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Abstract
BACKGROUND
Thyroid storm is a life-threatening emergency. Reportedly, the prevalence of thyroid storm is 1%-2% among patients admitted to the hospital for thyrotoxicosis. Burch and Wartofsky (1993) introduced a scoring system using precise clinical criteria to identify thyroid storms. Only 17 cases of thyroid storm with a score > 70 points have been reported. Although thyroid storms are uncommon, their clinical findings resemble those of sepsis.

CASE SUMMARY
A 48-year-old man was referred to the emergency room from a local clinic owing to suspicion of gastric ulcer perforation; medications for hypertension, diabetes mellitus, and hyperthyroidism had been suspended 1 year prior to this visit. We performed an emergency distal gastrectomy with Billroth II anastomosis for gastric cardia cancer perforation, and the patient was referred to the surgical intensive care unit (ICU). On the 2nd d in the ICU, his body temperature (BT) increased to 41.3 °C at 19:00, with the thyroid storm score (90 points) peaking at 18:00 (BT; 41.2ºC, pulse rate; 138/min, irritable status). The patient was administered propylthiouracil, intravenous glucocorticoids, acetaminophen, and Lugol’s solution daily. Subsequently, we performed bladder irrigation with cold saline using a Foley catheter and applied a hypothermic blanket to decrease the patient's BT. His vital signs were stable on the 8th day in the ICU. 

CONCLUSION
Thyroid storms are uncommon, with few reports in the literature; however, their clinical findings resemble those of sepsis and require further investigation. Since an untreated thyroid storm results in a high mortality rate, it should be investigated when managing sepsis.
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Core Tip: Since thyroid storm is a life-threatening emergency and mortality is high when treatment is delayed, thyroid function evaluation should not be overlooked when managing sepsis.


INTRODUCTION
Thyroid storm is a life-threatening emergency. Reportedly, the prevalence of thyroid storm 1%-2% among patients admitted to the hospital for thyrotoxicosis[1]. In a nationwide survey of hospitals in Japan, the incidence of thyroid storm in hospitalized patients was 0.22% among all patients with thyrotoxicosis and 5.4% of patients admitted to the hospital for thyrotoxicosis[2,3]. Thyroid storm can develop in patients with long-standing untreated hyperthyroidism and can be precipitated by an acute event such as thyroid or non-thyroidal surgery, trauma, infection, an acute iodine load, or parturition[4]. 
Recent data suggest that the mortality rate of thyroid storms is approximately 10%-30%[1,2]. Multiple organ failure is the most common cause of death, followed by congestive heart failure, respiratory failure, arrhythmia, disseminated intravascular coagulation, gastrointestinal perforation, hypoxic brain syndrome, and sepsis[2,3].
Thyroid storm is diagnosed by clinical findings. Burch and Wartofsky (1993) introduced a scoring system using precise clinical criteria for the identification of thyroid storms[5]. Based on these criteria, a score of < 25 points indicates that a thyroid storm is unlikely; 25-44 points an impending thyroid storm; and ≥ 45 points, thyroid storm. There is no concept of a “severe” thyroid storm. However, to the best of our knowledge, only 17 cases of thyroid storm with a score > 70 points have been reported. Among these 17 cases, only four cases had a score of 90 points. Although thyroid storms are uncommon, their clinical findings resemble those of sepsis.
Here, we report a case of thyroid storm with a score of 90 points after gastric perforation surgery, and we analyze the “severe” form of thyroid storm (with a score > 70 points) in the 17 cases reported in the literature.

CASE PRESENTATION
Chief complaints
In the emergency room (ER), he complained of nausea, diffuse abdominal pain, general weakness, anorexia, and indigestion, which had started 4 d prior to admission. 

History of present illness
A 48-year-old male patient was referred to the ER from a local clinic owing to suspicion of gastric ulcer perforation. We performed an emergent distal gastrectomy with Billroth II anastomosis for gastric cardia cancer perforation, a palliative surgery performed owing to peritoneal tumor seeding. The total operating time was 3 h and 55 min, and the patient's vital signs were stable during surgery. Postoperatively, the patient was referred to the surgical intensive care unit (ICU), and his vital signs were checked every hour. 

History of past illness
He had a medical history of hypertension, type II diabetes mellitus (DM), and hyperthyroidism. One year ago, he had stopped taking medications for hypertension, DM, and hyperthyroidism.

Personal and family history
The patient's personal and family history information could not be obtained.

Physical examination
On physical examination, he presented with hypoactive bowel sounds and direct tenderness in the epigastric area. 

Laboratory examinations
Laboratory examination in the ER showed the following results: white blood cell counts 12.5 × 103/µL, erythrocyte sedimentation rate 38 mm/h, and C-reactive protein 16.93 mg/dL.
The results of thyroid function tests are shown in Table 1. The free T4, T3, and T4 Levels exceeded the normal range, while thyroid stimulating hormone levels were below the normal range. The other laboratory results were non-specific. 

Imaging examinations
Computed tomography in the ER revealed peritonitis due to gastric ulcer perforation and gastric malignancy with suspected peritoneal carcinomatosis.

FINAL DIAGNOSIS
On the 2nd d in the ICU, the patient’s body temperature (BT) increased to 41.3 °C at 19:00, and the thyroid storm score peaked at 18:00 (BT 41.2 °C; pulse rate: 138/min); furthermore, he was irritable; had a Glasgow Coma Scale score of E3V1M5, with eye opening to speech, no verbal response, and localized motor response to pain; and complained of severe pain (Table 2). The patient's highest score for a thyroid storm was 90. 

TREATMENT
The patient was administered a daily dose of oral propylthiouracil (PTU) 800 mg, PTU enema 400 mg, intravenous glucocorticoids 40 mg, oral acetaminophen 650 mg, and oral Lugol’s solution 1.5 mL. Subsequently, we performed bladder irrigation with cold saline using a Foley catheter and applied a hypothermic blanket to decrease the patient's BT.
On the 3rd d in the ICU, the PTU dose was increased to 1200 mg/d, while the doses of the other drugs were maintained. From the 4th day, the oral PTU dose was fixed at 200 mg, q6hd; Lugol’s solution (0.5 mL; q8hd) was also delivered. On the 9th d, the patient was referred to the general ward, with the administration of oral PTU 200 mg four times daily and tapering of glucocorticoid therapy.

OUTCOME AND FOLLOW-UP
The patient’s vital signs were stable from the 8th postoperative day, and he showed clear mental status on the 4th postoperative day (Figure 1). In the general ward, on the 15th day, the oral PTU dose was decreased to 200 mg three times daily. On the 29th hospital day, he was discharged with an asymptomatic status, stable vital signs, and a prescribed dose of oral PTU 200 mg three times daily. 

DISCUSSION
We report a case of thyroid storm with extremely high fever (41.3 °C), typically associated with patient mortality. Indeed, high fever alone increases mortality in ICU patients[6].
While this patient’s BT was < 40 °C in the ER, it increased to > 40ºC postoperatively. Later, the patient presented with tachycardia (peaked at 138/min), irritability, and abdominal pain; he also had a history of hyperthyroidism, with a high score of 90 points in the thyroid storm scoring system, which reflects disease severity. Based on the scoring system, thyroid storms are considered unlikely for scores of < 25 points, while 25-45 points suggest impending storms; a score of > 45 points is highly associated with thyroid storms[5] (Table 2). Therefore, when the score approaches 45 points, the patient needs more intensive monitoring and re-evaluation for thyroid storm. The mortality risk associated with thyroid storm is estimated to be 8%-25%, despite modern advancements in treatment and supportive measures[7]. 
In this case, the extremely high BT (41.3 °C), elevated pulse rate (PR) (138/min), and altered Glasgow Coma Scale score (E3V1M5) observed on the 2nd day in the ICU were immediately considered to indicate thyroid storm, and treatment was initiated. Severity was assessed at the same time as the diagnosis using the scoring system. The patient was diagnosed with gastric ulcer perforation. Therefore, these symptoms may be considered as signs of sepsis. 
To the best of our knowledge, there are some reports of cases with scores of < 70 points; however, there are only 17 reported cases with scores of ≥ 70 points[8-24] (Table 2). Among the 17 cases with scores of ≥ 70 points, two involved mortality. Case 1 involved the highest severity score, with 115 points. In case 1, the patient had no previous medical or family history of thyroid disease (0 points). Laboratory findings showed liver dysfunction with jaundice (20 points), while physical examination revealed the following: atrial flutter with a PR of 162/min (35 points), high fever (39.3 °C) (20 points), impaired consciousness (30 points), and reduced ejection fraction (43%) with moderate bilateral pleural effusion (10 points). The patient in case 1 was discharged from the hospital on day 94. In the two mortality cases, the severity scores were 80 and 70. In the mortality case with a severity score of 80 points, the central nervous system dysfunction score was very high (30 points). Meanwhile, in the mortality case with a severity score of 70 points, the cardiovascular dysfunction score was 25 points, which was relatively high compared to other scores. However, the total severity scores in the mortality cases were not relatively high compared to those of other thyroid storm cases. In all 18 cases, including our case, no correlation was found between the severity score and mortality; nevertheless, the number of cases is insufficient to draw a valid conclusion. 
Comparing our case to the other 17 cases reported in the literature, we found that our patient presented with extremely high fever and a high severity score. In cases with the same score (cases 2, 16, 17, and 18 [present case]), the highest-scored factor differed between cases. Meanwhile, cases 2, 16, and 17 had high scores for cardiovascular dysfunction (PR > 140/min with atrial fibrillation), and the present case involved a high BT (41.3 °C).
High fever and tachycardia are the main parameters of systemic inflammatory response syndrome, as per the criteria established in 1991[25]. In the Sepsis-3 criteria, newly established in 2016, PR and BT were not included[26]. Although PR and BT were excluded from the diagnostic criteria for sepsis, they are still important in managing sepsis. On the other hand, thyroid storm is not a major consideration in ICU. Therefore, when uncontrolled fever or tachycardia is observed, it may be useful for the physician to consider evaluation of thyroid function. The reason is that sepsis-induced tachycardia and high fever are improved by appropriate sepsis management, but the signs induced by thyroid storm are different in treatment guidelines such as antithyroid agents, Lugol’s solution and steroid etc.

CONCLUSION
In general, thyroid function tests are not performed before emergency surgery for bowel perforation. Tachycardia and high fever are commonly observed postoperatively. However, since thyroid storm is a life-threatening emergency and mortality is high when treatment is delayed, thyroid function evaluation should not be overlooked when managing sepsis.
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Figure 1 Serial changes in heart rate and body temperature. ICU: Intensive care unit; BT: Body temperature; HR: Heart rate.




Table 1 Thyroid function test values of the patient
	Hormone (normal range, unit)
	At ER (preoperation)
	Postop. day 6
	Postop. day 11

	T3 (60.0-181.0, ng/dL)
	625.4
	79.9
	94.1

	T4 (4.50-10.90, ng/dL)
	27.27
	5.80
	12.45

	fT4 (0.89-1.76, ng/dL)
	7.02
	1.90
	3.58

	TSH (0.55-4.78, uIU/mL)
	< 0.008
	< 0.008
	< 0.008


ER: Emergency room; Postop.: Postoperative; TSH: Thyroid stimulating hormone.



Table 2 Summary severity scores of previously reported thyroid storm cases over 70 points and the present case 
	Case No.
	Age/Gender
	BT
	CNS effect
	GI-hepatic dysfx.
	CV dysfx.
	HF
	Pre. Hx.
	Total
	Mortality
	Ref.

	1
	40/Male
	20
	30
	20
	35
	10
	0
	115
	No
	Shimoda et al[8], 2014

	2
	50/Female
	0
	20
	0
	35
	5
	10
	90
	No
	Izumi et al[9], 2009 

	3
	48/Male
	10
	10
	20
	25
	10
	10
	85
	No
	Sasaki et al[10], 2011

	4
	30/Female
	15
	30
	0
	25
	0
	10
	80
	Yes
	Yamaji et al[11], 1991

	5
	43/Male
	10
	20
	10
	25
	5
	10
	80
	No
	Diaz et al[12], 2009

	6
	62/Female
	20
	0
	10
	25
	15
	0
	70
	No
	Jha et al[13], 2012

	7
	55/Female
	0
	20
	10
	25
	5
	10
	70
	No
	Ogiso et al[14], 2008

	8
	56/Female
	0
	20
	20
	20
	10
	0
	70
	No
	Yoshino et al[15], 2010

	9
	50/Male
	15
	10
	10
	25
	0
	10
	70
	Yes
	Hosojima et al[16], 1992

	10
	51/Female
	15
	10
	0
	25
	15
	10
	75
	No
	Nai et al[17], 2018

	11
	52/Male
	5
	20
	10
	30
	10
	0
	75
	No
	Andrade et al[18], 2018

	12
	36/Female
	20
	10
	0
	20
	15
	10
	75
	No
	Sugiyama et al[19], 2017

	13
	24/Female
	30
	10
	10
	25
	0
	10
	85
	No
	McMillen et al[20], 2016

	14
	63/Male
	20
	10
	0
	35
	5
	0
	70
	No
	Snyder et al[21], 2020

	15
	59/Female
	10
	20
	10
	25
	0
	10
	75
	No
	Osada et al[22], 2011

	16
	50/Female
	15
	20
	10
	35
	10
	0
	90
	No
	Umezu et al[23], 2013

	17
	41/Female
	10
	10
	10
	35
	15
	10
	90
	No
	Kulaksizoglu et al[24], 2012

	18
	48/Male
	30
	10
	20
	20
	0
	10
	90
	No
	Present case


BT: Body temperature; CNS: Central nervous system; GI-hepatic dysfx.: Gastrointestinal-hepatic dysfunction; CV: Cardiovascular; HF: Heart failure; Pre.Hx.: Precipitant history.
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