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BACKGROUND: The subcutaneous implantable cardioverter-defibrillator (S-ICD) was developed to overcome the risk of lead-
related complications associated with the transvenous implantable cardioverter-defibrillator (TV-ICD). In contrast to the
TV-ICD, the S-ICD is a completely extrathoracic device. Subsequently, complications differ between these 2 implantable
cardioverter-defibrillators, which might impact patient perceptions of the therapies. This prespecified secondary analysis of
the PRAETORIAN ftrial evaluates differences in quality of life.

METHODS: The PRAETORIAN trial (A Prospective, Randomized Comparison of Subcutaneous and Transvenous Implantable
Cardioverter Defibrillator Therapy) randomized patients with an implantable cardioverter-defibrillator indication, without the
need for pacing to S-ICD or TV-ICD therapy. Two questionnaires were collected at baseline, discharge, 12 months, and
30 months. The Duke Activity Status Index measures cardiac-specific physical functioning, and the 36-Item Short Form
Health Survey measures physical and mental well-being, with the subscales bodily pain and mental health being of interest
in this analysis. Mann-Whitney U tests were used to compare study arms, and a mixed model was used to describe the
questionnaire outcomes over time.

RESULTS: Patients were randomized to S-ICD (n=426) and TV-ICD (n=423). In the S-ICD group, 20% were women versus
19% in the TV-ICD group. The median age was 63 (interquartile range, 54-69) years in the S-ICD group versus 64
(interquartile range, 56—69) years in the TV-ICD group. There were no significant differences in the Duke Activity Status
Index and 36-ltem Short Form Health Survey subscales for bodily pain and mental health between the groups at any
time point. Patients with a shock in the last 90 days had significantly lower scores for social functioning (P=0.008) and
role limitations due to emotional problems (P=0.001) than patients without a shock, but this effect did not differ between
treatment arms.
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Quality of Life Between S-ICD and TV-ICD

CONCLUSIONS: In a large randomized cohort of patients with an S-ICD or TV-ICD, no difference in overall quality of life was
observed. However, implantable cardioverter-defibrillator shocks resulted in a reduction in quality of life, regardless of the

device type or appropriateness.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCTO1296022.

Key Words: arrhythmias, cardiac ® defibrillators, implantable ® mental health ® quality of life

See Editorial by Caughron and Dhruva

WHAT IS KNOWN

* Generator size and type of complications differ between
the subcutaneous implantable cardioverter-defibrillator
and transvenous implantable cardioverter-defibrillator.

+ Conflicting results have been reported regarding dif-
ferences in quality of life between these 2 therapies.

WHAT THE STUDY ADDS

* Randomized data of the subcutaneous implantable
cardioverter-defibrillator and transvenous implantable
cardioverter-defibrillator with prospectively assessed
quality of life.

* No differences in quality of life between the 2 devices.

+ Contribution to shared decision-making in clinical
practice.

Nonstandard Abbreviations and Acronyms

BMI body mass index

DASI Duke Activity Status Index

ICD implantable cardioverter-defibrillator
IQR interquartile range

QoL quality of life

SF-36 36-ltem Short Form Health Survey

S-ICD subcutaneous implantable
cardioverter-defibrillator
TV-ICD transvenous implantable

cardioverter-defibrillator

(ICDs) significantly improves the life expectancy of

appropriately selected patients at substantial risk
for sudden cardiac death.'® For years, the transvenous
ICD (TV-ICD) was the standard of care, but over the
past decades, the subcutaneous ICD (S-ICD) has been
shown to be a safe and effective device for the termi-
nation of potentially lethal ventricular arrhythmias.* Nev-
ertheless, there are substantial differences between the
2 devices. The TV-ICD is implanted in the subclavicular
region with >1 leads implanted in the heart through the
venous system. In contrast, the S-ICD is a completely

The use of implantable cardioverter-defibrillators

Circ Cardiovasc Qual Outcomes. 2024;17:e010822. DOI: 10.1161/CIRCOUTCOMES.124.010822

extracardiac device, with the lead implanted on the ster-
num and the generator on the left side of the thoracic
wall.* This results in the need for a higher energy output
for the S-ICD and a subsequently larger generator com-
pared with the TV-ICD.

Multiple differences between the S-ICD and TV-ICD
might impact a patient’s daily activities and quality of life
(Qol). First, due to its larger size, the S-ICD generator
is more visible, especially in patients with a low body
mass index (BMI), and it might also cause a larger area
of skin erosion in older patients who are more prone to
skin lesions.® In addition, in female patients, the implant
location of the S-ICD can interfere with the location of
the bra, which may cause irritation and discomfort® Fur-
thermore, the 2 devices differ in the incidence and type
of complications. In transvenous devices, complications
are frequently related to the lead and more often require
invasive interventions, while in patients with an S-ICD,
pocket hematomas are more common.” Finally, fewer
patients with a TV-ICD receive appropriate shocks due to
the ability to give antitachycardia pacing with the trans-
venous device, but antitachycardia pacing may poten-
tially induce electrical storms® Besides this, patients
with an S-ICD receive numerically more inappropriate
shocks, which are associated with a reduction in QoL.° It
is unclear whether the mentioned device characteristics
cause differences in QoL between S-ICD and TV-ICD
recipients.

The randomized PRAETORIAN trial showed that
the S-ICD is noninferior to the TV-ICD with regard to
the composite end point of device-related complica-
tions and inappropriate shocks.'® However, it is unclear
whether the differences between the devices have an
effect on QoL. Previously, nonrandomized smaller studies
with shorter follow-up durations have shown conflicting
results, ranging from reduced QoL in patients with an
S-ICD to no significant differences between the S-ICD
and TV-ICD."'""® In this prespecified analysis of the
PRAETORIAN trial, we investigate the impact of S-ICD
and TV-ICD therapy on QoL.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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Patient Population and Study Overview

The PRAETORIAN trial enrolled 849 patients with a class
| or Ila indication for ICD therapy for both primary and sec-
ondary prevention, aged >18 years, in 39 centers in Europe
and the United States. Patients with a pacing indication or a
known ventricular tachycardia below 170 bpm, or with therapy-
refractory monomorphic ventricular tachycardia, were excluded
from the trial. Trial design with complete inclusion and exclusion
criteria, was published elsewhere.'® The study was approved
by the institutional review boards of the participating centers,
and all participants provided written informed consent. The
study subjects in this trial were randomly allocated to subcu-
taneous (n=426) or transvenous (n=423) defibrillator therapy,
with stratification according to the center. ICD programming
was mandated by protocol. Patients were enrolled between
March 2011 and January 2017 and followed until December
2019, with a median follow-up duration of 49.1 months. Data
on shocks, complications, and questionnaires were collected.

Questionnaires

The validated 36-Item Short Form Health Survey (SF-36; ver-
sion 1) and the Duke Activity Status Index (DASI) question-
naires were used to collect self-reported QoL and functional
capacity. Questionnaires were distributed during hospital vis-
its, sent by mail, or occasionally administered by the research
staff via a telephone call. The DASI reflects cardiac-specific
physical functioning and scores from O (worst) to 58 (best),
with direct questions rather than a recall of prior activities.'*
This questionnaire was used to investigate whether the device
size and location would have an impact on the daily activities,
under the premise that this would also affect QoL. The SF-36
yields 8 subscales, all covering different areas of mental
health and physical well-being, ranging from 0O (worst) to 100
(best), with a recall period of 4 weeks.'® These scales include
role limitations (both physical and emotional), physical func-
tioning, bodily pain, social functioning, mental health, vitality,
and general health. The questionnaire gives an indication of
overall QoL and is widely used in the literature, as well as in
other ICD trials.’® Questionnaires were completed at baseline,
discharge, 12 months, and 30 months. QoL at baseline was
assessed before randomization. For the comparison between
the S-ICD and TV-ICD, we used the outcomes of the DASI
and the SF-36 subscales mental health and bodily pain, as
the largest differences were expected to be found in these
subscales due to the larger size and location of the S-ICD
generator, which may cause discomfort and aesthetic issues.
The minimal clinically important difference is considered 4
points for the DASI.'*'® For the SF-36, this is one-quarter of
an SD, which is =5 points for mental health and 7 points for
bodily pain in this cohort.'

Shocks and Complications

By definition, shocks were appropriate when given for ven-
tricular tachycardia/ventricular fibrillation and inappropriate if
given for anything other than ventricular tachycardia/ventricu-
lar fibrillation. The complications included in this analysis were
all major complications requiring invasive interventions. Lead
and device repositioning, lead and device replacements, device
extractions, pocket explorations, and drain insertions after the

Circ Cardiovasc Qual Outcomes. 2024;17:e010822. DOI: 10.1161/CIRCOUTCOMES.124.010822
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initial implantation attempt were considered invasive interven-
tions.” For both shocks and complications, only patients who
had a shock or complication within 90 days before filling out
a questionnaire were included, as the impact of these events
decreases after a longer period of time.'®'” To determine dif-
ferences between patients with and without shocks, the SF-36
subscales social functioning, mental health, and role limitations
due to emotional problems were used. For differences due to
complications, the DASI and subscales physical functioning,
role limitations due to physical health problems, and bodily pain
were analyzed.

Statistical Analysis

Descriptive statistics are presented as mean with SD or
median with interquartile range (IQR) for continuous variables
and as proportions and percentages for categorical variables.
Baseline variables were compared using a Mann-Whitney U
test, 2 test, Fisher exact test, or Student t test, as appropri-
ate. DASI questionnaires were not used if >2 questions were
unanswered. For the SF-36, we calculated the subscales sep-
arately, so that if all questions for 1 subscale were answered,
the subscale was calculated. Data were not imputed if miss-
ing. Mann-Whitney U tests were used to compare absolute
questionnaire scores between study arms. A mixed model
for repeated measures over time was used to describe the
course of the questionnaire outcomes, corrected for device
type, BMI, age, NYHA class, ischemic cardiomyopathy, hyper-
tension, diabetes, atrial fibrillation, history of coronary artery
bypass grafting, left ventricular ejection fraction, and primary/
secondary prevention. In this model, subjects were fitted as
random effect and time was fitted as a fixed effect. Absolute
scores were included in the model and time was treated as
a categorical variable. Regression models and P values for
interaction were used for subgroup analysis based on sex,
BMI, and age for both 12- and 30-month follow-up. To com-
pare QoL between patients with and without a shock or with
and without a complication, changes in scores compared with
baseline were calculated. A 2-sided A<0.05 was considered
statistically significant. All statistical analyses were performed
using R software, version 4.0.3.

RESULTS

Patient Population

In total, 824 of 849 (97%) patients completed question-
naires at baseline, 772 of 849 (91%) at discharge, 716
of 815 (88%) at 12 months, and 582 of 776 (75%) at 30
months of follow-up (Figure 1). The baseline characteris-
tics of all patients who completed at least 1 questionnaire
at baseline are shown in the Table. The median age was
63 (IOR, 54-69) years in the S-ICD group and 64 (IQR,
56-69) years in the TV-ICD group, women made up
20% of the S-ICD group and 19% of the TV-ICD group
(sex assigned at birth), and the median left ventricular
ejection fraction was 30% (IQR, 25-35) in both arms.
There were no significant differences in baseline charac-
teristics between the S-ICD and TV-ICD, except for BMI
(27 [IOR, 25-30] versus 28 [IOR, 25-32]; P=0.003).
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849 patients randomized
v
426 S-ICD patients 423 TV-ICD patients
415/426 (97%) baseline QoL 409/423 (97%) baseline QoL
collected collected
396/426 (93%) discharge 376/423 (89%) discharge
Qol collected Qol collected
5 ) > iadied |
L___20ded | L___t4ded __
361/406 (89%) 12 months 355/409 (87%) 12 months
QoL collected Qol collected
' 21 died e > 18 died |
L __-—-——_ __ ] L ___ 1
293/385 (76%) 30 months 289/391 (74%) 30 months
QoL collected Qol collected

Figure 1. Flowchart of questionnaire completion.

Questionnaires were considered completed if at least 1 36-ltem Short Form Health Survey subscale was available. QoL indicates quality of life;
S-ICD, subcutaneous implantable cardioverter-defibrillator; and TV-ICD, transvenous implantable cardioverter-defibrillator.

QoL and DASI Over Time and in Subgroups

There were no significant differences in the DASI, men-
tal health and bodily pain scores between the S-ICD
and TV-ICD at baseline, discharge, 12 months, and 30
months (Figure 2).

A mixed model for repeated measures over time cor-
rected for BMI, age, NYHA class, ischemic cardiomyop-
athy, hypertension, diabetes, atrial fibrillation, history of
coronary artery bypass grafting, left ventricular ejection
fraction, and primary/secondary prevention showed simi-
lar results. The outcomes of the other 6 SF-36 subscales
are provided in Figure S1.

At 12 months, there were no significant differences
in scores across subgroups based on sex, BMI, and age
(Figure S2). At 30 months, subgroup analysis showed
that patients with a BMI <25 kg/m? had significantly

Circ Cardiovasc Qual Outcomes. 2024;17:e010822. DOI: 10.1161/CIRCOUTCOMES.124.010822

better mental health when implanted with a TV-ICD
(P=0.02; Figure 3). No other differences were found
between subgroups.

Regardless of device type, between baseline and dis-
charge, there was a significant decrease of 4.9 (95% Cl,
—6.3 to —3.6) points on the DASI (A<0.001) and a sig-
nificant decrease of 6.8 (95% Cl, —9.5 to —4.1) points on
the SF-36 subscale bodily pain (R<0.001). This was not
seen for mental health (—0.4, points [95% Cl, —2.0 to 1.2];
P=0.63). At 12 and 30 months, there were no significant
differences compared with baseline in the DASI and SF-36
subscales bodily pain and mental health (Figure S3).

Effect of Shocks on QoL

Appropriate shocks were experienced by 21 patients
within 90 days before a questionnaire (14 in the S-ICD

November 2024 1159
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Table. Baseline Characteristics

Subcutaneous Transvenous
ICD, n=415 ICD, n=409

Median age, IQR; y 63 (54-69) 64 (56-69)
Female sex, n (%) 84 (20) 76 (19)
Median LVEF, IQR; % 30 (25-35) 30 (25-35)
Median body mass index, IOR; kg/m? | 27 (25-30) 28 (25-32)
Secondary prevention, % 76 (18) 82 (20)
Diagnosis, n/total n (%)

Ischemic CMP 280/415 (67) 288/409 (70)

Nonischemic CMP 98/415 (24) 94/409 (23)

Genetic arrhythmia syndrome 20/415 (5) 18/409 (4)

Congenital heart disease 3/415 (1) 3/409 (1)

Other 14/415 (3) 6/409 (1)
NYHA class, n/total n (%)

Class | 141/412 (34) 129/407 (32)

Class Il 198/412 (48) 216/407 (53)

Class Il 70/412 (17) 60/407 (15)

Class IV 3/412 (1) 2/407 (0)
Other conditions, n/total n (%)

Hypertension or the use of 223/413 (54) 232/405 (57)

antihypertensive drugs

Hypercholesterolemia or use of 155/408 (38) 171/404 (42)

lipid-lowering drugs

Current or recent smoking 116/396 (29) 135/390 (35)

Diabetes 110/415 (27) 120/407 (29)

History of atrial fibrillation 112/415 (27) 90/406 (22)

History of nonsustained ventricular | 45/413 (11) 44/4083 (11)

tachycardia

CMP indicates cardiomyopathy; ICD, implantable cardioverter-defibrillator;
IQR, interquartile range; LVEF, left ventricular ejection fraction; and NYHA, New
York Heart Association.

group and 7 in the TV-ICD group). In total, 8 patients
had an inappropriate shock within 90 days before com-
pleting a questionnaire (4 in the S-ICD group and 4 in
the TV-ICD group). Patients who received a shock had
a significantly larger decrease on the subscales social
functioning (P=0.008; median of —12.5 points for TV-
ICD and —6.25 points for S-ICD) and role limitations due
to emotional problems (P=0.001; median of O points
for TV-ICD and O points for S-ICD) but not on mental
health (F=0.104; median of —4 points for both TV-ICD
and S-ICD; Figure 4). These differences were not appar-
ent after expanding the time window between the shock
and QoL assessment to 12 months. There were no sig-
nificant differences between treatment arms in the QoL
of patients who experienced a shock (£>0.05). Further-
more, there were no differences in QoL between patients
with inappropriate or appropriate shocks (Figure S4).

Effect of Complications on QoL

There were 22 patients who had a complication requiring
invasive intervention within 90 days before completing

Circ Cardiovasc Qual Outcomes. 2024;17:e010822. DOI: 10.1161/CIRCOUTCOMES.124.010822
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a questionnaire (8 in the S-ICD group and 14 in the
TV-ICD group). Among these patients, 16 had a com-
plication before discharge (6 in the S-ICD group and
10 in the TV-ICD group). At discharge, there were no
significant differences between patients with and with-
out a complication on the DASI and SF-36 subscales
physical functioning, role limitations due to physical
problems, or bodily pain. There were also no differences
between the S-ICD and TV-ICD among patients with
a complication. These results were consistent during
follow-up (Figure Sb).

DISCUSSION

This is the first randomized trial that compared the QoL
of patients implanted with an S-ICD or TV-ICD. The main
finding of this study was that there were no significant
differences in QoL between the S-ICD and TV-ICD. At
discharge, both arms had a significantly lower QoL com-
pared with baseline, which was not reported during longer-
term follow-up. Besides this, patients who experienced a
shock had a lower QoL within 90 days after the shock
than patients without a shock, regardless of device type.
Furthermore, low BMI was associated with better mental
health in patients with a TV-ICD at the 30-month follow-up.

Previous smaller nonrandomized studies on QoL
between patients with an S-ICD and TV-ICD have
shown conflicting results. Thienel et al'? reported an
impaired QoL in patients implanted with an S-ICD, while
other studies by Kobe et al’® and Pedersen et al''®
showed no significant differences between patients
with S-ICD and TV-ICDs, or even better physical well-
being with the S-ICD. Our study, the largest study to
date, shows no differences in QoL between patients
with an S-ICD and TV-ICD. The conflicting results may
be caused by the use of varying questionnaires assess-
ing QoL. Thienel et al specifically focused on discomfort
and the sense of security created by the ICD. Pederson
et al and Kobe et al both used the SF-12 question-
naire, which is a shorter adaption of the SF-36 that was
used in our study. The SF-36 is a validated QoL ques-
tionnaire that focuses on overall QolL, whereas the use
of specific questions has the risk of focusing only on
aspects related to a specific hypothesis while overlook-
ing aspects for which no difference is expected.

Effect of Shocks and Complications on QoL

Earlier studies reported a decrease in QoL in patients
after ICD shocks.'®'""® Qur data confirmed a significantly
lower QoL in social functioning and role limitations due
to emotional problems in patients within 90 days after a
shock. Furthermore, patients who experienced a shock
showed a larger decrease in QoL compared with base-
line on mental health, even though it was not significant.
This is possibly due to the relatively low number of patients
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Figure 2. Outcomes between subcutaneous implantable cardioverter-defibrillator (S-ICD) and transvenous implantable

cardioverter-defibrillator (TV-ICD) over time.

Questionnaire outcomes over time between the S-ICD and TV-ICD. A, Duke Activity Status Index (DASI). B, Mental health subscale of 36-ltem
Short Form Health Survey (SF-36). C, Bodily pain subscale of SF-36. The course of all remaining subscales can be found in Supplemental

Material (Figure S1).

who experienced a shock within the 90-day time frame.
Expanding the time frame would likely have led to a larger
group of patients with shocks, but the effect of shocks on
QoL is expected to be smaller when the event occurred
longer ago.'® This assumption was supported by our results
not showing significant differences after prolonging the
time window to 12 months. Furthermore, the fact that we
found no difference in QoL between patients with inap-
propriate or appropriate shocks underlines that attention
should be paid to avoiding inappropriate shocks, as these
shocks have the same negative effect on QoL as appropri-
ate shocks but are useless for the termination of ventricu-
lar arrhythmia. Inappropriate shocks are associated with
increased mortality and can be proarrhythmic®2°2" Earlier
studies showed that inappropriate shocks are more com-
mon in S-ICD recipients, although better programming and
new software algorithms have substantially decreased the
inappropriate shock rate.???® Our results indicate that QoL
is reduced by the experience of a shock in general and the
fact that an appropriate shock is life-saving does not coun-
teract this effect. However, the data must be interpreted
with caution, as the number of patients with a shock shortly
before a questionnaire was low.

Surprisingly, unlike ICD shocks, complications were
not associated with a lower QoL. This might be due

Circ Cardiovasc Qual Outcomes. 2024;17:e010822. DOI: 10.1161/CIRCOUTCOMES.124.010822

to the fact that most complications occurred during or
immediately after implantation, such that it is not possible
to make a distinction between the effect of the implan-
tation itself with subsequent discomfort and complica-
tions related to the implantation. The effect of a recent
implantation procedure might be larger than the effect
of a complication, which could be the explanation for an
overall similar QoL between patients with and without
complications.

Subgroup Analysis

It has been reported that female patients with an S-ICD
experience various physical, aesthetic, and social issues,
due to the generator and lead. Nevertheless, our subgroup
analysis based on sex showed no difference between
the S-ICD and TV-ICD, underlining that issues might also
be present in men and in patients with a TV-ICD or that
these issues do not reduce overall QoL. Among women
with an S-ICD, patients with a lower BMI are less positive
about the visibility of the S-ICD.® Furthermore, low BMI
results in less tissue and potentially thinner skin overlying
a cardiovascular implantable electronic device, which is
associated with skin erosion.?* Thinner skin is also more
prevalent among older patients, which could lead to a
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30 months
A Mental health
Subgroup S-ICD Group TV-ICD Group Mean change (95% Cl)
total no. total no.
Sex
Female 59 47 1.0 (-6.0-8.0)
Male 233 241 -2.5(-5.8-0.9)
BMI
<25 92 59 -8.2(-14.2--2.1)
225 199 229 0.2(-3.3-3.6)
Age tertiles
21-58 103 86 -4.0(-9.6-1.6)
59-67 102 106 -0.7 (-5.3-3.9)
68-86 87 96 -0.9 (-6.5-4.7)
Overall 292 288 -2.1(-5.1-0.9)
B Bodily pain
Subgroup S-ICD Group TV-ICD Group Mean change (95% CI)
total no. total no.
Sex
Female 59 47 -0.8 (-12.3-10.7)
Male 234 240 1.6 (-3.2-6.4)
BMI
<25 92 59 -3.6 (-12.1-4.9)
225 200 228 1.8 (-3.5-7.1)
Age tertiles
21-58 103 86 1.6 (-6.0-9.2)
59-67 102 106 -2.7 (-10.2-4.9)
68-86 88 95 3.9 (-4.3-12.0)
Overall 293 287 0.9 (-3.5-5.4)
C DASI
Subgroup S-ICD Group TV-ICD Group Mean change (95% Cl)
total no. total no.
Sex
Female 56 43 0.8 (-5.8-7.4)
Male 228 232 1.0 (-2.0-4.1)
BMI
<25 87 57 3.6 (-1.9-9.2)
225 196 218 -0.7 (-4.0-2.5)
Age tertiles
21-58 99 81 1.7 (-3.2-6.7)
59-67 101 104 -0.4 (-4.8-3.9)
68-86 84 90 -0.1(-5.2-5.0)
Overall 284 275 0.7 (-2.1-3.5)
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Subgroup analysis at 30 months.

Subgroup analysis at 30-month follow-up. A, Mental health. B, Bodily pain. C, Duke Activity Status Index (DASI). BMI indicates body mass
index; SF-36, 36-ltem Short Form Health Survey; S-ICD, subcutaneous implantable cardioverter-defibrillator; and TV-ICD, transvenous

implantable cardioverter-defibrillator.

lower QoL in higher age groups.® On the contrary, the
aesthetic and physical issues may be more prevalent in
younger patients, affecting their QoL. Our subgroup anal-
ysis showed no differences based on age but did show
significantly better mental health among patients with a
BMI <25 kg/m? at 30 months of follow-up in the TV-ICD
group compared with the S-ICD group. Even though this
study was not powered for this type of subgroup analysis,
these results underline that the generator size and loca-
tion should be discussed with patients undergoing S-ICD
implantation, and special attention should be given to
the S-ICD implant position in thinner patients. In these
patients, a subserratus or intermuscular position should
be considered.

Circ Cardiovasc Qual Outcomes. 2024;17:e010822. DOI: 10.1161/CIRCOUTCOMES.124.010822

As no significant differences in QoL were observed
between the S-ICD and TV-ICD in this study, this
could help patients and their physicians in their shared
decision-making process about which device is more
suitable for a specific patient. Furthermore, the implan-
tation of an ICD, in general, has no negative effect on
QoL after 30 months, as no significant differences were
reported between baseline and follow-up.

This study has several limitations. First, as this was
a secondary outcome measure, the study was not
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Figure 4. Quality of life after a shock.
Median change score (dark line),
presented with interquartile range. A,
Social functioning. B, Role limitations

due to emotional problems. C, Mental
health. Orange, subcutaneous implantable
cardioverter-defibrillator (S-ICD); blue,
transvenous implantable cardioverter-
defibrillator (TV-ICD). For patients without
a shock, their change score from baseline
to 12 months was used. An analysis

using the change score from baseline to
30 months showed comparable results.
Numbers of patients without a shock differ
as not all subscales were completed by all
patients. One patient with a shock did not
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powered to test the effect of ICD type on QoL. Second,
as the protocol did not specifically collect questionnaires
after a shock or after complications, there were limited
data available on patients with shocks and complica-
tions. Third, this study is limited by the low number of
female patients, making the results less generalizable.
Fourth, interpreting significant differences in this study
should be performed with caution, as P values were
uncorrected for multiple testing. Fifth, the SF-36 and
DASI are generic questionnaires and are not validated

Circ Cardiovasc Qual Outcomes. 2024;17:e010822. DOI: 10.1161/CIRCOUTCOMES.124.010822

specifically for patients with an ICD. Although these
questionnaires focus on the impact on daily activities,
mental health, and bodily pain, which we hypothesized
would be impacted in patients with an ICD, these ques-
tionnaires may not be sensitive enough to detect any
meaningful differences. Sixth, the follow-up duration of
the questionnaires was until 30 months after implanta-
tion, whereas the longevity of both the S-ICD and TV-
ICD is much longer. Last, both patients and physicians
were not blinded to the study arms.
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Conclusions

In this randomized analysis, we report no significant
difference in QoL between patients implanted with an
S-ICD or TV-ICD. QoL is reduced after implantation and
may be transiently impacted by shocks, but these effects
do not persist.

ARTICLE INFORMATION
Received January 10, 2024; accepted July 19, 2024.

Affiliations

Department of Cardiology, Amsterdam Cardiovascular Sciences Heart Failure
and Arrhythmias, Amsterdam University Medical Centers Location University of
Amsterdam, Heart Center, the Netherlands (REK, JAdV, LVAB, TFB, SP,
A-FBE.Q, LS, WvdS, AdW, JRd.G, KMK, JGPT, AAMW, LRAO.N.). De-
partment of Cardiology, Isala Heart Centre, Zwolle, the Netherlands (A.G.). Depart-
ment of Cardiology, St. Antonius Hospital, Nieuwegein, the Netherlands (L.V.AB.).
First Department of Medicine, University Medical Center Mannheim, Germany
(JK). German Center for Cardiovascular Research, Partner Site Heidelberg,
Mannheim, Germany (J.K)). Division of Cardiology, Section of Electrophysiology,
Emory University, Atlanta, GA (M.FE.C.). Klinik fiir Innere Medizin |1, Schwerpunkt
Kardiologie und Angiologie, Universitatsklinikum Schleswig-Holstein, Campus
Kiel, Germany (H.B.). St George's University of London, United Kingdom (E.RB.).
St George's University Hospitals NHS Foundation Trust, London, United King-
dom (E.RB.). Department of Medicine |, Ludwig-Maximillians University Hospital,
Munchen, Germany (SK.). German Center for Cardiovascular Research, Munich
Heart Alliance, Germany (S.K.). European Reference Network for Rare, Low Prev-
alence and Complex Diseases of the Heart (SK, AAMW). The Valley Health
System, Ridgewood, NJ (S.M.). Department of Cardiology, Flevoziekenhuis, Al-
mere, the Netherlands (N.RB.). Department of Electrophysiology, Heart Center
at University of Leipzig, Germany (S.R). Heart Surgery, Heart Center Dresden,
Carl Gustav Carus Medical Faculty, Dresden University of Technology, Germany
(SR). Department of Cardiology, Radboud University Medical Center, Nijmegen,
the Netherlands (M.A.B.). Office of the Director of Clinical Electrophysiology Re-
search and Lead for Inherited Arrhythmia Specialist Services, University College
London and Barts Heart Centre, United Kingdom (PD.L.). Department of Cardiol-
ogy, Homolka Hospital, Prague, Czech Republic (P. Neuzil). Department of Cardi-
ology, Cardiovascular Research Institute Maastricht, Maastricht University Medical
Center, the Netherlands (K.V.). Department of Cardiology, Amphia Hospital, Breda,
the Netherlands (M.A). Werkgroep Cardiologische Centra Nederland, Utrecht,
the Netherlands (M.A). Oxford Biomedical Research Centre, Oxford University
Hospitals NHS Trust, United Kingdom (T.R.B.). Department of Electrophysiol-
ogy, Catharina Hospital Eindhoven, the Netherlands (FAL.E.B.). CorVita Science
Foundation, Chicago, IL (M.C.B.). Department of Cardiology, OLVG, Amsterdam,
the Netherlands (J.5.5.G.d.J.). Liverpool Heart and Chest Hospital, United King-
dom (D.J.W)). Department of Cardiology, Tergooi Medisch Centrum, Blaricum, the
Netherlands (W.PJ.J.). National Heart and Lung Institute, Imperial College Lon-
don, United Kingdom (ZIW.). University and University Hospital Wirzburg, Ger-
many (P. Nordbeck). Heart Surgery, Heart Center Dresden, Carl Gustav Carus
Medical Faculty, Dresden University of Technology, Germany (M.K.). Department
of Cardiology, The Heart Centre, Rigshospitalet, University of Copenhagen, Den-
mark (B.T.P). Medical Spectrum Twente, Enschede, the Netherlands (J.M.v.0.). Di-
vision of Cardiology, Northwestern Memorial Hospital, Northwestern University,
Chicago, IL (A.B.C.). Department of Cardiology, and Amsterdam Cardiovascular
Sciences, Amsterdam University Medical Centers, Location VUMC, the Neth-
erlands (C.PA). Medisch Centrum Leeuwarden, the Netherlands (A.E.B.v.d.B.).
Department of Medicine—Cardiology, Columbia University Irving Medical Center,
New York, NY (JM.D.). Icahn School of Medicine at Mount Sinai, Mount Sinai
Hospital, New York, NY (M.AM.). Cardiac Electrophysiology Division, Department
of Medicine, Englewood Hospital and Medical Center, NJ (D.N.). Department of
Internal Medicine |, Jena University Hospital, Germany (R.S.). Center for Arrhyth-
mia Care, Heart and Vascular Institute, University of Chicago Pritzker School of
Medicine, IL (G.A.U.).

Acknowledgments

The authors thank the patients who participated in this trial, the members of the
Clinical Event Committee, for adjudicating all events, the members of the data
and safety monitoring board, and the physicians and the research coordinators
for contributions to the conduct of this trial. Dr de Veld has full access to all the
data in the study and takes responsibility for its integrity and the data analysis.

Circ Cardiovasc Qual Outcomes. 2024;17:e010822. DOI: 10.1161/CIRCOUTCOMES.124.010822

Quality of Life Between S-ICD and TV-ICD

Sources of Funding

The PRAETORIAN trial (A Prospective, Randomized Comparison of Subcutane-
ous and Transvenous Implantable Cardioverter Defibrillator Therapy) was funded by
Boston Scientific, which had no role in the design of the trial, analysis of the data,
or the drafting and submission of the manuscript (grant number ISROTH20076).

Disclosures

Dr Knops reports consultancy fees and research grants from Abbott, Boston Sci-
entific, Medtronic, and Cairdac and has stock options from AtaCor Medical, Inc. Dr
El Chami reports consultancy fees from Boston Scientific and Medtronic. Dr Mit-
tal reports consultancy fees from Boston Scientific and Medtronic. KM. Kooiman
reports consultancy fees from Boston Scientific. Dr Lambiase reports educational
and research grants from and is in the research board of Boston Scientific, and
reports research grants from Abbott. Dr Vernooy reports consultancy fees from
Medtronic and Abbott. M.C. Burke is a consultant and receives honoraria, as well
as research grants from Boston Scientific and has equity in and is chief medical
officer for AtaCor Medical, Inc. Dr Wright has consultancy arrangements with
Boston Scientific and Medtronic and iRhythm and a research grant from Boston
Scientific. Dr Nordbeck reports modest speaker honoraria from Biotronik, Boston
Scientific, and Medtronic. Dr Miller reports consultancy fees from Boston Scien-
tific. Dr Whinnett is an advisor for Boston Scientific and is on the advisory board
for Medtronic and Abbot and reports speaker fees from Medtronic. The other
authors report no conflicts.

Supplemental Material
Figures S1-S5

REFERENCES

1. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, Domanski M,
Troutman C, Anderson J, Johnson G, et al; Sudden Cardiac Death in Heart
Failure Trial (SCD-HeFT) Investigators. Amiodarone or an implantable
cardioverter-defibrillator for congestive heart failure. N Engl J Med.
2005;352:225-237. doi: 10.1056/NEJM0a043399

2. Moss AJ, Hall WJ, Cannom DS, Daubert JP, Higgins SL, Klein H,
Levine JH, Saksena S, Waldo AL, Wilber D, et al. Improved survival with
an implanted defibrillator in patients with coronary disease at high risk
for ventricular arrhythmia. Multicenter automatic defibrillator implan-
tation trial investigators. N Engl J Med. 1996;335:1933-1940. doi:
10.1056/NEJM199612263352601

3. Zeppenfeld K, Tfelt-Hansen J, de Riva M, Winkel BG, Behr ER, Blom NA,
Charron P, Corrado D, Dagres N, de Chillou C, et al. 2022 ESC guidelines
for the management of patients with ventricular arrhythmias and the pre-
vention of sudden cardiac death. Eur Heart J. 2022;43:3997-4126. doi:
10.1093/eurheartj/ehac262

4. Bardy GH, Smith WM, Hood MA, Crozier IG, Melton IC, Jordaens L,
Theuns D, Park RE, Wright DJ, Connelly DT, et al. An entirely subcutaneous
implantable cardioverter-defibrillator. N Engl J Med. 2010;363:36—44. doi:
10.1066/NEJM0a0909545

5. Chambers ES, Vukmanovic-Stejic M. Skin barrier immunity and ageing.
Immunology. 2020;160:116-125. doi: 10.1111/imm.131562

6. van der Stuijt W, Quast ABE, Baalman SWE, Olde Nordkamp LRA,
Wilde AAM, Knops RE. Improving the care for female subcutaneous
ICD patients: a qualitative study of gender-specific issues. Int J Cardiol.
2020;317:91-95. doi: 10.1016/jijcard.2020.05.091

7. Knops RE, Pepplinkhuizen S, Delnoy P, Boersma LVA, Kuschyk J,
El-Chami MF, Bonnemeier H, Behr ER, Brouwer TF, Kaab S, et al. Device-
related complications in subcutaneous versus transvenous ICD: a second-
ary analysis of the PRAETORIAN trial. Eur Heart J. 2022;43:4872-4883.
doi: 10.1093/eurheartj/ehac496

8. Knops RE, van der Stuiit W, Delnoy P, Boersma LVA, Kuschyk J,
El-Chami MF, Bonnemeier H, Behr ER, Brouwer TF, Kaab S, et al. Efficacy
and safety of appropriate shocks and antitachycardia pacing in transve-
nous and subcutaneous implantable defibrillators: analysis of all appropri-
ate therapy in the PRAETORIAN trial. Circulation. 2022;145:321-329. doi:
10.1161/circulationaha.121.057816

9. Januszkiewicz L, Barra S, Providencia R, Conte G, de Asmundis C,
Chun JKR, Farkowski MM, Guerra JM, Marijon E, Boveda S. Long-term
quality of life and acceptance of implantable cardioverter-defibrillator ther-
apy: results of the European Heart Rhythm Association survey. Europace.
2022;24:860-867. doi: 10.1093/europace/euac011

10. Knops RE, Olde Nordkamp LRA, Delnoy PHM, Boersma LVA, Kuschyk J,
EIl-Chami MF, Bonnemeier H, Behr ER, Brouwer TF, K&éb S, et al. Subcutaneous

November 2024 1164



7202 ‘gz JoquenoN uo Aq Bio'sfeuinofeye//:dny woly papeojumod

Knops et al

Circ Cardiovasc Qual Outcomes. 2024;17:e010822. DOI: 10.1161/CIRCOUTCOMES.124.010822

or transvenous defibrillator therapy. N Engl J Med. 2020;383:526-536. doi:
10.1056/NEJMoa1915932

. Pedersen SS, Carter N, Barr C, Scholten M, Lambiase PD, Boersma L,

Johansen JB, Theuns D. Quality of life, depression, and anxiety in patients
with a subcutaneous versus transvenous defibrillator system. Pacing Clin
Electrophysiol. 2019;42:1541-1551. doi: 10.1111/pace.13828

. Thienel M, Haum M, Sadoni S, Novotny J, Estner HL, Fichtner S, Lackermair K.

Impairment of quality of life in patients with implanted subcutaneous cardio-
verter defibrillator (S-ICD) compared to implanted transvenous cardioverter
defibrillator therapy. Patient Prefer Adherence. 2022;16:3027-3033. doi:
10.2147/PPA.S378741

. Pedersen SS, Mastenbroek MH, Carter N, Barr C, Neuzil P, Scholten M,

Lambiase PD, Boersma L, Johansen JB, Theuns DA. A comparison of the
quality of life of patients with an entirely subcutaneous implantable defi-
brillator system versus a transvenous system (from the EFFORTLESS
S-ICD quality of life substudy). Am J Cardiol. 2016;118:520-526. doi:
10.1016/j.amjcard.2016.05.047

. Hiatky MA, Boineau RE, Higginbotham MB, Lee KL, Mark DB, Califf RM,

Cobb FR, Pryor DB. A brief self-administered questionnaire to deter-
mine functional capacity (the Duke Activity Status Index). Am J Cardiol.
1989;64:651-654. doi: 10.1016/0002-9149(89)90496-7

. Ware JEJ, Snow KK Kosinski M, Gandek B. SF-36 Health Survey: Manual &

Interpretation Guide. Nimrod Press; 1993.

. MarkDB,AnstromKJ,SunJL,Clapp-ChanningNE, Tsiatis AA, Davidson-RayL,

Lee KL, Bardy GH; Sudden Cardiac Death in Heart Failure Trial Investiga-
tors. Quality of life with defibrillator therapy or amiodarone in heart failure. N
Engl J Med. 2008;359:999-1008. doi: 10.1056/NEJM0a0706719

. Sears SF, Rosman L, Sasaki S, Kondo Y, Sterns LD, Schloss EJ, Kurita T,

Meijer A, Raijmakers J, Gerritse B, et al. Defibrillator shocks and their effecton
objective and subjective patient outcomes: results of the PainFree SST clinical
trial. Heart Rhythm. 2018;15:734-740. doi: 10.1016/}.hrthm.2017.12.026

20.

21.

22.

23.

24,

Quality of Life Between S-ICD and TV-ICD

. Kébe J, Hucklenbroich K, Geisendérfer N, Bettin M, Frommeyer G,

Reinke F, Dechering D, Burgmer M, Eckardt L. Posttraumatic stress and
quality of life with the totally subcutaneous compared to conventional
cardioverter-defibrillator systems. Clin Res Cardiol. 2017;106:317-321. doi:
10.1007/s00392-016-1055-0

. Liberato ACS, Raitt MH, Zarraga IGE, MacMurdy KS, Dougherty

CM. Health-related quality of life in the spironolactone to reduce
ICD therapy (SPIRIT) trial. Clin Nurs Res. 2022;31:5688-597. doi:
10.1177/10547738211036817

Vollmann D, Luthje L, Vonhof S, Unterberg C. Inappropriate therapy and fatal
proarrhythmia by an implantable cardioverter-defibrillator. Heart Rhythm.
2005;2:307-309. doi: 10.1016/j.hrthm.2004.11.019

Daubert JP, Zareba W, Cannom DS, McNitt S, Rosero SZ, Wang P,
Schuger C, Steinberg JS, Higgins SL, Wilber DJ, et al; MADIT Il Investiga-
tors. Inappropriate implantable cardioverter-defibrillator shocks in MADIT Il:
frequency, mechanisms, predictors, and survival impact. J Am Coll Cardiol.
2008;561:1357-1365. doi: 10.1016/jjacc.2007.09.073

Gold MR, Weiss R, Theuns DA, Smith W, Leon A, Knight BP,
Carter N, Husby M, Burke MC. Use of a discrimination algorithm
to reduce inappropriate shocks with a subcutaneous implantable
cardioverter-defibrillator. Heart Rhythm. 2014;11:13562-13568. doi:
10.1016/}hrthm.2014.04.012

Theuns D, Brouwer TF, Jones PW, Allavatam V, Donnelley S, Auricchio A,
Knops RE, Burke MC. Prospective blinded evaluation of a novel sensing
methodology designed to reduce inappropriate shocks by the subcutaneous
implantable cardioverter-defibrillator. Heart Rhythm. 2018;15:1515-1522.
doi: 10.1016/}.hrthm.2018.05.011

Yatomi A, Takami M, Fukuzawa K, Kiuchi K, Sakai J, Nakamura T, Sonoda Y,
Takahara H, Nakasone K, Yamamoto K, et al. Factors related to the skin
thickness of cardiovascular implantable electronic device pockets. J Cardio-
vasc Electrophysiol. 2022;33:1847—-1856. doi: 10.1111/jce.16613

November 2024 1165



