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Abstract
Patient: 60-year-old African-American woman.

Chief Complaint: Exacerbation of tremors, sweating, and palpitations over the past week.

History of Present Illness: This patient presented to the emergency department (ED) with nausea, vomiting, watery diarrhea, sweating, tremor, jitteriness, chills, and palpitations of 1 week duration. The patient reported a 60-pound weight loss during the past 2-year period, chronic thinning of hair, and intermittent palpitations. She reported no shortness of breath, cold or heat intolerance, eye changes, difficulty swallowing, or current use of any medications.

Medical History: The patient reported no history of diabetes, hypertension, or heart disease. A review of her medical record indicated that she had presented 2 years earlier with a diffusely enlarged thyroid gland and was diagnosed with hyperthyroidism. At that time, she was admitted to the hospital and treated with propylthiouracil (PTU), steroids, and beta-blockers, but was subsequently lost to follow up.

Family History: Her father had hyperthyroidism and a daughter has Grave's disease. There was no family history of hypertension, diabetes mellitus, or coronary heart disease.

Physical Examination: The patient was diaphoretic, cachectic, and had icteric sclera. Her vital signs were: temperature, 36.2°C (97.2°F); blood pressure, 160/103 mmHg; pulse (heart rate), 196 beats per minute (bpm); and respiratory rate, 16 breaths per minute. She had a non-tender enlarged thyroid with a right side nodule and bilateral bruit. Cardiac examination revealed a Grade III/IV systolic murmur radiating to the axilla and an elevated jugular venous pressure. A prominent tremor in the extremities was noted.

Principal Laboratory Findings: Table 1 . 

Additional Diagnostic Testing: Chest x-ray demonstrated a small bilateral pleural effusion with prominent pulmonary vasculature. An electrocardiogram (ECG) demonstrated atrial fibrillation while an echocardiogram showed decreased right and left ventricular function and a left ventricular ejection fraction (LVEF) of only 15% (normal: >50%). A computed tomography (CT) scan, without contrast, of her head was negative for any evidence of bleeding.

Questions
	1. What are this patient's most striking clinical and laboratory findings?

2. How do you explain this patient's most striking clinical and laboratory findings?

3. What are the possible etiologies of this patient's disease?

4. What is this patient's most likely diagnosis?

5. What was the precipitating factor that caused this patient's recent ED visit?

6. What is the pathogenesis of this patient's condition?

7. What clinical findings are associated typically with this patient's condition?

8. What laboratory findings are associated typically with this patient's condition?

9. How is this patient's condition diagnosed?

10. How should this patient's condition be treated?

11. How should the patient's response to therapy be monitored?

12. What is the expected response of total triiodothyronine (TT3), free thyroxine (FT4), and thyroid stimulating hormone (TSH) levels in patients who respond appropriately to treatment for thyrotoxicosis?

13. What caused the discrepancy between our patient's TT3 and FT4 levels in response to treatment?

14. What is the prognosis for individuals with this patient's condition?

15. What is the incidence of this patient's condition in the hospitalized population?

	1. Nausea, vomiting, watery diarrhea, sweating, jitteriness, chills, and palpitations of 1 week duration; a 60-pound weight loss during the past 2-year period; chronic thinning of hair; intermittent palpitations; icteric sclera; enlarged thyroid; atrial fibrillation; and a markedly decreased LVEF. Increased WBC count, increased neutrophils, metamyelocytes present, decreased lymphocytes, and neutrophil toxic granulation; hypoglycemia; hyperbilirubinemia; increased ferritin, ALP, lactate, BNP values; increased T3, FT4, T-Uptake values with an undetectable TSH concentration.

2. This patient's clinical signs and symptoms are classical for hyperthyroidism, including sympathetic nervous system overactivity (eg, fever, tachycardia, diaphoresis, tremor, weight loss, atrial fibrillation, and heart failure) and an enlarged thyroid gland. Her striking laboratory findings complement her most striking clinical findings, including hyperbilirubinemia and icteric sclera, hypoglycemia, left-sided heart failure and increased BNP, and thyroid function test values (ie, markedly increased T3 and FT4 values and an undetectable TSH value) which are pathognomonic of hyperthyroidism. In addition, her high WBC count with a left shift and toxic granulation on the peripheral blood smear, and hyperferritinemia suggested an acute bacterial infection (sepsis).

3. Thyrotoxicosis, Graves' disease, uncomplicated hyperthyroidism, and thyroid storm. Thyrotoxicosis is an all-inclusive term for all causes of thyroid-induced hypermetabolism, while the term hyperthyroidism is reserved for thyroid-induced hypermetabolic states resulting from increased synthesis and release of thyroxine (T4) and triiodothyronine (T3) by the thyroid gland.[1] Graves' disease is the most common cause of hyperthyroidism and, not surprisingly, of thyroid storm as well. However, other pathologic conditions of the thyroid, such as toxic multinodular goiter, toxic adenomas, and hypersecretory thyroid carcinoma, are also associated with thyroid storm.[2] Graves' disease is an autoimmune process whose symptoms wax and wane over time.[3] Thus, many patients stop taking their antithyroid medications when their symptoms wane and never receive definitive therapy (ie, radioactive iodine ablation of the thyroid gland or thyroidectomy). Thyroid crisis can occur in these patients due to a variety of precipitating factors ( Table 2 ). However, the 'surgical crisis' which followed subtotal thyroidectomy in these patients was a common cause of thyroid crisis before the availability of drugs to achieve adequate pre-operative control of thyroid hormone levels.[4] Thyroid storm, also called accelerated hyperthyroidism or thyrotoxic crisis, is defined as a sudden life-threatening exacerbation of thyrotoxicosis associated with systemic decompensation.[1,3] Hyperthyroidism and thyroid storm are caused by excess synthesis and release of thyroid hormones resulting in both high free and total T3 and T4 levels and feedback inhibition of TSH. High thyroid hormones level, especially the active forms (ie, FT3 and FT4), are responsible for the various hypermetabolic and sympathetic nervous system overactivity manifestations in such patients. Typically, however, the laboratory findings alone can only tell clinicians if slow-onset hyperthyroidism is likely due to non-compliance or under-treatment with antithyroid medications. However, laboratory findings characteristic of hyperthyroidism, when coupled with rapid and severe (life-threatening) onset of the clinical manifestations of hyperthyroidism, as occurred in our patient, favor a diagnosis of thyroid storm over uncomplicated hyperthyroidism. A clinical scoring scale has been proposed to categorize cases of severe hypermetabolic syndrome as "suggestive of impending" or "highly suggestive of" thyroid storm based on the severity of the patient's signs and symptoms in the categories: body temperature (thermoregulatory dysfunction), central nervous system (CNS) effects, gastrointestinal (GI)-hepatic dysfunction, tachycardia [cardiovascular system (CVS) dysfunction], congestive heart failure (CHF) and atrial fibrillation, and precipitant history.[6] When our patient's clinical signs and symptoms were evaluated according to the scoring criteria for assessing the probability of thyroid storm, a score of 90 (ie, highly suggestive of thyroid storm) was obtained ( Table 3 ).

4. Most likely diagnosis: thyroid storm.

5. Thyroid storm in this patient was most likely precipitated by sepsis. Thyroid storm is usually precipitated by an acute illness, including stroke, infection, trauma, diabetic ketoacidosis, toxemia of pregnancy or parturition, recent surgery (especially, surgery involving the thyroid gland), and treatment with radioactive iodine.[3,5] Intravenous administration of exogenous iodine in contrast dye prior to CT scan or angiography may also precipitate thyroid storm.[6,7] Therefore, evaluation of an enlarged thyroid gland should be performed using ultrasonography in lieu of a CT scan. Emotional stress and vigorous palpation of the thyroid gland have also been reported to precipitate thyroid storm.[6,8] A summary of the precipitating factors of thyroid storm is provided in ( Table 2 ).

6. The pathogenesis of thyroid storm is not completely understood; however, several factors seem to play a role in its development. The marked increase in thyroid hormone levels is not the critical factor in the etiology of thyroid storm because most studies revealed no difference in thyroid hormone levels with uncomplicated hyperthyroidism and thyroid storm. The acute discharge of thyroid hormones and rapid change in their concentrations explain many cases of hyperthyroidism.[6,9,10] Examples of such cases include post-surgical patients, or patients receiving 131-iodine (131I) therapy, or in patients in whom treatment with thionamides or lithium is withdrawn suddenly. The interaction of excess levels of catecholamines and thyroid hormones has also been implicated in the pathogenesis of thyroid storm and supported by the signs and symptoms of sympathetic nervous system hyperactivity which occurs in these patients which are relieved by treatment with beta-blockers.[2-5] It has also been suggested that factors such as infection or hypoxemia can enhance cellular responses to thyroid hormones.[2,3,8] Moreover, the mechanism by which some of these factors precipitate the crisis that accompanies thyroid storm may be related to cytokine release and acute immunologic disturbances.[5]
7. Patients with thyroid storm present typically with severe hypermetabolic syndrome, including fever, which can be severe and is almost always present, profuse sweating, tremulousness, and restlessness. Marked tachycardia and/or arrhythmia which may be associated with pulmonary edema or congestive heart failure, even in the absence of prior heart disease, is also often present. However, arrhythmia is unusual in younger patients with thyroid storm because they typically do not have any underlying structural heart disease, but they can progress to congestive heart failure and pulmonary edema with sustained and prolonged hyperthyroidism.[6,7] Systolic hypertension with widened pulse pressure occurs commonly during the initial stages of thyroid storm, while postural hypotension and shock can also occur due to volume depletion in patients with vomiting and/or diarrhea.[8] Gastrointestinal manifestations of thyroid storm include vomiting, diarrhea, abdominal pain, intestinal obstruction, hepatomegaly, splenomagaly, and jaundice. As the disease progress, CNS manifestations increase, including increased agitation and emotional lability, confusion, delirium, marked psychosis, seizures, stupor, and coma. These symptomatologies are associated classically with a history of thyrotoxicosis, goiter, or exopthalmos and are sufficient to diagnose thyroid storm and to institute immediate treatment prior to laboratory confirmation.[3,5,8] However, in older patients, especially those with multinodular goiter, thyroid storm may present as masked or "apathetic" thyrotoxicosis.[8]
8. Laboratory abnormalities associated with patients with thyroid storm include modest hyperglycemia in the absence of a history of diabetes mellitus, marked leukocytosis with a left shift, even in the absence of infection, although leukopenia can occur in patients with Grave's disease, and mild hypercalcemia, due to hemoconcentration and the effect of thyroid hormones on bone resorption. In addition, thyroid storm can lead to hepatic dysfunction and high lactate dehydrogenase (LD), AST, and bilirubin levels.[3,8] Moreover, a high serum cortisol value is an expected finding in thyrotoxic individuals, and the finding of an abnormally low cortisol level in a patient with Graves' disease should raise suspicion of coincident adrenal insufficiency especially in a hypotensive patient with an electrolyte imbalance. Importantly, it is inappropriate to wait for a serum cortisol level prior to administering treatment to a patient in thyroid crisis because the adrenal reserve in such patients is often exceeded even in the absence of adrenal insufficiency.[8]
9. The diagnosis of thyroid storm is based mainly on clinical criteria. Most studies have shown that thyroid hormone levels in patients with thyroid storm are not significantly higher than those observed in patients with uncomplicated thyrotoxicosis.[11] Moreover, differentiating between uncomplicated hyperthyroidism and thyroid storm solely on the basis of laboratory findings is extremely difficult.[8] In the study by Brooks and colleagues,[12] significantly higher serum free T4 levels, but not total T4 levels, were found in patients with thyroid storm. Usually, both total and free thyroid hormone levels are elevated, and TSH is undetectable, in patients with hyperthyroidism.[3] Moreover, patients with thyroid storm may have normal T3 levels and thus resemble the findings in patients with non-thyroidal illness and the "sick euthyroid syndrome" (also called the "low T3 syndrome). Such a circumstance may obscure the diagnosis of coexisting thyrotoxicosis in the first few hours of the initial evaluation of a patient without a previous history of hyperthyroidism. In such patients, finding an increased 2-hour radioiodine uptake (RIU) value, supplemented with a rapid T4 determination, can discriminate between patients with thyroid storm and those with sick euthyroid syndrome. If results of TSH and FT4 testing are rapidly available, RIU testing may be deferred but will still be needed to definitively differentiate between thyrotoxic thyroiditis and primary hyperthyroidism.

10. Treatment of patients in thyroid storm includes, but is not limited to, the administration of drugs such as PTU, potassium iodide, broad-spectrum antibiotics, steroids, propanolol, furosemide, and angiotensin converting enzyme (ACE) inhibitors to control the patient's symptoms of hyperthyroidism, sepsis, hypervolemia, cardiac conduction abnormalities, and heart failure. Treatment of thyroid crisis is likely to be most effective when implemented using a 4-pronged approach: (1) blocking the release and synthesis of new thyroid hormone using iodides, thionamides, and steroids; (2) blocking the effects of existing, excessive circulating levels of T4 and T3 using beta-blockers; (3) treating any precipitating factors; and, (4) treatment of any underlying decompensation, such as fever, heart failure, or shock.[6,8] The first arm of the pharmacologic treatment of this disease is aimed at inhibiting synthesis and release of thyroid hormone. Thionamide antithyroid drugs, such as PTU and methimazole (MMI), prevent synthesis of thyroid hormones. These agents are administered orally, through a nasogastric tube, or rectally, as there are currently no available parenteral forms. Due to its inhibitory effect on T4 to T3 conversion, PTU (200-400 mg q4-6h) is believed to act faster than MMI (20 mg q4h) and, therefore, is the drug of choice in the treatment of thyroid crisis.[2,3,8] The administration of a loading dose (500-1,500 mg) of PTU as soon as thyrotoxicosis is recognized will improve the patient's symptoms and help lower the thyroxine levels faster. The loading dose should be administered before initiating any other therapy (eg, use of a beta-blocker) as it will have more impact on improving the patient's symptoms and lowering hear rate. Moreover, such high doses of MMI may cause a dose-related agranulocytosis for which the only treatment option is surgical removal of the thyroid gland. The doses of PTU and MMI used in the treatment of thyroid storm are much higher than the doses used to treat uncomplicated thyrotoxicosis. Because thionamide drugs have no effects on the release of preformed T3 and T4 from the thyroid gland, agents such as inorganic iodine or lithium carbonate should be used in the treatment of thyroid storm.[8] Treatment with stable iodide in the form of a saturated solution of potassium iodide (SSKI), ipodate, or lugol solution is initiated 1 hour after administration of PTU and continued for a few days. The sequence of administration of these drugs is extremely important, because administration of iodine prior to a thionamide drug results in incorporation of administered iodine into newly formed thyroid hormone, which could exacerbate the condition (Wolff-Chaikoff effect).[5,8] Emergency radioactive iodine ablation therapy, coupled with subsequent high-dose oral iodine, is an option; however, there is a risk of temporarily worsening the patient's thyroid storm. Therefore, this option should be avoided and reserved only for those cases of thyroid storm in which the patient can not take the antithyroid medication and surgical removal of the thyroid gland is not an option. Dexamethasone in large doses (2 mg PO every 6 hours) is given to inhibit the release of thyroid hormones from the thyroid gland and to prevent the peripheral conversion of FT4 to T3. In successful cases, the combined use of PTU, iodide and dexamethasone can restore the serum T3 level to normal in 24 to 48 hours.[3] The second arm of the pharmacologic intervention strategy in patients with thyroid storm is aimed at antagonizing the peripheral adrenergic actions of thyroid hormones, especially tachycardia, which can cause high-output heart failure in some patients. Such therapy also provides improvement in the patient's symptoms of agitation, convulsions, psychosis, tremor, diarrhea, fever, and diaphoresis. To achieve this improvement, large doses of beta-blockers (eg, propanolol, 20-80 mg, q4-6h po or IV) may be required due to the severity of the patient's symptoms and the increased metabolic clearance of the drug.[8] Because it has been documented that propranolol is very effective in decreasing the peripheral conversion of T4 to T3, it is the beta-adrenergic blocker drug of choice in the treatment of patients with thyroid storm.[5] If heart failure is present, labetalol or carvedilol is a safer alternative to propanolol. However, regardless of which beta-blocker is used, in the acute setting, the goal of therapy is not to normalize or to reduce the patient's heart rate to less than 100 bpm. While the use of multiple loading doses of labetalol, or rapidly increasing the infusion rate of esmolol, may be necessary to achieve clinical results, this treatment approach should be used cautiously. Beta-adrenergic receptors are upregulated in the setting of hyperthyroidism. Once these receptors are saturated in the presence of rapidly increasing levels of labetolol or esmolol, circulatory collapse may occur. To acutely reduce circulating thyroid hormone levels, peritoneal dialysis, plasmapheresis, and experimental hemoperfusion using charcoal columns have been attempted; however, these options are reserved typically for the most severe cases of thyroid storm.[8] The third arm of the treatment strategy for thyroid storm recognizes the importance of identifying and treating the events that precipitated the thyroid storm. In some patients, conditions like ketoacidosis, pulmonary thromboembolism, or stroke may underlie thyrotoxic crisis, especially if the patient is obtunded or psychotic. Such patients should receive the same aggressive treatment as those without these conditions. In some patients, a careful search for a source of infection is necessary and the empirical use of broad-spectrum antibiotics may be warranted while waiting for culture results.[8] The final arm of the treatment strategy for thyroid storm includes supportive care. All patients with thyroid storm should be monitored in an intensive care unit especially during the initial stages of this crisis.[2] Specific supportive measures include the administration of intravenous fluid (IVF) containing 10% dextrose to correct dehydration and hypernatremia, and provide glucose. Reversal of hyperpyrexia can be achieved using acetaminophen, wet ice packs, and fans. Salicylates, however, should not be used as they displace T3 and T4 from TBG and transthyretin [also known as thyroxine-binding prealbumin (TBPA)] which can worsen the thyroid storm.

Patient's Treatment and Course

In the ED, our patient was started on intravenous fluids, an esmolol drip, PTU (1,000 g po loading dose, followed by 200 g q4h), propranolol (40 mg po), and dexamethasone (4 mg IV bid). She was then started on potassium iodine (60 mg po tid). Furosemide and captopril therapy was initiated to control her heart failure and broad-spectrum antibiotics to control sepsis. She was transferred to the cardiac care unit (CCU) for close monitoring. Shortly after admission to the CCU, she was noted to be unresponsive with bradycardia and then asystole. Chest compression, epinephrine, and atropine were instituted with restoration of the patient's pulse rate to 80 beats per minute. She was intubated, beta-blockers were discontinued, and she was started on dopamine. Thyroid function tests were obtained and her total T3 level was noted to have dropped significantly (from 548 ng/dL to 300 ng/dL), while her FT4 level increased inexplicably to >12 ng/dL. However, when the serum sample on which the FT4 result of >12 ng/dL was diluted, the FT4 value obtained, after correcting this value for the dilution factor, was 5.0 ng/dL. Despite the aggressive therapy instituted in this patient, over a 2-day period, she progressed to decompensated heart and respiratory failure and died.

11. Free T4 and total T3 levels are the best indicators of response to treatment in patients with thyrotoxicosis, as TSH suppression may persist for months after the initiation of treatment.[11] Moreover, thyrotoxicosis may persist solely due to FT3 excess, hence the need for monitoring FT3 and TT3 levels in these patients.[14]
12. The expected response in patients treated for thyrotoxicosis using PTU and potassium iodine therapy is a parallel reduction in serum TT3 and FT4 levels and an increase in TSH level from undetectable to a level appropriate for the level of free thyroid hormones (FT3 and FT4) in the patient's blood at the time a blood sample is obtained for TSH testing. As expected, our patient's post-treatment TT3 dropped by 45% (from 548 ng/dL to 300 ng/dL). Unexpectedly, however, her FT4 level not only did not decrease in parallel with the decline in TT3 concentration, it increased to >12 ng/dL. The lack of clinical improvement in her condition, despite aggressive therapy, was a testament to the severity of her thyroid storm and consistent with the relatively slow response expected from such therapy.

13. The effect of drugs used in the treatment of our patient and their effect on the equilibrium between FT4 levels and the amount of T4 bound to the thyroid hormone binding proteins, thyroid binding globulin (TBG), thyroxine-binding prealbumin (TBPA), and albumin. More than 99.9% of T4 in the plasma is reversibly bound to these binding proteins, especially TBG, while the remainder is free in the circulation (FT4) as the metabolically active hormone and the precursor of T3.[13,15] The accuracy of FT4 measurements by immunoassay methods depends on the patient's diluted serum sample, and the standards used to obtain a calibration curve, having similar dissociation characteristics when bound to thyroid hormone binding proteins and the same protein binding characteristics as the tracer used in these assays. Most immunoassay methods for estimating serum FT4 concentration are minimally affected by moderate variations in serum TBG concentration, but not extreme variations, qualitative or quantitative albumin abnormalities, or the effect of circulating competitors for T4 binding to TBG.[16] Drugs such as furosemide, salicylates, phenytoin, phenylbutazone, carbamazepine, non-steroidal anti-inflammatory agents, aspirin, salsalate, meclofenamate, and heparin can displace T4 and T3 from thyroid hormone binding proteins.[17,18] The magnitude and direction (ie, increase or decrease) of various drug interferents in the measurement of FT4 using the immunoassay method in the Bayer ADVIA Centaur instrument is shown in ( Table 4 ).[17] Heparin can increase the concentration of non-esterified fatty acids in whole blood which displace T4 from TBG and lead to spuriously high estimates of circulating FT4 concentration.[19] Moreover, certain drugs can lead to spuriously low FT4 estimates in immunoassays that require higher dilutions of the patient's serum sample because displacement of endogenous FT4 from its binding proteins depends on the relative concentrations of FT4 and competitive inhibitors, such as drugs, and drugs usually have a lower protein binding ratio (eg, furosemide, 98%) than T4 (99.9%).[11]
14. If the appropriate therapeutic measures are implemented in patients with thyroid storm, and these measures are successful, these patients usually improve in 1 to 2 days and recover within a week.[3,5,8]
15. The incidence of thyroid storm is difficult to estimate mainly because there are no definitive and universally-accepted criteria for its diagnosis and the results of the laboratory tests performed typically in patients with suspected thyrotoxicosis are similar in patients with thyroid storm or uncomplicated thyrotoxicosis.[2,6] Moreover, early diagnosis of hyperthyroidism and the advent and effectiveness of anti-thyroid drugs have reduced the annual incidence of thyroid storm to 1% to 2% of all hospital admissions for thyrotoxicosis. Nevertheless, the mortality rate in patients with thyroid storm remains high and ranges between 20% to 30%, even with prompt and aggressive treatment.[2,5,6] Mortality in these patients is typically due to arrhythmia, heart failure, or hyperthermia.[6,7]
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