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BACKGROUND: The PRAETORIAN trial (A Prospective, Randomized Comparison of Subcutaneous and Transvenous Implantable 
Cardioverter Defibrillator Therapy) investigated the efficacy and safety of the subcutaneous implantable cardioverter 
defibrillator (S-ICD) compared with a transvenous ICD (TV-ICD) and showed noninferiority of the S-ICD with regard to the 
composite end point of device-related complications and inappropriate shocks after 49.1 months. Complications associated 
with transvenous leads are expected to occur after longer follow-up. The PRAETORIAN-XL trial aims to investigate whether 
the S-ICD is superior to the TV-ICD with respect to device-related complications at 8-year follow-up.

METHODS: The PRAETORIAN trial randomized patients with a class I or IIa indication for ICD therapy without the need for 
pacing to either S-ICD or TV-ICD among 39 centers in the United States and Europe between March 2011 and January 
2017. The follow-up was extended after 49.1 months by an additional 4 years for the PRAETORIAN-XL trial. The primary 
end point was the composite of all device-related complications. Complications could be related or unrelated to the lead and 
minor or major, with major complications being those requiring an invasive intervention. End points were analyzed according 
to the modified intention-to-treat principle using a Fine-Gray subdistribution hazards model to account for competing risks. 
An as-treated analysis was performed using a Cox proportional hazards model with device type as time-dependent variable.

RESULTS: Patients were randomized to S-ICD (n=426) and TV-ICD (n=423). Twenty-one percent of the S-ICD group versus 18% 
of the TV-ICD group were women. The median age at implantation was 63 (interquartile range, 54–69) years for the S-ICD and 
64 (interquartile range, 56–69) years for the TV-ICD. After a median follow-up of 87.5 months, all device-related complications 
(major and minor combined) were not significantly different in the modified intention-to-treat analysis (subdistribution hazard 
ratio, 0.73 [95% CI, 0.48–1.12]); P=0.15). However, TV-ICD patients more often had a major complication or lead-related 
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complication (P=0.03 and P<0.001, respectively). Moreover, the as-treated analysis showed significantly more complications in 
patients with a TV-ICD compared with an S-ICD (hazard ratio, 0.64 [95% CI, 0.41–0.99]; P=0.047).

CONCLUSIONS: The PRAETORIAN-XL trial demonstrated that there was no significant difference between the S-ICD and TV-
ICD in all device-related complications during long-term follow-up. However, the TV-ICD carries a higher risk of major and 
lead-related complications compared with S-ICD therapy. The S-ICD should therefore be considered for all patients without 
a pacing indication who are evaluated for ICD therapy.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT01296022.

Key Words: complications ◼ defibrillators, implantable ◼ electrophysiology

Implantable cardioverter defibrillators (ICDs) are a 
safe and effective therapy for the prevention of sud-
den cardiac death.1–3 For decades, conventional trans-

venous ICDs (TV-ICDs) were the standard of care, but 
these devices are associated with a risk of complications 
related to transvenous leads, such as infection, pneu-
mothorax, and lead dysfunction.4,5 Subcutaneous ICDs 

(S-ICDs) have a totally extravascular design and were 
developed to overcome the risk of these lead-related 
complications.6

To compare the TV-ICD with the S-ICD, the multicenter 
randomized PRAETORIAN trial (A Prospective, Randomized 
Comparison of Subcutaneous and Transvenous Implantable 
Cardioverter Defibrillator Therapy) was conducted.7 In this 
trial, 849 patients with a class I or IIa indication for ICD 
therapy without the need for pacing were randomized to 
either S-ICD or TV-ICD therapy, and patients were followed 
for a median duration of 49.1 months. The trial showed that 
the S-ICD was noninferior to TV-ICDs with regard to the 
composite primary end point of device-related complica-
tions and inappropriate shocks. Subsequently, a secondary 
analysis of the PRAETORIAN trial showed that complica-
tions in the TV-ICD arm were more severe, as they required 
invasive interventions more frequently.8

Early concerns of increased numbers of inappropriate 
shocks resulting from oversensing since the introduc-
tion of the S-ICD have been mitigated by optimization 
of programming and new software algorithms.9,10 Com-
plications with transvenous leads, especially lead failure 
and lead infections, generally continue to rise during 
long-term follow-up.11,12 To compare the S-ICD with the 
TV-ICD with regard to device-related complications over 
time, the follow-up of participants in the PRAETORIAN 
trial was extended for an additional 48 months: the 
PRAETORIAN-XL trial.

METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Patient Population and Trial Overview
Between March 2011 and January 2017, 849 patients (426 
S-ICD and 423 TV-ICD) with a class I or IIa indication for ICD 
therapy were included in 39 centers across Europe and the 
United States. Complete rationale and study design were pub-
lished previously.7,13 Key exclusion criteria involved failure of 
S-ICD screening, indications for bradycardia pacing, or expected 
benefit of antitachycardia pacing (ATP). Patients were random-
ized at a 1:1 ratio to either undergo S-ICD or TV-ICD implanta-
tion. All transvenous devices were single-chamber ICDs unless 

Clinical Perspective

What Is New?
• This is the first randomized comparison of subcu-

taneous and transvenous implantable cardioverter 
defibrillator (ICD) complications during long-term 
follow-up.

• Patients who receive a transvenous ICD have 
an increased risk of lead-related and major 
complications.

• The high generator change rate in the subcutaneous 
ICD does not lead to a higher risk of device-related 
complications compared with the transvenous ICD.

What Are the Clinical Implications?
• The subcutaneous ICD should be considered for all 

ICD patients without an indication for pacing.

Nonstandard Abbreviations and Acronyms

ATP antitachycardia pacing
CRT-D  cardiac resynchronization therapy 

defibrillator
DFT defibrillation test
HR hazard ratio
IQR interquartile range
sHR subdistribution hazard ratio
S-ICD  subcutaneous implantable cardioverter 

defibrillator
TV-ICD  transvenous implantable cardioverter 

defibrillator

https://www.clinicaltrials.gov


OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

July 22, 2025 Circulation. 2025;152:172–182. DOI: 10.1161/CIRCULATIONAHA.125.074576174

Olde Nordkamp et al Results From the PRAETORIAN-XL Trial

a dual-chamber device was deemed necessary for arrhythmia 
discrimination. Programming was mandated per protocol, and 
strategies were comparable between treatment groups.13 For 
the initial trial, patients were followed for a median of 49.1 
months, with the end of follow-up on December 1, 2019. For 
the extended PRAETORIAN-XL trial, all patients active at the 
end of the trial were asked to provide consent for an additional 
48 months of follow-up until December 1, 2023. Patients 
who did not consent to the extended PRAETORIAN-XL trial 
were censored from December 1, 2019. Patients who gave 
consent were observed without any additional study-specific 
interventions. The PRAETORIAN-XL protocol amendment was 
approved by the local institutional medical ethics committees.

Primary End Point of PRAETORIAN-XL
The primary end point of the PRAETORIAN-XL trial was the 
composite of device-related complications, as defined in the ini-
tial PRAETORIAN protocol. These complications included the 
following: device infection that led to extraction of the lead or 
generator; pocket hematoma resulting in drainage, blood trans-
fusion, or prolongation of hospitalization; device-related throm-
botic events; pneumo- or hemothorax resulting in intervention 
or prolonged hospitalization; cardiac perforation or tamponade; 
lead repositioning or replacement; and other complications 
related to the ICD that led to medical or surgical intervention. 
Complications were considered major if they resulted in an 
invasive intervention and minor if they did not. Additional pro-
cedures as a result of the development of a pacing indication 
or progression of heart failure were not included as a device-
related complication, as these were deemed to be attributable 
to disease progression rather than the device itself. Additionally, 
early and expected battery depletion were not included as pri-
mary end points. All complications were adjudicated by device 
specialists familiar with both the S-ICD and TV-ICD. They were 
blinded for randomization group but, by nature of the treatment, 
not for device type. As secondary end points, mortality and the 
incidence of major adverse cardiac events were captured, the 
latter being defined as cardiac death, myocardial infarction, per-
cutaneous coronary intervention, coronary artery bypass graft-
ing, or any valve surgery. In addition, the incidence of cardiac 
decompensation was collected.

Statistical Analysis
Descriptive statistics are presented as mean with standard 
deviation (SD) or as median with interquartile range (IQR) for 
continuous variables or as numbers and proportions for cat-
egorical variables. The primary analysis for all primary and sec-
ondary end points was performed according to the modified 
intention-to-treat principle, in which patients were analyzed by 
the randomization group to which they were allocated, and all 
complications were included, also if they occurred in another 
device type than the one to which the patient was random-
ized. Patients were excluded from this analysis if they did not 
receive either device after randomization or if they underwent 
randomization in error. For this modified intention-to-treat 
analysis, a Fine-Gray subdistribution hazard model was used 
to account for the competing risks of death and loss to follow- 
up. Randomization group was used as a covariate. Effect sizes 
are expressed using subdistribution hazard ratios (sHR) with 
corresponding 95% CI. To illustrate the event rates over time, 

8-year estimated cumulative incidences derived from the 
Fine-Gray model were generated and compared using Gray’s 
test. This test evaluates the cumulative incidence function in 
the presence of competing risks. For the as-treated analysis 
for the primary end point of all device-related complications, 
a time-dependent Cox proportional hazards model was used, 
with ICD type as the time-dependent variable. In the as-treated 
analysis, patients were censored after a cardiac resynchroniza-
tion therapy defibrillator (CRT-D) upgrade, and complications 
in a CRT-D were excluded. The effect size in this analysis is 
expressed using a hazard ratio (HR) with corresponding 95% 
CI. To generate 8-year estimated cumulated incidence curves 
and a P value in this analysis, a Wald’s test was used. Additional 
information about the statistical analyses is provided in the 
Supplemental Appendix. Analyses were performed using R 
Software version 4.4.3 (RStudio PBC) and SPSS version 28.

RESULTS
Patient Characteristics
At the start of the PRAETORIAN trial, 849 patients were 
included, of whom 426 were randomized to S-ICD and 
423 to TV-ICD. Table 1 provides the patient characteris-
tics at baseline. In short, the median age at implantation 
was 63 (IQR, 54–69) years in the S-ICD group and 64 
(IQR, 56–70) in the TV-ICD group, 21% were women in 
the S-ICD group and 18% in the TV-ICD group (sex as-
signed at birth), and the most common diagnosis was an 
ischemic cardiomyopathy in both arms (68% for S-ICD 
and 70% for TV-ICD). A total of 649 patients were ap-
proached for participation in the extension of the PRAE-
TORIAN trial, the PRAETORIAN-XL trial, of whom 263 
of 319 (82%) of the S-ICD patients and 265 of 330 
(80%) of the TV-ICD patients provided written informed 
consent for this extended follow-up. A flowchart of the 
study cohort composition is shown in Figure 1. Informa-
tion about the baseline characteristics of patients who 
were approached for PRAETORIAN-XL is presented in 
Table S1. Patient loss did not lead to imbalances in clini-
cal characteristics between study arms (Table S2).

Minor and Major Complications
The median follow-up duration was 87.5 (IQR, 44.9–105.2) 
months in the S-ICD group and 87.4 (IQR, 46.1–103.8) 
months in the TV-ICD group (P=0.80). Of the 98 device-
related complications in this study, 43 occurred in 37 pa-
tients in the S-ICD group, and 55 occurred in 49 patients in 
the TV-ICD group (8-year estimated cumulative incidence 
8.0% and 11.6%, respectively; sHR, 0.73 [95% CI, 0.48–
1.12]; P=0.15; Figure 2A; Table 2 ;Figure S1). Of the 98 
complications, 23 occurred during the extended follow-up.

In total, 30 of 43 complications in the S-ICD group 
and 48 of 55 complications in the TV-ICD group were 
major (Table S3). Patients in the TV-ICD group had a 
significantly higher rate of major complications com-
pared with patients in the S-ICD group (8-year estimated  

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.125.074576
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cumulative incidence 5.7% for the S-ICD group and 
10.2% for the TV-ICD group; sHR, 0.58 [95% CI, 0.36–
0.95]; P=0.03; Figure 2B).

The most common complication, including both major 
and minor events, was bleeding (10 of 43) in the S-ICD 
group and lead replacement (14 of 55) in the TV-ICD 
group (Table 2). Among major complications, the most 
frequent was a sensing issue (7 of 30) in the S-ICD 

group and lead replacement (14 of 47) in the TV-ICD 
group. Actions as a result of major complications are 
shown in Figure S2.

Lead-Related Complications
There were significantly more patients in the TV-ICD 
group (35 of 49) with a lead-related complication com-
pared with the S-ICD group (12 of 37; 8-year estimated 
cumulative incidence 2.4% for the S-ICD group and 
8.3% for the TV-ICD group; sHR, 0.33 [95% CI, 0.17–
0.63]; P<0.001; Figure 2C).

Complications per Device Type
Multiple complications occurred in patients who, during 
the course of the study, received a device different from 
the one to which they were randomized. In the S-ICD 
group, 5 of 43 (12%) complications occurred in patients 
implanted with a TV-ICD and 5 of 43 (12%) complica-
tions occurred in patients who were upgraded to a CRT-
D, while 2 of 55 (4%) complications in the TV-ICD group 
occurred in patients who were upgraded to a CRT-D and 
none in patients who were implanted with an S-ICD. Of 
the 98 complications in this trial, 33 (34%) occurred with 
an S-ICD, 58 (59%) with a TV-ICD, and 7 (7%) with 
a CRT-D (Table S4). The number of complications per 
100 patient years in S-ICD and TV-ICD are presented 
in Figure 3. As a result, the as-treated analysis showed 
a significantly higher incidence of device-related compli-
cations in patients implanted with a TV-ICD compared 
with patients implanted with an S-ICD (8-year estimated 
cumulative incidence 9.1% for the S-ICD and 13.3% for 
the TV-ICD; HR, 0.64 [95% CI, 0.41–0.99]; P=0.047; 
Figure 2D).

Changes in Device Type
In total, 52 patients in the S-ICD arm and 43 patients 
in the TV-ICD arm were implanted with another device 
type during the course of the study (Table 3). In the S-
ICD arm, 27 patients were upgraded to a CRT-D and 25 
switched to a TV-ICD. In the TV-ICD group, 32 patients 
were upgraded to a CRT-D and 11 switched to an S-
ICD. All CRT-D upgrades in the TV-ICD group and 22 
of 27 CRT-D upgrades in the S-ICD group were attrib-
utable to progression of heart failure. The median time 
from implantation of the initial device to CRT-D resulting 
from heart failure was 45 months (IQR, 24–78). In the 
S-ICD group, 11 patients switched to a TV-ICD, and one 
converted to a CRT-D, because of an indication for bra-
dycardia pacing, after a median time of 40 months (IQR, 
22–79) months after implantation. In 3 patients in the S-
ICD group, an indication for ATP was the reason for the 
switch in device, which resulted in one CRT-D and 2 TV-
ICDs. In the TV-ICD group, apart from CRT indications, 

Table 1. Patient Characteristics in the PRAETORIAN-XL Trial

Characteristic S-ICD (n=426) TV-ICD (n=423)

Median age (IQR), y 63 (54–69) 64 (56–70)

Women, no. (%) 89 (20.9) 78 (18.4)

Diagnosis, no. (%)

  Ischemic cardiomyopathy 289 (67.8) 298 (70.4)

  Nonischemic cardiomyopathy 99 (23.2) 98 (23.2)

  Genetic arrhythmia syndrome 20 (4.7) 18 (4.3)

  Idiopathic ventricular fibrillation 11 (2.6) 5 (1.2)

  Congenital heart disease 3 (0.7) 3 (0.7)

  Other 4 (0.9) 1 (0.2)

Secondary prevention, no. (%) 80 (18.8) 84 (19.9)

Median ejection fraction, % (IQR) 30 (25–35) 30 (25–35)

Mean QRS duration, ms 105±19 105±20

NYHA class, no./total no. (%)

  I 144/423 (34.0) 134/421 (31.8)

  II 205/423 (48.5) 223/421 (53.0)

  III or IV 74/423 (17.5) 64/421 (15.2)

Median body mass index (IQR) 27.0 (24.5–30.5) 27.9 (25.2–31.7)

Hypertension or use of antihyper-
tensive drugs, no./total no. (%)

227/424 (53.5) 240/419 (57.3)

Hypercholesterolemia or use of  
lipid-lowering drugs, no./total no. (%)

161/419 (38.4) 175/418 (41.9)

Current or recent smoking, no./
total no. (%)

119/406 (29.3) 139/401 (34.7)

Diabetes, no./total no. (%) 112/426 (26.3) 126/421 (29.9)

Previous CABG, no./total no. (%) 86/425 (20.2) 85/421 (20.2)

History of atrial fibrillation, no./total 
no. (%)

115/426 (27.0) 93/420 (22.1)

History of nonsustained ventricular 
tachycardia, no./total no. (%)

46/423 (10.9) 44/417 (10.6)

History of syncope, no./total no. (%) 23/420 (5.5) 33/418 (7.9)

Use of heart failure medication, no./total no. (%)

  ACE inhibitors/ARB/ARNI 351/426 (82) 366/423 (87)

  Beta-blocker 382/426 (90) 378/423 (89)

  MRA 204/426 (48) 201/423 (48)

  Diuretics 250/426 (59) 258/423 (61)

Median time from randomization to 
device implantation (IQR), d

7.5 (1.0–29.0) 6.0 (1.0–26.5)

ACE indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; ARNI, angiotensin receptor/neprilysin inhibitor; CABG, coro-
nary artery bypass graft; IQR, interquartile range; MRA, mineralcorticoid receptor 
antagonist; NYHA, New York Heart Association; S-ICD, subcutaneous implant-
able cardioverter defibrillator; and TV-ICD, transvenous implantable cardioverter 
defibrillator.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.125.074576
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the most common reason for a device switch was prefer-
ence of the patient, resulting in S-ICD implantation.

Generator Replacements As a Result of Battery 
Depletion
In the S-ICD group, 199 generator replacements in 197 
(46%) patients occurred because of battery depletion, 
whereas this occurred 39 times in 39 (9%) patients in 
the TV-ICD group. Of these generator replacements, 48 
of 199 and 7 of 39 were for premature battery deple-
tion in the S-ICD group and TV-ICD group, respectively 
(Table S5). The median service life from implantation to 
first replacement was 72 (IQR, 66–78) months in the S-
ICD group and 99 (IQR, 74–117) months in the TV-ICD 
group. All early battery depletions were attributable to an 
advisory field safety notice. Of the device-related compli-
cations reported in this study, 4 occurred directly after a 
generator replacement in an S-ICD patient. In 3 cases, 
DFT failure occurred after the generator replacement, 
which led to subsequent intervention. The fourth patient 
had a pocket hematoma leading to prolongation of hos-
pitalization by 1 day. No complications occurred after the 
39 TV-ICD generator replacements.

Mortality, Major Adverse Cardiac Events, and 
Cardiac Decompensation
The mortality rates were similar between study arms, 
with 125 deaths in the S-ICD group and 123 deaths 

in the TV-ICD group (8-year estimated cumulative inci-
dence 26.3% and 25.9%, respectively; sHR 1.03 [95% 
CI, 0.81–1.32]; P=0.80; Figure 4). In the S-ICD group, 
the most common cause of death was noncardiovascu-
lar (54 of 125). In the TV-ICD group, the most common 
cause of death was other, nonsudden, cardiovascular 
death (49 of 123). Twenty-three patients in the S-ICD 
group died suddenly, and there were 27 sudden deaths 
in the TV-ICD group. Causes of death are presented in 
Table S6.

The number of patients with decompensated heart 
failure was similar between groups, with 105 patients in 
the S-ICD group and 99 in the TV-ICD group (8-year 
estimated cumulative incidence 24.5% and 21.7%, 
respectively; sHR, 1.06 [95% CI, 0.81–1.40]; P=0.67). 
Additionally, 103 patients in the S-ICD group and 114 
patients in the TV-ICD group had a major adverse car-
diac event (8-year estimated cumulative incidence 
22.3% and 25.4%, respectively; sHR, 0.89 [95% CI, 
0.68–1.15]; P=0.37).

DISCUSSION
This primary analysis of the PRAETORIAN-XL trial 
demonstrated that, after a median follow-up of 87.5 
months, there was no significant difference between 
the S-ICD and TV-ICD for all device-related complica-
tions. However, complications in the TV-ICD group were 
more often severe, with significantly more major com-
plications leading to an invasive intervention. Besides, 

Figure 1. Flowchart for composition of the study cohort.
S-ICD indicates subcutaneous implantable cardioverter defibrillator; and TV-ICD, transvenous implantable cardioverter defibrillator.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.125.074576
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.125.074576
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TV-ICD patients more often had a lead-related com-
plication. Finally, mortality rates were similar between 
groups.

The modified intention-to-treat analysis did not show 
a significant difference in all complications (major and 
minor) between the S-ICD and TV-ICD. An earlier analy-
sis of all complications in the PRAETORIAN trial showed 
that acute and late complications were equal after 48 
months of follow-up.8 However, very late complications 
associated with transvenous leads, such as infection and 

lead failure, are expected to arise later on, as reported 
in earlier research, showing a 15% to 25% complica-
tion rate at 6 to 10 years.11,12 The PRAETORIAN-XL trial 
was conducted to analyze whether this rise in very late 
complications would lead to a difference between the 
S-ICD and TV-ICD. However, in PRAETORIAN-XL, the 
incidence of 11.6% at 8 years in the TV-ICD group was 
lower than expected. Besides this, only 25% of compli-
cations occurred during the extended follow-up, whereas 
previous research shows that chronic complications  

Figure 2. Eight-year estimated cumulative incidences of device-related complications
Shown are the results of the following analyses. A, Modified intention-to-treat of all complications. In the subcutaneous implantable cardioverter 
defibrillator group, an increase in cumulative incidence was reported after 5 years of follow-up. In this group, 16 of 37 patients with a complication 
experienced their first complication after 5 years. In these patients, 10 of 16 (63%) complications emerged as a result of: (1) complication of 
generator replacement, (2) defibrillation test failure during generator replacement, (3) re-evaluation and subsequent repositioning of device 
position during generator replacement, and (4) re-evaluation of the device type at the time of generator replacement, followed by a subsequent 
complication. B, modified intention-to-treat of major complications. C, Modified intention-to-treat of lead-related complications. D, As-treated of all 
complications. HR indicates hazard ratio; sHR, subdistribution hazard ratio; S-ICD, subcutaneous implantable cardioverter defibrillator; and TV-ICD, 
transvenous implantable cardioverter defibrillator.
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increase between 6 and 10 years.12 There are 2 reasons 
that could explain the discrepancy between our data and 
previous studies. The first explanation for a low event 
rate is the relatively low number of lead failures in our 
study. In previous studies, the Sprint Fidelis and Riata 

leads were still on the market, whereas in PRAETORIAN, 
these leads were not used anymore. The second expla-
nation for the low event rate in the TV-ICD group is that 
the majority of patients in this group did not undergo a 
generator replacement during the study. Replacements 
expose patients to a new risk of procedure-related com-
plications, and additional procedures almost double the 
risk of a device infection.12 Also, replacing the genera-
tor allows for re-evaluation of the initially implanted ICD, 
which can result in interventions to optimize device func-
tionality. Last, in the S-ICD, a defibrillation test (DFT) is 
performed during most generator replacements. Failure 
of the DFT can lead to subsequent intervention, such as 
device or lead repositioning or change of device type. 
The generator replacement rate in the S-ICD arm of 
the trial was 5 times higher compared with the TV-ICD, 
partly because of the battery advisory field safety notice 
in S-ICDs. This contributes to the sudden rise in cumula-
tive incidence of complications in the S-ICD at 5 years, 
which was not seen in the TV-ICD. Currently, the median 
service life of the S-ICD is 8.7 years, which might lead to 
fewer complications in the S-ICD with current and new 
devices because of less frequent generator replace-
ments.14 On the other hand, the battery life of TV-ICDs is 
still longer, with a median of 10.8 years.15 Replacement 
procedures require a short hospitalization, which can 
be a burden to patients. The shorter battery life of the 
S-ICD, even though it does not lead to more complica-
tions, should therefore be discussed with every patient 
who receives this device.

Major and Lead-Related Complications
Major complications occurred more frequently in the 
TV-ICD arm compared with the S-ICD arm. Addition-
ally, lead-related complications were markedly more 
prevalent among patients in the TV-ICD arm, which is in 
line with findings from the ATLAS trial, which reported 
a >90% reduction in lead-related complications in the 

Table 2. Number of Device-Related Complications

Device type (No. of patients) S-ICD (37) TV-ICD (49)

Total number of device-related complications 43 55

Infection, % 5 (12) 9 (17)

Bleeding, % 10 (23) 2 (4)

Thrombotic event, % 1 (2) 2 (4)

Pneumothorax, % 0 (0) 4 (7)

Lead perforation, % 0 (0) 2 (4)

Tamponade, % 0 (0) 2 (4)

  Lead repositioning, % 3 (7) 7 (13)

   Lead dislocation, % 2 (5) 5 (9)

   Lead dysfunction, % 0 (0) 2 (4)

   DFT failure, % 1 (2) 0 (0)

Other lead or device complications, % 24 (56) 27 (49)

  Lead replacement, % 6 (14) 14 (25)

   Lead dysfunction, % 2 (5) 8 (15)

   Lead dislocation, % 2 (5) 3 (6)

   Lead fracture, % 1 (2) 3 (6)

   Inappropriate therapy, % 1 (2) 0 (0)

  Sensing issues, % 9 (21) 1 (5)

  Device malfunction, % 1 (2) 4 (7)

  DFT failure, % 4 (9) 0 (0)

  Implantation failure, % 0 (0) 3 (6)

  Pain or discomfort, % 3 (7) 5 (9)

  Other,* % 1 (2) 0 (0)

DFT indicates defibrillation test; S-ICD, subcutaneous implantable cardioverter 
defibrillator; and TV-ICD, transvenous implantable cardioverter defibrillator.

*This was an hemothorax after cardiac resynchronization therapy defibrillator 
implantation and subcutaneous implantable cardioverter defibrillator extraction.

Figure 3. Complications stratified by 
device in which it occurred.
The number of complications in the 
transvenous implantable cardioverter 
defibrillator was nearly twice as high 
compared with the S-ICD. This was mainly 
because of major complications, leading to 
an invasive intervention. S-ICD indicates 
subcutaneous implantable cardioverter 
defibrillator; and TV-ICD, transvenous 
implantable cardioverter defibrillator
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S-ICD compared with the TV-ICD.16 It underscores the 
severity of complications associated with transvenous 
devices, as most major complications in the TV-ICD 
arm were related to the lead. However, a transvenous 
lead gives the TV-ICD the ability to deliver brady- and 
tachycardia pacing, therapies the S-ICD cannot pro-
vide. This shortcoming could potentially be managed by 
the implantation of the recently introduced EMPOWER 
leadless pacemaker that communicates with the S-ICD 
and adds the option of ATP and bradycardia pacing to 
S-ICD therapy without the risk associated with trans-

venous leads.17,18 Although the benefit of ATP could 
be debated, as this does not lower the total amount 
of ICD shocks,19,20 and even though the EMPOWER 
pacemaker is not yet commercially available and long-
term data on performance of this system are pending, 
this therapy might become a feasible alternative for 
patients who develop an indication for brady- or tachy-
cardia pacing over time. In this way, patients who de-
velop a pacing indication are not exposed to the risk of 
lead- and vein-related complications during the years 
of S-ICD therapy.

Table 3. Reasons for Changes in Device Type

S-ICD (n=52) TV-ICD (n=43) Median time to change (IQR [months])

Progression of heart failure, cardiac decompensation, or QRS broadening 22* 32* 45 (24–78)

Infection 3 3 13 (5–15)

Sensing issues or inappropriate therapy 6 0 47 (41–58)

Bradycardia pacing indication 11† 0 40 (22–79)

Implantation failure 0 2 37 (18–55)

DFT failure or no DFT possible 5‡ 0 0 (0–2)

Sedation difficulties 1 0 0 (0–0)

Patient preference 1 6 0 (0–0)

Indication for ATP 3‡ 0 63 (55–84)

ATP indicates antitachycardia pacing; DFT, defibrillation test; S-ICD, subcutaneous implantable cardioverter defibrillator; and TV-ICD, transvenous implantable cardio-
verter defibrillator.

*All patients in both arms converted to a cardiac resynchronization therapy defibrillator.
†Three patients converted to a cardiac resynchronization therapy defibrillator. All other patients converted to the other device arm.
‡One patient converted to a cardiac resynchronization therapy defibrillator. All other patients converted to the other device arm.

Figure 4. Eight-year estimated 
cumulative incidence of all-cause 
mortality.
sHR indicates subdistribution hazard 
ratio; S-ICD, subcutaneous implantable 
cardioverter defibrillator; and TV-ICD, 
transvenous implantable cardioverter 
defibrillator.
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Complications per Device Type
Many crossovers and upgrades to CRT-D occurred dur-
ing the course of the study. These changes in device type 
were attributable to complications, progression of heart 
disease, sedation difficulties, or patient preference. As a 
result, 10 of 43 complications in the S-ICD arm actually 
occurred with a TV-ICD or CRT-D, and 2 of 55 compli-
cations in the TV-ICD arm occurred with a CRT-D. Of 
all device-related complications in this study, 58 of 98 
(59%) were with a TV-ICD, whereas 33 of 98 (34%) 
were with an S-ICD. The as-treated analysis, which takes 
into account what type of device is actually implanted 
when a complication occurs, showed a significant benefit 
of the S-ICD compared with the TV-ICD with respect to 
all complications. These results should be considered in 
the evaluation of ICD therapy.

The number of patients who switched from an S-ICD 
to a TV-ICD during the study was more than twice as 
high as the number of patients who did the reverse, 
which might have been partly because of the emerging 
need for bradycardia pacing or the novelty of the S-ICD 
in the beginning of the PRAETORIAN trial. A proportion 
of the crossovers from the S-ICD to the TV-ICD may 
likely not occur in current clinical practice, such as cross-
over resulting from DFT failure or inappropriate sensing, 
which can be prevented or solved with correct device 
positioning.21 Nevertheless, as long as there is no com-
mercially available leadless alternative for bradycardia 
pacing or CRT in S-ICD patients, a proportion of these 
patients will always require conversion to a transvenous 
device because of disease progression. Extracting an 
S-ICD and implanting a TV-ICD or CRT-D results in addi-
tional scarring and nonetheless exposes the patient to 
potential transvenous lead–related complications. How-
ever, venous access is preserved during the years with an 
S-ICD, and extraction of an S-ICD is associated with less 
risk than extraction of a transvenous device.22,23 As ICD 
therapy is often life long and might cover decades, these 
advantages and disadvantages should be considered for 
each individual patient.

Future Perspectives
There are 2 considerations that remain important in the 
decision to implant an S-ICD or TV-ICD. The first con-
sideration is the associated higher costs of the S-ICD 
compared with the TV-ICD. In the upcoming years, these 
costs might decline with arising competition from the 
extravascular ICD, which was introduced in 2023.24 The 
extravascular ICD consists of an extrathoracic genera-
tor on the left side of the thoracic wall and a lead in the 
substernal area, enabling pause prevention pacing and 
ATP, serving as an advantage over the S-ICD. Still, long-
term clinical data on this device are limited. The second 
aspect is the need for sedation during the DFT at the 
S-ICD implantation procedure. The primary results of 

the PRAETORIAN-DFT trial, which randomized S-ICD 
patients to implantation with or without a DFT, will show 
whether the DFT can be omitted during future implanta-
tions.25

Limitations
This trial has several limitations. First, the physicians 
who adjudicated the adverse events were not blinded 
for device type, but the randomization group was con-
cealed. Second, a substantial number of patients did 
not consent to PRAETORIAN-XL and were therefore 
censored for further evaluation. However, patient loss 
was well balanced between study arms, and all modi-
fied intention-to-treat statistical models were corrected 
for loss to follow-up and death. Third, the power and 
sample size calculation of the initial PRAETORIAN 
trial was based on the composite end point of device- 
related complications and inappropriate shocks. The 
results of this extended PRAETORIAN-XL trial, which 
focused on complications alone, should therefore be 
interpreted with consideration of the original study de-
sign, which was not specifically powered for this isolated 
outcome. Fourth, as the risk of complications increases 
after a device intervention, this risk is not constant in 
time. The effect sizes reported in this article should 
therefore be interpreted as overall risk after 8 years 
and not as a constant hazard. Finally, the PRAETORIAN 
trial started in 2011, when overall experience with the 
S-ICD was limited compared with the TV-ICD. There 
is a significant learning curve associated with S-ICD 
implantation, and limited experience with implantation 
technique and follow-up with the S-ICD could have af-
fected the complication rate in the S-ICD arm.26 In cur-
rent clinical practice, the complication rate short after 
S-ICD implantation might be lower than shown in this 
trial because of increased experience with the device, 
limiting the number of complications as well as requir-
ing less invasive interventions to solve complications. 
The 6-month complication rate of 2.4% in the ATLAS 
trial confirms this improvement.16

Conclusions
The PRAETORIAN-XL trial demonstrated that, during 
long term follow-up, there was no significant difference 
between the S-ICD and TV-ICD in all device-related 
complications. However, the TV-ICD carries a signifi-
cantly higher risk of major and lead-related complica-
tions compared with S-ICD therapy. The S-ICD should 
therefore be considered in all patients without a pacing 
indication who are evaluated for ICD therapy.
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