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Basic facts about thyroid nodules

Simply put, thyroid nodules are lumps which commonly arise within an otherwise normal thyroid gland. Often these abnormal growths of thyroid tissue are located at the edge of the thyroid gland so they can be felt as a lump in the throat. When they are large or when they occur in very thin individuals, they can even sometimes be seen as a lump in the front of the neck. The following is a list of facts regarding thyroid nodules: 

· One in 12 to 15 women has a thyroid nodule 

· One in 40 to 50 men has a thyroid nodule 

· More than 90 percent of all thyroid nodules are benign (non-cancerous growths) 

· Some are actually cysts which are filled with fluid rather than thyroid tissue 
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Three questions that should be answered about all thyroid nodules: 

1. Is the nodule one of the few that are cancerous ? 

2. Is the nodule causing trouble by pressing on other structures in the neck ? 

3. Is the nodule making too much thyroid hormone ? 

After an appropriate work-up, most thyroid nodules will yield an answer of NO to all of the above questions. In this most common situation, there is a small to moderate sized nodule which is simply an overgrowth of "normal" thyroid tissue, or even a sign that there is too little hormone being produced. Patients with a diffusely enlarged thyroid (called a goiter) will present with what is perceived at first to be a nodule, but later found to be only one of many benign enlarged growths within the thyroid (a goiter). Usually a fine needle aspiration biopsy (FNA) will tell if the nodule is cancerous or benign. This one test can get right to the bottom of the issue (covered in detail on another page). Often an Ultrasound examination is necessary to determine the characteristics of a thyroid nodule (ultrasound is covered in detail on another page) 
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If any of the above questions are answered YES,
then medical or surgical treatment is required.[image: image4.png]
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Symptoms of thyroid nodules

Most thyroid nodules cause no symptoms at all. They are usually found by patients who feel a lump in their throat or see it in the mirror. Occasionally, a family member or friend will notice a strange lump in the neck of someone with a thyroid nodule. Another common way in which thyroid nodules are found is during a routine examination by a physician.

Occasionally, nodules may cause pain, and even rarer still are those patients who complain of difficulty swallowing when a nodule is large enough and positioned in such a way that it impedes the normal passage of food through the esophagus (which lies behind the trachea and thyroid).
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I have a nodule !! What do I do ??

First of all, remember that the vast majority of thyroid nodules are benign. Next, the nodule should be evaluated by a physician who is comfortable with this problem. Endocrinologists and Endocrine Surgeons deal with these problems on a regular basis, but many family practice physicians, general internists, and general surgeons are also adept at addressing thyroid nodules. This is covered in more detail on our nodule exam/biopsy page.
One of the first things that a physician will do will be to ask a number of important questions regarding your health and potential thyroid problems. These questions include whether or not you have been exposed to nuclear radiation or received radiation treatments as a child or teenager.
[image: image7.png]


What about radiation exposure ??

Ionizing radiation has been known for a number of years to be associated with a SMALL increased risk of developing thyroid cancer. The risk is very small and the amount of radiation exposure is usually quite high. There is typically a delay of 20 years or more between radiation exposure and the development of thyroid cancer.

Radiation was used occasionally between the 1920's and 1950's to treat certain neck infections such as recurrent tonsillitis as well as certain skin conditions such as severe acne.

In July, 1997 the U.S. government announced the results of a scientific study to determine if the nuclear weapons testing in the Southeast U.S. from 1945 through the 1970's would have an effect on the development of thyroid cancer in Americans. This epidemiological study determined that these nuclear tests would likely increase the amount of thyroid cancers seen in Americans over the next several decades. The risks are substantially greater for those patients living nearby the test sites for many years. If there is any good news to this report, it is that these cancers will typically be of the well differentiated type which have an excellent prognosis...the vast majority of these can be cured. There is NO evidence that children are at increased risk of developing thyroid cancer, the small increase risk appears to be limited to those that were directly exposed in the past. Despite these increased risks, thyroid cancer is still relatively uncommon and usually very curable.
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Once a thyroid nodule has been detected (or suspected), there are a few things that the physician wants to know before any recommendations can be made regarding what actions to take. Remember, the vast majority of thyroid nodules are benign and nothing to worry about, so the focus is on determining which ones have any reasonable chance of being cancerous. It is those few worrisome nodules which will need to be operated upon with that portion of the thyroid removed.
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One of the first tests which is routinely performed is the Fine Needle Aspiration Biopsy. The FNA will usually (but not always) tell if a nodule is benign or malignant. Often this is the only test which is needed. The use of FNA and a lot more information about the potential for a thyroid nodule to be malignant is on another page. [image: image11.png]
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Another test which is routinely performed is the ultrasound. This simple test uses sound waves to image the thyroid. The sound waves are emitted from a small hand-held transducer which is passed over the thyroid. A lubricant jelly is placed on the skin so that the sound waves transmit easier through the skin and into the thyroid and surrounding structures. This test is quick, accurate, cheap, painless, and completely safe. It usually takes only about 10 minutes and the results can be known almost immediately. Not all nodules need this test, but it is almost 
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There are certain characteristics of thyroid nodules seen on ultrasound which are more worrisome than others. Keep in mind, however, that ultrasound alone cannot make the diagnosis of cancer! This test will usually help tell us that the nodule has a low chance of being cancer (has characteristics of a benign nodule), or that it has some characteristics of a cancerous nodule and therefore a biopsy is indicated.
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Ultrasound Characteristics Which Suggest a Benign Nodule[image: image15.png]
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Nice sharp edges are seen all around the nodule
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Nodule filled with fluid and not live tissue (a cyst)

[image: image18.png]


Lots of nodules throughout the thyroid (almost always a benign multi-nodular goiter)
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No blood flowing through it (not live tissue, likely a cyst) 
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To illustrate some of these points a little, the next picture shows the same ultrasound as above, but this time we programmed the probe to detect blood flow. You can now clearly see that this nodule is complex...which means that some of it is cystic, while other parts are comprised of live tissues which have a good blood supply. If this were a simple cyst filled with serous fluid, then it would have no red (artery) or blue (vein) blood flow.

This patient had no other nodules in her thyroid, so this was diagnosed as a "dominant complex nodule of the right thyroid lobe"
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Since this nodule does have a few worrisome characteristics, we performed a fine needle aspirate biopsy (FNA). In this test, a very small needle is passed into the nodule and some cells are aspirated out and then placed on a glass slide for a pathologist to stain and determine if they are malignant or not. This test is very simple, takes less than 30 seconds, is virtually pain free, and can be very accurate. If it is read as cancer, this test is almost always right. Sometimes, however, there are not enough cells removed or some but not all cells look abnormal. In this case, the pathologist will not be able to tell cancer from a benign nodule. This situation usually dictates that the test be repeated or that the patient undergoes surgical removal of this part of the thyroid. Remember, the vast majority of nodules are benign, and even if it is cancer, most thyroid cancers are extremely curable!
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This patient had 2 indeterminate FNA's performed. Both needle biopsies had good tissue specimens, but the pathologist could not distinguish benign from cancer. She subsequently underwent a simple right thyroid lobectomy and the final diagnosis was a benign follicular adenoma. She did fine after the operation and has enough normal thyroid still in her neck so that she does not have to take thyroid hormone pills
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Thyroid nodules increase with age and are present in almost ten percent of the adult population. Autopsy studies reveal the presence of thyroid nodules in 50 percent of the population, so they are fairly common. Ninety-five percent of solitary thyroid nodules are benign, and therefore, only five percent of thyroid nodules are malignant. Common types of the benign thyroid nodules are adenomas (overgrowths of "normal" thyroid tissue), thyroid cysts, and Hashimoto's thyroiditis. Uncommon types of benign thyroid nodules are due to subacute thyroiditis, painless thyroiditis, unilateral lobe agenesis, or Riedel's struma. As noted on previous pages, those few nodules which are cancerous are usually due to the most common types of thyroid cancers which are the differentiated" thyroid cancers. Papillary carcinoma accounts for 60 [image: image89.jpg]


percent, follicular carcinoma accounts for 12 percent, and the follicular variant of papillary carcinoma accounting for six percent. These well differentiated thyroid cancers are usually curable, but they must be found first. Fine needle biopsy is a safe, effective, and easy way to determine if a nodule is cancerous. 


[image: image24.png]


Thyroid cancers typically present as a dominant solitary thyroid nodule which can be felt by the patient or even seen as a lump in the neck by his/her family and friends. This is illustrated in the picture above. As pointed out on our page introducing thyroid nodules, we must differentiate benign nodules from cancerous solitary thyroid nodules. While history, examination by a physician, laboratory tests, ultrasound, and thyroid scans (shown in the picture below) can all provide [image: image90.png]Stmart Info!



information regarding a solitary thyroid nodule, the only test which can differentiate benign from cancerous thyroid nodules is a biopsy (the term biopsy means to obtain a sample of the tissue and examine it under the microscope to see if the cells have taken on the characteristics of cancer cells). Thyroid cancer is no different in this situation from all other tissues of the body...the only way to see if something is cancerous is to biopsy it. However, thyroid tissues are easily accessible to needles, so rather than operating to remove a chunk of tissue with a knife, we can stick a very small needle into it and remove cells for microscopic examination. This method of biopsy is called a fine needle aspiration biopsy, or "FNA".
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What is a cold nodule? Thyroid cells absorb iodine so they can make thyroid hormone out of it. When radioactive iodine is given, a butterfly image will be obtained on x-ray film showing the outline of the thyroid. If a nodule is composed of cells which do not make thyroid hormone (don't absorb iodine) then it will appear "cold" on the x-ray film. A nodule which is producing too much hormone will show up darker and is called "hot". [A hot nodule is shown on our page describing the causes of hyperthyroidism].
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The evaluation of a solitary thyroid nodule should always include history and examination by a physician. Certain aspects of the history and physical exam will suggest a benign or malignant condition. Remember, a biopsy of some sort is the only way to tell for sure.

The following features favor a benign thyroid nodule:
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family history of Hashimoto's thyroiditis
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family history of benign thyroid nodule or goiter
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symptoms of hyperthyroidism or hypothyroidism
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pain or tenderness associated with a nodule
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a soft, smooth, mobile nodule
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 HYPERLINK "http://www.endocrineweb.com/goiter.html" multinodular goiter without a predominant nodule (lots of nodules, not one main nodule)
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"warm" nodule on thyroid scan (produces normal amount of hormone)
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simple cyst on ultrasound

The following features increase the suspicion of a malignant nodule:
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age less than 20
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age greater than 70
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male gender
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new onset of swallowing difficulties
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new onset of hoarseness
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history of external neck irradiation during childhood
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firm, irregular and fixed nodule
[image: image42.png]


presence of cervical lymphadenopathy (swollen hard lymph nodes in the neck)
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previous history of thyroid cancer
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nodule that is "cold" on scan (shown in picture above, meaning the nodule does not make hormone)
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solid or complex on ultrasound





Thyroid hormone levels are usually normal in the presence of a nodule, and normal thyroid hormone levels do not differentiate benign from cancerous nodules. However, the presence of hyperthyroidism or hypothyroidism favors a benign nodule (thats why a "warm" nodule or a "hot" nodule favors a benign condition). Thyroglobulin levels are useful tumor markers once the diagnosis of malignancy has been made, but are nonspecific in regard to differentiating a benign from a cancerous thyroid nodule. Ultrasound accurately determines thyroid gland volume, number and size of nodules; separates thyroid from nonthyroidal masses; helps guide fine needle biopsy when necessary; and can identify solid nodules as small as 3 mm and cystic nodules as small as 2 mm. Although several ultrasound features favor the presence of a benign nodule, and other ultrasound features favor the presence of a cancerous nodule. Ultrasound alone cannot be used to differentiate benign from malignant nodules. This is covered more completely on our nodule/ultrasound page. And since 15 percent of cystic thyroid nodules are malignant, ultrasound determination that a nodule is cystic does not rule out thyroid cancer.
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Nodules detected by thyroid scans are classified as cold, hot or warm. Eighty-five percent of thyroid nodules are cold, 10 percent are warm, and five percent are hot. An excellent example of a cold scan is shown above, but remember that 85 percent of cold nodules are benign, 90 percent of warm nodules are benign, and 95 percent of hot nodules are benign. [got all that???] Although thyroid scanning can give a probability that a nodule is benign or malignant, it cannot truly differentiate benign or malignant nodules and usually should not be used as the only basis for recommending treatment of the nodule, including thyroid surgery.
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Thyroid fine needle aspiration (FNA) biopsy is the only non-surgical method which can differentiate malignant and benign nodules in most, but not all, cases. The needle is placed into the nodule several times and cells are aspirated into a syringe. The cells are placed on a microscope slide, stained, and examined by a pathologist. The nodule is then classified as nondiagnostic, benign, suspicious or malignant.

· Nondiagnostic indicates that there are an insufficient number of thyroid cells in the aspirate and no diagnosis is possible. A nondiagnostic aspirate should be repeated, as a diagnostic aspirate will be obtained approximately 50 percent of the time when the aspirate is repeated. Overall, five to 10 percent of biopsies are nondiagnostic, and the patient should then undergo either an ultrasound or a thyroid scan for further evaluation.

· Benign thyroid aspirations are the most common (as we would suspect since most nodules are benign) and consist of benign follicular epithelium with a variable amount of thyroid hormone protein (colloid).

· Malignant thyroid aspirations can diagnose the following thyroid cancer types: papillary, follicular variant of papillary, medullary, anaplastic, thyroid lymphoma, and metastases to the thyroid. Follicular carcinoma and Hurthle cell carcinoma cannot be diagnosed by FNA biopsy. This is an important point. Since benign follicular adenomas cannot be differentiated from follicular cancer (~12% of all thyroid cancers) these patients often end up needing a formal surgical biopsy, which usually entails removal of the thyroid lobe which harbors the nodule.

· Suspicious cytologies make up approximately 10 percent of FNA's. The thyroid cells on these aspirates are neither clearly benign nor malignant. Twenty five percent of suspicious lesions are found to be malignant when these patients undergo thyroid surgery. These are usually follicular or Hurthle cell cancers. Therefore, surgery is recommended for the treatment of thyroid nodules from which a suspicious aspiration has been obtained. 
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FNA is the first, and in the vast majority of cases, the only test required for the evaluation of a solitary thyroid nodule. (A TSH value should also be obtained to evaluate thyroid function.) Thyroid ultrasound and thyroid scans are usually not required for evaluation of a solitary thyroid nodule. FNA has reduced the cost for evaluation and treatment of thyroid nodules, and has improved yield of cancer found at thyroid surgery. Although a solitary thyroid nodule can enlarge or shrink over time, the natural history of solitary nodules reveals that most nodules change little with time.


Can I make the nodule go away by taking thyroid hormone (can we suppress it) ??
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Several studies reveal that suppression with thyroid hormone does not decrease the size of thyroid nodules. Therefore, unless a nodule is growing or becoming symptomatic, it is not necessary to suppress the nodule. In addition, suppression of a thyroid nodule would require long-term TSH suppression, potentially increasing the risk of osteoporosis in these patients. While there has been a traditional distinction between thyroid glands with a solitary nodule and multinodular goiters, it has been shown that approximately 50 percent of patients with a solitary nodule on exam will have additional nodules on thyroid ultrasound. Therefore, the differentiation between solitary nodules and multinodular goiters is becoming less clear-cut. It has also been believed for many years that the presence of a multinodular goiter reduces the likelihood that a thyroid cancer is present, yet recent studies indicate that there might be an equal likelihood for developing thyroid cancer in a multinodular goiter just as in a solitary thyroid nodule. If a multinodular goiter has a predominant nodule, the predominant nodule should be biopsied.
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In conclusion, FNA of the thyroid is a safe, inexpensive and effective way to distinguish a benign from a malignant nodule and usually should be the first diagnostic test performed. 
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There are over 11,000 new cases of thyroid cancer each year in the United States. Females are more likely to have thyroid cancer at a ratio of three to one. Thyroid cancer can occur in any age group, although it is most common after age 30 and its aggressiveness increases significantly in older patients. The majority of patients present with a nodule on their thyroid which typically does not cause symptoms. 
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Occasionally, symptoms such as hoarseness, neck pain, and enlarged lymph nodes do occur. Although as much as 10 % of the population will have thyroid nodules, the vast majority are benign. Only approximately 5% of all thyroid nodules are malignant. A nodule which is cold on scan (shown in photo outlined in red and yellow) is more likely to be malignant, nevertheless, the majority of these are benign as well. A lot of information about thyroid nodules and the potential of these nodules to be malignant is contained on 3 pages about nodules:

1. Introduction to thyroid nodules 

2. The workup of thyroid nodules and the role of Fine Needle Aspiration Biopsy (FNA) 

3. The role of thyroid ultrasound and what it means 

Types of Thyroid Cancer 
There are four types of thyroid cancer some of which are much more common than others. 
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Thyroid Cancer Type and Incidence [image: image93.jpg]Lobes
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· Papillary and mixed papillary/follicular ~ 75% [now a new page on specifics] 

· Follicular and Hurthle cell ~ 15% [now a new page on specifics] 

· Medullary ~ 7% [now a new page on specifics] 

· Anaplastic ~ 3%[now a new page on specifics] 
What's the Prognosis ??
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Most thyroid cancers are very curable. In fact, the most common types of thyroid cancer (papillary and follicular) are the most curable. In younger patients, both papillary and follicular cancers can be expected to have better than 95% cure rate if treated appropriately. Both papillary and follicular cancers are typically treated with complete removal of the lobe of the thyroid which harbors the cancer, PLUS, removal of most or all of the other side.
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Medullary cancer of the thyroid is significantly less common, but has a worse prognosis. Medullary cancers tend to spread to large numbers of lymph nodes very early on, and therefore requires a much more aggressive operation than does the more localized cancers such as papillary and follicular. This cancer requires complete thyroid removal PLUS a dissection to remove the lymph nodes of the front and sides of the neck.
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The least common type of thyroid cancer is anaplastic which has a very poor prognosis...it tends to be found after it has spread and is not cured in most cases. Often an operation cannot remove all the tumor.

What About Chemotherapy ??
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Thyroid cancer is unique among cancers, in fact, thyroid cells are unique among all cells of the human body. They are the only cells which have the ability to absorb Iodine. Iodine is required for thyroid cells to produce thyroid hormone, so they absorb it out of the bloodstream and concentrate it inside the cell. Most thyroid cancer cells retain this ability to absorb and concentrate iodine. This provides a perfect "chemotherapy" strategy. Radioactive Iodine is given to the patient and the remaining thyroid cells (and any thyroid cancer cells retaining this ability) will absorb and concentrate it. Since all other cells of our bodies cannot absorb the toxic iodine, they are unharmed. The thyroid cancer cells, however, will concentrate the poison within themselves and the radioactivity destroys the cell from within. No sickness. No hair loss. No nausea. No diarrhea. No pain. More about this on the pages for each specific thyroid cancer type.
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Not all patients with thyroid cancer need radioactive iodine treatments after their surgery. This is important to know. Others, however, should have it if a cure is to be expected. Just who needs it and who doesn't is a bit more detailed than can be outlined here. Patients with medullary cancer of they thyroid usually do not need iodine therapy...because medullary cancers almost never absorb the radioactive iodine. Some small papillary cancers treated with a total thyroidectomy may not need iodine therapy as well, but for a different reason. These cancers are often cured with simple (complete) surgical therapy alone. Important!!! This varies from patient to patient and from cancer to cancer. Don't look for easy answers here. This decision will be made between the surgeon, the patient, and the referring endocrinologist or internist. Remember, radioactive iodine therapy is extremely safe. If you need it, take it.

Thyroid Cancer
Papillary Cancer...The Most Common Thyroid Cancer
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Papillary tumors are the most common of all thyroid cancers (>70%). Papillary carcinoma typically arises as an irregular, solid or cystic mass that arises from otherwise normal thyroid tissue. This cancer has a high cure rate with ten year survival rates for all patients with papillary thyroid cancer estimated at 80-90%. Cervical metastasis (spread to lymph nodes in the neck) are present in 50% of small tumors and in over 75% of the larger thyroid cancers. The presence of lymph node metastasis in these cervical areas causes a higher recurrence rate but not a higher mortality rate. Distant metastasis (spread) is uncommon, but lung and bone are the most common sites. Tumors that invade or extend beyond the thyroid capsule have a worsened prognosis because of a high local recurrence rate.


Characteristics of Papillary Thyroid Cancer
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Peak onset ages 30 through 50
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Females more common than males by 3 to 1 ratio
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Prognosis directly related to tumor size [less than 1.5 cm (1/2 inch) good prognosis]
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Accounts for 85% of thyroid cancers due to radiation exposure
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Spread to lymph nodes of the neck present in more than 50% of cases
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Distant spread (to lungs or bones) is very uncommon
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Overall cure rate very high (near 100% for small lesions in young patients)


Management of Papillary Thyroid Cancer
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Considerable controversy exits when discussing the management of well differentiated thyroid carcinomas (papillary and even follicular). Some experts contend than if these tumors are small and not invading other tissues (the usual case) then simply removing the lobe of the thyroid which harbors the tumor (and the small central portion called the isthmus) will provide as good a chance of cure as removing the entire thyroid. These proponents of conservative surgical therapy relate the low rate of clinical tumor recurrence (5-20%) despite the fact that small amounts of tumor cells can be found in up to 88% of the opposite lobe thyroid tissues. They also site some studies showing an increased risk of hypoparathyroidism and recurrent laryngeal nerve injury in patients undergoing total thyroidectomy (since there is an operation on both sides of the neck). Proponents of total thyroidectomy (more aggressive surgery) site several large studies that show that in experienced hands the incidence of recurrent nerve injury and permanent hypoparathyroidism are quite low (about 2%). More importantly, these studies show that patients with total thyroidectomy followed by radioiodine therapy and thyroid suppression, have a significantly lower recurrence rate and lower mortality when tumors are greater than 1.5cm. One must remember that it is also desirable to reduce the amount of normal gland tissue that will take up radioiodine.
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Based on the these studies and the above natural history and epidemiology of papillary carcinoma, the following is a typical plan: Papillary carcinomas that are well circumscribed, isolated, and less than 1cm in a young patient (20-40) without a history of radiation exposure may be treated with hemithyroidectomy and isthmusthectomy. All others should probably be treated with total thyroidectomy and removal of any enlarged lymph nodes in the central or lateral neck areas. The surgical options are covered in greater detail (with drawings) on another "surgical options" page.


The Use of Radioactive Iodine Post-Operatively
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Thyroid cells are unique in that they have the cellular mechanism to absorb iodine. The iodine is used by thyroid cells to make thyroid hormone. No other cell in the body can absorb or concentrate iodine. Physicians can take advantage of this fact and give radioactive iodine to patients with thyroid cancer. There are several types of radioactive iodine, with one type being toxic to cells. Papillary cancer cells absorb iodine and therefore they can be targeted for death by giving the toxic isotope (I-131). Once again, not everybody with papillary thyroid cancer needs this therapy, but those with larger tumors, spread to lymph nodes or other areas, tumors which appear aggressive microscopically, and older patients may benefit from this therapy. This is extremely individualized and no recommendations are being made here or elsewhere on this web site...too many variables are involved. But, this is an extremely effective type of "chemotherapy" will little or no potential down-sides (no hair loss, nausea, weight loss, etc.).

Uptake is enhanced by high TSH levels; thus patients should be off of thyroid replacement and on a low iodine diet for at least one to two weeks prior to therapy. It is usually given 6 weeks post surgery (this is variable) can be repeated every 6 months if necessary (within certain dose limits).


What About Thyroid Hormone Pills After Thyroid Cancer Surgery?
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Regardless of whether a patient has just one thyroid lobe and the isthmus removed, or the entire thyroid gland removed, most experts agree they should be placed on thyroid hormone for the rest of their lives. This is to replace the hormone in those who have no thyroid left, and to suppress further growth of the gland in those with some tissue left in the neck. There is good evidence that papillary carcinoma responds to thyroid stimulating hormone (TSH) secreted by the pituitary, therefore, exogenous thyroid hormone is given which results in decreased TSH levels and a lower impetus for any remaining cancer cells to grow. Recurrence and mortality rates have been shown to be lower in patients receiving suppression.


What Kind of Long-Term Follow Up is Necessary?
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In addition to the usual cancer follow up, patients should receive a yearly chest x-ray as well as thyroglobulin levels Thyroglobulin is not useful as a screen for initial diagnosis of thyroid cancer but is quite useful in follow up of well differentiated carcinoma (if a total thyroidectomy has been performed). A high serum thyroglobulin level that had previously been low following total thyroidectomy especially if gradually increased with TSH stimulation is virtually indicative of recurrence. A value of greater than 10 ng/ml is often associated with recurrence even if an iodine scan is negative.


hyroid nodules, or lumps, are quite common, occurring in more than 50% of the world's population. Moreover, the likelihood of developing a thyroid nodule increases with age and in part represents the aging process of the thyroid gland. Although most nodules are harmless and do not require any treatment at all, approximately 5% of all nodules are cancerous and therefore require attention. Thyroid nodules occur more frequently in women than in men, however the incidence of cancerous nodules is greatest in men. Despite the low incidence of cancer, all nodules should be evaluated by a physician to determine their status.

Although the cause of most thyroid nodules is unknown, some risk factors for developing nodules include a lack of iodine in the diet, which can cause thyroid enlargement, family history of benign thyroid nodules, and pre-existing thyroid disease (e.g. Hashimoto's thyroiditis).

Thyroid Nodules

Author: Ali Nawaz Khan, MBBS, FRCP, FRCR, Lecturer, Department of Diagnostic Radiology, Faculty of Medicine, University of Manchester

Background: Thyroid nodules are common and are found in almost half the population, as determined with ultrasonography (US). Only 4-7% of thyroid nodules detected with US are palpable in the adult population in the United States, with women affected more frequently than men. Although the thyroid is the most common endocrine organ to undergo malignant degeneration, thyroid carcinoma accounts for only 1% of diagnosed neoplasms in the United States each year. Thyroid cancer is rare; the annual detection rate of clinically significant thyroid cancer in the general population is only 0.004%. Only 5-10% of thyroid cancers are clinically palpable. 

Traditionally, radionuclide imaging was performed to assess possible malignancy. On radionuclide images, 4% of hot nodules are shown to contain tumor, compared with 16% of photon-deficient (cold) nodules. However, radionuclide imaging is not reliable in excluding or confirming the presence of tumor. The classification of thyroid neoplasms has been significantly revised in the last 20 years, and the changes reflect an increased understanding of both the prognosis and histologic characteristics of the tumors. Among asymptomatic patients, 7-21% have palpable nodules found on routine clinical examination. US can be used to identify many more nonpalpable nodules, and it can depict thyroid cysts as small as 2 mm and solid nodules as small as 3 mm. 

Sonograms in 40% of the general adult population demonstrate single or multiple nodules. In an autopsy series, 49% of patients who had had clinically normal thyroid glands were found to have one or more grossly visible nodules, whereas the incidence of malignancy in the same autopsy series was 2-4%. 

At examination, the challenge is to identify the few clinically significant nodules from the many benign nodules. Thyroid nodules are usually clearly identified by using US. No single US criterion is reliable in differentiating all benign from malignant thyroid nodules, but many US features may aid in predicting the benign or malignant nature of a given nodule. 

Pathophysiology: 
Pathology

Most thyroid nodules are not true neoplasms but benign growths caused by cycles of hyperplasia and involution of underlying thyroid tissue. This process results in the fusion of regions of colloid-filled follicles and parenchyma, forming what is called adenomatous or colloid nodules. The classification of thyroid neoplasms has been significantly revised in the last 20 years, and the changes reflect an increased understanding of both the prognosis and the histologic characteristics of the tumors. 

Thyroid cysts

Thyroid cysts account for 15-25% of all thyroid nodules. True thyroid cysts lined with epithelium are rare. Most thyroid cysts are macronodules, which undergo degeneration, with the accumulation of serous fluid, colloid substance, or blood. 

Inflammatory nodules

Inflammatory nodules represented by focal chronic thyroiditis and thyroid abscesses are usually symptomatic, but they are rare. Hashimoto thyroiditis is much more diffuse and involves the entire thyroid. Similarly, de Quervain thyroiditis is a diffuse disease, although a solitary or multiple cold areas may be seen on scintigrams in rare cases. Painless thyroiditis is a rare entity that is a diffuse disease. Acute suppurative thyroiditis may demonstrate diffuse or focal hypofunction on scintigrams, and it may be diffuse or focally hypoechoic. 

Thyroid adenoma

Most thyroid nodules (42-77%) represent adenomatous nodules. Most are multiple, and multiplicity is demonstrated at US, scintigraphy, and surgery. The nodules are usually nonfunctioning, although a few may be hyperfunctioning at scintigraphy. When solid, the nodules are poorly encapsulated and poorly defined, and they merge into the surrounding tissue. Cystic adenomatous nodules are hemorrhagic with irregular internal walls and particulate fluid content. Intratumoral calcification is occasionally seen. 

Follicular adenomas (15-40%) arise from follicular epithelium and are usually single well-encapsulated lesions. They may be functioning toxic adenomas (hot on scintigrams), or they may represent a hyperfunctioning adenoma in a multinodular goiter. A nonfunctioning adenoma is cold at scintigraphy. On sonograms, adenomas may be hyperechoic or hypoechoic solid nodules with a regular hypoechoic area surrounding ring called the halo sign. Rarely, a parathyroid adenoma may have an ectopic intrathyroid location. 

Whether solitary adenomas transform into follicular carcinoma is uncertain. In particular, whether aneuploid cells, which are present in approximately one quarter of follicular adenomas, represent carcinoma in situ is unclear. 

Thyroid cancer

The incidence of thyroid cancers is 10,000 cases per year, of which one third are clinically silent and found during surgery or autopsy. Most commonly, thyroid cancer involves patients younger than 30 years, with a female preponderance. Often, other abnormalities in the thyroid gland are associated (20%) with thyroid cancer; these include adenomatous hyperplasia, follicular adenoma, colloid nodules, and thyroiditis. Thyroid cancer may be radiation induced, with the incidence increasing with higher doses of radiation. Peak incidence occurs 5-30 years after irradiation. 

The presentation is varied, but it involves a rapidly growing stone-hard thyroid nodule that is usually hypoechoic and which has ill-defined borders without a halo; these findings are highly suggestive. Usually, no signs of hemorrhage or liquefaction necrosis are noted. 

Papillary carcinoma 

Papillary carcinomas represent the most common type of thyroid cancer, accounting for 50-81% of thyroid cancers. Similar to all thyroid neoplasms, they are more prevalent in women, with the reported female-to-male ratio of 2-4:1. Although the cancer occurs in any age group, it is especially prevalent in patients aged 20-40 years. The most common clinically silent thyroid cancers are papillary carcinomas, which are usually smaller than 1 cm. 

Once the patient with papillary carcinoma has symptoms, a thyroid mass is the most typical complaint. Histologically, tumors are nonencapsulated and well differentiated, and they may be purely papillary or mixed with follicular elements. The latter pattern is more common in patients younger than 40 years. Approximately 22% of lesions are pseudoencapsulated. Malignant cells have large nuclei with nuclear grooves and areas devoid of significant chromatin, which produce an appearance of Orphan Annie eyes. These nuclei are identified in 83% of cells. Psammoma bodies are seen in 50% of specimens and represent calcified dead papillae. 

Adenopathy may be found in a significant minority of patients. Reportedly, nodal involvement occurs in 50% of patients at the time of diagnosis and does not appear to affect prognosis. Although recurrence occurs in 15-25% of patients, the long-term outcome is believed to be exceedingly good, with a survival rate higher than 90% after 20 years. The prognosis is poorer in patients who are older at initial diagnosis or male and in those with a large tumor. Extracapsular spread is associated with a poorer prognosis. Metastatic spread to the regional nodes occurs in as many as 40% of the patients, with an approximately doubled incidence in children. Hematogenous spread occurs in 5-10% of patients, with a propensity for the lung and bones. Treatment usually involves surgical resection. Suppressive hormonal therapy has been advocated, although its effectiveness has not been confirmed. 

Follicular carcinoma 

Follicular carcinoma of the thyroid is also considered a well-differentiated neoplasm. Incidence is 5% of thyroid neoplasms if adequate iodine is ingested; however, the incidence can be as high as 40% of malignancies in iodine-deficient populations. Women are affected 2-3 times more often than men. Compared with other lesions, follicular carcinoma occurs in a slightly older age group, commonly in patients aged 40-50 years. Although the neoplasm may be detected as a result of mass effect, it is more likely to be clinically silent at initial presentation. 

Nodal disease occurs in approximately 10% of the patients. Hematogenously spread metastatic disease to the lung, brain, and bone occurs in fewer than 5%. On pathologic examination, the neoplasm appears as an expansive encapsulated mass. Differentiating follicular carcinoma from benign follicular adenoma can be difficult. The diagnosis of malignancy relies on the demonstration of vascular invasion or full-thickness capsule invasion. 

Histologically, follicular carcinomas are considered to be well or moderately differentiated. Poor prognostic indicators include less-differentiated lesions, larger lesions, extrathyroidal spread, nodal disease, and advanced patient age at the time of initial diagnosis. Treatment involves surgical resection (possibly total thyroidectomy) or the administration of radioactive iodine. Thyroid hormone suppression has been shown to be useful in treating the well-differentiated varieties of follicular carcinoma because they are dependent on thyroid-stimulating hormone. 

Medullary carcinoma 

Medullary carcinoma, which represents 3-10% of thyroid malignancies, is derived from parafollicular cells (C cells). Calcitonin levels may be increased; the levels are reported to be correlated with the tumor load. Although more common in women than in men, medullary carcinoma is less sex specific than other thyroid malignancies. A familial basis is found in 10-20% of patients, with an autosomal dominant inheritance pattern. Medullary carcinoma is a component of multiple endocrine neoplasia (MEN) syndrome types IIA and IIB and is associated with pheochromocytoma and parathyroid adenoma or parathyroid hyperplasia. 

The neoplasms are typically seen as masses, possibly associated with a sensation of pressure or dysphagia, as felt by the patient. Regional lymph node spread is present in 50% of patients at the time of diagnosis. Hematogenous spread to the liver, bone, and lung may occur. The reported 5-year survival rates vary from less than 65% to 80%. A poor prognosis is associated with MEN syndrome type IIB, pleomorphic necrosis, and increased mitotic activity. 

Anaplastic carcinoma 

Anaplastic thyroid carcinomas are extremely aggressive tumors and represent 8-16% of thyroid neoplasms. These cancers are prevalent in regions in which goiter is endemic. Typically seen in patients aged 60-80 years, they occur slightly later in life, compared with other thyroid neoplasms. A strong female predominance is noted, with a female-to-male ratio of approximately 3:1. 

Most patients are symptomatic and have a rapidly enlarging neck mass. Neck pain, dysphonia, dysphagia, and dyspnea are common initial complaints. Regional nodal disease and distant metastases are seen in 50-69% of patients at the time of diagnosis. The cause of the tumors is somewhat speculative. Transformation from other thyroid neoplasms is recognized, though this is an uncommon cause. Despite reports suggesting a relationship with prior irradiation, this hypothesis is considered controversial. Unlike other thyroid neoplasms, no effective treatment is available for anaplastic carcinoma, and most patients die within the first year. 

Thyroid lymphoma 

Thyroid lymphomas are almost always non-Hodgkin lymphomas, and they account for 4-10% of thyroid malignancies. Principally, women older than 50 years are affected, typically in association with Hashimoto thyroiditis. Patients usually present with a rapidly growing neck mass, which may cause symptoms of obstruction such as dyspnea and dysphagia. In 70-80% of patients, thyroid lymphoma arises in a preexisting chronic thyroiditis with subclinical or overt hypothyroidism. The prognosis depends on the stage of the disease at diagnosis. The 5-year survival rate ranges from 89% in early disease to only 5% in disseminated disease. Signs of cervical invasion in the late stages are also similar to those of an undifferentiated thyroid carcinoma. 

Percutaneous needle aspiration remains the key procedure for the diagnosis of thyroid lymphoma; however, its differentiation from thyroiditis occasionally can be difficult. Currently, the most accurate imaging method for staging thyroid lymphoma is CT scanning. Lymph node involvement is depicted equally well by using MRI or CT, and both are superior to US. Tumor invasion of the esophagus is also depicted well on MRIs and CT scans, but not on sonograms. Accordingly, the diagnosis of thyroid lymphoma by using US-guided fine-needle aspiration (FNA) is recommended. Subsequently, MRI is used to stage the disease and to assess adenopathy and esophageal involvement. Gallium-67 scintigraphy is a useful adjunct to imaging because thyroid lymphoma is the only thyroid malignancy in which uptake of the radionuclide is reported. 

Thyroid metastases 

Thyroid metastases are rare and usually a late manifestation of primary cancer located elsewhere. By far, most metastases are derived from disseminated disease in the liver; the bones; the lungs; and, invariably, the cervical lymph nodes. The incidence of known primary cancer in these patients is 2-17%. Common primary sites include the skin (melanoma, 39%), breast (21%), and renal cell carcinoma (10%). 

Frequency: 
· In the US: Thyroid nodules are common. In the United States, palpable thyroid nodules are found in 4-7% of the adult population, with women affected more frequently than men. US-detectable thyroid nodules are found in almost half the population. A proportion of nodules discovered with palpation or US are malignant. Thyroid carcinoma is rare and accounts for 1% of neoplasms diagnosed annually; these represent approximately 10,000 cases per year. The annual detection rate of clinically significant thyroid cancer in the general population is only 0.004%. About 40% of the general adult population has single or multiple nodules, as shown on sonograms. In an autopsy series, 49% of patients with clinically normal thyroid glands had one or more grossly visible nodules, whereas the incidence of malignancy was 2-4%. Most thyroid nodules are benign. 

· Internationally: Thyroid nodules are more common in hilly regions of the world where the incidence of multinodular goiter thyroid carcinomas is increased. Hashimoto thyroiditis and thyroid lymphoma are more frequently found in Japan than in the rest of the world. 

Mortality/Morbidity: Mortality and morbidity depend on the nature of thyroid nodule. Patients with thyroid cysts and adenomas are usually asymptomatic, and patients have a normal life expectancy. In thyroid cancer, mortality and morbidity rates vary. 

· For papillary carcinoma, the 10-year survival rate is 90% with occult cancers and 60% with extrathyroidal disease. The prognosis worsens with advancing age. 

· For follicular carcinoma, the 10-year survival rate is 90% with minor vascular invasion, but the rate decreases to 35% with moderate-to-marked vascular invasion. 

· For medullary carcinoma, the 10-year survival rate is 90% without nodal metastases, and it decreases to 42% with nodal metastases. 

· For anaplastic carcinoma, the prognosis is poor with a 5-year survival rate of 5% and an average survival of 6-12 months. 

Sex: 
· Papillary carcinoma is more common in females than in males. 

· Follicular carcinoma is more common in females than in males, with a male-to-female ratio of 1:2-3. 

· Medullary carcinoma is slightly more common in females, but it is less sex specific than other forms of cancer. 

· Anaplastic carcinoma is more common in females than in males, with male-to-female ratio of 1:3. 

Age: 
· The incidence of papillary carcinoma peaks in those aged 40-50 years. 

· The incidence of follicular carcinoma peaks in those aged 40-50 years. 

· The mean age of patients with medullary carcinoma is 60 years in sporadic cases. However, in association with MEN types IIA and IIB, the tumor occurs in adolescents. 

· The average age of patients with anaplastic carcinoma is 50-70 years. 

Anatomy: The thyroid gland lies in the infrahyoid compartment of the neck, which is outlined by the strap muscles anteriorly and by the parathyroids, larynx, trachea, and esophagus posteriorly. The carotid vessels and the jugular veins comprise the lateral boundaries. The mature thyroid gland comprises a right lobe and left lobe anterior to thyroid cartilage. Each lobe is approximately 5 cm long, 2 cm wide, and as much as 3 cm deep connected by a narrow isthmus. 

A pyramidal lobe arising from the isthmus is present in approximately 50% of the population. The pyramidal lobe is seen more frequently on scintigraphy in patients with thyrotoxia. The thyroid gland is slightly larger in women than in men. Embryologically, the thyroid gland descends from the floor of the pharynx. The line of descent is represented by the thyroglossal duct; aberrant thyroid tissue may present anywhere along the path of embryonic migration. Aberrant thyroid tissue is well delineated with scintigraphy. 

Clinical Details: Most patients with thyroid nodules are asymptomatic, and most nodules are found on clinical examination or self-palpation. Acute suppurative thyroiditis usually affects children and causes swelling, fever, and pain on swallowing. de Quervain subacute thyroiditis causes neck pain, fever, and lethargy soon after an upper respiratory infection or a viral illness. A hemorrhagic cyst may present with a sudden onset of pain and swelling in the neck. The presentation of thyroid cancer is variable and depends on the histologic type, causing neck pain resulting from local invasion, with dysphasia or with symptoms of distant metastases. Many nodules are identified with US, CT, or MRI performed to stage lymphomas and other head and neck cancers. 

Clinicians disagree considerably about the treatment for solitary thyroid nodules after they are discovered. Some clinicians are proponents of scintigraphy, whereas others promote US as the most important diagnostic tool for detection and characterization of thyroid nodules. However, most clinicians agree that the differentiation of functioning toxic nodules and thyroid metastases from follicular and papillary carcinomas is performed best by using iodine-123 uptake studies. Gallium-67 can be useful in the diagnosis of thyroid lymphoma. US is the most useful modality available for the detection and characterization of most thyroid nodules. 

CT and MRI are useful in the detection of local and mediastinal cancer extension and regional lymphadenopathy. FNA is used because of the inability of imaging to precisely define the nature of the thyroid nodule. For palpable nodules, FNA can be performed with palpation. Guided FNA provides specimens for cytologic studies. The procedure is safe and inexpensive and provides direct information. Although the sensitivity and specificity of scintigraphy are 100% and 5.5%, respectively, these can be considerably improved with FNA to 100% and 91.2%, respectively. 

Preferred Examination: Usually, US is the first modality used to investigate a palpable thyroid nodule and in searching for a primary lesion in a patient with systemic metastases. US may be the only examination required in hemorrhagic cysts and multinodular goiters. Doppler US is an extension of US and provides valuable information regarding the vascularity of nodules. Most intervention in the thyroid, such as FNA and guided thyroid ablation, are performed under US guidance. 

Currently, scintigraphy is reserved for characterizing functioning nodules and for staging follicular and papillary carcinomas. Lymphoma of the thyroid is the only gallium-67–avid thyroid nodule. 

Plain radiographs are used to detect retrosternal thyroid extension, thyroid calcification, bony or mediastinal lymph nodes, and lung metastases. 

CT is an effective method for detecting regional and distant metastasis from thyroid cancer. 

At the present time, MRI has a limited role in characterizing thyroid nodules, although MRI appears to be effective in the diagnosis of cervical lymph node metastasis. 

Percutaneous needle aspiration remains the key procedure in the diagnosis of thyroid lymphoma; however, its differentiation from thyroiditis occasionally can be difficult. US helps in diagnosing thyroid lymphoma most accurately, and CT helps in staging thyroid lymphoma most accurately. However, MRI also can be useful in staging the lymphoma. A tissue-specific diagnosis of a lymphoma can be achieved by using US-guided FNA. 

Limitations of Techniques: In the past, radionuclide imaging was performed to differentiate malignant from benign lesions. On radionuclide imaging, 4% of hot nodules are shown to contain tumor, compared with 16% of cold nodules. Thus, radionuclide imaging is unreliable in excluding or confirming the presence of cancer. Technetium-99m pertechnetate delivers a low dose of radiation because of its 6-hour half-life, and it has a favorable decay scheme without particulate emission. A gamma camera using a 140-keV photon is ideal for imaging. In addition, the technique is inexpensive and readily available. The disadvantages are that it can delineate only the trapping function and not organification, and 3-dimensional distortion occurs with pinhole imaging and decreased sensitivity in the mediastinum. 

Currently, iodine-123 is the radioisotope of choice. The 13.3-hour half-life, the 159-keV principal photon, and the absence of particulate emission allow for good imaging with modest patient exposure. However, this isotope is cyclotron produced and relatively expensive, and the short half-life necessitates frequent shipments from the producer. Metastatic cancer is imaged well with iodine-123 because one half of papillary carcinomas and two thirds of follicular carcinomas are sufficiently iodine avid to allow their visualization. 

US is an alternative method and can be used to evaluate local tumor recurrence because it does not require the cessation of thyroid hormone therapy for as long as 5-6 weeks, as does iodine-123 scintigraphy. 

Gallium-67 has not enabled sufficient differentiation between the degree of uptake in malignant lesions and that of benign lesions to warrant its routine use, but it appears useful when thyroid lymphoma is suspected. US is the most sensitive method for diagnosing intrathyroid lesions. US can depict 2-mm cystic lesions and 3-cm solid intrathyroid lesions. The challenge is to differentiate the few malignant nodules from common benign nodules. Despite the clear identification, no single US criterion can be used to reliably differentiate all benign thyroid nodules from malignant nodules, but many US features may aid in predicting the benign or malignant nature of a given nodule. 

Similar to MRI, CT is not sensitive in the prediction intrathyroid lesions; however, CT is useful for evaluating lymphadenopathy, local tumor extension, and extension into the mediastinum or retrotracheal region. Guided FNA provides specimens for cytologic studies. The procedure is safe and inexpensive and provides direct information.

Thyroid nodules are four times more common in women than in men9 and occur more often in people who live in geographic areas with iodine deficiency.5 After exposure to ionizing radiation, thyroid nodules develop at a rate of 2 percent annually.9 
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	Types of Thyroid nodules:

	Adenoma 

Macrofollicular adenoma (simple colloid) 

Microfollicular adenoma (fetal) 

Embryonal adenoma (trabecular) 

Hürthle cell adenoma (oxyphilic, oncocytic) 

Atypical adenoma 

Adenoma with papillae 

Signet-ring adenoma 

Carcinoma 

Papillary (75 percent) 

Follicular (10 percent) 

Medullary (5 to 10 percent) 

Anaplastic (5 percent) 

Other 

Thyroid lymphoma (5 percent) 

Cyst 

Simple cyst 

Cystic/solid tumors (hemorrhagic, necrotic) 

Colloid nodule 

Dominant nodule in a multinodular goiter 

Other 

Inflammatory thyroid disorders 

Subacute thyroiditis 

Chronic lymphocytic thyroiditis 

Granulomatous disease 

Developmental abnormalities 

Dermoid 

Rare unilateral lobe agenesis 




THYROID NODULES IN CHILDREN AND DURING PREGNANCY 

While the prevalence of thyroid nodules is less common in children, the risk of malignancy appears to be much higher (14 to 40 percent in children as opposed to 5 percent in adults).19 Recent reports suggest FNA biopsy has an important role in the diagnosis and management of thyroid nodules in children.10,19,20 However, studies involving children have been limited, and false-negative results have raised concerns about the accuracy of this test in children.19 

Thyroid nodules in pregnant women can be managed in the same way as in nonpregnant patients, except that radionuclide scanning is contraindicated.10 FNA biopsy can be performed during pregnancy, and surgical removal of thyroid nodules is relatively safe during the second trimester, which is the safest time for surgery during pregnancy. Surgery also can be deferred until after the pregnancy. 

Treatment 

The options for treatment of a patient with nodular thyroid disease range from periodic observation alone, to institution of thyroxine therapy and observation, to surgical excision. Patients with a Hot Nodule may also be candidates for radioactive iodine therapy. 

Management should be tailored to the individual patient and the clinical scenario. The frequency of follow-up depends on the initial presentation, size of the nodule, associated symptoms, and biopsy results. Periodic ultrasounds may also be useful for precise quantification of nodule size and growth. As thyroid nodules are generally very slow growing, it is usually not necessary to repeat ultrasounds as frequently as every few months, except in rare circumstances.  

The rationale for choosing to take thyroid hormone to suppress nodule growth is based on the observation that lowering the level of TSH (thyroid stimulating hormone) produced by the pituitary may prevent further growth of the nodule in some but not all patients. In some instances, patients on thyroxine may actually experience a small reduction in nodule size, but this usually takes many months or more commonly, years. As other factors may affect thyroid growth independent of TSH, thyroxine suppression is not always effective in preventing further thyroid nodule enlargement. In fact whereas some studies show that 25-50 % of patients taking thyroid hormone will have shrinkage of thyroid nodules, other studies do not show major reduction of nodule size in patients on thyroxine. Nodules that continue to enlarge despite effective TSH suppression merit particularly careful follow-up and repeat diagnostic assessment. Many patients elect to have their thyroid nodules followed on an ongoing basis without taking thyroid hormone. Furthermore, in patients with initial TSH levels that are borderline low, institution of thyroxine may actually result in a hyperthyroid state, especially if the patient has an "autonomous" thyroid gland that does not shut off its function and production of thyroid hormone and continues to make thyroid hormone inappropriately despite L-thyroxine therapy.
Thyroid disease and the heart:

The heart is very sensitive to even small changes in the levels of thyroid hormones. The heart is a muscle and contains receptors for thyroid hormone, hence heart muscle growth and cardiac function may be influenced by too much or too little thyroid hormone. There is increasing evidence that even small changes in levels of thyroid hormone may be associated with measurable changes in how well the heart functions. For an overview of the literature, see Effects of subclinical thyroid dysfunction on the heart. Ann Intern Med. 2002 Dec 3;137(11):904-14. For more data on specific conditions, read on below.
Hypothyroidism and your heart 

 In modest cases of hypothyroidism, the heart rate may be slowed, although heart function is generally normal. With more significant and prolonged deficiency of thyroid hormone, cardiac function may become abnormal. In persons who have normal heart function and no history of heart disease to begin with, these mild changes in heart function associated with hypothyroidism are usually imperceptible. Although there are very few large randomized studies examining the effect of treating mild hypothyroidism on cardiac function, there is some data that correction of mild hypothyroidism may improve objective parameters of cardiac function, as demonstrated in Assessment of left ventricular diastolic function by radionuclide ventriculography at rest and exercise in subclinical hypothyroidism, and its response to L-thyroxine therapy. Am J Cardiol. 2003 Jun 1; 91 (11): 1327-1330 
In some patients with pre-existing heart disease, hypothyroidism may be associated with decreased cardiac function, producing a mild exacerbation or deterioration in the underlying heart condition, occasionally leading to shortness of breath, or rarely, congestive heart failure. In such patients, treatment with thyroid hormone may improve several parameters of cardiac function, even after only a few weeks of treatment. For example, see Thyroid Hormone Substitution Therapy Rapidly Enhances Left-Ventricular Diastolic Function in Hypothyroid Patients. Cardiology. 2001 Dec;96(2):59-64. 
Although treatment of hypothyroid patients who have heart disease may ultimately increase energy and improve cardiac function, treatment must be initiated slowly, and low doses of thyroid hormone should be used, especially in patients who have or who are at risk for development of coronary artery disease. 
Many patients with significant degrees of hypothyroidism may have a reduced heart rate, and occasionally reduced function of the heart due to the  lack of the beneficial action of thyroid hormone on the heart muscle. Patients with more severe hypothyroidism may develop fluid around the heart, a condition known as a pericardial effusion. Treatment of patients with thyroid hormone will usually gradually improve the normal function of the heart muscle, however caution is indicated in such instances. It is usually better to err on the side of caution when heart disease is suspected or present, and start replacement, if indicated, with very low doses of thyroid hormone, in the range of 25 ug of thyroxine daily. The dose of thyroid hormone can then be gradually increased every 3-6 weeks, as long as the thyroid hormone replacement is well tolerated. As even small amounts of thyroid hormone can speed up the metabolic activity and oxygen consumption of your heart, treatment with even small doses of thyroid hormone may cause angina, shortness of breath or palpitations and rapid heart beats in some susceptible patients. Accordingly, even though it may take longer to build up to normal levels of thyroid hormone, it is best to be cautious about the timetable for replacing thyroid hormone in hypothyroid patients with heart disease. 
Are there benefits to treating asymptomatic subclinical hypothyroidism in patients with heart disease, especially in the setting of coronary artery disease? 

Given the caveats noted above, it is also clear that patients with hypothyroidism may have increased levels of cholesterol and triglycerides, and correction of the hypothyroid state may have a modest beneficial effect on these parameters. A study published in 1999 suggests another intriguing link between homocysteine and thyroid status. Levels of plasma homocysteine appear to be an independent risk factor for coronary artery disease. Patients with hypothyroidism have elevated levels of plasma homocysteine, and these levels decrease significantly once the hypothyroidism is corrected. See Normalization of hyperhomocysteinemia with L-thyroxine in hypothyroidism. Ann Intern Med. 1999 Sep 7;131(5):348-51. Although the study was small and carried out over a short period of time, the results are intriguing, have been confirmed in follow-up studies such as Homocysteine, hypothyroidism, and effect of thyroid hormone replacement. Thyroid. 1999 Dec;9(12):1163-6. and suggest the relationship between hypothyroidism, homocysteine, and the development and/or treatment of heart disease, deserves further scrutiny. 

Similarly, levels of C Reactive Protein (CRP), a circulating protein that also indirectly correlates with the risk of heart disease, are elevated in patients with overt or subclinical hypothyroidism. However, CRP levels do not correlate perfectly with the extent of hypothyroidism, and treatment of the hypothyroidism frequently has no effect on the levels of CRP. See Elevated C-reactive protein and homocysteine values: cardiovascular risk factors in hypothyroidism? A cross-sectional and a double-blind, placebo-controlled trial. Atherosclerosis. 2003 Feb;166(2):379-86 

For an overview of the cardiac abnormalities that may be present in patients with mild hypothyroidism, and opinions about treatment, see Cardiovascular and atherogenic aspects of subclinical hypothyroidism Thyroid 2000 Aug;10(8):665-79 and Cardiovascular and medical ramifications of treatment of subclinical hypothyroidism. Curr Atheroscler Rep. 2003 Jan;5(1):73-7 

Hypothyroidism and Cholesterol 

Many studies have documented a relationship between hypothyroidism, and an increase in the levels of cholesterol and triglycerides in some hypothyroid subjects. This link can be confusing, as some patients may have been told that their cholesterol is elevated largely as a result of their associated hypothyroidism. While this may indeed be the case in rare individuals, for most subjects, hypothyroidism actually contributes only modestly to the total abnormality in cholesterol and LDL that may be present. To review the average changes in levels of cholesterol that might be expected in hypothyroid patients see Clinical review 115: effect of thyroxine therapy on serum lipoproteins in patients with mild thyroid failure: a quantitative review of the literature. J Clin Endocrinol Metab. 2000 Sep;85(9):2993-3001 

A randomized study examined the impact of correcting mild subclinical hypothyroidism in women. The subjects, women with a mean TSH of ~ 11.7 were treated with placebo or thyroxine for 48 weeks. A modest but significant reduction in total and LDL cholesterol was observed in the group receiving sufficient thyroxine to correct the TSH to normal. See TSH-controlled l-thyroxine therapy reduces cholesterol levels and clinical symptoms in subclinical hypothyroidism: a double blind, placebo-controlled trial (basel thyroid study). J Clin Endocrinol Metab. 2001 Oct;86(10):4860-6 

Although modest variations of thyroid hormones within the normal range have been shown to weakly correlate with the extent of coronary artery calcification detected in patients undergoing angiography, there is no evidence treating patients with slightly lower levels of thyroid hormone may influence the development of coronary artery disease. See Thyroid function is associated with presence and severity of coronary atherosclerosis. Clin Cardiol. 2003 Dec; 26(12): 569-73. 

Hyperthyroidism and your heart
A rapid heart beat, or irregular skipped beats (palpitations) is a common complaint in patients with hyperthyroidism. Some subjects notice that their basal resting heart rate is a bit higher than normal; other patients observe that their heart rate goes up much faster and takes longer to return to normal when they exercise.
In some older patients, or in patients with existing heart disease, hyperthyroidism may increase the risk of developing an abnormal heart rhythm, such as atrial fibrillation. Several large studies have shown that the risk of developing hyperthyroidism can be up to 5-fold greater in subjects with a suppressed TSH, who feel otherwise well, compared to control subjects with a normal TSH. See Subclinical hyperthyroidism as a risk factor for atrial fibrillation. Am Heart J. 2001 Nov;142(5):838-842
Indeed, the diagnosis of previously unsuspected hyperthyroidism is not uncommon in older patients with rapid irregular heart rhythms who present to the emergency room. It may be difficult to maintain the heart in normal rhythm until the hyperthyroidism is brought under satisfactory control. For some patients with sustained irregularities in heart rate and rhythm, the possibility of anticoagulation should be considered until the abnormal heart rate and rhythm can be corrected. For an evaluation of how even mild hyperthyroidism can affect the heart, see Endogenous Subclinical Hyperthyroidism Affects Quality of Life and Cardiac Morphology and Function in Young and Middle-Aged Patients. J Clin Endocrinol Metab. 2000 Dec;85(12):4701-4705. For a review of how hyperthyroidism can cause cardiac problems in older patients see Cardiac risks of hyperthyroidism in the elderly. Thyroid. 1998 Dec;8(12):1165-9. and Cardiac dysrhythmias and thyroid dysfunction - the hidden menace? J Clin Endocrinol Metab. 2002 Mar;87(3):963-7

 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11889143&dopt=Abstract" .  Shortness of breath in hyperthyroid patients may also be attributable to effects on the lungs, likely as a partial result of weakness in the muscle used for breathing. A direct effect on oxygen exchange in the lungs remains a possibility. See Ineffective cardiorespiratory function in hyperthyroidism. J Clin Endocrinol Metab. 1998 83(11):4075-8
A low TSH and excess cardiovascular mortality 

What should the approach be to patients who are otherwise well, but have a low TSH indicative of biochemical, often "subclinical" hyperthyroidism. Clearly, the approach needs to be individualized for each patient. A population-based study examining the relationship between TSH and mortality found a small but significant increase in mortality from cardiovascular causes in 1191 persons not being actively treated with thyroxine or anti-thyroid medications. The results of this study do not prove treatment of the thyroid problem would reduce the risk of mortality, but they do provide further evidence linking hyperthyroidism to adverse cardiovascular (heart-related) events. Furthermore, if one has a suppressed TSH for another reason (hyperthyroidism, treatment of thyroid nodules, pituitary problems or thyroid cancer), there is no evidence suggesting that the TSH level correlates with increased mortality in these settings. Indeed, patients with thyroid cancer and a suppressed TSH exhibited a reduced risk of cancer-related mortality. To review the data linking a low TSH to excess cardiovascular mortality, see Prediction of all-cause and cardiovascular mortality in elderly people from one low serum thyrotropin result: a 10-year cohort study. Lancet 2001 Sep 15;358(9285):861-5 

FAQs.
I have been diagnosed with atrial fibrillation and hyperthyroidism. Should I be anticoagulated to reduce the risk of a stroke?
This therapeutic area remains somewhat controversial, and there is no universal answer that is correct for all patients. The risk of stroke in patients with hyperthyroidism and irregular heart rhythms increases with age. Nevertheless, so does the risk of bleeding. Some physicians are more aggressive about anticoagulation in elderly patients with additional risk factors for stroke. A careful consideration of the advantages and disadvantages and theoretical risks of all options is indicated in this situation, which should be discussed with your physician.
My TSH is 20, I am tired, and I have coronary artery disease and angina. Will I feel better and have less chest pain if I am treated for my hypothyroidism?
This clinical scenario calls for extreme caution, and a careful assessment of the risks and benefits of initiating thyroid hormone replacement. Although some patients will indeed experience clinical improvement if their thyroid status is optimized, other patients may experience exacerbation of their heart disease with even a few small doses of thyroid hormone. Given the complexity of this clinical dilemma and the potential danger of thyroid hormone in some patients with severe coronary artery disease, the pros and cons of this decision should be carefully discussed with your physician in the context of your individual health and heart problem.
I need to take amiodarone for a heart condition. Will this make my thyroid condition worse?
Patients requiring institution of amiodarone often have a history of serious heart problems for which amiodarone can be a life-saving treatment. Although amiodarone may exacerbate or unmask a preexisting tendency to develop an underactive or overactive thyroid, the thyroid problems can usually be managed effectively by a skilled physician, although careful monitoring may be required. Patients started on amiodarone should have their TSH monitored on a regular basis, every 3-4 months, so any potential thyroid problem may be detected early before clinical difficulty arises.
My blood pressure is high; is this related to my thyroid?
Although many patients assume that an overactive thyroid gland will frequently cause high blood pressure, it is actually hypothyroidism that seems to be associated with an increased risk of high blood pressure, possibly due to sympathetic nervous system activation. See The role of thyroid hormone in blood pressure homeostasis: evidence from short-term hypothyroidism in humans. J Clin Endocrinol Metab. 2002 May;87(5):1996-2000
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Mauro Czepielewski, MD., Ph.D. in Endocrinology - São Paulo State University School of Medicine (UNIFESP). Vice-Director of the State University Rio Grande do Sul School of Medicine (UFRGS). Associate Professor - Internal Medicine Department/UFRGS

What is it? 

They’re ovoid lesions that develop in the thyroid gland, located in the anterior and lower region of the neck. There may be one nodule or multiple nodules. When there’s only one single nodule, these are called solitary nodule or uninodular goiter. When multiple, they constitute a multinodular goiter. They’re caused by benign tumors, malignant tumors, cysts, inflammatory diseases (thyroiditis), and colloid nodular goiter. 

How does it develop? 

Depending upon the cause, the nodules are caused by several conditions. 

Single or solitary nodules may be due to: 
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	Cysts
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	Benign tumors (follicular adenomas),
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	Colloid nodular goiter, or, more rarely,
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	Thyroid carcinoma.


When multiple, they generally result from a colloid nodular goiter or inflammatory processes (thyroiditis). When there’s a nodule that is larger than the others (dominant nodule), its cause may be the development of a malignant tumor, especially amongst us, where areas deprived of iodine still exist. Lack of iodine in the diet may lead to endemic goiter (see specific item on this site), whose progress leads to a nodular goiter (formation of several nodules). Among these nodules, one of them may evolve into malignant thyroid neoplasia, a condition in which a progressive growth of a nodule will be observed, forming the so-called “dominant nodule”. 

What does one experience? 

In general, nodules are asymptomatic, eliciting local symptoms when they become highly enlarged. 

These symptoms are: 
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	Difficulty swallowing food,
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	Respiratory difficulty,
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	Hoarseness; hoarse voice with two tones,
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	Dilatation of the neck’s veins,
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	And ,quite rarely, local pain.


In addition to local symptoms, signs and symptoms of decrease (hypothyroidism) or enlargement (hyperthyroidism) of the thyroid gland may take place. These alterations are described in specific items on this web site. 

In single or solitary nodules, it’s important to define those at greater risk of developing cancer. The patients at higher risk for thyroid cancer belong to the male gender; are under the age of 30 and above 60; present with recurrent initial nodule of progressive growth; and received radiotherapy to the face or neck, with the nodule showing hard consistency on palpation and being attached to other structures of the neck, which presents similarly palpable lymph nodes. The patient also presents with hoarseness or difficulty swallowing food. 

How does the doctor diagnose it? 

The diagnosis is established by clinical history and a suitable clinical evaluation including a thorough exam of the neck and an investigation into signs and symptoms of decrease or increase of the thyroid gland’s functional activity. 

Based on the initial medical evaluation, the patient must undergo a thyroid function test for the levels of their hormones, initially by gauging TSH, and, if necessary, T4; rarely T3. 

Besides this, it’s equally useful to perform an echography of the neck for thyroid gland features, which will determine whether there’s one or more nodules in the gland, and what the features of these nodules are. 

In the presence of normal hormone levels and a single nodule, a needle biopsy of the nodule must be carried out, which will elucidate its origin in detail. If there are several nodules, with one of them standing out, this must be aspirated for a detailed diagnosis. 

In cases in which hyperthyroidism is suspected, the patient may need to undergo thyroid scintigraphy. 

In cases of diffuse goiter and suspicion of hypothyroidism, a test for anti-thyroid antibodies (antithyroperoxidase antibodies- AntiTPO, or antimicrosomal antibodies) must be conducted with the purpose of detecting the presence or absence of Hashimoto’s thyroiditis. 

How is it treated? 

In cases where malignant neoplasia is suspected, a surgery for complete removal of the thyroid gland is indicated, supplemented by treatment with radioactive iodine and thyroid hormone (see specific item on this site). In bulky goiters with cervical compressive manifestations, surgery is also indicated. For patients with single or multiple nodules, drug treatment and, especially, the administration of therapeutic doses of radioactive iodine can be indicated. In hypothyroidism patients, a thyroxine (T4) hormone replacement therapy is indicated, with suitable doses corrected for bodyweight. 

How is it prevented? 

The nodules that can be prevented are those associated to endemic goiters (arising from iodine deficiency). In presence of solitary or multiple nodules and a history of first-degree relatives also carrying the same alteration, an early investigation into family neoplasias through hormone or molecular markers must be undertaken. 

Basic Information on Hypothyroidism, Hyperthyroidism, Nodules, Cancer: 

by Mary J. Shomon

More than 10 million Americans have been diagnosed with thyroid disease, and another 13 million people are estimated to have undiagnosed thyroid problems. Frequently misunderstood, and too often overlooked and misdiagnosed, thyroid disease affects almost every aspect of health, so understanding more about the thyroid, and the symptoms that occur when something goes wrong with this small gland, can help you protect or regain good health.

A February, 2000 research study found the estimated number of people with undiagnosed thyroid disease may be 10 percent -- double what was previously thought. This may mean that 13 million Americans are currently undiagnosed. Women are at the greatest risk, developing thyroid problems seven times more often than men. A woman faces as high as a one in five chance of developing thyroid problems during her lifetime, a risk that increases with age and for those with a family history of thyroid problems. 

Where is the Thyroid and What Does it Do? 

Your thyroid is a small bowtie or butterfly-shaped gland, located in your neck, wrapped around the windpipe, behind and below the Adam's Apple area. The thyroid produces several hormones, of which two are key: triiodothyronine (T3) and thyroxine (T4). These hormones help oxygen get into cells, and make your thyroid the master gland of metabolism.

The thyroid has the only cells in the body capable of absorbing iodine. The thyroid takes in iodine, obtained through food, iodized salt, or supplements, and combines it with the amino acid tyrosine. The thyroid then converts the iodine/tyrosine into the hormones T3 and T4. The "3" and the "4" refer to the number of iodine molecules in each thyroid hormone molecule. 

When it's in good condition, of all the hormone produced by your thyroid, 80% will be T4 and 20% T3. T3 is considered the biologically more active hormone -- the one that actually functions at the cellular level -- and is also considered several times stronger than T4.

Once released by the thyroid, the T3 and T4 travel through the bloodstream. The purpose is to help cells convert oxygen and calories into energy. 

As mentioned, the thyroid produces some T3. But the rest of the T3 needed by the body is actually formed from the mostly inactive T4 by a process sometimes referred to as "T4 to T3 conversion." This conversion of T4 to T3 can take place in some organs other than the thyroid, including the hypothalamus, a part of your brain.

The thyroid is part of a huge feedback process. The hypothalamus in the brain releases Thyrotropin-releasing Hormone (TRH). The release of TRH tells the pituitary gland to release Thyroid Stimulating Hormone (TSH). This TSH, circulating in your bloodstream, is what tells the thyroid to make thyroid hormones and release them into your bloodstream. 

[a name="cause]Causes of Thyroid Disease

What causes thyroid problems? There are a variety of factors that can contribute to the development of thyroid problems: 

· Exposure to radiation, such as occurred after the Chernobyl nuclear accident 

· Overconsumption of isoflavone-intensive soy products, such as soy protein, capsules, and powders 

· Some drugs, such as lithium and the heart drug cordarone, can cause hypothyroidism. 

· An overconsumption or shortage of iodine in the diet can also trigger some thyroid problems. (This also applies to iodine-containing supplements, such as kelp and bladderwrack.) 

· Radiation treatment to my head, neck or chest. Radiation treatment for tonsils, adenoids, lymph nodes, thymus gland problems, or acne 

· "Nasal Radium Therapy," which took place during the 1940s through 1960s, as a treatment for tonsillitis, colds and other ailments, or as a military submariner and/or pilot who had trouble with drastic changes in pressure 

· Overconsumption of uncooked "goitrogenic" foods, such as brussels sprouts, broccoli, rutabaga, turnips, kohlrabi, radishes, cauliflower, African cassava, millet, babassu, cabbage and kale 

· Surgical treatments for thyroid cancer, goiter, or nodules, in which all or part of the thyroid is removed, leave you hypothyroid 

· Radioactive iodine treatment (RAI) for Graves' disease and hyperthyroidism typically leave patients hypothyroid 

You have a higher risk of developing thyroid disease if, among a variety of factors:

…You have a family member with a thyroid problem
…You have another pituitary or endocrine disease
…You or a family member have another autoimmune disease
…You've been diagnosed with Chronic Fatigue Syndrome 
…You've been diagnosed with Fibromyalgia 
…You're female
…You're over 60
…You've just had a baby
…You're near menopause or menopausal 
…You're a smoker
…You've been exposed to radiation
…You've been treated with lithium 
…You've been exposed to certain chemicals (i.e., perchlorate, fluoride)
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