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Abstract: Thyroid storm is usually due to a severe exacerbation of a preexisting thyrotox-
icosis, which later leads to decompensation in different organ systems. Thyroid storm with
malignant arrhythmia is rare, but the mortality rate is high. Malignant arrhythmia has usually
occurred in some patients with hypokalemia or ischemic heart disease. The presentation of
these arrhythmias in the initial phase of the disease is much less common, and only a few
isolated cases are described in the scientific literature. This paper analyzes and summarizes
the clinical characteristics of this disease through literature reviews, for clinicians early
detection and diagnosis of this disease. We report a 51-year-old woman with diarrhoea,
fever, thyroid storm, ventricular fibrillation and no potential heart disease. The case report is
discussed using relevant data from literature. A total of 9 patients were reported in the
literature, totalling 10 cases with ours, including 7 cases of ventricular fibrillation and 3 cases
of ventricular tachycardia. Most of the treatments were antithyroid drugs, hormones and
beta-receptor blockers, and 3 death cases. Patients with thyroid crisis need to be closely
monitored for malignant arrhythmias. Early diagnosis and treatment may save lives.
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Introduction

Thyroid storm is characterized by multiple-system involvement and complex ill-
ness, and the mortality rate is 8-30%.' Multiple-organ failure, congestive heart
failure and respiratory failure are the main causes of death; however, malignant
ventricular arrhythmias, which are potentially fatal, are much more unusual in
thyroid storms. They are more common in patients with hypokalaemia, prolonged
QT interval, or myocardial ischemia. So far, the mechanism of the two is unclear,
and there are no pathological features to help doctors make early diagnoses.

Case

A 51-year-old woman was admitted to the emergency department complaining of
diarrhoea and fever for four days. She had a history of hyperthyroidism and atrial
fibrillation for 20 years with irregular intake of medications but stopped taking them
6 months previously. The patient’s initial vital signs were as follows: temperature,
38.9°C; heart rate, 131 beats per minute (bpm); blood pressure, 155/86 millimetres of
mercury (mmHg); respiratory rate, 24 ventilations per minute; and SpO, 100% on
a 2 L non-rebreather mask. Physical examination revealed mild fainting, proptosis,
goitre, and jaundice. The patient’s lungs were clear. Her heart sounds were unremark-

able except for tachycardia and irregularity. Her extremities were warm and sweaty.
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The remaining examination was normal. The admission and
subsequent biochemical parameters are listed in Table 1 and
Figure 1. Her thyroid function was assessed in our hospital,
and it showed high serum levels of free T3 of 13.01 pg/mL
(2.3-4.2) and free T4 of 4.43 ng/dl (0.89-1.8) and sup-
pressed TSH of 0.01 nU/mL (0.55-4.78). Anti-thyroid per-
oxidase antibody was markedly elevated at > 1300 U/mL
(< 60), anti-TSH receptor antibody was 34.2 TU/L (< 1.75),
and anti-thyroglobulin antibody was 105.2 TU/mL (<60).
Echocardiography showed enlargement of the left and right
atria, mitral regurgitation (moderate), tricuspid regurgita-
tion (severe), pulmonary hypertension (moderate), PASP of
70 mmHg, aortic regurgitation (mild), LVEF55%, widened
inferior vena cava diameter, and decreased respiratory
mobility. The patient’s Burch-Wartofsky(BWPS) score
was 80. Therefore, thyroid storm disecase was diagnosed.
Diuresis with intravenous therapy was initiated along with
beta-blockers, propylthiouracil, and corticosteroid therapy
(Figure 2). After treatment, her temperature was normal, her
heart rate dropped to 100-110 beats per minute, and her
consciousness recovered. However, on the fifth day of
admission, she had a fever of 39°C with cough and weak-
ness. A review of the chest radiograph showed an exudative
lesion of the left lung and left pleural effusion. She
then lost consciousness from ventricular fibrillation.
Cardiopulmonary resuscitation was done in time, and after
amiodarone 300 g intravenous injection, the patient’s circu-
lation recovered. Blood gas analysis showed pH 7.24, PCO,

Table | Summary of the Laboratory Data

43 mmHg, and PO, 123 mm Hg. Laboratory tests showed
Lac >15 mmol/L, HCO3;-18.4 mmol/L, BE —9 mmol/L,
SO, 98%, K 4.3 mmol/L, and Glu 5.1
Electrocardiogram after resuscitation showed atrial fibrilla-
tion, ST-T changed and QTC 0.415 s (Figure 3). However,
the patient’s spontaneous circulation could not be main-

mmol/L.

tained, and she died of cardiac arrest.

Methods

We searched PubMed, Wed of Science, Scopus and Embase
with “thyroid storm” and “ventricular arrhythmia” or “car-
diac arrest” as key words. The inclusion criteria matched the
definite diagnosis of thyroid storm and malignant arrhythmia,
except ventricular asystole or hypokalaemia, long-QT syn-
drome and malignant arrhythmia caused by organic heart
disease. We collected datas on age, sex, causes of thyrotox-
icosis, symptom, inducer of thyroid storm, BWPS score, type
of arrhythmia, time from admission to ventricular fibrillation,
treatment and prognosis (Table 2).

Result

A total of 10 patients were collected, with a male to female
ratio of 3:7 and an average age of 28.9 years. The majority of
the causes of thyrotoxicosis were Graves’ disease, account-
ing for 7 cases. In terms of malignant arrhythmia, ventricular
fibrillation was found in 7 cases, accounting for the majority,
and ventricular tachycardia, including tip-torsion ventricular
tachycardia, in 3 cases. The time from admission to

Reference Value At Arrival DI D2 D3 D4
WBC(x 109/L) 3.5-9.5 8.71 2.1 3.17 3.76 5.59
ALT (U/L) 5-40 21 17 28 32 30
AST (U/L) 8-40 64 62 40 45 31
TBIL (umol/L) 3.4-233 157.5 119.2 118 139.7 140
DBIL (umol/L) <6.8 75.2
ALP(U/L) 40-130 114 73 73 8l 83
TBA(umol/l) <10 63.6
GGT(U/L) 7-45 50 29 42 6l 63
ALB (g/l) 35-55 283 264 29.1 334 30.7
CKMB(U/L) <24 71 44 46 42
CK(U/L) 30-170 273 48 34 30
UREA (mmol/l) 2.5-7.5 4.47 5.68 5.52 5.28
Cr (umol/l) 53-130 25 13 19 15
UA (umol/l) 149-369 198 203 236 209
K+ (mmol/L) 3.5-55 3.59 39 3.53 3.58
Na+ (mmol/L) 135-145 126.6 144.2 144.2 139.5
GLU(mmol/L) 3.6-6.1 6.2 5.3 7.5 6 6.7
Ca (mmol/l) 2-27 1.98 1.89 1.97 201 2.04
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Figure | Electrocardiogram at admission. Atrial fibrillation, mild ST segment depression in leads V 3—-6.T wave inversion.

arrival D1 D2 D3 D4 D5
Propylthiouracil 100mg q6h 100mg g8h
Hydrocortisone [ 100mg q12h  50mg q8h  50mg q12h  50mg qd
Esmolol ‘ 0.05-0.1ug/kg/min
Propranolol
10mg tid
140 4 Ertapenem !’ 4 (o)

100 B — = 89
80 o~ %

60 e / [ &

\.__/—‘—\( L 36

40 r 35

20 r 34

0 T T T T T T T T T T =il 33
xR/ -7

arrival D1 D2

Figure 2 Diagnosis and treatment of the patient.

malignant arrhythmia was mostly short, ranging from a few
minutes to a few days; the longest was 5 days, with an
average time of 62.52 hours. Treatment included antithyroid
drugs, hormones, beta-blockers, and iodine. Prognosis:
3 patients died, and 7 were discharged or improved, for
a mortality rate of 30%. The patients who died were all
patients with ventricular fibrillation, with an average age of
51.33 years, older than the average age (Table 2).

Discussion

Thyroid storm is a rare, life-threatening endocrine emer-
gency that requires timely diagnosis and active treatment.
The diagnosis is based on clinical symptoms and signs,
including disturbance of consciousness, fever, heart fail-
ure, diarrhoea, and jaundice. The incidence of thyroid
storm in patients with hyperthyroidism ranges from 1%

D3 D4 D5

to 2%, while the mortality rate from thyroid storm is
between 20% and 30%.' Malignant ventricular arrhyth-
mias are much more unusual but fatal.”> Our patient did
not have ischemic cardiomyopathy, prolonged QT interval,
or hypokalaemia. Therefore, thyroid storm can also cause
malignant arrhythmias such as ventricular fibrillation in
patients without hypokalaemia and potential heart disease.
Even now, the mechanism for this is unclear.

Our patient had no relief of symptoms of hyperthyroid-
ism and discontinued thyroid hormone and thyroid drugs.
Her BPWS score was 80. She had a clear diagnosis of
thyroid storm and improved after treatment, but she had
ventricular fibrillation on hospitalization day 5. The first
reason is that the patient may have ischemic heart disease.
The patient has a 20-year history of hyperthyroidism, the
echocardiography shows changes in heart structure, and
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Figure 3 Electrocardiogram after resuscitation. Still atrial fibrillation, ST segment depression was significantly deepened and ST segment elevation in aVR lead.

the electrocardiogram shows changes in ST-T after resus-
citation, so the patient may have organic heart disease.
Unfortunately, coronary angiography was not performed
to confirm myocardial ischemia. The patient’s infection
was aggravated and pneumonia appeared, and the infection
induced the thyroid storm. Although the patient had drugs
to treat the thyroid storm, the hormone was discontinued.
In the course of reducing the dosage of the remaining
drugs, the reinfection was aggravated, causing the release
of thyroxin again in large quantities into the blood, and the
combination of the two caused ventricular fibrillation after
thyroid storm.

In our literature review, a total of 9 patients with
thyroid storm had no underlying heart disease or hypoka-
laemia but had malignant arrhythmias.®>’ Ventricular
tachycardia has been registered in hyperthyroid patients
suffering from Grave’s disease and it has been associated
with the interaction of autoantibodies of the 1-adrenergic,
the M2 muscarinic, and the TSH—receptors.3 So we

consider two possibilities likely. One is that a large amount
of thyroid hormone is secreted when the thyroid storm
comes on, and an important effect on the electrophysiolo-
gical properties of myocardial cells is that Na+/K+/ATP
enzyme activity increased, Ca2+/ATP enzyme activity
increased in the sarcoplasmic reticulum, slow cardiac cal-
cium channel activation promoted calcium influx to
enhance myocardial contractility, oxygen consumption
increased, and conduction system ischemia and hypoxia
grew, leading to severe arrhythmia, endangering the
patients’ lives."** The second mechanism considers that
Graves disease is a systemic autoimmune disease that
involves the cardiovascular system and may involve auto-
immune myocarditis in the heart. Autoimmunity may alter
the myocardial electrical properties promoting idiopathic
ventricular arrhythmia. The dysregulating effects of the
autoantibodies against the calcium and potassium ion
channels can play the basis for autoimmune phenocopies
of genetic cardiac channelopathies. Autoimmune cardiac
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Table 2 Clinical Characteristics of Thyroid Storm and Malignant Arrhythmia

Agel/ | Causes of Symptoms Inducer BWPS | Type of Time from Treatment Prognosis
Sex | Thyrotoxicosis of Score Arrhythmia | Admission to
Thyroid Malignant
Storm Arrhythmia
35/F' | Graves’ Fever, Drug 50 Ventricular 34h Propylthiouracil Discharged
palpitations withdrawal tachycardia Hydrocortisone
iodine
69/ Graves’ Vomiting Infection 55 Ventricular 4 days lodine Death
M? diarrhoea drug fibrillation Hydrocortisone
withdrawal beta-blockers
52/F | Graves' Dyspnoea Irregular 35-55 Ventricular Several hours Propranolol Discharged
treatment tachycardia Propylthiouracil
corticosteroids
18/F* | Not known Fever, Infection 55 Ventricular Not known Prothiouracil lodine Discharged
dyspnoea fibrillation Hydrocortisone
propranolol
34/F° | Graves’ Dyspnoea Drug - Ventricular Five minutes Propylthiouracil Death
withdrawal fibrillation Hydrocortisone
iodine solution
propranolol
23/ Not known Fever, cough Infection - Ventricular Not known Methimazole lodine | Discharged
Mé fibrillation Hydrocortisone
metoprolol tartrate
12/F7 | Goitre Postoperative | Surgery - Ventricular Several minutes Methimazole lodine
fibrillation hydrocortisone
46/F® | Graves' Cough - - Torsades de Soon Carbimazole Discharged
dyspnoea pointes atenolol
oedema Ventricular
tachycardia
18/ Graves’ Disturbance Drug 45 Ventricular Not known Propylthiouracil Discharged
M? of withdrawal fibrillation Hydrocortisone
consciousness iodine
51/F | Graves’ diarrhoea, Infection 80 Ventricular Five days Propylthiouracil Death
fever and drug fibrillation Hydrocortisone beta
withdrawal blockers
channelopathies have been suggested as a novel mechan- Conclusion

ism in the development of cardiac arrhythmias.'® Chen
et al autopsied a 46-year-old patient with heart failure

after a thyroid storm.'’

Lymphocytic myocarditis was
found on dissection, and autoimmune myocarditis may
be involved in the occurrence of malignant arrhythmias
in patients with hyperthyroidism.""'* It should also be
noted that the infection is associated with inflammation
and could contribute to occurrence of Ventricular fibrilla-

tion in individuals with thyroid dysfunction.

Although the arrhythmia caused by thyroid storm is
mostly supraventricular, it has recently been reported
as a ventricular arrhythmia. Therefore, strict ECG mon-
itoring is needed. Early identification and treatment may
save lives. The mechanism of the relationship between
thyroid storm and ventricular arrhythmia needs further
research. However, physicians should also pay more
attention to subjects with thyroid dysfunction to prevent
and hence cardiac

thyroid profile misbalance
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arrhythmias, both atrial and ventricular. This fact should
be noted as well.

Consent for Publication

Written informed consent has been provided by the
patient’s daughter to have the case details and any accom-
panying images published.

Ethics and Consent Statement
Our institution does not require ethical approval for report-
ing individual cases.
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