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		INTRODUCTION


	


Background: Hyperthyroidism, thyroid storm, and Graves' disease all have the common thread of elevated thyroid hormone in the body. This elevated level may range from manageable to toxic. 

Hyperthyroidism 

Hyperthyroidism is a clinical constellation of symptoms resulting from elevated levels of thyroid hormones. These excess hormones affect many organ systems and cause varying degrees of a spectrum of illnesses. Often, these symptoms are nonspecific, making hyperthyroidism difficult to diagnose without the aid of laboratory data. 

Graves' disease 

Graves' disease (diffuse toxic goiter) is the most common form of overt hyperthyroidism and has a suspected immunologic etiology. Besides hyperthyroidism, the disease is characterized by one or more of the following: 

· goiter   *exophthalmos    *pretibial myxedema 

Thyroid storm 

Thyroid storm is a rare complication of hyperthyroidism. It is often precipitated by a physiologic stressful event and, if untreated, may be fatal. 

The emergency medicine physician must recognize and treat thyroid storm. Often, this will be based upon clinical symptoms alone, as laboratory confirmation will not be available to the emergency physician. 

Pathophysiology: Thyroid hormone is secreted in response to stimulation of the thyroid gland by thyroid stimulating hormone (TSH) from the anterior pituitary gland. TSH is released in response to thyrotropin releasing hormone (TRH) from the hypothalamus. 

The thyroid gland produces thyroxine (T4), which is deiodinated primarily by the liver to its active form, triiodothyronine (T3). The thyroid gland also produces a small amount of T3. 

Proteins carry these substances, primarily by thyroid binding globulin (TBG), which influences the concentration of the unbound or biologically active compounds. Free or unbound T4 and T3 levels best correlate with the patient's clinical status. TSH levels are commonly low in thyrotoxicosis, but, unfortunately, a low TSH level is nonspecific for thyrotoxicosis. 

Frequency: 
· In the US: Screening surveys for thyroid disease have reported an incidence of 5.8% of thyroid abnormalities. True frequency of hyperthyroidism is unknown. Patients may have abnormal serum markers and not demonstrate symptoms of disease. 

Thyroid storm is a rare disorder. Approximately 1-2% of patients with hyperthyroidism will progress to thyroid storm. 

Mortality/Morbidity: 
· Thyroid storm, if unrecognized and untreated, is usually fatal.

· Adult mortality from thyroid storm is reported to be 10-20%; often with underlying illness contributing to the cause of death.

Sex: 
· Thyroid storm and Graves' disease may occur in either sex but it predominates in females.

Age: 
· Thyroid storm may occur at any age, but is most common in females in the third through sixth decades of life.

· Graves' disease predominately affects women in their third and fourth decades of life and may precipitate thyroid storm.

· Toxic multinodular goiter affects women in their fourth through seventh decades of life and may precipitate thyroid storm.

		CLINICAL


	


History: Symptoms can progress from a constellation of nonspecific historical features to an acute life-threatening event. Historical features common to hyperthryoidism and thyroid storm are listed below. 

· Up to one half of patients presenting to the ED in thyroid storm report a dramatic weight loss of > 40 lb.

· Palpitations

· Chest pain

· Emotional lability; a wide variation of emotions and mood swings

· Dyspnea

· Edema

· Psychosis

· Anxiety

· Disorientation

· Tremor

· Nervousness

· Heat intolerance

· Increased sweating

· Fatigue

· Weakness

· Increased appetite

Physical: 
· Fever

· Tachycardia (out of proportion to the fever)

· Diaphoresis (often profuse)

· Dehydration secondary to GI losses and diaphoresis

· Warm, moist skin

· Widened pulse pressure

· Congestive heart failure (may be a high output failure)

· Thyromegaly

· Exophthalamos

· Shock

· Atrial fibrillation (may be refractory to attempted rate control with digitalis; converts after antithyroid therapy in 20-50% of patients)

· Myopathy

· Periodic paralysis

· Thyroid bruit

· Relatively specific for thyrotoxicosis

· Additional ocular signs

· Staring (infrequent blinking)

· Lid lag

Causes: Precipitating factors of thyroid storm are varied. 

· Pulmonary infection (most common precipitating event)

· Autoimmune trigger

· Diabetic ketoacidosis, hyperosmolar coma, and insulin- induced hypoglycemia

· Surgical treatment of hyperthyroidism

· Withdrawal of antithyroid medication

· Radioactive iodine

· Palpation of the thyroid gland in hyperthyroid patients

· Emotional stress

· Thyroid hormone overdose

· Cardiovascular events

· Toxemia of pregnancy

		DIFFERENTIALS


	


Anxiety 
Congestive Heart Failure and Pulmonary Edema 
Diabetes Mellitus, Type 1 - A Review 
Diabetes Mellitus, Type 2 - A Review 
Heat Exhaustion and Heat Stroke 
Neuroleptic Malignant Syndrome 
Shock, Septic 
Toxicity, Anticholinergic 
Toxicity, Sympathomimetic 
Withdrawal Syndromes 

Other Problems to be Considered: 
Psychosis

Anxiety

Malignancy

Pregnancy

Menopause

Pheochromocytoma 

		WORKUP


	


Lab Studies: 
· Thyroid function studies will confirm the diagnosis in the appropriate clinical setting. 

· In hyperthyroidism, the free T4 is elevated and the TSH is decreased. These tests are often not available to the emergency physician to aid in clinical decision making. 

· Particularly in thyroid storm, the diagnosis is clinical.

· Thyroid function studies do not distinguish thyrotoxicosis from thyroid storm because of an overlap in clinical values.

· Normocytic, normochromic anemia and leukocytosis are common.

· Electrolytes

· Nonspecific abnormalities are common.

· Hyperglycemia

· Hypercalcemia

· Hypokalemia may be associated with periodic paralysis.

· Liver functions tests (LFTs) usually reveal nonspecific findings.

Imaging Studies: 
· Chest x-ray (CXR)

· This may identify pulmonary infections, often associated with progression to thyroid storm.

· In addition, congestive heart failure may be identified radiographically.

· Thyroid scan

· Diffuse in Grave's disease

· Focal in toxic nodule

Other Tests: 
· Thyroid function tests (TFTs) usually are not available to assist in clinical decision-making in the ED.

· An elevated free T4 level and decreased TSH level confirm the diagnosis of hyperthyroidism; however, do not differentiate from thyroid storm.

· Low serum cortisol

· Low serum cholesterol

· Electrocardiogram (ECG)

· Sinus tachycardia predominates

· Atrial fibrillation

· Complete heart block (rare)

		TREATMENT


	


Prehospital Care: Stabilize acute life-threatening conditions. 

Emergency Department Care: 
· Do not delay treatment once thyrotoxicosis is suspected.

· Evaluate patients with unusual behavior changes carefully, as some patients with hyperthyroidism have been triaged for psychiatric evaluation.

· Antipyretics are indicated, but aspirin should be avoided. Decreased protein binding and subsequent increases in free T3 and T4 levels have been reported with aspirin usage.

· Hydration is another important area of concern. GI and insensible losses may be profound; intravenous therapy with crystalloid solutions usually is indicated.

· Appropriate electrolyte replacement should be directed by laboratory values. Supplemental oxygen may be required.

· Congestive heart failure is often observed with patients in thyroid storm. 

· Arrhythmias are often present, especially atrial fibrillation. 

· This may be refractory to rate control or conversion to sinus rhythm until additional antithyroid therapy is initiated. 

· Intravenous glucocorticoids may be indicated if adrenal insufficiency is suspected. Large doses of dexamethasone (2 mg q6h) inhibits hormone production and decreases peripheral conversion.

· Antithyroid medications, including propylthiouracil (PTU) and methimazole, inhibit the organification of tyrosine residues. This effectively blocks the synthesis of new circulating thyroid hormones. 

· Clinical effects may be seen as soon as 1 hour after administration. Both agents are administered orally or via a nasogastric tube. 

· PTU has the advantage of also inhibiting the conversion of T4 to T3. 

· Iodide agents effectively block the release of thyroid hormone. Administer 1 hour after the loading dose of antithyroid medication so that the iodide preparations cannot be utilized in the synthesis of new thyroid hormone.

· Beta-adrenergic blocking agents are the mainstays of therapy for thyroid storm.

Consultations: 
· An intensivist should be consulted for admission to an ICU setting for further evaluation and management when thyrotoxicosis is suspected.

· An endocrinologist or internist may be helpful in confirming and assisting in patient management after admission.

		MEDICATION


	


The goal of medical therapy is focused towards the inhibition of hormone synthesis, blockade of hormone release, and prevention of peripheral conversion of T4 to T3 and its effects. Restoration of a clinical euthyroid state may take 4-8 wk. 

These agents reduce the sympathetic hyperactivity and decrease the peripheral conversion of T4 to T3. Propranolol is the most studied agent but its clinical effects are felt to be a property observed with most beta-blockers. 

Effects are relatively dramatic and results are noted within 10 min after administration. A history of bronchospasm or heart block may necessitate the avoidance of these agents. 

The role of beta-adrenergic blocking agents in congestive heart failure patients is controversial. The risk and benefits of rate control versus decreased myocardial contractility must be considered. A trial of esmolol may be warranted, since this is a short acting agent. 

Guanethidine and reserpine have been utilized to provide sympathetic blockade and may be effective agents if beta-blockers are contraindicated or not tolerated.

Drug Category: Inhibition of hormone synthesis - Thionamides (eg, PTU, methimazole) prevent hormone synthesis by inhibiting thyroidal peroxidase. Unfortunately, parenteral solutions are not currently available; therefore, they must be given orally or via a nasogastric tube. PTU has the added benefit of inhibiting the peripheral conversion T4 to T3. 

	Drug Name 
	Propylthiouracil (PTU)- DOC. Effects may be seen soon after its administration is started. However, the therapy may need to be continued for 4-8 wk. Laboratory monitoring of T4 and T3 levels may be required to adjust therapy. Although it is classified as Category D, it is recommended as the DOC for women who are pregnant or breast-feeding. 

	Adult Dose 
	Loading dose: 900-1200 mg followed by 150 mg PO or via nasogastric tube q6h 

	Pediatric Dose 
	Initial dose: 50-150 mg/d divided q8h

Maintenance dosing: 50 mg bid

	Contraindications 
	Avoid use in patients with documented hypersensitivity to this medication or related products. It is secreted in breast milk but may be warranted for the urgent treatment of thyrotoxicosis. 

	Interactions 
	PTU has antivitamin K activity and may potentiate the activity of oral anticoagulants. 

	Pregnancy 
	D - Unsafe in pregnancy 

	Precautions 
	Rashes are a common side effect. Agranulocytosis is a rare event.

PTU may cause hypoprothrombinemia and bleeding. Once the symptoms of hyperthyroidism have resolved, the presence of elevated serum TSH suggests that a lower maintenance dose of PTU should be used.


	Drug Name 
	Methimazole (Tapazole)- Although it is an effective inhibitor of thyroid synthesis, it is not known to inhibit the peripheral conversion of thyroid hormone. 

	Adult Dose 
	90-120 mg PO or via nasogastric tube initially, then 30-60 mg qd. 

	Pediatric Dose 
	0.4 mg/kg/d divided q8h; one half of initial dose usual for maintenance dose 

Maintenance is usally one-half of the intial dose.

	Contraindications 
	Avoid use in patients with documented hypersensitivity to this medication or related products. Use in nursing mothers is controversial. The benefits of use must outweigh known risk. 

	Interactions 
	Methimazole has antivitamin K activity and may potentiate the activity of oral anticoagulants. 

	Pregnancy 
	D - Unsafe in pregnancy 

	Precautions 
	Rashes are common. Agranulocytosis is a rare complication. 

Monitor PT during therapy. Methimazole may cause hypoprothrombinemia and bleeding. Once the symptoms of hyperthyroidism have resolved, the presence of elevated serum TSH suggests that a lower maintenance dose of methimazole should be used.


Drug Category: Blockade of hormone release. - Iodides and lithium are utilized to effectively block the release of thyroid hormone. Effects are exerted directly on the thyroid gland. Lithium is not often used because it is difficult to titrate to an effective dose and it has a narrow therapeutic window. These agents should be administered 1h after PTU is given. This assures that the organification of thyroid hormone has been inhibited; otherwise, administering iodies could worsen symptoms. Iodide preparations are known to cause serum sickness type reactions. Iodides should not be used for long-term therapy in thyrotoxicosis. 

	Drug Name 
	Sodium iodide- Absorption from the GI tract is rapid and complete. Iodine equilibrates in extracellular fluids, and it is specifically concentrated by the thyroid gland. For the treatment of thyrotoxicosis, parenteral iodine may be used. 

	Adult Dose 
	1 g via slow IV drip q8-12h 

	Pediatric Dose 
	<12y: Not established. 

>12y: Administer as in adults.

	Contraindications 
	Avoid use in patients with documented hypersensitivity to this medication or related products. 

Due to the potential for infusion phlebitis and increased renal loss of minerals from a bolus injection, do not give undiluted into a peripheral vein by direct injection.

	Interactions 
	None reported. 

	Pregnancy 
	B - Usually safe but benefits must outweigh the risks. 


	Drug Name 
	Saturated solution of potassium iodide (SSKI)- It inhibits thyroid hormone secretion. Solution contains 50 mg of iodide per drop and may be mixed with juice or water. 

	Adult Dose 
	1-5 gtt PO or via nasogastric tube q8h 

	Pediatric Dose 
	Infants: 150-250 mg (3-6 gtt) tid 

Children: Administer as in adults.

	Contraindications 
	Avoid use in patients with documented hypersensitivity to this medication or related products. It should be used with caution in patients with pulmonary edema, although pulmonary edema secondary to thyrotoxicosis is not a contraindication. 

	Interactions 
	It increases lithium toxicity by producing additive hypothyroid effects. 

	Pregnancy 
	B - Usually safe but benefits must outweigh the risks. 

	Precautions 
	Prolonged use may result in hypothyroidism. Exercise caution when administering to patients with renal failure or GI obstruction.


	Drug Name 
	Lugol's Solution- It inhibits thyroid hormone secretion. It contains 8 mg of iodide per drop. It may be mixed with juice or water for intake. 

	Adult Dose 
	2-6 gtt (1 ml) q8h 

	Pediatric Dose 
	Administer as in adults. 

	Contraindications 
	Avoid use in patients with documented hypersensitivity to this medication or related products and in those diagnosed with bronchitis, tuberculosis, and hyperkalemia. 

	Interactions 
	It increases lithium toxicity by producing additive hypothyroid effects. 

	Pregnancy 
	B - Usually safe but benefits must outweigh the risks. 

	Precautions 
	Prolonged use may result in hypothyroidism. Exercise caution when administering to patients with renal failure or GI obstruction.


Drug Category: Prevention of peripheral conversion and effects. - Beta blockade is the mainstay of therapy; antiadrenergic effects are very important in blocking the effects of excess thyroid hormone. Beta blockade also plays a role in the prevention of peripheral conversion of T4 to T3 and its effects. Propranolol is the most widely studied, but its effects are felt to be class specific. Reserpine and guanethidine are also effective autonomic blockers and may be used if beta-blockers are contraindicated. Use of beta- blockers is controversial in patients with heart failure. It is difficult to clinically determine if the failure is due to the tachycardia associated with thyrotoxicosis or secondary to depressed myocardial contractibility. In these cases, a trial of a short-acting, titratable agent, such as esmolol, may be indicated. 

	Drug Name 
	Propranolol (Inderal)- DOC. It can control cardiac and psychomotor manifestations within minutes. 

	Adult Dose 
	20-120 PO mg q6h

1-2 mg IV q 10-15 min or until control of symptoms

	Pediatric Dose 
	2 mg/kg/d PO divided q6h

0.05-0.15 mg/kg IV. Administer one-half dose and observe; administer remainder in 2 min prn The remainder may be given in 2 min, if required.

	Contraindications 
	Avoid use in patients with bradycardia and A-V conduction abnormalities. Use with caution in patients with congestive heart failure, although CHF caused by thyrotoxicosis-induced tachycardia may respond well to beta-blockade. 

	Pregnancy 
	C - Safety for use during pregnancy has not been established. 

	Precautions 
	Beta-adrenergic blockade may blunt signs and symptoms of acute hypoglycemia. Abrupt withdrawal may worsen the symptoms of hyperthyroidism, including thyroid storm. Monitor closely and withdraw drug slowly.


	Drug Name 
	Dexamethasone (Decadron)- It blocks the conversion of T4 to T3 and does not interfere with cortisol stimulation testing. 

	Adult Dose 
	2 mg PO/IV q6h 

	Pediatric Dose 
	Loading dose: 0.15mg/kg/dose q6h 

	Contraindications 
	Use with caution in patients that have an untreated active infection or have a fungal infection. 

	Interactions 
	The use of barbiturates, phenytoin and rifampin can decrease dexamethasone effects. 

	Pregnancy 
	B - Usually safe but benefits must outweigh the risks. 

	Precautions 
	It is important to monitor for adrenal insufficiency when tapering the drug. 

Patients receiving glucocorticoids are at risk for multiple complications including severe infections. 

Abrupt discontinuation of glucocorticoids may cause an adrenal crisis. Hyperglycemia, edema, osteonecrosis, myopathy, peptic ulcer disease, hypokalemia, osteoporosis, euphoria, psychosis, myasthenia gravis, growth suppression, and infections are possible complications of glucocorticoid use.


		FOLLOW-UP


	


Further Inpatient Care: 
· Admit to ICU if concern of thyroid storm.

· Administer supportive hemodynamic management and ongoing antithyroid medications.

· Treat precipitating events, such as infection.

· Confirm the diagnosis with laboratory analysis.

· Clinical improvement should be evident within hours of initiating therapy.

· Monitor therapy by laboratory values and clinical assessment.

· Therapy may be required for 4-8 weeks.

Further Outpatient Care: 
· Patient's with hyperthyroidism or Graves' disease should have follow-up with their primary care physician or endocrinologist.

Transfer: 
· Initiate antithyroid therapy for patients with thyrotoxicosis.

· Ensure hemodynamic stability prior to transfer.

· Consider transfer if intensivist or endocrinologist is not available to help with inpatient management.

Complications: 
· Surgical complications 

· Hypoparathyroidism 

· recurrent laryngeal nerve damage 

· hypothyroidism with subtotal thyroidectomy 

· Development of hypothyroidism following radioiodine treatment

· Visual loss or diplopia due to severe ophthalmopathy

· Localized pretibial myxedema

· Cardiac failure

· Muscle wasting and proximal muscle weakness

Prognosis: 
· Thyroid storm is usually fatal if untreated.

· Overall mortality of thyroid storm is reported at 10-20%; precipitating factors or underlying illness is often the cause of death.

· With precise diagnosis and adequate treatment, the prognosis is good.

Patient Education: 
· Stress the importance of medication compliance.

		MISCELLANEOUS


	


Medical/Legal Pitfalls: 
· Due to the variable presentation of hyperthyroidism, Graves' disease, and thyroid storm, the proper diagnosis may be missed.

· Apathetic thyrotoxicosis is often missed in the elderly (ie 70-80 years old) population. Symptoms consistent with apathetic thyrotoxicosis include: prolonged duration of symptoms, increased weight loss, cardiovascular findings (common), and ocular findings (less common).

Special Concerns: 
· There is an increased risk of hypothyroidism after surgery on the thyroid gland, radiation therapy of hyperthyroidism or thyroiditis.

· Hyperthyroidism during pregnancy should almost always be treated with antithyroid medications.

· Although surgery has been performed successfully during pregnancy, there has been no significant data to show that it has any advantage over antithyroid drugs in the treatment and it does pose an increased risk to the viability of the fetus.

· Radioactive iodide is contraindicated in pregnancy.

· Iodide should not be used in pregnancy unless the benefits outweigh the risks, as it can lead to goiter development in the fetus.

· During pregnancy, propylthiouracil should be used preferentially over methimazole. Each of these agents cross the placental barrier and inhibit fetal thyroid function, but PTU crosses less readily.

		TEST QUESTIONS


	


CME Question 1: What is the most common form of hyperthyroidism? 


A: Choriocarcinoma
B: Thyroiditis
C: TSH secreting pituitary tumor
D: Graves' disease
E: Pregnancy

The correct answer is D: Graves` disease or multinodular diffuse enlargement is the most common variety of hyperthyroidism. 

CME Question 2: Which of the following would a patient with throtoxicosis not exhibit? 


A: Heat intolerance
B: Hyperphagia
C: Increased catecholamine sensitivity
D: Increased heart rate during sleep
E: Cardiac dysrhythmias

The correct answer is C: Symptoms of hyperthyroidism may indicate adrenergic hyperactivity, but there is neither increased catecholamine sensitivity nor elevation of serum catecholamines. 

Pearl Question 1 (T/F): All of the following have been associated with initiating thyroid storm: emotional and physical stress, infection, surgery, trauma, birth, and withdrawal of antithyroid therapy. 

The correct answer is True: True. Emotional and physical stress, infection, surgery, trauma, birth and withdrawal of antithyroid therapy have been known to cause thyroid storm. 

Pearl Question 2 (T/F): Aspirin is an acceptable antipyretic in the treatment of thyrotoxicosis. 

The correct answer is False: False. ASA increases free T4 levels and, therefore, is not recommended. 

Pearl Question 3 (T/F): Apathetic thyrotoxicosis manifests in the elderly. 

The correct answer is True: Apathetic thyrotoxicosis usually is seen in those aged 70-80 years. It is an atypical presentation, lacking ophthalmologic findings; often there is a small or nonpalpable thyroid gland. 

Pearl Question 4 (T/F): Oxygen, cardiac monitoring , intravenous fluids, antipyretics, folate, and adrenal steroid replacement are the general supportive measures for thyrotoxic patients. 

The correct answer is True: True. Oxygen, cardiac monitoring, intravenous fluids, antipyretics, folate, and adrenal steroid replacement, as required, are supportive measures for patients presenting with hyperthyroidism, Graves` disease, or thyroid storm. 
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	NOTE: 

	Medicine is a constantly changing science and not all therapies are clearly established. New research changes drug and treatment therapies daily. The authors, editors, and publisher of this textbook have used their best efforts to provide information that is up-to-date and accurate and is generally accepted within medical standards at the time of publication. However, as medical science is constantly changing and human error is always possible, the authors, editors, and publisher or any other party involved with the publication of this text do not warrant the information in this text is accurate or complete, nor are they responsible for omissions or errors in the text or for the results of using this information. The reader should confirm the information in this text from other sources prior to use. In particular, all drug doses, indications, and contraindications should be confirmed in the package insert. FULL DISCLAIMER 
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The author is Dr. Barbara Starfield of the Johns

Hopkins School of Hygiene and Public Health and she 
desribes how the US health care system may 
contribute to poor health.

Doctors Are The Third Leading Cause of

Death in the US, Causing 250,000 Deaths

Every Year

This week’s issue of the Journal of the American 
Medical Association (JAMA) is the best article I have 
ever seen written in the published literature 
documenting the tragedy of the traditional medical 
paradigm.

ALL THESE ARE DEATHS PER YEAR:

12,000 -----unnecessary surgery 8 

7,000 -----medication errors in hospitals 9 

20,000 ----other errors in hospitals 10 

80,000 ----infections in hospitals 10 

106,000 ---non-error, negative effects of drugs 2 

These total to 250,000 deaths per year from 
iatrogenic causes!!

What does the word iatrogenic mean? This term is 
defined as induced in a patient by a physician’s 
activity, manner, or therapy. Used especially of a 
complication of treatment.
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