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Abstract: Background/Objectives: Implantable cardioverter defibrillators are used to prevent sud-
den cardiac death. The subcutaneous implantable cardioverter-defibrillator was newly developed to
overcome the limitations of the conventional implantable cardioverter defibrillator-transvenous de-
vice. The subcutaneous implantable cardioverter defibrillator is indicated for young patients with
heart disease, congenital heart defects, and poor venous access, who have an indication for im-
plantable cardioverter defibrillator without the need for anti-bradycardic stimulation. We aimed to
compare the efficacy and complications of subcutaneous with transvenous implantable cardiovert-
er-defibrillator devices.

Methodology: A systematic review was conducted using different databases. The inclusion criteria
were observational and clinical randomized trials with no language limits and no publication date
limit that compared subcutaneous with transvenous implantable cardioverter-defibrillators. The se-
lected patients were aged > 18 years with complex ventricular arrhythmia.

Results: Five studies involving 2111 patients who underwent implantable cardioverter defibrillator
implantation were included. The most frequent complication in the subcutaneous device group was
infection, followed by hematoma formation and electrode migration. For the transvenous device,
the most frequent complications were electrode migration and infection. Regarding efficacy, the to-
tal rates of appropriate shocks were 9.04% and 20.47% in the subcutaneous and transvenous device
groups, respectively, whereas inappropriate shocks to the subcutaneous and transvenous device
groups were 11,3% and 10,7%, respectively.

Conclusion: When compared to the transvenous device, the subcutaneous device had lower compli-
cation rates owing to lead migration and less inappropriate shocks due to supraventricular tachycar-
dia; nevertheless, infection rates and improper shocks due to T wave oversensing were comparable
for both devices CRD42021251569.

Keywords: Subcutaneous implantable cardioverter defibrillator, transvenous implantable cardioverter defibrillator, efficacy,

complications, supraventricular tachycardia, bruise, infection.

1. INTRODUCTION

The estimated incidence of sudden cardiac death (SCD)
in the United States is between 180,000 and 400,000 cas-
es/year, whereas, in Brazil, DATASUS data indicate
~250,000 cases/year [1, 2]. The main causes of SCD are ven-
tricular arrhythmias (AVs), particularly ventricular fibrilla-
tion (VF), which accounts for ~80% of SCDs [3]. Antiar-
rhythmic drugs and defibrillators are used to reestablish or
reorganize the heart rhythm to reverse this condition; the lat-
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ter are considered more effective [3]. With regard to defibril-
lators, there are two types of implantable cardioverter defib-
rillators (ICDs): transvenous (conventional) and subcuta-
neous.

Conventional ICD uses transvenous defibrillator leads
implanted into the right ventricle and is indicated for pri-
mary and secondary prevention of sudden death, based on re-
sults from large multicenter and randomized clinical trials
[4-6]. Although effective and relatively safe, ICD-transve-
nous (ICD-TV) presents acute and chronic limitations to the
implant, difficulty in extraction, and complications in the
short and long term. Major complications include in-hospital
death, cardiac perforation, cardiac valve injury, hemothorax,
pneumothorax, deep phlebitis, transient ischemic attack,
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stroke, myocardial infarction, cardiac tamponade, and arteri-
ovenous fistula [4-7]. Defibrillation occurs at a rate of 20% -
40% in 8-10 years, mainly due to defects related to the insu-
lation, which occur more frequently in young patients. In ad-
dition, late extraction of the electrode cable is difficult and is
associated with significant morbidity and mortality [§].

In view of these challenges, there was the need to create
an ICD without endovascular electrodes to overcome the lim-
itations related to the implantation of this system. Therefore,
a subcutaneous cardioverter defibrillator (ICD) was devel-
oped. One of the components of the subcutaneous ICD sys-
tem is a 3-mm tripolar parasternal electrode (polycarbonate
urethane 55D) that is linked to an electrically active pulse
generator. The electrode is located on the left side of the ster-
num, parallel to it, and 1 to 2 cm to the left of the sternal
midline, and the pulse generator is positioned above the
sixth rib at the juncture of the midaxillary line and the anteri-
or axillary line (Fig. 1). On one side of the coil are two sens-
ing electrodes, while on the other is an 8-cm shocking coil.
The distal sensing electrode is placed at the manubrium ster-
num junction, while the proximal sensing electrode is placed
near the xiphoid process [3, 4, 7, 9, 10].

The distal and proximal sensing electrodes (D and P, re-
spectively) of the LGen-S8 device are shown, with the left
lateral pulse generator and an 8-cm parasternal coil elec-
trode (C). From Bardy GH, Smith W.M, Hood M.A., et al.
An entirely subcutaneous implantable cardioverter-defibrilla-
tor N Engl J Med, 363 (2010), pp. 36-44. Copyright ©
(2021) Massachusetts Medical Society. Reprinted with per-
mission from Massachusetts Medical Society.”

ICD-S is indicated for young patients with electrical car-
diac diseases, congenital heart diseases, and poor venous ac-
cess, who need an ICD but do not require anti-bradycardic
stimulation and anti-tachycardia pacing (ATP) [4, 5]. How-
ever, ICD-S is being increasingly used in older patients with
more serious heart diseases and associated comorbidities.
The ICD-S was developed to avoid problems associated
with transvenous leads, but it lacks pacing capability and so
can only be used in patients who do not require pacing [10].

The SCD-S post-approval registry (SICD-PAS), which
is the biggest registry of SICD patients in the United States,
was just made public. Using this registry, researchers were
able to characterize the characteristics and acute outcomes
of individuals who had a SICD implanted in a real-world
context outside of an exploratory trial. More than 1600 pa-
tients were registered in this registry. The mean age of the
cohort was 52 years and 15 years, which is consistent with
the current trend of implanting SICDs in younger patients. A
total of 98.7 percent of induced VI/VF were effectively con-
verted in the SICD-PAS study.

Studies reveal that ICD-S has similar effectiveness as
ICD-TV in reversing ventricular-induced fibrillation, but it
has some short-term limitations, such as requiring a mandato-
ry defibrillation test at the time of implantation and infection
of the device with a low risk of systemic dissemination [5, 6,
10]. Further, long-term complications are not yet fully eluci-
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dated. Commercial use is approved in the European Union,
New Zealand, and the United States, but not yet in Brazil [3,
5, 10].

To provide clinical guidance in therapeutic decision-mak-
ing, to contribute to the planning of new research on the sub-
ject, and because of the paucity of data regarding the future
repercussions of the ICD-S, a systematic review of observa-
tional studies was conducted to compare the efficacy and
complications associated with ICD-TV and ICD-S in the pre-
vention of SCD in patients with ventricular arrhythmias.

2. METHODOLOGY

2.1. Research Strategy and Study Eligibility

The present study was based on the PICOS strategy,
which addresses five essential components for the elabora-
tion of a systematic review: population, intervention, com-
parison, outcome, and study type. A bibliographic search
was performed in the databases: PUBMED, LILACS, Goo-
gle academic, Cochrane Central Register of Controlled
Trials (CENTRAL), on November 7, 2018, using the search
terms “Subcutaneous ICD” AND “ICD Implantation” AND
“Ventricular Arrthythmia.” The evaluation for possible inclu-
sion was independently performed by two reviewers based
on the titles and abstracts. The inclusion criteria for this re-
view were published studies comparing ICD-S and ICD-TV
with no language limits and no publication date limit. Clini-
cal studies, case reports, reviews, and book chapters were ex-
cluded. The patients selected were aged > 18 years with com-
plex ventricular arrhythmia; patients aged < 18 years of age
were excluded. Recently, on August 5, 2020, a prospective,
randomized multicenter study evaluated the advantages and
disadvantages of ICD-S; and because it enriches the knowl-
edge about this topic, it was included in the review.

2.2. Extraction and Analysis of Data

Data from the independent analysis included the type of
study and the year of publication, clinical characteristics of
the patients, indications for primary and secondary preven-
tion, presence of previous heart disease, efficacy, and com-
plications. The relationship and grouping of the data were
performed and summarized in the Tables. A joint analysis of
all collected data was performed. To arrive at a single result
that is common to all studies, an association r was made be-
tween the total number of events and the sum of participat-
ing patients, obtaining a combined rate that is expressed as a
percentage.

3. RESULTS

Five studies were included, and the phases of study selec-
tion are shown in Fig. (2) [11-24].

3.1. Characteristics of Selected Studies

The five studies included were performed between 2013
and 2020, and the sample size ranged from 138 to 849 parti-
cipants, with a total cohort of 2111 patients who underwent
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Fig. (1). The location of the subcutaneous implantable cardioverter-defibrillator (ICD-S) components is shown below. (4 higher resolution /
colour version of this figure is available in the electronic copy of the article).
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Fig. (2). Flowchart of selected studies.
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ICD implantation. Of these, 864 and 1247 patients received
subcutaneous and transvenous devices, respectively (Table
1). The largest study of 849 individuals was a non-inferiori-
ty trial in which patients with an indication for an ICD, but
no indication for pacing, were assigned to receive a subcuta-
neous ICD or a transvenous ICD [15-24]. The second largest
analysis of 510 participants was obtained from the registra-
tion of Italian centers invited by the Italian Society of Heart
Rhythm (AIAC), which reported the number of patients sub-
jected to the ICD TV (update or replacement) and ICD-S in
Italy [11].

Following the description of each research that was se-
lected for inclusion, just one of the studies included in the
meta-analysis found a statistically significant difference in
age [11]: That is, the study by Koébe et al. [13]: ICD S
45.7+15.7 and ICD TV 47.7£14.7 (p=0.433); Pedersen et al.
[14]: ICD S 54+ 16 years and ICD TV 55 £+ 13 years
(p=0.8831); Brouwer et al. [12]: ICD S 41(26-52) years and
ICD TV 42 (32-50) years (p=0.33); Botto et al. [11]: ICD S

Table 1. Design of studies and characteristics of participants.
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47£11 years and ICD TV 67«13 years (p < 0.001); Knops et
al [15,24]: ICD S 63 (54-69) years and ICD TV 64 (56-70)
years (p>0.05). Most of the patients were male, representing
a range of 60%-79% for ICD-S and 62%-82% for ICD-TV.
There were significant differences between the two groups
in that S-ICD patients were younger, had a higher systolic
function and functional status were less likely to present
with structural cardiomyopathy and were more likely to
have hereditary channelopathies. S-ICD recipients also had
less coronary artery disease and comorbidities, and they
were more likely to have their device implanted as a means
of secondary prevention of sudden cardiac death (SCD). Pa-
tients with arrhythmic genetic syndrome, asymmetric septal
hypertrophy, and idiopathic ventricular fibrillation are more
likely to be diagnosed with ICD-S, while patients with ICD-
TV are more likely to be diagnosed with nonischemic dilat-
ed cardiomyopathy, ischemic cardiomyopathy, and ventricu-
lar tachycardia (with or without myocardial infarction)
[11-24].

Indications Underlying Heart Disease
o CM
. L Number of Pa- Ejection Frac- ) < B o
FirstAu-|  Type of Crlter}afor tients Male Gender | Age (Years) tion (%) Prlmar:vPre- .yPre- ( . CAD/ THD HCM Others
thor | Study, Coun- |Inclusion of vention vention Non Ischemic,
[Ref. #] try, Year [Participants Dilated)
ICD-S|ICD-TV
ICD-S|ICD-TV| ) %) ICD-S|ICD-TV|ICD-S|ICD-TV|ICD-S|ICD-TV|ICD-S|ICD-TV|ICD-S|{ICD-TV [ICD-S|ICD-TV|ICD-S|ICD-TV|ICD-S|ICD-TV
o 0
Kébe or | C2s¢-control, | Primary and 50 | 50 a1 | 34 | 28] 35 | 25| 32 | n 13 | 10 4 214 | 2
Germany, secondary | 69 69 45.7 | 47.7 | 462 | 40.6
al. [13] 2013 prevention (72) (72) 59) (49) 41) ()] (36) (46) (16) (19) (14) ©6) (35) 32)
Case-control,
Czech Re-
public, Den-
Pedersen mark, Ger- Primary and
; many, Italy, 122 120 123 115 44 37 51 22 18 76 82
etal | \etherlands, | S€COndary | 167 | 167 | oo ooy | 34 55 | NRENR | on 60y | 26) [22CP | @2y | Goy | - S layn | an | @s | @9
[14] prevention
New Zealand,
Portugal, Unit-
ed Kingdom,
2016
Brouwer| Case-control, | Primary and
? 84 87 93 86 47 54 71 84 68
etal. | Netherlands, | secondary | 140 140 41 42 50 49 54 (39) - - - -
[12] 2016 prevention (60) (62) (66) (61) (34) 39) ()] (61) (49)
Botto ef | Cohort, Italy, P:::j‘;g;“d o | s | 43 | a7 | 67 | a0 | 34 | 30] 357 |32] @ 21 | 362 | 18 | 275 | 9 16 9 47
al. [11] 2017 ary 3 | 79 ; @) 80 |62] o |6 ¢y |en]| 6y [aa | @ | ae | o)
prevention
Non-inferiority
Knops et trial, Germany, Primary and
Netherlands, [~ " ° 337 345 346 339 80 84 388 396 15 38 27
@ | United King. | Sccondary | 426 1423 {59 |\ g1y | 03 | 04 | 30| 30 oo 0.y [ass| 19.9) [ o1 | 036 | NR | MR 35|70 89| 633
[15,24] . prevention
dom, United
States, 2020

CM= cardiomyopathy; CAD= coronary artery disease; IHD= ischemic Heart Disease; HCM= hypertrophic cardiomyopathy; ICD-S= subcutaneous implantable cardioverter defibril-

lator; ICD-TV= transvenous implantable cardioverter defibrillator.

Table 2. Efficacy of ICD-S and ICD-TV.

First Author Inappropriate Shocks Appropriate Shocks Supraventricular Tachycardia Oversensing T-wave
[Ref. #] ICD-S ICD-TV ICD-S ICD-TV ICD-S ICD-TV ICD-S ICD-TV
Kobe et al. [13] 3 2 3 9 0 2 3 0
Pedersen et al. [14] NR NR 19 29 NR NR NR NR
Brouwer et al. [12] 20 22 12 39 3 21 17 1
Botto et al. [11] NR NR NR NR NR NR NR NR
Knops et al. [15] 41 29 83 57 11 27 24 2
Rate (%) 7.4 4.25 11.34 10.74 1.62 4 5.09 0.24

ICD-S= subcutaneous implantable cardioverter defibrillator; ICD-TV= transvenous implantable cardioverter defibrillator; NR= not reported.
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Table 3. Adverse effects of ICD-S and ICD-TV.

€081221198647

Araiijo et al.

First Author Total Patients Bruise Electrode Migration Infection
[Ref. #] ICD-S ICD-TV ICD-S ICD-TV ICD-S ICD-TV ICD-S ICD-TV

Kobe et al. [13] 69 69 1 0 0 2 1 1
Pedersen et al. [14] 167 167 NR NR NR NR NR NR

Brouwer et al. [12] 140 140 NR NR 1 17 5 4
Botto et al. [11] 62 448 NR NR NR NR NR NR

Knops et al. [15] 31 44 8 2 2 7 4 8
Rate (%) 1.04 0.16 0.35 2.08 1.16 1.04

ICD-S= subcutaneous implantable cardioverter defibrillator; ICD-TV= transvenous implantable cardioverter defibrillator; NR= not reported.

Table 1. Design of studies and characteristics of partici-
pants

3.2. Efficacy in the Treatment of Ventricular Arrhyth-
mias

Treatment efficacy was assessed using appropriate and
inappropriate shock rates. Appropriate therapy consisted of
anti-tachycardia pacing and shock (whether preceded by
ATP or not) for ventricular tachycardia (VT) or ventricular
fibrillation (VF). Meanwhile, inappropriate therapy consist-
ed of ATP and shocks to ventricular arrhythmias other than
VT or VF [12]. The extracted data are reported in Table 2.

Table 2. Efficacy of subcutaneous implantable car-
dioverter defibrillators and implantable cardioverter defibril-
lators-transvenous

3.2.1. Appropriate Shocks

Appropriate shocks were reported in four studies: Kobe
et al. [13], Pedersen et al. [14], Brouwer et al. [12], and
Knops et al.[15, 24]. In the first study [13], the average time
interval was 10.4 months, with an appropriate shock rate of
4.35% for the ICD-S and 13.04% for the ICD-TV. In the se-
cond study [14], the appropriate shock rate was 11.38% in
the ICD-S group and 17.36% in the ICD-TV group, with the
patients followed up for 6 months. In the third study [12],
the subcutaneous rate was 8.57%, whereas the transvenous
rate was 27.86%, with a follow-up period of 5 years. The
fourth study [15], reported that the subcutaneous and transve-
nous rates were 19.20% and 11.50%, respectively, with a fol-
low-up period of 49 months. In our analysis, the total rate of
appropriate shocks was 11.3% for the subcutaneous device
and 10.7% for the transvenous device.

3.2.2. Inappropriate Shocks: Supraventricular Tachycar-
dia and T-wave Oversensing

The prevalence of inappropriate shocks addressed in our
review was 7.40% for the ICD-S and 4.25% for the ICD-
TV. The extracted data are reported in Table 2. Brouwer et
al. [12]. reported this system failure rate of 4,2% in the ICD-
S group and 17,6% in the ICD-TV group. Kobe et al. [13].
reported inappropriate shocks at a rate of 4.3% in the subcu-
taneous device and 2.9% in the transvenous device. In the
subcutaneous device, 85% of the inappropriate shocks oc-
curred by T-wave oversensing and only 15% were due to
supraventricular tachycardia, whereas in the transvenous de-
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vice, 94% of these shocks were triggered by supraventricu-
lar tachycardia [12]. In our analysis, supraventricular tachy-
cardia occurred in 1.62% of patients who had ICD-S and in
4% of patients who had ICD-TV. The oversensing rates for
the subcutaneous and transvenous devices were 5.09% and
0.24%, respectively. Thus, it is evident that ICD-S has less
inappropriate shocks due to lower frequency in supraventric-
ular tachycardia episodes when compared to ICD-TV.

3.3. Adverse Events

The identified complications and their frequencies are
listed in Table 3. The most frequent complication in the
ICD-S group was infection (1.96%, 3 studies), followed by
hematoma formation (1.45%, 1 study) and electrode migra-
tion (0.48%, 2 studies). Meanwhile, the most frequent com-
plications in the ICD-TV group were electrode migration
(9.1%, 2 studies) and infection (2.24%, 3 studies); there
were no reports of bruising with the ICD-TV.

Table 3. Adverse effects of subcutaneous implantable
cardioverter defibrillators and implantable cardioverter defib-
rillators-transvenous

3.3.1. Bruise

The two studies by Kobe ef al. [13] and Knops ef al.
[15-24] reported hematoma formation after ICD implanta-
tion. A pocket hematoma was observed in patients undergo-
ing anticoagulation therapy after mitral valve replacement
surgery, who received a subcutaneous device. This complica-
tion is rare, affecting ~2% of patients receiving ICD-TV
[13] Knops et al. [15, 24] reported more frequent pocket he-
matomas in the subcutaneous ICD group.

3.3.2. Electrode Migration

In relation to electrode migration, three of the five arti-
cles, specifically those by Kobe ef al. [13], Brouwer ef al.
[12], and Knops ef al. [15-24], noted that this complication
was more prevalent in those receiving a transvenous implant
(2.08%) than in those receiving a subcutaneous implant
(0.35%). In the first study, this complication was not report-
ed in relation to the subcutaneous device, whereas in the
transvenous device, the resulting rate was 2.90%. In the se-
cond study, the complication rates for electrode migration
were 0.70% and 12.10% for the ICD-S and ICD-TV groups,
respectively. In the third study, the complication rates in the
ICD-S and ICD-TV groups were 0.46% and 1.65%, respec-
tively.
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3.3.3. Infection

The reported infections were related to the implantation
of devices that required revision. Three of the five studies,
specifically those by Kobe et al. [13], Brouwer ef al. [12],
and Knops et al. [15], reported the occurrence of this compli-
cation after ICD implantation. Brouwer et al. [12], reported
that infections occurred in 3.6% of patients with ICD-S and
in 2.9% of patients with ICD-TV. In the study by K&be et al.
[13], both devices obtained a 1.45% infection rate, which re-
quired extraction of the electrode (one patient in a total of
69, for each of the groups). In the study by Knops et al. [15],
infections occurred in 0.9% of patients with ICD-S and in
1.8% of patients with ICD-TV. In our analysis, the total in-
fection rates in the subcutaneous and transvenous devices
were 1.16% and 1.04%, respectively. We, therefore, con-
clude that there were no significant differences between the
infection rates of the two types of cardioverters.

3.4. Appropriate Shock

Significant heterogeneity, obtained through a ran-
domized effect of three articles, demonstrated that the poten-
tial of pacemakers to cause appropriate shock differed
among studies. Through the statistical analysis of risk differ-
ence, it was revealed that there was no risk difference (risk
difference: -0.07; 95% CI: -0.23, 0.09; Tau’=0.02; ’=26.97;
p<0.00001; I’=93%) between the ICD-S and ICD-TV
groups, as seen in Fig. (3).

3.5. Electrode Migration

When analyzing electrode migration, no significant
heterogeneity between studies (I’=0%), evaluated through
the fixed effect, was observed. Moreover, the risk of elec-
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trode migration was 0.19 times higher in patients who used
ICD-TV than in those who used ICD-S. Electrode migration
was compared between the ICD-S and ICD-TV groups us-
ing an OR of 0.19 - (95% CI: 0.09, 0.41; ’=0.90, p=0.64;
I’=0%), as seen in Fig. (4).

3.6. Infection

There were no significant differences between the pres-
ence of subcutaneous and transvenous leads when analyzing
the risk of infection. Infection was compared between the
ICD-S and ICD-TV groups with an OR of 0.76 - (95% CI:
0.33, 1.75; ){2=1.08; p=0.58; I’=0%). There was no hetero-
geneity between the results of the studies, and a fixed effect
was used to determine heterogeneity, as seen in Fig. (5).

3.7. Inappropriate Shock

There was no heterogeneity (y'=1.47; p=0.48; I’=0%)
when they were compared in terms of the relationship be-
tween the effects of inappropriate shock and the two studied
types of DHF. The risk ratio (RR: 1.20; 95% CI: 0.85, 1.70)
was used to compare the occurrence of inappropriate shock
between the ICD-S and ICD-TV groups, and according to
the statistical analysis, which used the randomized effect,
there was no significant difference between the groups ana-
lyzed, as seen in Fig. (6).

3.8. Risk of Bias

The graph and summary of bias indicate the high risk of
bias in the surveys undertaken. Kdbe ef al [13] and Brouwer
et al [12] presented a higher bias index using the applied
methodology, with emphasis on the lack of randomization
and other biases, as seen in Fig. (7).

Heterogeneity: Taw’=0.02; Chi*=26.97,df=2 (P<0.00001); I*=03%
Test for overall effect: Z=0.86 (P=0.39)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G Other bias

SICD Tv-CD Risk Difference Risk Difference Risk of Bias
Study or Subgroup  Events Tofal Even's Total Weight M-H, Random,95%Cl  M-H, Random, 95% CI ABCDEFG
Bouweretal, 2016 12 140 39 140 327%  -0.19[0.28:0.11] -+ 0066 40
Knops et al,, 2020 83 426 57 423 /0% 0.06[0.01011) 000000
Kobe etal., 2013 369 9 69 323% 009018001 0000 60
Total (95% CI) 635 632 1000%  -0.07[0.23,0.09]
Total events 9% 105

L
I

4 05 0 05 |
Favours [TV-ICD] Favours [S4CD)

Fig. (3). Risk difference between the groups with subcutaneous implantable cardioverter defibrillators and implantable cardioverter defibrilla-
tors-transvenous for appropriate shock. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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S-CD TV-ICD Peto Odds Ratio Peto Odds Ratio Risk of Bias
Study or Subgroup  Events Tolal Events Tofal Weight Peto, Fixed, 35% Cl Peto, Fixed, 55% Cl ABCDEFG
Brouwer etal., 2016 1 W0 17 140 630%  0.15[0.06,0.39) ¥ TITE])
Knops etal, 2020 2 426 7 426 332%  033[0.09,121] — e+ 00+ 0
Kobe etal., 2013 0 69 1 69 37% 0.14]0.00682] . 0000 40
Total {35% CI) 635 635 100.0% 0.19[0.09,0.41] L3
Total events 3 25
Heterogeneity: Chi*=0.90, df=2 (P=0.64); =0% T T

Test for overall effect: Z=4.25 (P<0.0001) Favours [TV-ICD] Favours [S-ICD]
Risk of bias legen

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F} Selective reporting (reporting bias)

(G) Other bias

Fig. (4). Risk difference between the groups with subcutaneous implantable cardioverter defibrillators and implantable cardioverter defibrilla-
tors-transvenous for electrode migration. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (5). Risk difference between the groups with subcutaneous implantable cardioverter defibrillators and implantable cardioverter defibrilla-
tors-transvenous for infection. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (6). Risk difference between the groups with subcutaneous implantable cardioverter defibrillators and implantable cardioverter defibrilla-
tors-transvenous for inappropriate shock. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (7). Risk of bias. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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3.9. Atrial Tachycardia

In view of the studies that addressed atrial tachycardia as
an adverse effect, a low heterogeneity was observed, and th-
ese studies were found to have I’=22% and an insignificant
p-value (>0.05). Moreover, the odds ratio (OR:0.27; 95%
CI: 0.15, 0.49; y’=2.57, p=0.28; I’=22%) demonstrated that
the ICD-TV group is 0.27 times more likely to not present
atrial tachycardia than the ICD-S group. Therefore, the TV-
ICD group was more capable of detecting atrial tachycardia
than the ICD-S group.

4. DISCUSSION

The first tests for temporary implantation of the ICD-S
were performed after 2001. In the first 3 years, the first defib-
rillation test was performed, which identified four electrode
configurations for this cardioverter defibrillator. The study
involved 78 patients who received one or more of the four
electrode configurations associated with the defibrillation
threshold test. In 2004, a second study was conducted to
compare the best systems tested in the first ICD-TV study.
This study involved 49 patients who underwent simultane-
ous implantation of both types of devices [16].

From these two temporary implantation assays, the per-
manent implantation of ICD-S was considered, and two clini-
cal trials were performed that were successful in the immedi-
ate conversion of two consecutive episodes of induced ven-
tricular fibrillation. However, the comparison between ICD-
S and ICD-TV was inconclusive in terms of electrode stabili-
ty and migration [16].

Several populations have been analyzed from two large
prospective studies (IDE and effortless) to determine the
safety and efficacy of ICD in patients with primary and se-
condary indications. The effectiveness of the ICD-S for dis-
criminate spontaneous supraventricular tachycardia and de-
creasing the incidence of inappropriate shocks was verified
[17] Our review is in agreement with the findings of a previ-
ous study that demonstrated greater efficacy of this device in
the detect episodes of supraventricular tachycardia. In con-
trast, it presents similar rates of inappropriate shocks be-
tween the two devices.

Regarding the complications of ICD-S analyzed in our
review, infection of the device had the highest prevalence,
according to the study by Lambiase et al. [18]. This study
retrospectively and prospectively evaluated data from the ef-
fortless registry, with infection being the only significant
complication reported (3.9%). Other studies have also report-
ed that the ICD-S does not present with complications relat-
ed to electrode displacement seen with the transvenous de-
vice [19-23].

Other less severe adverse effects, such as heart perfora-
tion, cardiac valve damage, hemothorax, pneumothorax,
deep phlebitis, transient ischemic attack, stroke, myocardial
infarction, cardiac tamponade, and arteriovenous fistula,
were also uncommon, in the same way that mortality was. It
was stated that there were only 33 bouts of discomfort that
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required revision and 26 instances of hematoma that re-
quired intervention, among other things. Alternatively, un-
der-reporting in the MAUDE (Manufacturer and User Facili-
ty Device Experience) [25] database, which likely has a dis-
proportionate effect on the reporting of relatively minor
events, rather than a very low event rate, as indicated by the
effortless research [26], may be the cause.

Even though ICD-S patients have a lower frequency of
supraventricular tachycardia than those who have ICD-TV,
[12] patients with ICD-S have a lower frequency of
supraventricular tachycardia than those who have ICD-TV.
Because there is no endovascular electrode in the right atri-
um, this should be attributable to-the fact that patientswith
indications for ICD-S have a lower frequency of arrhyth-
mias and associated comorbidities than those without such
indications. Supraventricular tachycardia cannot be treated
by an ICD-S alone; however, the decreased number of inap-
propriate shocks because of the lower frequency of arrhyth-
mia seen may be noticeable when used in combination with
an ICD-SThe following characteristics are also utilized in
the discrimination algorithm: the multiplicity of atrial and
ventricular rhythms, the regularity of P-R, and the abrupt
start. SMART has recently been enhanced with the inclusion
of active detection in the event of 1:1 AV conduction, which
enhances the functionality of the original SMART. The coun-
ter events and EGMs may be used to estimate the prevalence
of SVT in a population [12, 24].

Experimental evidence from pre-clinical studies using
premature atrial additional stimuli indicates that a lengthy
burst of atrial stimuli is required in order to be able to catch
the ventricle in the course of an episode of supraventricular
tachycardia. During an episode of supraventricular tachycar-
dia, single isolated stimuli from the auricle (atrial ap-
pendage) are usually not able to pass through to the ventri-
cle. It is hazardous to have a lengthy burst in the atrium be-
cause it may cause an episode of ventricular tachycardia dur-
ing an episode of supraventricular tachycardia, which is life-
threatening [26-28].

The most common cause of the first occurrences of inap-
propriate shocks in the subcutaneous ICD group was cardiac
oversensing (which occurred in 58.5 percent of the patients
who received an inappropriate shock), whereas the most
common cause of the first occurrences of inappropriate
shocks in the transvenous ICD group was supraventricular
arrhythmia (which occurred in 58.5 percent of the patients
who received an inappropriate shock in 93.1 percent) [24].
However, no patient with ICD-TV developed a hematoma af-
ter implantation of the device, whereas one case was ob-
served after implantation of the subcutaneous device
[11-14].

CONCLUSION

In conclusion, as compared to the transvenous device,
the subcutaneous device reduced complication rates associat-
ed with lead migration and inappropriate shocks due to
supraventricular tachycardia; nevertheless, infection rates
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and inappropriate shocks, in general, were comparable for
both devices.
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