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A B S T R A C T   

Introduction: As researchers and academics around the world scramble ahead to dissect and analyse every aspect 
of the SARS-CoV2 virus, one such study explored the various underlying electrolyte abnormalities that were 
precipitated in patients suffering from a confirmed COVID-19 infection. A significant proportion of such patients 
were noted to be hypokalemic. Hypokalemia can be life threatening as it is known to cause cardiac arrhythmia. 
Case presentation: Our encounter with said presentation was incidental. The on-call medical team was involved in 
a cardiac arrest call for a 74-year -old gentleman who developed torsades de pointes, Retrospective analysis of 
the clinical picture pointed out the fact that he was found to be persistently hypokalemic and bradycardic solely 
triggered as a result of COVID-19. 
Conclusion: Although initially thought to be a pulmonary disease but along with time extra-pulmonary mani
festations of Covid-19 has demonstrated significant consequences. Electrolyte abnormalities and cardiac 
dysfunction are examples of such extra-pulmonary pathologies. Therefore, it is important to keep close moni
toring for such abnormalities otherwise could lead into life threatening arrythmias.   

1. Introduction 

As 2019 drew to a close, little did humans assume that they are about 
to embark on a journey so perilous that it could very well be drafted to 
history books as a once in a lifetime phenomenon. Just as the spanish flu 
wreaked havoc in the early 20th century, another virus was about to 
leave its permanent mark in the annals of human life. Novel coronavirus 
or SARS-CoV 2 as branded by the WHO, started in a province in china. Its 
ability to sustain its spread changed its designation from an epidemic to 
a global pandemic. A plethora of research is being conducted worldwide 
to have a better understanding of the patho-physiological consequences 
of COVID-19. As researchers and academics around the world scramble 
ahead to dissect and analyse every aspect of the SARS-CoV2 virus, one 
such study explored the various underlying electrolyte abnormalities 
that were precipitated in patients suffering from a confirmed COVID-19 
infection. A significant proportion of such patients were noted to be 

hypokalemic. Hypokalemia can be life threatening as it is known to 
cause cardiac arrhythmia. 

2. Case presentation 

A 74-year-old gentleman presented to the emergency triage with 
worsening shortness of breath and desaturation (80% on room air). 
Symptoms improved with 15L non-rebreathing mask. Upon stabilizing 
the patient, history revealed that he had been experiencing viral pro
drome (fever, cough with clear expectoration) for the past 7 days. He is 
known hypertensive on losartan 50mg once daily. 

General examination revealed he was tachypneic, tachycardic, 
dyspneic with saturation remaining within 92–95% on 15L non- 
rebreathing mask. Chest auscultation revealed bi-basal crackles 
without any wheeze. 

Lab results revealed euvolemic hypo-osmolar hypokalemia with a 
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serum potassium of 2.5 mmol/L and osmolality 262 mOsm/L (280–296 
mOsm/L), urine potassium 48 mmol/L and osmolality 510 mmol/L 
(300–900 m.mol/L). He had a normal sodium level of 138 m.mol/L. 
Inflammatory markers were elevated i.e. C-reactive protein was 157 
mg/dL with a WCC of 16.5 and d-dimer 1.75. CK was elevated to 566 
whereas LDH level was 488. Urine potassium to creatinine ratio was 
above 1.5. He had normal urine magnesium, calcium, and chloride 
levels. His clotting screen, renal function, liver function, thyroid profile, 
calcium, and phosphate remained unremarkable. Magnesium level was 
0.58 m.mol/l. Mg levels and urine potassium were retrieved after the 
peri cardiac arrest event. X-ray chest showed bi-lateral opacities (Fig. 1). 
Arterial blood gas showed hypoxic respiratory failure. Ecg on admission 
showed sinus bradycardia with long standing LBBB (Fig. 2). His venous 
blood gas did not show metabolic alkalosis. 

His oxygen therapy was therefore escalated to CPAP to support his 
oxygen requirement. He was started on intravenous potassium 
replacement, antibiotics.He was given intravenous dexamethasone 6mg 
as a stat dose and was later continued on daily basis for 10days. He also 
received intravenous remdesivir. Early review from critical care 
outreach team was completed keeping in mind of the severity of illness. 
Later-on the day of admission to the hospital a medical emergency call 
was put on as he went into peri-arrest. Cardiac monitor showed rhythm 
suggestive of torsade’s de pointes.He was therefore immediately treated 
with intravenous magnesium 2 gm which was repeated in 5 minutes. A 
plan was discussed with the on-call cardiology team for pacing if patient 
didn’t respond to intravenous magnesium. As hypokalemia and brady
cardia were thought to be the predisposing factors a central line was 
inserted to give him high dose of intravenous potassium (40 m.mol/hr). 
Fortunately, his heart rate and rhythm settled without requiring any 
further interventional cardiac procedures. He was then transferred to 
intensive care unit for close monitoring. He made good recovery within 
following 48 hours and eventually able to step down out of intensive 
care unit. Later on all other possible causes for bradycardia and hypo
kalemia were explored and were found to be negative. His heart rate and 
potassium level both improved with time as the effect of the virus 
weaned off after a 12-days hospital stay. Therefore, we came into a 
conclusion of COVID-19 induced hypokalemia and bradycardia result
ing in torsades de pointes for the gentleman. 

3. Clinical discussion 

Following a global outbreak of SARS-COV-2 world is continuing to 
witness various spectrum of COVID-19. A high prevalence of 

hypokalemia have been noted amongst SARS-COV-2 infected patients. 
Stand out theory to explain such presentation is disturbed renin- 
angeotensin system activity which increases as a result of losing coun
teractivity of angiotensin converting enzyme-2 [1]. SARS-COV-2 is 
known to enter into the human cells by binding with ACE2 receptor 
located on the cell membrane [2]. In a healthy individual ACE1 in
creases RAS activity whereas ACE2 opposes it. Number of ACE2 receptor 
degradation increases secondary to binding of SARS- COV-2 with the 
receptor. This leads into elevated RAS activity to an extent where it acts 
like secondary hyper aldesteronism [1]. End result is increase retention 
of sodium and water along with more excretion of potassium from the 
kidney. Studies have noted to find increase urinary potassium in hypo
kalemic COVID-19 patients compared to those with normokalemia [1]. 
Other suggested explanation is GI loss which is often associated with 
SARS-COV-2 infected patients. Potassium levels therefore should be 
closely monitored as it regulates cell polarity and action potential. A 
period of hypokalemia can lead into prolong resting membrane potential 
and cellular hyperpolarity which can potentially trigger ventricular 
arrythmia once it effects the cardiac myocyte. Appropriate plasma levels 
of potassium is therefore required in preventing myocardial failure 
through weakening cellular hyperpolarity and depolarization. It is ideal 
to keep a range of potassium about 4–5.5 m mol/l to prevent myocardial Fig. 1. X-ray chest showing bi-lateral opacities.  

Fig. 2. ECG revealing bradycardia with long standing LBBB.  
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dysfunction [3]. 
Hypokalemia is popularly known as a risk factor for arrythmogenic 

deaths. Suggested theories are slow conduction (due to membrane 
hyper-polarization), prolong ventricular repolarization (due to inhibi
tion of potassium efflux), and abnormal pacemaker activity largely 
resulting from increase diastolic repolarization in parkinje fibers [4,5]. 
High calcium is known to cause pacemaker abnormalities. Elevated 
calcium levels are found due to failure of NA-K pump which results in 
raised NA-CA exchange and thusly calcium overload [4]. Other sug
gested mechanism for high calcium is inhibition of NKA activity [4]. 
NKA is an ATP and voltage dependent ion transporter that exchanges 3 
NA from cytosol and 2 K from the extracellular compartment leading to a 
net abundant current. It is the major NA efflux mechanism in cardiac 
myocytes that regulates intracellular NA by balancing NA efflux against 
NA influx. NKA activity is maintained by extracellular K, intracellular 
NA, and membrane action potential. NKA is composed of alfa-beta di
mers. Reduce activity of NKA alfa 2 increases cellular calcium by 
limiting forward NCX activity (increase calcium efflux) and raises 
reverse NCX activity (increase calcium influx). NCX is NA- CA exchange 
that uses electrochemical gradient of NA and Calcium to exchange 3NA 
for 1 CA. Hypokalemia reduces outward repolarizing currents as well as 
both potassium and NKA current. This increases ADP, allowing more CA 
influx through L-type CA channels during plateau phase. Secondary 
elevated high calcium caused by NKA inhibitor and reduce inward NCX 
currents combined with APD prolongation, initiates a positive feedback 
loop. According to this model, high calcium activates CaMK2 which 
phosphorylates and activates late NA current (INAL) and increase Ica. 
This causes activation of INAL and Ica which amplifies intracellular 
NA-CA resulting in detrimental and downward activity of CaMK2 
leading to after depolarization and ventricular arrythmia. All such 
mechanism can trigger abnormal automaticity and generate cardiac 
arrythmia. 

In addition to hypokalemia COVID-19 infection itself has been re
ported to cause bradycardia. Aetiopathological consequences seems to 
be multifactorial which includes viral myocardial damage, hypoxia, 
raised pro-inflammatory cytokines [6]. Possible explanation for brady
cardia associated with COVID-19 is release of pro-inflammatory cyto
kines (IL 6, IL 10, IL 12 & TNF-alfa) which targets the SA node resulting 
in change of heart rate and rhythm [6]. Bradycardia and hypokalemia 
both have been known to be triggering factors for ventricular tachy
cardia, ventricular fibrillation, torsades de pointes. Inverse relationship 
between heart rate and repolarization time primarily accounts for 
bradycardia induced QT prolongation. 

We to the best of our knowledge are presenting a case for the first 
time about COVID-19 associated bradycardia and hypokalemia resulting 
in torsades de pointes. We ruled out all other possible causes for hypo
kalemia and bradycardia making COVID-19 to remain as the sole risk 
factor. Emergency treatment is removal of predisposing factors and 
suppression of EADS (Early after depolarizations) [7]. Mg suppresses 
TDP (Torsades de pointes) by lowering CA influx therefore eventually 
reducing EAD amplitude. 2 gm (20ml of 10% solution) intravenous over 
1–2 minutes, repeated every 5–15 minutes interval to a maximum of 6 
gm can be given. Aside from correcting any reversible causes for long qt 
other potential therapies to treat such a catastrophic clinical condition 
includes use of beta blocker if not bradycardic. In case of bradycardia or 
where beta blocker is contra-indicated left cardiac denervation, trans
venous/transcutaneous pacing could be lifesaving whereas ICD remains 
the last resort if already mentioned therapies fail. 

4. Conclusion 

Along with the course of time we have been introduced to various 
spectrum of Covid-19. This case report depicts electrolyte and cardiac 
manifestations related to SARS-CoV2. It raises the view to give impor
tance to monitoring electrolytes and cardiac electrical activities in pa
tients suffering from Covid-19 to avoid life threatening complications. 
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