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AF Atrial fibrillation

ATP Antitachycardia pacing
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CRT Cardiac resynchronization therapy

CRT-D Cardiac resynchronization therapy with an ICD function
CVD Cardiovascular disease

HF Heart failure
ICD Implantable cardioverter defibrillator
LV Left ventricle

LVEF LV ejection fraction

QOL Quality of life

SCD Sudden cardiac death

S-ICD  Subcutaneous implantable defibrillator
VF Ventricular fibrillation

VT Ventricular tachycardia
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Implantable cardioverter defibrillator is an implantable battery-powered device,
which consists of a device and lead(s), and aimed to convert life threatening ven-
tricular tachyarrhythmias (ventricular tachycardia, ventricular fibrillation) to a sinus
rhythm by means of an antitachycardia pacing and direct biphasic current shock.
The implantable cardioverter defibrillators usually have pacemaker function as an
additional function.

Heart failure is a chronic disease with a high prevalence and incidence world-
wide. Despite the current approach to the early diagnosis and treatment, heart
failure associated morbidity and mortality is still high and will continue to rise
in the future. The progression of heart failure is irreversible. Current approach to
the treatment of heart failure with an optimal medical therapy and device therapy
can slow down the progression of the disease, but not reverse or stop the progres-
sion. Consequently, efforts should be made to decrease heart failure incidence
and prevalence and improve survival among heart failure patients. The main two
causes of death among heart failure patients are ventricular tachyarrhythmias
and progressive pump failure. A significant advance in the use of implantable
devices (implantable cardioverter defibrillator, cardiac resynchronization
therapy with and without defibrillation function) to monitor and treat HF patients
has been performed. During the last decades the large randomized studies have
demonstrated that implantable cardioverter defibrillators are highly effective for
primary and secondary prevention of sudden cardiac death in heart failure
patients.

Nowadays, implantable cardioverter defibrillators are considered the standard
therapy for patients at high risk for ventricular tachyarrhythmias, both for primary
and secondary prevention.

Implantable cardioverter defibrillator (ICD) is an implantable battery-powered
device, which consists of a device and lead(s), and aimed to convert life threatening
ventricular tachyarrhythmias (ventricular tachycardia, ventricular fibrillation) to a
sinus rthythm by means of an antitachycardia pacing (ATP) and direct biphasic cur-
rent (DC) shock. The ICDs usually have pacemaker function as an additional
function.

Development of ICDs has started since mid of twentieth century when Claude
Beck performed the first electrical defibrillation of ventricular fibrillation (VF). The
first human implantation of an ICD was performed at the John Hopkins Hospital by
the group of Mirowski in the early 80s [1, 2]. During the last decades ICDs have
evolved from bulky pulse generators which were placed in the abdominal region
with epicardial patches requiring thoracotomy to a sophisticated rhythm manage-
ment devices with an endocardial defibrillation leads. The implantable cardioverter
defibrillator has been proven to be a highly effective tool for primary and secondary
prevention of sudden cardiac death in selected patients. The annual number of
implantations have increased substantially during the last years. A worldwide car-
diac pacing and implantable cardioverter-defibrillator survey with 61 included
countries was conducted in 2009 and was compared with the results of 2005. This
survey demonstrated a significant increase in the number of ICD implantations
among all involved countries [3].
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The effectiveness of ICDs in the primary and secondary prevention of sudden
cardiac death (SCD) among HF patients has been demonstrated in large randomized
studies [5, 19] and will be discussed in details in this chapter.

Epidemiology of Heart Failure: Insight into the Device Therapy

According to the current definition of the European Society of Cardiology “Heart
failure is a clinical syndrome in which patients have typical symptoms and signs
resulting from an abnormality of cardiac structure and function” [4].

Heart failure (HF) and atrial fibrillation (AF) are considered to be new cardiovas-
cular epidemics over the last decades and are considered to be an increasing health-
care problem worldwide due to a high morbidity and mortality and the high rate of
disability among HF patients. HF affects nearly five million patients in the USA and
more than 550,000 patients are diagnosing with new HF annually. The incidence of
HF remained stable over the last decades, meanwhile the prevalence of disease has
steadily increased worldwide due to an ageing of the population and high incidence
of coronary artery disease (CAD) which is among the main risk factors of
HF. Approximately 15,000,000 patients have HF in the USA and Europe [5-9].

According to the Framingham Heart Study, the 5-year survival of HF patients is
less than 40 % after the first manifestation of the disease [10]. The absolute mortal-
ity of HF is still high, nearly 50 % within 5 years [9, 11]. The ARIC study, which
was published in 2008, has demonstrated that 1- and 5-year mortality among HF
patients after hospitalization for HF were 22 % and 42.3 %, respectively [12].

Another important aspect of the current problem of HF is the HF-related
costs. Treatment of HF is associated with a repetitive, prolonged and costly hos-
pitalizations and expensive treatment, such as a therapy with an implantable
devices, heart transplantation, etc. (i.e. HF related direct and indirect annual
costs were estimated around $30,000,000,000 in the United States in 2006 and
$33 billion in 2007) [13, 14].

The above mentioned data predispose to understand the fact that, despite the cur-
rent approach to the early diagnosis and treatment, HF associated morbidity and
mortality is still high and will continue to rise in the future. It is important to empha-
size that the progression of HF is irreversible. Current approach to the treatment of
HF with an optimal medical therapy and device therapy can slow down the progres-
sion of the disease, but not reverse or stop the progression.

Consequently, efforts should be made to decrease HF incidence and prevalence
and improve survival among HF patients. The early prediction of the outcome of HF
is as important as the early identification of the disease itself and the group of
patients who will benefit from the certain intervention and might allow more ratio-
nal or cost-effective use of specific heart failure medications and devices. Different
risk factors and multivariable risk scores, such as a brain natriuretic peptide (BNP)
and the Seattle Heart Failure Model (SHFM) have been prescribed during the last
decades and recommended for the risk stratification of HF patients [15].
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To summarize, HF is a chronic disease with a high prevalence and incidence
worldwide, the prognosis of which is remaining poor and mortality among affected
patients is still high.

Evolution of the Implantable Cardioverter Defibrillator
from Thoracotomy to the Subcutaneous Implantable
Defibrillator

The first implantation of a defibrillator was performed in a patient with two previous
cardiac arrests in 1980 at the John Hopkins Hospital by the group of Mirorowski.
Thereafter ICD implantation was performed in a few centers in patients with a his-
tory of cardiac arrest (i.e. secondary prevention). In 1985 the US Food and Drug
Administration (FDA) approved commercial implantable cardioverter-defibrillators.

The ICD-system consists of a pulse generator and lead(s). The ICD can be
divided into three groups: single-chamber ICDs, dual-chamber ICDs and cardiac
resynchronization therapy (CRT) with an ICD function (CRT-Ds). The generator
consists of the battery, capacitor and the circuit (pacing pulse and shock generation,
signal filtering and analysis, data storage). The basic components of ICDs have not
changed during the last decades. Initially, the pulse generator was a single-chamber
device and placed in the abdominal region with epicardial patches requiring thora-
cotomy to implant the system. A significant improvement was the shift from epicar-
dial defibrillation patches to endocardial defibrillation leads, which simplified the
implantation procedure (Fig. 13.1). The dual-chamber ICDs were produced and
represented thereafter. During the last decades, technology evolved from shock
boxes to a sophisticated rhythm management devices. Defibrillation efficacy has
been improved by invention of biphasic shock waveforms and by using the genera-
tor as one of the electrodes for defibrillation. Modern ICDs can perform a variety of
sophisticated functions, including atrial and ventricular therapy, ATP, bradycardia
pacing, biventricular pacing, electrogram storage, and diagnostics e.g. HF, burden
of AF [16, 17].

The concept of the biventricular pacing (i.e. CRT) was introduced more than
20 years ago. CRT was developed as a technique to provide a synchronize pacing of
right and left ventricles and reduce the morbidity and mortality of HF patients by
improving the whole contractility of the left ventricle (LV) and ejection fraction of
the left ventricle (LVEF).

Recently, subcutaneous implantable defibrillator (S-ICD) was introduced into
the clinical practice. Both the generator and the lead of an S-ICD are implanted
subcutaneously, and logically avoid of the use of endocardially placed leads [18].
Both the rationale and the scientific data regarding the CRT-Ds and S-ICDs will be
discussed in details in this chapter.

A significant advance in the use of implantable devices (ICD, CRT-P/D) to moni-
tor and treat HF patients has been performed during the last decade. Nowadays, ICDs
are considered to be the standard therapy for patients at high risk for ventricular
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18t device 1980 2010 device
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Fig. 13.1 Original implantable cardioverter defibrillator pulse generator, on the left, and a modern
device on the right (Gasparini and Nisam [17]. [16] Copyright 2016 by Springer)

tachyarrhythmias, both for primary and secondary prevention. The current state of
art of the device therapy of HF patients will be discussed in details below in this
chapter.

Current Tendencies in the Treatment of Heart Failure
(Prevention of Sudden Cardiac Death): From Optimal
Medical Therapy to the Idea of Implantable Cardioverter
Defibrillators

The main guidelines focused on the diagnosis and treatment of HF, primary and sec-
ondary prevention of SCD are represented by the European Society of Cardiology, the
American Heart Association and the American College of Cardiology [4, 19-21, 68].

The current management of HF targets the modification of the existent and the
identified risk factors and elimination of their influence on the natural course of
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disease, treating the main heart disease, improving the quality of life (QOL) and
reducing the mortality, and including the following approaches: optimal medical
therapy (OMT), device based therapy (ICD, CRT-P/D), LV assist devices (LVAD)
and heart transplantation. Prevention of SCD among HF patients is the most chal-
lenging issue in the treatment of HF.

The main two causes of death among HF patients should be emphasized. More
than half of HF associated deaths are due to ventricular tachyarrhythmias (ventricu-
lar tachycardia (VT), VF) and the rest is due to a progressive pump failure (progres-
sive failure of cardiac function) [22].

Several studies have been performed to demonstrate the effect of OMT on the
reduction of HF mortality. Among medications used for the treatment of HF only
beta blockers has shown to have an impact on the reduction of HF mortality. The US
Carvedilol trial has showed a 65 % reduction in mortality with carvedilol in patients
with HF with systolic dysfunction (LVEF <35 %). Arrhythmia associated death had
decreased from 3.8 to 1.7 % [23]. The CIBIS-II trial has demonstrated a significant
reduction of arrhythmic mortality from 6.4 to 3.6 % with bisoprolol. All-cause mor-
tality was reduced by 34 % [24]. The MERIT-HF study has showed a significant
41 % relative risk reduction of arrhythmia associated mortality with metoprolol
[25]. The impact of carvedilol on the reduction of SCD among severe HF patients
was checked in the COPERNICUS trial, which showed a significant reduction in
SCD from 6.1 % in the placebo group to 3.9 % in the carvedilol group, all-cause
mortality has significantly reduced by 35 % [26]. A meta-analysis of a randomized
controlled trials of the role of beta-blockers in the prevention of SCD in HF patients
were recently performed by Al-Gobari et al. 30 randomized controlled trials with
the comparison of the use of beta-blockers vs. placebo/control for the prevention of
SCD in HF patients were included. The total number of involved patients was
24.,779. Beta-blockers were effective in the prevention of SCD (OR 0.69; 95 % (I,
0.62-0.77, P < 0.00001), cardiovascular death (OR 0.71; 95 % CI, 0.64-0.79, P <
0.00001) and all-cause mortality (OR 0.67; 95 % CI, 0.59-0.76, P < 0.00001). The
results of the analysis have suggested that beta-blockers reduce the risk of SCD by
31 %, cardiovascular death by 29 % and all-cause mortality by 33 % [27].

The usefulness of amiodarone as an antiarrhythmic medication in the reduction
of the incidence of SCD among HF patients was evaluated in several studies. A total
of 1013 patients resuscitated from SCD or presenting with VT and/or VF patients
were enrolled in the AVID study to compare the effectiveness of ICD versus antiar-
rhythmic drugs (mostly amiodarone). The primary endpoint of the study was overall
mortality. A total of 45 % of the patients in the defibrillator group and 40 % of
patient in antiarrhythmic drug-group had a HF at the time of inclusion to the study.
ICD was superior to antiarrhythmic drugs for increasing overall survival among
patients. Overall survival with an ICD was 89.3 % vs 82.3 % with an amiodarone at
1 year, 81.6 % vs 74.7 % at 2 years and 75.4 % vs 64.1 % at 3 years respectively
(p<0.02 %). The effect of an ICD was not significant in a patients with LVEF > 35 %,
which is a very important point to emphasize [28]. Authors had concluded that the
implantation of an ICD should be offered as a first-line therapy to survivors of SCD.

The Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) had a crucial
role on the future understanding of the possible ways of the prevention of SCD
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among HF patients, e.g. the role of antiarrhythmic drugs and ICDs [29]. The ability
of amiodarone to decrease the mortality among HF patients and the primary pre-
vention effect of ICDs especially among patients with non-ischemic cardiomyopa-
thy were not clarified before. A total of 2521 consecutive patients with New York
Heart Association (NYHA) class II-IIT HF (70 % class II, 52 % ischemic HF) and
an impaired systolic function (LVEF < 35 %) of the LV (median LVEF 25 %) were
randomized into three groups: conventional therapy plus amiodarone, conventional
therapy plus placebo and conventional therapy plus a conservatively programmed,
shock-only, single-lead ICD. The primary end point was death from any cause.

The median follow-up was 45.5 months. 244 (29 %) patients were died in the
placebo group, 240 (28 %) and 182 (22 %) were died in the amiodarone and in the
ICD group, respectively. There was no significant difference in the reduction of risk
of SCD in amiodarone and placebo groups (HR 1.06; 97.5 %, 0.86—1.30; P = 0.53).
ICD therapy was associated with a decreased risk of death of 23 % (HR 0.77,
97.5 %, 0.62—0.96; P = 0.007) and an absolute decrease in mortality of 7.2 % points
after 5 years in the overall population.

Prevention of Sudden Cardiac Death Among Heart Failure
Patients

As it was mentioned above the primary and secondary prevention of SCD in patients
with HF is the greatest challenge in the management of HF patients.

The following concepts have to been clarified at this point. The term SCD is used
when a congenital, or acquired, potentially fatal cardiac condition was known to be
present during life; OR an autopsy has identified a cardiac or vascular anomaly as
the probable cause of the event; OR no obvious extra-cardiac causes have been
identified by post-mortem examination and therefore an arrhythmic event is a likely
cause of death [21].

A primary prevention of SCD includes therapies to reduce the risk of SCD in
individuals who are at risk of SCD but have not yet experienced an aborted cardiac
arrest or life-threatening arrhythmias [21].

A secondary prevention of SCD comprises of therapies to reduce the risk of SCD
in patients who have already experienced an aborted cardiac arrest or life-threatening
arrhythmias [21].

Secondary Prevention of Sudden Cardiac Death Among Heart
Failure Patients

Several studies were performed at the beginning of the “ICD-era” with the intention
to demonstrate the effectiveness of such a therapy in the reduction of mortality
among survivors of SCD (secondary prevention).
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One of the first studies which were performed among SCD survivors was the
above mentioned AVID study [28]. Among SCD survivors (VT, VF) ICD was supe-
rior to an antiarrhythmic drugs for increasing overall survival among patients. It is
important to emphasis one more time that the study showed that the effect of an ICD
was not significant in a patients with LVEF > 35 %.

The next study which was performed among survivors of SCD was the Cardiac
Arrest Study Hamburg (CASH) study [30], which was published in 2000. A prospec-
tive, multicenter, randomized comparison of ICD vs. antiarrhythmic drug therapy
among survivors of cardiac arrest was performed. An inclusion criteria was a cardiac
arrest secondary to documented sustained ventricular arrhythmias. Patients with car-
diac arrest within 72 h of an acute myocardial infarction (MI), cardiac surgery, elec-
trolyte abnormalities or pro-arrthythmic drug effects were excluded from the study.
Included patients were randomized to ICD-group and antiarrhythmic drug group
(amiodarone-, metoprolol- and propafenone-group). The primary end point of the
study was all-cause mortality. The secondary end points were sudden death and
recurrence of cardiac arrest at 2-year follow-up. All the patients included in the ICD-
group had received an epicardial ICD until June 1991 and an endocardial ICD from
July 1991. Appropriate functioning of the devices was proved by the pre-discharge
DFT-test. The recruitment of patients was performed from 1987 to 1998. Assignment
to propafenone was discontinued in 1992 due to a high prevalence of all-cause mor-
tality among propafenone-group as compared with an ICD-group. The remained of
included patients (n = 288) were randomized into ICD- (n = 99), metoprolol- (n = 97)
and amiodarone-group (n = 92). The minimum follow-up was 2 years. The baseline
parameters of the recruited patients were similar in an ICD- and antiarrhythmic drug-
group (metoprolol + amiodarone). The mean LVEF of the recruited patients were
higher compared to the patients included in the AVID study. Fifty-nine percent and
56 % of patients in the ICD-group and antiarrhythmic drug-group were in NYHA
functional class II, respectively. During the mean follow-up of 57 + 34 months the
overall mortality rates were 36.4 % (CI 26.9-46.6 %) in the ICD-group and 44.4 %
(CI 37.2-51.8 %) in the antiarrhtyhmic drug-group. Overall survival was non-signif-
icantly higher in the ICD-group compared to the antiarrhythmic drug-group. The
overall mortality rates among metoprolol- and amiodarone —group was 45.4 % (CI
35.2 % to 55.8 %) and 43.5 % (CI 33.2 % to 54.2 %) respectively (P = 0.845).

The secondary analyses demonstrated that the overall sudden death rates were
13 % (CI 7.9-19.6 %) in the ICD-group and 33 % (CI 27.2-41.8 %) in the antiar-
rhythmic drug-group. The sudden death free survival was significantly higher in the
ICD-group as compared to the antiarrhythmic drug-group [1-sided P = 0.005, HR
0.423 (97.5CI upper bound 0.721)]. The overall rates of nonfatal cardiac arrest were
11.1 % (CI1 6.9-16.5 %) in the ICD-group and 19.5 % (CI 12.2-25.6 %) in the anti-
arrhythmic drug-group. In ICD patients, the percent reductions in all-cause mortal-
ity were 41.9, 22.8 and 24.7 % at years 1, 5 and 9 of follow-up. Kuck et al. had
concluded that therapy with an ICD was associated with a non-significant 23 %
reduction in all-cause mortality as compared to the treatment with metoprolol/amio-
darone. The benefit of an ICD implantation as secondary prevention was more vis-
ible during the first 5 years after the index event (Figs. 13.2 and 13.3).
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Fig. 13.2 Long-term overall survival in ICD and drug arms. AMIO indicates amiodarone, METO
metoprolol, pts patients. (Kuck et al. [30] Copyright 2016 by Springer)
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rone, METO metoprolol, pts patients (Kuck et al. [30] Copyright 2016 by Springer)

The Canadian Implantable Defibrillator Study (CIDS) had similar design and
have been performed in Canada. Six hundred and fifty nine resuscitated patients
(with documented VF, sustained VT, unmonitored syncope) were included in the
trial and were randomized in an ICD-group and an amiodarone-group [31]. During
the 5-years of follow-up arrhythmic mortality was reduced by 33 % with an ICD
therapy compared with amiodarone, which was not statistically significant. 50.5 %
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of patients in an amiodarone group and 48.8 % of patients in an ICD group had a
congestive heart failure.

Meta-analysis of the above mentioned AVID, CASH and CIDS secondary pre-
vention trials was performed by Connolly et al. in 2000, which has demonstrated an
overall reduction of arrhythmia induced mortality with ICD by 50 and 28 % relative
reduction in death [32]. All three trials have demonstrated consistent results regard-
ing the comparison of an ICD vs. amiodarone. A significant reduction in death from
any cause with an ICD was demonstrated with these trials, with a summary hazard
ration (ICD: amiodarone) of 0.72 (95 % confidence interval 0.60, 0.87; P = 0.0006).
For the outcome of arrhythmic death, the hazard ratio was 0.50 (95 % confidence
interval 0.37, 0.67; P < 0.0001). Survival was extended by a mean of 4.4 months by
the ICD over a follow-up period of 6 years. Patients with an impaired systolic func-
tion of LV (LVEF < 35 %) benefit more from an ICD implantation as compared
with those with a better preserved systolic function of LV.

Consequently, based on these trials current guidelines suggest that “an ICD is
recommended to reduce the risk of sudden cardiac death and all-cause mortality in
patients who have recovered from a ventricular arrhythmia causing hemodynamic
instability, and who are expected to survive for >1 year with good functional status”
(Class of recommendation — I, Level of evidence — A) [4, 21, 68].

Primary Prevention of Sudden Cardiac Death Among Heart
Failure Patients

According to the major guidelines on the management of HF and prevention of
SCD ICD implantation is indicated for the primary prevention of SCD among HF
patients who have an estimated life expectancy at least 1 year and more [4, 19-21,
68]. These recommendations are based on the major trials performed during the last
decades.

ICD therapy was compared to amiodarone therapy in a patients with NYHA
class II-IIT HF and LVEF < 35 % in the Sudden Cardiac Death in Heart Failure
(SCD-HeFT) trial in improving 5-year survival [29]. The primary endpoint of the
study was all-cause mortality. All the included patients were randomized into a
placebo-, an amiodarone- and an ICD-shock only-group. ICD therapy was associ-
ated with a 23 % reduction of all-cause mortality as compared with placebo.

One of the earliest trials which has compared ICD therapy with an OMT was the
Multicenter Automatic Defibrillator Implantation (MADIT) Trial [33]. A compari-
son of an ICD vs conventional medical therapy among high-risk patients was inves-
tigated. A total of 196 consecutive patients with ischemic cardiomyopathy, NYHA
class I-III HF, LVEF < 35 %, a documented episode of asymptomatic unsustained
VT and inducible, non-suppressible ventricular tachyarrhythmia on electrophysio-
logical study (EP study) were included in the study and randomized into an ICD-
group (n = 95) and conventional medical therapy group (n = 101). The mean
follow-up of the trial was 27 months. A total of 15 deaths (11 cardiac deaths) were
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registered in the ICD-group as compared with the 39 deaths in the conventional
therapy group (HR 0.46, 95 % CI, 0.26-0.82, P = 0.009). Antiarrhythmic therapy
(amiodarone, beta-blockers, etc.) in the involved population were not associated
with the improved survival. Hence, all-cause mortality was reduced by nearly 60 %
over the 27-month of follow-up in the ICD-group.

The second Multicenter Automatic Defibrillator Implantation Trial (MADIT II
trial) was conducted later and involved patients with ischemic cardiomyopathy and
prior myocardial infarction (at least 1 month or more before inclusion in the study),
LVEF < 30 %, NYHA class I-IIT HF (59 % of involved patients were in NYHA class
II-IIT HF, patients with NYHA class IV HF were not included in the study) who
were randomized in a 3:2 ratio to receive an ICD (n = 742) or a conventional medi-
cal therapy (n = 490). ICD implantation was associated with a 31 % relative risk
reduction in mortality [34]. The most important aspect of the MADIT II trial which
has to be emphasized is the fact that due to a very poor predictive value EP studies
were not performed for risk stratification and current guidelines are focused on class
of HF (NYHA) and LVEF.

According to the 2016 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure [68], which has been published recently, an ICD implanta-
tion is indicated for the primary prevention of SCD among HF patients in the fol-
lowing settings:

1. AnICD is recommended to reduce the risk of sudden death and all-cause mortal-
ity in patients with symptomatic HF (NYHA Class II-III), and an LVEF < 35 %
despite >3 months of OMT, provided they are expected to survive substantially
longer than 1 year with good functional status, and they have:

e Ischemic heart disease (unless they have had an MI in the prior 40 days) —
Class I, Level A.
e Dilated cardiomyopathy — Class I, Level B.

2. ICD implantation is not recommended within 40 days of an MI as implantation
at this time does not improve prognosis — Class III, Level A.

3. ICD therapy is not recommended in patients in NYHA Class IV with severe
symptoms refractory to pharmacological therapy unless they are candidates for
CRT, a ventricular assist device, or cardiac transplantation — Class III, Level C.

4. Patients should be carefully evaluated by an experienced cardiologist before gen-
erator replacement, because management goals and the patient’s need and clini-
cal status may have changed — Class Ila, Level B.

5. A wearable ICD may be considered for patients with HF who are at risk of sud-
den cardiac death for a limited period or as a bridge to an implanted device —
Class IIb, Level C.

Unless patients after MI are at high risk of SCD due to life-threatening
ventricular tachyarrhythmias, as it was mentioned above, ICD implantation is
indicated at least 40 days after MI. The hypothesis that patients with an acute MI
can benefit more in case of an early implantation of ICD was checked in random-
ized trials.
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Patients at 640 days after an acute MI (LVEF < 35 % and impaired cardiac
autonomic function, manifested as depressed heart-rate variability or an elevated
average 24-h heart rate on Holter monitoring) was involved in the Defibrillator in
Acute Myocardial Infarction Trial [35] and randomized in an ICD therapy group
(n =332) and no ICD therapy group (n = 342). The primary endpoint of the study
was mortality from any cause. The secondary endpoint was death from arrhythmia.
No significant difference in overall mortality was observed during a follow-up
period of 30 + 13 months (62 vs 58 patients died in the ICD and in the control group,
respectively; HR for death in the ICD group 1.08, 95 % CI, 0.76-1.55, 9 = 0.66).
However, the prevalence of nonarrhythmic deaths were significantly higher in the
ICD group as compared with the control group (50 vs 29, HR in the ICD group 1.75,
95 % CI, 1.11-2.76, p = 0.02).

A total of 898 consecutive patients at 5-31 days after an acute MI (LVEF < 40 %,
heart rate>90 bpm on the first available electrocardiogram, nonsustained VT
(=150 bpm) during Holter monitoring or both criteria) were randomized in the ICD
treatment group (n = 445) and medical therapy group (n = 453) in the study of
Steinbeck et al. [36]. No significant difference in the overall mortality during a fol-
low-up of 37 months was observed (116 vs 117 in the ICD and control group,
respectively, p = 0.78). Though the prevalence of SCD in the ICD group was less
than in the control group (27 vs. 60; HR, 0.55; 95 % CI, 0.31 to 1.00; p = 0.049) the
number of non-SCD was higher in the ICD group (68 vs. 39, HR, 1.92; 95 % CI,
1.29 to 2.84; p = 0.001).

Hence, prophylactic ICD implantation early after an acute MI (<40 days) among
HF patients is not associated with a better survival.

Cardiac Dyssynchrony

Many of HF patients have a LV contraction dyssynchrony associated with conduc-
tion delay which led to the reduction of systolic function of LV [13]. The presence
of the mentioned dyssynchrony worsens contraction of LV due to heterogeneity of
LV contraction and reduces the LVEF which leds to the increasing of mortality
among HF patients. According to the studies performed at the beginning of the
noughties dyssynchrony is an independent risk factor of HF patients’ mortality.
According to some studies the prevalence of dyssynchrony among HF patients var-
ies from 25 to 30 % based on the ECG and up to 60 % based on echocardiography
[37, 38]. In the EuroHeart Failure survey 41 % of those patients who had an
EF < 35 % had a QRS duration > 120 ms. (7 % — RBBB, 34 % — LBBB or the
intraventricular conduction delay) and 17 % had a QRS > 150 ms. [39]. In the
Italian Network on congestive heart failure (IN-CHF) 25 % of the involved patients
had complete LBBB, 6 % had complete RBBB and 6 % had other forms of intraven-
tricular conduction delay [40].

Two levels of cardiac dyssynchrony are present: electrical dyssynchrony, which
is mainly represented by a prolonged PR interval and widened QRS complexes, and
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a b
Right atrial Right ventricular
pacing lead pacing lead

Left ventricular
pacing lead

Fig. 13.4 Relation of the cardiac conduction system, mechanical dyssynchrony, and CRT. (a)
Electrical disturbances induce mechanical dyssynchrony at different levels: atrioventricular (1, 2),
interventricular (3), and intra left ventricular dyssynchrony (4), resulting in an impaired mechani-
cal efficiency of the cardiac cycle and decreased cardiac output. LBBB has been indentified to have
an effect most on mechanical dyssynchrony. Early electrical activation is marked in red, whereas
late electrical activation is marked in blue. (b) A standard CRT system consists of a right atrial
lead, a right ventricular lead (in CRT pacemaker systems) or a right ventricular defibrillation lead
(in CRT defibrillator systems), and a left ventricular lead. The left ventricular lead is placed in a
tributary of the coronary sinus on the left lateral or posterolateral wall. CRT works by biventricular
pacing and subsequent resynchronisation of the impaired mechanical contraction patterns. CRT
cardiac resynchronisation therapy. LBBB left bundle branch block (Holzmeister and Leclercq [41]
Copyright 2016 by Springer)

mechanical dyssynchrony, which is the result of an electrical dyssynchrony and
represented by interatrial dyssynchrony, AV dyssynchrony, interventricular dyssyn-
chrony and intraventricular dyssynchrony.

Current main approaches to diagnose the dyssynchrony are ECG (based on the
QRS widening), echocardiography and magnetic resonance imaging. 12-lead ECG
is considered to be a basic tool, which can suggest the presence of a broad QRS
complex. The above mentioned abnormal electrical activation, mainly represented
by the prolonged PR interval and widened QRS complexes, which is mostly attrib-
utable to a left bundle branch block (LBBB), frequently detected in HF patients lead
to the concept of biventricular pacing (i. e. synchronize pacing). HF patients with
broad QRS complexes (which suggests LV contraction dyssynchrony) have a worse
prognosis than those patients with a narrow QRS complexes. According to the
MADIT CRT trial patients with an intraventricular conduction delay, RBBB and
LBBB had 3-year mortality rates of 4 %, 7 % and 8 % respectively [42]. Figure 13.4
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Fig. 13.5 3D echocardiography in a patient with LBBB. A substantial systolic dyssynchrony rep-
resented by SDI 17 = 24.1 %. LVEF = 20 %. SDI 17 systolic dyssynchrony index of 17 segments
of LV

represent the relation of the cardiac conduction system, mechanical dyssynchrony,
and the concept of CRT [41].

One of the easy reproducible tools to visualize dyssynchrony is an echocardiogra-
phy. During the last decades echocardiography evolved and developed as one of the
modern and developed tools, which plays an important role in the diagnosis and risk
stratification of HF patients. Currently, 3D echocardiography (along with M-mode,
2D echocardiography and tissue doppler imaging) plays an important role in the
assessment of LV dyssynchrony and evaluation of the CRT response after an implan-
tation [43]. Figure 13.5 shows a 3D transthoracic echocardiography of a patients with
LBBB, QRS duration is 160 ms., no CAD, who reffered for CRT implantation.

The Concept of Biventricular Pacing: Cardiac
Resynchronization Therapy

Cardiac resynchronization therapy was developed in the mid of ninetieth with the
intention to improve the quality of life (QOL) and survival of HF patients by synchro-
nizing LV contraction. The concepts of the short-term hemodynamic effects of a syn-
chronize stimulation of right and left ventricles, or left ventricle alone were published
in 1960-1970 by Vagnini et al., Tyers et al., Gibson et al. and De Teresa et al. [44].
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Fig. 13.6 3D transthoracic echocardiography after CRT implantation. A substantial improvement
of systolic function of the LV (LVEF = 47 %) and synchronize contraction of the LV (SDI
17 = 5.5 %) was registered within a 24 h after implantation

The first steps of resynchronization were done in the early 90s. Gazeau et al. have
performed an epicardial stimulation of LV in 1994 and the first endocardial stimula-
tion of LV through the coronary sinus was done in 1996 by Bakker et al. in the
Netherlands [45, 46]. In 2001 CRT was approved by the FDA of the USA to use in
selected patients with HE. During the last two decades several studies have been per-
formed and the substantial effect of CRT implantation on the improvement of the
mechanical synchrony of LV, energetic efficiency and regional metabolism have been
demonstrated. CRT-therapy aimed to influence on the most of the above mentioned
mechanisms of cardiac dyssynchrony and led to the improvement of LV function,
reduction of the functional mitral regurgitation and induction of LV reverse remodel-
ing [47]. Figure 13.6 represents a 3D echocardiography of the same patient after CRT
implantation, as was discussed above in Fig. 13.5 (<24 h after implantation). A sub-
stantial improvement of the LVEF (LVEF = 47 %) and narrowing of QRS complex
(QRS = 130 ms) was registered with 24 h after implantation of a CRT.

According to the 2016 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure [68] the following patients have an indication for
CRT-therapy:

1. CRT is recommended for symptomatic patients with HF in sinus rhythm with a
QRS duration >150 ms and LBBB QRS morphology and with LVEF < 35 %
despite OMT in order to improve symptoms and reduce morbidity and mortality —
Class I, Level A.
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2. CRT should be considered for symptomatic patients with HF in sinus rhythm
with a QRS duration >150 ms and non-LBBB QRS morphology and with
LVEF < 35 % despite OMT in order to improve symptoms and reduce morbidity
and mortality — Class Ila, Level B.

3. CRT is recommended for symptomatic patients with HF in sinus rhythm with a
QRS duration of 130-149 ms and LBBB QRS morphology and with
LVEF < 35 % despite OMT in order to improve symptoms and reduce morbidity
and mortality — Class I, Level B.

4. CRT may be considered for symptomatic patients with HF in sinus rhythm with
a QRS duration of 130-149 ms and non-LBBB QRS morphology and with
LVEF < 35 % despite OMT in order to improve symptoms and reduce morbidity
and mortality — Class IIb, Level B.

5. CRT rather than RV pacing is recommended for patients with HF with reduced
EF regardless of NYHA class who have an indication for ventricular pacing and
high degree AV block in order to reduce morbidity. This includes patients with
AF —Class I, Level A.

6. CRT should be considered for patients with LVEF < 35 % in NYHA Class 11—
IV despite OMT in order to improve symptoms and reduce morbidity and mor-
tality, if they are in AF and have a QRS duration >130 ms provided a strategy to
ensure biventricular capture is in place or the patient is expected to return to
sinus rhythm — Class Ila, Level B.

7. Patients with HF with reduced EF who have received a conventional pacemaker
or an ICD and subsequently develop worsening HF despite OMT and who have
a high proportion of RV pacing may be considered for upgrade to CRT. This does
not apply to patients with stable HF — Class IIb, Level B.

8. CRT is contraindicated in patients with a QRS duration < 130 ms — Class III,
Level A.

Clinical benefits of biventricular pacing alone (CRT-P) and in combination with
defibrillation function (CRT-D) were demonstrated in several studies during the last
years. The MUSTIC trial (the Multisite Stimulation in Cardiomyopathy) was the
first multi-center, randomized trial which has demonstrated the clinical benefits of
CRT therapy. Sixty-seven patients with impaired LV function (LVEF < 35 %),
NYHA class IIT HF, sinus rhythm and QRS duration>150 ms. Were involved in the
trial. The initial programming of the devices was <40 bpm backup pacing for the
first 3 months, which was later reprogrammed to the biventricular pacing.
Biventricular pacing was associated with significant improvement in 6-min. Walking
test and QOL (58 % of patients reported an improvement in QOL with CRT), peak
oxygen uptake and decreased hospitalizations [48]. A similar parameters were eval-
uated in the MIRACLE trial (the Multicentre InSync Randomised Clinical
Evaluation trial) which consistent with a larger population of included patients
(n =453). [49].

The comparison of biventricular pacing alone (CRT-P) with optimal medical
therapy was performed in the CARE-HF trial (the Cardiac Resynchronization in
Heart Failure). Eight hundred and thirteen consecutive patients with LVEF < 35 %,
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NYHA class ITI-IV heart failure, QRS duration >120 ms. And echocardiography
evidence of a ventricular dyssynchrony were included in the trial and randomized
into optimal medical therapy and CRT-P groups [50]. A composite primary end-
point of the trial was all-cause mortality or hospitalization for a major cardiac event,
and a secondary endpoint was all-cause mortality. Biventricular pacing was associ-
ated with a 26 % significant reduction in the composite primary endpoint at
29 months of follow-up. CARE-HF was the first trial which has demonstrated a
significant improvement in survival of HF patients even with a biventricular pacing
alone, without an ICD-function.

The COMPANION trial (the Comparison of Medical Therapy, Pacing and
Defibrillation trail) has included 1520 patients (ischemic or nonischemic cardiomy-
opathies) with NYHA class III-IV HF, LVEF < 35 % and QRS duration>120 m:s,
who were randomized in a 1:2:2 ration to receive optimal medical therapy, medical
therapy with a CRT-P, and medical therapy with a CRT-D [51]. The primary com-
posite end point of the trial was the time to death from or hospitalization for any
cause. The risk of the combined end point of death from or hospitalization for HF
was reduced by 34 % in the CRT-P group (p < 0.002) and by 40 % in the CRT-D
group (p < 0.001). The risk of the secondary end point of death from any cause was
decreased by 24 % (p = 0.059) in the CRT-P group and by 36 % in the CRT-D group
(p = 0.003). This trial has demonstrated that in patients with advanced HF and a
prolonged QRS interval CRT-D was superior to CRT-P in reduction the combined
risk of death from any cause or first hospitalization.

The average CRT implantation rate in western and central Europe in 2011 was
140/per million population (CRT-D — 107 units, CRT-P — 33 units) [20].

The Concept and Rational of the Subcutaneous Implantable
Defibrillators

Recently, an entirely subcutaneous implantable defibrillator has been developed.
One of the reasons to develop a S-ICD-system was the relatively high risk of com-
plications associated with the implantation of transvenous ICD lead(s) (such as
pneumothorax, cardiac perforation, dislodgement, pericardial effusion and cardiac
tamponade) and chronic transvenous lead complications (such as systemic infec-
tions, insulation breaches, conductor breaks), which will be discussed below [52].

The investigational device exemption (IDE) trial has demonstrated the safety and
effectiveness of the S-ICD system for treatment of ventricular arrhythmias [53]. The
results of the European Regulatory trial, the US Investigational Device Exemption
trial and the EFFORTLESS registry demonstrated the safety and efficacy of the
subcutaneous implantable defibrillators as a viable alternative for primary and sec-
ondary prevention of SCD in selected patients without an indication for bradycar-
dia, resynchronization therapy or the need for ATP [29, 52, 53, 54]. A limitation of
the S-ICD system is the absence of cardiac pacing [52, 54].
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Peri- and Post-procedural Complications of Implantable
Cardioverter Defibrillators Implantation

As it was mentioned in the introduction of this chapter the design and programming
of ICDs have been significantly improved to maximize therapeutic benefit and mini-
mize patients’ discomfort [55]. Despite the fact that the implantation procedure has
been simplified since the initial experience the implantation of transvenous ICD
systems is still associated with a certain risk of complications (up to 4-11 % of new
ICD implantations are associated with complications [56—60]) both peri- and post-
procedurally (such as mechanical complications, infections, lead damages, mal-
functions, etc.).

Peri-procedural adverse outcomes associated with an ICD implantation can be
categorized as major or minor [61]. Major complications are lead dislodgement,
pneumothorax, cardiac arrest, coronary venous dissection, pericardial tamponade,
device-related infection, cardiac perforation, transient ischemic attack or stroke,
myocardial infarction, urgent cardiac surgery, hemothorax, peripheral embolus and
valve injury. Minor complications are hematoma, drug reaction, conduction block,
set screw problem, venous obstruction and peripheral nerve injury.

According to the data published by Dewland et al. dual-chamber ICD implanta-
tion was associated with increased periprocedural complications and in-hospital
mortality as compared with single-chamber ICDs [62]. 104,049 consecutive patients
who received either a single-chamber or a dual-chamber ICD from January 1, 2006
to December 31, 2007 were enrolled to the National cardiovascular data Registry
ICD Registry. Sixty-two percent of patients were received a dual-chamber ICD, the
rest underwent a single-chamber ICD implantation. The frequency of periproce-
dural adverse events as well as the rate of an in-hospital mortality were higher in the
dual-chamber ICD group (3.17 % vs 2.11 %.p < 0.001; 0.40 % vs. 0.23 %, p < 0.001,
respectively).

The frequency and the risk of post-procedural complications (such as systemic
infections, insulation breaches, conductor breaks) are relatively high as well.
Removal of infected or damaged transvenous leads is associated with a substantial
morbidity and mortality [63, 64]. According to the study of Kleemann et al. pub-
lished in 2007 ICD lead dysfunction appeared among nearly 40 % of patients, dur-
ing the 8-year follow-up period [65]. The systematic review by Persson et al. in
2014 demonstrated 2.8-3.6 % of adverse events from 35 independent cohorts
reported in 53 articles. Post-hospitalization device-related complications rate varies
from <0.1 to 6.4 % (2—49 months), lead-related complications varies from <0.1 to
3.9 % (1.5-40 months), infections 0.2-3.7 % (1.5-49 months) and thrombosis 0.2—
2.9 % (1.5-49 months) [66].

Therefore, nowadays a transevenous endocardial lead is considered as a weak
chain of the whole ICD-system.

Although ICD implantation prolongs life in patients at risk, it does not improve
the quality of life (QOL) or symptoms of HF [67]. Given the fact that 2/3 to 3/4 of
patients underwent ICD implantation never receive a therapeutic defibrillation but
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the implantation of ICD is associated with the above mentioned peri- and post-
procedural complications potential benefits and harms of the implantation proce-
dure, as well as at least 1 year life expectancy of the recipient have to be thorough
investigated before implantation.

Future Developments

Future development of ICDs will refer to both the generator and lead(s).
Current generators are still big and cause discomfort for the vast majority of
patients. The evolution of the generators have to go toward smaller and thin-
ner devices with improved shape, extended longevity and improved remote
monitoring system. Improvement of the sensing and detection, diagnostic
algorithm and antitachycardia pacing has to be performed to decrease the
number of appropriate and inappropriate shocks. Recently, quadripolar ICD
leads were represented with a better productivity, as well as leads with hemo-
dynamic sensors are already present in the systems of some manufacturers.
These sensors will allow to continuously monitor hemodynamic values, such
as pressure, volume, intracardiac impedance and improve follow-up of
patients. The number of long-term complications associated with ICD leads
are still high, which has to be improved with the new generation of leads and
possibly new techniques for implantation.

Overall, the effect of an implantable cardioverter defibrillator therapy on
the reduction of sudden cardiac death among heart failure patients is indisput-
able. During the last decades and based on the substantial number of random-
ized clinical trials ICDs became one of the most powerful lifesaving therapies
in cardiology.
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