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Background: Patients with progressive chronic kidney disease (CKD) are at higher
risk of infections and complications from cardiac implantable electronic devices
(CIED). In patients with a primary or secondary prophylactic indication,
implantable cardiac defibrillators (ICD) can prevent sudden cardiac deaths (SCD).
We retrospectively compared transvenous-ICD (TV-ICD) and intermuscularly
implanted subcutaneous-ICD (S-ICD) associated infections and complication
rates together with hospitalizations in recipients with stage 4 kidney disease.
Methods: We retrospectively analyzed 70 patients from six German centers with
stage 4 CKD who received either a prophylactic TV-ICD with a single right
ventricular lead, 49 patients, or a S-ICD, 21 patients. Follow-Ups (FU) were
performed bi-annually.

Abbreviations

BMI, body mass index; CIED, cardiac implantable electronic device; CKD, chronic kidney disease; CRP,
C-reactive proteins; CRT, cardiac resynchronization therapy; GFR, glomerular filtration rate; HD,
hemodialysis; HF, heart failure; ICD, implantable cardioverter defibrillator; LV-EF, left ventricular
ejection fraction; NYHA, New York Heart Association; SCD, sudden cardiac death; S-ICD, subcutaneous
implantable cardioverter defibrillator; TLE, transvenous lead extraction; TV-ICD, transvenous implantable
cardioverter defibrillator.
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Results: The TV-ICD patients were significantly older. This group had more
patients with a history of atrial arrhythmias and more were prescribed anti-
arrhythmic medication compared with the S-ICD group. There were no
significant differences for other baseline characteristics. The median and
interquartile range of FU durations were 55.2 (57.6-69.3) months. During FU,
patients with a TV-ICD system experienced significantly more device associated
infections (n=8, 16.3% vs. n=0; p<0.05), device-associated complications
(n=13, 26.5% vs. n=1, 4.8%; p<0.05) and device associated hospitalizations
(n=10, 20.4% vs. n=1, 4.8%; p<0.05).

Conclusion: In this long-term FU of patients with stage 4 CKD and an indication
for a prophylactic ICD, the S-ICD was associated with significantly fewer device
associated infections, complications and hospitalizations compared with TV-ICDs.

KEYWORDS

sudden cardiac death (SCD), implantable cardiac defibrillator (ICD), S-ICD, device infection,
device complication, chronic kidney disease

Introduction

Implantable cardioverter defibrillators (ICD) are indicated for
heart failure (NYHA II or III) with a reduced left-ventricular
gjection fraction (LV-EF)<35% despite optimal medical
treatment for more than 3 months, as well as patients who have
recovered from a hemodynamic unstable ventricular arrhythmias
without a reversible cause (1, 2). Patients are also required to
have a life expectancy of more than one year with a good quality
survival. Patients without the need for bradycardia pacing, anti-
tachycardia pacing or cardiac resynchronization therapy (CRT)
may receive either a subcutaneous implantable cardioverter
defibrillator (S-ICD) or a transvenous implantable cardioverter
defibrillator (TV-ICD) (1).

With progressive chronic kidney disease (CKD), patients are at
an increased risk of cardiovascular mortality and morbidity, which
still exists after correction for typical concomitant risk factors (3).
A main trigger is believed to be an inflammatory reaction in CKD
(4) which has been identified as an independent risk factor for
cardiac implantable electronic device (CIED) infections and
complications (5). Patients with a glomerular filtration rate
(GFR) < 30 ml/min/1.73 m*> are a CKD subgroup exposed to a
risk for infections and lead complications (6) whilst those with a
GFR 15-29 ml/min/1.73 m* for at least three months are defined
as stage 4 CKD and at even higher risk (7).

The S-ICD has been associated with lower rates for lead related
complications  during long-term  follow-up (FU) while
demonstrating comparable safety and efficacy compared to
TV-ICDs (8). S-ICD device-related infections are less frequent as
there are no leads on or in the heart. If they do occur, S-ICD
infections can be handled conservatively without the need for
urgent removal as is the case with TV-ICDs, where transvenous
lead extraction (TLE) is associated with high mortality and
morbidity (9, 10). Very limited long-term data on infection and
complication rates in patients with progressive CKD receiving an
ICD have been published. There is however no comparative data
in this compromised cohort of CKD patients between TV-ICD
and S-ICD recipients. The aim of the present study was to
compare long-term device associated safety and outcomes in
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patients with stage 4 CKD who received either an TV-ICD or
S-ICD with a single right ventricular lead.

Methods

Out of the population of patients undergoing TV-ICD or S-ICD
implantation, those with stage 4 CKD, GFR 15-29 ml/min/1.73 m?
for at least 3 months, were included in this retrospective analysis
from six experienced centers in Germany (University Hospital
Bergmannsheil Bochum, University Hospital Katholische Kliniken
St. Josef Bochum, Marienhospital Gelsenkirchen, Augusta Hospital
Bochum, Marien-Hospital Luenen and Elisabeth Hospital
Recklinghausen). Patients on hemodialysis were excluded from this
study as hemodialysis is an independent risk factor for device
infection and complication (11). Patients with stage 5 CKD without
dialysis were excluded as well, as there is a very high likelihood for
hemodialysis during FU compared to stage 4 CKD (12).

The devices were implanted between 2012 and 2020. We
obtained informed consent from all patients. The study protocol
conforms to the ethical guidelines of the 1964 Declaration of
Helsinki and its later amendments. It was approved by the local
ethics committees of the Ruhr-University, Bochum as the leading
ethics committee (Register 22-7593-BR). All patients had
indications for a cardiac defibrillator implantation following the
guidelines and a life-expectancy >1 year (1, 2).

Implantation procedure

Implantation was performed under local anesthesia combined
with deep sedation. Intravenous antibiotic prophylaxis as a single
dose was given prior to the procedure with 2 grams of cefazolin or
alternatively 1 gram of vancomycin. The decision to implant either
an TV-ICD or S-ICD was done according to operators’ discretion.

For TV-ICD implantation, the pulse generator was placed in a
left-sided, pre-pectoral, sub-fascial position. The lead was placed
via the cephalic, axillary or subclavian vein, in a mid-septal right
ventricular position and sutures were applied twice at the sleeve
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and once at the generator. An inter-muscular approach was used
for the S-ICD implantation (13). The device (Emblem S-ICD,
Model 209, Boston Scientific, Marlborough, MA, USA or SQ-RX
1010, Cameron Health, San Clemente, CA, USA) was placed in a
left postero-lateral position between the anterior surface of
serratus anterior and the posterior surface of the latissimus dorsi
over the left fifth or sixth rib in an intermuscular space between
the mid and posterior axillary lines. The S-ICD electrode was
implanted left parasternally via a two- incision technique and
sutures were applied at all incision sites. The device was placed
in the pocket and sutures were applied at both sides of the
generator. Induced arrhythmia conversion testing was performed
once the electrode and pulse generator were in their respective
positions prior to closure. Induction of ventricular fibrillation
was facilitated by 50 Hz stimulation burst between the shock coil
and pulse generator and terminated by a 65-Joule shock thereby
giving a 15-Joule safety margin. In case of non-conversion of the
first induction, the position of the electrode and pulse generator
were checked with fluoroscopy and repositioned, if necessary.
Testing was then repeated with the option for reversing shock
that with
permanent adverse sequelae or resulted in death were defined as

polarity. Complications were life-threatening,
major complication. All other procedure related complications

were defined as minor complications.

Patient follow-up

All patients were seen prior to discharge for wound control as
well as device interrogation and programming. All three S-ICD
sensing vectors were tested in a supine and standing positions.
Patients were followed up bi-annually in the outpatient
department. Device interrogation, signs of device associated
complications and infection, as well as hospitalizations, were
documented. Where a patient failed to attend their FU, they and/
or their family physician were contacted to confirm whether they
were alive. Complications, hospitalizations and other events were
thereby ascertained and documented. If hemodialysis was
required during FU, the FU period for these patients ended with

the day of the first hemodialysis treatment.

Data collection

Data has been collected continuously but analyzed retrospectively
and audited with hospitals’ clinical information system.

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics
Version 28.0.0 on Mac. Categorial variables were expressed as
frequencies and percentages (normal distribution) or median and
interquartile range (non-normal distribution). Continuous
variables were stated as mean + standard deviation. Assessment of

descriptive statistics and baseline characteristics was done using
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linear regression. If necessary, Chi-quadrat test was used for
normally distributed, non-normally distributed and binary data
with linear trends. Time to primary endpoints were performed
using Kaplan-Meier analyses and compared with the log-rank test.

Results
Patient population and implant procedure

A total of 70 patients from six German centers with stage 4 CKD
and indication for ICD implantation were included in this study. All
procedures were performed by six experienced operators, one at each
center. During the same period of time, a total of 2,757 prophylactic
TV-ICDs with single right ventricular lead and S-ICD implantations
were performed at the six participating centers. Of the 70 patients
with stage 4 CKD in this study, 49 patients received a TV-ICD
with a single right ventricular, single-coil lead, and 21 patients
received a S-ICD. The indication was primary prophylactic in
73.5% of the TV-ICD and 85.7% of the S-ICD population
(p=0.267). The TV-ICD population was significantly older (73.0
(68.5-78.0) years vs. 59.0 (50.0-67.5) years; p<0.01) than the
S-ICD population. In addition, the TV-ICD cohort had a
significantly higher burden of atrial fibrillation and received more
anti-arrhythmic medication and cardiac glycosides. There were no
significant differences in other baseline characteristics. All baseline
characteristics are shown in Table 1. All S-ICD implantation
procedures were successful with a 15-Joule safety margin being
established from induced arrhythmia conversion testing, with no
patients requiring an electrode position change or retest. Implant
duration was not significantly different between defibrillator types.

There were no major complications during the intra-operative or
the hospitalization period for implantation in either group. Minor
perioperative complications occurred in 6 (12.2%) and 1 (4.7%)
patients (p<0.01) in the respective TV-ICD and S-ICD groups.
There was no significant difference between groups for patients
requiring an intervention for these complications (TV-ICD: n=1,
2.0% vs. S-ICD: n=0, p=0.689). In the TV-ICD group, 1 (2.0%)
patient experienced a minor vascular complications, 2 (4.1%)
patients a pocket hematoma, 2 (4.1%) patients a pneumothorax and
1 (2.0%) patient a lead related complication due to undersensing
within 2 weeks of implantation. Only the latter patient required an
intervention, an RV lead revision. All other patients were managed
conservatively without sequelae. In the S-ICD group, 1 (4.8%)
patient had a pocket hematoma before discharge. This was handled
conservatively without the need for a pocket revision.

All implant procedure characteristics and complications are
shown in Table 1.

Follow-up

Duration of FU was 55.1 (48.2-64.4) months in the TV-ICD
group and 554 (46.8-75.0) months in the S-ICD group (p=
0.790). During FU, CIED
significantly more often in patients in the TV-ICD group

associated infections occurred
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TABLE 1 Baseline and procedure characteristics.

 —— oSO

73.0 (68.5-78.0) | 59.0 (50.0-67.5) = <0.01

BMI (kg/mz) 27.1 (24.2-30.4) | 27.6 (24.6-33.9) | 0.166

Female gender, n (%) 10 (20.4) 5 (23.8) 0.755
Primary prophylactic indication, # (%) 36 (73.5) 18 (85.7) 0.267
Anemia, n (%) 24 (49.0) 7 (33.3) 0.189
Hyperparathyroidism, n (%) 1(2.0) 0 0.517
History of renal transplant, n (%) 0 0 -
Ischemic cardiomyopathy, n (%) 30 (61.2) 13 (61.9) 0.258
NYHA class 2.1+£09 14+0.5 0.102
Coronary artery disease, n (%) 40 (81.6) 16 (76.2) 0.608
Myocardial infarction, n (%) 28 (57.1) 7 (33.3) 0.103
History of heart surgery, n (%) 13 (26.5) 5(23.9) 0.815
Atrial arrhythmia, n (%) 25 (51.0) 2 (9.5) <0.05
Arterial hypertension, n (%) 44 (89.8) 17 (81.0) 0.318
Diabetes, n (%) 28 (57.1) 10 (47.6) 0.235
Hyperlipoproteinemia, n (%) 30 (61.2) 13 (61.9) 0.958
Chronic obstructive lung disease, n (%) 14 (28.6) 2 (9.5) 0.084
Stroke of ischemic and non-ischemic 2 (4.1) 1(4.8) 0.899
etiology, n (%)

Liver disease, n (%) 0 1 (4.8) 0.128
Peripheral artery disease, n (%) 9 (18.4) 5 (23.8) 0.608
History of vascular surgery, n (%) 4 (8.2) 3 (14.3) 0.441
Potassium (mmol/L) 44+07 46+0.7 0.215
GFR (ml/min/1.73 mz) 241+84 23.7+7.0 0.862
Creatinine (mg/dl) 28105 29104 0.352
Urea (mg/dl) 62.1+£40.2 61.0+35.3 0.991
Hemoglobin (g/dl) 125+1.7 133124 0.132
CRP (mg/dl) 20+£24 14+13 0.243
Betablocker, n (%) 43 (87.8) 19 (90.5) 0.747
ACE inhibitor/ARB, n (%) 40 (81.6) 16 (76.2) 0.608
MRA, 7 (%) 24 (49.0) 11 (52.4) 0.798
Diuretics, n (%) 47 (95.9) 18 (85.7) 0.133
Anti-arrhythmic medication, n (%) 25 (51.0) 2 (9.5) <0.05
Cardiac glycosides, n (%) 13 (26.5) 0 <0.05
ASS, n (%) 32 (65.3) 14 (66.7) 0.914
DAPT, n (%) 18 (36.7) 5(23.8) 0.298
OAK, n (%) 23 (47.0) 5(23.8) 0.137
Corticosteroid, n (%) 4 (8.2) 1 (4.8) 0.619
Immunosuppression medication, 7 (%) 0 0

Insulin, n (%) 17 (34.7) 5(23.8) 0.378
LV-EF (%) 29.0 (24.5-33.5) 287+64 0.480
Implant duration (min) 55.0 (44.0-71.0) 77.3+19.6 0.136
Minor perioperative complications, 1 (%) 6 (12.2) 1 (4.8) <0.05
Minor perioperative complications 1(2.0) 0 0.689

requiring intervention, n (%)

TV-ICD, transvenous ICD; S-ICD, subcutaneous ICD; BMI, Body Mass Index; NYHA,
New York Heart Association; GFR, glomerular filtration rate; CRP, C-reactive
protein; ACE, angiotensin converter enzyme; ARB, angiotensin Il receptor
antagonists; MRA, mineralocorticoid receptor antagonist; ASS, acetylsalicylic
acid; DAPT, dual anti-platelet therapy; OAK, oral anti-coagulant therapy; LV-EF,
left ventricular ejection fraction.

(TV-ICD: n =8, 16.3% vs. S-ICD: n=0; p <0.05). This is illustrated
in Figure 1. Time to device infection in the TV-ICD group
was 29.2+10.6 months with all cases requiring TLE and
generator removal.
CIED-associated
occurred significantly more frequently in the TV-ICD group

(TV-ICD: n=13, 26.5% vs. S-ICD: n=1, 4.8%, p<0.05) as

complications without infection again
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illustrated in Figure 2. The complications in the TV-ICD group
were lead fracture with inadequate therapy delivery due to
oversensing (n=3),
(n=2),
250 Ohm (n =1), increase in impedance above 1,500 Ohm (1 = 2)

loss of right ventricular sensing <3 mV
loss of capture (n=2), drop in impedance below

and other non-infectious pocket or generator related
complications (n =3). Lead related complications in the TV-ICD
group therefore occurred in 10 (20.4%) patients compared
with 1 (4.8%) patient in the S-ICD group due to generator
dislodgement during FU which required repositioning. The
difference in lead related complications was significant (p < 0.05).

Opverall device associated hospitalizations occurred significantly
more often in the TV-ICD group (TV-ICD: n=18, 36.7% vs.
S-ICD: n=1, 4.8%; p<0.001). There was no difference between
groups for documented ventricular arrhythmias, ventricular
arrhythmia
inappropriate shocks during FU. Anti-tachycardia pacing (ATP)
was delivered to 9 (18.3%) of patients in the TV-ICD group but

is not available from the S-ICD. During FU, no patient required

episodes per patient or for appropriate or

a change of system for a bradycardia pacing in the S-ICD group
or for cardiac resynchronization in either group. Outcome results
did not differ between primary and secondary prophylactic
indications for both cohorts. Hemodialysis was required in
3 (6.1%) and 2 (9.5%) patients in the respective TV-ICD and
S-ICD groups without a significant difference (p=0.318). All
variables monitored during FU are shown in Table 2.

Discussion

The aim of the present study was to investigate whether there
was a difference in TV-ICD and S-ICD associated infections,
complications and hospitalizations in patients with stage 4 CKD
who received a prophylactic ICD.

Patients with progressive CKD exhibit an increased risk for
heart failure, ventricular arrhythmias and sudden cardiac death
(SCD) (3). This group of patients has been excluded from most
studies demonstrating a reduced mortality for ICD compared
with drug therapy (1, 14). Patients with progressive CKD
(GFR <30 ml/min/1.73 m?) were excluded from the S-ICD
Investigational Device Exemption Trial (15). Unsurprisingly,
there are no specific recommendations in the ICD therapy
guidelines for patients with progressive CKD.

The role of ICDs in this seriously compromised group of
patients remains unclear as large studies failed to show a survival
benefit from implanting ICDs in patients with CKD (16). Higher
CIED infection rates are assumed to be a trigger for higher
hospitalization rates in patients with CKD who received an ICD
compared with control groups with CKD who did not receive an
ICD (17). We therefore postulated that in a similar group of
compromised patients, there would be a lower CIED infection
and device related hospitalization rate in S-ICD recipients as
there are no lead on or in the heart.

Baseline demographics are comparable to a cohort study of
5,877 patients with CKD and heart failure reported by Bansal

et al. (16). However, the number of patients with coronary artery
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FIGURE 1
Kaplan—Meier graph illustrating the freedom from device associated infections during follow-up. TV-ICD, transvenous ICD; S-ICD, subcutaneous ICD

disease, history of myocardial infarction and ischemic
cardiomyopathy is higher in our cohort whilst the age in our
S-ICD group was significantly younger. Implanting physicians
are more likely to choose an S-ICD in younger patients, as they
expect fewer complications in patients with CKD due to
preservation of the vasculature. In addition, there was a higher
likelihood in younger patients for a further progression of the
CKD with the need for hemodialysis (HD). The feasibility of
creating an arteriovenous fistula in patients requiring HD can be
complicated by the presence of a CIED in the vasculature.
Venous occlusion or central venous stenosis has been reported in
11%-36% patients with transvenous CIED (18).

The age difference between our TV-ICD and S-ICD groups could
be an explanation for a higher rate of atrial arrhythmia in the TV-
ICD group and hence a higher proportion of patients receiving
anti-arrhythmic medication and cardiac glycosides. With a higher
incidence of atrial arrhythmias and anti-arthythmic medication
there can be concerns regarding a higher drug accumulation due to
lower renal clearance (19-21). This could be an important issue
regarding morbidity and mortality data in future investigations.
The significant age difference in our study between both groups
could favor the beneficial results for the S-ICD, however data from
a TV-ICD meta-analysis and a S-ICD study suggest that device
associated complications are not associated with higher age (22, 23).

Implantation duration of our groups was comparable with
other large studies comparing TV-ICD and S-ICD therapies (24).
Patients with progressive CKD experience a significantly higher

proportion of intraoperative complications, especially bleeding,

Frontiers in Cardiovascular Medicine

vascular injury and in-hospital mortality according to an analysis
of a nationwide database from the United States of 40,075 cases
with ICD implantation (25). Minor procedural complications
occurred significantly more often in our TV-ICD cohort. The
procedural complication rate of 4.8% in our S-ICD cohort was
comparable to a 3.8% procedural complication rate of 429 S-ICD
procedures reported by Knops et al. (24). The rate of procedural
complications associated with TV-ICD implantation was higher
in our study (12.2%) compared with a rate of 4.7% in 423
procedures reported by Knops et al. (24). A high rate of oral
anti-coagulation in our TV-ICD cohort and a high rate of
complications in patients with CKD receiving a TV-ICD are
explanations (16). However, no difference between our groups
for procedural complications requiring surgical or other
interventions has been reported.

Patients with progressive CKD are at an exponentially increased
risk for death with decreasing kidney function and increasing
cardiovascular mortality being the leading cause of death, rather
than renal failure (3, 26). Progressive CKD is associated with a
wide range of cardiac and non-cardiac features providing a
substrate for vulnerable myocardium and increased risk of
arrhythmias and consequently SCD (27, 28). The incidence of
ventricular arrhythmias together with adequate and inadequate
therapy in both ICD groups, and their lack of significance, is
comparable with a large cohort reported by Russo et al. (29).
Device lifetime infection rate is 2%-3% for TV-ICD systems in a
general population according to the Danish ICD registry (30).

CKD is an independent risk factor for device infections (31). In a
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TABLE 2 Results from the follow-up.

Duration follow-up, months
Patients experiencing device-
(%)

Time to first device infection,

associated infection, n

months

Patients experiencing a CIED-
associated complication, n (%)
Lead related complications
Patients with device associated
hospitalization, n (%)

Device associated hospitalizations
per patient

Patients with documented

(%)
Number of ventricular arrhythmia
episodes per patient

ventricular arrhythmia, n

Patients receiving ATP, n (%)
ATP per patient

Patients receiving a shock, n (%)
Patients receiving adequate shocks,
n (%)

Patients receiving inadequate
shocks, n (%)

Patients receiving more than one
shock, n (%)

Patients requiring hemodialysis
during FU, n (%)

TV-ICD, transvenous ICD; S-ICD, subcutaneous ICD; ATP, anti-tachycardia pacing.

TV-ICD (49)
55.1 (48.2-64.4)

8 (16.3)

29.2+10.6

13 (26.5)

10 (20.4)
18 (36.7)

0.44+0.7
10 (20.4)
22+£29
9 (18.3)
02+0.6

8 (16.3)
6 (12.2)

3 (6.0)

Amount: 1, 3,

5

2 (4.0) 3 and

5 shocks
3 (6.1)
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SICD (1) p
55.4 (46.8-75.0) | 0.790
0 <0.05

1 (4.8) <0.05

0 <0.05

1 (4.8) <0.001
0.05+0.2 <0.05

2 (9.5) 0.275
04+£05 0.462

0 <0.05

0 0.065

1 (4.8) 0.191

1 (4.8) 0.157

0 0.318

1 (4.8) 2 shocks | 0.458
2 (9.5) 0.318

general population, CIED infections occur significantly more often
in TV-ICD patients compared with S-ICD patients (29). If
infections with S-ICD systems occur, these can frequently be
handled conservatively with antibiotics without the need for
removal, whereas TV-ICD systems need to be explanted as soon
as possible, often with complicated TLE procedures (15, 32). Our
data is in line with these reports as there were no infections in the
intermuscularly implanted S-ICD group and a significantly higher
proportion of 16.3% CIED infections in the TV-ICD group. The
high prevalence of device associated infections in the TV-ICD
group can be explained by the progressive CKD. In S-ICD patients
with progressive CKD, even those with HD, do not have an
increased incidence of CIED infections (33, 34). If however a
device removal of an S-ICD would be required, the procedure is
safe and easy to perform (35).

Patients with a TV-ICD system and CKD are not only exposed to
a high risk of CIED infection, but also other device associated
complications. Jukema et al. reported an overall TV-ICD associated
complication rate in 80 (31.3%) patients with end-stage CKD, of
which 4 (5.0%) patients required ICD removal for bacteremia
during a median FU of 6.8 +SD years (36). A hospitalization rate
for device-associated complications of 36.7% in our TV-ICD groups
seems reasonable for a high risk population considering a pooled
complication-rate, excluding inappropriate therapy, of 9.1% in a
large TV-ICD meta-analysis by Ezzat et al. during an average FU of
179 months and an annual rate of 12.0% for complications
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requiring surgical intervention in prospective registry reported by
Hawkins et al. of 3410 ICD recipients in a general population
during a median FU of 34 months (22, 37). A meta-analysis of
2,387 patients by Fong et al. reported that compared with TV-ICD
patients, S-ICD patients experienced significantly fewer (RR: 0.14,
95% CIL: 0.07-0.29, p < 0.0001) lead related complications (8). These
findings are supported by our data showing significantly fewer
CIED-associated lead

complications, in the S-ICD group during a long-term FU.

complications,  especially related

Limitations

Even though six centers participated, the sample size remains
small. A population with a GFR between 15 and 29 ml/min/
1.73 m? an ICD indication as well as an expected good quality
survival of more than one year is rare.

This study represents the only comparative analysis, albeit
retrospective, of TV-ICD and S-ICD recipients with stage 4 CKD.
The study was neither powered nor designed to investigate
mortality or overall hospitalization rates. Due to small sample size
we were only able to perform basic statistical analysis without
multivariate analysis and adjustments. A large prospective,
appropriately powered, randomized trial is required to verify the
results presented in this study and draw further conclusions. Overall
mortality and hospitalization in each of the ICD groups should be
examined in the proposed trial as well as a third group of patients
with the same baseline characteristics who do not receive an ICD.

Conclusion

During a long-term follow-up of patients with stage 4 chronic
kidney disease at high risk for ICD related complications, the
intermuscularly implanted S-ICD has significantly fewer device-
associated infections and complications compared with TV-ICDs.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
Committee of the Ruhr University Bochum. The studies were

conducted in accordance with the local legislation and

institutional requirements. The participants provided their

written informed consent to participate in this study.

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2024.1397138

Author contributions

FS: Conceptualization, Data curation, Formal Analysis, Funding
acquisition, Investigation, Methodology, Project administration,

Resources, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing. BM:
Conceptualization, Data curation, Methodology, Validation,

Writing — review & editing. MP: Data curation, Formal Analysis,
Software, Writing — review & editing. AA: Conceptualization, Data
curation, Validation, Visualization, Writing - original draft. MG:
Data curation, Investigation, Software, Writing — review & editing.
SO: Data curation, Formal Analysis, Supervision, Writing -
original draft. CP: Data curation, Investigation, Validation, Writing
- review & editing. JK: Formal Analysis, Software, Validation,
Visualization, Writing - review & editing. TL: Data curation,
Formal Analysis, Investigation, Methodology, Writing - review &
editing. IE:
administration, Writing - review & editing. CH: Data curation,

Conceptualization, Formal Analysis, Project
Software, Validation, Visualization, Writing - review & editing.
AM: Formal Analysis, Methodology,

Validation, Writing - original draft. AK: Data curation, Formal

Project administration,

Analysis, Project administration, Validation, Writing — original draft.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

FS Received speakers’” honoraria from Boston Scientific, Abbott
and Impulse Dynamics. MP received speakers’ honoraria from
Boston Scientific. MG received speakers’ honoraria from Abbott,
Bristol-Myers Squibb, Novartis, and Pfizer and is an advisor for
Lilly and Boehringer Ingelheim. SO is a former employee of
Cameron Health and Boston Scientific. AM received speakers’
honoraria from Pfizer Pharma, Novartis Pharma and Bristol
Myers Squib Pharma. AK received speakers’ honoraria from
Boston Scientific, Abbott, Medtronic and Impulse Dynamics.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1397138
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Schiedat et al.

References

1. Zeppenfeld K, Tfelt-Hansen J, De Riva M, Winkel BG, Behr ER, Blom NA, et al.
2022 ESC guidelines for the management of patients with ventricular arrhythmias and
the prevention of sudden cardiac death. Eur Heart J. (2022) 43(40):3997-4126. doi: 10.
1093/eurheartj/ehac262

2. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al.
2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart failure.
Eur Heart J. (2021) 42(36):3599-726. doi: 10.1093/eurheartj/ehab368

3. Jankowski J, Floege J, Fliser D, Bshm M, Marx N. Cardiovascular disease in
chronic kidney disease: pathophysiological insights and therapeutic options.
Circulation. (2021) 143(11):1157-72. doi: 10.1161/CIRCULATIONAHA.120.050686

4. Zoccali C, Vanholder R, Massy ZA, Ortiz A, Sarafidis P, Dekker FW, et al. The
systemic nature of CKD. Nat Rev Nephrol. (2017) 13(6):344-58. doi: 10.1038/
nrneph.2017.52

5. Polyzos KA, Konstantelias AA, Falagas ME. Risk factors for cardiac implantable
electronic device infection: a systematic review and meta-analysis. EP Eur. (2015) 17
(5):767-77. doi: 10.1093/europace/euv053

6. Buiten MS, De Bie MK, Van Der Heijden AC, Rotmans JI, Bootsma M, Marc
Groeneveld JH, et al. Chronic kidney disease and implantable cardioverter
defibrillator related complications: 16 years of experience. ] Cardiovasc
Electrophysiol. (2014) 25(9):998-1004. doi: 10.1111/jce.12435

7. Chapter 1: definition and classification of CKD. Kidney Int Suppl. (2013) 3
(1):19-62. doi: 10.1038/kisup.2012.64

8. Fong KY, Ng CJR, Wang Y, Yeo C, Tan VH. Subcutaneous versus transvenous
implantable defibrillator therapy: a systematic review and meta-analysis of
randomized trials and propensity score-matched studies. ] Am Heart Assoc. (2022)
11(11):024756. doi: 10.1161/JAHA.121.024756

9. Knops RE, Pepplinkhuizen S, Delnoy PPHM, Boersma LVA, Kuschyk J, El-Chami
MF, et al. Device-related complications in subcutaneous versus transvenous ICD: a
secondary analysis of the PRAETORIAN trial. Eur Heart ]. (2022) 43(47):4872-83.
doi: 10.1093/eurheartj/ehac496

10. Mehta VS, Elliott MK, Sidhu BS, Gould J, Kemp T, Vergani V, et al. Long-term
survival following transvenous lead extraction: importance of indication and
comorbidities. Heart Rhythm. (2021) 18(9):1566-76. doi: 10.1016/j.hrthm.2021.05.007

11. Asif A, Salman L, Lopera G, Haqgie SS, Carrillo R. Transvenous cardiac
implantable electronic devices and hemodialysis catheters: recommendations to
curtail a potentially lethal combination. Semin Dial. (2012) 25(5):582-6. doi: 10.
1111/j.1525-139X.2012.01053.x

12. Lin CM, Yang MC, Hwang SJ, Sung JM. Progression of stages 3b-5 chronic
kidney disease—preliminary results of Taiwan national Pre-ESRD disease
management program in southern Taiwan. ] Formos Med Assoc. (2013) 112
(12):773-82. doi: 10.1016/j.jfma.2013.10.021

13. Winter J, Siekiera M, Shin DI, Meyer C, Krépil P, Clahsen H, et al.
Intermuscular technique for implantation of the subcutaneous implantable
cardioverter defibrillator: long-term performance and complications. EP Eur. (2017)
19(12):2036-41. doi: 10.1093/europace/euw297

14. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, et al. Amiodarone
or an implantable cardioverter-defibrillator for congestive heart failure. N Engl ] Med.
(2005) 352(3):225-37. doi: 10.1056/NEJMo0a043399

15. Weiss R, Knight BP, Gold MR, Leon AR, Herre JM, Hood M, et al. Safety and
efficacy of a totally subcutaneous implantable-cardioverter defibrillator. Circulation.
(2013) 128(9):944-53. doi: 10.1161/CIRCULATIONAHA.113.003042

16. Bansal N, Szpiro A, Reynolds K, Smith DH, Magid DJ, Gurwitz JH, et al. Long-
term outcomes associated with implantable cardioverter defibrillator in adults with
chronic kidney disease. JAMA Intern Med. (2018) 178(3):390-8. doi: 10.1001/
jamainternmed.2017.8462

17. Singh SM, Wang X, Austin PC, Parekh RS, Lee DS. Prophylactic defibrillators in
patients with severe chronic kidney disease. JAMA Intern Med. (2014) 174(6):995.
doi: 10.1001/jamainternmed.2014.1208

18. Nowak K, Kusztal M. Cardiac implantable electronic devices in hemodialysis
and chronic kidney disease patients—an experience-based narrative review. J Clin
Med. (2021) 10(8):1745. doi: 10.3390/jcm10081745

19. Turakhia MP, Blankestijn PJ, Carrero JJ, Clase CM, Deo R, Herzog CA, et al.
Chronic kidney disease and arrhythmias: conclusions from a kidney disease:
improving global outcomes (KDIGO) controversies conference. Eur Heart J. (2018)
39(24):2314-25. doi: 10.1093/eurheartj/ehy060

Frontiers in Cardiovascular Medicine

08

10.3389/fcvm.2024.1397138

20. Goto S, Angchaisuksiri P, Bassand J, Camm AJ, Dominguez H, Illingworth L,
et al. Management and 1-year outcomes of patients with newly diagnosed atrial
fibrillation and chronic kidney disease: results from the prospective GARFIELD-AF
registry. ] Am Heart Assoc. (2019) 8(3):e010510. doi: 10.1161/JAHA.118.010510

21. Vamos M, Oldgren J, Nam GB, Lip GYH, Calkins H, Zhu J, et al. Dronedarone
vs. placebo in patients with atrial fibrillation or atrial flutter across a range of renal
function: a post hoc analysis of the ATHENA trial. Eur Heart ] Cardiovasc
Pharmacother. (2022) 8(4):363-71. doi: 10.1093/ehjcvp/pvab090

22. Ezzat VA, Lee V, Ahsan S, Chow AW, Segal O, Rowland E, et al. A systematic
review of ICD complications in randomised controlled trials versus registries: is our
‘real-world’ data an underestimation? Open Heart. (2015) 2(1):¢000198. doi: 10.
1136/openhrt-2014-000198

23. Schiavone M, Gasperetti A, Gulletta S, Steffel J, Kaiser L, Mitacchione G, et al.
Age-related differences and associated outcomes of S-ICD: insights from a large,
European, multicenter, real-world registry. EP Eur. (2022) 24(Suppl 1):euac053-446.
doi: 10.1093/europace/euac053.446

24. Knops RE, Olde Nordkamp LRA, Delnoy PPHM, Boersma LVA, Kuschyk J, EI-
Chami MF, et al. Subcutaneous or transvenous defibrillator therapy. N Engl ] Med.
(2020) 383(6):526-36. doi: 10.1056/NEJMo0al915932

25. Ayoub K, Fry E, Marji M, Masri A, Hesselson A, Ellison K. Implantable
cardioverter-defibrillators with end stage renal disease: nationwide inpatient sample
database results. Pacing Clin Electrophysiol. (2022) 45(1):124-31. doi: 10.1111/pace.14411

26. Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M, et al. Chronic
kidney disease and mortality risk: a systematic review. ] Am Soc Nephrol. (2006) 17
(7):2034-47. doi: 10.1681/ASN.2005101085

27. Whitman IR, Feldman HI, Deo R. CKD and sudden cardiac death:
epidemiology, mechanisms, and therapeutic approaches. ] Am Soc Nephrol. (2012)
23(12):1929-39. doi: 10.1681/ASN.2012010037

28. Pickup LC, Law JP, Townend ]N, Ferro CJ. Sudden cardiac death in chronic
renal disease: aetiology and risk reduction strategies. Nephrol Dial Transplant.
(2021) 36(8):1386-8. doi: 10.1093/ndt/gfz232

29. Russo V, Rago A, Ruggiero V, Cavaliere F, Bianchi V, Ammendola E, et al.
Device-related complications and inappropriate therapies among subcutaneous vs.
transvenous implantable defibrillator recipients: insight monaldi rhythm registry.
Front Cardiovasc Med. (2022) 9:879918. doi: 10.3389/fcvm.2022.879918

30. Olsen T, Jorgensen OD, Nielsen JC, Thogersen AM, Philbert BT, Johansen JB.
Incidence of device-related infection in 97 750 patients: clinical data from the
complete danish device-cohort (1982-2018). Eur Heart J. (2019) 40(23):1862-9.
doi: 10.1093/eurheartj/ehz316

31. Lekkerkerker JC, Van Nieuwkoop C, Trines SA, Van Der Bom JG, Bernards A,
Van De Velde ET, et al. Risk factors and time delay associated with cardiac device
infections: leiden device registry. Heart. (2009) 95(9):715-20. doi: 10.1136/hrt.2008.
151985

32. Lee JZ, Majmundar M, Kumar A, Thakkar S, Patel HP, Sorajja D, et al. Impact of
timing of transvenous lead removal on outcomes in infected cardiac implantable
electronic devices. Heart Rhythm. (2022) 19(5):768-75. doi: 10.1016/j.hrthm.2021.
12.023

33. El-Chami MF, Burke MC, Herre JM, Shah MH, Sadhu A, Niebauer MJ, et al.
Outcomes of subcutaneous implantable cardioverter-defibrillator in dialysis patients:
results from the S-ICD post-approval study. Heart Rhythm. (2020) 17(9):1566-74.
doi: 10.1016/j.hrthm.2020.04.036

34. Kloppe A, Winter J, Prull M, Aweimer A, El-Battrawy I, Hanefeld C, et al.
Subcutaneous cardioverter defibrillator implanted intermuscularly in patients with
end-stage renal disease requiring hemodialysis: 5-year follow-up. ] Interv Card
Electrophysiol. (2024). doi: 10.1007/s10840-024-01767-1. [Epub ahead of print].

35. De Filippo P, Migliore F, Palmisano P, Nigro G, Ziacchi M, Rordorf R, et al.
Procedure, management, and outcome of subcutaneous implantable cardioverter—
defibrillator extraction in clinical practice. Europace. (2023) 25(6):euad158. doi: 10.
1093/europace/euad158

36. Jukema JW, Timal R], Rotmans JI, Hensen LCR, Buiten MS, De Bie MK, et al.
Prophylactic use of implantable cardioverter-defibrillators in the prevention of sudden
cardiac death in dialysis patients: the prospective, randomized, controlled ICD?2 trial.
Circulation. (2019) 139(23):2628-38. doi: 10.1161/CIRCULATIONAHA.119.039818

37. Hawkins NM, Grubisic M, Andrade JG, Huang F, Ding L, Gao M, et al. Long-

term complications, reoperations and survival following cardioverter-defibrillator
implant. Heart. (2018) 104(3):237-43. doi: 10.1136/heartjnl-2017-311638

frontiersin.org


https://doi.org/10.1093/eurheartj/ehac262
https://doi.org/10.1093/eurheartj/ehac262
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1161/CIRCULATIONAHA.120.050686
https://doi.org/10.1038/nrneph.2017.52
https://doi.org/10.1038/nrneph.2017.52
https://doi.org/10.1093/europace/euv053
https://doi.org/10.1111/jce.12435
https://doi.org/10.1038/kisup.2012.64
https://doi.org/10.1161/JAHA.121.024756
https://doi.org/10.1093/eurheartj/ehac496
https://doi.org/10.1016/j.hrthm.2021.05.007
https://doi.org/10.1111/j.1525-139X.2012.01053.x
https://doi.org/10.1111/j.1525-139X.2012.01053.x
https://doi.org/10.1016/j.jfma.2013.10.021
https://doi.org/10.1093/europace/euw297
https://doi.org/10.1056/NEJMoa043399
https://doi.org/10.1161/CIRCULATIONAHA.113.003042
https://doi.org/10.1001/jamainternmed.2017.8462
https://doi.org/10.1001/jamainternmed.2017.8462
https://doi.org/10.1001/jamainternmed.2014.1208
https://doi.org/10.3390/jcm10081745
https://doi.org/10.1093/eurheartj/ehy060
https://doi.org/10.1161/JAHA.118.010510
https://doi.org/10.1093/ehjcvp/pvab090
https://doi.org/10.1136/openhrt-2014-000198
https://doi.org/10.1136/openhrt-2014-000198
https://doi.org/10.1093/europace/euac053.446
https://doi.org/10.1056/NEJMoa1915932
https://doi.org/10.1111/pace.14411
https://doi.org/10.1681/ASN.2005101085
https://doi.org/10.1681/ASN.2012010037
https://doi.org/10.1093/ndt/gfz232
https://doi.org/10.3389/fcvm.2022.879918
https://doi.org/10.1093/eurheartj/ehz316
https://doi.org/10.1136/hrt.2008.151985
https://doi.org/10.1136/hrt.2008.151985
https://doi.org/10.1016/j.hrthm.2021.12.023
https://doi.org/10.1016/j.hrthm.2021.12.023
https://doi.org/10.1016/j.hrthm.2020.04.036
https://doi.org/10.1007/s10840-024-01767-1
https://doi.org/10.1093/europace/euad158
https://doi.org/10.1093/europace/euad158
https://doi.org/10.1161/CIRCULATIONAHA.119.039818
https://doi.org/10.1136/heartjnl-2017-311638
https://doi.org/10.3389/fcvm.2024.1397138
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Comparison of infection and complication rates associated with transvenous vs. subcutaneous defibrillators in patients with stage 4 chronic kidney disease: a multicenter long-term retrospective follow-up
	Introduction
	Methods
	Implantation procedure
	Patient follow-up
	Data collection
	Statistical analysis

	Results
	Patient population and implant procedure
	Follow-up

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


