HPIM19_Part16_p2251-p2534.indd 2297

carbimazole (avoid propylthiouracil), often given as a prolonged 2297
course of the titration regimen. Surgery or radioiodine may be indicated for severe disease.
Thyrotoxic crisis, or thyroid storm, is rare and presents as a lifethreatening exacerbation of hyperthyroidism, accompanied by
fever, delirium, seizures, coma, vomiting, diarrhea, and jaundice. The
mortality rate due to cardiac failure, arrhythmia, or hyperthermia
is as high as 30%, even with treatment. Thyrotoxic crisis is usually
precipitated by acute illness (e.g., stroke, infection, trauma, diabetic
ketoacidosis), surgery (especially on the thyroid), or radioiodine
treatment of a patient with partially treated or untreated hyperthyroidism. Management requires intensive monitoring and supportive
care, identification and treatment of the precipitating cause, and
measures that reduce thyroid hormone synthesis. Large doses of
propylthiouracil (500–1000 mg loading dose and 250 mg every
4 h) should be given orally or by nasogastric tube or per rectum;
the drug’s inhibitory action on T4 → T3 conversion makes it the antithyroid drug of choice. If not available, methimazole can be used in
doses up to 30 mg every 12 h. One hour after the first dose of propylthiouracil, stable iodide is given to block thyroid hormone synthesis
via the Wolff-Chaikoff effect (the delay allows the antithyroid drug
to prevent the excess iodine from being incorporated into new hormone). A saturated solution of potassium iodide (5 drops SSKI every
6 h) or, where available, ipodate or iopanoic acid (500 mg per 12 h)
may be given orally. Sodium iodide, 0.25 g IV every 6 h, is an alternative but is not generally available. Propranolol should also be given
to reduce tachycardia and other adrenergic manifestations (60–80
mg PO every 4 h; or 2 mg IV every 4 h). Although other β-adrenergic
blockers can be used, high doses of propranolol decrease T4 → T3
conversion, and the doses can be easily adjusted. Caution is needed
to avoid acute negative inotropic effects, but controlling the heart
rate is important, as some patients develop a form of high-output
heart failure. Short-acting IV esmolol can be used to decrease heart
rate while monitoring for signs of heart failure. Additional therapeutic measures include glucocorticoids (e.g., hydrocortisone 300 mg
IV bolus, then 100 mg every 8 h), antibiotics if infection is present,
cooling, oxygen, and IV fluids.
Ophthalmopathy requires no active treatment when it is mild
or moderate, because there is usually spontaneous improvement.
General measures include meticulous control of thyroid hormone
levels, cessation of smoking, and an explanation of the natural
history of ophthalmopathy. Discomfort can be relieved with artificial tears (e.g., 1% methylcellulose), eye ointment, and the use of
dark glasses with side frames. Periorbital edema may respond to
a more upright sleeping position or a diuretic. Corneal exposure
during sleep can be avoided by using patches or taping the eyelids shut. Minor degrees of diplopia improve with prisms fitted to
spectacles. Severe ophthalmopathy, with optic nerve involvement
or chemosis resulting in corneal damage, is an emergency requiring joint management with an ophthalmologist. Pulse therapy
with IV methylprednisolone (e.g., 500 mg of methylprednisolone
once weekly for 6 weeks, then 250 mg once weekly for 6 weeks)
is preferable to oral glucocorticoids, which are used for moderately active disease. When glucocorticoids are ineffective, orbital
decompression can be achieved by removing bone from any
wall of the orbit, thereby allowing displacement of fat and swollen extraocular muscles. The transantral route is used most often
because it requires no external incision. Proptosis recedes an average of 5 mm, but there may be residual or even worsened diplopia.
Once the eye disease has stabilized, surgery may be indicated for
relief of diplopia and correction of the appearance. External beam
radiotherapy of the orbits has been used for many years, but the
efficacy of this therapy remains unclear, and it is best reserved for
those with moderately active disease who have failed or are not
candidates for glucocorticoid therapy. Other immunosuppressive
agents such as rituximab have shown some benefit, but their role
is yet to be established.
Thyroid dermopathy does not usually require treatment, but it can
cause cosmetic problems or interfere with the fit of shoes. Surgical
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(15 mCi). Most authorities favor an approach aimed at thyroid ablation (as opposed to euthyroidism), given that levothyroxine replacement is straightforward and most patients ultimately progress to
hypothyroidism over 5–10 years, frequently with some delay in the
diagnosis of hypothyroidism.
Certain radiation safety precautions are necessary in the first
few days after radioiodine treatment, but the exact guidelines vary
depending on local protocols. In general, patients need to avoid
close, prolonged contact with children and pregnant women for
5–7 days because of possible transmission of residual isotope and
exposure to radiation emanating from the gland. Rarely, there may
be mild pain due to radiation thyroiditis 1–2 weeks after treatment.
Hyperthyroidism can persist for 2–3 months before radioiodine
takes full effect. For this reason, β-adrenergic blockers or antithyroid drugs can be used to control symptoms during this interval.
Persistent hyperthyroidism can be treated with a second dose of
radioiodine, usually 6 months after the first dose. The risk of hypothyroidism after radioiodine depends on the dosage but is at least
10–20% in the first year and 5% per year thereafter. Patients should
be informed of this possibility before treatment and require close
follow-up during the first year followed by annual thyroid function
testing.
Pregnancy and breast-feeding are absolute contraindications to
radioiodine treatment, but patients can conceive safely 6 months
after treatment. The presence of severe ophthalmopathy requires
caution, and some authorities advocate the use of prednisone,
40 mg/d, at the time of radioiodine treatment, tapered over 6–12
weeks to prevent exacerbation of ophthalmopathy. The overall
risk of cancer after radioiodine treatment in adults is not increased.
Although many physicians avoid radioiodine in children and adolescents because of the theoretical risks of malignancy, emerging evidence suggests that radioiodine can be used safely in older children.
Subtotal or near-total thyroidectomy is an option for patients who
relapse after antithyroid drugs and prefer this treatment to radioiodine.
Some experts recommend surgery in young individuals, particularly when the goiter is very large. Careful control of thyrotoxicosis
with antithyroid drugs, followed by potassium iodide (3 drops SSKI
orally tid), is needed prior to surgery to avoid thyrotoxic crisis and
to reduce the vascularity of the gland. The major complications of
surgery—bleeding, laryngeal edema, hypoparathyroidism, and
damage to the recurrent laryngeal nerves—are unusual when the
procedure is performed by highly experienced surgeons. Recurrence
rates in the best series are <2%, but the rate of hypothyroidism is
only slightly less than that following radioiodine treatment.
The titration regimen of antithyroid drugs should be used to
manage Graves’ disease in pregnancy because transplacental passage of these drugs may produce fetal hypothyroidism and goiter
if the maternal dose is excessive. If available, propylthiouracil
should be used in early gestation because of the association of
rare cases of fetal aplasia cutis and other defects, such as choanal atresia with carbimazole and methimazole. As noted above,
because of its rare association with hepatotoxicity, propylthiouracil
should be limited to the first trimester and then maternal therapy
should be converted to methimazole (or carbimazole) at a ratio of
15–20 mg of propylthiouracil to 1 mg of methimazole The lowest
effective antithyroid drug dose should be used throughout gestation to maintain the maternal serum free T4 level at the upper
limit of the nonpregnant normal reference range. It is often possible to stop treatment in the last trimester because TSIs tend to
decline in pregnancy. Nonetheless, the transplacental transfer of
these antibodies rarely causes fetal or neonatal thyrotoxicosis. Poor
intrauterine growth, a fetal heart rate of >160 beats/min, and high
levels of maternal TSI in the last trimester may herald this complication. Antithyroid drugs given to the mother can be used to treat
the fetus and may be needed for 1–3 months after delivery, until
the maternal antibodies disappear from the baby’s circulation.
The postpartum period is a time of major risk for relapse of Graves’
disease. Breast-feeding is safe with low doses of antithyroid drugs.
Graves’ disease in children is usually managed with methimazole or
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