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CASE REPORT 

One patient, multiple cardiac implantable devices,  

a shared threat: T-wave oversensing in the course of hyperkalemia 
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AB STR ACT  

Implantable cardiac devices, such as implantable cardioverter-defibrillators (ICDs) and pacemakers, play a crucial role 

in the management of patients with severe cardiac arrhythmias. These devices enable continuous monitoring and 

regulation of cardiac activity, thereby preventing life-threatening arrhythmic events. However, their function may be 

compromised by electrolyte imbalances, among which hyperkalemia is particularly significant. This condition may 

result in inappropriate shocks or misdetection of arrhythmias. We present the case of a 42-year-old male with a history 

of chronic heart failure and end-stage renal disease, who was admitted to a cardiology center for cardiovascular 

assessment and further management. In 2023, the patient underwent implantation of a subcutaneous implantable 

cardioverter-defibrillator (S-ICD) due to progressive heart failure. During the course of treatment, the patient 

experienced an inappropriate S-ICD shock triggered by hyperkalemia (serum potassium concentration of 7.21 mmol/L, 

which led to increased T-wave oversensing and subsequent inappropriate high-energy therapy). Implantable devices 

are a cornerstone in the treatment of patients with advanced cardiac arrhythmias; however, their effectiveness is highly 

dependent on the proper monitoring of serum electrolyte levels. Hyperkalemia can interfere with device sensing and 

therapy delivery, emphasizing the importance of regular electrolyte assessment, particularly potassium, in patients with 

implanted cardiac devices. 
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STRESZCZENIE  

Kardiologiczne urządzenia wszczepialne, takie jak kardiowertery-defibrylatory (implantable cardioverter-defibril-

lators – ICDs) oraz stymulatory serca, pełnią kluczową rolę w leczeniu pacjentów z brady- i tachyarytmiami.  

Ich działanie może jednak zostać zakłócone zaburzeniami elektrolitowymi, do których należy hiperkaliemia. Taki stan 

może być przyczyną nieadekwatnych wyładowań lub błędnej detekcji arytmii. W pracy przedstawiono przypadek  

42-letniego mężczyzny z przewlekłą niewydolnością serca i schyłkową chorobą nerek w wywiadzie, przyjętego do 

ośrodka kardiologicznego w celu oceny układu krążenia i dalszego leczenia. Pacjent przeszedł implantację podskór-

nego kardiowertera-defibrylatora (subcutaneous implantable cardioverter defibrillator – S-ICD) z powodu niewydol-

ności serca ze znacznie zredukowaną frakcją wyrzutową lewej komory. Po implantacji pacjent doznał nieadekwatnego 

wyładowania S-ICD spowodowanego hiperkaliemią (stężenie potasu sięgało 7,21 mmol/L), która doprowadziła do 

zjawiska oversensingu, czyli nadczułości załamka T i nieadekwatnej terapii wysokoenergetycznej. Urządzenia 

wszczepialne to podstawowa metoda elektroterapii pacjentów z niewydolnością serca. Hiperkaliemia może prowadzić 

do zakłóceń w działaniu tych urządzeń, co podkreśla konieczność regularnej kontroli stężenia elektrolitów, zwłaszcza 

potasu, u pacjentów z implantowanymi urządzeniami. 

SŁOW A KL UCZOWE  

zaburzenia rytmu serca, hiperkaliemia, oversensing załamka T, kardiowerter-defibrylator, stymulator serca 

 
 

INTRODUCTION 

Heart failure (HF) represents a growing public health 

issue, with an estimated global prevalence of approx-

imately 37.7 million patients [1,2]. It is associated 

with high mortality and constitutes a significant 

burden on healthcare system, being one of the leading 

causes of hospitalization among adults and the elderly 

[2]. The incidence of HF increases with population 

aging, improved prognosis of patients with ischemic 

heart disease, and greater societal access to effective 

therapies that prolong patient survival [3]. The 

etiology of heart failure is diverse and depends, 

among others, on sex, age, race, comorbidities, and 

environmental factors. Most cases of HF develop on 

the basis of coronary artery disease, chronic 

obstructive pulmonary disease (COPD), arterial 

hypertension, as well as valvular heart disease and 

diabetes mellitus [4,5]. The most common cause of 

HF is coronary artery disease [6]. 

HF, depending on left ventricular ejection fraction 

(LVEF), is classified into: 

– HF with reduced ejection fraction (HFrEF), where 

LVEF is less than or equal to 40% 

– HF with mid-range ejection fraction (HFmrEF), where 

LVEF is 41–49% 

– HF with preserved ejection fraction (HFpEF), where 

LVEF is greater than or equal to 50% and symptoms 

of heart failure persist [6,7]. 

The main symptoms of HF are fatigue, dyspnea, and 

signs of fluid overload, including peripheral edema 

and pulmonary congestion [8]. Pharmacotherapy 

constitutes the foundation of HF treatment and should 

be initiated as first-line therapy, in parallel with non- 

-pharmacological interventions. The main goals of 

such therapeutic management are the reduction of 

mortality, prevention of hospitalizations due to HF 

exacerbations, and improvement of clinical status, 

exercise capacity, and patient quality of life [7]. The 

cornerstone pharmacological agents are angiotensin- 

-converting enzyme inhibitors (ACEIs), angiotensin 

receptor-neprilysin inhibitors (ARNIs), beta-blockers, 

and mineralocorticoid receptor antagonists (MRAs). 

Their mechanism of action is based on modulation of 

the renin–angiotensin–aldosterone system and the 

sympathetic nervous system, which improves the 

general condition of patients [9,10,11]. 

Despite optimal pharmacotherapy, a significant 

proportion of deaths among patients are due to sudden 

cardiac death, often caused by arrhythmias such as 

ventricular tachyarrhythmias, bradycardia, and 

asystole [7]. 

Implantable cardioverter-defibrillators (ICDs) are 

devices designed to detect and treat life-threatening 

ventricular arrhythmias. Their operation is based on 

the detection of ventricular tachycardia or ventricular 

fibrillation and the application of antitachycardia 

pacing, and if ineffective, the delivery of a shock to 

terminate the arrhythmia [12]. The transvenous, or 

conventional, ICD additionally has pacing functions in 

cases of bradyarrhythmias. Although ICDs prolong 

survival in HF patients by preventing sudden cardiac 

death, the intracardiac leads of conventional ICDs 

carry a risk of complications such as dysfunction or 

infective endocarditis. A response to these issues is 

the development of subcutaneous ICD systems  

(S-ICD), in which the leads are placed extrathoracically, 

outside the heart chambers. However, these systems 

have limitations, namely the lack of capability for 

continuous cardiac pacing in cases of bradycardia [13]. 

In addition to S-ICD, another innovation in 

implantable cardiac devices is represented by leadless 

pacemakers (Medtronic Micra™ TPS or Abbott 

Aveir), which constitute an effective alternative to 

conventional transvenous pacemakers in patients with 

contraindications to such implantation. They can also 

be used in combination with S-ICD [14]. 

Despite the dynamic development of various types of 

electrotherapy, these modalities are not free from 
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problems and complications. One such complication, 

already mentioned above, is lead dysfunction. Another 

involves device sensitivity issues, such as oversensing 

or undersensing, both of which may result, in extreme 

cases, in lack of pacing or inappropriate arrhythmia 

detection. One such phenomenon is T-wave 

oversensing (TWOS), which may occur in conven-

tional ICDs, S-ICDs, as well as pacemakers. It is 

characterized by the incorrect recognition of a T-wave 

as a ventricular depolarization, which may result in 

inappropriate ICD or S-ICD detection of tachyar-

rhythmia [15]. This situation can be triggered by 

various factors, including hyperkalemia or ischemia. 

In pacemakers, this may lead to pacing inhibition, 

whereas in ICDs – to inappropriate shocks [16,17]. 

Hyperkalemia affects up to 8% of hospitalized 

patients. Among cardiology patients, it most com-

monly occurs in elderly individuals treated for HF 

with concomitant renal failure. It is the most frequent 

electrolyte disturbance leading to dysfunction of 

implantable cardiac devices [18]. In the electrocardio-

graphic recording, hyperkalemia manifests with tall, 

peaked T-waves, progressive flattening of P-waves, 

and widening of QRS complexes. When plasma potas-

sium exceeds 7.0 mmol/L, cardiovascular manifesta-

tions such as atrioventricular blocks, asystole, 

ventricular tachycardia, or atrial fibrillation may 

occur. Individual patient sensitivity to elevated 

potassium levels may vary significantly [19]. 

CASE REPORT  

A 36-year-old patient was transferred in May 2018 

from a district hospital to a cardiology center due to 

decompensated heart failure in NYHA class III. The 

patient reported a progressive decline in exercise 

tolerance and exertional dyspnea over the preceding 

month. Medical history included chronic kidney 

disease requiring dialysis, secondary hyperthyroidism, 

and gastroesophageal reflux disease. He had not 

previously been under cardiology care. 

Echocardiographic examination revealed severe 

impairment of left ventricular systolic function (LVEF 

= 23%) without significant valvular defects. Standard 

heart failure therapy was initiated. Endomyocardial 

biopsy confirmed chronic active myocarditis. Steroid 

therapy was commenced, resulting in improvement of 

contractility and hemodynamic stabilization. Holter 

ECG monitoring showed no sustained ventricular 

arrhythmias. Laboratory tests revealed persistently 

elevated creatinine levels, N-terminal pro-B-type 

natriuretic peptide (NT-proBNP) concentration above 

35,000 pg/mL, and hyperkalemia (5.47–7.03 mmol/L). 

The estimated glomerular filtration rate (GFR) was 

approximately 7 mL/min/1.73 m². 

Following clinical stabilization, the patient was 

discharged with a recommendation for rehospitaliza-

tion in September 2018 for assessment of ICD 

implantation indications. Follow-up examinations 

demonstrated improvement of LVEF to 37%, absence 

of significant valvular pathology, and nocturnal sinus 

bradycardia episodes. No sustained ventricular 

arrhythmias were recorded. Due to improvement in 

left ventricular function, ICD implantation was not 

pursued. 

In September 2023, the patient presented to the clinic 

for cardiovascular assessment and potential elective 

implantation of a subcutaneous implantable cardio-

verter-defibrillator (Boston Emblem MRI S-ICD). 

Left ventricular ejection fraction was 22%. The 

device, with an electrode positioned along the left 

sternal border, was implanted using the three-incision 

technique. The procedure was performed under 

general anesthesia without complications. Subsequent 

Holter ECG revealed 232 episodes of sinus brady-

cardia, with a minimum heart rate of 37 beats per 

minute. Given the history of syncope and bradycardia 

episodes, the patient was qualified for leadless 

pacemaker implantation. In January 2024, a 42-year- 

-old man with chronic heart failure, left ventricular 

dilatation, and end-stage renal disease was admitted 

for leadless pacemaker implantation due to numerous 

bradycardia episodes. The procedure and hospitalize-

tion were uneventful, and device parameters were 

within normal limits. S-ICD function was also 

assessed as normal. The patient was discharged in 

good general condition. 

In March 2024, the patient was electively admitted  

to the cardiology department for heart transplantation 

qualification. Echocardiography demonstrated LVEF 

of 25%, with no valvular defects. Oxygen consump-

tion during cardiopulmonary exercise testing was  

15.4 mL/kg/min, and the six-minute walk distance 

was 418 m. Considering the patient’s overall 

condition, further qualification testing was discon-

tinued. 

In June 2024, the patient was urgently admitted 

following teletransmission confirming an S-ICD 

shock. Laboratory tests revealed hyperkalemia  

(7.21 mmol/L). Medical history confirmed that the 

patient had discontinued sodium polystyrene sulfonate 

(used to prevent hyperkalemia) several days earlier. 

ECG demonstrated tall, peaked T-waves. Echocardio-

graphic examination showed no new abnormalities. 

Hemofiltration was initiated. Leadless pacemaker 

interrogation revealed no significant abnormalities or 

arrhythmias. S-ICD interrogation confirmed TWOS 

and inappropriate detection of ventricular tachycardia, 

which triggered a high-energy shock. After correction 

of electrolyte disturbances, no recurrence of TWOS 

was observed. Following stabilization of electrolyte  
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abnormalities, the patient was discharged. During one-

-year follow-up, TWOS did not recur, and the function 

of both devices remained normal. 

DISCUSSION  

Over the past decades, significant technological 

development has occurred in the field of implantable 

devices. An alternative to conventional transvenous 

systems has become the S-ICD, which does not 

require the insertion of electrodes into the heart 

chambers [20]. The S-ICD represents a particularly 

beneficial solution in younger patients, in whom the 

preservation of the venous system is important, as 

well as in patients with difficult vascular access or  

a high risk of infections associated with transvenous 

leads [20,21]. Modern ICDs are equipped with 

advanced arrhythmia detection algorithms that enable 

differentiation between supraventricular and 

ventricular rhythms. This significantly reduces the  

risk of inappropriate interventions [22]. 

Despite numerous advantages, implantable cardiac 

devices are not free from limitations and complica-

tions. One example of their malfunction is the 

possibility of inappropriate shock delivery associated 

with misinterpretation of T waves (TWOS), which 

may be caused by factors such as hyperkalemia or 

repolarization changes [23,24,25]. TWOS is a serious 

and potentially dangerous phenomenon occurring in 

patients with implantable cardiac devices [26]. The 

mechanism of TWOS consists of the device 

erroneously recognizing a physiological T wave as an 

independent ventricular impulse, which results in an 

overestimation of the detected heart rate and may lead 

to an incorrect diagnosis of ventricular arrhythmia 

[27,28]. Risk factors for TWOS include young  

patient age, high left ventricular ejection fraction,  

low QRS amplitude in lead I of the ECG, 

repolarization variability (e.g., due to hyperkalemia, 

physical exertion, or alcohol consumption), and  

 

diseases such as Brugada syndrome [29,30,31]. Cases 

have also been reported in which TWOS appeared 

only years after ICD implantation [30]. TWOS is one 

of the main causes of inappropriate ICD interventions, 

especially in subcutaneous systems (S-ICD) [32,33]. 

Management of TWOS is primarily based on 

adjustment of device settings. This may include 

changes in detection sensitivity, modification of 

device parameters, and ICD software updates to 

improve R- and T-wave discrimination [28,34].  

In cases resistant to software modification, generator 

replacement may be considered. An important role is 

also played by the identification and correction of 

secondary causes, such as electrolyte disturbances,  

in particular hyperkalemia, which significantly alters 

T-wave morphology and may exacerbate oversensing 

[16,28,35]. 

In the literature, cases of TWOS in S-ICD have been 

reported for various reasons, including one similar to 

that described herein, namely in a female patient with 

chronic heart failure and end-stage renal disease,  

in whom hyperkalemia was the main factor triggering 

TWOS. Consequently, this led to inappropriate 

recognition of ventricular rhythm by the device and 

the delivery of high-energy therapy. In this case, the 

patient experienced symptoms of general clinical 

deterioration. As in the present case, the key element 

of treatment was the correction of electrolyte distur-

bances. However, additional reprogramming of the 

ICD was required [25]. 

CONCLUSIONS 

1. TWOS, causing inappropriate S-ICD discharges, is 

a clinical problem that requires immediate medical 

intervention. 

2. Hyperkalemia may be a cause of inappropriate 

discharges of implantable cardiac devices. 

3. Correction of electrolyte disturbances allows for 

the limitation of TWOS episodes in S-ICD.  
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