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Objectives: Thyroid storm represents a rare but life-threatening 
endocrine emergency. Only rare data are available on its manage-
ment and the outcome of the most severe forms requiring ICU 
admission. We aimed to describe the clinical manifestations, man-
agement and in-ICU and 6-month survival rates of patients with 
those most severe thyroid storm forms requiring ICU admission.
Design: Retrospective, multicenter, national study over an 18-year 
period (2000–2017).
Setting: Thirty-one French ICUs.
Patients: The local medical records of patients from each partici-
pating ICU were screened using the International Classification 
of Diseases, 10th Revision. Inclusion criteria were “definite thy-
roid storm,” as defined by the Japanese Thyroid Association crite-
ria, and at least one thyroid storm-related organ failure.
Measurements and Main Results: Ninety-two patients were in-
cluded in the study. Amiodarone-associated thyrotoxicosis and 
Graves’ disease represented the main thyroid storm etiologies 
(30 [33%] and 24 [26%] patients, respectively), while hyperthy-
roidism was unknown in 29 patients (32%) before ICU admission. 
Amiodarone use (24 patients [26%]) and antithyroid-drug discon-
tinuation (13 patients [14%]) were the main thyroid storm-trig-
gering factors. No triggering factor was identified for 30 patients 
(33%). Thirty-five patients (38%) developed cardiogenic shock 
within the first 48 hours after ICU admission. In-ICU and 6-month 
postadmission mortality rates were 17% and 22%, respectively. 
ICU nonsurvivors more frequently required vasopressors, extra-
corporeal membrane of oxygenation, renal replacement therapy, 
mechanical ventilation, and/or therapeutic plasmapheresis. Multi-
variable analyses retained Sequential Organ Failure Assessment 
score without cardiovascular component (odds ratio, 1.22; 95% 
CI, 1.03–1.46; p = 0.025) and cardiogenic shock within 48 hours 
post-ICU admission (odds ratio, 9.43; 1.77–50.12; p = 0.008) as 
being independently associated with in-ICU mortality.
Conclusions: Thyroid storm requiring ICU admission causes 
high in-ICU mortality. Multiple organ failure and early cardiogenic 
shock seem to markedly impact the prognosis, suggesting a 
prompt identification and an aggressive management. (Crit Care 
Med 2019; XX:00–00)
Key Words: cardiogenic shock; critical care; extracorporeal 
membrane oxygenation; hyperthyroidism; thyroid crisis; 
thyrotoxicosis

Hyperthyroidism is a pathology resulting from exces-
sive circulating thyroid-hormone concentrations 
(1). Its main etiologies are Graves’ disease, toxic 

multinodular goiter, and iodine overload (1, 2). Although hy-
perthyroidism prevalence is estimated at 1% of the general 
population, severe forms, so-called “thyroid storm” (TS), are 
rare. This life-threatening event requires prompt diagnosis and 
specific management (3, 4).

First described in 1928 as the “crisis of exophthalmic goiter” 
in patients too critically ill to undergo surgery (5), the TS inci-
dence was recently estimated to be two cases per million hos-
pitalized patients, representing an overall incidence of 0.2% 
of all patients with thyrotoxicosis in a Japanese prospective 
nationwide survey (6). These rare forms are associated with 
poor outcomes, with mortality reaching 40% of small cohorts 
(6–9). Due to the ubiquitous impact of thyroid hormones, TS 
clinical features are variable, with manifestations ranging from 
thermoregulatory system dysfunction to gastrointestinal and 
hepatic disorders, CNS impairment, and cardiothyreosis. This 
last one is considered as the most severe TS symptom, which 
may be atrial and/or ventricular arrhythmias, heart failure, 
and/or cardiac arrest (6, 10–12).

The various clinical manifestations and rarity of severe 
TS forms make the diagnosis challenging, which may delay 
ICU admission and specific treatment initiation. Recently, 
the Japanese Thyroid Association (JTA) published TS criteria 
based on combinations of clinical features (10, 13). The current 
American Thyroid Association (ATA) guidelines recommend 
aggressive therapeutic management, including treatment(s) 
directed against thyroid-hormone secretion and synthesis, 
blockade of the peripheral thyroid-hormone actions and the 
precipitating event, and systemic decompensation manage-
ment (3). Last, venoarterial extracorporeal membrane oxygen-
ation (ECMO) support (14) and/or plasmapheresis have been 
proposed to manage the most severe TS forms with cardiothy-
reosis (15–18).

To date, although intensivists may encounter TS and ac-
tively participate in its management, extensive data on this rare 
disease are lacking, with most information derived from small 
retrospective cohorts and not ICU patients (7, 19). Therefore, 
we undertook this study to describe clinical characteristics, 
management, and outcomes of a large cohort of TS patients 
treated in French ICUs.

MATERIALS AND METHODS

Studied Population
This study retrospectively included TS patients hospitalized in 
31 ICUs between 2000 and 2017 (Fig. 1). All consecutive patients 
with at least one of the following International Classification of 
Diseases 10 diagnoses: E05 (thyrotoxicosis), E05.0 (thyrotoxicosis 
with diffuse goiter), E05.2 (thyrotoxicosis with toxic multinodu-
lar goiter), E05.4 (thyrotoxicosis factitia), E05.8 (other thyrotox-
icosis), E05.9 (thyrotoxicosis, unspecified), E06.3 (autoimmune 
thyroiditis), E06.4 (drug-induced thyroiditis) were screened 
by the local investigator in each participating ICU. Then, ICU 
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reports were anonymously sent to two investigators (S.B., M.C.), 
who independently selected patients satisfying inclusion crite-
ria. Disagreements were resolved by consensus after discussion 
with a third investigator (M.S.). Inclusion criteria were adults 
greater than 18 years old admitted to the ICU for TS with at least 
one organ failure and/or a Sequential Organ Failure Assessment 
(SOFA) score greater than or equal to 1 (20). The latter organ 
failure had to be a direct consequence of TS for patients with a 
potential etiological underlying disease.

TS diagnosis was defined by a combination of the following 
criteria 1, 2, and/or 3, as defined previously by Akamizu et al 
(6): 1) elevated free triiodothyronine (FT3) or free thyroxine 
(FT4) levels; 2) one or more CNS manifestation(s) (restless-
ness, delirium, mental aberration/psychosis, somnolence/leth-
argy, Glasgow Coma Scale < 15), combined with at least one of 
the following signs: fever greater than or equal to 38°C, tach-
ycardia (heart rate ≥ 130 beats/min), congestive heart failure 
(CHF) manifestations (pulmonary edema, cardiogenic shock, 
class IV of the New York Heart Association scale, or ≥ class III 
of the Killip classification), or digestive manifestations (nausea, 
vomiting, diarrhea or total bilirubin ≥ 3.0 mg/dL); and 3) at 
least three clinical signs among: fever, tachycardia, CHF or di-
gestive manifestations (6, 21).

Patients were excluded when TS was not the primary reason 
for ICU admission and another underlying disease could ex-
plain the presence of criteria 2 and 3, even when criterion 1 
was met.

Data Collection
Data were collected from the individual local ICU reports. French 
ICU reports universally include the following detailed sections: 

reason for admission, past medical history, present medical his-
tory leading to hospital and ICU admission, clinical examination 
at admission, severity and comorbidity scores, laboratory and 
imaging results at admission and during the ICU stay, ICU clin-
ical course with organ support data, specific therapeutic manage-
ment, and clinical status and outcome at ICU discharge.

Baseline information, recorded at ICU admission, included 
demographic data, severity and comorbidity scores (modified 
Charlson score [22], Simplified Acute Physiology Score [SAPS] 
II [23], SOFA score), underlying thyroid disease, trigger-
ing factors, clinical signs, and laboratory findings. Follow-up 
parameters recorded were use of vasopressors, inotropic drugs, 
mechanical ventilation, renal replacement therapy, or veno-
arterial ECMO. In addition, specific thyroid management, 
including anti-thyroid drugs, β-blockers, corticosteroids, po-
tassium iodide, plasmapheresis, thyroidectomy, or radioactive 
iodine therapy, was recorded.

Cardiogenic shock was defined as clinical evidence of hy-
potension (systolic blood pressure < 90 mm Hg), despite ad-
equate filling status, with signs of hypoperfusion occurring 
within the first 48 hours of the ICU stay, and associated with 
decreased left ventricular ejection fraction (LVEF) requiring 
inotropic support and/or venoarterial ECMO (14). Last, ICU 
and 6-month postadmission survival were noted.

To obtain 6-month mortality and the core missing data, 
local investigators were contacted to look for these informa-
tions into the patient’s full medical data files.

Ethical Considerations
This study was approved by the Ethics Committee of the French 
Intensive Care Society (Société de Réanimation de Langue 
Francaise CE number 17–26) and complied with French Re-
search Methodology MR003 regarding health-data privacy, in 
accordance with the French National Commission on Infor-
matics and Liberty.

Statistical Analyses
This study followed the STrengthening the Reporting of OB-
servational studies in Epidemiology statement recommen-
dations for reporting cohort studies. Continuous variables 
(expressed as median [interquartile range]) were compared 
with Student t test or the Wilcoxon test, as appropriate. Cate-
gorical variables (expressed as n [%]) were compared with chi-
square tests. Patients’ demographic, clinical and management 
characteristics, and laboratory results were tested in bivariate 
analyses for association with in-ICU mortality and cardiogenic 
shock. Factors achieving p value of less than or equal to 0.10 
in bivariate analyses and with less than 20% missing values 
were entered into a multivariable model. No assumptions were 
made for missing data. A list of the rate of missing data within 
24 hours in ICU is provided in Supplemental Table 1 (Sup-
plemental Digital Content 1, http://links.lww.com/CCM/F29). 
Multicollinearity was assessed calculating a variance inflation 
factor of each variable and ruled out if the variance inflation 
was lower than 4 and greater than 0.2. Then, variables associ-
ated with one another were not included in the multivariate 

Figure 1. Flowchart of patient selection from participating ICUs. *Available 
for 90 of 92 patients.

http://links.lww.com/CCM/F29
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model. Thereafter, multiple backward-stepwise logistic-regres-
sion analyses eliminated variables with an exit threshold set at 
p value of greater than 0.05. Last, Kaplan-Meier survival curves 
were computed for cardiogenic shock- or SOFA score without 
cardiovascular section associated in-ICU mortality, and com-
pared with Mantel-Cox log-rank tests. A p value of less than 
0.05 defined significance. Analyses were computed with R 
3.3.0 (R Foundation for Statistical Computing, Vienna, Aus-
tria) software.

RESULTS

Study Population and Clinical TS Spectrum in the ICU
During the 18-year study period, 270 patients admitted to 31 
ICUs and meeting at least criteria one were screened (Fig. 1). 
TS diagnosis was confirmed for 92 of them (age 57 yr [44–69 
yr], 58% male, SAPS II 44 [34–56]) (Table 1). Based on the 
number of patients admitted to ICUs during the study period, 
TS estimated incidence was 6.3 per 100,000 patients admitted. 
The main causes of hyperthyroidism were amiodarone-associ-
ated thyrotoxicosis, Graves’ disease, or autoimmune thyroid-
itis; however, no cause was found for 15 patients (16%). De 
novo diagnosis of hyperthyroidism was made in 29 patients 
(32%) during their ICU stay. The most frequent TS triggers 
were amiodarone, discontinuation of antithyroid drugs, infec-
tion, or excess exogenous thyroid hormone, while no triggering 
factor was identified for a third of the patients (Supplemental 
Table 2, Supplemental Digital Content 2, http://links.lww.com/
CCM/F30).

The most frequent TS clinical manifestations were CHF 
present for 66 patients (72%), CNS impairment for 58 patients 
(63%), and gastrointestinal or hepatic manifestations for 48 
patients (52%). Fourteen patients (15%) had suffered cardiac 
arrest before ICU admission. Fifty-five (60%) and 12 (13%) 
patients had supraventricular tachycardia and ventricular fi-
brillation, respectively. At ICU admission, median FT3, FT4, 
and thyroid-stimulating hormone (TSH) levels were 9.3 mIU/L 
(6.0–22.6 mIU/L), 45.0 pmol/L (31.0–77.0 pmol/L), and 0 
pmol/L (0.0–0.0 pmol/L), respectively. Except for FT3, which 
was significantly higher for ICU nonsurvivors (p = 0.05), no 
difference was found for FT4 and TSH at ICU admission.

In-ICU Organ Support and Specific Hyperthyroidism 
Management
Table 2 reports the ICU management of these patients. ICU 
nonsurvivors more frequently received vasopressors than ICU 
survivors (15 [94%] vs 26 [34%] patients; p < 0.01), with me-
chanical ventilation or renal replacement therapy require-
ments following the same trend. Last, it is worth noting that 13 
(14%) of TS patients required venoarterial ECMO support for 
refractory cardiogenic shock. Targeted hyperthyroidism man-
agement frequently combined antithyroid drugs (74 patients 
[80%]) (i.e., propylthiouracil or carbimazole), β-blockers, 
glucocorticoids, potassium iodide, or plasmapheresis. Notably, 
only eight patients (9%) were thyroidectomized during their 
ICU stays but all survived (p = 0.34).

Patient Outcomes
Seventy-six patients (83%) survived in ICU, with 22% 6-month 
post-ICU admission mortality (available for 90/92 patients). 
The causes of death are listed in Supplemental Table 3 (Sup-
plemental Digital Content 3, http://links.lww.com/CCM/F31). 
As expected, nonsurvivors’ SAPS II and SOFA scores were 
higher (Table 1; and Fig. 2). Similarly, ICU nonsurvivors had 
higher heart rates, aspartate transaminase and alanine trans-
aminase concentrations, lower prothrombin time, and lower 
arterial pH at ICU admission (Supplemental Table 2, Supple-
mental Digital Content 2, http://links.lww.com/CCM/F30). 
ICU survivors received β-blockers more frequently (58 [76%] 
vs 7 [44%] patients; p = 0.01). Last, it is worth highlighting that 
cardiogenic shock occurred within 48 hours of ICU admission 
more frequently in ICU nonsurvivors (14 [88%] vs 21 [28%] 
patients, p < 0.01; odds ratio [OR], 18.3; 95% CI, 3.8–87.7). 
Indeed, 6-month mortality of patients with cardiogenic shock 
(median LVEF 17% [10–29%]) was higher than that of patients 
without cardiogenic shock (14 [40%] vs 2 [4%] patients, re-
spectively; p < 0.01) (Fig. 2; and Supplemental Table 4, Sup-
plemental Digital Content 4, http://links.lww.com/CCM/F32). 
Nonsurvivors more frequently required mechanical ventilation 
and renal replacement therapy. Notably, thyroid-hormone lev-
els, and TS etiology and triggers did not differ between patients 
with or without cardiogenic shock.

Factors Associated With In-ICU Mortality
The following variables were included in the final multivariate 
model: SOFA score without cardiovascular component, car-
diac arrest prior to ICU admission, cardiogenic shock within 
the first 48 hours after ICU admission, aspartate transaminase, 
and pH. Multivariable analyses revealed SOFA score without 
cardiovascular component (OR, 1.22; 1.03–1.46; p = 0.025) 
and cardiogenic shock within 48 hours after ICU admission 
(OR, 9.43; 1.77–50.12; p = 0.002) as being independently asso-
ciated with in-ICU mortality.

DISCUSSION
To the best of our knowledge, this study reports the largest 
cohort of TS patients admitted to ICUs. TS estimated inci-
dence is low and associated with high in-ICU and 6-month 
postadmission mortality, 17% and 22%, respectively. Notably, 
cardiogenic shock within 48 hours after ICU admission was 
independently associated with a more dismal prognosis. Spe-
cific hyperthyroidism management was heterogeneous among 
centers, frequently combining several therapeutic agents.

Although Graves’ disease remains by far the leading cause 
of hyperthyroidism worldwide (2), amiodarone-associated 
thyrotoxicosis was the most frequent TS etiology herein. In 
addition, amiodarone use was previously found to be the most 
frequent TS-triggering factor (6), followed by antithyroid-drug 
discontinuation and infection. In light of the high amiodarone 
use worldwide, our results emphasize and support the current 
recommendations that thyroid-hormone levels be monitored 
regularly after amiodarone prescription (24, 25). Identifying 
TS-triggering factors is not always simple, as suggested by the 

http://links.lww.com/CCM/F30
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TABLE 1. Included Patients’ General Characteristics According to ICU Survival Status

Characteristic Total (n = 92)
ICU Nonsurvivors 

(n = 16)
ICU Survivors  

(n = 76) p OR (95% CI)

At ICU admission

 Age (yr) 57 (44–69) 60 (53–69) 57 (42–69) 0.29  

 Simplified Acute Physiology Score II 44 (34–56) 56 (46–86) 41 (32–50) < 0.01  

 Charlson score 3 (2–4) 3 (0–5) 1 (0–4) 0.39  

 Males 53 (58) 8 (50) 45 (59) 0.69  

 Body mass index (kg/m2) 24 (21–27) 25 (24–29) 24 (21–27) 0.33  

 SOFA 6 (3–10) 12 (9–16) 5 (2–8) < 0.01  

 SOFA without cardiovascular section 4 (2–7) 9 (6–13) 4 (2–6) < 0.01  

 De novo hyperthyroidism 29 (32) 3 (19) 26 (34) 0.37  

Etiology    0.25  

 Amiodarone-induced thyroiditis 30 (33) 7 (44) 23 (30)   

 Graves’ disease 24 (26) 3 (19) 21 (28)   

 Toxic solitary adenoma 6 (6) 2 (13) 4 (5)   

 Toxic multinodular goiter 8 (9) 0 (0) 8 (11)   

 Autoimmune thyroiditis 9 (10) 0 (0) 9 (12)   

 None 15 (16) 4 (25) 11 (15)   

Clinical medical history

 Weight loss 27 (29) 6 (37) 21 (28) 0.55  

 Goiter 26 (28) 4 (25) 22 (29) 1  

 Temperature ≥ 38°C 43 (47) 9 (56) 34 (45) 0.57  

 Cardiac arrest before ICU 14 (15) 6 (38) 8 (11) 0.01 5.1 (1.5–17.8)

 Ventricular fibrillation or tachycardia 12 (13) 2 (13) 10 (13) 0.94  

 Supraventricular tachycardia 55 (60) 12 (75) 43 (57) 0.28  

 Heart rate ≥ 130 beats/min 24 (26) 4 (25) 20 (26) 1  

 Pulmonary edema 55 (60) 13 (81) 42 (55) 0.09  

 Diarrhea 26 (28) 3 (19) 23 (30) 0.54  

 Vomiting 22 (24) 4 (25) 18 (24) 1  

 Coma (Glasgow < 9) 22 (24) 6 (38) 16 (21) 0.28  

 Somnolence (9 ≤ Glasgow ≤ 14) 21 (23) 4 (25) 17 (22) 0.75  

 Seizure 5 (5) 0 (0) 5 (7) 0.58  

 Tremor 12 (13) 2 (13) 10 (13) 1  

 Restlessness 25 (27) 5 (31) 20 (26) 0.76  

 Thyroid-stimulating hormone (mIU/L) 0 (0–0) 0 (0–0) 0 (0–0.01) 0.30  

 Free triiodothyronine (pmol/L) 9.3 (6.0–22.6) 20.0 (9.0–36.0) 8.6 (4.8–17.3) 0.05  

 Free thyroxine (pmol/L) 45.0 (31.0–77.0) 64.0 (35.0–100.0) 45.0 (30.7–67.0) 0.29  

Japan Thyroid Association criteria

 Congestive heart failure 66 (72) 13 (83) 53 (70) 0.54  

 CNS manifestations 58 (63) 12 (75) 46 (61) 0.42  

 Gastrointestinal/hepatic manifestations 48 (52) 9 (56) 39 (51) 0.93  

Cardiogenic shock within 48 hr 35 (38) 14 (88) 21 (28) < 0.01 18.3 (3.8–87.7)

Left ventricular ejection fraction (%) at admission 30 (15–50) 10 (5–25) 30 (20–50) 0.02  

OR = odds ratio, SOFA = Sequential Organ Failure Assessment.
Results are expressed as median (interquartile range) or n (%).
CNS manifestations: restlessness, delirium, mental aberration/psychosis, somnolence/lethargy, and/or coma.
Gastrointestinal/hepatic symptoms: nausea, vomiting, diarrhea, and/or a total bilirubin level ≥ 51 µmol/L (3 mg/dL).
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absence of evident triggering factors in 31% of our cohort 
patients, which agrees with previous reports (6).

A high frequency of CHF at TS onset was observed in our 
severely ill cohort, compared with previously reported less 

severely ill patients (6, 8). CHF has a major impact on outcome, 
with cardiogenic shock being independently associated with 
higher mortality, and the death rate was also high for patients 
with refractory cardiogenic shock (i.e., requiring venoarterial 

TABLE 2. Therapeutic Management

Therapeutic  
Management Total (n = 92)

ICU Nonsurvivors 
(n = 16)

ICU Survivors  
(n = 76) p

OR  
(95% CI)

Specific hyperthyroidism treatment

 Anti-thyroid drug 74 (80) 12 (75) 62 (82) 0.51  

 Carbimazole 39 (42) 6 (38) 33 (43) 0.87  

 β-Blocker 65 (71) 7 (44) 58 (76) 0.01 0.25 (0.07–0.86)

 Glucocorticoids 45 (49) 7 (44) 38 (50) 0.86  

 Propylthiouracil 43 (47) 7 (44) 36 (47) 1  

 Plasmapheresis 12 (13) 5 (31) 7 (9) 0.05 4.5 (1.2–16.7)

 Potassium iodide 10 (11) 3 (19) 7 (9) 0.37  

 Thyroidectomy 8 (9) 0 (0) 8 (11) 0.34  

 Cholestyramine 5 (5) 2 (13) 3 (4) 0.20  

 IV immunoglobulins 2 (2) 0 (0) 2 (3) 1  

 Tacrolimus 1 (1) 0 (0) 1 (1) 1  

 Radioactive iodine therapy 1 (1) 0 (0) 1 (1) 1  

 None specific 5 (5) 2 (13) 3 (4) 0.21  

 No. of patients with 1 specific therapy 8 (9) 2 (13) 6 (8) 0.62  

 2 combined therapies 8 (9) 2 (13) 6 (8) 0.62  

 ≥ 3 therapies 71 (77) 10 (63) 61 (80) 0.13  

Thyroid hormonesa

 Follow-up thyroid hormone (~day 15) 15 (8–34) 7 (5–13) 25 (10–37) 0.09  

 Thyroid-stimulating hormone (mIU/L) 0.01 (0.0–1.38) 0.01 (0.0–0.03) 0.01 (0.0–1.65) 0.75  

 Free triiodothyronine (pmol/L) 4.19 (3.0–5.95) 3.4 (2.8–4.8) 4.33 (3.15–6.2) 0.23  

 Free thyroxine (pmol/L) 22.2 (11.38–33.6) 26.9 (22.9–39.5) 20.6 (10.7–33.65) 0.26  

Organ support

 Mechanical ventilation 52 (57) 14 (88) 38 (50) 0.01 7.0 (1.5–32.8)

  Duration (d) 9 (4–17) 6 (3–9) 10 (6–23) 0.02  

 Dobutamine 25 (27) 5 (31) 20 (26) 0.93  

 Vasopressorsb 41 (45) 15 (94) 26 (34) < 0.01 28.9 (3.6–230.8)

 Venoarterial extracorporeal membrane 
oxygenation

13 (14) 8 (50) 5 (7) < 0.01 14.2 (3.7–54.0)

  Duration (d) 8 (7–13) 11 (6–15) 7 (7–8) 0.60  

 Renal replacement therapy 18 (20) 10 (63) 8 (11) < 0.01 13.5 (3.4–59.7)

  Duration (d) 3 (1–6) 3 (2–5) 4 (1–10) 0.75  

ICU length of stay (d) 8 (3–16) 5 (2–9) 9 (3–18) 0.06  

OR = odds ratio.
a  Thyroid-hormone levels at the end of the ICU stay were available for 52 patients (57%).
b  Including epinephrine and norepinephrine.
Results are expressed as median (interquartile range) or n (%) of patients.
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ECMO). Indeed, that frequent CHF might explain our cohort’s 
higher mortality. Pertinently, severe left ventricular dysfunc-
tion was reported to be a strong predictor of death in a sin-
gle-center study on 60 patients with amiodarone-associated 
thyrotoxicosis (26), while most deaths occurred subsequent 
to cardiogenic shock or cardiac arrest in a small cohort of 28 
TS patients (7). Notably, the ICU nonsurvivors received sig-
nificantly more vasopressors in our study. Because these data 
mixed epinephrine and norepinephrine infusions, we were not 
able to thoroughly examine how these patients were hemody-
namically managed. Last, additional organ failures, illustrated 
by higher extra cardiovascular SOFA scores, were independ-
ently associated with worse outcomes.

Those important findings emphasize the need for early 
identification of cardiac failure by thorough echocardio-
graphic assessment before irreversible multiple organ dys-
function occurs. For such patients, venoarterial ECMO could 
provide hemodynamic stabilization, enabling decrease of cir-
culating thyroid hormone levels and, hence, their noxious 
effects. To date, the JTA and ATA guidelines for TS considered 
β-blockers to be one of the first-line treatments of thyrotoxi-
cosis and TS (3, 21). Considering the high CHF frequency and 
poor outcomes associated with cardiogenic shock in our pop-
ulation, β-blockers should be used very cautiously and maybe 
not suitable for the most severe TS forms. Considering that 
99.5% of circulating thyroid hormones are bound to serum 
proteins, plasmapheresis has been proposed as a promising 
therapy to rapidly reduce thyroid-hormone levels in patients 
with the most severe TS manifestations (9, 17, 27). However, 
because only free thyroid hormones exert an active effect, the 
usefulness of plasmapheresis could be questionable (28). Once 
the patient is euthyroid, radical treatment, such as thyroidec-
tomy or radioactive iodine therapy, might be considered after 
ICU discharge.

Our study’s strengths include the large cohort investigated 
and characterized in detail, and its multicenter design, with 
6-month post-ICU–admission follow-up. However, it also 
has limitations. The first is inherent to its retrospective de-
sign. Missing follow-up thyroid-hormone dosages precluded 

analysis of any potential relationship between clinical evolu-
tion and thyroid-hormone–level kinetics. In addition, we did 
not take into account for residual confounding factors, which 
might have biased our results. Second, data collection spanned 
18 years. ATA guidelines were published in 2011 and updated 
in 2016 (3), and JTA guidelines for TS (21) were published in 
2016. Therefore, it is highly likely that global management of 
TS patients may have changed during the study period. Third, 
TS diagnosis is challenging and TS incidence in our study 
might have been underestimated. However, similar incidence 
rates were reported from a previous cohort (6).

CONCLUSIONS
In conclusion, TS is a rare but life-threatening endocrine emer-
gency that intensivists should be aware of to assure early recog-
nition. Based on 92 TS patients admitted to ICUs, overall ICU 
and 6-month postadmission mortality rates were 17% and 
22%, respectively. Cardiogenic shock appears to be strongly as-
sociated with fatal outcomes, suggesting the need for prompt 
and regular cardiac monitoring with the use of venoarterial 
ECMO in the most severe cases. At present, multiple thera-
pies, including antithyroid drugs and plasmapheresis, aiming 
to rapidly reduce circulating thyroid-hormone concentrations, 
should be considered for these patients. However, further stud-
ies are warranted to determine which combination and which 
timing offer the best efficacy to treat severe TS. In particular, 
the place of venoarterial ECMO and thyroidectomy in the time 
management of these patients should be better defined.

REFERENCES
 1. Cooper DS: Hyperthyroidism. Lancet 2003; 362:459–468
 2. Smith TJ, Hegedüs L: Graves’ disease. N Engl J Med 2016; 

375:1552–1565
 3. Ross DS, Burch HB, Cooper DS, et al: 2016 American Thyroid Asso-

ciation guidelines for diagnosis and management of hyperthyroidism 
and other causes of thyrotoxicosis. Thyroid 2016; 26:1343–1421

 4. De Leo S, Lee SY, Braverman LE: Hyperthyroidism. Lancet 2016; 
388:906–918

 5. Lahey FH: The crisis of exophthalmic goiter. N Engl J Med 1928; 
199:255–257

Figure 2. Six-month survival according to Sequential Organ Failure Assessment (SOFA) score tertile without cardiovascular section (A) and cardiogenic 
shock status within 48 hr after ICU admission (B).

JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1




Copyright © 2019 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Bourcier et al

8 www.ccmjournal.org XXX 2019 • Volume XX • Number XXX

 6. Akamizu T, Satoh T, Isozaki O, et al; Japan Thyroid Association: Diag-
nostic criteria, clinical features, and incidence of thyroid storm based 
on nationwide surveys. Thyroid 2012; 22:661–679

 7. Swee du S, Chng CL, Lim A: Clinical characteristics and outcome of 
thyroid storm: A case series and review of neuropsychiatric derange-
ments in thyrotoxicosis. Endocr Pract 2015; 21:182–189

 8. Angell TE, Lechner MG, Nguyen CT, et al: Clinical features and hos-
pital outcomes in thyroid storm: A retrospective cohort study. J Clin 
Endocrinol Metab 2015; 100:451–459

 9. Nayak B, Burman K: Thyrotoxicosis and thyroid storm. Endocrinol 
Metab Clin North Am 2006; 35:663–86, vii

 10. Burch HB, Wartofsky L: Life-threatening thyrotoxicosis. Thyroid storm. 
Endocrinol Metab Clin North Am 1993; 22:263–277

 11. Klein I, Danzi S: Thyroid disease and the heart. Circulation 2007; 
116:1725–1735

 12. Hall P, Lundell G, Holm LE: Mortality in patients treated for hyper-
thyroidism with iodine-131. Acta Endocrinol (Copenh) 1993; 128: 
230–234

 13. Isozaki O, Satoh T, Wakino S, et al: Treatment and management of 
thyroid storm: Analysis of the nationwide surveys: The taskforce com-
mittee of the Japan Thyroid Association and Japan Endocrine Society 
for the establishment of diagnostic criteria and nationwide surveys for 
thyroid storm. Clin Endocrinol (Oxf) 2016; 84:912–918

 14. Ponikowski P, Voors AA, Anker SD, et al; ESC Scientific Docu-
ment Group: 2016 ESC guidelines for the diagnosis and treatment 
of acute and chronic heart failure: The task force for the diagnosis 
and treatment of acute and chronic heart failure of the European So-
ciety of Cardiology (ESC) developed with the special contribution of 
the Heart Failure Association (HFA) of the ESC. Eur Heart J 2016; 
37:2129–2200

 15. Ioos V, Das V, Maury E, et al: A thyrotoxicosis outbreak due to dietary 
pills in Paris. Ther Clin Risk Manag 2008; 4:1375–1379

 16. Carhill A, Gutierrez A, Lakhia R, et al: Surviving the storm: Two cases 
of thyroid storm successfully treated with plasmapheresis. BMJ Case 
Reports 2012; 2012

 17. Kiriyama H, Amiya E, Hatano M, et al: Rapid Improvement of thy-
roid storm-related hemodynamic collapse by aggressive anti-thyroid 

therapy including steroid pulse: A case report. Medicine (Baltimore) 
2017; 96:e7053

 18. Shah KK, Mbughuni MM, Burgstaler EA, et al: Iatrogenic thyrotox-
icosis and the role of therapeutic plasma exchange. J Clin Apher 
2017; 32:579–583

 19. Ngo SY, Chew HC: When the storm passes unnoticed–a case series 
of thyroid storm. Resuscitation 2007; 73:485–490

 20. Vincent JL, Moreno R, Takala J, et al: The SOFA (Sepsis-related 
Organ Failure Assessment) score to describe organ dysfunction/
failure. On behalf of the Working Group on Sepsis-Related Problems 
of the European Society of Intensive Care Medicine. Intensive Care 
Med 1996; 22:707–710

 21. Satoh T, Isozaki O, Suzuki A, et al: 2016 Guidelines for the manage-
ment of thyroid storm from The Japan Thyroid Association and Japan 
Endocrine Society (first edition). Endocr J 2016; 63:1025–1064

 22. Charlson M, Szatrowski TP, Peterson J, et al: Validation of a combined 
comorbidity index. J Clin Epidemiol 1994; 47:1245–1251

 23. Le Gall JR, Lemeshow S, Saulnier F: A new Simplified Acute Physi-
ology Score (SAPS II) based on a European/North American multi-
center study. JAMA 1993; 270:2957–2963

 24. Priori SG, Blomström-Lundqvist C, Mazzanti A, et al; ESC Scientific Doc-
ument Group: 2015 ESC guidelines for the management of patients with 
ventricular arrhythmias and the prevention of sudden cardiac death: The 
task force for the management of patients with ventricular arrhythmias 
and the prevention of sudden cardiac death of the European Society 
of Cardiology (ESC). Endorsed by: Association for European Paediatric 
and Congenital Cardiology (AEPC). Eur Heart J 2015; 36:2793–2867

 25. Bartalena L, Bogazzi F, Chiovato L, et al: 2018 European Thyroid As-
sociation (ETA) guidelines for the management of amiodarone-associ-
ated thyroid dysfunction. Eur Thyroid J 2018; 7:55–66

 26. O’Sullivan AJ, Lewis M, Diamond T: Amiodarone-induced thyrotoxi-
cosis: Left ventricular dysfunction is associated with increased mor-
tality. Eur J Endocrinol 2006; 154:533–536

 27. Muller C, Perrin P, Faller B, et al: Role of plasma exchange in the thy-
roid storm. Ther Apher Dial 2011; 15:522–531

 28. Ligtenberg J, Tulleken J, Zijlstra J: Plasmapheresis in thyrotoxicosis. 
Ann Intern Med 1999; 131:71–72


