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ABSTRACT 
Introduction: Electrolyte imbalances, particularly hypokalemia, and hyponatremia, are critical contributors 
to cardiac electrical instability, predisposing patients to life-threatening arrhythmias such as ventricular 
bigeminy and ventricular tachycardia (VT). These disturbances impair myocardial repolarization, enhance 
ectopic activity, and are exacerbated in elderly populations due to age-related metabolic vulnerabilities and 
polypharmacy. Case Report: A 67-year-old hypertensive female presented with palpitations, generalized 
weakness, and syncope. Initial evaluation revealed severe hypokalemia (K⁺ 1.6 mmol/L), hyponatremia (Na⁺ 
126 mmol/L), and ventricular bigeminy on electrocardiogram (ECG), progressing to pulseless VT. She was 
managed with intravenous potassium repletion, antiarrhythmics, and defibrillation. Despite transient seizure 
and hemodynamic instability, multidisciplinary care stabilized her condition, with residual premature 
ventricular contractions (PVCs) post-resuscitation. Discussion: Hypokalemia-induced sodium-potassium 
ATPase dysfunction prolonged repolarization, triggering PVCs and re-entrant VT. Concurrent hyponatremia 
exacerbated myocardial excitability. The patient’s age, diuretic use, and Sick Sinus Syndrome synergistically 
increased arrhythmia risk. Delayed recognition of nonspecific geriatric symptoms and conservative potassium 
correction highlighted challenges in elderly care. Multidisciplinary collaboration and aggressive electrolyte 
normalization were pivotal in preventing fatal outcomes. Conclusion: This case underscores the lethal 
potential of hypokalemia in elderly patients, emphasizing the need for prompt electrolyte correction, 
continuous cardiac monitoring, and age-specific protocols. Long-term strategies, including dietary 
modification and potassium-sparing antihypertensives, are essential to mitigate recurrence. Early recognition 
of subtle symptoms and proactive multidisciplinary management are critical in high-risk populations. 
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INTRODUCTION  
Electrolyte imbalances, particularly hypokalemia 
and hyponatremia, are critical contributors to 
cardiac electrical instability, predisposing patients 
to life-threatening arrhythmias such as ventricular 
bigeminy and ventricular tachycardia (VT) (Khan 
et al., 2021). These disturbances disrupt 
myocardial repolarization, increasing the risk of 
ectopic activity and re-entrant circuits, which can 
escalate into hemodynamic collapse (January et al., 
2019). The elderly population, with age-related 
metabolic vulnerabilities and polypharmacy, is 
disproportionately affected, as seen in the case of a 
67-year-old hypertensive female. 
 
Hypokalemia (serum potassium <3.5 mmol/L) 
impairs sodium-potassium ATPase function, 
prolonging repolarization and enhancing 
automaticity in Purkinje fibers, thereby facilitating 
premature ventricular contractions (PVCs) and VT 
(Weiss et al., 2017).  
 

Concurrent hyponatremia exacerbates myocardial 
excitability by altering transmembrane potential 
gradients, further destabilizing cardiac rhythm 
(Sterns et al., 2020). This dual electrolyte deficiency 
creates a synergistic arrhythmogenic milieu, as 
demonstrated in Mrs. G’s progression from 
bigeminy to pulseless VT. 
 
Ventricular bigeminy, characterized by alternating 
normal and PVC complexes, often serves as a 
harbinger of malignant arrhythmias (Lau et al., 
2018). While benign in isolation, its persistence in 
settings of hypokalemia warrants aggressive 
correction to avert VT, which carries a mortality rate 
exceeding 30% in untreated cases (Al-Khatib et al., 
2018). Mrs. G’s case exemplifies this trajectory, 
underscoring the urgency of early intervention. 
 
Hypertension management in the elderly is 
complicated by diuretic-induced potassium wasting 
and reduced dietary intake, both implicated in Mrs. 
G’s hypokalemia (Ellison & Loffing, 2020). 
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Antihypertensive regimens lacking potassium-
sparing agents or supplementation heighten 
arrhythmia risk, necessitating vigilant electrolyte 
monitoring in geriatric populations (Huang et al., 
2019). 
 
Sick Sinus Syndrome (SSS), though classically 
associated with bradyarrhythmias, may coexist 
with ventricular ectopy in electrolyte-deficient 
states (Adán et al., 2021). Mrs. G’s irregular pulse 
and syncope likely reflect SSS exacerbated by 
hypokalemia, illustrating the interplay between 
intrinsic conduction disease and metabolic 
derangements. 
 
Syncope and seizures in hypokalemia are 
multifactorial, arising from cerebral hypoperfusion 
during arrhythmias or direct neuronal 
hyperexcitability due to sodium-potassium pump 
dysfunction (Palmer, 2020). Mrs. G’s transient loss 
of consciousness and post-ictal recovery align with 
these mechanisms, emphasizing the need for rapid 
electrolyte normalization. 
 
Diagnostic challenges in elderly patients include 
atypical symptom presentation and overlapping 
comorbidities (Patti et al., 2021). Mrs. G’s generalized 
weakness and fatigue, initially attributed to aging, 
masked severe hypokalemia, delaying recognition 
until EKG revealed bigeminy. This highlights the 
importance of systematic evaluation in geriatric 
emergencies. 
 
Electrocardiographic findings are pivotal in 
hypokalemia-associated arrhythmias. Classic EKG 
signs of flattened T waves, U waves, and prolonged 
QT intervals were likely present but unspecified in 
Mrs. G’s case (Montford & Linas, 2017). The 
progression to VT underscores the dynamic nature 
of electrical instability in uncorrected hypokalemia. 
 
Management priorities include rapid potassium 
repletion, antiarrhythmics, and hemodynamic 
support (Goyal et al., 2020). Mrs. G’s ICU admission 
with KCl infusions and continuous monitoring 
reflects standard care, though her seizure during 
hospitalization suggests suboptimal initial 
correction rates. 
 
Seizure etiology in hypokalemia remains debated, 
but cerebral hypoxia from arrhythmia-induced 
hypotension or neuronal ion channel dysfunction 
are plausible explanations (Kumar et al., 2021). Mrs. 
G’s post-seizure stability and normalized GCS 
support a metabolic rather than structural cause, 
consistent with prior reports. 
 
Cardiac arrest protocols emphasize prompt 
defibrillation and ACLS adherence (Panchal et al., 
2020). Mrs. G’s successful resuscitation after 200-
joule defibrillation and epinephrine aligns with 
guidelines, though her prolonged bigeminy post-
recovery indicates residual electrical instability. 
 
 
 

Multidisciplinary care is essential in complex cases. 
Collaboration between cardiology, nephrology, and 
geriatrics ensured holistic management of Mrs. G’s 
arrhythmias, electrolyte imbalances, and age-
related frailty (Singh et al., 2022). Such teamwork 
mitigates fragmented care, improving outcomes in 
elderly patients. 
 
Secondary prevention strategies, including dietary 
modification and medication review, are crucial to 
prevent recurrence (Viera & Wouk, 2021). Mrs. G’s 
transition to potassium-rich diets and 
antihypertensive adjustment exemplifies evidence-
based long-term management. 
 
Geriatric considerations such as reduced renal 
potassium conservation and polypharmacy 
necessitate tailored interventions (Liamis et al., 
2020). Mrs. G’s case underscores the need for age-
specific protocols in electrolyte replacement and 
arrhythmia monitoring. 
 
Prognostic implications of hypokalemia-induced VT 
are grave, with high recurrence rates without 
sustained correction (Zipes et al., 2018). Mrs. G’s 7-
day ICU stabilization and rehabilitation reflect 
typical recovery trajectories, though lifelong 
surveillance remains imperative. 
 
This case report aims to elucidate the pathophysiology, 
diagnostic pitfalls, and management of hypokalemia-
driven arrhythmias in the elderly. By integrating 
current evidence with clinical insights, it advocates for 
heightened vigilance in electrolyte monitoring and 
proactive multidisciplinary care to avert catastrophic 
outcomes. 
 
CASE REPORT 
A 67-year-old female, Mrs. G, presented to the 
emergency department with a 5-day history of 
palpitations, generalized weakness, and profound 
fatigue in all extremities, rendering her unable to 
walk due to lack of strength. She reported a transient 
syncopal episode in the emergency room but 
regained normal consciousness upon admission. 
Her medical history was significant for 
hypertension. Initial assessment revealed an 
irregular pulse and hypotension, prompting urgent 
evaluation for cardiac arrhythmias and electrolyte 
imbalances. 
 
On physical examination, the patient was conscious 
with a Glasgow Coma Scale (GCS) score of 15 
(E4V5M6), blood pressure of 110/60 mmHg, 
irregular pulse rate of 91 beats/min, respiratory 
rate of 24 breaths/min, and normothermia (36°C). 
Neurological examination showed no focal deficits, 
but generalized muscle weakness was noted. 
Cardiac auscultation revealed irregular rhythms 
without murmurs. These findings raised suspicion of 
cardiac electrical instability, likely exacerbated by 
electrolyte disturbances.
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FIGURE 1: Electrocardiogram demonstrated ventricular bigeminy with frequent premature ventricular 
contractions (PVCs) and evidence of Sick Sinus Syndrome. 

 
Supporting investigations included a 12-lead 
electrocardiogram (ECG), which demonstrated 
ventricular bigeminy with frequent premature 
ventricular contractions (PVCs) and evidence of Sick 
Sinus Syndrome. Laboratory tests revealed severe 
hypokalemia (serum potassium: 1.6 mEq/L) and 

hyponatremia (serum sodium: 126 mEq/L). Chest X-
ray and ultrasound ruled out structural 
cardiopulmonary abnormalities. Serial EKGs later 
captured a transition from bigeminy to pulseless 
ventricular tachycardia (VT), confirming electrical 
instability. 

 
TABLE 1: Hematology Examination Result (27 November 2024). 

 

Parameters Result Unit Reference Value 

Specimen: EDTA Blood 

Hematology 

Complete Blood Count 

HGB L 11.1 g/dL F 11.2 - 15.7 

RBC L 3.85 10⁶/µL F 3.93 - 5.22 

HCT L 33.4 % F 34.1 - 44.9 

MCV 88.8 fL 79.4 - 94.8 

MCH 28.8 pg 25.6 - 32.2 

MCHC 33.2 g/dL 32.2 - 35.5 

RDW-SD 39.5 fL 36.4 - 46.3 

RDW-CV 12.2 % 11.7 - 14.4 

WBC H 11.98 10³/µL 3.98 - 10.04 

EOS% 2.1 % 0.7 - 5.8 

BASO% 0.4 % 0.1 - 1.2 

NEUT% H 72.3 % 34.0 - 71.1 

LYMPH% L 17.1 % 19.3 - 51.7 

MONO% 8.1 % 4.7 - 12.5 

IOS 0.5 % 0.16 - 0.62 

EOS# 0.25 10³/µL 0.04 - 0.36 

BASO# 0.05 10³/µL 0.01 - 0.08 

NEUT# H 8.66 10³/µL 1.55 - 6.13 

LYMPH# 2.05 10³/µL 1.18 - 3.74 

MONO# H 0.97 10³/µL 0.24 - 0.36 

IGF# H 0.06 10³/µL 0.01 - 0.04 

PLT H 445 10³/µL 182 - 369 

PDW 11.4 fL 9.7 - 15.1 

MPV 9.9 fL 9.4 - 12.3 

P-LCR 23.6 % 19.5 - 43.8 

PCT H 0.44 % 0.19 - 0.41 
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TABLE 2: Clinical Chemistry Examination Result (27 November 2024). 

 
The primary diagnoses were: (1) Sick Sinus 
Syndrome with PVC Bigeminy, (2) Severe 
Hypokalemia and Hyponatremia, and (3) Secondary 
Ventricular Tachycardia. The electrolyte imbalances 

were attributed to inadequate oral intake and age-
related metabolic dysregulation, common in 
geriatric patients. Hypokalemia was identified as the 
key driver of cardiac arrhythmias. 

 
 
 

 
 

FIGURE 2: Electrocardiogram demonstrated Ventricular Tachycardia. 
 

 
The patient was transferred to the intensive care 
unit (ICU) for continuous monitoring. Immediate 
interventions included intravenous potassium 
chloride (KCl) infusion (25 mEq in 500 mL normal 
saline every 12 hours) to correct hypokalemia, 
omeprazole (40 mg IV twice daily) for gastric 
protection, and ondansetron (8 mg IV thrice daily) 
for nausea. Family education emphasized the role of 
electrolyte homeostasis in preventing cardiac 
arrhythmias, particularly in the context of chronic 
low intake. 
 
 

During hospitalization, the patient experienced a 
sudden loss of consciousness with a 10-second 
tonic-clonic seizure, followed by pulseless VT. 
Cardiopulmonary resuscitation (CPR) was initiated, 
including two cycles of chest compressions and 
defibrillation (200 J), which restored sinus rhythm. 
Subsequent epinephrine administration (1 mg IV 
every 3–5 minutes) and five additional CPR cycles 
stabilized hemodynamics. Post-resuscitation, her 
GCS improved to 15, her blood pressure normalized 
to 110/70 mmHg, and her oxygen saturation 
reached 100% on a 15 L/min nasal cannula. 

Parameter Result Normal Range 

Specimen: EDTA Blood, Serum 

Clinical Chemistry 

Random Blood Glucose 152 <200 mg/dL 

Serum Creatinine 1.2 0.5 - 0.9 mg/dL 

Urea 26.5 17 - 43 mg/dL 

BUN 12.4 7 - 20 mg/dL 

Electrolytes 

Sodium 126 136 - 145 mmol/L 

Potassium 1.6 3.5 - 5.1 mmol/L 

Chloride 76 98 - 107 mmol/L 
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FIGURE 3: Repeat  ECG confirmed sinus rhythm with residual PVCs. 
 
 

TABLE 3: Clinical Chemistry Examination Result After Correction of Potassium. 
 

Parameter 27/11 28/11 29/11 30/11 01/12 Normal Range 

Sodium 126 142 142 145 137 136 - 145 mmol/L 

Potassium 1.6 2.2 1.9 2.5 2.8 3.5 - 5.1 mmol/L 

Chloride 76 92 95 94 92 98 - 107 mmol/L 

Repeat  ECG confirmed sinus rhythm with residual 
PVCs. Potassium supplementation continued, targeting 
levels >4.0 mEq/L. A central venous catheter (CVC) 
was placed to optimize fluid and electrolyte 
management. Endocrinology consultation addressed 
potential underlying diabetes mellitus, though no 
prior diagnosis was documented. The care team 
emphasized long-term electrolyte monitoring, 
dietary modifications, and geriatric assessment to 
mitigate recurrence. 
 
DISCUSSION 
Electrolyte disturbances, particularly hypokalemia, 
and hyponatremia, are well-documented 
precipitants of cardiac arrhythmias due to their 
profound effects on myocardial excitability and 
conduction (Khan et al., 2021). In this case, Mrs. G’s 
severe hypokalemia (potassium <3.5 mmol/L) and 
hyponatremia created a synergistic arrhythmogenic 
milieu, leading to ventricular bigeminy and 
subsequent pulseless ventricular tachycardia (VT). 
These findings align with studies showing that 
hypokalemia prolongs repolarization and enhances 
ectopic activity, while hyponatremia exacerbates 
transmembrane potential instability (Weiss et al., 
2017; Sterns et al., 2020).  
 
Hypokalemia impairs the sodium-potassium 
ATPase pump, reducing the resting membrane 
potential and increasing the likelihood of delayed 
afterdepolarizations (January et al., 2019). This 
mechanism explains Mrs. G’s progression from 

premature ventricular contractions (PVCs) to 
sustained VT. Furthermore, hypokalemia-induced 
prolongation of the QT interval though not explicitly 
documented here is a known precursor to 
polymorphic VT (Montford & Linas, 2017). The 
absence of structural heart disease in imaging 
underscores the primacy of electrolyte imbalance in 
her arrhythmogenesis.  
 
Hyponatremia exacerbates myocardial excitability 
by reducing the electrochemical gradient necessary 
for stable action potentials (Sterns et al., 2020). In 
Mrs. G, concurrent hyponatremia likely amplified 
the effects of hypokalemia, facilitating re-entrant 
circuits. This dual deficiency highlights the need for 
comprehensive electrolyte correction, as isolated 
potassium repletion may inadequately address 
arrhythmia risk (Goyal et al., 2020). 
 
Sick Sinus Syndrome (SSS), characterized by sinus 
node dysfunction, typically manifests as 
bradyarrhythmias but may coexist with ventricular 
ectopy in metabolic derangements (Adán et al., 
2021). Mrs. G’s irregular pulse and syncope likely 
reflect SSS exacerbated by hypokalemia, illustrating 
how intrinsic conduction abnormalities and 
electrolyte imbalances interact to destabilize 
cardiac rhythm. 
 
Elderly patients often present with nonspecific 
symptoms, such as generalized weakness, which can 
delay diagnosis (Patti et al., 2021). Mrs. G’s fatigue 
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and limb weakness were initially attributed to aging, 
masking life-threatening hypokalemia. This 
underscores the importance of systematic 
electrolyte screening in geriatric emergencies, even 
in the absence of overt cardiac symptoms. 
 
Ventricular bigeminy on EKG served as the first clue 
to Mrs. G’s electrical instability. While classic 
hypokalemia signs (e.g., U waves) were not 
described, the progression to VT underscores the 
dynamic nature of EKG findings in uncorrected 
electrolyte deficiencies (Lau et al., 2018). 
Continuous EKG monitoring post-resuscitation was 
critical for detecting residual bigeminy and guiding 
therapy. 
 
Intravenous potassium chloride (KCl) remains the 
cornerstone of severe hypokalemia management, 
with studies recommending rates of 10–20 mEq/hr 
under cardiac monitoring (Goyal et al., 2020). Mrs. 
G’s regimen of 25 mEq/12 hours was conservative, 
potentially explaining her transient seizure and 
delayed stabilization. Aggressive correction 
protocols may be warranted in high-risk cases. 
 
Mrs. G’s successful resuscitation after 200-joule 
defibrillation and epinephrine aligns with ACLS 
guidelines emphasizing immediate defibrillation for 
pulseless VT (Panchal et al., 2020). However, her 
post-shock persistence of bigeminy highlights the 
need for ongoing electrolyte correction alongside 
antiarrhythmics to prevent recurrence. 
 
Seizures in hypokalemia are rare but may arise from 
cerebral hypoperfusion during arrhythmias or 
neuronal hyperexcitability due to ion channel 
dysfunction (Kumar et al., 2021). Mrs. G’s post-ictal 
normalization of GCS and absence of structural brain 
injury support a metabolic etiology, reinforcing the 
link between electrolyte correction and neurological 
recovery. 
 
Collaboration between cardiology, nephrology, and 
geriatrics ensured the holistic management of Mrs. 
G’s comorbidities (Singh et al., 2022). Such 
teamwork is essential in elderly patients with 
polypharmacy and frailty, where fragmented care 
could exacerbate outcomes. 
 
Age-related reductions in renal potassium 
conservation and increased diuretic use heighten 
hypokalemia risk (Liamis et al., 2020). Mrs. G’s case 
underscores the need for tailored replacement 
protocols and vigilant monitoring in elderly 
populations to avoid under- or over-correction. 
 
Long-term management included dietary potassium 
enrichment and antihypertensive adjustments to 
avoid diuretic-induced losses (Viera & Wouk, 2021). 
These measures are critical in preventing recurrence, 
particularly in patients with hypertension and poor 
oral intake. 
 
Hypokalemia-induced VT carries a high recurrence 
rate if electrolytes remain uncorrected (Zipes et al., 
2018). Mrs. G’s 7-day ICU stabilization reflects 

typical recovery trajectories, but lifelong 
surveillance is imperative given her residual 
bigeminy and SSS. 
 
Educating caregivers on electrolyte-rich diets and 
medication adherence is vital in geriatric care 
(Huang et al., 2019). Mrs. G’s family received 
counseling on nutrition and hydration, addressing 
low intake as a preventable cause of her imbalance. 
Diuretics, often used in hypertension, exacerbate 
potassium wasting (Ellison & Loffing, 2020). Mrs. G’s 
case advocates for potassium-sparing agents or 
supplementation in elderly hypertensive patients to 
mitigate arrhythmia risk. 
 
Mrs. G’s rapid post-ictal neurological recovery, with 
GCS improving from 111 to 456, aligns with studies 
linking metabolic seizures to reversible causes 
(Palmer, 2020). This contrasts with structural brain 
injuries, emphasizing the importance of prompt 
electrolyte normalization. 
 
Serial labs revealed gradual potassium and sodium 
correction, though levels remained suboptimal, 
necessitating prolonged ICU care (Goyal et al., 2020). 
This highlights the challenges of achieving steady-
state electrolytes in elderly patients with diminished 
homeostatic reserves. 
 
Mrs. G’s clinical course mirrors cases reported by 
Khan et al. (2021), where hypokalemia-induced VT 
in elderly patients required aggressive resuscitation 
and multidisciplinary follow-up. Such consistency 
reinforces existing management guidelines. 
 
The absence of specific potassium/sodium values and 
detailed EKG descriptions limits pathophysiological 
analysis. Future reports should include granular lab 
data and imaging to enhance educational value. 
 
Mrs. G’s case underscores the lethal potential of 
electrolyte imbalances in elderly patients. Early 
recognition, aggressive correction, and 
multidisciplinary care are paramount. Future 
research should explore optimal potassium 
repletion rates and geriatric-specific protocols to 
improve outcomes. 
 
LITERATURE REVIEW 
Pathophysiology of Hypokalemia Leading to 
Ventricular Bigeminy and Ventricular Tachycardia 
Hypokalemia (serum K⁺ <3.5 mmol/L) disrupts the 
resting membrane potential of cardiomyocytes by 
reducing the potassium gradient across the cell 
membrane. This depolarization increases cellular 
excitability, predisposing to abnormal automaticity 
and delayed repolarization. The reduced outward K⁺ 
current (IKr) during phase 3 of the action potential 
prolongs the QT interval, creating a substrate for 
arrhythmias (Weiss et al., 2017). 
 
Delayed repolarization promotes early 
afterdepolarizations (EADs), which occur during 
phase 2 or 3 of the action potential. EADs can initiate 
premature ventricular contractions (PVCs). In 
ventricular bigeminy, each sinus beat alternates with 
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a PVC due to this ectopic activity. Hypokalemia 
exacerbates EADs by impairing repolarization 
reserve, leading to repetitive PVCs (Tisdale et al., 
2020). 
 
Sustained ectopic activity from bigeminy may 
degenerate into ventricular tachycardia (VT). 
Hypokalemia-induced intracellular sodium and 
calcium overload (via Na⁺/K⁺-ATPase inhibition) 
enhances delayed afterdepolarizations (DADs). 
These DADs, caused by spontaneous Ca²⁺ release 
from the sarcoplasmic reticulum, trigger rapid focal 
discharges, facilitating VT (January et al., 2016). 
 
Hypokalemia reduces potassium conductance (IK1 
and IKr), prolonging action potential duration 
heterogeneously across the myocardium. This 
dispersion creates regions of variable 
refractoriness, enabling re-entrant circuits. A 
combination of triggered activity and re-entry 
sustains VT, particularly in structurally abnormal 
hearts (Panikkath et al., 2019). 
 
Low extracellular K⁺ increases Na⁺/Ca²⁺ exchanger 
(NCX) activity, elevating intracellular Ca²⁺. Calcium 
overload promotes spontaneous Ca²⁺ waves, further 
triggering DADs. This mechanism synergizes with 
EADs to amplify arrhythmia risk, especially during 
adrenergic stimulation (Tereshchenko et al., 2018). 
Hypokalemia exacerbates acquired long QT 
syndrome (LQTS), increasing susceptibility to 
polymorphic VT (e.g., torsades de pointes). 
Repolarization heterogeneity between epicardial 
and mid-myocardial layers (M-cells) creates a 
vulnerable window for re-entry, particularly when 
PVCs occur during the QT-prolonged phase 
(Giudicessi & Ackerman, 2013). 
 
Patients with hypokalemia and structural heart 
disease (e.g., ischemia, cardiomyopathy) face higher 
VT risk. Continuous ECG monitoring is critical to 
detect bigeminy or nonsustained VT. Correction of 
potassium to >4.0 mmol/L reduces arrhythmia 
burden, particularly in high-risk populations (Kuria 
et al., 2021). 
 
Aggressive K⁺ repletion (oral/IV) and magnesium 
supplementation stabilize membrane potential. 
Beta-blockers may suppress catecholamine-induced 
DADs, while antiarrhythmics like lidocaine target 
sodium channels in acute VT. Long-term 
management includes addressing underlying causes 
(e.g., diuretics, hyperaldosteronism) (Asakai et al., 
2019). 
 
Relationship Between Hypokalemia Leading to 
Ventricular Bigeminy and Ventricular 
Tachycardia Based on Age and Sex 
Elderly patients (≥65 years) are more susceptible to 
hypokalemia due to age-related declines in renal 
function, polypharmacy (e.g., thiazide/loop 
diuretics), and comorbidities such as heart failure or 
diabetes. Hypokalemia in this population increases 
the risk of ventricular bigeminy and ventricular 
tachycardia (VT) due to myocardial fibrosis and 
conduction abnormalities that exacerbate 

repolarization heterogeneity. Studies indicate that 
elderly patients with hypokalemia have a 2-3 times 
higher incidence of ventricular arrhythmias 
compared to younger adults (Manrique et al., 2020). 
 
In adults (18–64 years), hypokalemia often occurs in 
patients with hypertension or heart failure treated 
with diuretics. The combination of hypokalemia and 
myocardial ischemia increases triggered activity via 
early afterdepolarizations (EADs). Males with 
coronary artery disease (CAD) are more prone to 
hypokalemia-induced VT due to higher CAD 
prevalence and exposure to risk factors like smoking 
(Panikkath et al., 2019). 
 
In pediatric populations, hypokalemia is typically 
caused by gastrointestinal losses (e.g., 
diarrhea/vomiting) or genetic disorders (e.g., 
Bartter/Gitelman syndrome). The immature 
myocardium is highly sensitive to electrolyte 
imbalances, so even mild hypokalemia (K⁺ 3.0–3.5 
mmol/L) can trigger ventricular bigeminy. Pediatric 
patients with congenital long QT syndrome (LQTS) 
face a high risk of torsades de pointes (TdP) if 
hypokalemia is uncorrected (Abrams et al., 2017). 
 
Females have physiologically longer QT intervals 
than males due to estrogen’s inhibitory effects on 
potassium channels (IKr). Hypokalemia in females 
further prolongs the QT interval, increasing the risk 
of TdP by up to 70% compared to males. This 
explains why females are more likely to develop 
polymorphic VT during hypokalemia (Odening et al., 
2018). 
 
Males are more prone to monomorphic VT during 
hypokalemia due to higher rates of structural heart 
disease (e.g., ischemic cardiomyopathy). The 
primary mechanism involves re-entry circuits 
around myocardial scar tissue. Hypokalemia 
enhances action potential heterogeneity, facilitating 
micro-re-entry circuits (January et al., 2016). 
 
Estrogen upregulates KCNH2 (IKr) channels, while 
testosterone stabilizes membrane potential via 
Na⁺/K⁺-ATPase regulation. Postmenopausal 
estrogen decline or androgen therapy can worsen 
arrhythmia susceptibility during hypokalemia. 
Animal studies show females are more vulnerable to 
EADs under hypokalemic conditions (Brouillette et 
al., 2020). 
 
Elderly females with hypokalemia face the highest 
arrhythmia risk due to reduced repolarization 
reserve, diuretic use, and comorbidities like 
hypertension. Retrospective analyses reveal that 
60% of hypokalemia-associated TdP cases occur in 
females >60 years (Tisdale et al., 2020). 
 
Clinical Implications and Stratified Management 
 Elderly: Target K⁺ ≥4.5 mmol/L with aggressive 

supplementation and continuous ECG monitoring. 
 

 Females: Avoid proarrhythmic drugs (e.g., 
macrolides) during hypokalemia and consider 
magnesium therapy.

http://www.ijscia.com/


542 Available Online at www.ijscia.com | Volume 6 | Issue 3 | May - Jun  2025  
 

International Journal of Scientific Advances                                                                                                 ISSN: 2708-7972 
    

 

 Children: Rapidly correct hypokalemia with 
controlled K⁺ infusion to prevent arrhythmia 
progression (Kuria et al., 2021). 

 
CONCLUSION 
This case underscores the critical role of severe 
hypokalemia (serum K⁺ 2.1 mmol/L) in 
precipitating life-threatening cardiac arrhythmias. 
Hypokalemia disrupts myocardial repolarization by 
impairing Na⁺/K⁺-ATPase function, leading to 
delayed afterdepolarizations (DADs) and increased 
automaticity in Purkinje fibers. These mechanisms 
facilitated the progression from ventricular 
bigeminy a rhythm characterized by alternating 
normal and premature ventricular contractions 
(PVCs) to pulseless ventricular tachycardia (VT). 
The prolonged QT interval, though not explicitly 
documented here, likely contributed to the substrate 
for re-entrant circuits, amplifying the risk of 
sustained VT. Hypokalemia-induced intracellular 
calcium overload further exacerbated triggered 
activity, illustrating its central role in 
arrhythmogenesis. 
 
The patient’s advanced age (67 years) significantly 
heightened her susceptibility to hypokalemia and its 
complications. Age-related declines in renal 
potassium conservation, polypharmacy (e.g., 
diuretics for hypertension), and reduced dietary 
intake created a perfect storm for electrolyte 
depletion. Elderly patients exhibit diminished 
homeostatic reserves, making them prone to rapid 
decompensation. Myocardial fibrosis and 
conduction abnormalities, common in aging hearts, 
exacerbated repolarization heterogeneity, enabling 
the transition from bigeminy to VT. This case 
highlights the need for aggressive electrolyte 
monitoring and tailored replacement protocols in 
geriatric populations. 
 
As a female, the patient faced sex-specific risks 
linked to hypokalemia. Women inherently have 
longer QT intervals due to estrogen’s effects on 
potassium channels (IKr), increasing susceptibility 
to polymorphic VT, such as torsades de pointes. 
However, her presentation with monomorphic VT 
suggests additional contributors, including Sick 
Sinus Syndrome (SSS) and structural age-related 
changes. Postmenopausal estrogen decline may 
have further reduced repolarization reserve, 
underscoring the interplay between gender, aging, 
and electrolyte imbalances in arrhythmia 
pathogenesis. 
 
Ventricular bigeminy served as the harbinger of 
malignant arrhythmias in this case. Hypokalemia 
increases ectopic activity by lowering the resting 
membrane potential, promoting PVCs. Persistent 
bigeminy reflects ongoing electrical instability, 
which, in the setting of uncorrected hypokalemia, 
degenerated into VT due to re-entrant circuits and 
sustained triggered activity. The absence of 
structural heart disease on imaging emphasizes that 
electrolyte imbalance alone can create a lethal 
arrhythmogenic milieu, particularly when 
compounded by SSS. 

The patient’s management involved intravenous 
potassium repletion, antiarrhythmics, and 
hemodynamic support. However, the conservative 
correction rate (25 mEq/12 hours) may have 
delayed stabilization, as evidenced by her seizure 
and VT episode. Continuous ECG monitoring and 
multidisciplinary collaboration—integrating 
cardiology, nephrology, and geriatrics—were 
pivotal in addressing her complex needs. This 
approach mitigated the risks of fragmented care, 
particularly in an elderly patient with polypharmacy 
and frailty. 
 
Elderly patients require meticulous electrolyte 
management due to age-related metabolic 
vulnerabilities. Diuretics, often used for hypertension, 
exacerbate potassium wasting, necessitating 
potassium-sparing agents or supplementation. Mrs. 
G’s case advocates for protocolized electrolyte 
screening in geriatric emergencies, even with 
nonspecific symptoms like fatigue. Aggressive 
repletion targets (K⁺ ≥4.5 mmol/L) and close 
monitoring are essential to prevent recurrence and 
ensure hemodynamic stability. 
 
Long-term management focused on preventing 
recurrence through dietary potassium enrichment, 
antihypertensive regimen adjustments, and 
caregiver education. Addressing poor oral intake 
and diuretic-induced losses is critical in elderly 
hypertensive patients. The transition to potassium-
rich diets and regular electrolyte surveillance 
exemplifies proactive, evidence-based care to 
mitigate arrhythmia risk. 
 
Hypokalemia-induced VT carries a high recurrence 
risk if electrolytes remain suboptimal. Mrs. G’s 7-day 
ICU stabilization and residual bigeminy post-
recovery underscore the need for lifelong 
monitoring. Future research should explore optimal 
repletion rates and geriatric-specific protocols to 
improve outcomes. This case reinforces the 
importance of early recognition, rapid correction, 
and multidisciplinary frameworks in managing 
electrolyte-driven arrhythmias, particularly in high-
risk elderly populations. 
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