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The Great Mimicker:  
Thyroid Emergencies

The thyroid gland is one of the human body’s primary regulators of metabo-
lism. Because of the numerous feedback mechanisms in place, the secretion of 
thyroid hormone is tightly regulated, and metabolism remains relatively bal-
anced throughout life. Thyroid disease is relatively common, but most often 
is a benign disease with little clinical significance in the emergency setting. 
However, even a small insult can disrupt this system and throw the regulation 
out of control, resulting in the secretion of too much or too little thyroid hor-
mone. Both of these situations can result in the thyroid emergencies thyroid 
storm and myxedema coma.  

Although they are relatively uncommon, both of these thyroid emergen-
cies are associated with increased mortality. The problem is that most patients 
who present with thyroid emergencies will appear to have a much more com-
mon disease process. This may result in a delay in the diagnosis and, ultimately, 
management, contributing to high mortality. It is incumbent upon emergency 
providers to keep thyroid disease in the differential when evaluating patients 
presenting with altered mental status and extremes of temperature.

Physiology of Thyroid Hormone
To understand disorders of the thyroid, it is important to comprehend the 

normal thyroid physiology. Thyroid function is controlled via several feed-
back mechanisms. The hypothalamus releases thyrotropin-releasing hormone 
(TRH), which activates the pituitary gland to release thyroid-stimulating hor-
mone (TSH). TSH subsequently stimulates the thyroid gland to secrete thyroid 
hormones T3 and T4. When there is sufficient circulating thyroid hormone, 
thyroid hormone negatively feeds back to inhibit the release of TRH from the 
hypothalamus and the release of TSH from the pituitary gland. This will slow 
down the release of thyroid hormone from the thyroid gland. This system is 
called the hypothalamic-pituitary-thyroid axis (HPT axis). (See Figure 1.)

The process of thyroid hormone synthesis starts with transport of iodine 
into the thyroid follicular cells by the iodine pump (sodium-iodine symporter). 
Iodine is a critical component of thyroid hormone. Iodine is oxidized by the 
enzyme thyroid peroxidase (TPO) and then binds to thyroglobulin (Tg) to 
form monoiodotyrosine (MIT) and diiodotyrosine (DIT). Coupling MIT with 
DIT will form T3 (triiodothyronine), and coupling two DIT will formT4 (thy-
roxine). About 10-20% of thyroid hormone released into the circulation is T3, 
which is the more active form of the hormone, whereas the remainder of hor-
mone is T4, which is the inactive form. The majority of T4 circulates bound to 
binding proteins and, thus, is inactive. T4 must be peripherally converted into 
T3 by the enzyme 5-deiodinase to become active.
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EXECUTIVE SUMMARY
 z Thyroid storm is a rare condition that can mimic other more 

common disorders.

 z The two most common clinical features of thyroid storm are 
fever and altered mental status.

 z The most common underlying thyroid disorder in thyroid 
storm is Graves’ disease.

 z Thyroid storm is treated with these classes of medication in 
sequence: beta-blockers, anti-thyroid agents, inorganic iodine, 
and corticosteroids.

 z Hyperpyrexia in thyroid storm is treated with acetaminophen 
and, if necessary, passive cooling measures.

 z Myxedema coma is a rare condition that is more common in 
the winter months.

 z The most common clinical features of myxedema coma are 
altered mental status and hypothermia.

 z The most common underlying thyroid disorder in myxedema 
coma is long-standing primary hypothyroidism.

 z Myxedema coma is treated with thyroid hormone  
replacement.

 z The hypothermia in myxedema coma is treated with pas-
sive warming; active warming measures may exacerbate 
hypotension.

 z The serum thyroid-stimulating hormone is the most readily 
available test for rapid assessment of thyroid function.

Thyrotoxicosis and 
Thyroid Storm 

Hyperthyroidism is a state of exces-
sive release of thyroid hormone from 
the thyroid gland, leading to a height-
ened metabolic state. Thyroid hormone 
also can emanate from other sources, 
such as release from stored thyroid fol-
licles or exogenous hormone intake. 
Thyrotoxicosis is a hypermetabolic state 
caused by an excessive increase in circu-
lating thyroid hormone as well as extra-
thyroidal sources of thyroid hormone. 
Patients with hyperthyroidism or thyro-
toxicosis can vary in presentation from 
asymptomatic or subclinical to thyroid 
storm. Thyroid storm or crisis is defined 
as the end stage of thyrotoxicosis and is a 
rare medical emergency that can progress 
quickly to multi-organ failure and death. 

Epidemiology

Prevalence of thyrotoxicosis is about 
1.2% in the United States.1 Thyroid 
storm is rare, with an incidence of 
1-3% in patients with thyrotoxicosis.1-3 
It is five to 10 times more common in 
women than in men and more com-
mon in patients 20-50 years of age.4,5 
Mortality ranges between 10% to 50%, 
even with treatment.1,5,6 The most com-
mon causes of death are heart failure, 
respiratory failure, disseminated intra-
vascular coagulopathy (DIC), sepsis, and 
brain injury.4,7 

Etiologies

The most common cause of thyrotoxi-
cosis is Graves’ disease, an autoimmune 

disease in which antibodies attack the 
thyroid gland, causing it to release 
excessive thyroid hormone. Graves’ 
disease accounts for about 60-80% of 
all causes of thyrotoxicosis.1 Toxic mul-
tinodular goiter and thyroiditis are the 
next most common causes. Other causes 
of thyrotoxicosis include TSH-secreting 
tumors in the pituitary or TRH-
secreting tumors in the hypothalamus; 
however, these are relatively rare.8  

Pregnancy, which is accompanied by 
physiologic changes such as increased 
resting heart rate, diaphoresis, and heat 
intolerance, is also a known precipitant 
of thyrotoxicosis and can present with 
similar symptoms. Even non-viable 
pregnancies such as ectopic preg-
nancy and molar pregnancy can incite 
thyrotoxicosis.9  

The exact mechanism leading to 
development of thyroid storm from thy-
rotoxicosis still is not well understood. 
Commonly, a stressor (for instance, 
sepsis) causes a disruption of the body’s 
regulatory mechanisms. Other endo-
crinopathies also can trigger thyroid 
storm, further clouding the diagnosis.10 
Common precipitants of thyroid storm 
can be found in Table 1. 

Clinical Manifestations 

Patients presenting with thyrotoxico-
sis commonly manifest many signs and 
symptoms due to thyroid hormone’s 
effects on multiple organ systems. It is 
not uncommon for these patients to 
have multiple complaints at once, with 
thyrotoxicosis providing a unifying 

diagnosis. Common clinical manifesta-
tions for each organ system are enumer-
ated in Table 2. Patient presentations 
often will vary.  

Clinical manifestations will depend 
on which organ system is the most 
affected by the presence of the excess 
hormone. Other factors that can con-
tribute to thyroid hormone’s effects on 
different organs include age, comorbidi-
ties, and length of the illness.1 Some 
patients may present with primarily 
central nervous system (CNS) com-
plaints, such as agitation, whereas others 
may present with only gastrointestinal 
(GI) complaints, such as abdominal 
pain and vomiting. Patients with thy-
roid storm will present with signs and 
symptoms of thyrotoxicosis to an exag-
gerated degree. Because of this array of 
different presentations, the diagnosis of 
thyrotoxicosis and thyroid storm often 
is elusive and requires the emergency 
provider to be vigilant in considering 
these diagnoses.

Fever is present in almost all 
patients.5 Sometimes the fever can be 
profoundly elevated. Altered mental sta-
tus is almost universally present and can 
vary from agitation and irritability to 
convulsions, abnormal movements, sei-
zures, and even delirium and coma.1,11,12 
The severity of mental status change is 
associated with worse outcomes.6 The 
presence of altered sensorium with the 
fever often will prompt the emergency 
provider to contemplate alternative 
diagnoses that are more common, such 
as CNS infections, sepsis, or toxicologic 
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disorders. While these disease processes 
are associated with higher morbidity 
and mortality, emergency providers 
should consider the diagnosis of thyroid 
storm as well.  

Elderly patients are at particular risk 
for developing apathetic thyroid storm. 
In these patients, instead of the typi-
cal hyperagitated state often associated 
with thyroid storm, they will present 
with apathy and depression and often 
complain of nonspecific symptoms such 
as weakness or fatigue.1,13 Emergency 
providers should consider this diagnosis 
in elderly patients presenting with these 
nonspecific symptoms and fever.

Hemodynamic alterations also will be 
present, including hypertension with a 
widened pulse pressure and tachycardia, 
which can include dysrhythmias, most 
commonly sinus tachycardia and atrial 
fibrillation. Atrial fibrillation is consid-
ered one of the diagnostic criteria in 
both scoring systems for thyroid storm 
and is the most common dysrhythmia 
associated with thyroid storm. The 
tachycardia usually is out of proportion 
to the fever. Patients also may complain 
of palpitations and exercise intolerance. 
One case report prompts the emergency 
provider to consider thyroid storm in 
trauma patients when tachycardia is 

unexplained.14 They also may present 
with chest pain, which may be related 
to catecholamine-induced vasospasm or 
cardiomyopathy.15 

Patients may present with symptoms 
of heart failure, such as dyspnea on 
exertion and orthopnea. Heart failure 
associated with thyrotoxicosis usually is 
a high-output heart failure where the 
cardiac output is elevated instead of 
depressed, as in more common presen-
tations of heart failure. This is due to 
decreased systemic vascular resistance 
leading to increased cardiac output 
causing circulatory overload and sub-
sequent backup of fluid into the lungs, 
causing pulmonary edema.16 Patients 
also may develop lower extremity pit-
ting edema and jugular venous disten-
tion. If untreated, the left ventricle 
eventually will succumb to the increased 
work, and patients will develop depres-
sion of the ejection fraction. A small 
subset of patients with thyrotoxicosis 
initially will present with low-output 
heart failure.16 Both types of heart fail-
ure frequently improve once the patient 
becomes euthyroid.16 

GI manifestations include nausea, 
vomiting, and diarrhea, which can be 
severe enough to cause volume deple-
tion and electrolyte imbalance. Hepatic 
congestion also may occur, leading to 
abdominal pain, transaminitis, and 
hyperbilirubinemia, creating a clini-
cal picture similar to cholangitis, with 
fever, right upper quadrant pain, and 
jaundice. The condition can progress 
to hepatic failure and disturbances in 
coagulation.17 

Patients with thyroid storm can pres-
ent variably, and the list of possible 
diagnoses can become quite extensive. 
Because of the various presentations 
possible for thyroid storm, it often 
is difficult to make the diagnosis. 
Emergency providers should investi-
gate more common and, certainly, all 
deadly diagnoses. However, emergency 
providers should have a high suspicion 
for thyroid storm in patients present-
ing with altered mental status and high 
temperature or multiple complaints that 
have no seemingly organic cause.

Diagnosis

Thyroid function testing is the 
mainstay in diagnosing thyrotoxicosis 

Figure 1. The Various Feedback Mechanisms in the  
Hypothalamic-Pituitary-Thyroid Axis

Table 1. Common Precipitants of Thyroid Storm

• Medications (i.e., amiodarone, lithium, or cessation of antithyroid medications)
• Infections
• Thyroid conditions (i.e., Graves’ disease, thyroiditis, toxic multinodular goiter,  

 metastatic thyroid cancer, thyroid surgery, treatment with radioactive iodine)
• Previous thyroid surgery or manipulation
• Trauma
• Ischemia (i.e., myocardial infarction, stroke)
• Other endocrinopathies (i.e., diabetic ketoacidosis)
• Pregnancy, molar pregnancy
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and thyroid storm. TSH commonly is 
used as a screening test to check for 
thyroid diseases because of its quick 
turnaround time and its high sensitivity 
and specificity. In the presence of thyro-
toxicosis, the TSH is almost always low 
because of the excess thyroid hormone 
negatively feeding back on the pituitary 
gland. Rarely, the TSH also can be nor-
mal or high in the presence of a TSH- 
or TRH-secreting tumor. Additionally, 
the TSH can be falsely lowered by 
medications such as levothyroxine or 
amiodarone. 

Should the TSH be low, a free T4 level 
should be obtained. An elevated level of 
free T4 confirms the diagnosis but has a 
longer turnaround time in the emergency 
department. Free T4 is the most specific 
diagnostic test for thyrotoxicosis and thy-
roid storm. However, there is no defini-
tive laboratory value cutoff that separates 
thyrotoxicosis from thyroid storm.1,5 
Although it is rare, there is a small subset 
(~5%) of thyroid storm patients who 
have isolated T3 thyrotoxicosis.1 In these 
patients, the T3 will be elevated in the 
setting of a low TSH and a normal free 
T4. If the clinical suspicion is high for 
thyroid storm with a low TSH and a 
normal free T4, checking a total T3 is 
worthwhile as well.1 

In terms of determining which 
patients warrant thyroid function test-
ing, the provider must use clinical judg-
ment. Scoring systems are available to 
help guide the provider in making the 
diagnosis of thyroid storm. In 1993, 
Burch and Wartofsky proposed a scor-
ing system based on assigning a score 
for common thyroid storm signs and 
symptoms according to severity.18 The 
Burch-Wartofsky Score (BWS) includes 
dysfunctions in thermoregulatory, car-
diovascular, gastrointestinal-hepatic, and 
central nervous system and presence or 
absence of a precipitating factor.19,20 This 
scoring system can be found in Table 3.  

Citing the lack of external validation 
of the BWS and its high false-positive 
capability, in 2012, the Japanese Thyroid 
Association ( JTA) established a new set 
of diagnostic criteria that requires the 
presence of thyrotoxicosis confirmed by 
thyroid laboratory studies plus a combi-
nation of symptoms suggestive of multi-
organ failure.2 However, these criteria 
are based on retrospective data and have 

not been validated externally. The JTA 
guidelines are found in Table 4.

BWS and the JTA guidelines are 
equally acceptable. Nonetheless, there 
was a report from the United States that 
proposed that a BWS score of 45 or 
higher is more sensitive than the JTA in 
detecting patients who need aggressive 
therapy.7,21 Therefore, it is recommended 

to use both criteria to increase the accu-
racy of the diagnosis of thyroid storm.7

Management 

Management of thyroid storm should 
be initiated immediately once clinical 
suspicion is high. Waiting for confirma-
tory laboratory studies delays manage-
ment and contributes to an increase in 

Table 2. Clinical Manifestations of Thyrotoxicosis

Organ System Symptoms/Signs

Head, eyes, ears, nose, and 
throat

Proptosis

Cardiac Hypertension with widened pulse pressure
Tachycardia
Dysrhythmias (atrial fibrillation is the most common)
Chest pain
Heart failure (usually high output)

Respiratory Dyspnea on exertion
Orthopnea
Pulmonary edema

Gastrointestinal Anorexia and weight loss
Nausea and vomiting
Diarrhea
Hepatomegaly
Jaundice (poor prognostic indicator)

Neurologic Fever and heat intolerance
Diaphoresis
Anxiety
Agitation
Delirium
Seizure
Confusion
Stupor
Coma

Musculoskeletal Muscle weakness

Table 3. Burch-Wartofsky Score

Signs/Symptoms Score
Temperature from 37.2° to > 40° C 5-30 points

Central nervous system dysfunction from agitation to seizures or coma 10-30 points

Gastrointestinal dysfunction from nausea/vomiting to jaundice 10-20 points

Heart rate from 99 to > 140 bpm 5-25 points

Presence of atrial fibrillation 10 points

Congestive heart failure from peripheral edema to pulmonary edema 5-15 points

Presence of an inciting event 10 points

Total score < 25 is not likely thyroid storm, 25-45 is suggestive of thyroid storm, and > 45 
is highly suggestive of thyroid storm.

Adapted from: Burch HB, Wartofsky L. Life-threatening thyrotoxicosis. Thyroid storm. Endocrinol 
Metab Clin North Am 1993;22:263-277.
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mortality. Five goals must be achieved 
when managing thyroid storm: blocking 
the systemic symptoms, inhibiting the 
synthesis and release of thyroid hor-
mone, inhibiting the peripheral conver-
sion of T4 to T3, providing supportive 
care, and treating the underlying cause 
or trigger. 

Blocking Systemic Symptoms. 
Thyroid hormone causes an increase 

in the production and expression of 
beta receptors onto cells, making them 
very sensitive to any type of adrenergic 
response. Consequently, patients with 
thyrotoxicosis often will have systemic 
manifestations, including hyperten-
sion and tachycardia. These systemic 
signs and symptoms contribute to the 
patient’s symptoms as well as complica-
tions associated with thyrotoxicosis. 

Beta-blockers are the initial phar-
macologic agent of choice for systemic 
blockade. Propranolol, a non-selective 
beta-blocker, is the preferred agent 
because of its increased ability to 
decrease peripheral conversion of T4 to 
T3. Esmolol, a short-acting IV beta-
blocker, or metoprolol also can be used. 
(See Table 5.)

Beta-blocker dose is adjusted accord-
ing to heart rate and blood pressure; 
therefore, patients should be placed on 
continuous cardiac monitoring. A heart 
rate of >150 beats per minute (bpm) is 
associated with an increase in mortality, 
according to a nationwide survey con-
ducted in Japan from 2004 to 2008.4,7 
Beta-blockers should be discontinued 
when the heart rate is < 80 bpm or the 
systolic blood pressure is < 80 mmHg.7

In patients with contraindications 
to beta-blocker therapy, such as severe 
asthmatics or chronic obstructive pul-
monary disease (COPD) patients, the 
nondihydroperidine calcium channel 
blockers are suitable alternatives to 
beta-blocker therapy without the added 
benefit of blockage of peripheral T4 to 
T3.

Inhibiting Thyroid Synthesis and 
Release. Antithyroid medications work 
by directly inhibiting thyroid peroxidase, 
which will decrease the synthesis of new 
thyroid hormone. There are two classes 
of medications: thiouracils, such as pro-
pylthiouracil, and imidazoles, such as 
methimazole and carbimazole.

Propylthiouracil (PTU) is recom-
mended by the American Thyroid 
Association (ATA) because of its addi-
tional benefit of inhibiting peripheral 
conversion of T4 to T3, therefore reduc-
ing T3 more than methimazole. PTU is 
administered orally, via nasogastric tube, 
or rectally. No IV formulation is avail-
able. PTU has a number of possible side 
effects, including significant ones such 
as agranulocytosis. (See Table 6.) 

Methimazole (MMI) is widely used 
as a first-line agent because of its lower 
side effect profile. In the United States, 
an IV formulation of methimazole is 
not commercially available; however, it 
can be prepared by a clinical pharmacist 
mixing methimazole powder with nor-
mal saline. 

A retrospective analysis on clinical 
parameters, outcome, and treatment 

Table 4. Japanese Thyroid Association Score

*Must have elevated free T4 and/or free T3

1 – Neurologic dysfunction

2 – Temperature > 38° C

3 – Heart rate > 130 bpm or atrial fibrillation

4 – Class IV heart failure

5 – Nausea, vomiting, diarrhea, or a bilirubin > 3.0

Definite Criteria 1 plus 1 of any other criterion or 3 of criteria 2-5

Suspected 2 of criteria 2-5 or they meet “definite” criteria but without the 
thyrotoxic labs

Adapted from: Akamizu T, Satoh T, Isozaki O, et al. Diagnostic criteria, clinical features, and incidence 
of thyroid storm based on nationwide surveys. Thyroid 2012;22:661-679.

Table 5. Beta-Blockers and Calcium Channel Blockers  
in the Treatment of Thyroid Storm

Medication Dose

Beta-blockers

Propranolol 60 to 120 mg every 6 hours PO
or 
0.5 to 1 mg slow IV push, then 1 to 2 mg IV q 15 mins

Esmolol 0.25 to 0.5 mg/kg IV bolus followed by 0.05 to 0.1 mg/kg/
min infusion

Metoprolol 5 mg IV slow push q 5 to 15 mins

Calcium Channel Blockers

Diltiazem 0.25 to 0.35 mg/kg slow IV push

Medication Dose

Propylthiouracil Loading dose of 500 to 1,000 mg, then 250 mg every 4 hours 
(oral)
or
400 to 600 mg every 4 hours (rectal)

Methimazole 60 to 120 mg per day in divided doses every 4 to 6 hours (oral)
or
20 to 40 mg every 6 to 8 hours (rectal)
or
10 to 30 mg every 6 to 8 hours (IV)

Table 6. Propylthiouracil and Methimazole  
in the Treatment of Thyroid Storm
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showed no difference in mortality 
between patients treated with PTU 
alone (11.1%) vs. MMI alone (10.1%).4 
Also, there were no differences in 
APACHE II (Acute Physiology and 
Chronic Health Evaluation II) or 
SOFA (Sequential Organ Failure 
Assessment) scores.4 

Inorganic Iodine. Nonradioactive 
iodine also decreases thyroid hormone 
synthesis by inhibiting iodide oxida-
tion and organification that inhibits the 
release of thyroid hormone from the 
follicular lumen of the thyroid gland. 

ATA guidelines recommend adminis-
tration of iodine at least one hour after 
anti-thyroid medications.22 Otherwise, 
it will provide a substrate for the pro-
duction of more thyroid hormone and 
potentially worsen the condition. The 
recommended dose is large since GI 
absorption is impaired in patients with 
thyroid storm. The most commonly 
used preparation is SSKI® (a saturated 
solution of potassium iodide 1 g/mL), 5 
drops PO administered every six hours. 
Studies evaluating MMI alone vs. MMI 
and potassium iodide solution showed 
that combined treatment normalizes 
thyroid hormone levels faster than 
MMI alone.7 Also, patients had lower 
mortality when receiving potassium 
iodide.4

Lithium is a suitable alternative to 
iodide therapy. Lithium inhibits the 
coupling of iodotyrosine, thus block-
ing thyroid hormone synthesis. It is 
administered at a dose of 300 mg orally 
every six to eight hours. Lithium has 
a narrow therapeutic range; therefore, 

it is important to monitor serum levels 
daily to prevent lithium toxicity.5 (See 
Table 7.)

Inhibition of Peripheral Conversion 
of Thyroid Hormone. In addition 
to the medications already given to 
decrease peripheral conversion of T4 to 
T3, corticosteroids should be admin-
istered. Corticosteroids serve two pur-
poses in the treatment of thyroid storm: 
inhibition of the peripheral conver-
sion of T4 to T3 and treatment of the 
relative adrenal insufficiency associated 
with thyrotoxic states. Additionally, 
corticosteroids help with the manage-
ment of autoimmune causes of thyroid 
storm, such as Graves’ disease. There is 
no evidence that one class of steroids is 
superior to others.5,7 (See Table 8.)

Supportive Care

Treatment of Hyperpyrexia. 
Acetaminophen is the initial choice of 
antipyretic. Emergency providers should 
avoid salicylates and nonsteroidal anti-
inflammatory drugs, as they increase 
thyroid hormone level by decreasing 
protein binding to T4, allowing it to 
circulate freely and potentially be con-
verted to T3. Despite this, there was 
no significant difference in outcomes 
between those who received acetamino-
phen vs. other antipyretic agents.4

When temperatures are excessive or 
refractory to antipyretics alone, cooling 
is recommended to help prevent muscle 
breakdown. However, active cooling, 
such as ice packs, submersion, or inva-
sive cooling techniques (i.e., cooled 
IV fluids, cooled bladder irrigation), is 

contraindicated because of the resul-
tant vasoconstriction and subsequent 
worsening of hypertensive crisis. Passive 
cooling, such as undressing the patient, 
lowering the temperature in the room, 
and using fans, is recommended to help 
lower the patient’s temperature.  

Convulsions/Seizures. The first 
step is to ensure airway, breathing, and 
circulation are intact and to manage 
hypoglycemia if present. If the patient’s 
finger stick for glucose is normal, 
administer benzodiazepines as the ini-
tial medication; diazepam or lorazepam 
are the preferred agents. If the convul-
sions continue after adequate doses 
of benzodiazepines, an antiepileptic, 
such as phenytoin, is recommended. 
However, phenytoin has been shown 
to falsely lower the levels of free T4 
because the medication affects the 
laboratory assay. Therefore, bloodwork 
should be obtained prior to administra-
tion of phenytoin. Alternatively, other 
antiepileptics, such as valproic acid or 
levetiracetam, can be used. Typically, 
seizures will abate with anti-thyroid 
management once euthyroidism is 
achieved.11 

Agitation, Delirium, Psychosis. 
First-line medications to control agita-
tion are benzodiazepines. The second-
generation antipsychotics, such as 
risperidone and olanzapine, also have 
been used safely but are available only 
in oral formulations. For patients who 
cannot tolerate oral medication, first-
generation parenteral antipsychotics, 
such as haloperidol, can be used cau-
tiously, although there are case reports 
suggesting that haloperidol can precipi-
tate thyroid storm. Chlorpromazine has 
the added benefit of decreasing body 
temperature.23

Heart Failure Treatment. Because 
heart failure associated with thyroid 
storm often is high output, typical heart 
failure treatment may be harmful. Since 
systemic vascular resistance is already 
low, preload and afterload reduction 
commonly used in heart failure has 
the potential to worsen the patient’s 
condition. Therefore, avoid preload and 
afterload reducing medications, such 
as nitrates and angiotensin-converting 
enzyme inhibitors, in these patients. 
Rate control with beta-blockade (or cal-
cium channel blockers) and anti-thyroid 

Table 7. Potassium Iodide and Lithium  
in the Treatment of Thyroid Storm

Table 8. Corticosteroids in the Treatment of Thyroid 
Storm

Medication Dose

Hydrocortisone 100 mg IV q 8 hours

Dexamethasone 8 mg IV or PO every day

Medication Dose

SSKI (potassium iodide solution 1 g/mL) 5 drops PO every 6 hours

Lithium 300 mg PO every 6 to 8 hours
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medications often will slow down the 
heart rate and decrease the stroke vol-
ume, subsequently reversing the heart 
failure.16 Although not usually neces-
sary, gentle diuresis with loop diuretics, 
such as furosemide, is reasonable to help 
offload the pulmonary edema.

Anticoagulation. Anticoagulation 
for atrial fibrillation often is based on 
the CHADS2 score system per the 
2014 American Heart Association, 
American College of Cardiology, and 
Heart Rhythm Society guidelines. The 
role of anticoagulation in atrial fibrilla-
tion in thyrotoxic patients and patients 
in thyroid storm has been more con-
troversial.24-26 There have been several 
case reports that showed patients with 
hyperthyroidism are at an increased 
risk of thromboembolism, some report-
ing up to a 1.4-fold greater risk than 
in subjects without hyperthyroidism.25 
This is true even in young patients 
who otherwise have no risk factors for 
thromboembolic disease other than 
the thyrotoxic atrial fibrillation. This 
is probably secondary to the hyperco-
agulable state hyperthyroidism causes 
through a decrease in activated partial 
thromboplastin time (PTT), an increase 
in fibrinogen, and an increase in factor 
VIII. Consequently, there are no estab-
lished guidelines to guide the decision 
to administer anticoagulation. It is rec-
ommended that anticoagulation therapy 
should be initiated in patients who pres-
ent with thyrotoxic atrial fibrillation if 
there are no contraindications.24,26

Treatment of Underlying Cause/
Clinical Manifestations. Because a 
stressor is the usual etiology of thyroid 
storm, the emergency provider must 
not forget to manage this stressor while 

managing the thyroid storm. A thor-
ough history and physical examination 
should investigate any possible inciting 
events. There should be a low threshold 
to broaden the diagnostic workup to 
include laboratory and imaging studies. 

If fever is a manifestation of an infec-
tion, consider broad-spectrum antibiot-
ics. The most common infections are 
urinary tract infections and pneumonia. 
However, until the causative organism 
is identified, the 2016 JTA guidelines 
recommend both Gram-positive and 
Gram-negative coverage.7 Ischemia, 
which can be myocardial, neurologic, or 
mesenteric, can result from thyrotoxic 
atrial fibrillation but also can induce 
thyroid storm. 

Other Therapies. Therapeutic plasma 
exchange (TPE) can be used to reduce 
free thyroid hormone level in circula-
tion.4,7,27 It is important to note that 
TPE is an alternative therapeutic option 
for cases that are refractory to all other 
medical treatment and/or cases with 
rapid deterioration or thyroid storm 
with neurologic or cardiac manifestation 
or severe myopathy.27-31 

Surgical Management. Patients may 
require an emergent thyroidectomy for 
management of their thyroid storm. 
These include patients who have not 
responded to intensive medical treat-
ment after 12 to 24 hours or patients 
who have developed serious side 
effects from medical treatment (i.e., 
agranulocytosis).5,32  

Special Considerations

Sometimes pregnancy is a pre-
cipitating factor for thyroid crisis. 
Management of thyroid crisis in 
pregnant women should include fetal 

monitoring. Avoid inducing labor or 
delivery, as it may worsen the maternal 
outcome. The rest of the management 
is similar to that of the non-pregnant 
patient. PTU should be used first in 
pregnant patients in thyroid storm, as 
methimazole has been implicated as 
the cause of scalp defects in newborn 
children.  

Disposition and Prognosis

Admit patients with thyroid storm 
to the intensive care unit. They are at 
higher risk to develop hemodynamic 
collapse, even with adequate treatment. 
Predictors of poor outcome include 
degree of CNS dysfunction, advanced 
age, use of plasmapheresis, mechanical 
ventilation, and elevated APACHE II 
and SOFA scores.21,33,34

Conclusion

Thyroid storm is a life-threatening 
emergency that carries 10-30% mortal-
ity. The diagnosis often is elusive, and 
emergency providers need to be vigilant 
about keeping thyroid storm on their list 
of potential diagnoses. Management is in 
a stepwise fashion and should be initiated 
as soon as the clinical suspicion is high.  

Myxedema Coma
Myxedema coma or myxedema is 

a rare condition defined as the severe 
form of hypothyroidism leading to 
multi-organ dysfunction, including 
altered sensorium. 

Epidemiology

The incidence of myxedema coma is 
reported at 0.22 per million each year, 
with a mortality of 30-60%, regardless 
of treatment.35,36 Delays in the recogni-
tion and treatment are associated with 
worse outcomes. The incidence is cer-
tainly underreported, as there are many 
possible inciting events that mimic 
myxedema coma and are more common 
and also fatal (i.e., sepsis). Myxedema 
coma occurs much more commonly 
in women than in men, and the vast 
majority of cases occur in patients 60 
years of age or older.37  

There also appears to be a seasonal 
component, as almost 90% of cases occur 
during the winter months, and there is 
less of an incidence in areas near the more 
tropical regions in the world.36,37 About 

Table 9. Common Precipitants of Myxedema Coma

• Infection (urinary tract infection, pneumonia)
• Medications (sedative agents, valproic acid toxicity, codeine, benzodiazepines, 

opiates, marijuana)
• Dehydration in chronic kidney disease/end stage renal disease patient 
• Cold exposure, hypothermia (hence, condition is more common in winter)
• Sepsis
• Metabolic acidosis and electrolyte abnormalities 
• Ingestion of raw bok choy 
• Congestive heart failure, cerebrovascular accident, gastrointestinal bleeding
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95% of cases are associated with severe or 
long-standing primary hypothyroidism 
that usually is undiagnosed or under-
treated. The remaining 5% is caused by 
deficiency in hormone from the pituitary 
or the hypothalamus.38 Myxedema coma 
usually is precipitated by infection, sepsis, 
trauma, or some medications. These and 
other common precipitating factors can 
be found in Table 9.

Clinical Features

Myxedema crisis presents as severe 
hypothyroidism with signs, symptoms, 
and laboratory tests suggestive of end-
organ dysfunction. The emergency 
provider should consider myxedema 
coma in patients presenting with altered 
mental status and hypothermia with 
abnormal thyroid function testing. 

Patient presentations may vary. 
Because of the thyroid’s many actions 
on the organs, various organs may 
be affected differently by the lack of 
thyroid hormone. Common signs and 
symptoms can be found in Table 10.  

Hypothermia is almost always pres-
ent, found in 75-100% of patients with 
myxedema coma.36,37 The hypothermia 
is profound in most circumstances. As 
stated before, it is most common in the 
winter months and is thought to be due 
to a dysfunction in the thermoregula-
tory system.  

Additionally, hemodynamics are 
affected, as shown by bradycardia and 
hypotension with a narrow pulse pres-
sure. Hypotension is due to decreased 
contractility of the heart but also can 
be due to fluid accumulating in the 
pericardium to cause cardiac tampon-
ade.39,40 Dysrhythmias also are possible. 
Bradycardia is common, but QT pro-
longation can occur as well, leading to 
torsades de pointes.37,41 

Hypoventilation may not manifest 
as bradypnea or apnea until later in 
the disease process, but patients may 
develop signs and symptoms of hyper-
capnia. Hypoventilation also can be 
the result of fluid accumulating in the 
pleural space causing decreased lung 
volumes. 

Alterations in sensorium is another 
common clinical manifestation. Patients 
will present with fatigue, confusion, 
depression, and stupor, eventually lead-
ing to a comatose state. The diagnostic 

problem is that there are multiple pos-
sible etiologies for these patients to have 
altered mental states, such as hypo-
thermia, electrolyte abnormalities (i.e., 
hyponatremia, hypoglycemia), hyper-
capnia, hypotension, and the inciting 
event such as sepsis. 

Because of these various presenta-
tions, especially with altered mental 
status, the diagnosis in the emer-
gency department can be difficult. 
Again, consider myxedema coma in 
patients with altered mental status and 
hypothermia.  

Diagnostic Tests

Thyroid function testing is neces-
sary to make the diagnosis, although 
management should commence before 
confirmatory testing if the clinical sus-
picion is high. TSH will be elevated if 
the cause is primary hypothyroidism. 
The TSH will be normal or low if hypo-
thyroidism is caused by secondary or 
tertiary hypothyroidism, both of which 
are rare. Confirmatory testing with T4 

and T3 makes the diagnosis, with either 
or both being low. 

Other laboratory studies include 
a complete blood count, which may 
demonstrate leukocytosis and anemia. 
Chemistry commonly will show hypo-
natremia, hyperkalemia, and hypoglyce-
mia secondary to adrenal insufficiency. 
They may have an elevated creatinine, 
transaminitis, and an elevated cre-
atine kinase (CK) from hypothyroid 
myopathy. The coagulation profile 
may demonstrate an elevated PTT 
and bleeding time. The blood gas also 
may show respiratory acidosis (low 
pH and elevated PaCO2) secondary to 
hypoventilation. 

Since arrhythmias are common, an 
ECG should be obtained. The most com-
mon finding is sinus bradycardia. QT 
prolongation also can occur, which can 
lead to torsades de pointes.41 An echocar-
diogram may show signs of heart failure 
or tamponade, as fluid backup is com-
mon.39,40 The emergency provider also 
should look for an inciting event, such as 

Table 10. Clinical Manifestations of Myxedema Coma

Organ System Symptoms/Signs

Head, eyes, ears, nose, 
and throat

Airway edema
Macroglossia
Facial edema

Cardiac Hypotension with narrow pulse pressure
Bradycardia
QT prolongation or AV blocks
Pericardial effusion

Respiratory Pleural effusion
Hypoventilation
Respiratory depression

Gastrointestinal Decreased bowel sounds
Constipation
Weight gain

Neurologic Hypothermia
Cold intolerance
Depression
Confusion
Stupor
Coma

Dermatologic Nonpitting edema

Musculoskeletal Muscle weakness
Delayed relaxation phase of deep tendon reflexes (called the 
Woltman sign or myxedema reflex)

Hematologic Anemia
Coagulopathy secondary to acquired von Willebrand syndrome
Disseminated intravascular coagulopathy
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sepsis, and should have a low threshold 
to obtain diagnostic labs and imaging, 
searching for a possible cause.

The lack of validated or accepted 
clinical diagnostic criteria and the rarity 
of the condition make diagnosing this 
condition in the emergency department 
difficult. Two scoring systems exist, 
neither of which has been validated 
or is used commonly in practice.42,43 
The first uses a combination of cardiac 
manifestations, CNS dysfunctions, GI 
disturbance, and laboratory analyses.42 
The second uses six variables and has a 
sensitivity and specificity of 80%.43 The 
criteria include Glasgow Coma Scale, 
TSH level, free T4 level, hypothermia, 
bradycardia, and the presence of a pre-
cipitating factor. Until studies validate 
either of these scoring systems, their use 
is not recommended.  

Management

Resuscitative Measures. Emergency 
providers should ensure an adequate 
airway is present. Hypothyroidism may 
depress respiratory drive and predis-
pose to respiratory acidosis and hypoxic 
respiratory failure requiring intubation 
and mechanical ventilation.  

Intubation of myxedema coma 
patients can be difficult. Recall that 
patients with myxedema coma are prone 
to hypoventilation. They also may have 
decreased lung volumes due to com-
pressive forces from pleural effusions 
or ascites in the abdomen compressing 
the diaphragm from below. Because of 
this decrease in ventilation, they have 

less oxygen reserve, predisposing them 
to dropping their oxygen saturation 
faster when using paralytic agents for 
rapid sequence intubation. Additionally, 
the mechanical process of intubating 
may be difficult as a result of upper 
airway edema and macroglossia.37,44,45 
Emergency providers should prepare 
by having adjunct airway equipment, 
including a surgical cricothyrotomy kit, 
when intubating.  

Patients in shock will require fluid 
resuscitation and vasopressors, although 
vasopressors are less likely to be effective 
without thyroid hormone replacement 
therapy first. If hypotension is refractory 
to vasopressor therapy, before adding a 
second vasopressor agent or an inotrope, 
consider the administration of thyroid 
hormone replacement.  

Thyroid Hormone Replacement. 
Once the diagnosis of myxedema coma 
is suspected, treatment should be initi-
ated. Waiting for confirmatory testing 
should not delay care. Thyroid hormone 
replacement is the mainstay of therapy 
for myxedema coma. There are two for-
mulations. Thyroxine or T4 is the most 
commonly used and thyronine or T3 is 
the alternative.  

Thyroxine can be administered intra-
venously, orally, or via nagogastric tube. 
Some suggest initiating treatment intra-
venously for possible gastrointestinal 
impairment. However, it also has to be 
converted to T3 in the body, so it has 
the slowest onset. Thyronine is the more 
active thyroid hormone and should 
be avoided in patients who are older 

or who have previous coronary artery 
disease, as it will predispose them to 
developing arrhythmias or myocardial 
infarction.35 

Controversy exists regarding which 
formulation is the better one to give. 
Thyroxine usually is given first because 
of its lower side effect profile. However, 
in cases of significant hemodynamic 
compromise, such as shock refrac-
tory to vasopressors, thyronine is the 
better option. Emergency providers 
should consider adding T3 if there 
is no improvement with T4 alone. 
Combination therapy of T4 and T3 has 
been found to be more successful with 
dosing being on the lower end for each 
agent. In a national inpatient database 
in Japan, there were no differences in 
mortality between treatment with T4 
alone and T4 combined with T3.36 (See 
Table 11.)

Adjunctive Therapy. Severe hypo-
thyroidism can impair the synthesis of 
steroid hormones due to adrenal gland 
impairment, causing adrenal insuffi-
ciency. Therefore, corticosteroids should 
be administered. Stress dose steroids are 
administered until adrenal insufficiency 
can be effectively ruled out. (See Table 
12.) 

Treatment of Underlying 
Precipitating Factor and Supportive 
Care. When crisis is precipitated by 
an infection, or infection is suspected, 
obtain cultures and administer broad-
spectrum antibiotics. Infection remains 
one of the most common inciting 
events. If a medication is the culprit, it 
should be discontinued. Treatment of 
the underlying precipitating factor plays 
a major role in treatment of the crisis. 

Manage hypothermia with pas-
sive warming. Active measures, such 
as warming the patient with a Bair 
Hugger, warm IV fluids, or other inva-
sive warming techniques, can cause 
vasodilation and further hypotension 
leading to shock. Temperature regula-
tion can be achieved by increasing room 
temperature and placing room tempera-
ture blankets on the patient. 

If hypoglycemia is present, remem-
ber to administer stress dose steroids, 
as dextrose by itself likely will not 
maintain the glucose in the setting 
of adrenal insufficiency. After admin-
istration of corticosteroids, dextrose 

Medication Dose

Thyroxine or T4 200 to 500 mcg IV

Thyronine or T3 5 to 20 mcg IV then 2.5 to 10 mcg IV q 8 hours

Table 11. Thyroid Hormone Replacement in the Treatment 
of Myxedema Coma

Table 12. Corticosteroids in the Treatment of Myxedema 
Coma

Medication Dose

Hydrocortisone 100 mg IV q 8 hours

Dexamethasone 8 mg IV or PO every day
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infusions still may be necessary to 
maintain euglycemia.35

Prognosis and Disposition

All patients with confirmed or sus-
pected myxedema coma should be 
admitted to the intensive care unit. 
Predictors of poor outcome include 
advanced age, persistent bradycardia, 
patient noncompliance with thyroid 
medications in pre-existing thyroid dis-
ease, presence of cardiovascular disease 
or complication, persistent hypothermia, 
and multi-organ impairment with a 
SOFA score > 6 or APACHE II score 
> 20.35,46

Conclusion

Myxedema coma has a very high 
mortality and is underrecognized 
because of its rarity and its various pre-
sentations. Emergency providers should 
keep myxedema coma on the differen-
tial diagnosis for patients presenting 
hypothermic with altered mental status. 
Management often involves casting a 
wide diagnostic net as well as a multi-
faceted treatment algorithm. 

Summary
Thyroid emergencies are rare but 

life-threatening conditions. Therefore, 
it is imperative for emergency providers 
to recognize them and consider them 
when faced with an altered patient with 
extremes of temperature. Mortality and 
outcomes improve with early diagnosis 
and treatment. 
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CME/CE Questions
1. A patient presents to the emergency 

department with a presentation 
suspicious for thyroid storm. The 
patient is agitated and combative 
and has difficulty being cooperative 
because of agitation. Which of the 
following medications should be 
administered to help manage this 
patient’s agitation?
a. Diphenhydramine
b. Haloperidol
c. Ketamine
d. Lorazepam 

2. Which of the following is indicated 
in the treatment of fever in thyroid 
storm?
a. Acetaminophen 
b. Aspirin
c. Ibuprofen
d. Ketorolac

3. A patient being treated for thyroid 
storm has a temperature of 41.1° 
Celsius. In addition to antipyretics, 
which of the following is indicated 
in the treatment of this patient’s 
hyperthermia?
a. Cold IV fluids
b. Cooling blanket
c. Ice packs in the axilla and groin
d. Lower the room temperature 

4. Which of the following exhibits the 
correct order of medications to be 
given for the treatment of thyroid 
storm?
a. Dexamethasone, propranolol, 

potassium iodine, methimazole
b. Potassium iodine, methimazole, 

propranolol, dexamethasone
c. Propranolol, methimazole, potas-

sium iodine, dexamethasone 

d. Propranolol, potassium iodine, 
methimazole, dexamethasone

5. Which of the following laboratory 
tests is most specific for diagnosing 
thyroid storm?
a. Free T4
b. T3
c. T4
d. Thyroid-stimulating hormone

6. Which of the following electrolyte 
imbalances is possible in myxedema 
coma?
a. Hyperglycemia
b. Hypokalemia
c. Hypomagnesemia
d. Hyponatremia 

7. Which of the following has been 
implicated as a precipitating factor 
for causing myxedema coma?
a. Cocaine intoxication
b. Hypernatremia
c. Raw bok choy ingestion 
d. Summer months

8. A patient presents with hypother-
mia to 32° Celsius. The patient is 
found to be in myxedema coma. 
Which of the following therapies is 
indicated for treating this patient’s 
hypothermia?
a. Bair hugger
b. Increasing the room temperature 
c. Warm blankets
d. Warm IV fluids

9. Which of the following is a relative 
contraindication for the use of T3 
for the treatment of a patient with 
myxedema coma?
a. Chronic kidney disease
b. Coronary artery disease 
c. Diabetes mellitus
d. Hypertension

10. A patient presents to the emergency 
department with myxedema coma. 
During the initial resuscitation, the 
patient is noted to have severely 
depressed mental status and will 
need to be intubated to protect the 
airway. Which of the following is 
most likely to make this a difficult 
intubation?
a. Bradycardia
b. Edema of the airway 
c. Hypothermia
d. Microglossia

Correction

In the Aug. 15 issue, Table 4 and the Rapid Access Management Guidelines in 
the print version should have listed the medication trimethoprim-sulfamethox-
azole as a suggested treatment only for purulent cellulitis, not for nonpurulent 
cellulitis. The table has been corrected in the online version of the issue, which is 
available at AHCMedia.com.
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The Great Mimicker: Thyroid Emergencies

The Various Feedback Mechanisms  
in the Hypothalamic-Pituitary-Thyroid Axis

Common Precipitants of Thyroid Storm

Clinical Manifestations of Thyrotoxicosis

• Medications (i.e., amiodarone, lithium, or cessation of antithyroid medications)
• Infections
• Thyroid conditions (i.e., Graves’ disease, thyroiditis, toxic multinodular goiter, 

 metastatic thyroid cancer, thyroid surgery, treatment with radioactive iodine)
• Previous thyroid surgery or manipulation
• Trauma
• Ischemia (i.e., myocardial infarction, stroke)
• Other endocrinopathies (i.e., diabetic ketoacidosis)
• Pregnancy, molar pregnancy

Organ System Symptoms/Signs

Head, eyes, ears, nose, and 
throat

Proptosis

Cardiac Hypertension with widened pulse pressure
Tachycardia
Dysrhythmias (atrial � brillation is the most common)
Chest pain
Heart failure (usually high output)

Respiratory Dyspnea on exertion
Orthopnea
Pulmonary edema

Gastrointestinal Anorexia and weight loss
Nausea and vomiting
Diarrhea
Hepatomegaly
Jaundice (poor prognostic indicator)

Neurologic Fever and heat intolerance
Diaphoresis
Anxiety
Agitation
Delirium
Seizure
Confusion
Stupor
Coma

Musculoskeletal Muscle weakness
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Common Precipitants of Myxedema Coma

Clinical Manifestations of Myxedema Coma

• Infection (urinary tract infection, pneumonia)
• Medications (sedative agents, valproic acid toxicity, codeine, benzodiazepines, 

opiates, marijuana)
• Dehydration in chronic kidney disease/end stage renal disease patient 
• Cold exposure, hypothermia (hence, condition is more common in winter)
• Sepsis
• Metabolic acidosis and electrolyte abnormalities 
• Ingestion of raw bok choy 
• Congestive heart failure, cerebrovascular accident, gastrointestinal bleeding

Organ System Symptoms/Signs

Head, eyes, ears, nose, 
and throat

Airway edema
Macroglossia
Facial edema

Cardiac Hypotension with narrow pulse pressure
Bradycardia
QT prolongation or AV blocks
Pericardial e� usion

Respiratory Pleural e� usion
Hypoventilation
Respiratory depression

Gastrointestinal Decreased bowel sounds
Constipation
Weight gain

Neurologic Hypothermia
Cold intolerance
Depression
Confusion
Stupor
Coma

Dermatologic Nonpitting edema

Musculoskeletal Muscle weakness
Delayed relaxation phase of deep tendon re� exes (called the 
Woltman sign or myxedema re� ex)

Hematologic Anemia
Coagulopathy secondary to acquired von Willebrand syndrome
Disseminated intravascular coagulopathy
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