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List of abbreviations 
SCD Sudden Cardiac Death 

ICD   Implantable Cardioverter-Defibrillator 

CVD Cardiovascular Disease 

ZIN Dutch Healthcare Institution 

EHRA European Heart Rhythm Association 

HRS Heart Rhythm Association 

PG Pulse Generator 

SDM Shared Decision Making 

DA Decision Aid 

CRT-D Cardiac Resynchronization Therapy with Defibrillation 
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Sudden Cardiac Death and Implantable Cardioverter-
Defibrillators 
Cardiovascular diseases pose a significant global health challenge. Cardiovascular 

disease (CVD) remains the most common cause of death in Europe(1). More than 

60 million potential years of life are lost to CVD in Europe annually(1). Moreover, 

it has been previously estimated that Sudden cardiac death (SCD) from cardiac 

arrest is a major global health problem accounting for an estimated 15%-20% of 

all deaths(2). Individuals at risk include those with a history of heart disease, heart 

attack survivors, or those with specific structural or genetic abnormalities of the 

heart (2). Therefore, several decades ago, the Implantable Cardioverter-Defibrillators 

(ICD) was developed to prevent sudden cardiac death in patients at risk. ICD therapy 

has been shown to be effective in reducing sudden cardiac death and all-cause 

mortality in selected patient groups (3). These devices have become a cornerstone in 

both primary and secondary prevention strategies against SCD. In the Netherlands, 

6000 ICDs are implanted annually in patients at risk of SCD (4). It is estimated 

that 83% of these patients, will never experience a life threatening arrhythmia 

after ICD implantation (4). Considering the rising health care costs in general, 

and substantial part of patients that never receive ICD tachytherapy, The Dutch 

Healthcare Institution (ZIN) has published a report, encouraging more stringent 

patient selection. They estimated that improvements in patient selection, may result 

in an annual cost reduction of 19,8 million euros per year (4). 

Primary Prevention 

Primary prevention ICDs are implanted in individuals at high risk of developing 

malignant ventricular arrhythmias (5). This proactive approach aims to prevent 

death from life-threatening arrhythmias through ICD tachytherapy. The majority 

of this population at risk of ventricular arrythmias consists of patients with 

structural, mainly ischemic heart disease either or not with symptoms of heart 

failure with reduced ejection fraction (5).

Secondary Prevention 

Secondary prevention strategies involve the use of ICDs in individuals who have 

already experienced life-threatening arrhythmias and/or are survivors of a cardiac 

arrest attributed to a ventricular tachyarrhythmia. This application serves to 

mitigate the risk of death due to recurrent events, offering a lifeline to those with 

a history of severe cardiac arrhythmias that remain at risk (5).
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Concerns of ICD therapy 
Despite technological advances, challenges persist in identifying individuals 

at risk, understanding the complex underlying causes of SCD, and identifying 

potential risks. While ICDs have revolutionized the management of the risk for 

SCD, they are not without limitations and potential drawbacks. Understanding of 

their impact on patient care is important for the recognition of these drawbacks 

for thorough patient selection and counselling. Drawbacks to be taken into account 

during patient selection for ICD therapy, are: 

1. Peri- and post-procedural complications 

The surgical implantation of ICDs carries inherent risks, including 

the possibility of infection at the device site. Additionally, patients 

may experience complications related to lead placement, such as lead 

dislodgement or venous thrombosis (6-8). Even though rates of severe 

complications are low, less severe complications still occur rather frequently: 

procedure-related mortality 0-0.1%, pneumothorax 0.4%-2.8%, pericardial 

effusion 1.3%, clinical tamponade 0.5-1.5%, pocket hematoma 0.2%-16%, 

infection 0.6-3.4%, lead dislodgement 1.2%-3.3% (9).

2. Inappropriate shocks  

ICDs are designed to deliver shocks when necessary, but at times, they may 

misinterpret non-lethal arrhythmias or noise as life-threatening events, 

leading to inappropriate shocks. These shocks can be painful and distressing 

for patients (11). Technological advancements continually address these 

concerns, but malfunctions still occur (7).

3. Psychological Impact  

Living with an ICD can have profound psychological implications for patients. 

The awareness of having a device that intervenes during life-threatening 

situations can lead to anxiety, depression, or a reduced quality of life (12, 13). 

On the other hand, people may feel safe due the the presence of the device.

4. Cost and Resource Utilization  

The initial cost of implanting an ICD, along with ongoing monitoring 

and potential device replacements, contributes to the economic burden of 

healthcare. This cost factor necessitates careful consideration of healthcare 

resource allocation and patient selection (14, 15).

5. Limited Benefit in Certain Populations  

While ICD therapy significantly reduce the risk of sudden cardiac death 

in specific patient groups, their benefits might be limited in certain 

populations, such as those with significant comorbidities or a limited life 

expectancy (16, 17).
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6. Battery Depletion  

ICDs are powered by batteries that have a finite lifespan. Regular device 

check-ups are necessary to monitor battery status. When the battery nears 

depletion, the device requires replacement through an additional surgical 

procedure (10). Fortunately, battery life has increased during the past decade, 

e.g. for a single lead ICD’s from approximately 7 to 15 years.

7. Ethical Considerations  

Decision-making regarding ICD implantation involves ethical considerations, 

especially in patients with advanced illnesses or limited life expectancy. 

Shared decision-making becomes crucial in balancing potential benefits 

and drawbacks (17-19).

End-of-life issues 
Position papers by international societies such as the European Heart Rhythm 

Association (EHRA) and Heart Rhythm Association (HRS) encourage that end-of-

life issues should be a part of pre-procedural counselling (20-23). The urgency of 

this recommendation is substantiated by the fact that up to half of all patients in a 

European ICD cohort do not have tachytherapy functions disabled at the time of death 

(24), leaving them prone for painful shocks in the last week of their life (20, 21, 23, 25).

Patient’s clinical situations as well as their preferences may change over time. 

Although in the first decades, it used to be common practice to continue ICD 

therapy until death, perceptions have changed. Physicians are increasingly aware 

that ICD therapy is not a lifelong commitment. As time passes, patients can 

be withdrawn from ICD therapy if they choose - or if the clinical benefit of 

continuing ICD therapy is considered absent. Moreover, patient preferences can 

change with the progression of age and the involvement of a new comorbidity. 

Considering ICD pulse-generator will last for only 5 to 10 years, the moment for 

pulse-generator exchange due to battery depletion, provides an excellent moment 

for discussing continuation of ICD therapy. 

Whereas doctors may reconsider the indication and appropriateness of the ICD 

with certain patients, it has been shown previously that more than half of the 

patients who had already an ICD replacement. at time of battery depletion, were 

not aware that they had a choice (26). Only a minority of patients have been 

reported to consider non-replacement under certain circumstances, such as 

serious illness and/or advanced age (26). This illustrates the importance of shared 

decision-making, also when a patient is up for an ICD replacement.
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In summary, unlike in the past when it was thought that an ICD indication 

was fixed, we now think of ICD therapy as more fluid in terms of indication 

and appropriateness. Patient preferences with respect to continuation of 

discontinuation of ICD therapy should be discussed. 

Importance of Shared Decision-Making in Implantable 
Cardioverter-Defibrillator (ICD) Patients 
Shared decision-making (SDM) plays a pivotal role in the care of patients (and 

their relatives) considering or receiving ICDs. This collaborative approach involves 

active participation and communication between healthcare providers and 

patients, considering individual values, preferences, and clinical evidence (29). 

There are many aspects to the process of SDM in the context of ICDs:

1. Informed Choices  

ICD therapy involves decisions, such as whether to undergo the implantation 

of an ICD for primary or secondary prevention indication and/ or whether 

to undergo a pulse generator exchange at time of battery depletion. 

SDM ensures that patients receive comprehensive information about their 

condition, treatment options, potential risks, and expected benefits. This 

empowers patients to make informed choices aligned with their individual 

values and preferences. 

2. Quality of Life Considerations  

The psychological and lifestyle impact of living with an ICD is substantial. 

Some patient even choose not to have an ICD, due to the potential impact on 

their quality of life. In contrast, other patients, e.g. in whom an ICD is no 

longer indicated, have a hard time with withdrawing from ICD therapy because 

of the of the secure feeling it provides them.Engaging in SDM allows patients 

to discuss their concerns, fears, and expectations. Healthcare providers can 

offer insights into how ICD therapy might influence a patient's quality of life, 

helping individuals weigh the potential benefits against the drawbacks. 

3. Patient-Centered Care  

SDM places patients at the center of the decision-making process. 

It acknowledges their autonomy and engages them as active and central 

participants in determining their healthcare pathway. This patient-centered 

approach fosters a sense of control and ownership, which positively impacts 

patient satisfaction and adherence to treatment plans. 
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4. Addressing Ethical Dilemmas  

Decisions about ICD implantation often involve ethical considerations, 

especially in cases of advanced disease or limited life expectancy. Shared 

decision-making provides a platform to openly discuss these ethical 

dilemmas. Patients can express their values and preferences and healthcare 

providers can offer guidance, fostering a collaborative resolution. 

5. Reducing Decisional Conflict  

The complexity of decisions on ICD implantation can lead to a decisional 

conflict, with patients feeling uncertain or struggling with their choices. 

SDM helps clarify expectations, understand possible outcomes, and reduce 

decisional conflict. This contributes to a more confident and satisfied patient 

population. 

6. Enhancing Adherence  

Patients who actively participate in decision-making processes are more 

likely to adhere to treatment plans. Understanding the rationale behind 

ICD therapy and feeling involved in the decision promotes a sense of 

commitment to the prescribed care (both pharmacological and life-style 

measures), potentially improving long-term adherence. 

7. Tailoring Care to Individual Needs  

Each patient's situation is unique, and SDM enables customized care plans. 

By understanding the patient's values, lifestyle, and expectations, healthcare 

providers can tailor recommendations for ICD therapy and optimize the 

match between medical interventions and individual needs. 

8. Improved Communication  

SDM enhances communication between patients and healthcare providers. 

This transparent and open dialogue builds trust, addresses misconceptions, 

and facilitates shared responsibility for health outcomes. Effective 

communication is particularly crucial in managing expectations and 

addressing concerns related to ICD therapy. 

Overall, shared decision-making is an integral part of the ethical, patient-centered, 

and personalized care of individuals considering or receiving ICD therapy. It is 

consistent with the principles of autonomy, beneficence, and respect for persons, 

and contributes to a collaborative healthcare environment that prioritizes the 

well-being and values of each patient (29).
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Figure: Key factors contributing to the shared decision-making process. 
Image adapted from colitisconversations.org/Benefits_to_care 

Role of Decision Aids in Shared Decision-Making for 
ICD patients 
Decision aids (DAs) are valuable tools in the shared decision-making process (30), 

especially for patients facing complex choices such as whether to undergo an ICD 

implantation. These aids facilitate communication between healthcare providers 

and patients, providing structured information to support informed decisions 

aligned with individual values (29, 30).

1. Clarification of Information  

Decision aids can present comprehensive, evidence-based information about 

ICDs, including their purpose, benefits, and potential risks. They clarify 

technical details in a patient-friendly manner, ensuring that patients have 

a solid understanding of the intervention. 

2. Visual Representation  

Visual aids, such as diagrams or videos, help convey complex concepts 

related to ICDs. These aids enhance patient understanding and serve as 

visual reinforcement during discussions about device operation and the 

implantation procedure. 
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3. Clarification of Values  

DAs guide patients in clarifying their values and preferences regarding 

ICD therapy. Interactive exercises and prompts help people think about 

what is most important to them, and facilitate conversation about how ICD 

treatment aligns with their personal goals. 

4. Risk-Benefit Assessment  

DAs provide balanced information about the potential benefits and risks of 

ICD therapy. This supports patients in weighing the pros and cons based on 

their individual health status, lifestyle, and values. 

5. Facilitating Communication  

By fostering understanding and clarification of personal values, DAs 

contribute to more meaningful discussions between patients and healthcare 

providers. Patients can express their concerns, ask questions, and actively 

participate in the decision-making process. 

In conclusion, decision aids are crucial tools in shared decision-making for ICD 

patients by providing accessible information, promoting the clarification of values, 

and facilitating informed discussions. Their integration into clinical practice 

enhances the collaborative decision-making process, empowering patients to 

actively participate in decisions about their healthcare. 

Outline of the thesis 
The thesis explores technical and decision-making aspects of ICD therapy in 

patients with heart disease. It examines the clinical outcomes of subcutaneous 

versus transvenous implantable defibrillator therapy, the impact of chronic total 

coronary occlusion on ventricular arrhythmias and mortality, and shared decision-

making around ICD therapy. The thesis also evaluates the clinical practice of ICD 

therapy in end-of-life scenarios. 

Chapter 2 of the thesis focuses on the technical aspects of ICD therapy, comparing 

the long-term clinical outcomes of subcutaneous versus transvenous ICD therapy. 

The chapter also discusses the practical considerations of device selection, 

including patient characteristics, indication for therapy, and the potential risks 

and benefits of each device type. Chapter 3 evaluates the impact of a chronic total 

coronary occlusion on ventricular arrhythmias and long-term mortality in patients 

with ischemic cardiomyopathy and an ICD. Chapter 4A examines the risk of painful 

shocks in the last moments of life in patients with an ICD. Chapter 4B investigates 

the causes of death in patients who had their tachytherapy deactivated in a large 
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population over a 10-year period. Chapter 5 examines the use of ICD therapy in 

elderly patients in Dutch clinical practice. Chapter 6 describes the development 

of a decision aid for shared decision-making in the Dutch ICD patient population. 

The chapter discusses the effectiveness of the decision aid in improving patient 

knowledge and satisfaction with the decision-making process. Finally, chapter 7  

reports on the randomized controlled trial that aimed to evaluate the use of a 

decision aid for patients undergoing an elective pulse generator exchange for 

their implantable cardioverter-defibrillator and assessed shared decision-making 

levels, decisional conflict, and knowledge before and after the intervention. 
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