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Abstract. Thyroid storm is an endocrine emergency which is characterized by multiple organ failure due to severe
thyrotoxicosis, often associated with triggering illnesses. Early suspicion, prompt diagnosis and intensive treatment will
improve survival in thyroid storm patients. Because of its rarity and high mortality, prospective intervention studies for
the treatment of thyroid storm are difficult to carry out. We, the Japan Thyroid Association and Japan Endocrine Society
taskforce committee, previously developed new diagnostic criteria and conducted nationwide surveys for thyroid storm
in Japan. Detailed analyses of clinical data from 356 patients revealed that the mortality in Japan was still high (~11%)
and that multiple organ failure and acute heart failure were common causes of death. In addition, multimodal treatment
with antithyroid drugs, inorganic iodide, corticosteroids and beta-adrenergic antagonists has been suggested to improve
mortality of these patients. Based on the evidence obtained by nationwide surveys and additional literature searches, we
herein established clinical guidelines for the management of thyroid storm. The present guideline includes 15
recommendations for the treatment of thyrotoxicosis and organ failure in the central nervous system, cardiovascular
system, and hepato-gastrointestinal tract, admission criteria for the intensive care unit, and prognostic evaluation. We
also proposed preventive approaches to thyroid storm, roles of definitive therapy, and future prospective trial plans for the
treatment of thyroid storm. We hope that this guideline will be useful for many physicians all over the world as well as
in Japan in the management of thyroid storm and the improvement of its outcome.
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of all proper approaches or methods, or exclusive of
others. These recommendations cannot guarantee any
specific outcome and they do not establish a standard
of care. The recommendations are not intended to dic-
tate the treatment of any particular patient. Treatment
decisions must be made based on the independent judg-
ment of healthcare providers and each patient’s indi-
vidual circumstances.

The Japan Thyroid Association and the Japan
Endocrine Society make no warranty, express or
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implied, regarding the guidance, and specifically
exclude any warranties of merchantability and fitness
for a particular use or purpose. The Japan Thyroid
Association and the Japan Endocrine Society shall not
be liable for direct, indirect, special, or consequen-
tial damages related to the use of the information con-
tained herein.
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Introduction/Background

Thyroid storm is a life-threatening condition that
requires rapid diagnosis and emergent treatment [1-3].
The condition manifests as decompensation of mul-
tiple organs with loss of consciousness, high fever,
heart failure, diarrhea, and jaundice. Recent nation-
wide surveys in Japan have revealed that mortality
remains over 10% [4]. Multiple organ failure was the
most common cause of death, followed by congestive
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heart failure, respiratory failure, arrhythmia, dissemi-
nated intravascular coagulation (DIC), gastrointesti-
nal perforation, hypoxic brain syndrome, and sepsis.
Even when patients survive, some have irreversible
damage including brain damage, disuse atrophy, cere-
brovascular disease, renal insufficiency, and psychosis.
Therefore, the prognosis of patients with thyroid storm
needs to be improved.

Since multiple organ failure is characteristic of
thyroid storm, multidisciplinary expertise and care
involving endocrinologists, cardiologists, neurolo-
gists, and hepatologists are necessary for manage-
ment. Furthermore, the decompensated state associ-
ated with thyroid storm often requires comprehensive
and highly advanced medical treatment. Although sev-
eral textbooks and guidelines have described the treat-
ment of thyroid storm [3, 5-7], nationwide surveys in
Japan revealed that methimazole (MMI) was preferen-
tially used in thyroid storm despite recommendations
for the use of propylthiouracil (PTU) [8]. Therefore,
the establishment of more detailed guidelines for the
management of thyroid storm is needed in Japan and
other countries. Such guidelines should be helpful to
many practitioners.

New diagnostic criteria for thyroid storm, in addi-
tion to those of Burch and Wartofsky [3, 4, 9], have
been established. The next obvious step is to iden-
tify therapeutic procedures that improve prognosis
[10, 11]. Five areas are important in the treatment
of thyroid storm: 1) thyrotoxicosis (reduction of thy-
roid hormone secretion and production); 2) systemic
symptoms and signs (including high fever, dehydra-
tion, shock, and DIC); 3) organ-specific manifesta-
tions, such as cardiovascular, neurological, and hep-
ato-gastrointestinal; 4) triggers; and 5) definitive
therapy. Although the appropriate responses to these
problems have been described in endocrinology text-
books and reviews, several clinical questions remain,
for example: 1) the choice and route of administration
for antithyroid drugs (ATDs), 2) timing of iodide ther-
apy, 3) criteria to judge thyroid storm severity, and 4)
choice and fine-tuning of treatment based on severity
and pathophysiological state. Although beta-adrener-
gic receptor antagonists (beta-AAs) are often used to
treat thyroid storm, inappropriate choice or dose may
lead to worse outcomes in patients with severe heart
failure [8]. Furthermore, thyroid storm is character-
ized by multiple organ failure, decompensation, and
highly variable clinical presentation, a clinical pic-
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ture that requires comprehensive treatment. Thyroid
storm is an emergent disorder characterized by rapid
deterioration in its clinical course. Therefore, an
algorithm-based approach is useful for the manage-
ment of thyroid storm.

Given this context, we attempted to create recom-
mendations for the management of thyroid storm based
on the following principles. These recommendations
should 1) contain information on both the diagno-
sis and treatment of thyroid storm; 2) illustrate algo-
rithms; 3) consider the severity and pathophysiology of
thyroid storm; 4) be detailed, concrete, and useful for
clinical practice; 5) be evidence-based; and 6) possibly
be internationally applicable. Based on the analysis
of data concerning the treatment of thyroid storm col-
lected in nationwide surveys in Japan [8], the treatment
of not only thyrotoxicosis, but also the characteristic
manifestations and complications of thyroid storm, are
explained in detail. We also describe how to evalu-
ate the severity of thyroid storm from the viewpoint of
prognosis. In Section 11, the entire algorithm for the
management of thyroid storm is illustrated in a sum-
mary schema. The last section of this chapter refers
to a prospective prognostic study using these recom-
mendations. We hope to achieve successful outcomes
in the management of thyroid storm through effective
implementation of these recommendations.

Basic Policy

In these recommendations, which use the Guideline
Grading System developed by the American College of
Physicians (ACP) [12], both strength of recommen-
dation and quality of evidence were evaluated based
on the criteria shown in Table 1.

The interpretation of each combination of “Strength
of recommendation” and “Quality of evidence” is
as follows: if the strength of recommendation is

1027

strong and quality of evidence is high or moder-
ate, the clinical practice can be applicable to most
patients in most circumstances without reservation.
If the strength of recommendation is strong and
quality of evidence is low, the recommendation may
change when higher-quality evidence becomes avail-
able. If the strength of recommendation is weak
and quality of evidence is high or moderate, the
best course of action may differ depending on circum-
stances and patient or social values. If the strength
of recommendation is weak and quality of evidence
is low, the recommendation is very weak and other
alternatives may be equally reasonable. Quality of
evidence: insufficient for grading means that there
is insufficient evidence to recommend for or against
routinely providing the service.

Diagnostic and Therapeutic
Recommendations for Thyroid Storm

1. Diagnostic challenges for thyroid storm

Thyroid storm is an endocrine emergency that is
characterized by rapid deterioration within days or
hours of presentation and is associated with high mor-
tality [1-4]. Most cases of thyroid storm are caused
by the presence of some triggering condition in con-
junction with an underlying thyroid condition, usually
untreated or uncontrolled Graves’ disease, but very
rarely other thyrotoxic disorders such as destructive
thyroiditis, toxic multinodular goiter, TSH-secreting
pituitary adenoma, hCG-secreting hydatidiform mole,
or metastatic thyroid cancer [13-17]. Thyroid storm
can also be caused by medical precipitants such as thy-
roidectomy, nonthyroid surgery, radioiodine therapy,
exposure to excess iodine in patients with hyperthy-
roidism, or excess thyroid hormone ingestion [1-4]. In
addition, several drugs that cause thyrotoxicosis as an

Table 1 Strength of recommendation and quality of evidence

Strength of recommendation

Strong Benefits clearly outweigh risks and burdens, or risks and burdens clearly outweigh benefits

Weak Benefits closely balanced with risks and burdens

None Balance of benefits and risks cannot be determined

Quality of evidence

High Randomized controlled trials without important limitations, or overwhelming evidence from observational studies
Moderate Randomized controlled trials with important limitations, or exceptionally strong evidence from observational studies
Low Observation studies or case series

Insufficient for grading Evidence is conflicting, of poor quality, or lacking

See ref. [12].
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adverse event, including amiodarone, sorafenib, and
ipilimumab, have been reported to precipitate thyroid
storm [18-20]. Early awareness/suspicion, prompt
diagnosis, and intensive treatment will improve sur-
vival in patients with thyroid storm. However, because
biological markers useful for the diagnosis of thyroid
storm are not established, and symptoms derived from
the triggering condition are sometimes indistinguish-
able from those originating from thyroid storm, the
diagnosis of thyroid storm has not always been straight-
forward. To address these diagnostic challenges, the
Burch-Wartofsky Point Scale (BWPS) for diagnosis of
thyroid storm and impending thyroid storm was pro-
posedin 1993 [9]. The BWPS is an empirically derived
scoring system that takes into account the severities of
symptoms of multiple organ decompensation, includ-
ing thermoregulatory dysfunction, tachycardia/atrial
fibrillation, disturbances of consciousness, congestive
heart failure, and gastro-hepatic dysfunction, as well as
the role of precipitating factors (Table 2). The BWPS
has been widely applied for the diagnosis of thyroid
storm for more than 2 decades.

In 2012, the Japanese Thyroid Association (JTA)
proposed new diagnostic criteria for thyroid storm that
were initially established based on detailed analyses of
99 published cases and 7 taskforce committee’s cases
and finally revised according to the results of nation-
wide surveys [4]. In these JTA criteria, the presence of
thyrotoxicosis is required as a prerequisite condition,
and definite and possible thyroid storm can be diag-
nosed based on specific combinations of symptoms due
to multiple organ decompensation, similarly to those
listed in the BWPS (Table 3). One of the specific fea-
tures in the JTA criteria is that disturbances of con-
sciousness contribute to the diagnosis of thyroid storm
much more than other organ symptoms [4].

The usefulness of the BWPS and JTA criteria has
been compared by analyses of JTA nationwide surveys
[4], and recently by 2 institutions that showed overall
agreement between the 2 systems [21, 22]. However, a
report from the United States suggested that the BWPS
> 45 appeared to select a higher percentage of patients
for aggressive therapy than the JTA criteria [21]. Using
both diagnostic systems to evaluate a patient’s condi-
tion is recommended to increase the accuracy of clin-
ical diagnosis and further validate the usefulness of
these 2 sets of criteria. Most importantly, inappropriate
application of either system can lead to misdiagnosis
of thyroid storm, emphasizing the importance of care-
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Table 2 The Burch-Wartofsky Point Scale for diagnosis of
thyroid storm

Criteria Points
Thermoregulatory dysfunction
Temperature (°C)
37.2-37.7 5
37.8-38.3 10
38.4-38.8 15
38.9-39.3 20
39.4-39.9 25
>40.0 30
Cardiovascular
Tachycardia (beats per minute)

90-109 5
110-119 10
120-129 15
130-139 20
> 140 25

Atrial fibrillation
Absent 0
Present 10
Congestive heart failure
Absent 0
Mild 5
Moderate 10
Severe 15
Gastrointestinal-hepatic dysfunction
Manifestation
Absent 0
Moderate (diarrhea, abdominal pain, 10
nausea/vomiting)
Severe (jaundice) 20
Central nervous system disturbance
Manifestation
Absent 0
Mild (agitation) 10
Moderate (delirium, psychosis, 20
extreme lethargy)
Severe (seizure, come) 30
Precipitating event
Status
Absent 0
Present 10
Total score
>45 Thyroid storm
25-44 Impending storm
<25 Storm unlikely

Modified from ref. [9].

fully evaluating the clinical condition of each patient
suspected of having thyroid storm. In cases where
physicians are having difficulty judging whether the
symptoms listed in the JTA criteria have arisen from
precipitating events or from thyroid storm, the symp-
toms should be judged as having been caused by thy-
roid storm, as described in the JTA criteria [4].
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Table 3 The diagnostic criteria for thyroid storm (TS) of the Japan Thyroid Association

Prerequisite for diagnosis

Presence of thyrotoxicosis with elevated levels of free triiodothyronine (FT3) or free thyroxine (FT4)

Symptoms

1. Central nervous system (CNS) manifestations: Restlessness, delirium, mental aberration/psychosis, somnolence/lethargy, coma ( >1 on

the Japan Coma Scale or <14 on the Glasgow Coma Scale)

2. Fever: >38°C

3. Tachycardia : > 130 beats per minute or heart rate > 130 in atrial fibrillation

4. Congestive heart failure (CHF) : Pulmonary edema, moist rales over more than half of the lung field, cardiogenic shock, or Class IV by
the New York Heart Assciation or > Class III in the Killip classification

5. Gastrointestinal (GI)/hepatic manifestations : nausea , vomiting, diarrhea, or a total bilirubin level > 3.0 mg/dL

Diagnosis
Grade of TS Combinations of features Requirements for diagnosis
. . Thyrotoxicosis and at least one CNS manifestation and fever, tachycardia, CHF, or GI/
TS1 First combination ; g :
hapatic manifestations
TSI Alternate combination ghyrqtox1co§1s anq at least three combinations of fever, tachycardia, CHF, or GI/
apatic manifestations
TS2 First combination Thyrotoxicosis and a combination of two of the following: fever, tachycardia, CHF, or
Gl/hepatic manifastations
TS2 Alternate combination Patients who met the diagnosis of TS1 except that serum FT3 or FT4 level are not

available

Exclusion and provisions

Cases are excluded if other underlying diseases clearly causing any of the following symptoms: fever (e.g., pneumonia and malignant
hyperthermia), impaired consciousness (e.g., psychiatric disorders and cerebrovascular disease), heart failure (e.g., acute myocardial
infarction), and liver disorders (e.g., viral hepatitis and acute liver failure). Therefore, it is difficult to determine whether the symptom is
caused by TS or is simply a manifestation of an undelying disease; the symptom should be regarded as being due to a TS that is caused by
these precipitating factors. Clinical judgment in this matter is required.

TS1, “Definite” TS; TS2, “Suspected” TS.

2. Management of thyroid storm with anti-
thyroid drugs, inorganic iodide, corticoste-
roids and antipyretics

®# RECOMMENDATION 1

A multimodality approach with ATDs, inorganic
iodide, corticosteroids, beta-AAs, and antipyretic
agents should be used to ameliorate thyrotoxicosis and
its adverse effects on multiple organ systems.

Strength of recommendation: high

Quality of evidence: moderate

A. Antithyroid agents

m RECOMMENDATION 2
1. ATDs, either MMI or PTU, should be administered
for the treatment of hyperthyroidism in thyroid storm.
Strength of recommendation: high
Quality of evidence: low

2. Intravenous administration of MMI is recommended
in severely ill patients with consciousness disturbances
or impaired gastrointestinal tract function.

Strength of recommendation: high

Quality of evidence: low

e Evidence supporting the recommendations

The main action of ATDs is to directly inhibit thy-
roid peroxidase through the coupling of iodotyrosine in
thyroglobulin molecules, resulting in reduced synthesis
of new thyroid hormone molecules. The major func-
tional difference between MMI and PTU is that large
doses of PTU (at least 400 mg/day) inhibit type I deio-
dinase activity in the thyroid gland and other periph-
eral organs, and may therefore acutely decrease tri-
iodothyronine (T3) levels more than MMI [23, 24].
These are the reasons that PTU, rather than MMI, is
recommended in the guideline issued by the American
Thyroid Association (ATA) [7].
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A nationwide survey performed by the JTA revealed
that both free T3 (FT3) levels and the FT3/free thy-
roxine (FT4) ratio, but not FT4 levels, were inversely
correlated with disease severity assessed by Acute
Physiology and Chronic Health Evaluation (APACHE)
II and Sequential Organ Failure Assessment scores in
patients with thyroid storm [8]. These findings strongly
suggest that the conversion of T4 to T3 could already
be suppressed in severe thyroid storm. In addition,
there were no significant differences in disease sever-
ity or mortality between patients with thyroid storm
treated with MMI or PTU [8]. Therefore, like PTU,
MMI may be useful in severe thyroid storm in which
there is reduced T4-to-T3 conversion. Doses of MMI,
but not of PTU, were significantly correlated with both
disease severity and FT4 levels in the nationwide sur-
veys [8]. The median dose of MMI administered was
30 mg (range, 5-120 mg), whereas the median dose
of PTU was 450 mg (range, 150-1,500 mg) (unpub-
lished data).

Regarding the long-term efficacy of ATDs in thy-
rotoxicosis in compensated Graves’ patients, a ran-
domized prospective study performed in Japan
revealed that MMI (30 mg/day) normalized thyroid
hormone levels more rapidly than PTU (300 mg/
day). This study also showed that the incidence of
adverse effects in patients treated with MMI was sig-
nificantly lower than in those treated with PTU [25].
Based on these findings, the JTA guidelines recom-
mend MMI as the first-choice ATD for the treatment
of compensated Graves’ disease, except during early
pregnancy [26]. Therefore, MMI has been favored
by physicians in Japan for the treatment of compen-
sated Graves’ disease and more frequently used to
treat uncompensated thyrotoxicosis in thyroid storm
in the nationwide surveys (278 out of 356 cases, 78%)
[8]. In addition to the nationwide surveys in Japan,
a recent study from the United States also reported
no significant difference in outcomes of patients
with thyroid storm treated with MMI or PTU [27].
These observations together provide supporting evi-
dence that MMI may not be disadvantageous com-
pared to PTU for the treatment of thyrotoxicosis in
thyroid storm.

Intravenous preparations of MMI are commercially
available in some countries, including Japan and some
European countries, but not in the United States or
the United Kingdom. In the nationwide surveys, dis-
ease severity of patients with thyroid storm treated
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with intravenous MMI (47 out of 278 cases, 17%) was
significantly higher than that of patients treated with
oral preparations [8], suggesting that the patients with
severe thyroid storm were more likely to be treated
with intravenous MMI, as expected.

e Comments

When patients are diagnosed with thyroid storm
caused by Graves’ disease, ATDs should be adminis-
tered as soon as possible. The recommended dose of
oral MMI is 60 mg/day, while that of PTU is 600 mg/
day. These are the maximum doses for the treatment
of Graves’ disease approved by the Ministry of Health,
Labor and Welfare of Japan. In Western countries, the
approved maximal doses of MMI and PTU are 100
and 1,600 mg, respectively. In thyroid storm caused
by toxic nodular goiter, TSH-secreting pituitary ade-
noma, or hydatidiform mole, doses of ATDs may be
adjusted on an individual basis. In cases of thyroid
storm caused by destructive thyroiditis, such as sub-
acute thyroiditis or drug-induced thyroiditis, adminis-
tration of ATDs is contraindicated because the patient
is unnecessarily exposed to the risk of the adverse
effects of ATDs, which are not effective against the
destructive release of thyroid hormones stored before
the onset of thyroiditis.

In severely ill patients, especially those with dis-
turbed consciousness or impaired gastrointestinal tract
function with vomiting, severe diarrhea, active gastro-
intestinal bleeding, or intestinal edema secondary to
congestive heart failure, hypoalbuminemia, or renal
insufficiency, intravenous administration of MMI (30
mg/day) is recommended. However, even in coun-
tries where commercially available, intravenous MMI
preparations may not always be in stock in all hospital
pharmacies because of the rarity of their use. By the
time that an intravenous MMI preparation is available,
ATDs should have been administered via a non-paren-
teral route in severely ill patients.

In settings in the United States where intravenous
MMI preparations have not been available, there have
been reports of preparing MMI injections in hospi-
tal pharmacies and cases of successful treatment with
MMI injections in patients refractory to oral MMI [28].
Rectal administration of ATDs in thyroid storm has also
been previously reported, given either as enemas or as
suppositories [29, 30]. Detailed methods for prepa-
ration of ATD enemas or suppositories are described
elsewhere [29, 30].



Guidelines of thyroid storm management

When large doses of ATDs are administered, there
should be careful monitoring for potential side effects
such as pruritus/rashes, agranulocytosis, and liver dys-
function. When ATDs can no longer be used because
of severe adverse effects, binding resins such as chole-
styramine, which binds iodothyronine, are an adjunc-
tive measure to physically remove thyroid hormones
from the enterohepatic circulation, which is increased
in hyperthyroidism [31, 32]. The dose of cholestyr-
amine for effectively reducing thyroid hormone levels
has been recommended to be 4 g three or four times
daily [6]. Cholestyramine is also useful for the treat-
ment of thyroid storm induced by ingestion of large
doses of thyroid hormone preparations (thyrotoxico-
sis factitia).

When severe thyrotoxicosis is successfully managed
during the early stage of thyroid storm, doses of ATDs
can be tapered with close monitoring of thyroid hor-
mone levels, but not of TSH levels, in a manner similar
to that used in compensated Graves’ disease.

B. Therapy with inorganic iodide

® RECOMMENDATION 3

Inorganic iodide should be administered simultane-
ously with ATDs to patients with thyroid storm caused
by thyrotoxic diseases associated with hyperthyroidism.

Strength of recommendation: high

Quality of evidence: moderate

e Evidence supporting the recommendation

The administration of inorganic iodide in large
doses decreases thyroid hormone synthesis by inhib-
iting iodide oxidation and organification (the Wolff-
Chaikoff effect), and also rapidly inhibits the release
of thyroid hormones from the follicular lumen of the
thyroid gland [33-36]. Therefore, inorganic iodide
can decrease thyroid hormone levels more rapidly than
other agents, including ATDs and corticosteroids [3, 5,
37]. Since there is some evidence that inorganic iodide
can reduce blood flow to the thyroid gland, it is widely
used as an essential treatment prior to thyroid surgery
in order to decrease intraoperative bleeding [38, 39].
The inhibitory effect of inorganic iodide can continue
for 1 to 2 weeks, but may disappear thereafter in some
patients [33].

In a nationwide survey, the severity of thyroid storm
was significantly greater in patients treated with inor-
ganic iodide than in those who were not; however,
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no significant differences in mortality were observed
between the 2 groups [8]. These findings suggest that
inorganic iodide treatment may improve the outcome
of thyroid storm patients.

The ATA guidelines [7] recommend that inorganic
iodide be administered at least 1 hour after the admin-
istration of ATDs to prevent the organification of
iodide. A recent prospective study comparing MMI
treatment with MMI + potassium iodide (KI) treatment
in terms of rapid normalization of thyroid hormones in
compensated Graves’ disease (134 cases) reported that
FT3 levels in the combined treatment group decreased
significantly faster than those in the MMI group, and
none of the patients showed an increase in thyroid
hormone levels or aggravation of disease during the
combined treatment [40]. Another prospective study
evaluating the efficacy of MMI 15 mg/day plus inor-
ganic iodide 38.2 mg/day (equivalent to 50 mg KI)
(M15 + KI) vs. MMI 30 mg/day (M30) for the treat-
ment of moderate to severe uncomplicated Graves’
disease (310 cases) also demonstrated that combined
treatment with M 15 + KI improved FT4 levels signifi-
cantly faster than treatment with M30, with no exacer-
bation of thyrotoxicosis in patients treated with M 15 +
KI[41]. Based on these findings in 2 large prospective
trials performed in Japan, we recommend that large
doses of inorganic iodide be administered simultane-
ously with ATDs to Graves’ patients complicated with
thyroid storm. However, patients who are known to
be allergic to inorganic iodide-containing drugs should
not be given KI, though if they are they should be
monitored carefully.

o Comments

Only KI in powder or tablet form is approved for
oral use in Japan. On the other hand, Lugol’s solution
is only approved for topical administration, but can be
administered orally and is effective for the treatment of
thyrotoxicosis. Lugol’s solution, as well as saturated
solution of KI (SSKI), should be prepared in hospital
pharmacies. Since the amount of iodide in these solu-
tions may differ between hospitals, the concentration
of iodide in these solutions should be confirmed prior
to administration.

Despite the relatively high doses of iodide empiri-
cally used to treat thyrotoxicosis, the minimal effec-
tive dose of iodide was previously estimated to be
between 5 and 10 mg/day [35]. Since the absorption
of iodide may be impaired by many factors in patients
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with critical conditions such as thyroid storm, larger
doses of KI should be administered; the recommended
dose is approximately 200 mg/day, taking consider-
ation of the reported doses in our nationwide surveys
[8]. The route of administration for inorganic iodide
(oral, sublingual, rectal, or via a nasogastric tube) may
be selected based on the patient’s clinical condition
[42]. The dose of inorganic iodide may be increased
when administered rectally.

Apart from inorganic iodide, lithium carbonate is
also known to inhibit the release of thyroid hormone
from the thyroid gland by an unknown mechanism [43,
44]. Lithium may be used in patients allergic to ATDs
or iodide to reduce circulating thyroid hormone lev-
els, though serum lithium levels should be monitored
to avoid toxicity.

After improvement of thyrotoxicosis by combina-
tion therapy with ATDs and inorganic iodide, the doses
of inorganic iodide should be reduced before ATDs are
tapered, and thyroid hormone levels, but not TSH lev-
els, should be closely monitored.

C. Treatment with corticosteroids

® RECOMMENDATION 4

Corticosteroids (300 mg/day hydrocortisone or 8
mg/day dexamethasone) should be administered to
patients with thyroid storm regardless of its origin.

Strength of recommendation: high

Quality of evidence: moderate

e Evidence supporting the recommendations
Corticosteroids should be administered as prophy-
laxis for relative adrenal insufficiency caused by the
hypermetabolic state in thyroid storm. Large doses of
corticosteroids have been shown to inhibit both thy-
roid hormone synthesis and peripheral conversion of
T4 to T3 [45]. Despite the predicted favorable effects
of corticosteroids mentioned above, detailed analysis
of nationwide surveys using multiple regression anal-
ysis showed that disease severity and mortality were
significantly higher in patients who were treated with
corticosteroids than in those who were not [8]. In
multiple regression analyses, both the use of cortico-
steroids and their doses correlated with disease sever-
ity, but not with mortality [8]. The median dose and
range of hydrocortisone, prednisolone, methylpred-
nisolone, and dexamethasone were 300 mg (30-1,200
mg), 25 mg (5-60 mg), 375 mg (80-1,000 mg), and
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6 mg (1.5-16 mg), respectively [8]. These findings
suggest that the doses of corticosteroids administered
might be insufficient in some patients. Alternatively,
corticosteroids overdosing in some patients may
cause unfavorable hyperglycemia and worsening of
their general condition. Therefore, the type and dose
of corticosteroids needs to be determined carefully
on an individualized basis to improve the outcome of
thyroid storm.

e Comments

Corticosteroids should be given to ameliorate rel-
ative adrenal insufficiency and thyrotoxicosis. The
recommended dose of hydrocortisone is 300 mg/day
(100 mg administered intravenously every 8 hours).
Alternatively, dexamethasone (8 mg/day) can be admin-
istered, nearly equipotent to 300 mg/day hydrocorti-
sone. There is no evidence that prednisolone or methyl-
prednisolone is more beneficial than hydrocortisone or
dexamethasone. Corticosteroid doses need to be altered
on an individualized basis. There should be careful
monitoring and prevention of potential side effects such
as hyperglycemia, peptic ulcer, and infection.

After successful management of severe thyrotox-
icosis during the early stage of thyroid storm, doses
of corticosteroids should be tapered and discontinued
following confirmation of adrenocortical recovery by
measurement of fasting serum cortisol levels.

D. Treatment for fever

® RECOMMENDATION 5
1. Aggressive cooling with acetaminophen and
mechanical cooling with cooling blankets or ice packs
should be performed for thyroid storm patients with
high fever.

Strength of recommendation: high

Quality of evidence: low
2. The focus of infection should be investigated in
patients with high fever and accompanying infection
should be treated.

Strength of recommendation: high

Quality of evidence: moderate

e Evidence supporting the recommendations

As recommended in the ATA guidelines [7], acet-
aminophen is the first choice of antipyretic agents for
the treatment of fever in thyroid storm because other
antipyretics have been shown to increase free thyroid
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hormone levels by interfering with binding to
T4-binding proteins [46]. In a nationwide survey [4],
the body temperature of thyroid storm patients treated
with antipyretics was significantly higher than the body
temperature of those who did not receive antipyretics.
However, no significant differences were observed in
disease severity and mortality between these patients
[8]. This nationwide survey also found no significant
difference in mortality between patients treated with
acetaminophen versus other antipyretics [8]. Since
patient outcomes are influenced by many factors, these
data do not disprove the advantage of acetaminophen
therapy suggested by in vitro data [46].

Infection is one of the causes of fever and is also a
trigger for thyroid storm. Infection was shown to be
the second most common triggering factor for thyroid
storm (28%) in a nationwide survey [4]. The survey
also revealed that the direct causes of death in patients
with thyroid storm included sepsis, septic shock, DIC,
and pneumonia [4]. These conditions are also closely
related to infection. Therefore, the control of infection
is important in order to improve prognosis in patients
with thyroid storm. According to the guidelines for the
treatment of sepsis by the Committee for Sepsis of the
Japan Society of Intensive Care Medicine, appropriate
antibiotic therapy needs to be started as soon as possi-
ble in patients exhibiting signs of infection [47].

e Comments

Since the control of fever may reduce adverse effects
on the central nervous system (CNS) and cardiovascu-
lar function, extensive cooling with ice packs, cooling
blanket or acetaminophen may be needed for thyroid
storm patients with high fever. Acetaminophen may
be administered orally or in the form of a suppository
at a dose of 500 mg three times per day. Non-steroid
anti-inflammatory agents as well as aspirin are not rec-
ommended because these drugs may increase free thy-
roid hormone levels [46].

Antibiotics should be administered to patients with
fever or signs of infection based on symptoms and phys-
ical findings after appropriate sampling of blood, spu-
tum, or urine to identify causative bacteria. According
to Japan Society of Intensive Care Medicine guidelines,
antibiotics should be administered in very severely ill
patients [47]. These guidelines recommend that anti-
biotics with both Gram-positive and Gram-negative
coverage should be used if the causative organism has
not been identified. Pneumonia and urinary tract infec-
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tions should be considered in severely ill patients that
exhibit no signs of infection, and treatment should be
initiated as soon as possible.

3. Use of therapeutic plasmapheresis to
treat thyroid storm

® RECOMMENDATION 6

Therapeutic plasmapheresis (TPE) should be con-
sidered if clinical improvement is not noted within
24-48 hours of initial treatment with appropriate
doses of ATDs, inorganic iodine, corticosteroids, or
beta-AAs, as well as specific treatment for the trig-
gering disease and complications with thyroid storm.

Strength of recommendation: weak

Quality of evidence: low

e Evidence supporting the recommendation

The usefulness of TPE in treating thyroid storm was
first described by Ashknar et al. in 1970 [48]. TPE effi-
ciently improves thyrotoxicosis by rapidly removing
and exchanging the serum proteins to which approxi-
mately 99% of thyroid hormones bind. To date, no pro-
spective studies have verified the usefulness of TPE in
treating thyroid storm. However, based on many case
reports from Japan and other countries in which thy-
roid storm has been successfully treated using TPE,
we recommend that TPE be considered if thyrotoxic
symptoms such as tachycardia, high fever, and dis-
turbances of consciousness have not improved within
24-48 hours of initial intensive treatment, because
these symptoms in patients with thyroid storm typi-
cally improve within 12-24 hours of appropriate ini-
tial therapy [3].

o Comments
1. TPE exchanges the patient’s plasma with fresh
plasma from healthy donors and should be used to treat
patients with thyroid storm complicated with acute
liver failure with disturbances of consciousness. A
more precise indication for TPE in acute liver failure is
described in the “Treatment of gastrointestinal symp-
toms and hepatic injury in thyroid storm” section.
2. a) A relative indication for TPE in thyroid storm
Charcoal absorbance and blood exchange have pre-
viously been performed to remove excess serum thy-
roid hormone in patients with thyroid storm. TPE is
considered to efficiently improve thyrotoxicosis by
rapidly removing and exchanging the serum proteins to
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which approximately 99% of thyroid hormones bind.
The usefulness of TPE as a preoperative treatment
for thyrotoxic patients complicated with agranulocy-
tosis associated with ATD use has also been reported
[49]. Theoretically, TPE could remove excess cate-
cholamines, cytokines, and anti-thyroid stimulating
hormone receptor antibodies (TRAD) [50]; however,
these findings have not yet been confirmed in large
case series. To date, no randomized study has evalu-
ated the usefulness of TPE in the treatment of thyroid
storm because thyroid storm is a rare endocrine emer-
gency. However, based on many case reports in which
the efficacy and safety of TPE have been demonstrated,
we recommend that TPE be considered if thyrotoxico-
sis has not improved within 24-48 hours after the start
of initial treatment because thyrotoxic symptoms in
patients with thyroid storm generally improve within
12-24 hours after appropriate initial treatment [3, 51].
If the patient’s condition has not improved after 24—48
hours, the condition is suspected to be highly resistant
to conventional therapies due to an unknown mecha-
nism. Rate control with beta-AAs may be necessary
before starting TPE. Although TPE has been shown
to be useful for the treatment of conventional therapy—
resistant thyroid storm in many case reports, TPE is not
approved for thyroid storm by the health insurance sys-
tem in Japan.

b) Replacement fluids and the combination of TPE
with continuous hemodiafiltration (CHDF)

Two types of replacement fluids exist for TPE: fresh
frozen plasma (FFP) and albumin solution. FFP con-
tains thyroxine-binding globulin (TBG) and is thought
to be useful for the removal of TBG-bound thyroid
hormones. In contrast, limitations of FFP include its
high cost, risk of infection, and presence of thyroid
hormones. In contrast, albumin solution is less expen-
sive, associated with a lower risk of infection, and con-
tains lower levels of thyroid hormones. Since albumin
solution contains less TBG, it may cause worsening of
thyroid storm. However, one previous study showed
that the level of TBG rapidly increases after TPE with
albumin solution [52]. Although no randomized study
has yet evaluated the usefulness of FFP versus albumin
solution in TPE to treat thyroid storm, FFP has been
preferentially used in many case reports. Therefore, it
is recommended that FFP be used as the replacement
solution in TPE to treat thyroid storm because FFP is
expected to reduce thyroid hormones more efficiently
than albumin solution.
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CHDF is sometimes performed in parallel with
TPE because cardiohemodynamic conditions are often
unstable in thyroid storm patients [53]. Several case
reports have recently demonstrated the usefulness
of using both methods to treat patients with thyroid
storm resistant to conventional therapy [54-57]. Since
CHDF is performed not only for the treatment of acute
hepatic and renal failure, but also for the removal of
excess cytokines in systemic inflammatory response
syndrome (SIRS) [58], the combined use of TPE with
CHDF is recommended for patients with severe com-
plications such as multiple organ failure. The perfusate
is basically maintained at body temperature, but when
the solution are maintained a little cooler, the body
temperature may decrease effectively. However, there
is no significant evidence in mortality or effectiveness
of cooling with TPE.
¢) Evaluation of the role of TPE in the treatment of
thyroid storm in other countries

In the guidelines on the use of TPE in clinical prac-
tice by the American Society for Apheresis, the evi-
dence level of TPE for thyroid storm was categorized
as type II-3 (obtained from multiple time series with or
without the intervention). Dramatic results in uncon-
trolled experiments could also be regarded as this level
of evidence and the usefulness of TPE was classified as
Category III (the optimum role of apheresis therapy is
not established, decision-making should be individu-
alized). FFP is recommended as a replacement fluid
to increase TBG levels and the replacement volume
should be 1 to 1.5 times the total plasma volume. TPE
daily or every 2 to 3 days is also recommended and
should be continued until clinical improvement has
been observed [59].

In a recent systemic review summarizing 126 case
reports of thyroid storm treated with TPE, the recom-
mended indications for TPE in thyroid storm were
described as 1) severe symptoms (cardiothyrotoxi-
cosis, neurological manifestations, disturbances in
consciousness, and severe myopathy), 2) rapid clin-
ical worsening, 3) contraindication to other thera-
pies (including agranulocytosis, renal insufficiency,
asthma, and heart failure), and 4) failure of conven-
tional therapy [60]. This study recommended that
TPE should be performed daily with 40—-50 mL/kg
of replacement solution until clinical improvements
are noted, and FT3 and FT4 levels should be sampled
before and after each session. TPE should not be dis-
continued if there is no reduction in FT3 or FT4 levels
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because of biologico-clinical dissociation. The side
effects of TPE are mostly reversible, with an incidence
of approximately 5%. They include transfusion reac-
tion, citrate-related nausea and vomiting, vasovagal or
hypotensive reactions, respiratory distress, tetany, and
convulsions. Death was also rarely observed and was
commonly attributed to the underlying disease.

d) Outcome of thyroid storm patients treated with
TPE in Japan

To evaluate the efficiency of TPE for thyroid storm
in Japan, the Ichushi database (Japanese literature) was
searched using the terms ‘thyroid storm’ and ‘plasma-
pheresis’ between 1983 and 2015. Analysis of the lit-
erature search results showed that the mortality rate
of patients with thyroid storm that received TPE was
17.4% (11/63) and the clinical symptoms of many
patients improved after a single course of TPE [61-
110]. Thyroid hormone levels before and after TPE
were significantly decreased in cases described in the
literature (Fig. 1). TPE was performed on hospitalized
dayl (3 patients), day 2 (2 patients), day 3 (2 patients),
or day 9 (1 patient) in the 11 cases that died, and 2
patients died on hospitalized day 26 and day 36 from
sepsis, respectively. Therefore, although TPE initially
improved severe thyrotoxicosis in these patients, they
died from a late-onset complication.

In nationwide surveys conducted in Japan [4], TPE
was performed in 16 of 356 thyroid storm patients, and
the mortality rate of patients who received TPE was
37.5% (6/16) [8], which is apparently higher than that in
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the literature (17.4%). This may have been due to pub-
lication bias because TPE-unresponsive patients may
not have been reported in the literature. Six patients
died between days 6 and 37. Four cases were com-
plicated with multiple organ failure and 1 patient died
from DIC. Thus, based on the literature and nation-
wide surveys conducted in Japan, some thyroid storm
patients did not survive even with TPE. The usefulness
of TPE as an alternative treatment for thyroid storm
needs to be verified in a future prospective study.

4. Treatment of central nervous system
manifestations of thyroid storm

® RECOMMENDATION 7
1. In addition to prompt treatment of thyrotoxicosis,
differential diagnosis and treatment of acute distur-
bances of consciousness, psychosis, and convulsion
in thyroid storm should be performed based on estab-
lished guidelines in consultation with a psychiatrist
or neurologist.

Strength of recommendation: strong

Quality of evidence: low
2. Since thyrotoxicosis and dysfunction of multiple
organs such as the liver and kidney can affect pharmaco-
kinetics in thyroid storm patients, the condition of each
patient should be considered individually when select-
ing and adjusting doses of psychotropic medications.

Strength of recommendation: strong

Quality of evidence: low
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Fig. 1 Significant reduction in thyroid hormone levels before and after plasma exchange (PE) in patients with thyroid storm in the

Ichushi database

Changes in free triiodothyronine (FT3) (pg/mL) (n = 8) and free thyroxine (FT4) (ng/dL) (n = 10) levels in patients with
thyroid storm after a single session of PE described in case reports between 1983 and 2011 in the Ichushi database were

analyzed using the paired #-test.
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e Evidence supporting the recommendations

1. Thyroid storm often presents with CNS manifesta-
tions such as restlessness, delirium, psychosis, somno-
lence, convulsion, and coma. These CNS manifesta-
tions may be caused by overactivity of the adrenergic
nervous system [111, 112], autoimmune processes
[113], direct effects of excess thyroid hormone lev-
els on brain function [114], or neurotransmitters such
as serotonin [115]. However, the precise mechanisms
responsible remain unknown. The amelioration of
thyrotoxicosis has been shown to be most effective in
treating CNS manifestations [116, 117]; however, there
is insufficient evidence to support other specific treat-
ments. In a small clinical study, mental symptoms such
as anxiety and depression in thyrotoxicosis were sig-
nificantly improved by beta-AAs [116]. In contrast,
another study reported that beta-AAs and placebo had
similar effects on anxiety [118]. Moreover, no associa-
tion was observed between the choice of medication to
treat CNS manifestations and prognosis in nationwide
surveys in Japan [4]. The 2010 Japan Resuscitation
Council (JRC) guidelines [119], Guidelines for
Psychiatric Emergency Treatment [120], and 2010
Guidelines for Epilepsy Treatment [121] have been
established in Japan for the general management of
CNS symptoms. We base our recommendations for the
management of CNS manifestations secondary to thy-
roid storm on these guidelines.

2. Thyrotoxicosis can affect pharmacokinetics by
altering the absorption, distribution, metabolism, and
excretion of drugs [122]; these effects may change
dynamically during the treatment of thyroid storm.
Patients with thyroid storm often have dysfunction of
multiple organs such as the liver and kidney, which can
also affect pharmacokinetics. Therefore, the selection
of drugs to treat CNS symptoms and dose adjustment
should be individually determined.

o Comments
1. Initial care and differential diagnosis

According to the 2010 JRC guidelines [119], glu-
cose should be administered when hypoglycemia is
confirmed in the initial care of acute disturbances in
consciousness. The administration of vitamin B1 prior
to or at the same time as glucose injection is recom-
mended when malnutrition is suspected based on med-
ical history and physical examination. A differential
diagnosis for cerebrovascular disease, meningitis, met-
abolic disorders, or poisoning should be constructed
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based on the history of present illness, physical exam-
ination for focal and meningeal signs, and urine and
blood tests, as well as various imaging studies when
altered consciousness has not improved with these
treatments. If diseases presenting with CNS symp-
toms are present, treatments for these illnesses should
be performed in parallel with therapy for thyroid storm.
2. Restlessness, delirium, and psychosis

First-line drugs for restlessness, delirium, and psy-
chosis for patients who can tolerate oral medications
are second-generation antipsychotics such as risperi-
done and olanzapine. For patients who cannot tolerate
oral medication, first-generation antipsychotic drugs
such as haloperidol and olanzapine [120] by intramus-
cular or intravenous injection are the first-line choices.
Although the precise mechanism is unknown, previous
case reports have shown that haloperidol can lead to the
onset of thyroid storm [123], which can result in neu-
rotoxic effects [124]. Therefore, haloperidol should be
carefully administered to patients with thyroid storm.
a) Convulsion, somnolence, and coma

The initial management of patients with convulsions
should focus on securing an airway, breathing, and
peripheral venous access (Fig. 2). Benzodiazepines are
first-line agents for the acute management of convul-
sions. Fosphenytoin or phenobarbital is recommended
if convulsions continue after repeated doses of benzo-
diazepines [121].

Somnolence and coma can be caused by a variety of
conditions, such as hypoxemia due to heart failure or
shock, liver failure, renal failure, severe infection, cere-
brovascular disease, electrolyte abnormalities, and glu-
cose metabolism. Thyroid storm is often complicated
by these conditions; therefore, a differential diagnosis
is important in thyroid storm patients in a coma (Fig.
3). Because the underlying cerebrovascular disease or
encephalitis may become apparent during the treatment
of thyroid storm in patients with CNS manifestations,
physical findings should be carefully monitored and
an examination of the cerebrospinal fluid examination,
brain magnetic resonance imaging (MRI), or electroen-
cephalography should be performed as needed. Early
initiation of rehabilitation is recommended to prevent
disuse muscle atrophy, especially in patients receiving
mechanical ventilation [125].

b) The influence of thyrotoxicosis on pharmacoki-
netics

Thyrotoxicosis does not have a pronounced effect
on the pharmacokinetics of diazepam [126], phenytoin
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Convulsion in TS

Establish peripheral venous access I | Maintain airway and oxygenation

Successful l Unsuccessful

Enema of a diazepam injection 10-30 mg
Buccal or intranasal administration of a midazolam injection 10 mg

v
| Thiamine hydrochloride (Vitamin B1) 100 mg IV and 50% Glucose 50 mL IV I

!

/ Diazepam 10 mg IV K

| Additional diazepam 10 mg | | Phenobarbital 15-20 mg/kg IV |

v
Fosphenytoin 22.5 mg/kg DIV

Continuous convulsions | | Disappearance of convulsion
v v
EEG monitoring  General anesthesia | Constant infusion of fosphenytoin
Thiopental 3-5 mg/kg IV, 3-5 mg/kg/hr DIV 5-7.5 mg/kg DIV
Propofol 1-2 mg/kg IV, 2-5 mg/kg/hr DIV

Fig. 2 Medical treatment for convulsions

A proposed algorithm for the treatment of convulsion in patients with thyroid storm, modified from ref. [121]. *! Standard
therapy, *2 alternative therapy. TS, thyroid storm; EEG, Electroencephalogram.

Central nervous system (CNS) manifestations in TS

Restlessness, delirium, psychosis, somnolence, convulsion, and coma, JCS>1, GCS<14

|

Focal and/or meningeal signs

Yes No
Brain CT, MRI, MRA, and Clinical history, blood and urine tests, and
cerebrospinal fluid examination blood gas analysis

) 4
Coexistence of metabolic or poisoning disorder
(electrolyte abnormality, glycometabolism, hepatic
or renal disorder, alcohol, or drugs)

No Yes / No

Treatment of complications in parallel with thyroid storm |

Y
Coexistence of CNS diseases (including
cerebrovascular disease or meningitis)

A4
Treatment for restlessness, delirium, psychosis, somnolence, convulsion, and coma

Fig. 3 Differential diagnosis of central nervous system (CNS) manifestations in thyroid storm patients

An algorithm for the differential diagnosis and treatment of CNS manifestations in thyroid storm patients is proposed. TS,
thyroid storm; JCS, Japan Coma Scale; GCS, Glasgow Coma Scale; CT, computed tomography; MRI, magnetic resonance
imaging; MRA, magnetic resonance angiography.
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[127], or phenobarbital [128] in vivo. On the other hand,
in thyrotoxic patients the effect of propofol is decreased
due to increased clearance and distribution volume
[129]. Since the influence of thyrotoxicosis on the phar-
macokinetics of other antipsychotic drugs has not been
studied in detail, dose adjustments should be carefully
performed with monitoring of therapeutic effects.

5. Treatment of tachycardia and atrial
fibrillation in thyroid storm

1 RECOMMENDATION 8
1. Betal-selective AAs (landiolol, esmolol (intrave-
nous), or bisoprolol (oral)) should be selected as the
first choice of treatment for tachycardia in thyroid
storm. Other betal-selective oral drugs are also rec-
ommended. Although the non-selective beta-AA pro-
pranolol is not contraindicated, it is not recommended
for the treatment of tachycardia in thyroid storm.
1) When the heart rate of patients classified as Killip
class < III is >150 bpm, landiolol or esmolol should be
selected as the first choice treatment. If the heart rate
is <150 bpm, landiolol or esmolol can be changed to an
oral betal-selective agent.
2) If the heart rate of patients classified as Killip class
IV is >150 bpm, the use of landiolol or esmolol may
be considered.
3) Landiolol should be initially administered intrave-
nously at a dose of 1 pg/kg/min, and its dosage should
be controlled appropriately while monitoring the heart
rate (1-10 pg/kg/min). Esmolol should be initially
administered intravenously at a dose of 1 mg/kg for 30
seconds, and its dosage should be controlled appropri-
ately while monitoring the heart rate (~150 pg/kg/min).
Bisoprolol should be administered orally at a dose of
2.5-5 mg/day.
4) Heart rate should be controlled to <130 bpm when
beta-AAs are used. Discontinuation of beta-AAs
should be considered when heart rate is <80 bpm, sys-
tolic blood pressure is <80 mmHg, or the cardiac index
is <2.2 L/min/m°.
5) Landiolol or esmolol should be used carefully in
patients with bronchial asthma and chronic obstruc-
tive pulmonary disease (COPD) and may be switched
to verapamil or diltiazem if an asthma attack occurs.
Strength of recommendation: high
Quality of evidence: low
2. When atrial fibrillation occurs,
1) Digitalis is used in patients without severe renal dys-
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function. It is given intravenously at an initial dose of
0.125 to 0.25 mg, followed by an appropriate main-
tenance dose with careful monitoring for signs and
symptoms of digitalis toxicity.
2) When hemodynamics is impaired rapidly because of
atrial fibrillation, cardioversion is recommended when
left atrial thrombus has been ruled out.
3) Class la and Ic antiarrhythmics are recommended to
maintain sinus rhythm after cardioversion. Amiodarone
may be considered for patients with impaired left ven-
tricular systolic function.

Strength of recommendation: high

Quality of evidence: low
3. Anticoagulation should be used for persistent atrial
fibrillation based on the CHADS, score, which has
been used to evaluate the risk of stroke onset.

Strength of recommendation: high

Quality of evidence: low

e Evidence supporting the recommendations

1. Tachycardia should be treated aggressively because
the results of our nationwide survey revealed that
tachycardia >150 bpm was associated with increased
mortality in patients with thyroid storm [4]. All
patients with Killip class > III disease treated with
beta-AAs who died were treated with non-selective
beta-AAs, although there were some patients whose
details were unknown and some who were not treated
with beta-adrenergic antagonists. In contrast, all
patients with Killip class > III disease who survived
were treated with betal-selective AAs.

2. The results of our nationwide survey showed that
atrial fibrillation in the presence of thyroid storm
is associated with significantly increased mortality
(»=0.0024). This finding suggests that systemic hemo-
dynamic deterioration is accelerated by atrial fibrilla-
tion in thyroid storm; therefore, cardioversion should
be considered when hemodynamics is impaired rapidly
because of atrial fibrillation.

3. Anticoagulation is recommended for non-valvu-
lar atrial fibrillation when the CHADS, score, used
to evaluate the risk of stroke onset, is >2 points. In
addition, dabigatran and apixaban are recommended
when the CHADS, score is 1 point. Because hyper-
thyroidism increases the risk of thrombosis by mod-
ifying the coagulation-fibrinolysis balance [130],
anticoagulation should be initiated based on the
Guidelines for Pharmacotherapy of Atrial Fibrillation
(JCS 2013) [131].
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e Comments

1. Heart rate needs to be controlled during the treat-
ment of thyroid storm; our nationwide survey revealed
that heart rate >150 bpm is associated with increased
mortality in patients with thyroid storm [4]. Thyroid
hormones have been shown to increase the density of
beta-adrenergic receptors and cyclic adenosine mono-
phosphate, and decrease the density of alpha-adren-
ergic receptors [132]; therefore, the usefulness of
beta-AAs for tachycardia associated with thyrotoxico-
sis has been advocated. Beta-AAs were used in 286
patients (80.3%) in our nationwide survey, non-selec-
tive beta-AAs in 190 patients, betal-selective AAs in
66 patients, betal-selective and non-selective beta-
AAs in 3 patients, alpha-, beta-adrenergic antagonists
in 18 patients, and unknown in 9 patients. All deaths
in patients with Killip class >3 disease who met our
diagnostic criteria for thyroid storm were treated with
non-selective beta-AAs (except for those whose details
were unknown or were not treated with beta-AAs),
while all patients who survived were treated with
betal-selective AAs.

The effects of beta-AAs with respect to differences
in selectivity for beta-adrenergic receptors or the dura-
tion of action as treatment for hyperthyroidism have
not yet been investigated. Since the 1970s, many stud-
ies suggested the usefulness of propranolol. However,
most of these studies proposed the usefulness of beta-
AAs in general, rather than propranolol specifically
[133]. The number of studies that suggest the risks
associated with propranolol and the usefulness of
esmolol increased after the 1990s [134-139]. Esmolol
has several potential advantages over propranolol in
thyroid storm. One is its short elimination half-life
(t1/2) and duration of action. Another advantage is its
relatively higher betal-selectivity [139]. Although the
onset of action of intravenous propranolol and esmolol
are similar, their t1/2 and duration of action are mark-
edly different. The t1/2 alpha and beta for proprano-
lol are 10 minutes and 2.3 hours, respectively, while
the t1/2 alpha and beta for esmolol are 2 minutes and 9
minutes, respectively [140]. A human volunteer study
demonstrated that the effects of beta-blockade com-
pletely disappeared 18 minutes after the infusion of
esmolol (300 pg/kg/min) had been stopped, while no
significant differences were observed in the effects of
beta-blockade 30 minutes after stopping the infusion
of propranolol (55 pg/min) [141]. Betal-selectivity
raises the possibility that esmolol can be used more
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safely for patients with asthma. Previous studies have
demonstrated that betal-selective AAs do not exacer-
bate bronchoconstriction or wheezing induced by tra-
cheal intubation in patients with asthma [142, 143].
Furthermore, a patient with thyroid storm and bron-
chial asthma was successfully managed with esmolol
[144]. Landiolol, an ultra—short-acting betal-selec-
tive AA with a t1/2 of 3—4 minutes and approximately
8-fold greater betal-selectivity than esmolol, has been
approved in Japan for the treatment of intraoperative
and postoperative tachyarrhythmias [145]. Landiol
was recently approved for the treatment of tachyar-
rhythmias in other situations, which strongly suggests
that it is useful for the treatment of tachyarrhythmias in
thyroid storm.

The effect of calcium channel blockers on tachy-
cardia in thyroid storm could not be analyzed in our
nationwide surveys because they were used only in
a small number of patients. Verapamil is a cardiose-
lective calcium channel blocker that is widely used to
slow heart rate, especially in rapid atrial fibrillation.
However, verapamil was not efficacious in treating thy-
roid storm-related cardiac failure in one study [146].
Calcium channel blockers may not be recommended
as first-line treatment for tachycardia in thyroid storm
due to the pathophysiology of thyroid storm, which
is characterized by peripheral vasodilation associated
with increased beta-adrenergic action. Landiolol or
esmolol should be used carefully in patients with respi-
ratory diseases such as bronchial asthma and COPD.
Verapamil can be considered a potential alternative for
rate control in patients with bronchial asthma or COPD.
2. In our nationwide surveys, 136 patients with thy-
roid storm had atrial fibrillation and 130 did not have
atrial fibrillation. There were 20 and 5 deaths, respec-
tively. Atrial fibrillation status was unknown in 90
patients, of whom 13 died. The presence of atrial fibril-
lation in thyroid storm was associated with signifi-
cantly increased mortality in our nationwide surveys
(»=0.0024), as assessed by the Fisher’s exact test. The
reported incidence of atrial fibrillation in thyrotoxicosis
ranges between 12% and 28% [147]. Atrial fibrillation
further accelerates systemic hemodynamic disturbances
and increases mortality in thyroid storm; therefore, car-
dioversion should be considered if hemodynamics is
impaired rapidly because of atrial fibrillation.

The treatment of atrial fibrillation includes both
rate and rhythm control. Beta-AAs are recommended
as first-line treatment for rate control due to the patho-
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physiology of thyroid storm. However, a treatment
protocol has not yet been established for rhythm con-
trol in thyroid storm. Digitalis was used in 30 patients
(8.4%) in our nationwide surveys, of whom 4 died.
Since digitalis was only sometimes used as a cardio-
tonic agent under critical conditions, this result does
not necessarily indicate the inferiority of digitalis
in the treatment of atrial fibrillation associated with
thyroid storm. Digitalis is recommended for tachy-
cardia-induced heart failure due to atrial fibrillation
by the Guidelines for the Treatment of Acute Heart
Failure (JCS 2011); [148] however, it should be used
with caution because of the possibility of digitalis
intoxication, especially in patients with renal dysfunc-
tion. In addition, because thyrotoxicosis accelerates
the clearance of digoxin [149], digoxin levels should
be monitored and the dose adjusted appropriately as
the patient becomes euthyroid. To prevent relapse of
atrial fibrillation, class Ia and Ic antiarrhythmics are
recommended for patients without impaired left ven-
tricular systolic function according to the Guidelines
for Pharmacotherapy for Atrial Fibrillation (JCS
2013) [150]. In patients with impaired left ventricu-
lar systolic function, amiodarone is a first choice of
treatment for atrial fibrillation in Europe and United
States [151] and recommended by the Guidelines
for Pharmacotherapy for Atrial Fibrillation (JCS
2013) [150].

3. Appropriate anticoagulation should be given based
on an assessment of the risk of cerebral infarction in
patients with non-valvular atrial fibrillation, as recom-
mended by the Guidelines for Pharmacotherapy for
Atrial Fibrillation (JCS 2013) [150]. The CHADS,
score has been proposed to assess the risk of developing
cerebral infarction [152]. CHADS is an acronym for
Congestive heart failure, Hypertension, Age > 75 years
of age, Diabetes mellitus, and Stroke/Transient isch-
emic attack (TIA). The CHADS, score is calculated
as the sum of the points for each risk factor (1 point
for each of the first 4 factors and 2 points for history
of stroke/TIA), with higher scores representing higher
risk of cerebral infarction. Anticoagulation is recom-
mended for patients with a CHADS, score >2 points.
Since hyperthyroidism increases the risk of throm-
bosis by altering the coagulation-fibrinolytic balance
[130], anticoagulation should be given based on the
Guidelines for Pharmacotherapy of Atrial Fibrillation
(JCS 2013). Dabigatran, a direct thrombin inhibitor,
and apixaban, a direct factor Xa inhibitor, have recently
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been recommended for patients with a CHADS, score
>1 point in the Guidelines for Pharmacotherapy of
Atrial Fibrillation [150]. Other direct factor Xa inhib-
itors such as rivaroxaban and edoxaban may also be
used in patients with atrial fibrillation. However, there
have been to date no clinical trials assessing the use-
fulness of rivaroxaban and edoxaban in patients with a
CHADS, score of 1 point. Recommendations regard-
ing these novel oral anticoagulants may be reevaluated
in the future based on new information.

6. Treatment of acute congestive heart fail-
ure in thyroid storm

® RECOMMENDATION 9
1. Hemodynamic monitoring using a Swan-Ganz cath-
eter is recommended for patients with acute congestive
heart failure classified as Killip class >III.
Strength of recommendation: high
Quality of evidence: low
2. Acute congestive heart failure in thyroid storm
should be treated according to the Guidelines for the
Treatment of Acute Heart Failure (JCS 2011) [148],
given the pathophysiology of thyroid storm.
1) In patients with acute congestive heart failure clas-
sified as Killip class III,
i) Respiratory management: Respiratory manage-
ment should include noninvasive positive-pres-
sure ventilation (NIPPV) or artificial respiration
by intratracheal intubation if the patient’s respira-
tory status has not improved with oxygen admin-
istration.
ii) Drug therapy: Furosemide (intravenous),
nitrate (sublingual or intravenous), and/or carper-
itide (intravenous) should be administered. Beta-
AAs are used for the treatment of tachycardia.
When atrial fibrillation is present, digitalis is used
simultaneously. Calcium channel blockers (intra-
venous) should be considered if hypertension is
present. If the patient’s hemodynamic status does
not improve with these treatments, treatments
recommended for patients classified as Killip
class IV should be started, as described below.
2) In patients with acute congestive heart failure clas-
sified as Killip class IV,
i) Respiratory management: Respiratory man-
agement should be the same as for patients with
acute congestive heart failure classified as Killip
class II1.
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ii) Drug therapy: Adrenergic agonists should be
used. Dopamine should be administered intra-
venously at a dose of 5-20 pg/kg/min when
systolic blood pressure is between 70 to 90
mmHg. Dobutamine at a dose of ~10 pg/kg/
min should be considered when the patient is
in cardiac shock and systolic blood pressure is
<70 mmHg. Norepinephrine at a dose of 0.03—
0.3 pg/kg/min is also used when the patient’s
hemodynamic condition does not improve with
these agents or systolic blood pressure is <70
mmHg. The short-acting betal-selective adren-
ergic antagonists landiolol or esmolol may be
considered when heart rate is >150 bpm. When
atrial fibrillation is present, digitalis should be
used simultaneously.
Strength of recommendation: high
Quality of evidence: low
3. An artificial heart-lung machine should be used
before the development of irreversible multiple organ
failure when hemodynamic status has not improved
with the maximum dose of adrenergic agonists.
Strength of recommendation: high
Quality of evidence: low

e Evidence supporting the recommendations

1. Hemodynamic monitoring using a Swan-Ganz cath-
eter should be considered on an individualized basis, as
described in the Guidelines for the Treatment of Acute
Heart Failure (JCS 2011) [148, 150]. Hemodynamic
monitoring using a Swan-Ganz catheter is recom-
mended for assessing the severity of acute congestive
heart failure in patients classified as Killip class > III.
2. The treatment of acute congestive heart failure in
patients with thyroid storm has not been studied in
detail. Acute congestive heart failure in thyroid storm
should be treated according to the Guidelines for the
Treatment of Acute Heart Failure (JCS 2011) [148]
on an individualized basis, with consideration of the
pathophysiology of thyroid storm.

3. Our nationwide surveys revealed that 5 of 9 patients
treated with an artificial heart-lung machine sur-
vived [4]. An artificial heart—lung machine should be
used before the development of irreversible multiple
organ failure.

e Comments
1. Hemodynamic monitoring with a Swan-Ganz cath-
eter should be considered on an individualized basis
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[153]. Hemodynamic monitoring using a Swan-Ganz
catheter is recommended for assessing the severity of
acute congestive heart failure in patients classified as
Killip class >III. If it is not possible to monitor hemo-
dynamic status using a Swan-Ganz catheter, accurate
assessment by physical examination, chest X-ray, or
echocardiography is required.

2. Vasoconstrictor agents, cardiotonic agents, and/or
diuretics were used in 100 patients in our nationwide
surveys [4]: adrenergic agonists in 45 patients; digi-
talis in 30 patients; vasodilator agents (nitroglycerin
and isosorbide dinitrate) in 4 patients; carperitide in
6 patients; furosemide in 5 patients; and unknown or
other in 15 patients. None of these agents were used
in 229 patients. Whether these agents were used was
unknown in 27 patients. Although the use of these
agents was associated with significantly increased
mortality in our nationwide surveys (p<0.0001), as
assessed with the Fisher’s exact test, this result was
attributed to these agents being used in patients in crit-
ical condition with a high likelihood of death. No def-
inite trend was observed when the analysis was per-
formed for each agent separately. The treatment of
acute congestive heart failure in patients with thyroid
storm has not been examined in detail. Therefore, the
use of vasoconstrictor agents with or without diuret-
ics should be considered on an individualized basis
according to the Guidelines for the Treatment of
Acute Heart Failure (JCS 2011) [148]. Digitalis along
with beta-AAs may be considered for tachycardia in
the presence of atrial fibrillation, as described in the
Guidelines on the Treatment of Tachycardia and Atrial
Fibrillation in thyroid storm (Section 4). However,
phosphodiesterase III inhibitors are not recommended
for thyroid storm because of the enhanced production
of cyclic adenosine monophosphate with overstimula-
tion of beta-adrenergic receptors.

3. Artificial heart-lung machines were used in 9
patients in our nationwide surveys [4]: 2 patients with
Killip class 4 disease, 4 patients with class 3 disease,
2 patients with class 2 disease, and 1 patient with
unknown status. Five patients survived: 2 patients with
class 4 disease, and 1 patient each with class 3 disease,
class 2 disease, and unknown status. Four patients
died: 3 patients with class 3 disease and 1 patient with
class 2 disease. It should be appreciated that artificial
heart—lung machines should be used before the devel-
opment of irreversible multiple organ failure.
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7. Treatment of gastrointestinal disorders
and hepatic damage in thyroid storm

® RECOMMENDATION 10
1. Gastrointestinal symptoms, including diarrhea, nau-
sea, and vomiting, are associated with thyrotoxicosis,
heart failure, neurological disorders, and gastrointesti-
nal infection. Treatment for gastrointestinal infection
should be performed in parallel with that for thyrotoxi-
cosis to improve gastrointestinal symptoms.

Strength of recommendation: strong

Quality of evidence: low
2. Administration of large doses of corticosteroids,
coagulopathy associated with thyroid storm, and inten-
sive care unit (ICU) stay with prolonged mechanical
ventilation may be risk factors for gastrointestinal hem-
orrhage and mortality. Acid-suppressive drugs such as
proton pump inhibitors (PPIs) or histamine-2 receptor
antagonists (H2As) are recommended for patients in
these instances.

Strength of recommendation: strong

Quality of evidence: low
3. Hepatotoxicity with or without jaundice in thyroid
storm can be caused by hepatocyte damage due to thy-
rotoxicosis, heart failure, precipitating hepatic-biliary
infection, or drug-induced liver damage. The nation-
wide surveys showed that patient prognosis is worse
when total bilirubin levels are > 3.0 mg/dL. Differential
diagnosis for the origin of hepatic dysfunction and
appropriate treatment based on its origin should be per-
formed, including TPE for acute hepatic failure.

Strength of recommendation: strong

Quality of evidence: low

e Evidence supporting the recommendations
1. Gastrointestinal disorders

Diarrhea is the most common gastrointestinal symp-
tom in thyrotoxicosis, including thyroid storm. The
incidence and severity of diarrhea have been associ-
ated with serum FT3 and FT4 levels [4]. Therefore,
a reduction in serum thyroid hormone levels could
stop diarrhea without the use of specific antidiarrheals.
Antidiarrheals are not necessary for many cases of thy-
roid storm with coma. Thyroid storm causes muscle
weakness in the diaphragm and esophagus, and gas-
tric wall motility dysfunction, which results in nau-
sea, vomiting, and abdominal pain. Gastrointestinal
tract motility is also affected by CNS impairment.
Therefore, gastrointestinal disorders could be treated
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primarily by improving thyrotoxicosis with limited use
of anti-emetics.
2. Prevention of gastrointestinal bleeding

Acid-suppressive drugs are commonly used in the
emergency room to prevent gastric ulcers and acute
gastric mucosal lesions. Patients under mechanical
ventilation and those with coagulopathy are at the high-
est risk of gastrointestinal hemorrhage in the ICU [154,
155]. ICU patients with gastrointestinal bleeding have
46% higher mortality [155]. The American Society of
Health-System Pharmacists (ASHP) guidelines rec-
ommend prophylactic treatment with acid-suppressive
drugs (antiulcer agents) such as PPIs and H2As [156].
H2As can reduce the risk of overt bleeding by 58%
[157]. Although proven to be highly effective in rais-
ing gastric pH, recent studies, including a meta-analy-
sis, revealed that acid-suppressive drugs alone do not
decrease the overall mortality rate [158]. Guidelines
issued by the Agency for Healthcare Research and
Quality (AHRQ) recommend prophylactic treatment
as level 1 for ICU patients with coagulopathy, head
injury, severe burns, or mechanical ventilation [159].
PPIs and H2As cannot fully prevent stress-induced
mucosal bleeding, and the risk of Clostridium difficile
infection could be increased with the use of acid-sup-
pressive drugs. Furthermore, acid-suppressive drugs
can cause hypomagnesaemia, vitamin B12 deficiency,
upper respiratory tract infection, pneumonia, and clini-
cal fractures of the hip, spine, and wrist. Continuation
of these medications should be reassessed once the
patient is discharged from the ICU. The AHRQ guide-
lines state that the risk of gastrointestinal bleeding
increases with the number of days on mechanical ven-
tilation and ICU stay, respectively [159]. Mechanical
ventilation and coagulopathy, especially DIC, also
contribute to poorer prognosis in patients with
thyroid storm.
3. Jaundice and hepatic damage

Congestive heart failure is one of the most com-
mon causes of hepatic damage and jaundice. Treating
congestive heart failure could contribute to the recov-
ery of normal liver function. Ursodeoxycholic acid,
which relieves liver dysfunction, and Stronger Neo-
Minophagen C, a glycyrrhizin-containing liver pro-
tector, can also be used; however, these drugs may
induce further liver damage [160]. When an ade-
quate reduction in thyroid hormone levels cannot be
achieved, TPE and/or CHDF should be considered to
remove excess thyroid hormone, autoantibodies, mol-
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ecules that cause coma, and pro-inflammatory cyto-
kines. Severe liver failure induces reduced protein
synthesis, which results in coagulopathy, host defense
disorders, and eventually multiple organ failure. TPE
with FFP may effectively compensate for the loss of
coagulation factors. In addition, hemodialysis could
support detoxification in liver failure [161]. TPE and
CHDF may contribute to the recovery of homeostasis
in electrolytes, fluid volume, and acid-base balance in
multiple organ failure, providing sufficient extracellu-
lar fluid space for treatment [162, 163]. Additional
information regarding the indication for TPE in thy-
roid storm is described in the Section 2.

e Comments
a) Gastrointestinal disorders in thyroid storm

CNS manifestations weighted most heavily in our
diagnostic criteria for thyroid storm, while gastroin-
testinal symptoms contributed less to the diagnosis
of thyroid storm [4]. However, if we exclude gastro-
intestinal manifestations from the diagnostic criteria
of thyroid storm, 38 of 55 patients (including 7 fatal
cases) without CNS manifestations would not have
been diagnosed with thyroid storm. Therefore, we can-
not ignore gastrointestinal symptoms in the diagnosis
of thyroid storm; however, the treatment of these dis-
orders mainly depends on reducing serum thyroid hor-
mone levels. The prognosis is affected by CNS mani-
festations and heart failure. Based on the results of our
national survey in Japan [4], we could not identify any
specific drugs that affected liver function or mortality
in patients with thyroid storm.
b) Hepatic damage

Increased oxygen consumption in hepatocytes
resulting in relative hypoxia in the perivenular region,
may be responsible for inducing hepatocyte damage in
thyrotoxicosis. One pathological study showed sim-
ple atrophy, sinusoid congestion, and fatty metamor-
phosis [164]. The presence of autoimmune diseases
such as autoimmune hepatitis, primary biliary cirrho-
sis, and primary sclerosing cholangitis may also exac-
erbate liver damage in thyrotoxicosis. Graves’ disease
is also categorized as an autoimmune disease. The
principal treatment during the acute phase of thyroid
storm should focus on thyrotoxicosis and heart failure.
¢) TPE and hemodialysis

According to the guidelines of the Japan Society for
Apheresis, indications for TPE in acute liver failure
are as follows: altered consciousness, serum total bili-
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rubin level >5.0 mg/dL or hepaplastin <30%, and arte-
rial ketone body ratio (acetoacetate/3-hydoxybutyrate)
<0.7[165]. Three types of apheresis are used for acute
liver failure: TPE, CHDF, and plasma adsorption. TPE
can remove intermediate—molecular-weight proteins
such as bilirubin, replace proteins such as coagula-
tion factors, and provide sufficient extracellular space
for treatment. CHDF is used to remove low—molec-
ular-weight molecules that can induce hepatic coma
and adjust balances in fluid, electrolyte, and acid-base
levels. Like TPE, plasma adsorption can also remove
bilirubin. In multiple organ failure, TPE and CHDF
could contribute to the recovery of the homeostasis of
electrolyte, fluid volume, and acid-base balance and
provide sufficient extracellular fluid space for treat-
ment. In Japan, TPE is reimbursed by the health insur-
ance system when a patient is in acute liver failure.

8. Recommended admission criteria for the
intensive care unit and therapeutic strat-
egy for comorbidities

® RECOMMENDATION 11
1. Intensive care unit (ICU) admission should be rec-
ommended for all thyroid storm patients. Patients with
potentially fatal conditions such as shock, DIC, and
multiple organ failure should immediately be admitted
to the ICU.

Strength of recommendation: strong

Quality of evidence: low
2. Based on nationwide survey analyses, it is strongly
recommended that patients with APACHE II scores
above 9 be admitted to the ICU.

Strength of recommendation: strong

Quality of evidence: low
3. DIC, which is often complicated with thyroid storm,
should be intensively treated, because DIC was shown
to be associated with high mortality in the JTA nation-
wide surveys.

Strength of recommendation: strong

Quality of evidence: low

e Evidence supporting the recommendations
Thyroid storm constitutes an endocrine emergency
that causes multiple organ failure with a mortality rate
of approximately 10% [4]. In addition to rapid tri-
age, prompt initiation of aggressive treatment is essen-
tial; however, there are no clinical studies that have
investigated fatal comorbidities or prognostic factors
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in a large cohort of thyroid storm patients. Although
it was retrospective in nature, the nationwide survey
performed in Japan is the largest cohort study con-
ducted thus far worldwide, and it demonstrated that
systemic comorbidities, including DIC, were associ-
ated with higher mortality [4]. The presence of shock,
complications of DIC, and multiple organ failure were
identified as the prognostic factors most strongly asso-
ciated with mortality by multiple regression analy-
ses [4]. Therefore, patients with these comorbidities
should immediately be admitted to the ICU for inten-
sive monitoring and treatment.

Although the APACHE II scoring system has fre-
quently been used in critical care medicine to evaluate
the mortality of ICU-admitted patients [166], the prog-
nosis of thyroid storm has never been evaluated in a
large cohort using this scoring system. In the nation-
wide survey, APACHE II score was significantly cor-
related with mortality (odds ratio, 1.10, 95% CI 1.05 to
1.15; p=0.0001). The average APACHE II scores of all
patients, survivors, and non-survivors were 11.0, 10.5,
and 15.0, respectively, and those of patients admitted
to a general ward or ICU were 9.1 and 13.6, respec-
tively. The APACHE II score was above 8.8 in 75%
of the patients who died, while in the 8 patients who
were admitted to general wards and subsequently died
the scores were 5 (2 cases), 11, 12, 13 (2 cases), 24,
and 32. A nationwide survey conducted by the Japan
Society for Emergency Medicine at 178 hospitals in
2007 reported that the APACHE 11 scores were 11 or 12
in all ICU-admitted patients [167]. Based on these find-
ings as well as our own, we strongly recommend that
patients with an APACHE II score above 9 receive ICU
care to ameliorate thyroid storm—mediated mortality.

A recent clinical study revealed a close relation-
ship between hyperthyroidism and coagulation disor-
ders [168]. In the nationwide surveys, 9.3% of patients
had associated DIC and their mortality was 45% [4].
A case report also described the presence of multiple
organ failure in thyroid storm with possible association
with DIC [169]. Multiple organ failure is a character-
istic feature of thyroid storm, and may be complicated
with DIC, and vice versa; DIC often progresses to mul-
tiple organ failure. Therefore, DIC in thyroid storm
should be treated aggressively.

e Comments
ICU admission criteria vary by country and hos-
pital, which has been attributed to differences in the
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number of ICU beds in each country or hospital. A
previous study reported that adult ICU beds ranged
from 24/100,000 population in Germany to 3.3
beds/100,000 in the United Kingdom [170]. Japan has
an estimated 4.3 ICU beds/100,000 [167]. The prog-
nosis of patients also differs by disease category, and
patients with certain diseases should be admitted to
the ICU even if they have a low APACHE II score.
In conclusion, specific criteria for ICU admission are
needed for thyroid storm.

Since the most important objectives of ICU admis-
sion are to improve prognosis and reduce mortality,
analyzing the cause of death is essential. Table 4 shows
the final outcomes from a nationwide survey of patients
with thyroid storm [4]. Of 356 patients, 38 died and
318 survived. Among the survivors, 289 did not have
any sequelae, while 29 had some sequelae. Logistic
regression analysis revealed that only the presence of
fatal comorbidities was associated with mortality. We
then evaluated each comorbidity (shock, rhabdomyol-
ysis, DIC, or multiple organ failure) individually, and
found that shock, DIC, and multiple organ failure were
independent risk factors for mortality. There were 125
patients with these comorbidities (35.1%). Shock (53
cases) was the most common comorbidity [4]. Taken
together, the presence of these comorbidities imply
poor prognosis and require medical care in the ICU.

Multiple organ failure is another important comor-
bidity of thyroid storm. The incidence of multiple
organ failure in thyroid storm was 9% in a nationwide
survey and it is an independent risk factor for mortal-
ity [4]. Multiple organ failure is defined as a condi-
tion in which an uncontrolled systemic inflammatory
response or increase in cytokine levels leads to pro-
gressive damage of 2 or more organs or organ systems

Table 4 Direct causes of death in thyroid storm

Causes Number of patients
MOF 9
Heart failure 8
Respiratory failure 3
Arrhythmia 3
DIC 2
Gastointestinal perforation 2
Hypoxic brain damages 1
Sepsis 1
Unknown 9
Total 38

MOF, multiple organ failure; DIC, disseminated intravascular
coagulation.
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[171]. The pathogenesis of multiple organ failure has
been divided into the following 2 mechanisms: 1) tis-
sue hypoxia induced by tissue hypoperfusion in shock
or hypotension and 2) decompensation or overcompen-
sation for systemic inflammation induced by various
pathogens, such as during infection, leading to over-
activation of inflammatory responses. Causes of mul-
tiple organ failure include severe infection, trauma,
major surgery, shock, pancreatitis, massive bleeding,
DIC, heart failure, hypotension, hypoxia, and malig-
nant tumors. Cardiogenic shock or DIC induced by
a coagulation disorder can progress to multiple organ
failure in patients with thyroid storm. A specific thera-
peutic strategy has not been established and the man-
agement of thyroid function is considered to be essen-
tial. Palliative therapy for each type of organ failure is
also considered important. They include management
with a respirator for respiratory failure, hemodialysis
for renal failure, plasma exchange for hepatic insuf-
ficiency, cardioactive medications or assisted circula-
tion for heart failure, intravenous hyperalimentation
for nutritional support, insulin therapy for hyperglyce-
mia, and plasmapheresis for various kinds of chemical
mediators. Patients with thyroid storm and multiple
organ failure should be admitted to the ICU, because
multiple organ failure carries an especially high mor-
tality in thyroid storm.

Guidelines for ICU admission or discharge needed
to be established using objective criteria, such as the
APACHE II score. The APACHE II score was pro-
posed as a measure of disease severity by Knaus et
al. in 1981 [166]. The score is calculated as the acute
physiology score (APS) as the sum of the worst val-
ues for 12 clinical indexes including respiration, cir-
culation, blood chemistry, and Glasgow Coma Scale in
the 24 hours after ICU admission. APS is then added
to scores based on age and chronicity, yielding the
APACHE 1I score. This APACHE II score was then
re-evaluated by disease and an estimated mortality rate
was calculated. The final assessment of the APACHE II
score was based on the probability of mortality (Table
5)[166]. The median APACHE II score was 10 and the
mean was 10.9 in a nationwide survey [4]. The mor-
tality of thyroid storm in this survey was 11% and the
mean value of the APACHE II score was 10.97+0.35,
indicating agreement between thyroid storm mortal-
ity and APACHE 1I score. The validity of APACHE II
scores was established; the mortality of thyroid storm
could be evaluated using the APACHE II score.
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Sequential Organ Failure Assessment is another
scoring system for systemic conditions. It is calculated
based on 6 clinical indexes evaluating the respiratory,
coagulation, liver, cardiovascular, central nervous, and
renal systems. Each index has 5 grades, ranging from
0 to 4 [172]. A Sequential Organ Failure Assessment
score above 5 corresponds to a mortality rate of 20%.
In the nationwide survey, the mean Sequential Organ
Failure Assessment score was 2.7+0.5. The mean value
of patients who died was 3.1+0.5, and the mean value
of patients who survived was 2.4+0.1 (p<0.0001). The
odds ratio for death was 1.33 (95% CI, 1.20 to 1.50;
p<0.0001). Although absolute values were as low as
2, sequential changes in this score can be useful for the
assessment of the patient’s prognosis since this value
was associated with mortality.

A recent study reported the relationship between
thyroid dysfunction and coagulation disorders [130].
The mechanisms underlying this relationship were
considered to be the direct effects of thyroid hormones
on the coagulation or immune system. One study
showed increased serum levels of coagulation factors
such as factor VIII and von Willebrand factor follow-
ing systemic infusion of thyroid hormones in normal
healthy volunteers [173, 174]. Several case reports
also described patients with severe thyroid storm com-
plicated with DIC. Controlling systemic thyroid hor-
mone levels is important because the basic mechanism
for DIC in thyroid storm is coagulation system disor-
der. Interventional clinical trials may be necessary to
establish the appropriate management of DIC in thy-
roid storm.

9. Prognostic evaluation of thyroid storm

1 RECOMMENDATION 12

The APACHE II score or Sequential Organ Failure
Assessment score can be used for the prognostic pre-
diction of thyroid storm.

Strength of recommendation: weak

Quality of evidence: low

e Evidence supporting the recommendations
Although thyroid storm is often a fatal condition,
prognostic information including the cause of death
has not yet been fully elucidated. Few studies have
evaluated the prognosis of thyroid storm. Although the
fatality rate was estimated to be as high as 10% to 30%
in previous studies conducted outside of Japan, these
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findings may not be applicable to the current clinical
setting due to significant advances in critical care med-
icine [6, 175, 176]. We used the results of a nationwide
survey conducted in Japan to comment on current clin-
ical practices in Japan [4].

The prognoses of patients with thyroid storm were
as follows: 38 of 356 cases died, yielding a mortality
rate of 10.7%. Among thyroid storm survivors, 318
patients did not have any sequelae, while 29 patients
had some sequelae. Half of the deaths were caused
directly by heart failure and or multiple organ failure
(Table 4) [4]. Logistic regression analysis identified
the presence of comorbidity (shock, rhabdomyolysis,
DIC, or multiple organ failure) as an independent sig-
nificant risk factor for mortality [4]. Most sequelae
consisted of neurological disorders, either central or
peripheral (Table 6). The Glasgow Coma Scale and
BUN value at the time of hospital admission were
listed as factors contributing to future development of
neurological sequelae [4].

When analyzing data on patients who have died, we
have to recognize the limitations of this survey. Since
this was a retrospective survey, all patients were treated
with some interventions, and some factors that were
well managed could not be detected as important risk
factors for mortality. Therefore, it is necessary to iden-
tify factors indicating serious conditions at the initial
assessment before the treatment. We identified fac-
tors indicating a serious condition on the basis of some
established indices that are associated with mortal-
ity. These factors include the APACHE II [166] and
Sequential Organ Failure Assessment scores [177]. As
described in the previous section, both factors are corre-
lated with mortality. These results indicated that either
score can be used as an alternative index of mortality.

The parameters independently associated with the
calculated APACHE 1II score include the Glasgow
Coma Scale score, age, serum creatinine, serum albu-
min, and base excess. The parameters independently
associated with the calculated Sequential Organ Failure
Assessment score include the presence of ophthalmop-
athy, Glasgow Coma Scale score, shock, serum albu-
min, serum total bilirubin, partial pressure of carbon
dioxide in arterial blood (PaCO,), and heart failure. In
conclusion, age, Glasgow Coma Scale score, presence
of ophthalmopathy, serum creatinine, albumin, base
excess, shock, serum total bilirubin, PaCO,, and heart
failure were identified as independent risk factors for
severe thyroid storm [4].
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Table 5 Mortality evaluated by acute physiology and chronic
health evaluation (APACHE) Il score

Mortality evaluated by acute physiology and chronic health
evaluation (APACHE) II score

APACHE 1I score Mortality
04 ~4% death rate
5-9 ~8% death rate

10-14 ~15% death rate

15-19 ~25% death rate

20-24 ~40% death rate

25-29 ~55% death rate

30-34 ~75% death rate

>34 ~85% death rate

Table 6 Sequelae of thyroid storm

Sequlae Number of patients
Post-resuscitation encephalopathy 6
Disuse muscle atrophy 5
Cerebrovascular disease 4
Atrial fibrillation 4
Renal insufficiency 2
Psychosis 2
Hypothyroidism 2
Gastric ulcer 1
Others 3
Total 29

e Comments

No large-scale observational cohort studies have
been conducted to date. Only single center analyses
or long-term retrospective observational studies have
been performed. These previous studies have draw-
backs such as differences in treatments used or a small
number of patients. The recent nationwide survey sup-
ported by the Japanese Ministry of Welfare, Labor
and Health was a multi-center study with 356 regis-
tered cases between 2004 and 2008 [4]. Although the
findings were considered to be reliable, limitations
included the study being cross-sectional in design and
that the clinical course of each patient was modified
by treatment chosen based on the severity of thyroid
storm. For example, any cardiac involvement was
not selected as a risk factor for mortality in this anal-
ysis because these complications were controlled, so
they did not have an effect on mortality. On the other
hand, the identification of DIC, shock, and multiple
organ failure as risk factors for mortality was plausi-
ble because these conditions are by themselves fatal.
Since these factors may not have been detected or fully
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treated, they could be identified as risk factors. These
fatal complications must be considered in the manage-
ment of thyroid storm.

The survey also provided pivotal information on
the sequelae of thyroid storm. It revealed that thyroid
storm frequently causes neurological sequelae and that
Glasgow Coma Scale score and serum BUN are risk
factors for the development of neurological sequelae.
These results were consistent with diagnostic criteria
of thyroid storm that stress the importance of neuro-
logical findings [4]. In this regard, the clinical course
of neurological complications should be carefully fol-
lowed. The mechanisms underlying this neurological
involvement have not been fully elucidated. One pos-
sible mechanism may be that shock or hypoxia could
lead to brain damage. A laboratory investigation to
elucidate these mechanisms is warranted.

10. Prevention of thyroid storm and roles
of definitive treatment

1 RECOMMENDATION 13
1. Care should be taken to prevent thyroid storm in
patients with poor adherence who are undergoing
ATD treatment.

Strength of recommendation: high

Quality of evidence: low
2. Definitive treatment of Graves’ disease, either
by radioiodine treatment or thyroidectomy, should
be considered to prevent recurrent thyroid storm in
patients successfully managed during the acute stage
of thyroid storm.

Strength of recommendation: high

Quality of evidence: low

e Evidence supporting the recommendations with
comments

In the nationwide surveys performed in Japan, the
precipitating factor most frequently reported was poor
adherence with or abrupt discontinuation of ATDs [4].
Therefore, at the time ATDs are initiated, every patient
with Graves’ disease should be given full information
about life-threatening thyroid storm and its triggering
conditions. Patients with continuously poor adher-
ence even after repeated education should be treated
by radioiodine treatment or thyroidectomy. In thyro-
toxic patients with potential triggering conditions for
thyroid storm, these triggering factors should be simul-
taneously treated.
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The nationwide surveys provided the novel finding
that in about 20% of cases, thyroid storm originated
from undiagnosed Graves’ disease [8]. In order to pre-
vent the onset of thyroid storm in such cases, providing
information to the general population about life-threat-
ening thyroid storm may be important. In addition, pro-
viding knowledge about thyroid storm and its diagnos-
tic criteria to acute care physicians and cardiologists
who may be more likely to encounter thyroid storm
patients will lead to timely diagnosis and treatment.

Thyroid storm can be caused by several medical
triggers such as radioiodine therapy, thyroidectomy,
and nonthyroid surgery in patients with uncontrolled
Graves’ disease. The JTA nationwide surveys iden-
tified 6 cases of thyroid storm in relation to radioio-
dine therapy, but no patients who developed thyroid
storm after thyroidectomy [4]. Therefore, it is impor-
tant to carefully monitor general patient condition and
thyroid hormone levels prior to and after radioiodine
therapy. In patients treated with ATDs prior to radio-
iodine therapy, discontinuation of ATD for radioio-
dine therapy should be minimized, and treatment for
tachycardia with beta-AAs is recommended. Elective
surgical procedures should be postponed until euthy-
roidism has been achieved using ATDs and inorganic
iodide. Patients who cannot tolerate these treatments
or respond poorly to them require preparation for sur-
gery using all available means to normalize thyroid
hormone levels preoperatively, as mentioned above.

Several drugs have been reported to cause thyroid
storm in rare instances, such as iodine contrast agent
in patients with uncontrolled Graves’ disease [1-4] as
well as amiodarone [18], sorafenib [19], and ipilim-
umab [20] in patients without Graves’ disease, all these
drugs can develop thyrotoxicosis as an adverse event.
Administration of iodine contrast agent to patients with
uncontrolled Graves’ disease should be avoided, and
scheduled monitoring of thyroid hormone levels during
treatment with these drugs is necessary.

A series of emergent thyroidectomy has been
reported to treat thyroid storm patients who contin-
ued to deteriorate despite the use of standard medical
therapy. Postoperative mortality in these patients was
reported in 5 of 49 patients (10.2%) [178]. The authors
advocated early thyroidectomy to treat thyroid storm,
particularly in chronically ill older patients with con-
current cardio-pulmonary and renal failure who fail to
respond to the standard intensive multifaceted therapy
for thyroid storm [178]. However, the combined use
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of TPE with CHDF should be considered before per-
forming emergent thyroidectomy in such patients with
Graves’ disease in iodine-sufficient area.

11. An algorithm for the diagnosis and
management of thyroid storm

1 RECOMMENDATION 14

When patients with high fever (>38°C), marked
tachycardia (>130 bpm), and symptoms originating
from multiple organ systems such as the CNS, cardio-
vascular system, and gastrointestinal tract present, it is
important to consider the possibility of thyroid storm.
When thyroid storm is suspected, physicians should
refer to the diagnostic criteria for thyroid storm [4, 8]
during initial evaluation of airway, breathing, circu-
lation, dysfunction of CNS and exposure & environ-
mental control (ABCDE) and treatment. Patients who
are highly suspected of having thyroid storm based on
these criteria should be transferred to a general hospi-
tal with an ICU and specialists in endocrinology and
other subspecialties.

Strength of recommendation: high

Quality of evidence: low

* High fever Internal medicine

The JTA and JES Taskforce Committee for the establishment of diagnostic criteria and nationwide surveys for thyroid storm

e Comments

The first important step in making a prompt diag-
nosis of thyroid storm is to suspect the possibility of
thyroid storm when a patient has high fever (>38°C),
marked tachycardia (>130/min), atrial fibrillation,
congestive heart failure, disturbance in conscious-
ness (Glasgow Coma Scale <14), and gastrointesti-
nal symptoms such as nausea, vomiting, diarrhea, and
jaundice, especially when symptoms originating from
multiple organ systems are observed at the same time
(Fig. 4). If the patient has a history of treatment for
Graves’ disease, family history of thyroid disease, and
body weight loss in a short period of time, and physi-
ological findings such as goiter, an anterior neck bruit,
and exophthalmos, the possibility of thyroid storm is
much higher. During the initial evaluation of ABCDE
and treatment, physicians need to refer to the diag-
nostic criteria for thyroid storm [4, 8]. The patient’s
condition should be evaluated by blood gas analyses,
electrocardiogram monitoring, chest X-ray, urinaly-
sis, and routine blood examination including complete
blood count, coagulation tests, and blood chemistry.
Appropriate sampling of blood, urine, and sputum is
essential in patients with high fever. Magnetic reso-

A: Airway
B: Breathing

* Marked tachycardia Emergency room

—| Assessment of ABCDE and initial treatment |

C: Circulation

e Congestive heart failure Cardiology

D: Dysfunction of central nervous system

 Disturbance in consciousness

| Symptoms from multiple organ systems |

E: Exposure and environmental control

e Gastrointestinal symptoms

Possibility of TS?

e History of treatment for Graves' disease
® Family history of thyroid disease

e Goiter or bruit in the thyroid gland

* Exophthalmos

| Refer to diagnostic criteria |

¢ Finger tremors

Suspected TS

* Acute weight loss
® Triggering disease

[Consider transferring to a hospital with an ICU ]

Increased intra-thyroid blood flow on US

| Measure FT3, FT4, TSH, and TRAD levels

in Graves' disease

Negative for TRAb in destructive thyroiditis

| Normal free T3, free T4, and TSH levels |

/

High free T3 and free T4 levels, undetectable TSH, and
positive for TRAb

!

Consider other diseases

| Definite or suspected TS secondaly to Graves' disease |

on the differential diagnosis

[ Transfer to a hospital with an ICU ]

| Intensive treatment for TS |

Fig. 4 An algorithm for diagnostic considerations in thyroid storm

TS, thyroid storm; ICU, intensive care unit; T3, triiodothyronine; T4, thyroxine; US, ultrasound examination; TRAD,

anti-thyroid stimulating hormone receptor antibody.
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nance imaging or brain computed tomography without
intravenous contrast is required in patients with distur-
bances of consciousness. FT3, FT4 (but not total T4 as
in Refs. 4, 7, or 26), TSH, and TRAD levels should be
immediately measured if the patient’s symptoms fulfill
the criteria for thyroid storm [4, 8] and it is highly sus-
pected. If these laboratory tests cannot be performed,
the patient needs to be transferred to a hospital with an
ICU. An increase in intra-thyroidal blood flow on bed-
side ultrasonography is highly suggestive of Graves’
disease. TRAD is generally negative in destructive thy-
roiditis, which is a very rare cause of thyroid storm.
However, the patient can be diagnosed with definite or
suspected thyroid storm when thyroid hormone levels
are elevated (note that FT3 levels may be normal in
severely ill patients because of reduced conversion of
T4 to T3), TSH is undetectable, and TRAD is positive;
such patients should be immediately transferred to a
hospital with an ICU.

A second ABCDE evaluation should be performed
in patients with thyroid storm at the hospital with
an ICU (Fig. 5). Thyroid storm patients with shock,
DIC, or multiple organ failure should be admitted to
the ICU. To assess the need for ICU admission, the
APACHE I score should be assessed in combination
with the Glasgow Coma Scale score, vital signs (body
temperature, blood pressure, pulse rate, and respiratory
rate), arterial blood gas analysis (pH, PaO,, HCOy,
and alveolar oxygen tension (A-aDQ,), electrolytes
(Na, K, and Cl), hematology results (hematocrit (Hct)
and white blood cell count (WBC)), age, and history
of chronic disease [166]. When the APACHE 11 score
is 9 points or higher, admission to the ICU is recom-
mended (for more details, see Section 8). In parallel
with evaluating the APACHE 1I score, intense cooling
with ice packs/cooling blanket and administration of
acetaminophen, ATDs, corticosteroids, and inorganic
iodide should be started (Figs. 6-8 and Fig. 9) (for
more details, see Section 2).

In the ICU, intensivists need to consult with endo-
crinologists and other specialists and evaluate the
function of multiple organ systems. The presence of
factors that can precipitate thyroid storm should be
evaluated and, if present, a treatment specific to the
disease needs to be initiated. If disturbances of con-
sciousness or convulsions are present, a differential
diagnosis that includes cerebrovascular disease, men-
ingitis, metabolic abnormalities, or drug overdose is
required and, if present, a specific treatment for the
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underlying disease is required. Sedation may be
required when neurological symptoms are attributed
to severe thyrotoxicosis (Fig. 10) (For more details,
see Section 4).

When sinus tachycardia or atrial fibrillation with
pulse >150 bpm is present, betal-selective AAs
(administered with caution in patients with asthma
and COPD) and/or digitalis should be administered
to control tachycardia in patients with Killip <III
heart failure. When persistent atrial fibrillation is
present, cardioversion should be considered after
ruling out left atrial thrombosis if hemodynamics is
impaired rapidly. A CHADS, score >1 is required
for anticoagulation therapy to be initiated [152]. In
congestive heart failure, we recommend assessment
of cardiac function with Swan-Ganz catheterization.
In Killip III disease, anti-diuretics, nitrous acid prod-
ucts, and human atrial natriuretic peptide need to be
administered. In Killip IV disease, catecholamine
preparations need to be administered to maintain
blood pressure; however, if no response is observed, a
heart—lung machine should be used (Figs. 11 and 12).
See Sections 5 and 6 for more details on the treat-
ment of atrial fibrillation and congestive heart failure
in thyroid storm.

According to the Guidelines from the Japan Society
for Apheresis [161], acute liver failure is diagnosed
based on 1) the presence of disturbances in conscious-
ness; 2) total bilirubin >5.0 mg/dL, or hepaplastin
<30%; and 3) arterial ketone body ratio <0.7. TPE
should be performed in combination with CHDF (Fig.
13) (for more details, see Section 7).

When life-threatening complications associated
with thyroid storm such as DIC (Fig. 14), acute renal
failure, rhabdomyolysis, or adult respiratory distress
syndrome occur, aggressive therapy for these con-
ditions should be performed (for more details, see
Section 8).

TPE should be considered if no clinical improve-
ment is observed after 24—48 hours of multimodal ther-
apy. The co-induction of CHDF is recommended when
the cardiohemodynamic condition of a patient with
thyroid storm is unstable (Fig. 15) (for more details,
see Section 3).

Based on the findings in a nationwide survey in
Japan [4], both the APACHE II and Sequential Organ
Failure Assessment scores [166, 177] are useful for
predicting the prognosis of patients with thyroid storm
(Fig. 16) (for more details, see Section 9).
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| Definite or suspected TS |

/\

Assessment of secondary ABCDE

Body temperature, blood pressure, pulse, respiration rate,
A-aDO,, Pa0,, pH, Na, K, Cr, Hct, WBC, GCS, HCO;', age,
and chronic disease point

APACHE Il score > 9
Admit to the ICU

See Fig. 9

Treatment for severe thyrotoxicosis secondary to Graves’ disease

Cooling blanket and acetaminophen

+

MMI 30 mg/day DIV or MMI 60 mg/day PO

Hydrocortisone 300 mg/day IV or dexamethasone 8 mg/day IV

+

Inorganic iodine (KI 200 mg/day or equivalent in Lugol’s solution)

o

Assessment of multiple organ failure in a consultation with specialists |

I No clinical improvement after 24-48 hr

| Consider plasmapheresis + CHDF |

See Figs. 6-8, 15

Triggering = Disturbance in Tachycardia —| Congestive heart failure |—| Acute liver failure |—| Complications |
disease consciouspess or Af See Fig. 12 lSee Fig. 13 lSee Fig. 14
or convulsions See Fig. 11
l | Swan-Ganz catheterization | * Disturbance in consciousness DIC
§ Acute renal
v CVD HR >150 bpm CHADS, * T-Bil >5.0 mg/dL, or failure
; i i it score >1 Hepaplastintest <30% ;
gllfferenpal Menlngnt.ls | Killip 1l | | Killip IV | pap ° Rhabdomyolysis
iagnosis etabo i o Arterial ketone bodly ratio <0.7 ARDS
an”O”T(‘fé'!“ﬁs Landiolol *!
rug addiction iqitali
Digitalis v Catecholamines
l N N | Plasmapheresis + CHDF I | Intensive care |
v v Diuretics
Specific Tx Tx for agitation Anticoagulation Nitrous acid
for the trigger or convulsions Cardioversion || therapy hANP | Heart-lung machine | | Assessment of prognosis: APACHE Il or SOFA score |
See Fig. 10 See Fig. 16

*I When the pulse rate >150 bpm and Killip classification is Ill or lower, the infusion of a short-acting beta-blocker is the first choice. A beta-blocker can be administered
orally when the pulse rate decreases to <150 bpm. In Killip IV disease, consider the infusion of a short-acting beta-blocker when pulse is 2150 bpm.

Fig. 5 A treatment algorithm for thyroid storm

Brief comments on the treatment of severe thyrotoxicosis and manifestations in various organs are described in Figs. 6—16.

TS, thyroid storm; Het, hematocrit; WBC, white blood cell count; A-aDO», alveolar oxygen tension; PaO,, partial pressure
of oxygen in arterial blood; Cr, creatinine; ICU, intensive care unit; GCS, Glasgow Coma Scale; APACHE 11, acute
physiology, and chronic health evaluation II; MMI, methimazole; KI, potassium iodide; HR, heart rate; CHDF, continuous
hemodiafiltration; Tx, treatment; CVD, cerebrovascular disease; Af, atrial fibrillation; HR, heart rate; hANP, human atrial
natriuretic polypeptide; T-Bil, total bilirubin; DIC, disseminated intravascular coagulation; ARDS, adult respiratory distress
syndrome; SOFA, sequential organ failure assessment.

Fig. 6 Comments on the use of antithyroid drugs, inorganic iodide and corticosteroids

® There is no strong evidence concerning the appropriate doses of anti-thyroid drugs,
inorganic iodine, or corticosteroids to treat severe thyrotoxicosis in thyroid storm.

* Based on data from a nationwide survey (8), methimazole (MMI) was equally useful as
propylthiouracil (PTU). Intravenous administration of MM, if available, is recommended
in severe cases.

¢ Inorganic iodine should be administered because its use appears to improve prognosis
in thyroid storm.

¢ Sufficient amounts of corticosteroids should be administered in severe cases.
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Secure venous access for the treatment of high fever, dehydration, congestive heart failure, or shock

Electrocardiogram monitoring Blood examination

Chest X-ray Complete blood count, coagulation, blood chemistry,

Brain computed tomography inflammation reaction, free triiodothyronine, free thyroxine,
without contrast medium or thyroid stimulating hormone (TSH), anti-TSH receptor antibody,
magnetic resonance imaging brain natriuretic peptide, blood gas analysis, Assessment of

APACHE Il and SOFA scores

| Appropriate transfusion based on blood sugar, electrolytes, or renal function

Methimazole (MMI) 30 mg/day DIV " or

MMI 60 mg/day PO or —)

Propylthiouracil (PTU) 600 mg PO Hydrocortisone 300 mg/day IV or
Dexamethasone 8 mg/day IV 2

Potassium iodide 200 mg or —)

an equivalent in Lugol's solution 2

Patients with definite or suspected thyroid storm should be transferred to a hospital with an intensive care unit

" Intravenous administration of MMI is recommended in patients with disturbances of consciousness or non-functioning
gastrointestinal tract. If unavailable, MMI or PTU can be administered orally or via a nasogastric tube or rectally.

2 Although the amount of inorganic iodide necessary to suppress thyroid hormone secretion is assumed to be 20 mg,
a sufficient amount, up to 200 mg/day, is recommended for thyroid storm. The textbook recommends that inorganic
iodide be used 1 hour after the administration of antithyroid drug to prevent iodide organification, although large doses
of inorganic iodide can inhibit iodide organification and thyroid hormone release.

9 Hydrocortisone 100 mg is recommended every 8 hours. Alternatively, 8 mg dexamethasone can be used.

Fig. 7 Schematic representation of recommended imaging studies and laboratory examination and the initial treatment of
thyroid storm

Fever > 38°C "

4

Appropriate samplings from blood, sputum, or urine for causative bacteria

4

e Systemic cooling using a cooling blanket
* Administration of acetaminophen ?

Infection (<)

¥ U

Consider the administration of antibiotics Careful observation is required because severe thyroid storm
(e.g. carbapenem in severe cases) can be complicated by pneumonia and urinary tract infections

" Antipyresis could be important to reduce overload on central nervous system and cardiac function.

2 Non steroidal anti-inflammatory drugs and aspirin should be avoided because these drugs could interfere
with thyroxine-binding proteins and increase free thyroid hormone levels. The careful use of antipyretic
agents is required because these drugs could mask unidentified infections.

Fig. 8 Schematic representation of treatment of fever in thyroid storm
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¢ Thyroid storm (TS) patients with life-threatening shock, disseminated intravascular
coagulation (DIC), and multiple organ failure should be treated in the intensive care
unit (ICU).

* Consider treating TS patients with an acute physiology and chronic health evaluation
(APACHE) Il score > 9 in the ICU.

* DIC in TS needs to be treated because the mortality of TS complicated by DIC is high.

e Care must be taken because multiple organ failure often develops in patients with TS.

Fig. 9 Recommended criteria for intensive care unit admission and treatment of disseminated vascular coagulation and multiple
organ failure

e There is currently no established specific treatment for central nervous system (CNS)
symptoms caused by thyroid storm (TS).

* No significant differences were observed in the prognosis of patients with TS treated
with various psychotropic medicine in a nationwide survey.

* The treatment of CNS symptoms in TS is recommended according to the Guidelines. *

* 2009 Guidelines for Psychiatric Emergency Treatment (Japanese Association
for Emergency Psychiatry) (Ref. [120])
Guidelines for Epilepsy Treatment 2010 (Societas Neurologica Japonica) (Ref. [121])

Drugs to treat CNS symptoms in TS

e Agitation, delirium, psychosis
Oral administration possible: risperidone, olanzapine
Oral administration not possible: haloperidol IV or DIV

e Somnolence, Coma
Differential diagnosis and treatment of the underlying disease needed

e Seizure

Diazepam IV
Status epilepticus: fosphenytoin IV

Fig. 10 Management of central nervous system symptoms in thyroid storm
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® Pulse > 150 bpm was correlated with severity and mortality of thyroid storm (TS) in the nationwide survey.

Pulse rate <150 bpm Pulse rate >150 bpm
Killip <lll Killip IV Killip <lll Killip IV
Landiolol,

or
Betal-blocker PO

Atrial fibrillation (Af) (=) Bisoprolol has Not necessary Landiolol Consider landiolol
indications for
heart failure
Af (+) In addition to the above treatments, digitalization is required. Monitor renal function.

e Short-acting betai-selective landiolol or esmolol is recommended to control the pulse rate. Among the oral beta-blockers,
bisoprolol is highly recommended; however, other beta1-selective drugs can be used. Propranololis not recommended,
although it is not contraindicated.

¢ Landiolol should be carefully administered to TS patients with a history of asthma or obstructive pulmonary disease when
an asthma attack is not present. Change landiolol to verapamil or diltiazem if an asthma attack is induced.

® The pulse rate needs to be controlled to <130 bpm, and beta-blockers should be discontinued when pulse <80 bpm,
blood pressure <80 mmHg, or cardiac index <2.2 L/min/m? with Swan-Ganz catheterization.

* Cardioversion for Af is considered when a left atrial thrombus has been excluded and hemodynamics is impaired rapidly.

¢ Class Ia and Ic antiarrhythmics are administered to maintain sinus rhythm after cardioversion, and amiodarone is
recommended in patients with cardiac failure.

¢ Anticoagulation is recommended when the Congestive heart failure / Hypertension / Age over 75 / Diabetes mellitus /
Stroke / TIA (CHADS,) score is >1. Heparin and warfarin are initially administered. When prothrombin time-international
normalized ratio is in appropriate range, stop heparin.

Fig. 11 Management of tachycardia and atrial fibrillation in thyroid storm

e Swan-Ganz (SG) catheterization is recommended to monitor cardiac function in patients with Killip Ill or IV heart failure.
When SG catheterization cannot be performed, the decision to initiate treatment is based on cardiohemodynamics evaluated
with physical examination, chest X-ray, and echocardiography.

Treatment of congestive heart failure in thyroid storm

A,

v [
[ Respiration ]—b[ Oxygen
h

A

v
NIPPV }**b[ Ventilation
If not
improved

X (Furosemide (IV or DIV) \
l Rrugs l  Nitric acid (sublingual,

——

NIPPV: non-invasive positive pressure ventilation

Killip 1l

(Acute lung

edema)

%

Killip IV

(Cardiogenic o Systolic pressure 70-90 mmHg: Dopamine 5-20 pg/kg/min

No improvement in hemodynamics: Add noradrenaline

shock) )
spray or IV) — 0.03-0.3 pg/kg/min
e Carperitide (DIV) e Systolic pressure <70 mmHg: Dopamine 5-20 pg/kg/min +
o Beta-blocker Noradrenaline 0.03-0.3 pg/kg/min
* Digitalis in atrial fibrillation If not improved at Heart-lung machine
e e ] [ Drugs Catecholamine * = the maximum dose before the development
Kblocker DIV for hypertention of catecholamines of multiple organ failure

If no improvement

¢ When the pulse is >150, consider the
short-acting beta-blocker, landiolol.
¢ Add digitalis in atrial fibrillation.

Reference: Guidelines for the Treatment of Acute Heart Failure (JCS 2011) (Ref. [148])

Fig. 12 An algorithm for management of congestive heart failure in thyroid storm
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* No significant differences were observed in the incidence of liver injury among the drugs used to treat
thyroid storm (TS) in the nationwide survey.

e Patients with total bilirubin >3.0 mg/dL had slightly more severe clinical manifestations in the nationwide
survey. Bilirubin levels could also be elevated due to multiple organ failure; therefore, the indication of
therapeutic plasmapheresis (TPE) cannot be determined only by total bilirubin concentrations.

e Indications for TPE in TS complicated by acute liver failure can be found in the Guidelines from the Japan
Society for Apheresis (Apheresis Manual, third edition).

Indication for TPE in acute hepatic failure

Total bilirubin >3.0 mg/dL |

| Disturbance in consciousness +

v
Total bilirubin >5.0 mg/dL or
hepaplastin <30%

v

Arterial ketone body ratio (AKBR)
acetolactate/3-hydroxybutyrate <0.7

v

| TPE + Continuous hemodiafiltration |

See ref. [165].

Fig. 13 Indication for plasamapheresis in acute hepatic failure in thyroid storm

e The mortality rate in patients with disseminated intravascular coagulation (DIC) diagnosed according to
guidelines from the Ministry of Welfare of Japan was approximately 60%.

® DIC was comprised 9.27% of patients with thyroid storm (TS) in the nationwide survey, and the mortality
rate in these patients was 45.5%. The presence of DIC was correlated with mortality (p<0.0001).

® The diagnostic criteria from the Japan Association for Acute Medicine are recommended for rapid diagnosis

of DIC in TS. Since TS often fulfills two of the diagnostic criteria (body temperature and heart rate) for
systemic inflammatory response syndrome (SIRS), DIC may easily develop in patients with TS.

Diagnostic criteria for DIC (Japanese Association of Acute Medicine) (Ref. [129])

. Prothrombin | Fibrinogen degradation
Score SIRS item * Platelets (/mm?) time ratio product (ug/mL)
. Positive for more |>80,000 and <120,000 or
I pEn than 3 items more than a 30% decrease within 24 hours 212 210 and <25
2 points
3 point <80,000 or 505
RClS more than a 50% decrease within 24 hours -

DIC can be diagnosed with a total score > 4 points.
* Diagnostic criteria for SIRS (SIRS can be diagnosed when more than 3 items are positive.)

Body temperature >38°C or <36°C

Heart rate >90 bpm
Respiration rate >20/min or PaCO, <32 mmHg

WBC >12,000/mm? or <4,000/mm? or blasts >10%

Fig. 14 Comments on the treatment and diagnostic criteria for disseminated intravascular coagulation
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¢ Excess thyroid hormone can be rapidly removed, thyroid hormone binding proteins can be replaced, and
catecholamines, cytokines, and anti-thyroid stimulating hormone receptor antibody may also be removed
by therapeutic plasmapheresis (TPE).

¢ The efficacy of TPE has been reported in a recent review that summarized many cases of TS (Ref. [60]);
however, a few cases of death were also reported.

* The mortality rate of TPE-treated TS reported in Japan between 1983 and 2015 was 17.4% (11/63).
* The mortality rate of TPE-treated TS in the nationwide survey in Japan was 37.5% (6/16).

* The strength of the recommendation for TPE in TS in the 2010 Guidelines from the American Society for
Apheresis is
Grade 2C: Weak recommendation, low-quality or very low-quality evidence
Category lll: Optimum role of apheresis therapy is not established. Decision-making should be individualized.

1) Absolute indication for TPE: TS complicated by acute liver failure (for more details, see Section 7)
2) Relative indication for TPE: Uncontrolled thyrotoxicosis 24—48 hours after the initiation of intensive treatment
(for more details, see Section 3)

Fig. 15 Comments on the usefulness of and indication for plasmapheresis in thyroid storm

¢ Factors associated with severity, mortality, and irreversible damage were determined by the analysis of nationwide
surveys, as shown in the figure below.

e Attention must be paid to central nervous system symptoms, thyroid function, cardiac function (shock), renal
function, and disseminated intravascular coagulation (DIC) in thyroid storm.

e Serum creatinine levels were similar between survivors and non-survivors (0.54 + 0.02 mg/dL vs. 0.81 + 0.09 mg/dL),
which may have been due to the abnormal creatinine metabolism in thyrotoxicosis. Therefore, even if serum creatinine
is within the normal ranges, it should be carefully monitored during the treatment of TS.

Factors determining severity Factors determining
irreversible damage

Age, ophthalmopathy, albumin, total cholesterol, total bilirubin,
creatinine, base excess, partial pressure of carbon dioxide in arterial GCS and blood urea nitrogen

blood, Glasgow Coma Scale (GCS), congestive heart failure, and shock
Without
complications
With
complications

| Factors determining mortality ‘

Initial assessment
of severity

Thyroid storm

DIC, multiple organ failure, and shock

Fig. 16 Comments on the prognosis of thyroid storm in the nationwide surveys
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12. Future directions for clinical trials in
the management of thyroid storm

® RECOMMENDATION 15
1. Designing an interventional clinical trial for testing
treatments for shock, DIC, and multiple organ failure
is recommended.

Strength of recommendation: strong

Quality of evidence: low
2. Testing the safety and clinical effectiveness of TPE
treatment for thyroid storm is recommended.

Strength of recommendation: strong

Quality of evidence: low

e Evidence supporting the recommendations

Thyroid storm is a severe form of hyperthyroidism
with high mortality and serious sequelae. This condi-
tion is characterized by multiple organ failure, decom-
pensation, and death. Therefore, although it is rare,
thyroid storm requires prompt diagnosis and multidis-
ciplinary intensive medical care.

Medical support and advanced techniques are
needed from experienced doctors in various medical
fields besides endocrinology, such as emergency med-
icine, cardiology, gastroenterology, and neurology.
Therefore, the establishment of appropriate diagnostic
and therapeutic guidelines has been eagerly awaited
from these medical fields. Nationwide surveys con-
ducted by the JTA and Japan Endocrine Society (JES)
were the first studies worldwide to describe the clini-
cal realities of thyroid storm, and new diagnostic cri-
teria were established [4]. Detailed clinical data from
356 patients with thyroid storm were obtained by this
process, which revealed that the incidence of thyroid
storm was estimated as 150 cases/year (0.13/100,000
persons). The mortality rate of cases admitted to the
ICU is over 17%, and many patients were found to
have irreversible sequelac. Based on these findings,
the JTA and JES started to issue therapeutic recom-
mendations and standardize therapeutic decision-mak-
ing in 2013. However, there have been difficulties in
making a generalized treatment plan because of the
rarity of thyroid storm, its acute clinical course, and
the need for prompt decision-making. In addition, a
randomized clinical trial may not be allowed from an
ethical point of view because of the poor prognosis
of thyroid storm. Therefore, a randomized controlled
intervention trial to determine the optimal therapy has
not yet been performed.

The JTA and JES Taskforce Committee for the establishment of diagnostic criteria and nationwide surveys for thyroid storm

We obtained a detailed clinical database of 356 thy-
roid storm cases between 2004 and 2008 after a nation-
wide large-scale survey. One of the important findings
from this database was the cause of death in patients
with thyroid storm. The most frequent cause of death
was multiple organ failure, followed by heart failure,
respiratory failure, arrhythmia, DIC, gastrointestinal
perforation, hypoxic brain damage, and sepsis. Multiple
regression analysis demonstrated that independent risk
factors for death by thyroid storm included comorbid
multiple organ failure, shock, and DIC. Therefore, in
order to improve the prognosis of patients with thyroid
storm, clinical trials are needed to determine the effec-
tiveness of treatments for these comorbidities.

Another important finding from the nationwide
survey regarding therapy was based on the medical
records documenting various actual treatment prac-
tices in each patient with thyroid storm. For exam-
ple, plasma exchange should theoretically be an effec-
tive treatment for eliminating excess thyroid hormone
[179]. A large prospective randomized interventional
study is needed to prove the efficacy of TPE. A clini-
cal trial plan composed of a one-arm treatment group
can be designed with thyroid storm cases in which TPE
was used and historical control cases.

e Comments

Various prospective clinical trials aimed at examin-
ing treatments for thyroid storm have been proposed
because different kinds of therapeutic measures are
needed to control thyroid function and the complica-
tions associated with the cardiovascular and nervous
system. On the other hand, large clinical trials that
have been designed but not yet been performed actu-
ally because of the poor prognosis of thyroid storm.
Various clinical questions have been proposed regard-
ing thyroid storm treatments. For example, which is the
more preferable ATD for thyroid storm, PTU or MMI?
Can CS therapy affect the prognosis of patients with
thyroid storm patients? Is psychotropic therapy neces-
sary for mild disturbances in consciousness in thyroid
storm? Is rehabilitation in early thyroid storm effective
for preventing the neurological complications associ-
ated with thyroid storm? We here listed two kinds of
treatments worth testing in clinical trials, treatment for
coagulation disorder and TPE.

The relationship between thyroid function and coag-
ulation disorder has been previously described [130,
168, 169]. One suggested mechanism is the increase in
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factor VIII in the coagulation cascade [173, 174]. The
fibrinolysis type of DIC is the dominant form of thyroid
storm-associated DIC [180]. In 2009, the DIC section
of the Guideline Committee of the Japanese Society of
Thrombosis and Hemostasis published an “Expert con-
sensus on therapeutic guidelines for infection-associ-
ated DIC based on scientific evidence” [181]. These
guidelines recommended that treatment should be indi-
vidualized according to the subtype of DIC, for exam-
ple, asymptomatic, bleeding, organ failure, and other.
Therapeutic choices include low—molecular-weight
heparin, gabexate mesilate, nafamostat mesilate, and
anti-thrombin agents.

TPE facilitates the removal of excess thyroid hor-
mones, TRAD, catecholamines, and cytokines. The
half-life of thyroid hormones is as long as 6.7 + 0.7
days in normal subjects and 4.4 & 1.1 days in patients
with hyperthyroidism [182]. Therefore, thyroid func-
tion takes a long time to recover from thyroid storm
after thyroid hormone production has been suppressed
by anti-thyroid medications. Compensatory mech-
anisms in each affected organ fail before achiev-
ing euthyroidism, resulting in multiple organ failure.
Based on these findings, TPE has been considered to
be a more essential therapeutic option than originally
thought [31, 41]. On the other hand, case reports from
around the world, including Japan, have described
TPE as ineffective in several cases. Some patients
have died despite TPE [183, 184]. In thyroid storm
case reports published in Japan between 1983 and
2015, the time period during which TPE was being
used, 11 out of 63 patients died, representing a mor-
tality rate of 17.4%, which was similar to the overall
mortality rate for thyroid storm (11%). In the nation-
wide survey, 6 of 16 patients treated with TPE died,
representing a mortality rate of 37.5%. These results
do not necessarily indicate the ineffectiveness of TPE
because the survey was conducted retrospectively.
TPE was also used in patients with the most severed
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disease, for which the initiation of TPE may have been
too late. These factors may have affected the unfavor-
able results for TPE. Therefore, a prospective inter-
vention trial to test the effectiveness of TPE in thy-
roid storm is warranted. Due to the lack of clinical
trials, TPE has a grade Ilc (weak recommendation,
low-quality or very low—quality evidence) and cat-
egory III recommendation (optimum role of aphere-
sis therapy is not established, decision-making should
be individualized) in the latest American Society for
Apheresis Guidelines [59]. TPE should be performed
for the following indications: severe symptoms such
as cardiothyrotoxicosis, neurological manifestations,
impairment of consciousness, and severe myopathy;
rapid clinical degradation; contraindication to other
therapies such as agranulocytosis, renal insufficiency,
asthma, and heart failure; and prior to emergency sur-
gery [49, 60]. TPE may be performed under extremely
specific conditions in thyroid storm. Therefore, the
safety and effectiveness of TPE needs to be verified in
clinical practice.
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