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Abstract: Thyroid storm is a life-threatening and emergent manifes-

tation of thyrotoxicosis. However, predictive features associated with

fatal outcomes in this crisis have not been clearly defined because of its

rarity.

The objective of this study was to investigate the associations of

patient characteristics, treatments, and comorbidities with in-hospital

mortality.

We conducted a retrospective observational study of patients diag-

nosed with thyroid storm using a national inpatient database in Japan

from April 1, 2011 to March 31, 2014.

Of approximately 21 million inpatients in the database, we identified

1324 patients diagnosed with thyroid storm. The mean (standard

deviation) age was 47 (18) years, and 943 (71.3%) patients were female.

The overall in-hospital mortality was 10.1%. The number of patients

was highest in the summer season. The most common comorbidity at

admission was cardiovascular diseases (46.6%). Multivariable logistic
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requirement for mechanical ventilation and therapeutic plasma

exchange combined with hemodialysis.

The present study identified clinical features associated with

mortality of thyroid storm using large-scale data. Physicians should

pay special attention to older patients with thyrotoxicosis and coexisting

central nervous system dysfunction. Future prospective studies are

needed to clarify treatment options that could improve the survival

outcomes of thyroid storm.

(Medicine 95(7):e2848)

Abbreviations: ATD = antithyroid drug, HD = hemodialysis, JCS

= Japan Coma Scale, MMI = methimazole, PTU = propylthiouracil,

TPE = therapeutic plasma exchange, TRAb = thyroid-stimulating

hormone receptor antibody.

INTRODUCTION

T hyroid storm, an emergent manifestation of thyrotoxi-
cosis, is a life-threatening metabolic crisis.1 The occur-

rence of this disorder is rare; the estimated incidence of thyroid
storm in Japan was reported to be 2.0 per million per year in a
nationwide questionnaire survey from 2004 to 2008, conducted
by the Japan Thyroid Association.2

Owing to its rarity, predictive features associated with
enhanced survival or mortality of this disorder remain to be
further elucidated. Currently, administration of antithyroid
drugs (ATDs), including methimazole (MMI) and propylthiour-
acil (PTU), is regarded as a standard approach for treatment of
thyroid storm induced by severe thyrotoxicosis.3–5 Plasmapher-
esis can be used as a rescue treatment to remove thyroid
hormones, catecholamines, and cytokines if conventional
medical treatments such as ATDs, steroids, iodine, and b-
blockade are ineffective or contraindicated.6,7 However, any
recommendations for the treatment of thyroid storm have
merely been based on clinical experience and case series
studies.3–7

The reported mortality rates of thyroid storm vary
widely, being 10.7% (38 of 356 patients), 25.0% (7 of 28
patients), and 8.0% (2 of 25 patients).2,8,9 The above-mentioned
hospital-based questionnaire survey conducted by the Japan
Thyroid Association suggested that shock, disseminated intra-
vascular coagulation, and multiple organ failure were associ-
ated with mortality in patients with thyroid storm, but did not
include microdata of individual patients.2 Therefore, which
factors are associated with mortality of thyroid storm remains
incompletely defined.

The objectives of the present study were: to describe the
patient characteristics and current clinical practices for treating
thyroid storm, including ATD therapy and supportive
mine the factors associated with in-
hyroid storm, using a national inpatient
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idity at admission, followed by gastrointestinal and hepatic
iseases, respiratory diseases, infections, and neuromuscular
nd psychiatric diseases (Table 2). The comorbidities signifi-

ABLE 1. Patient Characteristics at Admission

No. of
Patients

In-Hospital
Mortality P

otal 1324 (100) 134 (10.1)
ex 0.021
Male 381 (28.8) 50 (13.1)
Female 943 (71.2) 84 (8.9)

ge, years <0.001
<20 58 (4.4) 2 (3.4)
20–39 443 (33.5) 30 (6.8)
40–59 464 (35.0) 41 (8.8)
60–79 305 (23.0) 51 (16.7)
�80 54 (4.1) 10 (18.5)

apan Coma Scale
score at admission

<0.001

0 (Alert) 989 (74.7) 51 (5.2)
1–3 (Drowsy) 178 (13.4) 33 (18.5)
10–30 (Somnolence) 59 (4.5) 12 (20.3)
100–300 (Coma) 98 (7.4) 38 (38.8)

eason at admission 0.92
Spring 300 (22.7) 30 (10.0)
Summer 395 (29.8) 37 (9.4)
Autumn 303 (22.9) 33 (10.9)
Winter 326 (24.6) 34 (10.4)
METHODS

Data Source
The Diagnosis Procedure Combination database is a dis-

charge abstract and national administrative claims database for
acute-care inpatients in Japan, the details of which have been
described elsewhere.10–13 Briefly, 1061 hospitals participated in
the database and provided data for approximately 7 million
inpatient admissions in 2013. The latter figure represented approxi-
mately 50% of all inpatient admissions to acute-care hospitals in
Japan. The diagnostic records are linked to a payment system, and
the attending physicians are required to record the diagnoses of
diseases accurately. The database includes the following data: dates
of admission and discharge; patient sex and age; primary and
secondary diagnoses, comorbidities at admission, and compli-
cations after admission; procedures; medications and devices used;
consciousness level at admission measured with the Japan Coma
Scale (JCS); and in-hospital mortality. Diagnoses are recorded
using International Classification of Diseases Tenth Revision
(ICD-10) codes and text data in Japanese. The JCS scores are
defined as follows14: 0, alert consciousness; 1–3, wakefulness
without any stimuli; 10–30, arousal by some stimuli; and 100–300,
coma. JCS assessments and the Glasgow Coma Scale are well-
correlated.15 The database does not include any laboratory data for
serum thyroid hormone levels before or during treatment.

The Institutional Review Board at The University of Tokyo
approved the present study. Because of the anonymous nature of
the data, written informed consent was not required

Patient Selection and Data

From the database, we retrospectively extracted the
records for all patients diagnosed as thyroid storm (ICD code:
E055) from April 1, 2011 to March 31, 2014. We excluded
patients with a suspected diagnosis of thyroid storm.

We examined patient sex, age, JCS score at admission,
season at admission, medications, and requirements for suppor-
tive measures. Age was categorized into <20, 20–39, 40–59,
60–79, and �80 years. We also examined the practice patterns
for treating thyroid storm in terms of variation in ATD therapy
(none, MMI alone, PTU alone, and both MMI and PTU), and
use of steroids, iodine, acetaminophen, cholestyramine, b-
blockade, and ab-blockade. Supportive measures included
mechanical ventilation, hemodialysis (HD; intermittent or con-
tinuous renal replacement therapy), therapeutic plasma
exchange (TPE), countershock, intraaortic balloon pumping,
extracorporeal membrane oxygenation, and therapeutic
hypothermia. Requirement for hemodiafiltration was categor-
ized into none, HD or TPE, and both HD and TPE.

Season at admission was divided into spring (March to May),
summer (June to August), autumn (September to November), and
winter (December to February). We identified the following
comorbidities at admission: cardiovascular diseases, respiratory
diseases, gastrointestinal and hepatic diseases, renal diseases,
cerebrovascular diseases, neuromuscular and psychiatric diseases,
infections, pneumonia, adrenal insufficiency, diabetic ketoacido-
sis, trauma, disseminated intravascular coagulation, malignancy,
and pregnancy. We also counted the numbers of comorbidities at
admission and categorized them into 0, 1, 2, and �3.

Ono et al
Statistical Analyses

In-hospital mortality was compared between the groups
using Chi-square tests. Multivariable logistic regression analyses

2 | www.md-journal.com
were performed to evaluate factors associated with in-hospital
mortality. In the multivariable regression model, the independent
variables included age, sex, variation in ATD therapy, and number
of comorbidities at admission, along with variables having values
of P< 0.05 in the initial Chi-square tests. All tests were 2-tailed,
and P< 0.05 was considered statistically significant. All statisti-
cal analyses were performed using the SPSS statistical package,
version 22.0 (IBM, Armonk, NY).

RESULTS
Among approximately 21 million inpatient admissions in

the database during the study period, we identified 1324 patients
who were diagnosed with thyroid storm.

Patient Characteristics at Admission

The characteristics of the patients and the in-hospital
mortality rates in the subgroups are shown in Table 1. Overall,
71.2% of the patients were female. The mean (standard deviation)
age was 47 (18) years. The ratio of females to males was 2.5. The
summer season was associated with the highest number of
patients with thyroid storm. The overall in-hospital mortality
rate was 10.1%. The Chi-square tests showed significantly higher
in-hospital mortality rates for male patients, higher age, and
higher JCS score at admission. No significant associations with
in-hospital mortality were observed for seasonality.

Comorbidities at Admission

Cardiovascular diseases were the most common comor-
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Data are shown as n (%). All P-values were obtained by Chi-square
tests.
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TABLE 2. Comorbidities at Admission in Patients With
Thyroid Storm

No. of
Patients

In-Hospital
Mortality P

Comorbidities
Cardiovascular diseases 617 (46.6) 79 (12.8) 0.002
Gastrointestinal and hepatic
diseases

237 (17.9) 26 (11.0) 0.63

Respiratory diseases 135 (10.2) 16 (11.9) 0.48
Infections 117 (8.8) 12 (10.3) 0.96
Neuromuscular and psychiatric
diseases

116 (8.8) 6 (5.2) 0.064

Pneumonia 60 (4.5) 8 (13.3) 0.40
Renal diseases 48 (3.6) 18 (37.5) <0.001
Cerebrovascular diseases 28 (2.1) 7 (25.0) 0.008
Disseminated intravascular
coagulation

22 (1.7) 6 (27.3) 0.007

Malignancy 19 (1.4) 4 (21.1) 0.11
Diabetic ketoacidosis 18 (1.4) 1 (5.6) 0.52
Adrenal insufficiency 16 (1.2) 4 (25.0) 0.047
Pregnancy 15 (1.1) 0 (0) 0.19
Trauma 7 (0.5) 1 (14.3) 0.71

Number of comorbidities <0.001
0 340 22 (6.5)
1 594 54 (9.1)
2 316 41 (13.0)
�3 74 17 (23.0)

TABLE 3. Clinical Practice Patterns for Thyroid Storm

No. of
Patients

In-Hospital
Mortality

P

Variation of ATDs 0.13
None 280 (21.1) 37 (13.2)
MMI alone 879 (66.4) 77 (8.8)
PTU alone 77 (5.8) 10 (13.0)
Both MMI and
PTU

88 (6.6) 10 (11.4)

Use of steroids 0.001
Yes 825 (62.3) 101 (12.2)
No 499 (37.7) 33 (6.6)

Use of iodine 0.20
Yes 391 (29.5) 46 (11.8)
No 933 (70.5) 88 (9.4)

Use of
acetaminophen

0.60

Yes 457 (34.5) 49 (10.7)
No 867 (65.5) 85 (9.8)

Use of
cholestyramine

0.46

Yes 5 (0.4) 1 (20.0)
No 1319 (99.6) 133 (10.1)

Use of b-blockade <0.001
Yes 866 (65.4) 65 (7.5)
No 458 (34.6) 69 (15.1)

Use of ab-blockade 0.92
Yes 96 (7.3) 10 (10.4)
No 1228 (92.7) 124 (10.1)

Mechanical
ventilation

<0.001

Yes 225 (17.0) 89 (39.6)
No 1099 (83.0) 45 (4.1)

Hemodiafiltration <0.001
None 1250 (94.4) 98 (7.8)
HD or TPE 53 (4.0) 23 (43.3)
Both HD and TPE 21 (1.6) 13 (61.9)

Countershock <0.001
Yes 66 (5.0) 24 (36.4)
No 1258 (95.0) 110 (8.7)

Intraaortic balloon
pumping

<0.001

Yes 27 (2.0) 13 (48.1)
No 1297 (98.0) 121 (9.3)

Extracorporeal
membrane
oxygenation

<0.001

Yes 18 (1.4) 13 (72.2)
No 1306 (98.6) 121 (9.3)

Therapeutic
hypothermia

0.46

Yes 5 (0.4) 1 (20.0)
No 1319 (99.6) 133 (10.1)

Data are shown as n (%). All P-values were obtained by Chi-square
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cantly associated with in-hospital mortality were cardiovascular
diseases, renal diseases, cerebrovascular diseases, disseminated
intravascular coagulation, and adrenal insufficiency. The num-
ber of comorbidities at admission was significantly associated
with in-hospital mortality.

Clinical Practice Patterns for Thyroid Storm

The clinical practice patterns for thyroid storm are shown
in Table 3. Patients with thyroid storm were more likely to be
treated with MMI than with PTU. The patients treated with
MMI alone showed a relatively low mortality rate compared
with those treated with PTU alone, but the variation in ATD
therapy was not significantly associated with in-hospital
mortality (P¼ 0.13). Among the total of 967 patients treated
with MMI alone (n¼ 879) or both MMI and PTU (n¼ 88), we
identified 131 patients treated with intravenous MMI, of whom
27 (20.6%) died. The numbers of patients treated with MMI and
PTU were 46 with initial MMI, 30 with initial PTU, and 12 with
initial MMI and PTU. Significant associations with in-hospital
mortality were observed for use of steroids, nonuse of b-
blockade, and requirement for mechanical ventilation, hemo-
diafiltration, countershock, intraaortic balloon pumping, and
extracorporeal membrane oxygenation.

Risk Factors for In-Hospital Mortality

Data are shown as n (%). All P-values were obtained by
Chi-square tests.
The factors significantly associated with higher mortality
detected by multivariable logistic regression analyses for
in-hospital mortality in patients with thyroid storm were: age

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
tests. ATD¼ antithyroid drug, HD¼ hemodialysis (intermittent or con-
tinuous renal replacement therapy), MMI¼methimazole, PTU¼
propylthiouracil, TPE¼ therapeutic plasma exchange.
above 60 years, higher JCS score at admission, nonuse of ATDs
and b-blockade, and requirement for mechanical ventilation
and TPE combined with HD (Table 4).
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TABLE 4. Multivariable Logistic Regression Model for In-
Hospital Mortality in Patients With Thyroid Storm

Adjusted Odds
Ratio (95% CI) P

Sex
Female Reference
Male 1.58 (0.99–2.53) 0.056

Age, years
<20 Reference
20–39 2.20 (0.37–13.04) 0.39
40–59 2.26 (0.39–13.11) 0.36
60–79 7.22 (1.25–41.85) 0.027
�80 11.51 (1.75–75.91) 0.011

Japan Coma Scale score at admission
0 (Alert) Reference
1–3 (Drowsy) 3.64 (2.05–6.46) <0.001
10–30
(Somnolence)

3.36 (1.45–7.80) 0.005

100–300
(Coma)

3.38 (1.80–6.33) <0.001

Number of comorbidities at admission
0 Reference
1 0.97 (0.51–1.84) 0.91
2 0.90 (0.44–1.83) 0.76
�3 1.19 (0.48–2.96) 0.71

Types of ATDs
MMI alone Reference
None 2.81 (1.48–5.33) 0.002
PTU alone 2.03 (0.75–5.45) 0.16
Both MMI and
PTU

0.85 (0.37–1.98) 0.71

Use of steroids 1.64 (0.92–2.92) 0.092
Use of b-
blockade

0.34 (0.20–0.57) <0.001

Mechanical
ventilation

10.67 (6.01–18.94) <0.001

Hemodiafiltration
None Reference
HD or TPE 1.78 (0.81–3.92) 0.15
Both HD and
TPE

4.81 (1.56–14.9) 0.006

Countershock 1.89 (0.91–3.94) 0.088
Intraaortic
balloon
pumping

1.25 (0.40–3.92) 0.71

Extracorporeal
membrane
oxygenation

2.86 (0.69–11.92) 0.15

ATD¼ antithyroid drug, CI¼ confidence interval, HD¼ hemodialysis
(intermittent or continuous renal replacement therapy), MMI¼
methimazole, PTU¼ propylthiouracil, TPE¼ therapeutic plasma

Ono et al
DISCUSSION
We examined 1324 patients with thyroid storm using a

nationwide inpatient database in Japan. The overall in-hospi-

exchange.
tal mortality rate was 10.1%. In-hospital mortality was sig-
nificantly associated with older age (�60 years), central
nervous system dysfunction at admission, nonuse of ATDs
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and b-blockade, and requirement for mechanical ventilation
and TPE combined with HD. The strength of the present study
is the large number of patients with thyroid storm. The
distributions of sex, age, and in-hospital mortality were
similar to those in the previous nationwide questionnaire
survey in Japan.2

The number of patients with thyroid storm in our study
(n¼ 1324 over 3 years) was higher than the estimated number
of the patients reported in a previous questionnaire survey
conducted in Japan (n¼ 1283 in a 5-year period).2 We specu-
late that this discrepancy is due to the questionnaire survey’s
relatively low response rate (52.5%), which likely means the
questionnaire survey was not completely representative of the
population and consequently underestimated the number of
patients with thyroid storm. In this study, patients with a
suspected diagnosis of thyroid storm were excluded. We
consider that the number of patients with thyroid storm in
our study was more accurate than the previous questionnaire
survey.

The number of patients with thyroid storm was greatest in
the summer season. It is well-known that the most common
underlying cause of thyroid storm is Graves’ disease.3 A
previous study showed that Graves’ thyrotoxicosis was aggra-
vated by seasonal allergic rhinitis induced by cedar pollen.16 In
Japan, the cedar pollen season is from late February to late April
every year, and seasonal allergic rhinitis is a common disease.17

A previous report indicated that serum thyroid-stimulating
hormone receptor antibody (TRAb) production was likely to
increase in the summer season after cedar pollen-induced
allergic rhinitis attacks in patients with Graves’ disease coex-
isting with seasonal allergic rhinitis.18 We speculate that
delayed allergic reactions to cedar pollen stimulated the
immune system and activated TRAb production in the thyroid
grand. Another possible explanation is that the seasonal climate
change with increased temperatures aggravated the thyrotoxi-
cosis, because heat-intolerance is a common symptom of the
disease.1

Approximately 75% of patients with thyroid storm had
JCS score 0 (alert consciousness) at admission. We speculate
that the patients with JCS score 0 at admission developed
central nervous system manifestations after admission,
because 5.2% of these patients had a fatal outcome. Another
possible explanation is that prudent physicians may have
promptly started treatment for patients with potential thyroid
storm in the early phases to prevent increasing severity and
irreversible outcomes. The most important clinical point is to
treat patients with potential thyroid storm promptly and
aggressively based on clinical impressions, rather than to
wait until the patients fulfill the diagnostic criteria for thyroid
storm.3,7

The diagnosis of thyroid storm is based on the combi-
nation of clinical signs and laboratory findings. In clinical
settings in Japan, physicians diagnose patients with thyroid
storm using the Japan Thyroid Association criteria and/or
Burch-Wartofsky Point Scale.2,19 In our study, the diagnosis
of thyroid storm was based on an ICD-10 code in the database,
and independent criteria or diagnostic scoring systems were not
applied. However, we believe that the validity of the recorded
diagnoses was robust, because the mortality rate in our study
was compatible with the rate in the previous nationwide survey
in Japan (10.1% vs 10.7%).

Medicine � Volume 95, Number 7, February 2016
Cardiovascular diseases were the most frequent comor-
bidity at admission in patients with thyroid storm. This may
have arisen because severe hyperthyroidism can lead to sinus
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survival outcome of thyroid storm, a well-designed prospective
tachycardia, heart failure, and atrial fibrillation associated with
thromboembolism including cerebrovascular events.20–22 In
older patients with underlying coronary artery ischemia,
angina pectoris or myocardial infarction can be caused by
an increase in myocardial oxygen demand following the onset
of thyroid storm.21 Generally, Graves’ disease improves during
pregnancy through a decrease in stimulating TRAb levels.23,24

However, it has been reported that thyroid storm can occur
during pregnancy, triggered by infection, preeclampsia, labor,
placental presentation, or Cesarean section.24 Indeed, in our
data, 15 patients were diagnosed with thyroid storm during
pregnancy. The previous Japanese survey suggested that thyr-
oid storm could be triggered by infection, diabetic ketoacido-
sis, trauma, pregnancy, cerebrovascular disease, ischemic
heart disease, and adrenal insufficiency.2 Although the comor-
bidities at admission in our data included these disorders, we
could not confirm whether these comorbidities were triggers
or complications.

There are no globally validated treatment guidelines for
thyroid storm, because it is practically infeasible to conduct a
randomized controlled trial in patients with this rare and
emergent disorder. The issue of whether thyroid storm should
be initially treated with MMI or PTU is controversial.1,3–5

Traditionally, initial treatment with PTU for thyroid storm
has been preferred, because PTU has an advantage over
MMI in blocking peripheral conversion of thyroxine to triio-
dothyronine.25 Our data showed that two-thirds of patients with
thyroid storm were treated with MMI. We speculate that
physicians were more likely to use MMI than PTU within
our data because an intravenous preparation of MMI is com-
mercially available in Japan. However, because of the limited
sample sizes and unknown severity of thyroid storm, our results
could not provide recommendations regarding the optimal ATD
for thyroid storm.

It has been recommended that patients with thyroid storm
should be treated with steroids at stress doses until the possib-
ility of coexisting relative adrenal insufficiency has been
excluded.1,3,4,19 Indeed, a previous study indicated that cortisol
secretion in response to low-dose adrenocorticotropin stimu-
lation after dexamethasone suppression was lower in patients
with severe thyrotoxicosis than in those with euthyroid state.26

Steroids have another unique effect in blocking peripheral
conversion of thyroxine to triiodothyronine.1,3,4,19 In our study,
patients treated with steroids showed higher mortality than
those without such treatment, possibly because severe patients
were more likely to receive steroids.

In the present study, patients treated with mechanical
ventilation and TPE combined with HD showed significantly
higher mortality rates than those without these treatments.
One possible interpretation of our findings is that more
severe patients with multiple organ failure were more likely
to receive treatments with mechanical ventilation and
hemodiafiltration.

The present study confirmed an association between
central nervous system dysfunction and higher mortality, which
was reported in a previous study.8 Our results indicated that the
Japan Thyroid Association criteria and Burch-Wartofsky Point
Scale are valid because these criteria consider central nervous
system dysfunction to be important.2,19 All physicians should
pay special attention to the presence of central nervous system
dysfunction in patients with thyrotoxicosis.

Medicine � Volume 95, Number 7, February 2016
Our study had several limitations. First, the recorded
diagnoses in the database, by its retrospective nature, are less
well-validated than those in planned prospective studies.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Owing to the lack of detailed clinical information including
symptoms or laboratory data in the database, we could not
confirm the severity of each individual thyroid storm event or
whether the patients fulfilled the Japan Thyroid Association
criteria or Burch-Wartofsky Point Scale in the diagnosis of
thyroid storm.2,19 We were also unable to confirm whether
serum thyroid hormone levels at the time of diagnosis of
thyroid storm were associated with patient mortality. Second,
patient selection was not based on a random sampling method
because participation in the database was voluntary for each
hospital. Finally, in the database, postdischarge mortality
information is unknown.

In conclusion, this large retrospective observational
study using a nationwide database in Japan showed that the
overall in-hospital mortality rate of thyroid storm was 10.1%.
Factors associated with higher mortality were older age (�60
years), central nervous system dysfunction, nonuse of ATDs
and b-blockade, and a requirement for mechanical ventilation
and TPE combined with HD. For future research to improve the

Factors Associated With Mortality of Thyroid Storm
case-registration database including detailed clinical infor-
mation should be established.
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