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Abstract
Background 

Implantable Cardioverter-defibrillators (ICDs) have proven effective in preventing 

sudden cardiac death. However, patients with active ICD devices face the risk of 

painful shocks during end-of-life care. Despite guidelines, there's variability in 

ICD-tachytherapy deactivation practices. 

Objective 

This study aimed to analyze ICD-tachytherapy deactivation trends over a decade 

and assess the mode of death among patients whose tachytherapy was deactivated. 

Methods 

The study included patients from the Leiden University Medical Center's ICD 

registry who died between 2006 and 2015. Data on deactivation, cause of death, 

and device status were collected. Trends in deactivation practices and causes of 

death were analyzed. 

Results 

Of 949 deceased patients, 321 (33.8%) had tachytherapy deactivated before death. 

The majority were male (75%) with a median age of 73 years. Terminal heart 

failure (38%) and malignancy (24%) were the primary causes of death among 

those with tachytherapy deactivated. Over time, there was a shift in causes of 

death, with increasing numbers of patients with non-cardiac terminal illnesses 

undergoing tachytherapy deactivation. 

Discussion 

The study highlights a growing awareness of ICD-tachytherapy implications 

for end-of-life care. Deactivation practices have diversified beyond cardiac care 

settings, emphasizing the importance of advanced care planning across medical 

disciplines. 

Conclusion 

Increasing awareness has led to improved tachytherapy withdrawal policies. 

Deactivation rates have risen, encompassing patients with non-cardiac terminal 

illnesses. Early discussions and open communication are crucial for avoiding 

unnecessary shocks and stress during patients' final moments. 



81

Causes of death in patients withdrawn from tachytherapy  

4

Introduction 
Large randomized trials have demonstrated the beneficial effect of Implantable 

Cardioverter-defibrillators (ICDs), initially in survivors of life-threatening 

ventricular arrhythmias (secondary prevention) and subsequently, also in patients 

at high risk of sudden cardiac death (primary prevention).(1-7) As expected, along 

with the adoption of the international guidelines incorporating these results, a 

progressive decrease in the annual number of people dying of sudden cardiac 

death was observed in developed countries such as the Netherlands.(8) While heart 

disease was the leading cause of death for decades, as of 2009, death by cancer has 

exceeded the number of cardiac deaths in the Netherlands. (9, 10) The majority 

of causes of death leave time for advance care planning. For ICD patients, this 

is important since, in case of an active ICD-device, they are at risk of painful 

tachytherapy shocks in the last hour of life and first moments of death, imposing 

great morbidity on patients and next-of-kin.(11) Attention has been drawn 

towards the subject by several reports on repetitive, unwanted and unnecessary 

shock therapy in dying patients(12-16). The International and national position 

papers (17, 18) and guidelines (19) have been published to provide physicians with 

recommendations on tachytherapy management in the ICD patients when the 

end of life is in sight. However, considering the implications of an ICD at the last 

moment of life, it is important not only for cardiac care givers, but for all medical 

disciplines to be aware of the possible deactivation of ICD-tachytherapy in the 

last moments of life.

The current study was performed to examine the practice of ICD-tachytherapy 

deactivation over the last 10 years, thereby assessing the mode of death amongst 

patients who have died after their ICD’s tachytherapy was deactivated. 

Methods 

Study population

Since 1996, all patients who received an ICD or CRT-D at the Leiden University 

Medical Center (LUMC), the Netherlands, are registered in the departmental 

Cardiology Information System (EPD-Vision®; Leiden University Medical Center, 

Leiden, The Netherlands) and followed up on prospectively. This registry has 

been described in previous studies.(20-24) Characteristics at baseline, data of 

the implant procedure, and pacemaker/ICD data were recorded. Data of clinical 

follow-up visits and consultations are best available digitally from 2006 onwards. 

Eligibility implantation in this population was according to the prevailing 
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international guidelines.(7, 25-30) For the current analysis, patients deceased 

between January 1, 2006 and December 31, 2015 whilst still under follow-up 

for their ICD-care at the LUMC, were selected from our registry. Patients who 

emigrated or transmigrated and were referred to other centers, or when follow-

up visits were not performed for >12 months, were considered incomplete. These 

patients were excluded from this study. The institutional review board of the 

LUMC waived the need for informed consent for this study.

Data Collection

After implantation, technical follow-up was performed in all patients at regular 

intervals of 6 months and clinical follow-up at least once a year. Some patients 

had a cardiologist at an affiliated center as primary caregiver. All device related 

follow-up was however performed at the LUMC. Data on ICD interrogations and 

patient survival recorded in EPD-Vision were checked for delivery ICD-therapy 

and survival status. The survival status of patients was retrieved from municipal 

civil registries, enabling identification of also deaths occurring outside our center. 

Patient records were reviewed in order to identify date of death, cause of death, 

ICD-therapy status and type of device at time of death. In case of ICD-deactivation 

prior to death, initiator of the deactivation (i.e. physician, family doctor, patient 

or family) was noted, including location of the actual deactivation, e.g. hospital 

ward or patient’s (nursing)home. 

Logistics of deactivation

Depending on the timing and initiator of tachytherapy deactivation, tachytherapy 

deactivation was performed by ICD technician or knowledgeable physician, after 

consultation with the cardiologist in charge. In all cases, the patient and next a 

kin were informed prior to deactivation. The initiator of deactivation was recorded 

in the electronic patient file. When patients were unable to visit the hospital for 

the deactivation, a technician was sent out to perform the task on location. As a 

result, all deactivations were coordinated by the hospital and recorded in patient 

files accordingly. 

Definition of clinical outcomes and assessment 

Deactivation of an ICD-tachytherapy prior to death was defined as deactivation 

of tachytherapy because of the terminal nature of the patient’s disease state 

or condition. Devices deactivated due to malfunction, improved left ventricle 

ejection fraction, battery depletion and the decision of not replacing the device, or 

a patient’s specific request due to personal preferences other than life expectancy, 
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were viewed as tachytherapy withdrawal for other reasons than assessed in this 

study and excluded. 

Appropriate therapy consists of both anti-tachycardia pacing (ATP) and shocks for 

ventricular tachycardia (VT) or ventricular fibrillation (VF). Appropriate shocks 

are shocks for VT or VF. Inappropriate therapy consists of both ATP and shocks 

for heart rhythms other than VT or VF. Inappropriate shocks are those delivered 

not for VT or VF. 

Causes of death were categorized according to a modified Hinkle-Thaler 

Classification and categorized in three groups: cardiac death, non-cardiac death 

and sudden death.(31) Cause of death for patients dying while hospitalized was, 

in absence of an autopsy, based on hospital records. In all other cases without 

autopsy, the cause of death was determined by the expertise of the contacted 

general practitioners (i.e. family doctors).

For the purpose of this study, cardiac death was further categorized into 

tachyarrhythmic death, heart failure death and death due to other cardiac causes. 

The non-cardiac deaths were divided into death due to malignancy and death due 

to other non-cardiac causes. Patients who died in their sleep or died unexpectedly 

without worsening of their clinical situation, were categorized as sudden death 

cases. Patients who died suddenly but with clear alternative mode of death were 

categorized as non-sudden cases and allocated to the alternative mode of death’s 

category. Death due to heart failure was defined as patients dying of terminal 

heart failure, progressive failure of cardiac pump function, or cardiac asthma 

under maximal inotropic drug support. All other causes were categorized as 

‘other non-cardiac causes’. In all cases, the mechanism underlying the immediate 

demise, was selected as the mode of death. In case of palliative sedation and 

euthanasia, mode of death was categorized according to the underlying illness, 

e.g. malignancy. 

Statistical analysis

Based on their distributions, continuous variables are presented as mean ± standard 

deviation or median with interquartile ranges (25th, 75th percentile). Dichotomous 

and categorical data are expressed as numbers and percentages. Deceased patients 

were divided into two groups: patients with tachytherapy deactivated prior to 

death and patients with active tachytherapy functions during death. 
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RESULTS

Patients

A total of 3998 consecutive patients have been enrolled to the Leiden ICD registry 

between 1996 to December 2015. Of these patients, 1005 deceased between 2006 

and 2015. Twenty-eight (2.8%) of these 1005 patients were lost to follow-up. In 28 

(2.8%) patients, tachytherapy function of the device was readily deactivated for 

other reasons or explanted because of expiration of ICD-indication (e.g. heart 

transplantation or improvement of LVEF). Of the remaining of 949 deceased 

patients, 321 (33.8%) were withdrawn from tachytherapy prior to their death. 

Mean age at death was 73±9 years, 241 (75%) patients were male and 201 (63%) 

patients had a primary ICD-indication. Median time from first ICD-implantation to 

death was 4.6 (2.7, 7.5) years. Baseline characteristics at primary implantation are 

summarized in table 1. In table 2 patient characteristics at death are summarized. 

Mode of death

In the majority of the 321 patients withdrawn from tachytherapy, death was due to 

terminal heart failure or malignancy (38% and 24% respectively). Other frequent 

causes of death included terminal kidney insufficiency, infectious diseases and 

other non-cardiac causes. Sudden death occurred in only 3 (0.9%) patients with 

a deactivated device. 

Terminal heart failure lead to the death of 186 (30%) patients not withdrawn from 

tachytherapy. In this latter group, 70 (11%) patients deceased from malignancies 

and sudden death was identified in 52 (8%) patients as the cause of death. 

A gradual change over time in causes of death was observed. Initially, In 2006, all 

causes of death for patients withdrawn from tachytherapy were cardiac causes. 

The distribution shifted over time. In 2015 cardiac causes accounted for 64% of all 

deaths and malignancies alone for 24%. Initially, terminal heart failure patients 

were the only few patients composing the population in which tachytherapy was 

timely deactivated. However, a gradual emergence and increase of number of 

patients and other causes of death can be observed throughout the years, with an 

uprising of malignancies and other types of non-cardiac terminal illnesses (e.g. 

terminal kidney failure and refractory infectious diseases) (figure 1). 

Tachytherapy withdrawal

In a total of 116 (36%) devices, tachytherapy was deactivated in the last 24 hours 

of patients’ lives. Ninety-nine (31%) devices were deactivated at patients’ homes 
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and nursing homes in case of patients’ conditions impeding them from visiting 

the outpatient clinic in person. Median time from deactivation to death was 96 

(24, 480) hours. Most frequently, tachytherapy deactivation was initially proposed 

by the attending physicians in the hospital (n=197, 61%) most often whilst the 

patient was in a hospitalized setting (n=177, 55%). In a minority of cases, patients 

were recognized to be moribund outside of clinical settings and tachytherapy 

withdrawal was requested by the patient or patient’s family (n=59, 18%)(Table 3). 

DISCUSSION
This study provides insight in the practice of tachytherapy withdrawal during 

the last phase of life in a large population throughout a recent decade. The most 

important findings is the diversification over time of the cause of death in 

patients with tachytherapy deactivation, indicating an increase of awareness of 

ICD tachytherapy implications for the last moments of life. Deactivating ICD-

tachytherapy is no longer limited to the cardiac care ward. However, although 

the observed trends are favorable, patients in whom tachytherapy deactivation 

was not performed, remain to exist in all disciplines. This study’s findings press 

the need for advanced care planning in order to avoid painful shocks and stress 

in the last moments of patients’ lives. 

Diversification in cause of death

Causes of death for patients included in the Leiden ICD registry have been 

previously described.(20) Most patients died from end-stage heart failure 

(32.6%) or other non-cardiac terminal illnesses such as neoplasms, end-stage 

renal failure, infectious causes or pulmonary diseases. The number of unknown 

causes of death is relatively low, with only 11.6% of our registered patients dying 

from unknown causes. When observed separately for patients withdrawn from 

tachytherapy prior to death, a diversification throughout the years can be noted. 

In 2006, the majority of the (few) patients undergoing tachytherapy deactivation 

were those with terminal heart failure. With the increased awareness of the issue 

over the recent years, numbers of patients diagnosed with also other terminal 

illnesses than cardiac causes have risen as well. In the recent years, withdrawal 

from tachytherapy is no longer limited to patients moribund from cardiac causes. 

Moreover, it is performed increasingly in patients with terminal malignant disease 

and other non-cardiac causes. 
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International scope

With elaborate numbers on end-of-life care practice in other countries being 

unavailable, it is difficult to put our findings in an international perspective. 

Colleagues from Northern Ireland observed that in ICD patients deceased in 

2012-2013, end of life discussions were performed in up to 52% of their patients, 

resulting in a deactivation rate of 36.4% overall.(32) It would be interesting 

to assess the level of end of life discussions in other clinics and countries and 

deactivation rates throughout the years other than our own to provide more 

insight in the awareness on this topic internationally. Recent data for other centers 

over multiple years is unfortunately currently unavailable.

The Netherlands is a relatively small country in which deactivation at patient 

homes or nursing homes can be arranged on short notice. In larger countries 

however, this might be more complicated and take longer. In the latter case, there 

is a risk of being too late to withdraw tachytherapy in patients for whom this is 

requested in the last moments of life. Early discussions of the topic can therefore 

be even more valuable to clinics servicing large (rural) areas. 

Clinical implications

This is large-scaled study evaluating the practice of tachytherapy withdrawal 

structurally over multiple years. This study confirms that there has been an 

increasing awareness for the risk of painful ICD shocks at the last moments of 

life for patients. The need for tachytherapy deactivation is not limited to patients 

dying under the care of a cardiologist. Considering the fact that many patients 

die at home or nursing homes, awareness amongst primary care providers on 

tachytherapy withdrawal remains necessary. 

It is unclear what the exact burden of shocks in patients dying from other causes 

is. Similar to previous studies, we were unable to assess the true burden of shocks 

in the last moments of life (other than the estimated cumulative incidence of 

therapy in the last 30-days of life). Post-mortem read-outs of devices are not a 

standard part of clinical practice and data is frequently unavailable due patients 

dying outside the hospital. The only structural study in which devices of deceased 

patients at one Swedish center were explanted and structurally and consecutively, 

revealed that 35% of the patients experienced a ventricular tachycardia episode 

in the last hour of their lives.(11) Secondary prevention was however the case in 

82% of the included patients. These results are therefore possibly not applicable to 

the currently investigated patients and the majority of patients in general clinical 

practice who mostly have an ICD as primary prevention. 
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Limitations

This study is an observational cohort study to assess the practice of tachytherapy 

withdrawal over the past decade in clinical practice. Patients were collected 

and enrolled to our ICD registry over a long period of time and evolvement of 

guidelines could have created a heterogeneous population influencing also the 

development over time. In addition, some patients can also have died whilst under 

the care of a different caregiver than our hospital with possible tachytherapy 

withdrawal without our knowledge, leading to an underestimation of tachytherapy 

deactivation rates. Even though the retrospective non-randomized nature of this 

study prevents the demonstration of a causal association, the trend over the years 

is clear and both the trend as the position papers and guideline are a result of an 

increasing awareness for the issue. 

CONCLUSIONS
Increasing awareness of the issue of ICD and tachytherapy in end-of-life care 

has led to an improvement of tachytherapy withdrawal policies over the recent 

years. Deactivation numbers have gradually increased, also for patients dying 

from non-cardiac causes. Identification of a terminal stage of illness is complex 

and not possible in all patients. Early and open discussions on this issue with 

also non-moribund patients are an essential part of advanced care planning in 

order to avoid painful shocks and stress in the last moments of patients’ lives. 
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Tables
Table 1: Baseline characteristics at ICD implantation.

Baseline characteristic All patients (n=321)

Age at implant (y), 68 ± 9

Sex: male 241 (75)

ICD-indication: primary 201 (63)

CRT-D 159 (49.5)

BMI (kg/m2) 26 ± 3.9

LVEF (%) 30 ± 12

Creatinin (mmol/L) 104 (86, 130)

Ischemic heart disease 221 (69)

Congenital heart disease 5 (1.6)

Hypertension 144 (45)

Diabetes mellitus 77 (24)

NYHA

• I
• II
• III
• IV
• Unknown

78 (24)
86 (27)
134 (42)
15 (4.7)
8 (2.5)

Categorical variables are expressed by n (%), and continuous variables are expressed by mean ± 
standard deviation or median (interquartile range). ICD: Implantable cardioverter-defibrillator. 
CRT-D: Cardiac Resynchronization Therapy-defibrillator. BMI: body mass index. LVEF: left 
Ventricle Ejection Fraction. NYHA: New York Heart Association classification of dyspnoea. 

Table 2. Patient characteristics at time of death.

Patient characteristic ICD deactivated (n=321)

Age at death (y) 73 ± 9

Median ICD-therapy duration (y) 4.6 (2.7, 7.5)

CRT-D 307 (96)

Categorical variables are expressed by n (%), and continuous variables are expressed by mean ± 
SD or median (interquartile range). ICD: Implantable cardioverter-defibrillator. CRT-D: Cardiac 
Resynchronization Therapy-defibrillator. 
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Table 3. Overall results of tachytherapy deactivation

  Therapy deactivated patients (n=321)

Tachytherapy deactivation in last 24hs of life 104 (32)

Location of deactivation

- Hospital ward 58 (18)

- ICU/CCU 53 (17)

- Outpatient clinic 45 (14)

- (Nursing)home 99 (31)

- Other hospital 66 (21)

Initiator of deactivation

- Hospital physician 197 (61)

- General Practitioner/primary care physician 65 (20)

- Patient and/or family 59 (18)

Variables are expressed by n (%). ICU: Intensive Care Unit. CCU: Cardiac Care Unit. 



90

Chapter 4B 

Figures

Flow-chart total number of patients included in study: 
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