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Abstract

The selection of an appropriate implantable cardioverter-defibrillator (ICD) type and implantation strategy involves a myriad of consid-
erations. While transvenous ICDs are standard, the rise of non-transvenous options like subcutaneous ICDs and extravascular ICDs is
notable for their lower complication rates. Historical preferences for dual chamber ICDs have shifted to single-chamber ICDs. Single-
coil ICDs are preferred for easier extraction, and the use of the DF-4 connector is generally recommended. Cephalic cutdown is the
preferred venous access technique, while axillary vein puncture is a viable alternative. The right ventricular apex remains the preferred
lead position until further evidence on conduction system pacing emerges. Left-sided, subcutancous ICD implantation is considered
reliable, contingent on specific cases. A meticulous perioperative plan, including antibiotic prophylaxis and an antithrombotic regimen,
is crucial for successful implantation.
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1. Introduction tions in ICD therapy. Pneumothorax, hemothorax, cardiac
tamponade, and difficulties in achieving venous access are
examples of short-term lead-related complications, while
lead dislodgement, lead malfunction, venous occlusion, and
device-related infection make up long-term complications

attributed to transvenous leads [3].

Implantation of an implantable cardioverter-
defibrillator (ICD) has become a routine procedure,
performed mostly by cardiologists and less by (car-
dio)thoracic surgeons. Experience and training signifi-
cantly impact complication rates in ICD implantations
[1,2]. Many decisions have to be made in selecting the
optimal implantation strategy, commencing with the
selection of the device (single or dual-chamber ICD or
cardiac resynchronization therapy-defibrillator (CRT-D)).
Beyond device selection, strategic planning must extend
to choices regarding venous access, determining the
implantation side, selecting the appropriate connector type,
and considering the lead positions. Given the heightened
risks associated more complex device types and upgrade
scenarios, a meticulously devised strategy becomes even
more crucial [3]. In this review, we present our implanta-
tion strategies drawing from both literature and practical
experience. Our aim is to provide the rationale behind each
step in the ICD implantation pathway, as shown in Fig. 1.

The subcutaneous ICD (S-ICD) has been developed
to overcome some of these complications, as it uses an ex-
tracardiac, subcutaneous electrode [4]. The implantation
process for S-ICDs includes positioning the electrode along
the thoracic wall and establishing a pocket in the upper
left chest area. Opting for a subpectoral (or intermuscu-
lar) pocket — where the pulse generator is situated between
the anterior surface of the serratus anterior and the posterior
surface of the latissimus dorsi — may present several ben-
efits over a purely subcutaneous pocket. Evidence from a
prospective cohort study of 82 patients reveals that subpec-
toral placement is associated with enhanced first shock con-
version efficacy for arrhythmias induced intra-operatively,
fewer postoperative restrictions in left arm movement, a
decreased incidence of inappropriate shocks, and a lower

2. ICD Devices and Lead Systems

2.1 Subcutaneous, Extravascular or Transvenous ICD
Systems

Transvenous ICDs have proven their efficacy over the
years, but the obligatory transvenous leads remain to be an
Achilles’ heel, as they are responsible for most complica-

complication rate over an average follow-up duration of
3.6 + 1.2 years. Additionally, the subpectoral approach is
associated with better aesthetic outcomes and patient com-
fort relative to subcutaneous pulse generator placement [5].
The two-incision method for the electrode implantation,
which omits the superior parasternal incision, has been sug-
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Fig. 1. Overview of recommendations for ICD implantation. Abbreviations: ATP, anti-tachycardia pacing; AV-block, atrioventricu-

lar block; AV-fistula, arteriovenous fistula; ICD, implantable cardioverter-defibrillator; S-ICD, subcutaneous implantable cardioverter-

defibrillator; TV-ICD, transvenous ICD; RV, right ventricular.

gested as a preferable alternative to the traditional three-
incision technique. In a prospective cohort study of 39
patients, the two-incision approach was associated with a
lower incidence of complications, fewer postoperative re-
strictions, and improved patient comfort compared to the
three-incision method [6]. Therefore, this technique has
been adopted by the implanting physicians at our hospi-
tal. FElectrical signals are read at a distance from cardiac
tissues, resulting in sensing values with lower amplitude,
which are more susceptible to postural variation than en-
docardial leads [7,8]. For proper discrimination, an ade-
quate QRS amplitude and QRS to T-wave ratio is necessary.
Defibrillation thresholds (DFT) are higher than in transve-
nous ICDs, and device size is larger to accommodate an
80 Joule charge. DFT is mandatory in S-ICD implantation
[9]. Anoptimal implantation technique can reduce DFT and
the PRAETORIAN score can be used to predict shock ef-
ficacy [10]. Even though obese patients have a higher risk
of less successful termination of induced ventricular fibril-
lation (VF), selecting obese patients with a PRAETORIAN
score of less than 90 can result in a good termination rate
[11]. The S-ICD is unable to pace, except for optional, tran-

sient (30 seconds) post shock pacing, so it is unsuitable for
patients with a pacing indication or known clinical indica-
tion for anti-tachycardia pacing (ATP). Median longevity
of early generation S-ICD was 5 years but is expected to
improve with the recent updates [12]. A study assessing
premature battery depletion in S-ICDs potentially affected
by a battery advisory found a 3.5% incidence of premature
battery depletion after 4 years [13]. The shorter battery
life is potentiated by much higher cost in most countries
leading to cost per ICD therapy year that can increase 4—
5-fold over transvenous ICD. This has to be taken into ac-
count if cost-effectiveness is an important factor in patient
selection for implantation. To date, there have been two
randomized clinical trials and multiple observational stud-
ies comparing transvenous ICD (TV-ICD) and S-ICD. The
pivotal PRAETORIAN trial, published in 2020, serves as
the cornerstone in this assessment, involving 849 patients,
receiving an ICD primarily for primary prevention, ran-
domly assigned in a 1:1 ratio [14]. Over a median follow-
up period of 49 months, the trial found that the S-ICD ex-
hibited noninferiority to TV-ICDs concerning the compos-
ite endpoint device-related complications and inappropri-
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ate shocks. Notably, S-ICDs were associated with more
inappropriate shocks, whereas TV-ICDs had a higher in-
cidence of device-related complications. Although S-ICD
patients experienced more appropriate shocks, a substan-
tial proportion of TV-ICD recipients benefited from ATP,
mitigating shock frequency. The ATLAS trial is the first
randomized controlled trial to have sought out superiority
when comparing S-ICD to TV-ICD [15]. 544 patients were
randomly assigned to receive either S-ICD of TV-ICD. Al-
though underpowered to detect rates of failed or inappropri-
ate shocks, they found a 92% decline in lead-related compli-
cations in the first 6 months after implantation. Further in-
sights emerged from a retrospective cohort study involving
1160 patients, where propensity analysis on 280 individu-
als matched S-ICD and TV-ICD recipients [16]. This anal-
ysis revealed comparable complication rates but complica-
tion profiles differed. S-ICD recipients experienced fewer
lead-related complications but more non-lead-related ones.
Meanwhile, TV-ICD patients had a higher frequency of ICD
interventions, primarily driven by ATP. The frequency of
shocks, both appropriate and inappropriate, remained simi-
lar between the two groups. Additionally, the START trial
focused on simulated sensing performance, demonstrating
that both S-ICDs and TV-ICDs successfully detected all
ventricular arrthythmias [17]. The European Society of Car-
diology (ESC) guidelines for management of patients with
ventricular arrhythmias state that the S-ICD should be con-
sidered as an alternative to TV-ICD in patients with an in-
dication for an ICD when pacing therapy for bradycardia,
cardiac resynchronization or ATP is not needed (class Ila
level of evidence B) [18]. Ideal candidates for the S-ICD
likely consist of young and highly active patients because of
the anticipated longevity of the ICD lead, patients with lim-
ited vascular access, patients with high infection risk, and
some groups of patients with congenital heart disease or hy-
pertrophic cardiomyopathy, given the presence of accept-
able QRS morphology and QRS to T-wave ratio [19]. De-
spite the availability of the S-ICD for several years in most
European countries, its routine utilization remains limited,
as demonstrated in a recent survey conducted by the Eu-
ropean Heart Rhythm Association. Of the 52 centers that
replied to this survey, 1/4th of centers did not implant S-
ICDs. The most common indications for S-ICD implanta-
tion were limited vascular access (82%), history of previous
complicated transvenous ICD (80%), young age (69%), and
patients with an anticipated higher risk of infection (63%).
6% of centers suggested S-ICD as first choice therapy in
patients without a pacing or CRT indication, and 18% of
centers did not use a specific strategy to choose between
transvenous ICD or S-ICD [20]. Real-world data from the
international subcutaneous implantable cardioverter defib-
rillator registry highlight the specific selection of S-ICD
recipients across patient populations compared to TV-ICD
recipients. This study found that 58.1% of S-ICD recipi-
ents had nonischemic cardiomyopathies, with S-ICDs more
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commonly placed for primary prevention in patients with
hypertrophic cardiomyopathy and Brugada syndrome [21].
There is increasing experience with the S-ICD for primary
and secondary prevention in congenital heart disease, such
as single ventricle physiology (including Fontan operation),
transposition of the great arteries, and tetralogy of Fal-
lot. The most common reasons for S-ICD implantation in
such patients are limited transvenous access and intracar-
diac right-to-left shunt [22].

An emerging alternative to the TV-ICD is the ex-
travascular ICD (EV ICD). In this implantation method,
the shock lead is configured in an epsilon-shaped form to
allow for passive fixation within the substernal space, and
the arrangement of electrodes within the lead is optimized
for effective sensing and pacing. The generator is sub-
cutaneously positioned in the left midaxillary line, and is
smaller than that of the S-ICD. In the EV ICD Pilot Study,
a cohort of 21 patients underwent the implantation of the
EV ICD. Successful implantation was achieved in 20 cases.
Notably, 90% of these patients experienced successful ter-
mination of induced ventricular arrhythmias, while pacing
capture was achieved in 95% of the patients. Importantly,
there were no reported intraprocedural complications dur-
ing the course of the study [23]. The Pivotal Study, a
prospective, nonrandomized study involving 356 patients,
316 of whom underwent implantation, reported a success-
ful defibrillation rate of 98.7% for induced ventricular ar-
rhythmias. At six months, 92.6% of patients were free from
major system- or procedure-related complications. How-
ever, during the mean follow-up period of 10.6 months, 29
patients experienced 118 inappropriate shocks, and eight
systems were explanted [24]. Additionally, another study
evaluated detection and sensing performance in 299 pa-
tients who were discharged with an EV ICD from the Piv-
otal Study. This evaluation found that the most common
cause of oversensing was myopotentials (61.2%), followed
by P-wave oversensing (19.9%) [25].

Based on the available literature in addition to the cur-
rent guidelines, we prefer to implant S-ICDs in those pa-
tients who are expected to require ICD therapy for a long pe-
riod and will therefore face repeat generator replacements.
The risk of infection increases with each generator change,
but the subcutaneous nature of the S-ICD reduces this risk
compared to transvenous devices, which are more suscep-
tible to severe infections. Additionally, S-ICDs are easier
to extract than transvenous ICDs, minimizing procedural
complexity. In these patients the more reliable subcuta-
neous lead of the S-ICD will, in the long-term, counterbal-
ance the disadvantage of a slightly higher risk of inappropri-
ate shocks. The EV ICD demonstrated reliable sensing and
detection of VF, however, the frequency of inappropriate
shocks was higher than that of the other implantation meth-
ods. Improvements in EV ICD technology and randomized
trials are necessary to provide further recommendations.
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2.2 Single- or Dual-Chamber ICD

One of the choices the ICD operator faces when im-
planting an ICD is the selection of a single- or dual-chamber
device. If there is a pacing indication necessitating the im-
plantation of a dual-chamber pacemaker system such as si-
nus node dysfunction or atrioventricular (AV)-block in si-
nus rhythm, a dual-chamber ICD (or VDD-system in se-
lected patients, which uses a single lead for atrial sensing
and ventricular pacing) is justified [9,26]. However, the his-
torical practice of implanting atrial leads in patients without
pacing indications has been widespread. The reasoning be-
hind this was that an additional atrial lead might enhance
arrhythmia discrimination, potentially reducing the risk of
inappropriate therapies. This assumption was supported by
a meta-analysis which indeed showed a reduction in the
number of inappropriate therapies in dual-chamber ICDs as
compared with single-chamber ICDs, though the number
of patients experiencing inappropriate therapies was not af-
fected [27]. It is important to consider that these studies
employed outdated programming methods, and contempo-
rary heart failure management has substantially advanced
since then. The annual rate of inappropriate shocks due to
any cause has decreased significantly over the years, from
37-50% in the early days to 1-5% in the more recent stud-
ies [28,29]. This reduction is likely due to advancements
in ICD programming, primarily driven by longer detection
intervals before delivering therapy or implementing high-
rate therapy, where therapy is only delivered at high heart
rates (e.g., >200 beats per minute) [30,31]. This was fur-
ther highlighted by a recent study comparing outcomes for
primary prevention ICD patients at centers with high versus
low adherence to 2015 and 2019 ICD programming guide-
lines, finding that patients at high guideline concordance
centers experienced a significantly lower rate of ICD ther-
apy, primarily due to reduced ATP therapy, without differ-
ences in mortality or first ICD shock rates [32].

Accordingly, most recent studies, consisting of ran-
domized clinical trials and large registries mainly study-
ing primary prevention patients, demonstrate that there is
no difference in inappropriate therapies between single-
and dual-chamber ICDs [28,33]. Implantation of a dual-
chamber device goes at the cost of increased periprocedural
complications, in-hospital mortality, costs, and decreased
battery life. Furthermore, accurate sensing of the atrial lead
is of utmost importance when using atrial data to differ-
entiate between supraventricular and ventricular tachycar-
dia. Oversensing of far-field R-waves, undersensing in case
of low-amplitude atrial signals, and atrial lead dislodgment
can complicate arrhythmia discrimination. Hence, expert
consensus and position papers have increasingly discour-
aged atrial lead implantation for the sole purpose of atrial ar-
rhythmia detection or discrimination. The 2022 ESC guide-
lines now recommend single-chamber ICD implantation for
patients without pacing indication [9].

2.3 Single- or Dual-Coil ICD Lead

Dual-coil leads, consisting of both a superior vena
cava (SVC) defibrillation coil and a right ventricular coil,
have conventionally been used to ensure the effective de-
livery of high-voltage shocks in ICDs. Nevertheless, these
leads are associated with increased extraction challenges
due to fibrosis often occurring around the proximal coil
within the SVC. A comprehensive meta-analysis compris-
ing 14 original studies that compared single-coil and dual-
coil ICDs demonstrated equivalent first-shock efficacy and
lower all-cause mortality among patients with single-coil
ICDs [34]. In the context of right-sided ICDs, the consider-
ation of a dual shock coil may be beneficial. A smaller study
involving patients with right-sided ICDs, the inclusion of
an SVC coil was found to reduce DFT in 45% of cases
by modifying waveform duration [35]. DFT can, however,
be even higher in selected patients when including an SVC
coil. Therefore, when using a dual coil electrode, we advo-
cate implanting an ICD capable of programming to include
or exclude the SVC from shock paths.

2.4 ICD Lead Connector: DF-1 or DF-4

The ICD lead consists of a low-voltage pace-sense
component and a high-voltage component used for defib-
rillation. The earliest ICDs had manufacturer-unique lead
connectors that were only compatible with [CDs of the same
manufacturer, creating the need for lead adapters and lead
extenders in case of generator replacements [36]. There-
fore, a standard DF-1 connector was developed. The pace-
sense portion of the lead is connected to the ICD using a
bipolar IS-1 lead connector which is inserted in the appro-
priate connector port in the ICD header, while the shock
coil is inserted in another port in the ICD header using a
DF-1 connector. An additional port for the second DF-1
connector is required in case of a dual-coil lead. The one or
two high-voltage DF-1 connectors and the low-voltage IS-
1 connector emerge from a bifurcated or trifurcated yoke
at the proximal end of the lead. This arrangement, where
the low- and high-voltage components leads are separated,
adds to a considerable bulk of the ICD hardware. Man-
ufacturers have therefore developed a new standard DF-4
connector, which incorporates high-voltage conductors to-
gether with the bipolar IS-1 pace-sense component into one
connector pin [36,37]. Benefits of the DF-4 connector in-
cludes a significantly smaller ICD header block, less con-
nector bulk in the pocket, and simpler lead attachment to
the ICD, eliminating the risk of incorrect device connection.
Furthermore, lead dissection during generator replacement
is much easier with less risk of lead damage. The first pub-
lished experience with the DF-4 connector has been promis-
ing, with a trend towards a shorter procedure time, no dif-
ference in success of defibrillation threshold testing, stable
lead measurements during follow-up, and no significant dif-
ferences in lead failure as compared with DF-1 connectors
[38]. However, the DF-4 connector also has disadvantages.
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It is less suitable for the management of high DFT, as ad-
ditional hardware may be required to attain an acceptable
defibrillation threshold [39]. In addition, there are concerns
that, because the high- and low-voltage terminals reside on
a single connector within a few millimeters of each other,
high voltage can be electrically shorted to the low-voltage
electrode. Noise from the shock electrode could also lead
to potential oversensing on the low-voltage electrode [36].
Another important limitation is the inability to add a pace-
sense lead in case of a malfunctioning pace-sense compo-
nent of the ICD lead. Furthermore, the presence of a DF-
4 lead connector makes it impossible to perform a down-
grade to a pacemaker, which one could especially encounter
in CRT-D patients in whom a downgrade to cardiac resyn-
chronization therapy-pacemaker (CRT-P) is desired during
follow-up. In these patients, the choice is left between gen-
erator replacement with another, expensive, CRT-D device
in which the ICD function is turned off, or addition of a new
right ventricular (RV) pace-sense lead to enable connection
with a CRT-P device. This also applies to patients who
might require future resynchronization by conduction sys-
tem pacing (CSP) with left bundle branch area pacing or His
bundle pacing in the event of CRT failure (non-responders).
We therefore advocate the use of DF-1 lead connectors in
ICD patients who also have a pacing indication and also in
patients receiving a CRT-D, especially to be prepared for
future downgrades which is increasingly performed in our
institution [40].

3. Surgical Techniques and Approaches for
ICD Implantation

3.1 Side of Implant

In the choice between left-sided and right-sided im-
plantation for ICDs, studies have shown that left-sided
ICDs tend to have more reliable outcomes. Prior research
indicated varying results regarding right-sided ICDs, with
higher defibrillation thresholds observed and reduced ter-
mination success of induced ventricular fibrillation with
right-sided ICDs [41-43]. A European survey revealed that
79% of centers prefer left-sided placement for cardiac im-
plantable electronic devices (CIEDs), while 10% favor the
right side, and 11% consider patient handedness. Most op-
erators (74%) do not modify implantation side based on de-
vice type. Given the evidence, we believe that left-sided
implantation is desired in patients with an ICD [44,45]. In
a minority of patients exhibiting contraindications to left-
sided implantation, such as cases involving left mastec-
tomy, especially in the context of sentinel lymph node re-
moval, persistent left superior vena cava, or left-sided ar-
teriovenous fistula, a preference exists for right-sided im-
plantation. For individuals engaging in rigorous physical
activities that predominantly involve the left arm, the con-
sideration of right-sided implantation or the preference for
S-ICD implantation may arise. If right-sided implantation
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is inevitable, DFT testing should be considered to test reli-
ability of the device [46].

3.2 Venous Access for Lead Implantation

Subclavian, axillary, and cephalic veins can all be
used as venous access for lead implantation. Cephalic ve-
nous cutdown, preferred in 60% of centers according the
European Heart Rhythm Association (EHRA) survey, typ-
ically begins with distal ligation followed by the option
of either direct lead insertion or a sheath-assisted punc-
ture [44]. It requires some surgical experience and the
vein can be small or tortuous, which could make it diffi-
cult to insert one or more leads. In those situations, the uti-
lization of guidewires and introducer sheaths can be help-
ful. The cephalic approach excludes most of the compli-
cations attributed to subclavian access, like pneumothorax
and lead dysfunction risk, with a reported successful can-
nulation rate ranging from 60-80% and potentially exceed-
ing 90% with hydrophilic guidewires or retro-pectoral veins
[47-49]. Subclavian vein puncture, once popular because
it is easy to learn, quick and carries a high success rate (ap-
proximately 95%), carries an important risk of complica-
tions such as pneumothorax (1-2%) and bleeding compli-
cations in the short-term, and subclavian crush syndrome
in the long term, especially with ICD leads [3,50,51]. The
puncture site should be as lateral as possible to avoid lead
crush, and venography can help target the vein and mitigate
risks. The puncture of the extra-thoracic subclavian vein
or axillary vein has become increasingly popular due to its
superior outcomes compared to the cephalic cutdown [52].
It also carries a reduced risk of lead failure compared to
subclavian access, while presenting a similar bleeding risk.
The axillary vein can be punctured using contrast venog-
raphy, fluoroscopic landmarks or ultrasound. A large ret-
rospective study compared the cephalic approach to sub-
clavian puncture to assess perioperative complication rates.
Among 139,176 pacemaker implantations, with 60.8% per-
formed via the cephalic approach and 39.2% via subclavian
access, the subclavian route demonstrated a higher compli-
cation rate compared to the cephalic approach (3.64% vs.
2.49%, respectively) [53]. A recently developed technique
involves intra-pocket ultrasound-guided axillary vein punc-
ture through the open incision using a small footprint probe.
The ACCESS trial aimed to establish superiority in 200 pa-
tients undergoing CIED implantation [54]. Patients were
randomly allocated to either intra-pocket ultrasound-guided
axillary vein puncture or cephalic cutdown as the initial ve-
nous access approach. Intra-pocket ultrasound-guided ax-
illary vein puncture demonstrated superiority in procedu-
ral success (defined as the successful insertion of all leads
using the initially assigned venous access technique), as
well as in time to achieve venous access, total procedure
duration, fluoroscopy time, X-ray exposure, and complica-
tion rates. However, the fact that intra-pocket ultrasound is
not employed universally across all centers may restrict the
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applicability of this comparison. When using the axillary
vein, the incision often needs to be extended more later-
ally to allow space for lead fixation and to achieve a proper
bend towards the pocket [55,56]. Considering the above, it
is recommended that subclavian access should be consid-
ered a bail-out technique and should be reserved for those
situations where cephalic or axillary access is insufficient
or unsuccessful.

In patients with previously implanted leads, signifi-
cant lead-related venous obstruction can complicate device
upgrade, lead revision, or lead replacement. In the last
decade, two relatively large trials have reported a 27%—-36%
prevalence of significant stenosis as revealed by venogra-
phy [57,58]. Performing a selective venography prior to
upgrade is considered useful to assess vessel patency and
should preferably be performed sufficiently long before ad-
mission for the procedure, in order to be able to change
strategy in case venous obstruction is observed. Caution is
needed when using peripheral veins, for it may overestimate
occlusion when the contrast dye spreads across the collat-
erals. Various approaches can mitigate venous obstruction.
One method involves utilizing the contralateral side for lead
and device implantation. Conversely, tunneling new leads
is an option, albeit with an increased risk of superior vena
cava syndrome. Alternatively, lead extraction can establish
a conduit for new leads, but it entails a considerable risk of
major complications and necessitates replacing functional
leads [59]. Venoplasty, in which a percutaneous balloon
angioplasty is carried out, creates a new entry for the place-
ment of additional leads and is associated with a low periop-
erative and post-operative risk [60,61]. When a transvenous
option is not feasible, the alternatives of S-ICD or EV ICD
should be considered.

3.3 Right Ventricular Lead Position

As per the 2013 EHRA survey, approximately 50%
of the surveyed centers indicated the right ventricular apex
(RVA) as their favored lead placement site. In contrast,
about 47% preferred the interventricular septum, and only
3% favored the outflow tract [44]. The RVA has tradition-
ally been preferred, owing to the ease of placement, low risk
on lead dislodgment, and generally the favorable shocking
vector. However, concerns have risen about possible detri-
mental effects of RV (apical) pacing in ICD patients, such
as higher risk on development or worsening of heart failure
[62,63]. Though these adverse effects are more likely a con-
sequence of the quantity of RV pacing instead of the pacing
site in itself, several studies have explored the possible ben-
efits and safety of other RV pacing sites, either in ICD pa-
tients or in CRT-D patients. On the whole, as compared with
RV apex sites, non-apical RV sites such as RV outflow tract
or RV septum show comparable results regarding defibrilla-
tion thresholds, appropriate or inappropriate therapies, lead
function, or lead stability [64—67]. In CRT-D patients, a
non-apical RV lead position does not seem to be benefi-

cial in terms of clinical outcome or echocardiographic re-
sponse, and even has been associated with an increased
risk of ventricular arrhythmias [68,69]. Based on these re-
sults, apical placement of the RV lead should still be pre-
ferred. CSP is a novel cardiac pacing methodology, com-
prising His bundle pacing and left bundle branch area pac-
ing, with the potential to restore physiological ventricular
synchrony [70]. Notably, comprehensive trials assessing
improvements in heart failure patient outcomes remain out-
standing, however, it has already been incorporated into the
latest HRS/APHRS/LAHRS guideline [71]. Consequently,
this article doesn’t explore CSP pacing techniques, necessi-
tating large-scale trials for long-term CSP versus biventric-
ular pacing (BiVP) outcomes comparison [72].

3.4 Generator Placement Site

The first ICDs were bulky and heavy, which required
abdominal implantation. As generator size decreased, pec-
toral implantation became more conventional. Submuscu-
lar implantation was favored in patients with a thin subcu-
taneous layer or was sometimes chosen for cosmetic rea-
sons. In the early days of pectoral implantation of still
quite bulky ICDs, short- and long-term complications and
outcome variables were comparable between subcutaneous
and submuscular implantation [73]. Generator size, how-
ever, has declined substantially over the years, and in our
opinion the subcutaneous approach should nowadays be the
method of choice. It is less painful and technically less de-
manding to create a subcutaneous pocket than a submus-
cular pocket. If desired, the generator can be secured to
the muscle layer to reduce the risk of migration and, for
example, Twiddler syndrome. Furthermore, generator re-
placement is much more challenging in patients with a sub-
muscular pocket, which could lead to an increased risk of
complications, in particular lead damage but also infection
or pocket hematoma. In Europe, in accordance with our
own views, the majority of operators indeed prefer a sub-
cutaneous instead of a submuscular pectoral implantation
of the ICD generator [44,73].

3.5 Lead Placement in Pocket

In our opinion it is important to carefully place the
leads in the pocket under the generator, taking care to avoid
sharp bends and twists. This is crucial for the longevity
of the leads. As we know from Twiddler syndrome, sharp
bending and twisting of the leads can result in lead mal-
functioning, lead failure, and inappropriate shocks [74]. To
be able to store the excess lead in an optimal fashion, plac-
ing the device with the opening in the header towards the
entry site in the vessel is preferable. Fig. 2 demonstrates
examples of optimal and suboptimal lead positioning in the
pocket. To prevent difficult device replacements, it is also
crucial to point the header towards the incision.
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Fig. 2. Examples of optimal and suboptimal lead positioning in the pocket. (A) Chest X-ray showing optimal placement of lead

positioning in the pocket. (B) Chest X-ray showing suboptimal positioning of 180 °C twisting of leads near the header. (C) Chest X-ray

showing suboptimal positioning of sharp bending at access site. (D) Chest X-ray showing suboptimal placement of header facing away

from incision. P-A, posteroanterior; L, left.

4. Perioperative Measures
4.1 Antibiotic Prophylaxis

CIED-related infection occurs in 2—6% of patients and
is a devastating complication, often requiring complete re-
moval of the lead and generator system beside adminis-
tration of antimicrobial therapy [75—77]. Mortality asso-
ciated with device-related infection is reported to be up to
35% [78]. The majority of infections are caused by gram-
positive staphylococci, predominantly Staphylococcus au-
reus [79]. Risk factors for infection can be categorized
into patient-related and procedure-related factors. Patient-
related factors include renal dysfunction, heart failure, di-
abetes, long-term corticosteroid use, and pre-procedural
fever [80]. Procedure duration, procedure complexity (i.e.,
increasing number of leads, ICD versus pacemaker), in-
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experienced operator, omission of prophylactic antibiotics,
and presence of postoperative hematoma are procedure-
related factors associated with increased risk of infection
[78,80]. Incidence of infection is two- to five-fold higher
in revision procedures. In line with increasing rates of left-
sided endocarditis, the rate of primary device endocarditis
without involvement of the pocket is increasing [81]. An-
tibiotic prophylaxis is essential to reduce device-related in-
fection. As a primary choice, cefazolin is administered at a
dose of 2 g or 3 g for patients weighing >120 kg. In situ-
ations where cephalosporin allergy or methicillin-resistant
staphylococcal colonization is a concern, vancomycin (1 g)
may be administered [19]. One randomized clinical trial,
comparing 1 g cefazolin against placebo, administered im-
mediately before primary device implantation or generator
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replacement, was terminated prematurely because of a sig-
nificant difference in favor of the patients treated with an-
tibiotics: 0.63% versus 3.28% of patients had local or sys-
temic signs of infection [82].

Perioperative administration of antibiotics has become
common practice, though not all issues concerning the im-
plementation of antibiotic prophylaxis such as choice of an-
tibiotic, timing, and optimal duration of therapy have been
completely elucidated. Cefazolin seems to be first choice
antibiotic agent, but studies directly comparing different an-
tibiotics are lacking. Administering additional periopera-
tive antibiotics does not yield additional advantages over
conventional preoperative antibiotic therapy. The PADIT
trial, involving 19,603 patients, found no significant dif-
ference in hospitalization rates for CIED infections within
one year when comparing incremental treatment to standard
preprocedural cefazolin [83]. The 2022 EHRA consensus
document on how to prevent, diagnose, and treat CIED in-
fections, recommends antibiotic prophylaxis within 1 hour
of incision for cefazolin and flucloxacillin, and within 90—
120 minutes for vancomycin [19]. This is based on the ex-
pectation that tissue and plasma antibiotic concentrations
are maximal within one hour of intravenous administration,
being optimal at time of incision and throughout the pro-
cedure. The optimal duration of therapy is also unknown,
though repeat dosing of antibiotics does not seem to de-
crease risk of infection and is therefore not recommended
after skin closure [83]. Neither local antiseptics on the
wound and into the pocket, nor local antibiotic irrigation
have so far been shown to decrease infection rates [83].
An antimicrobial mesh envelope releases minocycline and
rifampin locally for >7 days, preventing CIED infections
without extra complications. In the WRAP-IT trial (6983
patients), envelope recipients had fewer primary endpoints
(infection requiring system revision, prolonged antibiotics,
or death) within 12 months post-CIED implantation than
controls (0.7% vs. 1.2%, HR 0.60; 95% CI 0.36-0.98; p =
0.04) [84]. However, the number needed to treat to prevent
one infection was relatively high. Envelopes are likely to be
the most cost-effective for patients at higher risk of infec-
tion, for example those undergoing lead upgrades or with
a history of CIED infection. Individualized envelope use
should consider risk factors and local CIED infection rates.

Other than antibiotic prophylaxis, certainly preventive
measures such as a clean surgical environment, skin prepa-
ration and disinfection, hand antisepsis, good surgical tech-
nique, avoidance of temporary pacing, and prevention of
pocket hematoma decrease risk of device infection [19].
While there is currently no data specific to CIED implan-
tations, insights from hip surgery studies indicate a lower
incidence of infections when employing chlorhexidine for
skin disinfection in comparison to povidone-iodine. Con-
sequently, we recommend the utilization of chlorhexidine,
unless contraindicated due to a patient’s known allergy to
this agent [85].

4.2 Antithrombotic Therapy

Pocket hematomas are an important complication of
device implantation, as they can lead to prolonged interrup-
tion of antithrombotic therapy with subsequent increased
risk of thromboembolism, increased hospitalization dura-
tion, need for hematoma evacuation, and increased risk of
infection. A substantial proportion of patients undergo-
ing device implantation receive one or multiple antithrom-
botic agents. Periprocedural management of antithrombotic
therapy is challenging. The operator has to weigh up the
risk of bleeding complications when continuing, against
the risk of thromboembolic events when interrupting an-
tithrombotic agents. This dilemma is most problematic in
patients who carry a high risk for thromboembolic events.
Regarding oral anticoagulation, the BRUISE CONTROL
trial demonstrated that continuation of warfarin was associ-
ated with significantly less pocket hematomas than bridging
with heparin (3.5% versus 16.0%) in patients with an annual
risk of thromboembolic events of 5% or more [86]. This
decreased risk was not influenced by type of device or type
of implantation, i.e., primary implantation versus generator
change or upgrade. Median international normalized ratio
(INR) was 2.3 (interquartile range 2.0-2.6) in the continued
warfarin group and 1.2 (interquartile range 1.1-1.3) in the
heparin bridging group. Thromboembolic complications
were rare and did not differ between the groups. Other stud-
ies also consistently demonstrated a significantly higher
risk of bleeding events with heparin bridging compared to
continuation of oral anticoagulation, with no significant dif-
ference in thromboembolic events [87,88]. With regard to
other types of antithrombotic agents, bleeding events may
be lowest with antiplatelet therapy, especially aspirin, as
compared with oral anticoagulants and novel oral anticoag-
ulants (NOACs) [88]. Concerns regarding increased bleed-
ing risk with one or more combinations of antithrombotic
agents were discarded in an observational study, demon-
strating no significant differences in pocket hematomas be-
tween patients with no antithrombotic therapy, with oral
anticoagulant therapy, with single or dual antiplatelet ther-
apy, or with combinations of oral anticoagulants and one or
two antiplatelets [89]. Instead of type and number of an-
tithrombotic agents, high HAS-BLED score and presence
of valvular disease were independent predictors of signif-
icant pocket hematoma. NOACs may be associated with
higher risk of bleeding events than antiplatelets [88]. The
BRUISE CONTROL-2 trial investigated the effects of con-
tinued versus interrupted NOACs on clinically significant
hematoma in patients with moderate to high risk on throm-
boembolic events [90]. The trial was terminated early due
to futility; event rates were much lower than expected, and
continuation of NOAC was not superior to interruption of
NOAC. Considering the currently available evidence, we
interrupt oral anticoagulants and NOACs perioperatively
in patients carrying a low risk on thromboembolic events.
Aspirin is continued, and clopidogrel or ticagrelor are con-
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tinued in case of drug-eluting stent implantation <1 year.
In patients carrying a high risk of thromboembolic events,
e.g., with a mechanical valve, electrical cardioversion <4
weeks, or CHA2DS2-VASc score of 89, oral anticoagu-
lation is continued. In the rare context of NOAC use in
the mentioned high-risk situations, implantation can occur
safely with uninterrupted NOAC use [90].

4.3 Defibrillation Threshold Testing

For many years, defibrillation efficacy has been tested
by DFT, especially to establish appropriate connection of
the ICD lead and to test whether the ICD is adequately
able to detect and terminate VF with a shock. Technology
and programming have improved over the years, leading
to reduced energy requirements for defibrillation. Further-
more, DFT is not without risk and can even result in death
[26]. Possible complications of DFT include myocardial
injury, contractile dysfunction leading to worsening heart
failure, central nervous system injury due to hypoperfu-
sion, thromboembolic events in the presence of intracar-
diac thrombus or atrial fibrillation, or respiratory depres-
sion due to anesthetic drugs. Such complications have re-
sulted in a decline in perioperative DFTs. Several studies
examining DFT testing at ICD implantation with current-
generation devices have consistently shown no significant
differences in outcomes [91-93]. These trials, like the SIM-
PLE and NORDIC ICD trials, have indicated that not per-
forming DFT testing is noninferior to DFT testing, with a
trend towards superiority in terms of fewer adverse events
[94,95]. A systematic review and meta-analysis further
support the absence of significant differences in mortal-
ity or adverse outcomes between patients with and with-
out DFT testing [96]. In the absence of randomized data or
society guidelines, many electrophysiologists still opt for
DFT testing during S-ICD implantation, particularly for S-
ICD generator replacement procedures. However, obser-
vational data have not demonstrated a lower rate of inef-
fective shocks or cardiovascular mortality associated with
DFT at initial S-ICD implantation [97,98]. Considering
these results, the HRS/EHRA/APHRS/SOLAECE consen-
sus statement on optimal ICD programming states that it
is reasonable to omit DFT in patients undergoing left pec-
toral transvenous ICD implantation where appropriate sens-
ing (>5-7 mV), pacing, and impedance values are obtained
with fluoroscopically well-positioned RV leads (class Ila
recommendation) [26]. On the contrary, patients receiving
a non-transvenous subcutaneous ICD should undergo DFT
(class I recommendation). Patients underrepresented in the
studies mentioned above include those with hypertrophic
obstructive cardiomyopathies or channelopathies, those un-
dergoing generator replacement, and those with right-sided
ICD implantation. In such patients’ performance of DFT is
reasonable (class Ila recommendation). In our part of the
country where phospholamban gene mutation-associated
cardiomyopathy is prevalent, performance of DFT should
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also be advocated because of the low-voltage electrocardio-
grams in these patients.

5. Other Challenges in ICD Implantation
5.1 Aberrant Anatomy

When implanting any CIED, we want to be prepared
for possible obstacles. We always check patients’ his-
tory and anatomy to be aware of possible aberrant venous
anatomy such as persistent left superior vena cava, pres-
ence of arteriovenous fistulas in hemodialysis patients, and
presence of venous obstruction and collaterals caused by,
e.g., radiotherapy or lymph node dissection. We conduct an
echocardiogram in every patient, as a persistent left superior
vena cava can be recognized. We consider contrast venog-
raphy if venous access may be difficult such in patients with
previous central venous catheter with longer dwell times,
radiation therapy, or thoracic surgery. Persistence of left
superior vena cava is present in 0.2—-0.4% of patients un-
dergoing CIED implantation [99]. As discussed previously,
left-sided implantation of an ICD is preferable but this can
be more difficult in the presence of a persistent left superior
vena cava. Right superior vena cava is missing in 30% of
patients with left superior vena cava so right-sided implan-
tation is not always a bailout option in these patients. Stud-
ies have shown that careful implantation with appropriate
stylet shaping and the use of active fixation leads can result
in successful transvenous implantation with reliable long-
term device performance in most cases [100,101]. CIEDs
are implanted in 0.7% of hemodialysis patients [102]. Pres-
ence of arteriovenous fistulas or the necessity to create one
is an important obstacle in these patients. Arteriovenous fis-
tula failure is frequently observed in patients with CIEDs,
especially for fistulas that are located ipsilateral to the de-
vice [103]. Indeed, CIEDs are associated with high rates,
i.e., >60%, of central vein stenosis in hemodialysis pa-
tients, of which half of patients have to sacrifice their fis-
tula and become catheter dependent for their hemodialysis
afterwards [102]. We therefore try to avoid implantation
of ICDs and pacemakers ipsilateral to the arteriovenous fis-
tula. If there is no other option, contrast venography is con-
ducted to check fistula anatomy as fistulas are sometimes
connected to the cephalic vein. If conventional transvenous
lead implantation is impossible due to anatomic obstacles,
implantation of epicardial pacing leads or defibrillator coils
through minimally invasive surgical approaches are a pos-
sibility with low associated morbidity [104]. Otherwise,
implantation of an S-ICD can be considered, as previously
discussed in the section on S-ICDs.

5.2 Strategy for Upgrades/Revisions

Device upgrades and revisions entail the implantation
of one or more additional leads. Upgrades and revisions
are the most difficult implantation procedures and are asso-
ciated with the highest complication rates, so it is essential
to be thoroughly prepared. As mentioned before, venogra-


https://www.imrpress.com

phy should be performed to assess vessel patency. If pa-
tients with a pacemaker require an upgrade to an ICD, our
advice is to use the old pace/sense lead as it has proved to
be reliable in these patients, who are frequently pacemaker
dependent, and avoid a DF-4 lead connector.

6. Conclusions

The evolving landscape of ICD technologies under-
scores the importance of a comprehensive approach, blend-
ing historical considerations with contemporary innova-
tions, and emphasizing the significance of a meticulous pe-
rioperative plan to ensure the success of implantation pro-
cedures. We provided a rationale in navigating the com-
plexities of ICD selection and implantation strategy.

Author Contributions

ER, MDS and AHM designed the research study. ER
and MDS wrote the manuscript. AHM, MR and HFG
provided clinical insights and expertise, and reviewed the
manuscript for accuracy and relevance. All authors con-
tributed to editorial changes in the manuscript. All authors
read and approved the final manuscript. All authors have
participated sufficiently in the work and agreed to be ac-
countable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment

All contributors are co-authors of this manuscript.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest. Alexander
H. Maass is serving as Guest Editor of this journal. We de-
clare that Alexander H. Maass had no involvement in the
peer review of this article and has no access to information
regarding its peer review. Full responsibility for the edito-
rial process for this article was delegated to Matteo Bertini.

References

[1] Curtis JP, Luebbert JJ, Wang Y, Rathore SS, Chen J, Heiden-
reich PA, et al. Association of physician certification and out-
comes among patients receiving an implantable cardioverter-
defibrillator. JAMA. 2009; 301: 1661-1670.

[2] Al-Khatib SM, Lucas FL, Jollis JG, Malenka DJ, Wennberg
DE. The relation between patients’ outcomes and the volume of
cardioverter-defibrillator implantation procedures performed by
physicians treating Medicare beneficiaries. Journal of the Amer-
ican College of Cardiology. 2005; 46: 1536—1540.

[3] Kirkfeldt RE, Johansen JB, Nohr EA, Jergensen OD, Nielsen
JC. Complications after cardiac implantable electronic device
implantations: an analysis of a complete, nationwide cohort in
Denmark. European Heart Journal. 2014; 35: 1186-1194.

10

(4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Bardy GH, Smith WM, Hood MA, Crozier 1G, Melton
IC, Jordaens L, et al. An entirely subcutaneous implantable
cardioverter—defibrillator. New England Journal of Medicine.
2010; 363: 36-44.

Winter J, Siekiera M, Shin DI, Meyer C, Kropil P, Clahsen H, et
al. Intermuscular technique for implantation of the subcutaneous
implantable cardioverter defibrillator: long-term performance
and complications. Europace: European Pacing, Arrhythmias,
and Cardiac Electrophysiology: Journal of the Working Groups
on Cardiac Pacing, Arrhythmias, and Cardiac Cellular Electro-
physiology of the European Society of Cardiology. 2017; 19:
2036-2041.

Knops RE, Olde Nordkamp LRA, de Groot JR, Wilde AAM.
Two-incision technique for implantation of the subcutaneous
implantable cardioverter-defibrillator. Heart Rhythm. 2013; 10:
1240-1243.

Aziz S, Leon AR, El-Chami MF. The subcutaneous defibrillator:
a review of the literature. Journal of the American College of
Cardiology. 2014; 63: 1473-1479.

Al-Khatib SM, Friedman P, Ellenbogen KA. Defibrillators: Se-
lecting the Right Device for the Right Patient. Circulation. 2016;
134: 1390-1404.

Glikson M, Nielsen JC, Kronborg MB, Michowitz Y, Auricchio
A, Barbash IM, et al. 2021 ESC Guidelines on cardiac pacing
and cardiac resynchronization therapy. European Heart Journal.
2021; 42: 3427-3520.

Quast AFBE, Baalman SWE, Brouwer TF, Smeding L, Wilde
AAM, Burke MC, et al. A novel tool to evaluate the implant po-
sition and predict defibrillation success of the subcutaneous im-
plantable cardioverter-defibrillator: The PRAETORIAN score.
Heart Rhythm. 2019; 16: 403—410.

Hoster C, Rahman A, Goyal A, Peigh G, Trohman R, Knight
BP, et al. Subcutaneous implantable cardioverter-defibrillator
implantation position predicts successful defibrillation in obese
and non-obese patients. Journal of Interventional Cardiac Elec-
trophysiology: an International Journal of Arrhythmias and Pac-
ing. 2023. (online ahead of print)

Theuns DAMIJ, Crozier 1G, Barr CS, Hood MA, Cappato R,
Knops RE, et al. Longevity of the Subcutaneous Implantable
Defibrillator: Long-Term Follow-Up of the European Regula-
tory Trial Cohort. Circulation. Arrhythmia and Electrophysiol-
ogy. 2015; 8: 1159-1163.

Liiker J, Strik M, Andrade JG, Raymond-Paquin A, Elrefai MH,
Roberts PR, ef al. Incidence of premature battery depletion in
subcutaneous cardioverter-defibrillator patients: insights from a
multicenter registry. Journal of Interventional Cardiac Electro-
physiology: an International Journal of Arrhythmias and Pacing.
2023. (online ahead of print)

Knops RE, Olde Nordkamp LRA, Delnoy PHM, Boersma LVA,
Kuschyk J, EI-Chami MF, ef al. Subcutaneous or Transvenous
Defibrillator Therapy. New England Journal of Medicine. 2020;
383: 526-536.

Healey JS, Krahn AD, Bashir J, Amit G, Philippon F, McIn-
tyre WF, et al. Perioperative Safety and Early Patient and De-
vice Outcomes Among Subcutaneous Versus Transvenous Im-
plantable Cardioverter Defibrillator Implantations: A Random-
ized, Multicenter Trial. Annals of Internal Medicine. 2022; 175:
1658-1665.

Brouwer TF, Yilmaz D, Lindeboom R, Buiten MS, Olde Nord-
kamp LRA, Schalij MJ, et al. Long-Term Clinical Outcomes
of Subcutaneous Versus Transvenous Implantable Defibrillator
Therapy. Journal of the American College of Cardiology. 2016;
68: 2047-2055.

Gold MR, Theuns DA, Knight BP, Sturdivant JL, Sanghera R,
Ellenbogen KA, et al. Head-to-head comparison of arrhythmia
discrimination performance of subcutaneous and transvenous

&% IMR Press


https://www.imrpress.com

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

ICD arrhythmia detection algorithms: the START study. Jour-
nal of Cardiovascular Electrophysiology. 2012; 23: 359-366.
Zeppenfeld K, Tfelt-Hansen J, de Riva M, Winkel BG, Behr ER,
Blom NA, et al. 2022 ESC Guidelines for the management of pa-
tients with ventricular arrhythmias and the prevention of sudden
cardiac death. European Heart Journal. 2022; 43: 3997-4126.
Blomstrom-Lundqvist C, Traykov V, Erba PA, Burri H, Nielsen
JC, Bongiorni MG, et al. European Heart Rhythm Associa-
tion (EHRA) international consensus document on how to pre-
vent, diagnose, and treat cardiac implantable electronic device
infections-endorsed by the Heart Rhythm Society (HRS), the
Asia Pacific Heart Rhythm Society (APHRS), the Latin Amer-
ican Heart Rhythm Society (LAHRS), International Society for
Cardiovascular Infectious Diseases (ISCVID) and the Euro-
pean Society of Clinical Microbiology and Infectious Diseases
(ESCMID) in collaboration with the European Association for
Cardio-Thoracic Surgery (EACTS). Europace. 2020; 22: 515-
549.

Boveda S, Lenarczyk R, Haugaa K, Fumagalli S, Madrid AH,
Defaye P, et al. Implantation of subcutaneous implantable car-
dioverter defibrillators in Europe: results of the European Heart
Rhythm Association survey. Europace: European Pacing, Ar-
rhythmias, and Cardiac Electrophysiology: Journal of the Work-
ing Groups on Cardiac Pacing, Arrhythmias, and Cardiac Cel-
lular Electrophysiology of the European Society of Cardiology.
2016; 18: 1434-1439.

Gasperetti A, Schiavone M, Milstein J, Compagnucci P, Vogler
J, Laredo M, et al. Differences in underlying cardiac substrate
among S-ICD recipients and its impact on long-term device-
related outcomes: Real-world insights from the iSUSI registry.
Heart Rhythm. 2024; 21: 410-418.

Moore JP, Mondésert B, Lloyd MS, Cook SC, Zaidi AN, Pass
RH, et al. Clinical Experience With the Subcutaneous Im-
plantable Cardioverter-Defibrillator in Adults With Congenital
Heart Disease. Circulation. Arrhythmia and Electrophysiology.
2016; 9: €004338.

Crozier I, O’Donnell D, Boersma L, Murgatroyd F, Manlucu
J, Knight BP, et al. The extravascular implantable cardioverter-
defibrillator: The pivotal study plan. Journal of Cardiovascular
Electrophysiology. 2021; 32: 2371-2378.

Friedman P, Murgatroyd F, Boersma LVA, Manlucu J,
O’Donnell D, Knight BP, et al. Efficacy and Safety of an
Extravascular Implantable Cardioverter-Defibrillator. The New
England Journal of Medicine. 2022; 387: 1292—-1302.
Swerdlow C, Gillberg J, Boersma LVA, Manlucu J, Zhang
X, Zhang Y, et al. Extravascular Implantable Cardioverter-
Defibrillator Sensing and Detection in a Large Global Popula-
tion. JACC. Clinical Electrophysiology. 2024. (online ahead of
print)

Wilkoff BL, Fauchier L, Stiles MK, Morillo CA, Al-Khatib SM,
Almendral J, et al. 2015 HRS/EHRA/APHRS/SOLAECE ex-
pert consensus statement on optimal implantable cardioverter-
defibrillator programming and testing. Heart Rhythm. 2016; 13:
e50—e86.

Theuns DAMJ, Rivero-Ayerza M, Boersma E, Jordaens L. Pre-
vention of inappropriate therapy in implantable defibrillators:
A meta-analysis of clinical trials comparing single-chamber
and dual-chamber arrhythmia discrimination algorithms. Inter-
national Journal of Cardiology. 2008; 125: 352-357.

Peterson PN, Greenlee RT, Go AS, Magid DJ, Cassidy-Bushrow
A, Garcia-Montilla R, et al. Comparison of Inappropriate
Shocks and Other Health Outcomes Between Single- and Dual-
Chamber Implantable Cardioverter-Defibrillators for Primary
Prevention of Sudden Cardiac Death: Results From the Cardio-
vascular Research Network Longitudinal Study of Implantable
Cardioverter-Defibrillators. Journal of the American Heart As-

&% IMR Press

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

sociation. 2017; 6: €006937.

Ruwald AC, Schuger C, Moss AJ, Kutyifa V, Olshansky B,
Greenberg H, et al. Mortality reduction in relation to implantable
cardioverter defibrillator programming in the Multicenter Au-
tomatic Defibrillator Implantation Trial-Reduce Inappropriate
Therapy (MADIT-RIT). Circulation. Arrhythmia and Electro-
physiology. 2014; 7: 785-792.

Moss AJ, Schuger C, Beck CA, Brown MW, Cannom DS,
Daubert JP, et al. Reduction in inappropriate therapy and mor-
tality through ICD programming. The New England Journal of
Medicine. 2012; 367: 2275-2283.

Gasparini M, Proclemer A, Klersy C, Kloppe A, Lunati M, Fer-
rer JBM, et al. Effect of long-detection interval vs standard-
detection interval for implantable cardioverter-defibrillators on
antitachycardia pacing and shock delivery: the ADVANCE III
randomized clinical trial. JAMA. 2013; 309: 1903-1911.
Teerawongsakul P, Ananwattanasuk T, Chokesuwattanaskul R,
Shah M, Lathkar-Pradhan S, Barham W, et al. Programming
of implantable cardioverter defibrillators for primary preven-
tion: outcomes at centers with high vs. low concordance with
guidelines. Journal of Interventional Cardiac Electrophysiology:
an International Journal of Arrhythmias and Pacing. 2023; 66:
1359-1366.

Defaye P, Boveda S, Klug D, Beganton F, Piot O, Narayanan K,
et al. Dual- vs. single-chamber defibrillators for primary preven-
tion of sudden cardiac death: long-term follow-up of the Défib-
rillateur Automatique Implantable-Prévention Primaire registry.
Europace: European Pacing, Arrhythmias, and Cardiac Electro-
physiology: Journal of the Working Groups on Cardiac Pacing,
Arrhythmias, and Cardiac Cellular Electrophysiology of the Eu-
ropean Society of Cardiology. 2017; 19: 1478-1484.

Kumar P, Baker M, Gehi AK. Comparison of Single-Coil and
Dual-Coil Implantable Defibrillators: A Meta-Analysis. JACC.
Clinical Electrophysiology. 2017; 3: 12-19.

Varma N, Efimov I. Right pectoral implantable cardioverter de-
fibrillators: role of the proximal (SVC) coil. Pacing and Clinical
Electrophysiology: PACE. 2008; 31: 1025-1035.

Mond HG, Helland JR, Fischer A. The evolution of the car-
diac implantable electronic device connector. Pacing and Clini-
cal Electrophysiology: PACE. 2013; 36: 1434-1446.

Haqgani HM, Mond HG. The implantable cardioverter-
defibrillator lead: principles, progress, and promises. Pacing and
Clinical Electrophysiology: PACE. 2009; 32: 1336-1353.
Forleo GB, Di Biase L, Mantica M, Panattoni G, Santamaria M,
Parisi Q, et al. First clinical experience with the new four-pole
standard connector for high-voltage ICD leads. Early results of
a multicenter comparison with conventional implant outcomes.
Journal of Interventional Cardiac Electrophysiology: an Inter-
national Journal of Arrhythmias and Pacing. 2013; 38: 11-18.
Cogert GA, Cameron CS, Sandler DA. Limitations of the DF-4
defibrillator connector necessitating device removal. Pacing and
Clinical Electrophysiology: PACE. 2012; 35: e24—¢26.
Groenveld HF, Coster JE, van Veldhuisen DJ, Rienstra M,
Blaauw Y, Maass AH. Downgrade of cardiac defibrillator de-
vices to pacemakers in elderly heart failure patients: clinical
considerations and the importance of shared decision-making.
Netherlands Heart Journal: Monthly Journal of the Netherlands
Society of Cardiology and the Netherlands Heart Foundation.
2021; 29: 243-252.

Varma N, Schaerf R, Kalbfleisch S, Pimentel R, Kroll MW, Oza
A. Defibrillation thresholds with right pectoral implantable car-
dioverter defibrillators and impact of waveform tuning (the Tilt
and Tune trial). Europace: European Pacing, Arrhythmias, and
Cardiac Electrophysiology: Journal of the Working Groups on
Cardiac Pacing, Arrhythmias, and Cardiac Cellular Electrophys-
iology of the European Society of Cardiology. 2017; 19: 1810—

11


https://www.imrpress.com

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

12

1817.

Keyser A, Hilker MK, Ucer E, Wittmann S, Schmid C, Diez C.
Significance of intraoperative testing in right-sided implantable
cardioverter-defibrillators. Journal of Cardiothoracic Surgery.
2013; 8: 77.

Gold MR, Shih HT, Herre J, Breiter D, Zhang Y, Schwartz M,
et al. Comparison of defibrillation efficacy and survival asso-
ciated with right versus left pectoral placement for implantable
defibrillators. The American Journal of Cardiology. 2007; 100:
243-246.

Bongiorni MG, Proclemer A, Dobreanu D, Marinskis G, Pison
L, Blomstrom-Lundqyvist C, et al. Preferred tools and techniques
for implantation of cardiac electronic devices in Europe: results
of the European Heart Rhythm Association survey. Europace:
European Pacing, Arrhythmias, and Cardiac Electrophysiology:
Journal of the Working Groups on Cardiac Pacing, Arrhythmias,
and Cardiac Cellular Electrophysiology of the European Society
of Cardiology. 2013; 15: 1664—1668.

Maass AH, Waterbolk TW, Van Gelder IC. Pitfalls of internal
cardioverter defibrillator implantation: part II. Europace: Eu-
ropean Pacing, Arrhythmias, and Cardiac Electrophysiology:
Journal of the Working Groups on Cardiac Pacing, Arrhythmias,
and Cardiac Cellular Electrophysiology of the European Society
of Cardiology. 2009; 11: 268-270.

Burri H, Starck C, Auricchio A, Biffi M, Burri M, D’Avila A, et
al. EHRA expert consensus statement and practical guide on op-
timal implantation technique for conventional pacemakers and
implantable cardioverter-defibrillators: endorsed by the Heart
Rhythm Society (HRS), the Asia Pacific Heart Rhythm Soci-
ety (APHRS), and the Latin-American Heart Rhythm Society
(LAHRS). Europace: European Pacing, Arrhythmias, and Car-
diac Electrophysiology: Journal of the Working Groups on Car-
diac Pacing, Arrhythmias, and Cardiac Cellular Electrophysi-
ology of the European Society of Cardiology. 2021; 23: 983—
1008.

Jiménez-Diaz J, Higuera-Sobrino F, Piqueras-Flores J, Pérez-
Diaz P, Gonzalez-Marin MA. Fluoroscopy-guided axillary vein
access vs cephalic vein access in pacemaker and defibrillator
implantation: Randomized clinical trial of efficacy and safety.
Journal of Cardiovascular Electrophysiology. 2019; 30: 1588—
1593.

Hadjis A, Proietti R, Essebag V. Implantation of cardiac resyn-
chronization therapy devices using three leads by cephalic vein
dissection approach. Europace: European Pacing, Arrhythmias,
and Cardiac Electrophysiology: Journal of the Working Groups
on Cardiac Pacing, Arrhythmias, and Cardiac Cellular Electro-
physiology of the European Society of Cardiology. 2017; 19:
1514-1520.

Neri R, Cesario AS, Baragli D, Monti F, Danisi N, Glaciale G, et
al. Permanent pacing lead insertion through the cephalic vein us-
ing an hydrophilic guidewire. Pacing and Clinical Electrophys-
iology: PACE. 2003; 26: 2313-2314.

Liu P, Zhou YF, Yang P, Gao YS, Zhao GR, Ren SY, et al. Op-
timized Axillary Vein Technique versus Subclavian Vein Tech-
nique in Cardiovascular Implantable Electronic Device Implan-
tation: A Randomized Controlled Study. Chinese Medical Jour-
nal. 2016; 129: 2647-2651.

Roelke M, O’Nunain SS, Osswald S, Garan H, Harthorne JW,
Ruskin JN. Subclavian crush syndrome complicating transve-
nous cardioverter defibrillator systems. Pacing and Clinical
Electrophysiology: PACE. 1995; 18: 973-979.

Vetta G, Magnocavallo M, Parlavecchio A, Caminiti R, Polselli
M, Sorgente A, et al. Axillary vein puncture versus cephalic vein
cutdown for cardiac implantable electronic device implantation:
A meta-analysis. Pacing and Clinical Electrophysiology: PACE.
2023; 46: 942-947.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Hasan F, Nedios S, Karosiene Z, Scholten M, Lemke B, Tulka
S, et al. Perioperative complications after pacemaker implanta-
tion: higher complication rates with subclavian vein puncture
than with cephalic vein cutdown. Journal of Interventional Car-
diac Electrophysiology: an International Journal of Arrhythmias
and Pacing. 2023; 66: 857-863.

Charles P, Ditac G, Montoy M, Thenard T, Courand PY,
Lantelme P, et al. Intra-pocket ultrasound-guided axillary vein
puncture vs. cephalic vein cutdown for cardiac electronic device
implantation: the ACCESS trial. European Heart Journal. 2023;
44: 4847-4858.

Chan NY, Kwong NP, Cheong AP. Venous access and long-
term pacemaker lead failure: comparing contrast-guided axillary
vein puncture with subclavian puncture and cephalic cutdown.
Europace: European Pacing, Arrhythmias, and Cardiac Electro-
physiology: Journal of the Working Groups on Cardiac Pacing,
Arrhythmias, and Cardiac Cellular Electrophysiology of the Eu-
ropean Society of Cardiology. 2017; 19: 1193-1197.

Migliore F, Siciliano M, De Lazzari M, Ferretto S, Valle CD,
Zorzi A, et al. Axillary vein puncture using fluoroscopic land-
marks: a safe and effective approach for implantable car-
dioverter defibrillator leads. Journal of Interventional Cardiac
Electrophysiology: an International Journal of Arrhythmias and
Pacing. 2015; 43: 263-267.

Morani G, Bolzan B, Valsecchi S, Morosato M, Ribichini FL.
Chronic venous obstruction during cardiac device revision: In-
cidence, predictors, and efficacy of percutaneous techniques to
overcome the stenosis. Heart Rhythm. 2020; 17: 258-264.
Abu-El-Haija B, Bhave PD, Campbell DN, Mazur A, Hodgson-
Zingman DM, Cotarlan V, et al. Venous Stenosis After Transve-
nous Lead Placement: A Study of Outcomes and Risk Factors
in 212 Consecutive Patients. Journal of the American Heart As-
sociation. 2015; 4: e001878.

Sood N, Martin DT, Lampert R, Curtis JP, Parzynski C, Clancy
J. Incidence and Predictors of Perioperative Complications With
Transvenous Lead Extractions: Real-World Experience With
National Cardiovascular Data Registry. Circulation. Arrhythmia
and Electrophysiology. 2018; 11: e004768.

Worley SJ, Gohn DC, Pulliam RW, Raifsnider MA, Ebersole BI,
Tuzi J. Subclavian venoplasty by the implanting physicians in
373 patients over 11 years. Heart Rhythm. 2011; 8: 526-533.
Lipsic E, Daniéls F, Groenveld HF, Rienstra M, Maass AH.
When and how to perform venoplasty for lead placement. Heart
Rhythm. 2024. (online ahead of print)

Hussain MA, Furuya-Kanamori L, Kaye G, Clark J, Doi SAR.
The Effect of Right Ventricular Apical and Nonapical Pac-
ing on the Short- and Long-Term Changes in Left Ventricu-
lar Ejection Fraction: A Systematic Review and Meta-Analysis
of Randomized-Controlled Trials. Pacing and Clinical Electro-
physiology: PACE. 2015; 38: 1121-1136.

Shimony A, Eisenberg MJ, Filion KB, Amit G. Beneficial ef-
fects of right ventricular non-apical vs. apical pacing: a system-
atic review and meta-analysis of randomized-controlled trials.
Europace: European Pacing, Arrhythmias, and Cardiac Electro-
physiology: Journal of the Working Groups on Cardiac Pacing,
Arrhythmias, and Cardiac Cellular Electrophysiology of the Eu-
ropean Society of Cardiology. 2012; 14: 81-91.

Amit G, Wang J, Connolly SJ, Glikson M, Hohnloser S, Wright
DI, et al. Apical versus Non-Apical Lead: Is ICD Lead Position
Important for Successful Defibrillation? Journal of Cardiovas-
cular Electrophysiology. 2016; 27: 581-586.

Kolb C, Solzbach U, Biermann J, Semmler V, Kloppe A, Klein
N, et al. Safety of mid-septal electrode placement in implantable
cardioverter defibrillator recipients—results of the SPICE (Septal
Positioning of ventricular ICD Electrodes) study. International
Journal of Cardiology. 2014; 174: 713-720.

&% IMR Press


https://www.imrpress.com

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

Kaye GC, Eng LK, Hunt BJ, Dauber KM, Hill J, Gould PA. A
comparison of right ventricular non-apical defibrillator lead po-
sition with traditional right ventricular apical position: a single
centre experience. Heart, Lung & Circulation. 2015; 24: 179—
184.

Fyenbo DB, Sommer A, Stephansen C, Nergaard BL, Kronborg
MB, Kristensen J, et al. Cardiac computed tomography-verified
right ventricular lead position and outcomes in cardiac resyn-
chronization therapy. Journal of Interventional Cardiac Electro-
physiology: an International Journal of Arrhythmias and Pacing.
2022; 64: 783-792.

Leclercq C, Sadoul N, Mont L, Defaye P, Osca J, Mouton E,
et al. Comparison of right ventricular septal pacing and right
ventricular apical pacing in patients receiving cardiac resynchro-
nization therapy defibrillators: the SEPTAL CRT Study. Euro-
pean Heart Journal. 2016; 37: 473-483.

Kutyifa V, Bloch Thomsen PE, Huang DT, Rosero S, Tompkins
C, Jons C, et al. Impact of the right ventricular lead position
on clinical outcome and on the incidence of ventricular tach-
yarrhythmias in patients with CRT-D. Heart Rhythm. 2013; 10:
1770-17717.

Ezzeddine FM, Leon IG, Cha YM. Cardiac Resynchronisation
with Conduction System Pacing. Arrhythmia & Electrophysiol-
ogy Review. 2023; 12: e22.

Chung MK, Patton KK, Lau CP, Dal Forno ARJ, Al-Khatib SM,
Arora V, et al. 2023 HRS/APHRS/LAHRS guideline on cardiac
physiologic pacing for the avoidance and mitigation of heart fail-
ure. Journal of Arrhythmia. 2023; 39: 681-756.

Burri H, Jastrzebski M, Cano O, Curila K, de Pooter J, Huang W,
et al. EHRA clinical consensus statement on conduction system
pacing implantation: endorsed by the Asia Pacific Heart Rhythm
Society (APHRS), Canadian Heart Rhythm Society (CHRS),
and Latin American Heart Rhythm Society (LAHRS). Europace:
European Pacing, Arrhythmias, and Cardiac Electrophysiology:
Journal of the Working Groups on Cardiac Pacing, Arrhythmias,
and Cardiac Cellular Electrophysiology of the European Society
of Cardiology. 2023; 25: 1208-1236.

Manolis AS, Chiladakis J, Vassilikos V, Maounis T, Cokkinos
DV. Pectoral cardioverter defibrillators: comparison of prepec-
toral and submuscular implantation techniques. Pacing and Clin-
ical Electrophysiology: PACE. 1999; 22: 469-478.

Garweg C, Alzand BS, Willems R. Twiddler syndrome causing
an inappropriate implantable cardioverter-defibrillator shock.
European Heart Journal. 2014; 35: 516.

Korantzopoulos P, Sideris S, Dilaveris P, Gatzoulis K, Goude-
venos JA. Infection control in implantation of cardiac im-
plantable electronic devices: current evidence, controversial
points, and unresolved issues. Europace: European Pacing, Ar-
rhythmias, and Cardiac Electrophysiology: Journal of the Work-
ing Groups on Cardiac Pacing, Arrhythmias, and Cardiac Cel-
lular Electrophysiology of the European Society of Cardiology.
2016; 18: 473-478.

Rennert-May E, Chew D, Lu S, Chu A, Kuriachan V, Somayaji
R. Epidemiology of cardiac implantable electronic device in-
fections in the United States: A population-based cohort study.
Heart Rhythm. 2020; 17: 1125-1131.

Dai M, Cai C, Vaibhav V, Sohail MR, Hayes DL, Hodge DO, et
al. Trends of Cardiovascular Implantable Electronic Device In-
fection in 3 Decades: A Population-Based Study. JACC. Clini-
cal Electrophysiology. 2019; 5: 1071-1080.

Greenspon AJ, Eby EL, Petrilla AA, Sohail MR. Treatment pat-
terns, costs, and mortality among Medicare beneficiaries with
CIED infection. Pacing and Clinical Electrophysiology: PACE.
2018; 41: 495-503.

Sandoe JAT, Barlow G, Chambers JB, Gammage M, Guleri A,
Howard P, et al. Guidelines for the diagnosis, prevention and

&% IMR Press

[80]

(81]

(82]

[83]

[84]

[85]

[86]

(87]

[88]

[89]

[90]

[91]

management of implantable cardiac electronic device infection.
Report of a joint Working Party project on behalf of the British
Society for Antimicrobial Chemotherapy (BSAC, host organiza-
tion), British Heart Rhythm Society (BHRS), British Cardiovas-
cular Society (BCS), British Heart Valve Society (BHVS) and
British Society for Echocardiography (BSE). The Journal of An-
timicrobial Chemotherapy. 2015; 70: 325-359.

Polyzos KA, Konstantelias AA, Falagas ME. Risk factors for
cardiac implantable electronic device infection: a systematic re-
view and meta-analysis. Europace: European Pacing, Arrhyth-
mias, and Cardiac Electrophysiology: Journal of the Working
Groups on Cardiac Pacing, Arrhythmias, and Cardiac Cellular
Electrophysiology of the European Society of Cardiology. 2015;
17: 767-777.

Olsen T, Jorgensen OD, Nielsen JC, Thegersen AM, Philbert
BT, Johansen JB. Incidence of device-related infection in 97 750
patients: clinical data from the complete Danish device-cohort
(1982-2018). European Heart Journal. 2019; 40: 1862—-1869.
de Oliveira JC, Martinelli M, Nishioka SAD, Varejao T, Uipe
D, Pedrosa AAA, et al. Efficacy of antibiotic prophylaxis before
the implantation of pacemakers and cardioverter-defibrillators:
results of a large, prospective, randomized, double-blinded,
placebo-controlled trial. Circulation. Arrhythmia and Electro-
physiology. 2009; 2: 29-34.

Krahn AD, Longtin Y, Philippon F, Birnie DH, Manlucu J, An-
garan P, et al. Prevention of Arrhythmia Device Infection Trial:
The PADIT Trial. Journal of the American College of Cardiol-
ogy. 2018; 72: 3098-3109.

Tarakji KG, Mittal S, Kennergren C, Corey R, Poole JE, Schloss
E, et al. Antibacterial Envelope to Prevent Cardiac Implantable
Device Infection. The New England Journal of Medicine. 2019;
380: 1895-1905.

Darouiche RO, Wall MJ, Jr, Itani KMF, Otterson MF, Webb AL,
Carrick MM, et al. Chlorhexidine-Alcohol versus Povidone-
Iodine for Surgical-Site Antisepsis. The New England Journal
of Medicine. 2010; 362: 18-26.

Birnie DH, Healey JS, Wells GA, Verma A, Tang AS, Krahn AD,
et al. Pacemaker or Defibrillator Surgery without Interruption of
Anticoagulation. New England Journal of Medicine. 2013; 368:
2084-2093.

Du L, Zhang Y, Wang W, Hou Y. Perioperative anticoagula-
tion management in patients on chronic oral anticoagulant ther-
apy undergoing cardiac devices implantation: a meta-analysis.
Pacing and Clinical Electrophysiology: PACE. 2014; 37: 1573—
1586.

He H, Ke BB, Li Y, Han FS, Li X, Zeng YJ. Perioperative
management of antithrombotic therapy in patients receiving car-
diovascular implantable electronic devices: a network meta-
analysis. Journal of Interventional Cardiac Electrophysiology:
an International Journal of Arrhythmias and Pacing. 2017; 50:
65-83.

Ishibashi K, Miyamoto K, Kamakura T, Wada M, Nakajima
I, Inoue Y, et al. Risk factors associated with bleeding after
multi antithrombotic therapy during implantation of cardiac im-
plantable electronic devices. Heart and Vessels. 2017; 32: 333—
340.

Essebag V, Healey JS, Ayala-Paredes F, Kalfon E, Coutu B,
Nery P, et al. Strategy of continued vs interrupted novel oral an-
ticoagulant at time of device surgery in patients with moderate
to high risk of arterial thromboembolic events: The BRUISE
CONTROL-2 trial. American Heart Journal. 2016; 173: 102—
107.

Arnson Y, Suleiman M, Glikson M, Sela R, Geist M, Amit G,
et al. Role of defibrillation threshold testing during implantable
cardioverter-defibrillator placement: data from the Israeli ICD
Registry. Heart Rhythm. 2014; 11: 814-821.

13


https://www.imrpress.com

[92] Guenther M, Rauwolf T, Briiggemann B, Gerlach M, Wissnig
NK, Christoph M, et al. Pre-hospital discharge testing after im-
plantable cardioverter defibrillator implantation: a measure of
safety or out of date? A retrospective analysis of 975 patients.
Europace: European Pacing, Arrhythmias, and Cardiac Electro-
physiology: Journal of the Working Groups on Cardiac Pacing,
Arrhythmias, and Cardiac Cellular Electrophysiology of the Eu-
ropean Society of Cardiology. 2012; 14: 217-223.

[93] Sadoul N, Defaye P, Mouton E, Bizeau O, Dupuis JM, Blangy H,
et al. Defibrillation testing in everyday medical practice during
implantable cardioverter defibrillator implantation in France:
analysis from the LEADER registry. Archives of Cardiovascular
Diseases. 2013; 106: 562-569.

[94] Healey JS, Hohnloser SH, Glikson M, Neuzner J, Mabo P, Vi-
nolas X, et al. Cardioverter defibrillator implantation without in-
duction of ventricular fibrillation: a single-blind, non-inferiority,
randomised controlled trial (SIMPLE). Lancet (London, Eng-
land). 2015; 385: 785-791.

[95] Bénsch D, Bonnemeier H, Brandt J, Bode F, Svendsen JH,
Taborsky M, et al. Intra-operative defibrillation testing and clin-
ical shock efficacy in patients with implantable cardioverter-
defibrillators: the NORDIC ICD randomized clinical trial. Eu-
ropean Heart Journal. 2015; 36: 2500-2507.

[96] Phan K, Ha H, Kabunga P, Kilborn MJ, Toal E, Sy RW. Sys-
tematic Review of Defibrillation Threshold Testing at De Novo
Implantation. Circulation. Arrhythmia and Electrophysiology.
2016; 9: e003357.

[97] Forleo GB, Gasperetti A, Breitenstein A, Laredo M, Schiavone
M, Ziacchi M, et al. Subcutaneous implantable cardioverter-
defibrillator and defibrillation testing: A propensity-matched pi-
lot study. Heart Rhythm. 2021; 18: 2072-2079.

[98] Bianchi V, Bisignani G, Migliore F, Biffi M, Nigro G, Viani S, et
al. Safety of Omitting Defibrillation Efficacy Testing With Sub-
cutaneous Defibrillators: A Propensity-Matched Case-Control

14

Study. Circulation. Arrhythmia and Electrophysiology. 2021;
14: ¢010381.

[99] Steckiewicz R, Kosior DA, Rosiak M, Swiqtoﬁ E, Stolarz P,
Grabowski M. The prevalence of superior vena cava anomalies
as detected in cardiac implantable electronic device recipients at
a tertiary cardiology centre over a 12-year period. Hellenic Jour-
nal of Cardiology: HJC = Hellenike Kardiologike Epitheorese.
2016; 57: 101-106.

[100] Biffi M, Bertini M, Ziacchi M, Martignani C, Valzania C,
Diemberger I, et al. Clinical implications of left superior vena
cava persistence in candidates for pacemaker or cardioverter-
defibrillator implantation. Heart and Vessels. 2009; 24: 142—
146.

[101] Guenther M, Kolschmann S, Rauwolf TP, Christoph M, Sand-
fort V, Strasser RH, et al. Implantable cardioverter defibrillator
lead implantation in patients with a persistent left superior vena
cava—feasibility, chances, and limitations: representative cases
in adults. Europace: European Pacing, Arrhythmias, and Car-
diac Electrophysiology: Journal of the Working Groups on Car-
diac Pacing, Arrhythmias, and Cardiac Cellular Electrophysiol-
ogy of the European Society of Cardiology. 2013; 15: 273-277.

[102] Drew DA, Meyer KB, Weiner DE. Transvenous cardiac device
wires and vascular access in hemodialysis patients. American
Journal of Kidney Diseases: the Official Journal of the National
Kidney Foundation. 2011; 58: 494-496.

[103] Tan CS, Jie C, Joe J, Irani ZD, Ganguli S, Kalva SP, et al. The
impact of transvenous cardiac devices on vascular access pa-
tency in hemodialysis patients. Seminars in Dialysis. 2013; 26:
728-732.

[104] Jaroszewski DE, Altemose GT, Scott LR, Srivasthan K, De-
valeria PA, Lackey J, et al. Nontraditional surgical approaches

for implantation of pacemaker and cardioverter defibrillator sys-
tems in patients with limited venous access. The Annals of Tho-

racic Surgery. 2009; 88: 112—-116.

&% IMR Press


https://www.imrpress.com

	1. Introduction
	2. ICD Devices and Lead Systems
	2.1 Subcutaneous, Extravascular or Transvenous ICD Systems
	2.2 Single- or Dual-Chamber ICD
	2.3 Single- or Dual-Coil ICD Lead
	2.4 ICD Lead Connector: DF-1 or DF-4

	3. Surgical Techniques and Approaches for ICD Implantation
	3.1 Side of Implant
	3.2 Venous Access for Lead Implantation
	3.3 Right Ventricular Lead Position
	3.4 Generator Placement Site
	3.5 Lead Placement in Pocket

	4. Perioperative Measures
	4.1 Antibiotic Prophylaxis
	4.2 Antithrombotic Therapy
	4.3 Defibrillation Threshold Testing

	5. Other Challenges in ICD Implantation
	5.1 Aberrant Anatomy 
	5.2 Strategy for Upgrades/Revisions

	6. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

