cerebellar ataxia

(4)
heart:  most significant effect

(a)
reduced heart rate and stroke volume

(b)
vasoconstriction to reduce heat loss

(c)
therefore poor circulation (includes reduced CO)

(d)
myxedema heart
(i)
dilated 

(ii)
flabby 

(iii)
interstitial heart edema

(iv)
pericardial effusions

(e)
mild normocytic normochromic anemia

(5)
GI tract

(a)
gastric atrophy

(b)
constipation

(c)
myxedema megacolon

(6)
reproductive tract

(a)
ovulatory failure

(b)
irregular menstrual cycles

(c)
oligospermia


D.
Thyroiditis

1.
basic features

a)
painful enlargement

b)
may be caused by infectious agents

(1)
staph

(2)
strept

(3)
salmonella

(4)
enterobacter

(5)
viral

c)
sarcoidosis

d)
autoimmune inflammations

e)
thyroid function usually is euthyroid

2.
Hashimoto's thyroiditis

a)
eventually become hypothyroid

b)
autoimmune, lymphocytes, plasma cell

c)
female:male ratio is 10 to 1
d)
ages 30 to 50

e)
HLA-DR5, HLA-DR3 and HLA-B8

f)
also associated with other autoimmune conditions

(1)
systemic lupus, Sjogren’s syndrome

(2)
rheumatoid arthritis

(3)
Graves disease:  combination of the 2 has higher incidence than DM

g)
etiology and pathogenesis

(1)
dieficiency of antigen-specific T suppressor cells

(2)
T killer cells attack follicular epithelium

(3)
unregulated T-helper cell control of B cell autoantibodies

(4)
some of the antibodies include TSH receptor antibodies

h)
what is the morphology?

(1)
enlarged firm gland, weighing 60 to 200 grams; painful (vs cancer ( painless)
(2)
lymphocytes in nodules or follicles with germinal centers often, more in stroma

(3)
follicular cells filled with mitochondria and called oncocytes or Hurthle cells

i)
what are the clinical features?

(1)
gradual onset of goiter

(2)
initially euthyroid (although may not present) ( hyperthyroid ( euthyroid (most progress to hypothyroid

3.
subacute granulomatous thyroiditis

a)
2( to self-limiting viral infection (often respiratory infection)

b)
women between ages 30 to 50

c)
acute inflammation with microabscesses

d)
then chronic inflammatory cells

e)
multinucleated giant cells ( granulomas (not in Hashimoto’s disease)

f)
pain in the neck and fever

g)
transient hyperthyroid state

4.
subacute (silent) lymphocytic thyroiditis

a)
painless enlargement of gland

b)
lack of autoantibodies and viral origin

c)
transient hyperthyroidism

5.
Riedel thyroiditis

a)
rare chronic fibrosis ( stoney hard thyroid sometimes called "woody"

c)
compression of trachea and esophagus

b) trapping of recurrent laryngeal nerve:  difficulty breathing, swallowing and speaking

c) doesn't usually affect entire gland, therefore euthyroid, painless nodule


E.
Graves disease

1.
basic features

a)
diffuse hyperplastic goiter, eye and skin problems

c)
thyrotoxicosis
e)
most frequent cause of hyperthyroidism under 40 years of age

f)
Graves plus Hashimotos disease is as common as diabetes mellitus.

g)
female to male ratio is 5 to 1

2.
etiology and pathogenesis

a)
HLA-DR3: seen with other autoimmune diseases- SLE, slceroderma, Hashimoto’s thyroiditis

b)
IgG antibodies against TSH receptor proteins ( Ig’s mimic TSH stimulating TSH receptor

c)
is Yersinia enterocolitica involved??  Yersinia has a TSH-binding type protein
(1)
do antibodies against Yersinia cross-react with thyroid tissue?

3.
morphological features

a)
gland enlarge to 40 grams

b)
colloid totally absent

c)
epithelium is tall columnar

d)
lymphocytes increased and may be arranged with germinal centers

4.
what are the main clinical features?

a)
symptoms of hyperthroidism:  ( TSH

b)
intolerant to heat and find cool environments

c)
tachycardia and palpitations, possible CHF

d)
protrusion of eyeball and retraction of eyelid and sclera seen above level of limbus, more than any other hyperthyroid disease.

e)
exacerbations and remissions


F.
Diffuse simple goiter

1.
basic features:  no I ( no T4 ( ( TSH ( goiter (endemic goiter)

a)
patient may be hyper or hypothyroid or euthyroid

b)
enlarged gland


        2.
sporadic goiter

a)
female:male ratio is 8 to 1

b)
possible a metabolic defect in hormone transport or synthesis

c)
or excess TBG

(1)
causes less free hormone

(2)
causes increase level of TSH

(3)
causes enlarged gland

G.
Multinodular goiter

1.
diffuse multinodular type may not be toxic

2.
patients are usually over 50 years of age

3.
less severe symptoms than Graves disease

a)
no eye problems

b)
often no skin problems

4.
what is the morphology?

a)
hyperplasia of follicles

b)
necrosis ( random scarring ( ( hormone production

c)
calcifications

d)
hemorrhages and hemosiderin

e)
hyperthyroid if toxic


H.
Tumors of the thyroid

1.
Basic features

a)
palpable nodules in the neck

b)
about 4 to 7% of adults in USA

c)
Scintiscan has been used for diagnosis

(1)
hot nodules

(2)
cold nodules (20% prove to be malignant)

d)
young person with a nodule is more likely to have a malignant one than an older person

2.
adenomas 

a)
usually solitary and small

b)
about 30 to50% of nodules prove to be adenomas (other: hyperplasia)

c)
follicular adenomas are usually "cold" nodules

d)
complete fibrous capsules

e)
female to male ratio is 7 to 1

f)
several distinct histological forms occur

(1)
embryonic

(2)
simple

(3)
colloid

(4)
several other types

3.
carcinoma

a)
basic features

(1)
about 7000 deaths annually in the USA

(1) incidence has tripled since 1935 (television?)

(2) papillary and medullary common around Chernobyl

(3) dbreast, lung and  colon cancers are the most common metastases to thyroie

b)
about 80% of children with this tumor have received radiation

c)
staging

(1)
---in the thyroid

(2)
- metastasis:  movable cervical nodes

(3)
-local fixaton or fixed cervical nodes

(4)
-distant metastasis

d)
papillary carcinoma

(1)
most common thyroid cancer (incidence tripled since 1935)

(2)
about 80% of thyroid cancer under 40 years of age

(3)
ages 20 to 50

(4)
female to male ratio is 3 to 1

(5)
often mixed with follicular cancer of thyroid

(6)
excellent prognosis 

(7)
etiology is unknown

(8)
SPREADS THROUGH THE LYMPHATICS, no spread in blood

(9)
cervical lymphadenopathy with cold nodule, painless

(10)
psammoma bodies are common  (lesions wl extensive calcificaiton, onion skin:  acute pancreatitis, hypercalcemia, oligodendrocyte tumors)

e)
follicular carcinoma

(1)
more aggressive growth than  papillary type

(2)
mixtures are common

(2) no psammoma bodies 


(4)
invade blood vessels and metastasis to lung and bone:  resistant to therapy, poorer prognosis than papillary (contradicts histology)

(5)
often damage recurrent laryngeal nerve

f)
medullary carcinoma

(1)
from the calcitonin secreting cells of stroma

(2)
seen in MEN type IIa(Sipple's syndrome)

(a)
pheochromocytoma

(b)
medullary cancer  of thyroid

(c)
adenoma of parathyroid

(3)
in MEN type IIb

(a)
pheochromocytoma

(b)
medullary cancer of thyroid

(c)
mucosal neuromas (Schwann cell tumors)

(4)
most secrete calcitonin (patient gets diarrhea)

g)
 undifferentiated carcinoma of thyroid

(1)
in the 70 to 80 year-old group

(2) extremely malignant




average time between diagnosis and death is 6 months
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