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Abstract
Salbutamol-induced QT interval prolongation is a relatively rare adverse effect of beta2-agonists. We report
a case of a two-year-old female patient with no known past medical history, brought by her parents to the
ED 30 minutes after ingesting a total dose of 97 mg of salbutamol solution. ECG was done for the patient
when she arrived and showed sinus tachycardia with prolonged QTc (509 ms) and normal QRS complex. The
patient was admitted to the Pediatric Intensive Care Unit (PICU) with persistent tachycardia and tachypnea
in the initial reassessment. ECG was repeated with normal QT interval after IV Mg sulfate. The patient was
observed in PICU for 12 hours with serial ECG and venous blood gas (VBG). IV potassium chloride (KCL)
infusion started, and serial VBG showed normal potassium and lactate. The patient was doing well in the
next six hours, with normal serial ECG, labs, and vital signs.
In conclusion, salbutamol-induced QT prolongation has infrequently been reported in the literature.
Although inhaled salbutamol is commonly used in clinical practice, physicians have limited experience with
the severe features of its toxicity. Salbutamol is known to cause minimal side effects, which may be underrecognized and progress to serious manifestations such as hypokalemia, QT prolongation, and sudden
cardiac death.
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Introduction
Long QT syndrome is a leading cause of unexplained sudden cardiac death. However, it is an uncommon
condition where the cardiac myocytes get exposed to repolarization phase disturbances [1].
Firstly, it can be congenitally associated with mutations in the ion channels, which causes changes in
ventricular repolarization [2]. Secondly, it can be acquired from medications such as certain antiarrhythmics,
calcium agonists, antipsychotics, antihistamines, macrolide, fluoroquinolone antibiotics, some antifungals,
and antiretroviral medications, which are known to prolong the QT interval by lengthening the
repolarization phase of cardiac myocytes [3,4,5]. Electrolytes abnormalities as well can affect the
repolarization phase, especially alterations in potassium levels. However, magnesium, calcium, and sodium
can also prolong the QT interval [3]. Finally, long QT syndrome may present with syncope due to
polymorphic ventricular tachycardia, typically torsades de pointes which may be followed by ventricular
fibrillation and sudden cardiac death [6].
Salbutamol is a synthetic sympathomimetic that works as a selective B2 receptor agonist. It is ubiquitous in
treating asthma and chronic obstructive pulmonary disease due to its immediate and potent bronchodilator
effect. It is known to be safe with low toxicity, little inotropic and chronotropic effects, and usually well
tolerated [7,8]. Given the common use of salbutamol, many patients can experience some symptoms of
overdose that range from mild to severe side effects. However, because of the rarity of intentional betaagonist overdose, symptoms may be under-recognized by physicians. Most side effects of beta-agonists are of
the cardiovascular system, such as tachycardia, prolonged QT interval, and dysrhythmia [9]. Other adverse
effects of salbutamol toxicity include hypokalemia, tremor, and lactic acidosis [10,11].
All physicians should be aware and familiar with the syndrome of B2-agonist toxicity as it may cause QT
prolongation and sudden cardiac death. We report a case of ingested salbutamol toxicity leading to
hypokalemia, QT prolongation, and lactic acidosis.

Case Presentation
We present a case of a two-year-old female patient with no known past medical history, brought by her
parents to the ED 30 minutes after ingesting a total dose of 97 mg of salbutamol solution. Her body weight is
measured at 12.8 kg, making the dose ingested to her weight 7.5 mg/kg. Although her parents did not report
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any symptoms, her vitals showed tachycardia at 172 beats per minute and tachypnea at 34 breaths per
minute, but otherwise, the vitals were normal. On physical examination, the patient was active, playful, and
looked well; intact peripheral pulse with good volume; and the chest was clear on auscultation. A cardiac
exam revealed a fast regular rhythm with no murmur. Abdominal and neurological examinations were
unremarkable. ECG was done for the patient when she arrived and showed sinus tachycardia with prolonged
QTc (509 ms) and normal QRS complex (Figure 1).

FIGURE 1: ECG of the patient upon admission to the ED demonstrating
sinus tachycardia with prolonged QTc (509 ms) and normal QRS
complex.

Initial venous blood gas (VBG) was done and showed lactate 5.2 mmol\L, potassium 2.7 mmol\L, RBS 13.5,
and other labs were within normal range. Toxicology on-call consulted immediately, and he requested to
start activated charcoal, Mg sulfate, and oral KCl. He also initiated serial monitoring of ECG and potassium
levels. The patient was admitted to PICU with persistent tachycardia and tachypnea in the initial
reassessment. ECG was repeated with normal QT interval after IV Mg sulfate (Figure 2).

FIGURE 2: ECG of the patient in initial reassessment upon admission to
PICU demonstrating normal QT interval after administration of IV Mg
sulphate.

The patient was observed in PICU for 12 hours with serial ECG and VBG. Then, IV potassium chloride (KCL)
infusion was started, and serial VBG showed normal potassium and lactate. The patient was doing well in
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the next six hours, with normal serial ECG, labs, and vital signs. The patient was discharged home from
PICU with return instructions given to the parents.

Discussion
Salbutamol is a well-known medication used in respiratory illnesses. It works by stimulating β2-adrenergic
receptors to provide bronchodilation, which will lead to bronchial smooth muscle relaxation mediated by
cyclic adenosine monophosphate (cAMP) [7]. Even though salbutamol is considered a selective β2 agonist, it
has been shown to have β1-receptor effects in the myocardium as both β1- and β2-adrenergic receptors are
found in the myocardium [7,12]. The therapeutic dose of salbutamol ranges between 0.3 and 0.8 mg/kg/day,
and drug overdose has been documented when the dose increases 10-20 times [13]. In case of overdose,
receptor specificity may be lost, and β2-agonists may cause tachycardia, cardiac ischemia, and arrhythmias
such as atrial fibrillation, supraventricular tachycardia, ventricular tachycardia, myocardial depression, fatal
myocardial band necrosis, and sudden cardiac death [14]. Tremor, hypokalemia, lactic acidosis, acute urinary
retention, and hyperglycemia have also been linked with salbutamol overdose in the literature [15,16].
Salbutamol causes an increase in gluconeogenesis and lipolysis [17], which leads to an increase in plasma
glucose levels and eventually increased conversion of glucose to pyruvate and lactate [18]. Most likely, the
latter is the mechanism by which our patient developed transient hyperglycemia and lactic acidosis. A
previous study reported a case of albuterol-induced hypoglycemia after transient hyperglycemia and
concluded that the mechanism is either related to the compensatory hyperinsulinemia or due to glycogen
depletion [19]. Although hypoglycemia may become evident in children with a significant beta-agonist
overdose and should therefore undergo multiple blood glucose measurements for 16 hours following
ingestion, [18] our patient blood sugar monitoring did not record any hypoglycemic value after 12 hours of
observation in the ICU.
Salbutamol causes hypokalemia primarily through β2-stimulation of the Na+/K+-ATPase pump in skeletal
muscle, which shifts potassium intracellularly [20]. Hypokalemia, by definition, is a plasma potassium level
under 3.5 mmol/L, and the related mortality risk rises considerably when plasma potassium levels drop lower
than 2.5 mmol/L [21]. The mechanism may be due to extrarenal potassium loss (usually GI), which is the
most common cause in children, redistribution to the intracellular space, or renal potassium loss [22].
Hypokalemia is a well-known predisposing factor for cardiac arrhythmia and prolongation of QT interval on
ECGs. Long QT syndrome (LQTS) is a rare condition that affects electrophysiological cardiac activity leading
to life-threatening conditions, and it can be congenital or acquired [23]. The diagnosis is made when the QT
interval exceeds 500 msec after correcting heart rate [24]. While acquired LQTS is usually caused by cardiac
conduction abnormalities, electrolyte disturbances, or QT-prolonging drugs, congenital LQTS is a diagnosis
of exclusion of those causes [25,26].
Beta-2 agonist toxicity may be severe enough to cause sudden cardiac death in subjects with normal cardiac
function [27], as it has the potential to cause abnormal cardiac function and trigger ventricular
tachyarrhythmias, according to the previous two studies. The first was conducted to assess the cardiac
events of asthmatic patients with LQTS undergoing beta-agonist treatment. The second was a doubleblinded cross-over study done on eight subjects with bronchial asthma to determine the cardiac effect of
beta-agonists [28,29].

Conclusions
Salbutamol-induced QT prolongation has infrequently been reported in the literature. Although inhaled
salbutamol is commonly used in clinical practice in treating asthma and chronic obstructive pulmonary
disease, physicians have limited experience with the severe features of its toxicity. Salbutamol is known to
cause minimal side effects, which may be under-recognized and progress to serious manifestations such as
hypokalemia, QT prolongation, and sudden cardiac death.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1.

Bastiaenen R, Behr ER: Sudden death and ion channel disease: pathophysiology and implications for
management. Heart. 2011, 97:1365-1372. 10.1136/hrt.2011.223883

2022 Elgassim et al. Cureus 14(2): e21904. DOI 10.7759/cureus.21904

3 of 4

2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.

14.
15.
16.
17.

18.
19.
20.
21.
22.

23.
24.
25.

26.
27.
28.
29.

Abriel H, Zaklyazminskaya EV: A modern approach to classify missense mutations in cardiac channelopathy
genes. Circ Cardiovasc Genet. 2012, 5:487-489. 10.1161/CIRCGENETICS.112.964809
Kao LW, Furbee RB: Drug-induced Q-T prolongation . Med Clin North Am. 2005, 89:1125-1144.
10.1016/j.mcna.2005.06.003
Pourmand A, Mazer-Amirshahi M, Chistov S, Sabha Y, Vukomanovic D, Almulhim M: Emergency
department approach to QTc prolongation. Am J Emerg Med. 2017, 35:1928-1933.
10.1016/j.ajem.2017.08.044
Tay KY, Ewald MB, Bourgeois FT: Use of QT-prolonging medications in US emergency departments, 19952009. Pharmacoepidemiol Drug Saf. 2014, 23:9-17. 10.1002/pds.3455
Roden DM: Long-QT syndrome. N Engl J Med. 2008, 358:169-176. 10.1056/NEJMcp0706513
Libretto SE: A review of the toxicology of salbutamol (albuterol) . Arch Toxicol. 1994, 68:213-216.
10.1007/s002040050059
Ramsdell JW, Klinger NM, Ekholm BP, Colice GL: Safety of long-term treatment with HFA albuterol. Chest.
1999, 115:945-951. 10.1378/chest.115.4.945
Maguire JF, O'Rourke PP, Colan SD, Geha RS, Crone R: Cardiotoxicity during treatment of severe childhood
asthma. Pediatrics. 1991, 88:1180-1186.
Robinson PD, Van Asperen P: Asthma in childhood. Pediatr Clin North Am. 2009, 56:191-226.
10.1016/j.pcl.2008.10.008
Manthous CA: Lactic acidosis in status asthmaticus: three cases and review of the literature . Chest. 2001,
119:1599-1602. 10.1378/chest.119.5.1599
Daubert GP, Mabasa VH, Leung VW, Aaron C: Acute clenbuterol overdose resulting in supraventricular
tachycardia and atrial fibrillation. J Med Toxicol. 2007, 3:56-60. 10.1007/BF03160909
Martínez Mengual L, Cuadrillero Quesada MC, Menéndez AC, Fernández GN, Pérez MC: Taquicardia
paroxística supraventricular por sobreingesta de salbutamol (Article in Spanish). Boletín de Pediatría. 2005,
45:70-72.
Lulich KM, Goldie RG, Ryan G, Paterson JW: Adverse reactions to beta 2-agonist bronchodilators . Med
Toxicol. 1986, 1:286-299. 10.1007/BF03259844
D'Auria E, Mandelli M, Di Dio F, Riva E: Urine retention in a child treated with oral salbutamol . Indian J
Pharmacol. 2012, 44:519-520. 10.4103/0253-7613.99338
Starkey ES, Mulla H, Sammons HM, Pandya HC: Intravenous salbutamol for childhood asthma: evidencebased medicine?. Arch Dis Child. 2014, 99:873-877. 10.1136/archdischild-2013-304467
Tomar RP, Vasudevan R: Metabolic acidosis due to inhaled salbutamol toxicity: a hazardous side effect
complicating management of suspected cases of acute severe asthma. Med J Armed Forces India. 2012,
68:242-244. 10.1016/j.mjafi.2011.10.002
Glatstein MM, Rimon A, Koren L, Marom R, Danino D, Scolnik D: Unintentional oral beta agonist overdose:
case report and review of the literature. Am J Ther. 2013, 20:311-314. 10.1097/MJT.0b013e3182002f2d
Ozdemir D, Yilmaz E, Duman M, Unal N, Tuncok Y: Hypoglycemia after albuterol overdose in a pediatric
patient. Pediatr Emerg Care. 2004, 20:464-465. 10.1097/01.pec.0000132220.88470.7d
Zheng B, Yadav K: Acute salbutamol toxicity in the emergency department: a case report . World J Emerg
Med. 2021, 12:73-75. 10.5847/wjem.j.1920-8642.2021.01.012
Daly K, Farrington E: Hypokalemia and hyperkalemia in infants and children: pathophysiology and
treatment. J Pediatr Health Care. 2013, 27:486-496. 10.1016/j.pedhc.2013.08.003
Aliaga CA, Arizon LF, Bermúdez RM, Castán JA, Santandreu AV: Severe hypokalemia secondary to abuse of
β-adrenergic agonists in a pediatric patient: case report. J Bras Nefrol. 2019, 42:250-253. 10.1590/21758239-JBN-2019-0020
Thottathil P, Acharya J, Moss AJ, et al.: Risk of cardiac events in patients with asthma and long-QT
syndrome treated with beta(2) agonists. Am J Cardiol. 2008, 102:871-874. 10.1016/j.amjcard.2008.05.029
Magnusson P, Gustafsson PE: A case of long QT syndrome: challenges on a bumpy road . Clin Case Rep.
2017, 5:954-960. 10.1002/ccr3.985
Priori SG, Wilde AA, Horie M, et al.: HRS/EHRA/APHRS expert consensus statement on the diagnosis and
management of patients with inherited primary arrhythmia syndromes: document endorsed by HRS, EHRA,
and APHRS in May 2013 and by ACCF, AHA, PACES, and AEPC in June 2013. Heart Rhythm. 2013, 10:19321963. 10.1016/j.hrthm.2013.05.014
Thomas SH, Behr ER: Pharmacological treatment of acquired QT prolongation and torsades de pointes . Br J
Clin Pharmacol. 2016, 81:420-427. 10.1111/bcp.12726
Yalta K, Sivri N, Geyik B, Aksoy Y, Yetkin E: Sudden cardiac death due to β2-agonist therapy: is a genetic
basis overlooked?. Cardiovasc J Afr. 2012, 23:97-102.
Leslie E, Medenbach A, Pittman E: Unmasking long QT syndrome in the emergency department: a case
report. Clin Pract Cases Emerg Med. 2021, 5:89-92. 10.5811/cpcem.2020.10.48716
Wong CS, Pavord ID, Williams J, Britton JR, Tattersfield AE: Bronchodilator, cardiovascular, and
hypokalaemic effects of fenoterol, salbutamol, and terbutaline in asthma. Lancet (London). 1990, 336:13961399. 10.1016/0140-6736(90)93099-B

2022 Elgassim et al. Cureus 14(2): e21904. DOI 10.7759/cureus.21904

4 of 4

