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Abstract

Background:The totally subcutaneous implantable cardioverter-defibrillator (S-ICD) is a safe alternative to the 
conventional transvenous ICD (TV-ICD) system to prevent sudden death. 

Objective: To compare the impact of the type of ICD system and surgical technique on patients’ quality of life, as well 
as the severity of discomfort and pain, between S-ICD and TV-ICD recipients.

Methods: Consecutively implanted patients with an S-ICD system were matched with patients with a TV-ICD system. 
In addition, patients undergoing S-ICD implantation after removal of a TV-ICD due to complications were included. 
Quality of life (measured with the 12-item short-form health survey) and severity of pain and discomfort were evaluated. 
Statistical significance was defined as p < 0.05.

Results: A total of 64 patients implanted with S-ICD or TV-ICD under local anesthesia and conscious sedation were 
analyzed. Patients with S-ICD and TV-ICD systems did not differ significantly in quality of life scores. S-ICD patients had 
a higher level of perioperative pain; no differences were found regarding severity of intraoperative pain. The magnitude 
of aesthetic discomfort and sleep disturbances did not differ between groups. An S-ICD was implanted in 7 additional 
patients after removal of a TV-ICD. All but one of these patients recommended the S-ICD system. 

Conclusions: The type of ICD system and the surgical technique have negligible impact on patients’ quality of life. These 
results suggest that conscious sedation, provided by an experienced electrophysiology team, could be considered as an 
alternative to general anesthesia to manage patients undergoing S-ICD implantation. 

Keywords: Defibrilators; Implantable; Defibrillators Subcutaneous Implantable; Comparative Study; Conscious Sedation; 
Quality of Life.

Because of problems accessing the heart through the 
venous system and the potential for complications, the 
subcutaneous implantable cardioverter-defibrillator (S-ICD, 
Boston Scientific, Natick, MA, USA) has been developed. 
This system consists of a generator (S-ICD®, EMBLEM MRI 
S-ICD A219, Boston Scientific) connected to a lead (3401, 
Boston Scientific) located subcutaneously in a parasternal 
position, generally on the left.2 Current clinical guidelines 
include it with a Class IIa indication as an alternative to 
the conventional transvenous ICD (TV-ICD) in patients 
who do not require antibradycardia, antitachycardia, or 
resynchronisation therapy. It also has a Class IIb indication 
in patients with no venous access, following removal of 
a transvenous system due to of infection, and in young 
patients facing a lifetime requirement for device-based 
therapy.2 A limited implantation-related complication 
rate has been reported. Moreover, although there are no 
randomized comparative studies of S-ICDs versus TV-
ICDs to date, the available data show the S-ICD to be a 
very effective device for detecting and treating malignant 
ventricular arrhythmias.3-6 

Introduction 
Sudden cardiac death (SCD) of arrhythmic origin is 

the main cause of cardiovascular mortality. The efficacy 
of the implantable cardioverter-defibrillator (ICD) for 
reducing SCD mortality in selected populations has been 
extensively demonstrated in many clinical trials.1 Conventional 
defibrillator systems consist of a pulse generator located in 
the pectoral area, connected to the endocardium by means 
of transvenous leads. This type of device is therefore prone 
to complications inherent in the mechanism of implantation 
and the intravascular position of the leads. 
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The use of S-ICD in Spain is increasingly accepted by 
scientific societies. The study by Arias et al.4 in a Spanish 
center in 2017 has made it possible to obtain excellent acute 
and long-term results in a cohort of 50 patients with S-ICD.7 
The latest Spanish ICD implant registry in 2017 indicates a 
progressive increase in S-ICD implants from 2.5% in 2015 
to 5.3% in 2017.8 The higher cost of the S-ICD compared to 
TV-ICD could be one of the reasons that the adoption of this 
device has been slow, despite its revolutionary design.9 The 
development of multicentre studies that support these results7 
would allow us to expand the use of this device.

In terms of the impact of ICD implantation on quality of life, 
the literature contains contradictory evidence.10-17 Whereas 
initial ICD experiences were associated with worse quality of 
life, more recent studies have demonstrated quality of life at 
least as good as in patients in the general population, without 
an ICD.16,18 The only study to have evaluated and compared 
quality of life in TV-ICD patients versus S-ICD recipients was 
published recently. There was an improvement in quality of life 
in both patient groups, as measured by the SF-12 health survey, 
and no significant differences were seen between the groups.19 

Objective
The objective of our study was to compare perceived quality 

of life, as well as severity of pain and discomfort, resulting 
from the surgical technique and type of device, between a 
population of patients receiving S-ICD and a conventional 
TV-ICD recipient control group. 

Methods
All patients implanted with an S-ICD at our hospital from 

2014 to 2016 were consecutively enrolled. Patients were 
matched by age, sex, and body mass index with a sample of 
patients who were undergoing their first implantation of a single-
chamber TV-ICD, with no indication for antibradycardia therapy 
or antitachycardia pacing, during the same period. Patients 
previously implanted with a single-chamber TV-ICD, who were 
receiving an S-ICD after having the transvenous system removed 
due to a complication, formed their own control group. 

The study was approved by the Ethics Committee at our 
hospital.

ICD implantation procedure
In all cases, prior to considering the implant of either device, 

health education was carried out regarding the physical and 
psychological consequences that the device could have on 
each patient.

All implantations were carried out in the electrophysiology 
laboratory by the same medical and nursing team. 

Prior to implantation, all patients were given prophylactic 
intravenous antibiotics. Implantation took place without 
withdrawal of oral anticoagulant medication, except in cases 
of low thromboembolic risk (CHADS-VASc < 2).

Hemodynamic parameters (blood pressure, heart rate, and 
arterial oxygen saturation) were non-invasively monitored 
during the procedure.

Subcutaneous ICD implantation procedure
All patients passed the ICD pre-implantation ECG screening 

test in at least one lead in the right or left parasternal region. 
The procedure took place under local anesthesia and sedation, 
according to a conscious sedation protocol (Table 1). This was 
adapted from a previously described sedation protocol20 used 
routinely at our hospital for conducting complex interventional 
procedures. 

The S-ICD implantation technique was as described 
previously.21 In all cases, the generator was inserted in the fifth 
or sixth left intercostal space, and the defibrillation lead was 
positioned in the right or left parasternal region, depending 
on screening test results or findings during the implantation 
procedure. The two-incision technique was used in all cases.22

At the end of the procedure, a defibrillation test was done, 
and two shock zones were programmed with a minimum 
heart rate of 200 bpm. 

Transvenous ICD implantation procedure
Implantation was carried out under local anesthesia and 

light sedation on demand. Via the left subclavian vein, an 
active fixation single-coil defibrillation lead was attached 
to the right ventricular apex. The generator was inserted 
subcutaneously in the left infraclavicular region. No patients 
underwent a defibrillation test. The devices were programmed 
in VVI mode with a minimum heart rate of 40 bpm. Device 
therapy programming was done on an individual basis, 
according to the indication for ICD implantation and the type 
of heart disease. 

Follow-up
Follow-up consisted of site visits after 15 days, 3 months, 

and then every 6 months post-implantation. Intraoperative, 
perioperative, and long-term complications were recorded, as 
was the occurrence of appropriate or inappropriate therapy.

Questionnaires about quality of life and satisfaction/
discomfort with the type of system implanted

At least 3 months after the system was implanted, a 
telephone survey took place. This included two questionnaires: 
1) the 12-item short-form health survey (SF-12) and 2) a 
questionnaire specifically designed to compare the severity 
of pain/discomfort related to the system type and surgical 
technique (ICD QoL) (Supplementary Materials 1 and 2).

The survey was administered over the telephone by the 
same investigator, who was blinded to the type of system 
implanted. 

SF-12
The SF-12 survey consists of a subset of 12 items from the 

SF-36, selected by means of multiple regression. Physical and 
mental component summaries of patients’ quality of life were 
designed based on these items.

SF-12 response options take the form of Likert scales 
evaluating intensity or frequency. The number of response 
options ranges from 3 to 6, depending on the item, and each 
question is given a value that is subsequently transformed on 
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a scale of 0 to 100. Scores have a mean of 50 with a standard 
deviation of 10. Consequently, values above or below 50 
indicate a better or worse state of health, respectively, than the 
reference population. Published studies of SF-12 measurement 
characteristics indicate reliability, validity, and sensitivity 
(Cronbach’s alpha > 0.7; intraclass correlation coefficient for 
test-retest reproducibility rho ≥ 0.75).23-25 

ICD QoL
The ICD QoL questionnaire consisted of 8 items evaluating 

severity of pain (intra-, peri- and post-procedural and long-
term pain), degree of aesthetic discomfort, limitations to 
activities of daily living and leisure activities, physical sleep 
limitations due to potential discomfort caused by mechanical 
compression by the device, and patient satisfaction. All 
parameters in the questionnaire were measured on a 
numerical severity rating scale from 0 to 10. Pain was defined 
as follows: intraprocedural pain as pain suffered during the 
intervention; perioperative pain as pain that occurred during 
the hospital stay; postprocedural pain as pain within 3 months 
of being discharged; and long-term pain as pain from 3 months 
post-implantation up to the time of the survey. Pain severity 
was measured using the numerical rating scale, where 0 means 
“no pain” and 10 means “worst pain imaginable”.26 

The seven S-ICD patients who had also had a TV-ICD in 
the past answered the questionnaire for both types of ICD. 
These patients were also asked which of the two types of ICD 
they would recommend.

Statistical analysis
Continuous variables are expressed using statistics of 

central tendency and spread (mean and standard deviation for 
normally distributed variables; median and interquartile range 

for non-parametric variables). Normality tests were performed 
with the Lilliefors (Kolmogorov-Smirnov) test. Categorical 
variables are expressed as percentages.

To compare the overall characteristics of both groups, we 
used the chi-square test for dichotomous qualitative variables, 
Student t test for independent samples for parametric 
quantitative variables (assuming equal variances in all cases 
because Levene’s test was > 0.05), and the Mann-Whitney 
U-test for non-parametric variables. Statistical significance was 
defined as p < 0.05.

The Mann-Whitney U-test was used to compare the SF-12 
survey results, whereas the ICD QoL results were compared 
by means of the chi-square test.

Calculations were performed with the SPSS statistics 
package (Version 19, SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics
In all, 71 ICD patients were enrolled. Their characteristics 

are shown in Table 2. A total of 64 patients underwent their 
first implantation of an S-ICD or a TV-ICD. In the other 
7 patients, an S-ICD was implanted following removal of 
a TV-ICD. The reasons for the transvenous system being 
removed were endocarditis, pocket infection, pressure ulcer, 
and lead dislodgement (Table 3). No significant differences 
were found in patient baseline characteristics according to the 
type of system implanted. Mean age was 53 years (minimum 
13; maximum 76), and 80% of patients were male. The most 
common underlying heart condition was ischemic disease 
(37%), followed by hypertrophic cardiomyopathy (20%). 
In most cases (56%), the system was implanted as primary 
prevention of SCD.

Table 1 - Protocol for conscious sedation during S-ICD implantation

PREMEDICATION: Administered on arrival in the electrophysiology laboratory, once the patient is being monitored:

• Ondansetron 8 mg

• Paracetamol 1 g

• Midazolam 1 mg

• Pethidine 25 mg

• Continuous infusion pump: 0.30 mg fentanyl (2 ampoules) + 120 cc physiological saline

If < 65 kg: 30 ml/h

If > 65 kg: 40 ml/h

DURING THE PROCEDURE:

One-off doses of midazolam or fentanyl as a bolus on demand

DEFIBRILLATION TEST MEDICATION (with fentanyl infusion pump stopped): 

• 3-5 mg bolus of etomidate

• 3-5 mg bolus of midazolam

PREPARED RESCUE MEDICATION:

• Atropine

• Naloxone

• Flumazenil
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Follow-up
Patient follow-up results are summarized in Table 4. In 

terms of perioperative complications, one patient in the 
S-ICD group had a pocket hematoma that required surgical 
drainage. One TV-ICD patient experienced lead dislodgement 
as a complication during follow-up.

Two patients with S-ICD and 9 with TV-ICD received 
appropriate therapy (2 cases were treated by antitachycardia 
pacing, and electric shock was required in 7 cases). One TV-ICD 
patient received inappropriate therapy because of ventricular 
lead dislodgement. Another patient, with an S-ICD, suffered an 
inappropriate shock due to supraventricular tachycardia with a 
heart rate above the therapy cut-off rate (240 bpm).

Questionnaires
Table 5 shows the results obtained with the ICD QoL 

questionnaire in patients implanted for the first time. 
No significant differences were found with respect to 
intraoperative pain assessments according to the type of system 
implanted. However, patients implanted with an S-ICD had 
more severe perioperative pain. No significant differences 
were found between the two types of systems in terms of 
sleep disturbances, although there was a trend towards more 
disturbed sleep among S-ICD recipients. In most patients, 

these disturbances were of low to moderate severity. Likewise, 
there were no significant differences in daily activities or 
aesthetic discomfort. All patients, regardless of the system 
implanted, were satisfied with the intervention, and they said 
they would recommend the device to other eligible patients. 

The results obtained with the SF-12 survey are shown in 
Table 6. Similar values were recorded in both groups, with 
medians of 44.3 ± 12.8 for the S-ICD and 48.8 ± 9.8 for 
the TV-ICD on the physical health scale. The mental health 
scale gave medians of 45.9 ± 13.7 for the S-ICD and 50.8 ± 
10.3 for the TV-ICD. 

Tables 7 and 8 show the results of the ICD QoL questionnaire 
and the SF-12 survey, respectively, in patients implanted with 
an S-ICD after removal of a transvenous system. In terms of 
intraoperative pain assessments, no patients in the S-ICD 
group reported pain, compared with 57% who reported pain 
with transvenous systems. This pain was moderately severe, 
at most. No statistically significant differences were found 
in perioperative, postoperative or long-term pain. Likewise, 
there were no differences between ICD types as regards sleep 
disturbances or degree of aesthetic discomfort. All the patients 
were satisfied with the intervention and would recommend 
having the device implanted if necessary. When asked which 
type of ICD they would recommend, all but one of them 
preferred the subcutaneous system. 

Table 2 – Baseline patient characteristics

Overall N=71 TV-ICD S-ICD P value

Age (years) 53 ± 11a  52 ± 10.3a  50.8 ± 10.6a p=0.869b

Male (%) 62 (79.5) 31 (80) 31 (80) p=1c

Body mass index 24.8 ± 4.6a 25.8 ± 3.7a 25.6 ± 4.3a p=0.876b

Prevention type (%)       p=0.648c

Primary 44 (56.4) 23 (59) 21 (53.8)  

Secondary 34 (43.6) 16 (41) 18 (46.2)  

Heart disease type (%)       p=0.319c

Ischemic 29 (37.2) 14 (35.9) 15 (38.5) p=0.319c

Valvular 2 (2.6) 1 (2.6) 1 (2.6) p=0.319c

Idiopathic dilated 6 (7.7) 4 (10.3) 2 (5.1) p=0.319c

Hypertrophic 16 (20.5) 5 (12.8) 11 (28.2) p=0.319c

Non-compaction 6 (7.7) 3 (7.7) 3 (7.7) p=0.319c

Brugada 2 (2.6) 1 (2.6) 1 (2.6) p=0.319c

Long QT 6 (7.7) 2 (5.1) 4 (10.3) p=0.319c

Congenital 5 (6.4) 5 (12.8) 0 p=0.319c

Unknown 6 (7.7) 4 (10.3) 2 (5.1) p=0.319c

Ejection fraction (%) 46 ± 30a 45.8 ± 14.8a 44.8 ± 16a p=0.867b

Rhythm at implant. (%)       p=0.867c

Sinus 70 (90) 35 (89.7) 35 (89.7)  

Atrial fibrillation 8 (10) 4 (10.3) 4 (10.3)  

Antiplatelet Tx (%) 31 (39.7) 15 (38.5) 16 (41) p=0.817c

Anticoagulant Tx (%) 14 (19.7) 7 (17.9) 7 (17.9) p=1c

Tx: therapy; aMean and standard deviation; bStudent t test for independent samples; cChi-square test.
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Discussion
This study demonstrates that there are no statistically significant 

differences in impact on quality of life in patients with an S-ICD 
versus those with a TV-ICD. Moreover, specific evaluation of 
variables that prove more controversial when assessing and 
choosing the type of system to implant, such as parameters 
related to the surgical procedure or technical specifications of 
the device, likewise showed no significant differences between 
the two patient groups. 

Previous study results regarding the impact of ICD on patients’ 
quality of life are contradictory. Whereas some studies found 
that quality of life worsened or did not change significantly 
after ICD implantation,27 others noted gradual improvement.28 
However, only one study to date has assessed quality of life in 
S-ICD patients. EFFORTLESS QoL19 is an international multicentre 
registry substudy that compared quality of life in S-ICD patients 
against a historical TV-ICD patient population. No statistically 
significant differences were found in quality of life, as evaluated 
by the SF-12 survey. 

Our study results resemble those of Pedersen et al.19 Our results 
with the SF-12 quality-of-life survey, administered to patients 
implanted with an ICD for the first time, showed no differences 
in either the mental or the physical health scales.

Ours is the first study evaluating quality-of-life impact in S-ICD 
patients, emphasizing the analysis of potential features (involving 
both surgical technique and type of system implanted) that might 
influence the results. Many studies have now demonstrated the 
efficacy and safety of this type of ICD compared with conventional 
devices. This has allowed the indications to be expanded, and has 
contributed to approval by medical staff. Even today, however, 
some uncertainty is commonly encountered among patients 
and, especially, health professionals, when it comes to indicating 
and choosing this type of system in selected patients, mainly on 
account of the size difference, the different location, and the 
implantation technique. In an attempt to address these issues, we 
designed a specific questionnaire and compared our S-ICD patient 
population against a TV-ICD group for whom antibradycardia 
therapy, antitachycardia pacing, and resynchronisation therapy 
were not indicated (i.e. potential S-ICD candidates). Patients were 
matched by age, sex, and body mass index. We regard these as 
potential confounding variables when evaluating quality-of-life 
impact according to the type of system implanted. 

It is apparent that some degree of pain occurred in 
general with both systems, with perioperative pain more 
severe among S-ICD patients. There were no differences in 
severity of intraoperative pain or long-term pain. Somewhat 
inconsistent postoperative management of these patients may 

Table 3 – Reasons for TV-ICD removal

Reasons for replacement N (%)

Endocarditis 2 (28.6)

Recurrent pocket infection 2 (28.6)

Lead fracture 2 (28.6)

Pocket decubitus 1 (14.3)

Table 4 – Patient follow-up

Complications Overall TV-ICD S-ICD P value

Perioperative complications (%) 1 (1.3) 0 1 (2.6) p=0.314a

Pneumothorax 0 0 0  

Pericardial effusion 0 0 0  

Pocket hematoma 1 (1.3) 0 1 (2.6) p=0.152a

Complications during follow-up (%) 1 (1.3) 1 (2.6) 0 p=0.152a

Pocket infection 0 0 0  

Infectious endocarditis 0 0 0  

Venous thrombosis 0 0 0  

Lead dislodgement 1 (1.3) 1 (2.6) 0 p=0.314a

Pocket decubitus 0 0 0  

Therapy        

Appropriate therapy (%) 11 (14.1) 9 (23.1) 2 (5.1) p=0.023

ATP 2 (2.6) 2 (5.1) 0  

Shock 9 (11.5) 7 (17.9) 2 (5.1)  

Inappropriate therapy (%) 2 (2.6) 1 (2.6) 1 (2.6) p=1a

ATP: Antitachycardia pacing. aChi-square test.
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Table 5 – ICD QoL questionnaire results in patients implanted with their first ICD

  Subcutaneous N=32 Transvenous N=32 p value

Intraoperative pain     p=0.073a

No pain 23 (74.2) 21 (65.6)  

Mild 5 (16.1) 3 (9.4)  

Moderate 0 5 (15.6)  

Severe 3 (9.7) 1 (3.1)  

Very severe 0 2 (6.3)  

Perioperative pain     p=0.005a

No pain 9 (29) 15 (46.9)  

Mild 5 (16.1) 12 (37.5)  

Moderate 7 (22.6) 5 (15.6)  

Severe 9 (29) 0  

Very severe 1 (3.2) 0  

Postoperative pain     p=0.170a

No pain 13 (41.9) 22 (68.8)  

Mild 10 (32.3) 6 (18.8)  

Moderate 5 (16.1) 4 (12.5)  

Severe 1 (3.2) 0  

Very severe 2 (6.5) 0  

Current pain     p=0.087a

No pain 27 (87.1) 26 (81.3)  

Mild 1 (3.2) 6 (18.8)  

Moderate 2 (6.5) 0  

Severe 0 0  

Very severe 1 (3.2) 0  

Aesthetic discomfort     p=0.683a

None 20 (64.5) 21 (65.6)  

Mild 7 (22.6) 6 (18.8)  

Moderate 3 (9.7) 2 (6.3)  

A lot 0 2 (6.3)  

Very much 1 (3.2) 1 (3.1)  

Activities of daily living limited     p=0.080a

None 22 (71) 22 (68.8)  

A little 1 (3.2) 7 (21.9)  

Moderate 5 (16.1) 2 (6.3)  

A lot 3 (9.7) 1 (3.1)  

Very much 0 0  

Sleep disturbance     p=0.232a

None 13 (41.9) 21 (65.6)  

Mild 10 (32.3) 8 (25)  

Moderate 5 (16.1) 3 (9.4)  

Severe 2 (6.5) 0  

Very severe 1 (3.2) 0  

Would recommend to others      

Yes 31 (100) 32 (100)  

No 0 0  

Satisfied with intervention      

Yes 31 (100) 32 (100)  

No 0 0  
aChi-square test.
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have influenced this result, as these patients are admitted 
to the ward and cared for by different medical and nursing 
teams. Nevertheless, these findings are undoubtedly relevant, 
and S-ICD recipients should therefore be given stronger 
perioperative analgesia. No statistically significant differences 
were found when aesthetic discomfort, sleep disturbances, 
and daily activities were compared between the two groups. 

Another novel aspect of this study is the assessment of 
perceived quality of life in patients who have had both types of 
therapy. These patients reported more severe intraoperative pain, 
aesthetic discomfort, and sleep disturbances with the transvenous 
system, although these differences are not statistically significant, 
possibly because of the group’s small sample size (7 patients). This 
was undeniably a biased population, because the subcutaneous 
system was implanted after a complication had occurred with 
the transvenous system. The parameters assessed, however, 
such as severity of pain during the surgical intervention, sleep 
disturbances, and aesthetic discomfort, are unrelated to the 
complications that arose with the conventional device; these issues 
are, thus, potentially independent of the negative repercussions 
of the system. 

These data demonstrate that the different size and location 
of the S-ICD do not negatively influence patient quality of life. 

On the other hand, our study provides the first data on 
patient safety and comfort/pain during surgical interventions 
to implant an S-ICD using a conscious sedation protocol, 
managed entirely by an electrophysiology team (medical and 
nursing staff). Although TV-ICDs are now mainly implanted 
under local anesthesia, S-ICDs are implanted under general 
anesthesia at most hospitals. In the largest multicentre study to 
date, 63% of sites implanted S-ICDs under general anaesthesia.5 
This resource has limited availability at most sites. It involves 
organizational effort, more staff during the intervention, and 
higher healthcare costs. The literature contains several clinical 
case series describing experiences with S-ICD implantation 
under sedation, with strict supervision by expert anesthetists. 
The study by Essandoh et al.29 retrospectively analyzed the 
efficacy and safety of S-ICD implantation under anesthetist-

supervised sedation, in a total of 10 selected patients. No 
hemodynamic or respiratory complications were reported. 

The safety and efficacy of conscious sedation have already 
been demonstrated in patients undergoing ablation for atrial 
fibrillation,20 and this method is routinely used in our laboratory. 
For S-ICD implantation, we used a sedation protocol adapted for 
this type of procedure, in order to ensure adequate analgesia for 
the patients throughout the entire intervention. No complications 
were recorded during the procedure. It should be noted that 
100% of patients implanted with both types of system described 
a complete absence of pain during S-ICD implantation, whereas 
fewer than half of those patients reported not having felt any pain 
during the TV-ICD procedure.

Limitations
One limitation of the study is potential interviewer bias. In order 

to prevent this, surveys were administered over the telephone by 
the same blinded investigator. To avoid recall bias in the interview 
subject, only patients implanted with an ICD in the last 2 years 
were included. 

The control population consisted of TV-ICD patients matched 
by age, sex, and body mass index. These are variables that we think 
might influence patients’ response regarding degree of discomfort/
satisfaction with the S-ICD versus the TV-ICD. Nevertheless, 
other variables not controlled for by the study design, such as 
ICD indication, type of heart disease, or functional class, as well 
as pre-implantation quality of life, could have influenced these 
patients’ quality of life, and thus affected assessment of the specific 
impact of the ICD. However, the absence of statistically significant 
differences in baseline patient characteristics lessens this potential 
limitation considerably.

A possible limitation of this study is the lower prevalence of 
discharges suffered by the S-ICD group (5.1% versus 17.9%), 
which could have some influence on the perception of quality 
of life when analyzing this subgroup of patients. However, the 
prevalence of discharges in both groups was low (11%). We thus 
believe that this has not significantly influenced the overall results 
of our study.

Table 6 – SF-12 survey results in patients implanted with their first ICD

 
 

Subcutaneous N=32 Transvenous N=32
p value

Median IQR Minimum Maximum Median IQR Minimum Maximum

Physical health scale 44.3 12.8 27.4 56.7 48.8 9.8 31.6 62.6 p=0.302a

Mental health scale 45.9 13.7 26.3 56.8 50.8 10.3 18.7 55.5 p=0.345a

Physical functioning scale 47.9 17.2 22.1 56.5 56.5 15.1 22.1 56.5 p=0.099a

Physical limitation scale 29.5 9.2 20.3 29.5 29.5 9.2 20.3 29.5 p=0.656a

Pain scale 57.4 0 16.7 57.4 57.4 0 37.1 57.4 p=0.150a

General health scale 44.7 10.8 18.9 62 55.5 10.8 18.9 62 p=0.354a

Vitality scale 57.8 30.2 17.6 67.9 67.9 20.2 27.6 67.9 p=0.157a

Emotional limitation scale 56.6 9.2 16.2 56.6 56.6 10.1 26.3 56.6 p=0.317a

Social function scale 22.5 0 11.3 22.5 22.5 0 11.3 22.5 p=0.263a

Mental health scale 2 64.5 18.3 21.9 70.6 64.5 18.3 21.9 70.6 p=0.163a

IQR: Interquartile range. aMann-Whitney U test.
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Table 7 – ICD QoL questionnaire results in patients implanted with an S-ICD following removal of a TV-ICD

  Subcutaneous N=7 Transvenous N=7 p value

Intraoperative pain p=1a

No pain 7 (100) 3 (42.9)  

Mild 0 2 (28.6)  

Moderate 0 2 (28.6)  

Severe 0 0  

Very severe 0 0  

Perioperative pain     p=0.224a

No pain 4 (57.1) 4 (57.1)  

Mild 2 (28.6) 1 (14.3)  

Moderate 1 (14.3) 2 (28.6)  

Severe 0 0  

Very severe 0 0  

Postoperative pain     p=0.659a

No pain 6 (87.1) 6 (87.1)  

Mild 1 (14.3) 1 (14.3)  

Moderate 0 0  

Severe 0 0  

Very severe 0 0  

Current pain     p=0.659a

No pain 6 (87.1) 6 (87.1)  

Mild 1 (14.3) 1 (14.3)  

Moderate 0 0  

Severe 0 0  

Very severe 0 0  

Aesthetic discomfort     p=0.717a

None 5 (71.4) 4 (57.1)  

Mild 1 (14.3) 2 (28.6)  

Moderate 1 (14.3) 1 (14.3)  

A lot 0 0  

Very much 0 0  

Activities of daily living limited     p=0.427a

None 5 (71.4) 5 (71.4)  

A little 2 (28.6) 2 (28.6)  

Moderate 0 0  

A lot 0 0  

Very much 0 0  

Sleep disturbance     p=0.350a

None 5 (71.4) 4 (57.1)  

Mild 0 0  

Moderate 1 (14.3) 3 (42.9)  

Severe 1 (14.3) 0  

Very severe 0 0  

aChi-square test.
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Lastly, the sample was small in size, being obtained 
from just one hospital, thereby limiting the statistical power 
needed to detect differences. However, our quality-of-
life data resemble those published recently from a larger 
population.5 

Conclusions
The type of ICD implanted does not significantly influence 

patients’ perception of mental or physical quality of life. Our 
study demonstrates that differences in the surgical procedure 
(both location and surgical technique) or type of system 
implanted (such as weight and size) do not have a negative 
impact on patient quality of life. On the other hand, these 
findings suggest that the S-ICD can be safely implanted 
under conscious sedation by an electrophysiology team. 
Larger, randomized studies are needed to compare against 
and confirm these results. 

Key Points

What is already known about this subject?
• The subcutaneous ICD has been shown to be similar 

in efficacy to the conventional ICD at preventing sudden 
cardiac death.

• The subcutaneous ICD is an alternative to the 
transvenous ICD in patients not requiring antibradycardia, 
antitachycardia, or cardiac resynchronisation pacing; patients 
with difficult venous access; young patients; or following 
removal of a conventional ICD because of infection.

• The subcutaneous ICD employs a different surgical 
technique from the conventional ICD, and the generator 
is larger and heavier than in current transvenous systems.

What does this study add?
• There are no significant differences in mental or physical 

quality of life among a Spanish population of patients with 
subcutaneous or transvenous ICDs.

• Differences in surgical technique or type of system 
implanted do not negatively affect patient quality of life. 

• Patients implanted with a subcutaneous ICD after having 
a transvenous ICD removed because of complications assess 
the new device positively. 

• The subcutaneous ICD can safely be implanted under 
conscious sedation by an electrophysiology team.
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Table 8 – SF-12 survey results in patients implanted with an S-ICD following removal of a TV-ICD

Median  IQR  Minimum  Maximum

Physical health scale 51.3 5.3 30.5 52.9

Mental health scale 46 4.8 40.2 51.3

Physical functioning scale 56.5 0 22.1 56.5

Physical limitation scale 29.5 0 20.3 29.5

Pain scale 57.4 10.1 47.3 57.4

General health scale 55.5 10.8 29.6 62

Vitality scale 57.8 0 27.6 67.9

Emotional limitation scale 56.6 10.1 16.2 56.6

Social function scale 22.5 0 11.3 22.5

Mental health scale 2 58.4 6.1 58.4 64.5

IQR: Interquartile range.

1147



Original Article

Auquilla et al.
Subcutaneous Versus Endovascular Defibrillator

Arq Bras Cardiol. 2021; 116(6):1139-1149

1. Mark EstesIII NA. Predicting and preventing sudden cardiac death. 
Circulation. 2011;124(5):651–6.

2. Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Blom N, Borggrefe M, Camm 
J, et al. 2015 ESC Guidelines for the management of patients with ventricular 
arrhythmias and the prevention of sudden cardiac death: The Task Force for 
the Management of Patients with Ventricular Arrhythmias and the Prevention of 
Sudden Cardiac Death of the European Society of Cardiology (ESC). Endorsed 
by: Association for European Paediatric and Congenital Cardiology (AEPC). Eur 
Heart J. 2015;36(41):2793–867.

3. Bardy GH, Smith WM, Hood MA, Crozier IG, Melton IC, Jordaens L et al. An 
entirely subcutaneous implantable cardioverter-defibrillator. N Engl J Med. 
2010;363(1):36-44.

4. Arias MA, Pachon M, Akerstrom F, Puchol A, Giacoman-Hernandez 
S, Rodriguez-Padial L. Implantation of the Subcutaneous Implantable 
Defibrillator S-ICD(TM): Initial Experience in a Single Spanish Center. Rev 
Esp Cardiol. 2015;68(7):629-30.

5. Lambiase PD, Barr C, Theuns DA, Knops R, Neuzil P, Johansen JB et 
al. Worldwide experience with a totally subcutaneous implantable 
defibrillator: early results from the EFFORTLESS S-ICD Registry. Eur Heart J. 
2014:35(25):1657-65.

6. Weiss R, Knight BP, Gold MR, Leon AR, Herre JM, Hood M et al. Safety and 
efficacy of a totally subcutaneous implantable-cardioverter defibrillator. 
Circulation 2013;128:944-53.

7. Arias MA, Pachón M, Akerström F, Puchol A, Martín-Sierra C y Rodríguez-
Padial L. Resultados agudos y a largo plazo tras implante contemporáneo 
de desfibrilador subcutáneo: experiencia en un centro. Rev Esp Cardiol. 
2018;71(11):895-901.

8. Fernández Lozano I, Osca Asensi J, Alzueta Rodríguez J. Registro Español de 
Desfibrilador Automático Implantable. XIV Informe Oficial de la Sección de 
Electrofisiología y Arritmias de la Sociedad Española de Cardiología (2017). 
Rev Esp Cardiol. 2018; 71(12):1047-1058.

9. Knops RE, Brouwer TF. ¿El desfibrilador subcutáneo debería ser la primera 
elección den la prevención primaria de la muerte súbita? Rev Esp Cardiol. 
2017;70(3):142-4.

10. Irvine J, Dorian P, Baker B, O’Brien BJ, Roberts R, Gent M, et al. Quality of 
life in the Canadian Implantable Defibrillator Study (CIDS). Am Heart J. 
2002;144:282-9. 

11. Schron EB, Exner DV, Yao Q, Jenkins LS, Steinberg JS, Cook JR, et al. Quality 
of life in the antiarrhythmics versus implantable defibrillators trial: impact 
of therapy and influence of adverse symptoms and defibrillator shocks. 
Circulation. 2002;105(5):589-94. 

12. Newman DM, Dorian P, Paquette M, Sulke N, Gold MR, Schwartzman DS, 
et al; Worldwide Jewel AF AF-Only Investigators. Effect of an implantable 
cardioverter defibrillator with atrial detection and shock therapies on 
patient-perceived, health-related quality of life. Am Heart J. 2003;145(3): 
841-6. 

13. Noyes K, Corona E, Zwanziger J, Hall J, Zhao H, Wang H, et al. Health-related 
quality of life consequences of implantable cardioverter defibrillators. Results 
from MADIT II. Med Care. 2007;45(5):377-85. 

14. Sears SF, Todaro JF, Urizar G, Lewis TS, Sirois B, Wallace R, et al. Assessing 
the psychosocial impact of the ICD: a national survey of implantable 

cardioverter defibrillator health care providers. Pacing Clin Electrophysiol. 
2000;23(6):939-45. 

15. Groeneveld PW, Matta MA, Suh JJ, Yang F, Shea JA. Quality of life among 
implantable cardioverter-defibrillator recipients in the primary prevention 
therapeutic era. Pacing Clin Electrophysiol. 2007;30(4):463-71. 

16. Peinado R, Merino JL, Roa Rad J, Macía E, Quintero O. Calidad de vida y 
estado psicológico de los pacientes portadores de desfibrilador automático 
implantable. Rev Esp Cardiol. 2008;8:40-50.

17. Miller JL, Thylén I, Moser DK. Gender Disparities in Symptoms of Anxiety, 
Depression, and Quality of Life in Defibrillator Recipients. Pacing Clin 
Electrophysiol. 2016;39(2):149-59. 

18. Francis J, Johnson B, Niehaus M. Quality of life in patients with implantable 
cardioverter defibrillators. Indian pacing Electrophysiol J. 2006;6(3):173-81.

19. Pedersen SS, Mastenbroek MH, Carter N, Barr C, Neuzil P, Scholten M 
et al. A Comparison of the Quality of Life of Patients With an Entirely 
Subcutaneous Implantable Defibrillator System Versus a Transvenous 
System (from the EFFORTLESS S-ICD Quality of Life Substudy). Am J Cardiol. 
2016;118(4):520-6. 

20. Calvo N, Nadal M, Berruezo A, Andreu D, Arbelo E, Tolosana JM et al. 
Evolución de la mejora en los resultados y las complicaciones de la ablación 
por catéter de la fibrilación auricular: aprendizaje, técnicas y metodología. 
Rev Esp Cardiol 2012; 65(2):131-8.

21. Calvo N, Arguedas H, López G, Díaz C, Gavira JJ, García-Bolao I. 
Implante de un DAI completamente subcutáneo como alternativa al DAI 
convencional en un paciente con una cardiopatía congénita. Rev Esp 
Cardiol. 2013;66(10):827-9. 

22. Arias M, Pachón M, Akerström F, Puchol A, Rodríguez-Padial L. Técnica 
de dos incisiones para implante de desfibrilador subcutáneo: técnica de 
elección? Rev Esp Cardiol. 2016;69(4): 445-6

23. Vilagut G, Valderas JM, Ferrer M, Garin O, Lopez-Garcia E, Alonso J. 
Interpretation of SF-36 and SF-12 questionnaires in Spain: physical and 
mental components. Med Clin. 2008;130(19):726-35. 

24. Monteagudo PO, Hernando Arizaleta L, Palomar Rodríguez JA. Reference 
values of the Spanish version of the SF-12v2 for the diabetic population. Gac 
Sanit. 2009;23(6): 526-32. 

25. Ware JE, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: 
Construction of scales and preliminary tests of reliability and validity. Med 
Care. 1996;34(3):220-33.

26. McCaffery M., Beebe A.: Pain: Clinical Manual for Nursing Practice. St. 
Louis: Mosby, 1989.

27. Burke JL, Hallas CN, Clark-Carter D, White D, Connemmy D. The 
psychosocial impact of the implantable cardioverter defibrillator: a meta-
analytic review. Br J Health Physiol. 2003;8(Pt 2):165-78.

28. McCready MJ, Exner DV. Quality of life and psychological impact of 
implantable cardioverter defibrillators: focus on randomized controlled trial 
data. Card Electrophysiol Rev. 2003;7(1):63-70.

29. Essandoh MK, Otey AJ, Abdel-Rasoul M, Stein EJ, Turner KR, Joseph NC, et 
al. Monitored Anesthesia Care for Subcutaneous Cardioverter-Defibrillator 
Implantation: A Single-Center Experience. J Cardiothorac Vasc Anesth. 
2016;30(5):1228-33.

References

*Supplemental Materials
For additional information, please click here.

1148

http://abccardiol.org/supplementary-material/2021/11604/2019-0312-supplementary-material.pdf


Original Article

Auquilla et al.
Subcutaneous Versus Endovascular Defibrillator

Arq Bras Cardiol. 2021; 116(6):1139-1149

This is an open-access article distributed under the terms of the Creative Commons Attribution License

1149


