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Prologue

Heart failure is a public health problem associated with significant morbidity and
mortality, while it also has a negative impact on the quality of life of the affected
patients. The prevalence of heart failure continues to rise over time with the aging of
the population. Specifically, an estimated 6.5 million American adults >20 years of age
had heart failure between 2011 and 2014 compared with an estimated 5.7 million
between 2009 and 2012. The aim of this thesis was to investigate important clinical
questions related with heart failure patients with reduced ejection fraction and atrial and
ventricular arrhythmias that consist common comorbidities in these patients; emphasis
is placed on their prognostic role and the effect of various treatment modalities.

Specifically, we performed a meta-analysis to investigate the impact of atrial fibrillation
history in patients with heart failure and an implantable cardioverter defibrillator
implanted either for primary or for secondary prevention of sudden cardiac death.
Furthermore, another meta-analysis was performed to investigate the possible
association between appropriate and inappropriate implantable cardioverter
defibrillator therapies with all-cause mortality in heart failure patients. Catheter ablation
is a new approach in treating atrial fibrillation. Recent studies have shown the beneficial
role of this technique in patients with heart failure. However, approximately 30% of
patients undergoing catheter ablation procedure sustain an arrhythmia recurrence. We
performed a retrospective analysis to investigate whether baseline characteristics may
be significantly associated with atrial fibrillation recurrence in heart failure patients
undergoing an atrial fibrillation catheter ablation procedure. Cardiac resynchronization
therapy is another treatment modality that was found to improve major clinical
outcomes in appropriately selected heart failure patients. However, a significant
proportion of these patients receiving a cardiac resynchronization therapy do not seem
to respond to the treatment. As a result, we performed a retrospective analysis to
investigate possible associations of simple hematological laboratory indices with the
response to cardiac resynchronization therapy. Finally, we performed a meta-analysis
of observational studies to investigate the association of QRS narrowing after cardiac
resynchronization therapy implantation with response to cardiac resynchronization

therapy.
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General Part

1. Heart failure (HF)

1.1 Definition of HF
Heart failure (HF) is a clinical syndrome characterized by typical symptoms and signs

caused by a structural and/or functional cardiac abnormality, resulting in impairment of

ventricular filling or ejection of blood (1, 2).

1.2 Epidemiology
HF is a major public health issue and the worldwide prevalence has been increasing

over the last decades. The reasons of this increase can be attributed to a combination of
growing awareness and diagnosis of HF, aging population, increasing incidence of HF,
improvement in the treatment and management of cardiovascular disease (3) and
especially acute myocardial infarction and HF. The prevalence of HF continues to rise
over time with the aging of the population. Specifically in the USA, an estimated 6.5
million American adults >20 years of age had HF between 2011 and 2014 compared
with an estimated 5.7 million between 2009 and 2012 (4).

Additionally, hospital discharges for HF remained stable from 2000 to 2010, with first-
listed discharges of 1,008,000 and 1,023,000, respectively (5). Overall, at age 45 years
through age 95 years, lifetime risks for HF were high (20%-45%) while lifetime risks
for HF were 30% to 42% in white males, 20% to 29% in black males, 32% to 39% in
white females, and 24% to 46% in black females (4, 6). Interestingly, the lifetime risk
for HF appeared to increase with higher blood pressure (BP) and body mass index
(BMI) at all ages (4). Specifically, the lifetime risk of HF occurring for people with
BMI >30 kg/m2 was double that of those with BMI <25 kg/m?2, while the lifetime risk
of HF occurring for people with BP >160/90 mm Hg was 1.6 times that of those with
BP <120/90 mm Hg (4, 6).

1.3 Prognosis
The implementation of the evidence-based new treatment strategies (life-saving HF

medications, cardiac resynchronization therapy (CRT) has led in an improvement in the
long-term prognosis of HF patients (7). Among Medicare beneficiaries, the overall 1-
year HF mortality rate declined slightly from 1998 to 2008 but remained high at 29.6%
(8). The improvement in HF survival led to an increase in the incidence and prevalence

of HF as well in the number of deaths associated with HF. Specifically, 1 in 8 deaths



has HF mentioned on the death certificate (NCHS, NHLBI unpublished tabulation)
while the number of underlying cause of deaths attributable to HF was 27.7% higher in
2015 (75,251) than it was in 2005 (58,933) (4).

1.4 Symptoms and Signs
The typical clinical manifestations of HF consist of breathlessness, orthopnoea,

paroxysmal nocturnal dyspnoea, reduced exercise tolerance, fatigue, tiredness and
ankle swelling while the most specific signs are: elevated jugular venous pressure,
hepatojugular reflux, third heart sound (gallop rhythm), and laterally displaced apical
impulse (1, 2). However, less typical symptoms such as nocturnal cough, wheezing,
bloated feeling, loss of appetite, confusion (especially in the elderly), depression,
palpitations, dizziness, syncope, bendopnea and less typical signs such as weight gain
(>2 kg/week), weight loss (in advanced HF), tissue wasting, cardiac murmur, peripheral
oedema (ankle, sacral, scrotal), pulmonary crepitations, reduced air entry and dullness
to percussion at lung bases (pleural effusion), tachycardia, irregular pulse, tachypnoea,
Cheyne Stokes respiration, hepatomegaly, ascites, cold extremities, oliguria, and
narrow pulse pressure can be present (1, 2).

1.5 Aetiology - risk factors
There is a broad spectrum of etiologic factors that can lead to HF. These factors can be

divided in factors that cause myocardial damage (ischemic heart disease, toxic damage,
immune mediated and inflammatory damage, infiltrative diseases, metabolic
derangements, genetic abnormalities), abnormal loading conditions (hypertension,
valve and myocardium structural defects, pericardial and endomyocardial pathologies,
high output states, volume overload) and arrhythmias (1, 9). The NHANES study found
that the traditional risk factors for HF are: coronary artery disease, cigarette smoking,
hypertension, obesity, diabetes mellitus, dietary sodium intake and valvular heart
disease (5, 10) while nontraditional risk factors have also been described: brain
natriuretic peptide (BNP), urinary albumin-to-creatinine ratio, elevated serum -
glutamyl transferase, and higher levels of hematocrit, increased circulating
concentrations of resistin, adiponectin, inflammatory markers (interleukin-6 and tumor
necrosis factor-a, C-reactive protein (CRP), white blood cells count), HBALc, cardiac

troponin, ventricular premature complexes and socioeconomic position (5).



1.6 Classification of HF
The main classification of HF is historically based on left ventricular ejection fraction

(LVEF). According to the latest 2016 HF guidelines from the European Society of
Cardiology (ESC), patients are classified in the following categories on the basis of
LVEF: a) HF with preserved ejection fraction (HFpEF) which includes patients with
LVEF > 50%, b) HF with reduced ejection fraction (HFrEF) which includes patients
with LVEF <40% and c) HF with mid-range ejection fraction (HFmrEF) which includes
patients with LVEF in the grey zone of 40-49% (1). In the American College of
Cardiology Foundation/ American Heart Association (ACCF/AHA) 2013 HF
guidelines, HFpEF is further divided into “HFpEF, borderline” including patients with
persistently LVEF in the grey zone (41-49%) and “HFpEF, improved” including
patients with improvement or recovery in LVEF and previously belonged in HFrEF (2).
Of incident hospitalized HF events, approximately half are characterized by reduced
LVEF and the other half by preserved LVEF. Black males had the highest proportion
of presentations with reduced LVEF (=70%); white females had the highest proportion
of HF hospitalizations with preserved LVEF (=60%) (4).

1.7 Diagnosis
The diagnosis of HF is mainly clinical especially in patients with preserved LVEF.

According to the latest 2016 HF guidelines from the ESC, for the diagnosis of HF the
following criteria should be fulfield: A) HFrEF: The presence of symptoms and/or signs
of HF and LVEF<40%, B) HFpEF and HFmrEF: i) The presence of symptoms and/or
signs of HF, ii) a ‘preserved’ EF (defined as LVEF >50% or 40—49% for HFmrEF), iii)
elevated levels of natriuretic peptides (BNP >35 pg/mL and/or NT-proBNP >125
pg/mL), iv) at least one of the following: a) relevant structural heart disease (left
ventrcular hypertrophy and/or left atrial enlargement), b) left ventricular diastolic
dysfunction (1).

1.7.1 HF with preserved Ejection Fraction (HFpEF)
Epidemiological studies have shown that up to 15-25% of HF patients have preserved

LVEF (11, 12). All patients with typical or atypical symptoms and signs of HF should
be further examined for objective evidence of abnormal cardiac structure and function
with echocardiography, electrocardiography, chest radiography, and measurement of
natriuretic peptide levels (13). However, the levels of natiuretic peptides which is a

major diagnostic criterion are influenced by a number of factors: age, sex, renal
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function, obesity, flash pulmonary edema (14). Regarding the aetiology, hypertension,
is the most frequent primary cause of HFpEF and is followed mainly by ischemic heart
disease, valve disease, idiopathic dilated cardiomyopathy and tachycardia-related
cardiomyopathy (15). A comPrehensive, ObservationalL registry of heart faiLure with
mid-range and preserved ejection fraction (APOLLON) trial showed that the basic
characteristics and etiology of HFpEF are significantly different from HFmrEF (16). A
recent study evaluated the prevalence of the following risk factors in HF patients:
diabetes mellitus, thyroid dysfunction, obesity, anaemia, chronic kidney disease,
chronic obstructive pulmonary disease (COPD), stroke and peripheral arterial disease
(17). The authors found that all comorbidities showed the highest prevalence in HFpEF,
except for stroke. In women, older age, white race, obesity, hypertension, diabetes
mellitus, atrial fibrillation (AF), coronary artery disease, anemia, chronic lung disease,
radiation exposure, renal dysfunction and lesser exposure to estrogen have been
associated with HFpEF (18).

Regarding the pathophysiology of HFpEF, risk factors (obesity, diabetes
mellitus, hyperlipidemia, hypertension) can cause microvascular dysfunction and
contribute to a proinflammatory state that can lead to LV hypertrophy, interstitial
fibrosis, LV stiffness with impaired relaxation and diastolic dysfunction that finally
cause the clinical syndrome of HFpEF (18). Myocardial ischemia secondary to
coronary microvascular dysfunction may also have an important role in the
pathogenesis of the disease (19).

Several studies have evaluated the prognostic role of different risk factors in
HFpEF. Specifically, age, body mass index, New York Heart Association (NYHA)
I11/1V, pulmonary congestion, aortic stenosis, AF, peripheral artery disease and chronic
kidney disease were found to significantly associated with all-cause mortality within 1
year (15). Another study showed that chronic kidney disease and obesity were
associated with reduced quality of life in HFpEF while only chronic kidney disease,
anaemia and COPD were associated with higher mortality risks (17). On the other hand,
almost all comorbidities were significantly associated with reduced quality of life and
higher mortality risks in HFrEF patients (17). The presence of AF and higher heart rate
in patients with sinus rhythm were significantly associated with all-cause mortality in
HFpEF patients (20). Dyskalemia is a common complication in HF and is associated
with increased mortality. A recent study showed that the risk of moderate or severe

hyperkalemia was highest in HFpEF and HFmrEF, whereas risk of hypokalemia was
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highest in HFpEF (21). Independent predictors of dyskalemia in HF patients were HF
severity, low hemoglobin, COPD, baseline high and low potassium, and low estimated
glomerular filtration rate (eGFR) while hypokalemia was associated with increased
cardiovascular disease hospitalizations (HF-related excluded) but no with HF
hospitalization risk (21). Furthermore, hyponatremia at discharge was found to be
associated with adverse prognosis in hospitalised patients with HFpEF (22).
Albuminuria has also been associated with adverse cardiovascular outcomes (23).
Results from the Health ABC study showed that in patients with HF and diabetes
mellitus, patients with HFrEF tended to have lower mortality but not hospitalization
risk compared to HFpEF patients regrardless of the presence of coronary artery disease
(24). Furthermore, higher hs-cTnl levels were found to independently associated with
risk for cardiovascular death and HF hospitalization (25).

1.7.1.1 Management
As already mentioned, patients with HFpEF have a high prevalence of comorbidities

that play a key role in the pathogenesis of the disease (17, 18). Consequently, the
treatment of these comorbidities is the cornerstone for the management of HFpEF
patients. Nonpharmacologic strategies such as aerobic exercise and caloric restricition
have been found to have beneficial resutls especially in obese patients with
hypertension (26). Furthermore, in hypertensive patients with HFpEF, the sodium-
restricted DASH diet was associated with favorable changes in ventricular diastolic
function, arterial elastance, and ventricular—arterial coupling (27).

Regarding pharmacologic treatment, diuretics have a beneficial role in
symptomatic improvement of patients acting in lowering of left ventricular filling
pressures, reduce pulmonary artery pressures, and improve right ventricular loading
(28). While beta-blockers, angiotensin-converting enzyme inhibitors and
mineralocorticoid antagonists provide a clear survival benefit in HFrEF patients, the
evidence for their role in HFpEF is not so clear. Specifically, in the Swedish Heart
Failure Registry, beta-blockers reduced all-cause mortality (HR 0.93, 95% CI 0.86—
0.996) but showed no difference when mortality was combined with HF
hospitalizations (29). Similarly, the existing data on angiotensin-converting enzyme
inhibitor (ACEi)/ angiotensin Il receptor blockers (ARBs) did not show improvement
in clinical outcomes in HFpEF but these trials were limited by high crossover rates (30-
32). Additionally, the Treatment of Preserved Cardiac Function Heart Failure With an
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Aldosterone Antagonist (TOPCAT) Trial assigned to spironolactone did not achieve a
significant reduction in the primary composite outcome (time to cardiovascular death,
aborted cardiac arrest, or hospitalization for management of heart failure) compared
with patients receiving placebo (33). However, in TOPCAT, spironolactone
significantly reduced albuminuria compared with placebo while reducing albuminuria
was independently associated with improved outcomes (23). Furthermore, a recent
meta-analysis of randomized controlled trials showed that mineralocorticoid
antagonists significantly decreased left ventricular filling pressure and reverse cardiac
remodeling although a small decrease in 6-min-walk distance was also noted (34). The
role of other therapeutic approaches (neprilysin inhibitors, phosphodiesterase 5
inhibitors, relaxin-2) that can have pleiotropic beneficial effects (reduce cardiomyocyte
hypertrophy and stiffness, interstitial fibrosis, endothelial dysfunction) through the
myocardial cGMP pathway need further research (35-37). HFpEF accounts for an
increasing portion of HF in the developed world, and therefore further research in the
management of these patients is needed and on-going (38).

Conserning prognosis, this appears to be relatively similar to HFrEF; a long
term registry showed that the 1-year mortality rates of HFpEF patients were 6.3%, all

cause hospitalizations rates were 23.5% and HF hospitalization rates 9.7% (15).

1.7.2 HF with reduced Ejection Fraction (HFrEF)
Approximately 60% of HF patients are classified as HFrEF (15). The most common

cause of HFrEF is ischemic heart disease and is followed mainly by idiopathic dilated
cardiomyopathy, hypertension, valve disease and tacycardia-related cardiomyopathy
(15).

Concerning the pathophysiology of the disease, the major problem in HFrEF is
the abnormal ventricular contractility. In patients with HFrEF, there is a shift in Frank-
Starling curves downward and to the right; this change is associated with a reduction in
stroke volume and, consequently, cardiac output (39). The decrease in cardiac output
leads to increased sympathetic activity and subsequent increase in cardiac contractility
and heart rate while neurohumoral adaptation leads to renal salt and water retention and
subsequent expansion of the blood volume (40, 41). Left ventricular hypertrophy is also
part of the adaptive response to systolic dysfunction and is characterized by an increase
in cardiomyocyte size and thickening of ventricular walls (42). Cardiac remodeling

occurs as the response of the heart to the hemodynamic changes and the direct
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myocardial injury and includes structural, functional, cellular, and molecular changes
involving cardiac myocytes and the interstitial collagen matrix. While cardiac
remodeling aims to maintain the cardiac function in the acute setting, progressive
remodeling is deleterious and associated with a poor prognosis (43, 44). The beneficial
role of ACEiI/ARBs and beta-blockers in morbidity and mortality can be attributed to
the role of these agents in the remodeling process (45). Furthermore, especially in
severe HF, small changes in afterload can produce large changes in stroke volume and
cardiac output and therefore the administration of ACEi/ARBs or other vasodilators is
beneficial (46).

Electrocardiographic markers that have been associated with the future risk of
HFrEF are: prolonged QRS duration, delayed intrinsicoid deflection, left-axis
deviation, right-axis deviation, prolonged QT interval, abnormal QRS-T axis, left
ventricular hypertrophy, ST/T-wave abnormalities, and left bundle-branch block (47).
Regarding prognostic markers in patients with HFrEF, age, body mass index, systolic
blood pressure, heart rate, NYHA 111/1V, S3 gallop, aortic stenosis, diabetes mellitus,
peripheral artery disease, chronic kidney disease, and depression have been found to be
significantly associated with all-cause mortality at 1 year follow-up (15). Left atrial
reservoir function measured by peak atrial longitudinal strain is independently
associated with all cause death/HF hospitalization and can also be a useful marker of
prognosis in these patients (48). In women, tricuspid annular plane systolic excursion
and left ventricular isovolumetric relaxation time were significant predictors of
mortality while LVEF and global longitudinal strain were significant predictors in men
(49). Diabetes mellitus was associated with adverse outcomes in women than in men
with HFrEF (50). The geographic region and environmental factors seem to influence
the outcomes of patients with HFrEF (51). Regarding sex differences in major outcomes
of patients with HFrEF, women with HFrEF have been found to have lower risk of all-
cause mortality and risk of hospitalization but also reported lower quality of life and
more phycological and physical disability (52); this could be partially explained from

the suboptimal treatment of HFrEF in women (52).

1.7.2.1 Management
Interestingly, the management of HFrEF patients in community-based, dedicated HF

clinics compared with routine management has been associated with augmented

guideline-recommended treatment and improved survival (53).
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The goals of treatment in patients with HF are; 1) to improve their clinical status,
functional capacity and quality of life, 2) to prevent hospital admission and 3) to reduce
mortality. Pharmacological treatment that improves survival in patients with HFrEF
include neuro-hormonal antagonists [angiotensin converting enzyme inhibitors
(ACElIs), mineralocorticoid antagonists (MRAS) and beta-blockers] and therefore are
recommended essentially in all patients with HFrEF unless contraindications exist (1,
2). A new therapeutic class of agents acting on the renin-angiotensin-aldosterone
system and the neutral endopeptidase system has been developed [valsartan and
sacubitril (neprilysin inhibitor) combined in a single substance]. By inhibiting
neprilysin, the degradation of natriuretic peptides (NPs), bradykinin and other peptides
is slowed. Thus, higher levels of circulating atrial natriuretic peptide (ANP) and BNP
exert physiologic effects through binding to NP receptors and the augmented generation
of cGMP, thereby enhancing diuresis, natriuresis and myocardial relaxation and anti-
remodeling (1). ANP and BNP also inhibit renin and aldosterone secretion. Selective
AT1-receptor blockade reduces vasoconstriction, sodium and water retention and
myocardial hypertrophy. Sacubitril-valsartan reduced all end-points including all-cause
mortality in HFrEF patients with a LVEF <40% who remained symptomatic after
receiving all HF-saving medications (54). Another pharmacologic treatment with
evidenced improvement in outcomes in HFrEF patients is ivabradine. Specifically,
ivabradine slows the heart rate through inhibition of the If channel in the sinus node
and therefore should only be used for patients in sinus rhythm. lvabradine reduced the
combined endpoint of mortality or hospitalization for HF in patients with symptomatic
HFrEF or LVEF <35%, in sinus rhythm and with a heart rate >70 beats per minute
(bpm) who had been hospitalized for HF within the previous 12 months, receiving
treatment with an evidence-based dose of beta-blocker (or maximum tolerated dose),
an ACEI (or ARB) and an MRA (55). Symptomatic improvement can be achieved with
diuretics which can lead to improvement of symptoms and exercise capacity in patients
with signs and/or symptoms of congestion. Correction of iron deficiency has also been
shown to improve symptoms and quality of life in HFrEF patients (56). A large HF
registry showed a relatively high use of evidence-based treatment, particularly in
younger patients although the average dose of evidence-based medication was still
lower than recommended by guidelines (57).

Regarding devices in the treatment of HFrEF patients, implantable cardioverter

defibrillators (ICDs) can be used for primary or secondary prevention of sudden cardiac
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death (SCD) while CRT is an effective treatment modality for therapy-refractory mild
to severe HF patients with reduced LVEF and significant left ventricular conduction
delay according to current guidelines (1, 2). In real-world experience, cardiac
contractility modulation was recently found to have a beneficial role in patients with
25%<LVEF <45% and QRS <130ms (58). Specifically, cardiovascular and HF
hospitalizations were reduced and Minnesota Living with Heart Failure Questionnaire
and NYHA class were improved (58).

However, despite the use of evidence-based medications, older patients
experience frequent hospitalizations because of decompensated HF mainly because of
higher rates of frailty, impaired cognition, depression and lower quality of life; a holistic
approach to improve clinical outcomes is needed in these patients (59). Furthermore, a
variety of drugs are under preclinical and early clinical development in the treatment of
HF and promising results are awaited (60).

Concerning the prognosis of HFrEF patients, a large registry showed that at 1-
year, mortality rates were 8.8%, all cause hospitalizations rates were 31.9% and HF
hospitalization rates 14.6% (15). Results from an individual patient data meta-analysis
showed that patients with HFrEF have a higher risk of death than patients with HFpEF,

and this difference is seen regardless of age, gender, and aetiology of HF (61).

1.7.3 HF with mid-range Ejection Fraction (HFmrEF)
Based on recent studies, the percentage of the HF population that falls into the HFmrEF

ranges between 13% and 24% (62). In a large population study, significant predictors
for HFmrEF have been described: age, male sex, systolic blood pressure, diabetes
mellitus, prior myocardial infarction, natriuretic peptides, cystatin-C, and high-
sensitivity troponin (63). While patients with HFrEF have mainly systolic dysfunction
and patients with HFpEF have mainly diastolic dysfunction, the pathophysiology of
HFmrEF is not clear. This category of patients have mild systolic and diastolic
dysfunction and it is a question whether they are in transition between HFrEF or HFpEF
(62).

Age, female sex, systolic blood pressure, heart rate, NYHA [11/IV functional
status, ischemic heart disease, mitral regurgitation, chronic kidney disease and hepatic
dysfunction were found to significantly associated with all-cause mortality at 1-year of
follow-up (15). Regarding the outcomes of HFmrEF patients, mortality rates were

7.6%, all cause hospitalizations rates were 22% and HF hospitalization rates 8.7% (15).
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A recent study found that patients with HFmrEF have a similar prognosis with HFrEF
patients. Specifically, all-cause mortality following the onset of HFmrEF was worse
than that of HFpEF (50 vs. 39 events per 1000 person-years, P=0.02), but comparable
to that of HFrEF (46 events per 1000 person-years, P=0.78) (63).

Patients with HFmrEF seem to benefit from therapies that have shown to
improve outcome in HFrEF (64). Furthermore, the management of co-morbidities is of
great importance. However, the management of this new category of patients, needs to
be further explored.

1.8 Severity classification
There are three main tools for severity classification of patients with HF. The NYHA

classification is based on exercise capacity and the symptomatic status of the disease
(65) while the ACCF/AHA classification emphasizes the development and progression
of the disease (66). Finally, the Killip classification may be used to describe the severity
of the patient’s condition in the acute setting after myocardial infarction (67); Killip
class | includes individuals with no clinical signs of HF, Killip class Il includes
individuals with rales or crackles in the lungs, an S3 gallop, and elevated jugular venous
pressure, Killip class 111 describes individuals with acute pulmonary edema, and Killip
class IV describes individuals in cardiogenic shock or hypotension (systolic BP <90
mmHg), and evidence of low cardiac output (oliguria, cyanosis, or impaired mental
status) (67).

2. Arrhythmias in HF patients

2.1 Atrial fibrillation

2.1.1 Epidemiology

Estimates of the prevalence of AF in the United States ranged from =2.7 million to 6.1
million in 2010 (68, 69), and AF prevalence is estimated to rise to 12.1 million in 2030
(70). In the European Union, the prevalence of AF in adults >55 years of age was
estimated to be 8.8 million (95% CI, 6.5-12.3 million) in 2010 and was projected to
rise to 17.9 million in 2060 (95% CI, 13.6-23.7 million) (4, 70). AF is the most common
arrhythmia in HF patients. Specifically, these two conditions (HF and AF) share
common pathophysiological mechanisms that contribute to the initiation, progression
and maintenance of each condition. Both entities share the same risk factors like

hypertension, ischemic heart disease, diabetes, obesity, arteriosclerosis, valvular heart
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disease and aging (71, 72). Approximately 40% of people with either AF or HF will
develop the other condition (73). In the community, estimates of the incidence of HF in
individuals with AF ranged from 3.3 to 4.4 per 100 person-years of follow-up (4, 73,
74). A prospective registry from 47 countries reported substantial variability in annual
AF mortality by region. Annual AF mortality in South America (17%) and Africa (20%)
was double the mortality rate in North America, Western Europe, and Australia (10%;
P<0.001). In individuals with AF, HF deaths (30%) exceeded deaths caused by stroke
(8%) (4). Interestingly, results from a community-based study showed that AF burden
seems to be associated with HF (74). In particular, chronic AF predicted that the onset
of HF would increase 11-fold at one year and 28-fold at five years compared with
incident paroxysmal AF (7-fold at one year and 18-fold at five years), while lone AF
was not associated with HF (74). Per 1000 person-years, the incidence rate of systolic
HF was 12.75 versus 1.99 for those with versus those without AF, with a multivariable-
adjusted hazard ratio (HR) of AF of 5.79 (95% CI, 2.40-13.98). Corresponding
numbers for preserved EF were 4.90 versus 0.85 for those with and without AF, with a
multivariable-adjusted HR of AF of 4.80 (95% ClI, 1.30-17.70) (4, 75).

2.1.2 Pathophysiology
Regarding the pathophysiological association of these two modalities, the presence of

AF can lead to left ventricular dysfunction or further decline in an already affected left
ventricular function via the loss of atrial contraction, the tachycardia and the ventricular
irregularity (tachycardia mediated cardiomyopathy), while preexisting HF can lead to
AF due to volume overload and increased filling pressures, alterations in calcium
handling, alterations to the neurohormonal state, atrial inflammation and fibrosis that
finally lead to atrial remodeling and atrial cardiomyopathy which contributes to
alterations in the electrical properties of the atrial tissue (71, 76). The electrical
remodeling in the atria that takes place in patients with HF has been studied with
electrophysiological and electroanatomical mapping in humans (77). In this study,
patients with congestive HF demonstrated an increase in atrial effective refractory
period, an increase of atrial conduction time, prolongation of the P-wave duration and
corrected sinus node recovery times, and greater number and duration of double
potentials along the crista terminalis while electroanatomic mapping demonstrated
regional conduction slowing with a greater number of fractionated electrograms

associated with low-voltage areas (77). These abnormalities consist a pathological
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substrate that seems to contribute in the increased incidence of AF in HF patients. The
incomplete penetrance of AF phenotypes to cause left ventricular dysfunction
highlights the possible role of other contributing factors and especially genetic
mutations (for example angiotensin converting enzyme gene polymorphism) in the
susceptibility to left ventricular dysfunction (78, 79). As a result, a circuitous ‘cause
and effect’ relationship characterizes the complex interaction between these two

conditions.

2.1.3 Complications of AF
The most common complications related to the presence of AF are: extracranial

embolism to the aorta, renal, mesenteric, pelvic and peripheral arteries (4-fold in males
and 5.7-fold in females) (80), stroke (4 to 5- fold increase risk) (81), dementia (1.4-fold
increase risk) (82), diminished quality of life (83), falls (1.2 fold higher risk) (84), HF
(4.5-fold increase risk) (75), myocardial infarction (2-fold increased risk) (85), kidney
dysfunction (1.8-fold increased risk) (86), ventricular fibrillation and SCD (3-fold
increased risk) (87) and all-cause mortality (3-fold increase risk) (75). A recent meta-
analysis showed that the presence of AF resulted in a 5-fold increased risk of HF, while
it is associated with an increased risk of death and an increased risk of other
cardiovascular diseases (88, 89). Furthermore, another study showed that both pre-
existing and new-onset AF were associated with greater long-term mortality among
older patients with HF, while pre-existing AF was associated with greater risk of
readmission (90). Additionally, results of the Women’s Health Study, showed that a
new-onset AF was associated with 9-fold increased risk of HF while once women with
AF developed HF, all-cause and cardiovascular mortality significantly increased (91).
Another interesting finding of the same study was the impact of obesity, hypertension,
smoking, and diabetes in the risk of HF in women with new-onset AF (91). Indeed,
there are important sex-related differences in the incidence, prevalence,
pathophysiology, treatment, and outcomes of these patients. Women with HF are at
greater risk of developing AF than men while more women with AF develop HF and
die of AF related complication such as strokes (92).

2.1.4 Impact of AF in HF patients
There are a lot of conflicting data regarding the prognostic significance of AF in HF

patients. An observational study of 390 patients with advanced HF (mean LVEF 19%)

showed that AF was significantly associated with increased risk of death especially in
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those patients with lower filling pressures on vasodilator and diuretic therapy (93). A
retrospective analysis of the Studies of Left Ventricular Dysfunction Prevention and
Treatment (SOLVD) Trials compared patients with AF to those in sinus rhythm (SR)
at baseline for the risk of all-cause mortality, progressive pump-failure death and
arrhythmic death. The multivariate analysis showed that AF was significantly
associated with all-cause mortality (relative risk [RR] 1.34, 95% confidence interval
[CI] 1.12 to 1.62, p=0.002), progressive pump-failure death (RR 1.42, 95% CI 1.09 to
1.85, p=0.01) and the composite end point of death or hospitalization for HF (RR 1.26,
95% CI 1.03 to 1.42, p=0.02), but not with arrhythmic death (RR 1.13; 95% CI 0.75 to
1.71; p=0.55) (94). Furthermore, data from 409 patients with moderate to severe
chronic HF showed that the presence or the development of AF was not significantly
associated with mortality (95). In Carvedilol Or Metoprolol European (COMET) Trial,
3029 patients with chronic HF were randomized to carvedilol or metoprolol tartrate and
followed for a mean of 58 months. AF was associated with significantly increased
mortality [relative risk (RR) 1.29: 95% CI 1.12-1.48; P<0.0001], higher all-cause death
or hospitalization (RR 1.25: ClI 1.13-1.38), and cardiovascular death or hospitalization
for worsening HF (RR 1.34: ClI 1.20-1.52), both P<0.0001 but multivariate analysis no
longer independently predicted mortality (96). The negative impact of AF was also
confirmed from the results of a post hoc analysis of African American Heart Failure
Trial (A-HeFT) (97) and heart failure survey in Israel (HFSIS) study (98) while data
from a post-hoc analysis of the Muerte Subita en Insufficiencia Cardiaca (MUSIC)
study showed that reduced irregularity of RR intervals during AF was an independent
predictor of all-cause mortality and sudden death and HF progression in patients with
mild-to-moderate HF (99). The Veterans Affairs Vasodilator-Heart Failure Trial (V-
HeFT) I and Il trials assessed the relation of AF on first Holter monitor to morbidity
and mortality in 632 and 795 patients with mild to moderate HF respectively (100). All-
cause mortality, hospitalization and embolic event rates were not significantly increased
in AF patients compared to patients in SR on all Holter recordings (100). Similar results
were found from another observational study of 234 patients with advanced HF (mean
LVEF 24%) who were referred for heart transplantation evaluation. Specifically,
multivariate analysis showed that AF in patients with advanced HF was not associated
with decreased event-free survival (101). Results from an individual patient data meta-
analysis showed that AF was significantly associated with both all-cause mortality [HR:
1.10 (1.05, 1.16)] and cardiovascular mortality [HR: 1.28 (1.16, 1.41)] (61) while
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subgroup analysis of another meta-analysis that aimed to explore the association of AF
with SCD in the general population showed a significant association of AF with SCD
in congestive HF patients [RR: 1.75 (1.40-2.19)] (102).

Regarding the prognostic significance of different AF types, VALsartan In
Acute myocardial iNfarcTion (VALIANT) trial included 14,703 individuals with acute
myocardial infarction complicated by HF and/or left ventricular systolic dysfunction
(103). The results of this study showed that prior and current AF were significantly
associated with death [HR: 1.25 (1.03-1.52; p=0.03) and 1.32 (1.20-1.45; p<0.0001)
respectively] (103). Another study analyzed 15,415 patients from the Prospective
comparison of ARNI with ACEI to Determine Impact on Global Mortality and
morbidity in Heart Failure (PARADIGM-HF) and Aliskiren Trial to Minimize
Outcomes in Patients with Heart Failure (ATMOSPHERE) trials regarding the impact
of the type of AF in major outcomes (104). The study showed that the different types
of AF have different impact on major HF patients’ outcomes. Specifically, patients with
paroxysmal AF at randomization had increased risk of HF hospitalization, stroke and
composite endpoint of cardiovascular death or HF hospitalization while patients with
persistent and permanent AF did not show significantly increased risk. Neither type of
AF was associated with higher mortality (104). On the other hand, new-onset AF was
associated with increased risk of all outcomes (104). Similarly, data from the United
Kingdom ACALM registry showed that patients with HF in AF are at a greater risk
of mortality and longer hospital stay compared to patients without this combination,
while new-onset AF or HF is associated with significantly worse prognosis than long-
standing disease (105). An analysis of outcomes of Medicare beneficiaries with HF
shows that pre-existing AF was associated with greater risks of all-cause mortality, all-
cause readmission, HF readmission, and stroke readmission compared with no AF
patients (90). On the other hand, new-onset AF was associated with increased risk of
mortality but not with a greater risk of the readmission outcomes (90) while another
study showed a significant association of new-onset AF with HF hospitalization (106).
The prognostic significance of new-onset AF is highlighted from another observational
study of 944 hospitalized HF patients (107). Specifically, patients with new onset AF
had higher risk of death than those with no, past or chronic AF (107). The prognostic
impact of the timing of AF was also confirmed from a community-based cohort of 1664

individuals with HF. This study showed that compared to those without AF, AF after
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HF conferred the highest risk of death, with more than a doubling of risk over a median
follow-up of 4.0 years while those with AF prior to HF exhibited a 29% increased risk
of death (108). Results from the EuroHeart Failure Survey in hospitalized patients with
HF showed that new-onset AF is an independent predictor of in-hospital mortality and
a longer ICU and hospital stay (109). Furthermore, analysis of 99,810 patients admitted
with HF showed that patients with particularly new diagnosed AF were more likely to
be hospitalized >4 days, discharged to a facility other than home and had higher hospital
mortality rate (110).

Beta-blockers were known to have a beneficial role in reducing mortality in HF
patients with AF independently of the pattern (persistent Vs permanent) or burden of
AF (111). However, the results of a recent individual patient data meta-analysis did not
show a beneficial effect of beta-blockers on all-cause mortality in HF patients with AF
(112). Furthermore, another meta-analysis also showed that beta-blockers did not
reduce mortality and HF hospitalizations in patients with HF and AF compared to
patients in SR (113), introducing many questions in the appropriate management of

patients with both conditions in everyday clinical practice.

Regarding the prognostic significance of AF in the different categories of HF
(HFrEF, HFmrEF, HFpEF), data from the Swedish Heart Failure Registry (SwedeHF)
showed that AF was associated with similarly increased risk of death, HF
hospitalization, and stroke or TIA in all ejection fraction groups (114). Interestingly, a
subgroup analysis of an observational study which included 66,357 patients showed
that AF was associated with a higher risk of 30-day mortality among patients with
HFpEF but not among patients with HFrEF (115). On the contrary, an observational
study of 23,644 patients with HF showed that AF had higher adjusted rates of ischemic
stroke, HF hospitalization, all-cause hospitalization and death while the associations of
AF with these outcomes were similar for HFpEF and HFrEF, with the exception of
ischemic stroke (116). Furthermore, another study that included 1,744 patients with
HFpEF, showed that AF was significantly associated with exercise intolerance,
impaired contractile reserve and increased mortality (117). Data from KaRen, a
prospective and multicenter study, showed that AF was not associated with a worse
prognosis in an elderly HF population with HFpEF (118). Data from the Outcomes
Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF) showed that
in AF patients, the presence of HF was associated with increased risk of death and
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hospitalization and worse quality of life, but similar rates of thromboembolism
regardless of LVEF (119). Additionally, AF patients who developed incident HF
(LVEF >40%) had significantly higher risk of mortality, all-cause hospitalization, and
bleeding events (120). A meta-analysis showed that the pooled HR values of AF for
mortality were 1.20 (95% CI 1.12-1.28) in HFpEF and 1.07 (95% CI 1.01-1.12) in
HFrEF while mortality rates were significantly higher in AF patients with HFpEF
(121). In contrast, another more recent meta-analysis, showed that all-cause mortality is
significantly higher in AF patients with HFrEF compared to HFpEF, although stroke
risk and HF hospitalization were similar (122). On the other hand, an older meta-
analysis showed that that the presence of AF was associated with an adverse prognosis
in both HFrEF and HFpEF patients (123). Another recent meta-analysis involving
114,204 adults (43,549 with AF) showed that AF was associated with an increased risk
of mortality and this risk varied between incident and prevalent AF, while the risk of
mortality associated with incident AF was not significantly different in patients with
reduced and preserved LVEF (124). Furthermore, the relative risk of mortality did not
vary between paroxysmal and chronic AF patients (124).

Finally, the presence of AF in HF patients has been found to play an adverse
role in other major outcomes beyond the cardiovascular system. For example, a recent
meta-analysis showed that AF is significantly associated with increased risk of
cognitive impairment in HF patients (125).

2.1.5 Management of AF patients with HF
The management of patients should focus on stroke prevention, rhythm and rate

control. Regarding stroke prevention, recent guidelines recommend the use of
CHA2DS,-VASCc risk score for the estimation of the thromboembolic risk and the
decision making regarding the need of anticoagulants (126). Catheter ablation of AF is
an effective approach for restoring and maintaining sinus rhythm in patients with

symptomatic paroxysmal, persistent and probably long-standing persistent AF (127).

2.1.5.1 Catheter ablation of AF - technique
Complete pulmonary vein isolation (PVI) on an atrial level is the best documented

target for catheter ablation (CA) and it consists of a point-by-point radiofrequency (RF)
ablation, linear lesions encircling the pulmonary veins, or cryoballoon ablation, with
similar outcomes (128-130). In patients with persistent AF or with recurrent AF, after

the initial ablation procedure, additional ablation on top of complete PVI (complex
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fractionated electrograms, ablation of rotors, or routine deployment of linear lesions or
other additional ablations) may be considered (126). Regarding the procedure, a series
of point-by-point radiofrequency lesions, by using more frequently irrigating RF
catheters, are created to encircle the two left and two right PVs. The anatomical targets
are visualized using electroanatomic mapping systems, while a computed tomography
(CT) or magnetic resonance imaging (MRI) scan and endocardial ultrasound images
can be merged with the electroanatomic map. Ablation is carried out under conscious
sedation or general anaesthesia (131). The electrical isolation of the PVs is usually
confirmed by use of a circular mapping electrode (entrance block), while pacing from
within, or near, the PV can also be used to confirm electrical isolation (exit block) (132).
In non-paroxysmal AF patients, the ablation procedure after PV can focus in targeting
atrial areas displaying high degrees of fractionated atrial electrograms (known as
Complex Fractionated Atrial Electrograms, CFAEs) (133). CFAEs are thought to
represent areas of slow conduction and pivot points of re-entrant wavelets, which could
act to sustain AF. Two main strategies for CFAEs ablation have been used in patients
with non-paroxysmal AF; the CFAE-guided focal ablation and the CFAE-guided linear
ablation (134). A randomized study revealed that CFAE-guided linear ablation showed
a trend of decreased 1-year freedom from AF/AT recurrence (134). Usually, a stepwise
approach in which the procedure begins with PVI and continues using additional lesion
sets until AF terminates, can be used. Newer ablation techniques using robotic magnetic
navigation system have been found to be effective and safe both in patients with
paroxysmal and persistent AF (135). Furthermore, while AF ablations with magnetic
navigation take longer to perform, these expose patients to significantly shorter
fluoroscopy times (136). The success rates of CA for AF differ between published
studies. In a small registry, 356 patients (68.5%) underwent CA for paroxysmal AF and
164 (31.5%) for non-paroxysmal AF (137). After a mean follow-up period of 39.05 +
20.83 months (range from 19 to 60 months), 254 (71.3%) and 101 (61.6%) patients with
paroxysmal AF and non-paroxysmal AF respectively, were free from arrhythmia
recurrence (137). Similar results were reported by Bhargava et al. where SR
maintenance was found in 72.6% of patients (77.6% in paroxysmal AF and 67.2% in
non-paroxysmal AF) after a single ablation procedure during a mean follow-up of 57 +
17 months (138). Similarly, Hussein et al. reported 23.8% atrial arrhythmia recurrence
in the first year after CA and 8.9% thereafter, for a median follow-up period of 55

months (139). However, lower success rates have been demonstrated in other studies.
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Weerasooriya et al. studied the arrhythmia-free outcome after a single procedure in a
mixed population (paroxysmal AF and non-paroxysmal AF) (140). Notably, the authors
reported 40%, 37% and 29% freedom of arrhythmia at 1, 2 and 5 years of follow-up
respectively. Similarly, Scherr et al. demonstrated 35.3%, 28% and 16.8% freedom of
arrhythmia at 1, 2 and 5 years of follow-up respectively in a non-paroxysmal AF
population (141). A systematic review and meta-analysis on long-term outcome of CA
revealed 54.1% success rates after a single procedure in paroxysmal AF patients, 41.8%
in non-paroxysmal AF and 53.1% in the overall population (142). These different
results can be attributed to different procedure techniques used and the differences in
the follow-up duration and study population.

Regarding HF patients, CA when compared to direct current synchronized
cardioversion followed by amiodarone, has been associated with significantly higher
one-year rates of SR maintenance and with improved cardiac function (143).
Additionally, patients who underwent CA were found to have significantly lower
mortality, stroke/transient ischemic attacks, and HF hospitalizations compared with
patients who underwent cardioversion (144). Another interesting finding is that patients
with poorer cardiac function at baseline appear to benefit most from ablation in terms
of cardiac function improvement at 1 year (143). A number of observational studies
have demonstrated the superiority of CA procedure of AF in LVEF improvement and
other important outcomes (quality of life) compared to conventional care (145). The
Catheter Ablation for Atrial Fibrillation with Heart Failure (CASTLE-AF) trial
included HF patients (LVEF <35%) who underwent CA or conventional care. The
authors showed that CA led to significant improvement in the primary composite end
point of all-cause mortality and worsening HF with a relative risk reduction of 38%
while LVEF increased by 8% at 5 years of follow-up in the CA group (146).
Furthermore, data from the AATAC Multicenter Randomized Trial showed that CA of
AF was superior to amiodarone in achieving freedom from AF at long-term follow-up
and reducing unplanned hospitalization and mortality in patients with HFrEF and
persistent AF (147). A number of meta-analyses showed that CA in HF patients,
resulted in improved LVEF, cardiac function, exercise capacity, and quality of life in
HF patients with AF compared with the medical rate control strategy (148-153), while
a recent meta-analysis showed that CA was associated with a significant reduction in
mortality (risk ratio 0.50; 95% confidence interval [C1]: 0.34 to 0.74; P =0.0005), heart
failure-related hospitalizations (risk ratio 0.56; 95% CI: 0.44 to 0.71; P <0.0001), while
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CA also led to significant improvements in LVEF in patients with HFrEF (weighted
mean difference, 7.48; 95% CI: 3.71 to 11.26; P <0.0001) compared to medical therapy
including the use of antiarrhythmic drugs (154). Furthermore, another meta-analysis
found that CA for AF in patients with HFrEF decreased mortality and AF recurrence
and improved left ventricular function, functional capacity, and quality of life compared
to conventional management, without increasing complications (127).

PV has been found to improve cardiac function in patients with paroxysmal AF
and impaired LVEF (155). Furthermore, in patients with HF undergoing AF ablation,
it was found that an initial short-term LVEF improvement was related to the baseline
heart rate, while a long-term LVEF improvement was related to the rhythm outcome
(those who maintained SR, improved) (156). The efficacy of CA in patients with
impaired LVEF is better when this is performed early in the natural history of AF and
HF (150). An interesting finding is that patients with and without left ventricular
systolic dysfunction had similar risk for recurrent AF or atrial tachycardia (AT) after
CA, but repeat procedures were required more often in those with left ventricular
systolic dysfunction (157). Another study showed that PVI in HF patients was
associated with improved quality of life scores at 6 months, a longer 6-minute-walk
distance and a higher ejection fraction compared to patients who underwent
atrioventricular node ablation and biventricular pacing (158).

The efficacy of CA has been found to be similar in patients with HFrEF and
HFpEF (159). Specifically, a recent study, showed that median procedure times (233
minutes [192, 290] vs 233.5 minutes [193.0, 297.5]; P =.780) and adverse events such
as acute HF (3.8% vs 6.2%; P = .395) were similar between HFpEF and HFrEF patients.
Freedom from recurrent atrial arrhythmia was not significantly different in HFpEF vs
HFrEF patients (33.9% vs 32.6%; adjusted hazard ratio 1.47; 95% confidence interval
0.72-3.01), with similar improvements in NYHA functional class (-0.32 vs -0.19; P =
.135) and symptom severity (-0.23 vs-0.09; P = .116) after ablation (159). A
randomized multicenter study showed that amiodarone therapy was found to be
significantly more likely to fail (hazard ratio, 2.5; 95% confidence interval, 1.5-4.3;
P<0.001) than CA in congestive HF patients (147). Additionally, over the 2-year
follow-up, the unplanned hospitalization rate was lower in the CA compared to the
amiodarone group (32 [31%] and 58 [57%] respectively; P<0.001, with a 45% relative
risk reduction). A significantly lower mortality was observed in the CA versus the
amiodarone group (8 [8%] vs 18 [18%], P=0.037) (147). Another multicenter study
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showed that CA in HF patients was significantly associated with a much lower risk of
major adverse cardiovascular events, defined as all-cause mortality, stroke, and
unplanned hospitalization (HR 0.486, 95% CI: 0.253-0.933, P=.030) (160).

As already mentioned, a proportion of patients who undergo CA for AF, sustain
early or late arrhythmia recurrence. Early arrhythmia recurrence is defined as any atrial
arrhythmia recurrence during the first 3 months (blanking period) after the ablation
procedure, while late arrhythmia recurrence is defined as any atrial arrhythmia
recurrence after the 3 months blanking period (137). It is of great importance to identify
prognostic baseline markers that can predict arrhythmia recurrence after a successful
AF ablation procedure. Several groups have published results on various cohorts,
aiming to identify baseline predictors of AF recurrence in different clinical settings
(137, 161-164). Factors that have been proposed to be associated with arrhythmia
recurrence include: persistent AF (161, 163, 165), valvular heart disease (161, 165), left
atrial emptying fraction (162), body mass index (162), AF duration (162), left atrial
linear ablation (162), female sex (165), in-hospital AF relapse (165), renal failure (165),
left atrial appendage volume (163), left atrial enlargement (137, 164), early arrhythmia
recurrence (137, 164). Three predictors of late AF recurrence were revealed from a
meta-analysis (166). Specifically, the authors found that valvular AF, a left atrium
diameter longer than 50mm and recurrence within 30 days after ablation procedure were
the most reliable predictors of AF recurrence after CA procedure (166). Another
systematic review showed with a high level of evidence that age in the range of 40-70
years old, sex, the presence of structural heart disease and duration of symptoms are not
associated with AF recurrence, while the quantitative synthesis showed that non-
paroxysmal AF was significantly associated with AF recurrence (167). Of note, there
are not enough data regarding the predictors of AF recurrence in specific populations

such as HF patients.

2.1.5.2 Implantable Cardioverter Defibrillator (ICD) Vs conventional treatment in AF
patients with HFrEF
Several studies provide data regarding the role of ICD in AF patients with HFrEF. A

prospective cohort of 965 patients with ischemic and nonischemic cardiomyopathies
and no prior ventricular arrhythmias showed non-significant results in the subgroup of
AF patients regarding the role of ICD in all-cause mortality reduction (168).

Furthermore, the Defibrillators in Non-Ischemic Cardiomyopathy Treatment
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Evaluation (DEFINITE) trial enrolled 458 patients with nonischemic dilated
cardiomyopathy. A sub-analysis showed that in AF patients, ICD was not significantly
better compared to standard medical therapy alone in all-cause death reduction (169).
On the other hand, the Defibrillator in Acute Myocardial Infarction Trial (DINAMIT)
enrolled 674 myocardial infarction patients (170). In this study, ICD was not associated
with significantly better outcomes compared to conventional treatment alone in AF
patients. However, the results of this analysis were limited because of the small number
of AF patients. Similarly, the results of a sub-analysis of Sudden Cardiac Death in Heart
Failure (SCD-HeFT) Trial which enrolled 2521 patients, showed no survival benefit of
ICD in AF patients compared either with placebo or with amiodarone treatment (171),
while the results of the Multicenter Automatic Defibrillator Implantation Il (MADIT
I1) Trial showed that ICD in AF patients did not have a significantly beneficial role in
all-cause death or in combined endpoint of death or HF hospitalizations compared to

conventional treatment (172).

2.2 Ventricular arrhythmias in HF patients
Despite appropriate pharmacologic treatment, the mortality rate of HF patients remains

extremely high, with up to 50% of the patients dying suddenly (173) while in a study
with advanced chronic HF patients, pump failure (44.4%) was the most common mode
of death followed by SCD (26.5%) (173). SCD is mainly due to malignant ventricular
arrhythmias that include ventricular tachycardia (VT) and ventricular fibrillation (VF).

2.2.1 Pathophysiology of ventricular arrhythmogenesis in HF patients
The potential substrates that have been proposed for ventricular arrhythmias in HF

patients are: i) ventricular structure and mechanics (ventricular scar, ventricular
hypertrophy, high ventricular filling pressures, increases in cardiac preload and
afterload), ii) ventricular metabolism (increase or decreases of extracellular potassium
levels, increases of calcium, magnesium, sodium and cyclic adenosin monophosphate
in the intracellular fluid, acidosis and increase of lysophosphoglycerides, adenosine,
lactate and carbon dioxide in the extracellular fluid, iii) ventricular electrophysiology
(prolongation of action potential duration, QT prolongation and dispersion, iv)
neurohumoral substances (elevation of plasma epinephrine and norepinephrine, cardiac
sympathetic overactivation) (174).

Regarding structural abnormalities and mechanics, increased afterload and preload

conditions can lead to shortening of repolarization and refractoriness and therefore to
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increased risk of ventricular tachyarrhythmias and SCD while myocardial hypertrophy
lead to reduced cell-cell coupling, reduction of membrane potentials and sub-
endocardial ischemia (175, 176). On the other hand, ventricular scars consist of dense
fibrotic regions that create conduction block that can result in reentry circuits (177). HF
also results in intracellular and extracellular metabolic and ionic changes that influence
major electrophysiological properties creating a vulnerable substrate for ventricular
arrhythmogenesis (174). Regarding the electrophysiological changes in HF patients,
delayed afterdepolarizations play a crucial role in ventricular arrhythmogenesis
inducing triggered activity. The following factors have been found to contribute in the
occurrence of delayed afterdepolarizations: (1) increased Na/Ca exchanger, providing
more transient inward current for any given sarcoplasmic reticulum calcium release; (2)
a reduced inward rectifier 1k1, allowing more depolarization for any given transient
inward current; (3) residual B-adrenergic responsiveness required to raise the low
sarcoplasmic reticulum calcium content to the point at which more spontaneous calcium
release occurs (178). Although the role of delayed afterdepolarizations in the ventricular
arrhythmogenesis is well known, the role of early afterdepolarizations in HF is unclear
(178). Early afterdepolarizations have been observed in unphysiological long cycle
lengths or in shorter cycle lengths during beta-adrenergic stimulation (179). QT
prolongation and dispersion is another substrate of arrhythmias especially in patients
with impairment of left ventricular systolic function (180, 181). Interestingly, the
presence of abnormal QT prolongation has been found to consist an independent risk
factor for SCD (182). Furthermore, beta-blockers have been found to be associated with
a reduction in both QT and QTc dispersion while this beneficial action may constitute
the main antiarrhythmic mechanism of this drug category (181). HF results in an
increased sympathetic activity as reflected by the increased levels of epinephrine and
norepinephrine (183-185). High plasma levels of both catecholamines have been

associated with electrical instability in the setting of ischemic heart disease (186).

2.2.2 Antiarrhythmic medications
Antiarrhythmic medications are divided into four main categories regarding their

mechanism of action: Class | (sodium channel blockers), class Il (beta-adrenergic
receptor blockers), Class Il (potassium channel blockers), and Class IV

antiarrhythmics (L-type calcium channel blockers). However, the side effects and
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especially the negative inotropic effects of many antiarrhythmic agents consist a barrier
in their use in HF patients (174, 187).

Class I sodium-channel-blocking drugs have been associated with increased mortality
in patients with structural heart disease, and should be avoided in patients with HF,
given the significant negative inotropic effects and potential for proarrhythmia (187-
189). Pooled analysis of eight clinical trials has shown a 34% reduction in recurrent
ventricular arrhythmias in patients on antiarrhythmic therapy, a benefit driven primarily
by amiodarone. However, this reduction did not translate in a mortality benefit (190).
Regarding sotalol which is a class 111 antiarrhythmic with beta-blockade effects, its use
was not found to increase the risk of mortality but given the negative inotropic
properties and proarrhythmic effects, this should be used with cautious in HF patients
(190, 191). In the acute setting of a hemodynamic stable VT, amiodarone is the first
option, especially in patients not on chronic therapy with this antiarrhythmic drug (187).
Intravenous lidocaine has been found to be a safe treatment option with short half-life
and overall good safety profile (192), while procainamide, despite its negative inotropic
effects, can be used with caution, considering the new data about its efficacy in the
immediate termination of hemodynamically stable VT compared to amiodarone (193).
Treatment with beta-blocker, mineralocorticoid antagonists and sacubitril/valsartan
reduces the risk of sudden death and is recommended for patients with HFrEF and

ventricular arrhythmias (1).

2.2.3 Catheter ablation of ventricular arrhythmias in HF patients
CA of ventricular arrhythmias may be used as an adjunct therapy to prevent or reduce

appropriate ICD interventions when antiarrhythmic medications are ineffective or not
well tolerated. The mechanism of arrhythmia is of great importance for the appropriate
management during CA. In post myocardial infarction HF patients, the main
mechanism of VT is a re-entrant circuit through the impaired electrical conduction of
the border zone tissue (177, 194) while myocardial infarction-related alterations in the
afferent and efferent neural signals may contribute to the arrhythmogenic substrate
(195). The areas of border zone tissue can be identified during electrophysiologic study
as areas of fractionation, late potentials or local abnormal ventricular activity and
consist the target of ablation (194). However, in the acute myocardial ischemia setting,

focal VT originating from the Purkinje system is another arrhythmia mechanism
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attributed to triggered activity and delayed afterdepolarizations that have been
described earlier (194). CA is an effective treatment option in this setting (196).
Regarding dilated cardiomyopathy patients, magnetic resonance and histological
findings revealed focal or more diffuse tissue fibrosis (197, 198). The mechanisms of
VT in these patients is mainly scar related re-entry followed by focal automaticity or
triggered activity and His-Purkinje re-entry (bundle branch re-entry VT) (199). CA is
an effective approach in these cases (199).

In specific clinical conditions (arrhythmogenic cardiomyopathy, basolateral phenotype
of nonischemic idiopathic dilated cardiomyopathy, Brugada phenotypes, and in some
situations in ischemic cardiomyopathy), the modest efficacy of CA for VT is improved
with epicardial mapping and ablation (200, 201). A recent meta-analysis was conducted
to determine whether combined endocardial-epicardial ablation was superior to
endocardial only ablation in patients with scar-related VT (202). The study showed that
the endocardial-epicardial approach is more effective in reducing VT recurrence and
all-cause mortality compared to the endocardial approach alone, while patients who
underwent the combined approach showed higher rates of acute procedural
complications (202). Sensitivity analysis showed the superiority of the combined
approach regarding VT recurrence in ischemic cardiomyopathy and arrhythmogenic

cardiomyopathy but not in nonischemic cardiomyopathy patients (202).

2.2.4 Implantable cardioverter defibrillators (ICDs)
ICDs are implantable medical devices that can terminate potentially lethal arrhythmias.

The first idea for the development of the ICDs belongs to Dr Mirowski after the sudden
death of his mentor Dr Harry Heller in 1966 (203, 204). At that time, Dr Mirowski
dedicated his career to design and develop the ICD. As a result, the first ICD was
implanted in a human in 1980 (205).

An ICD is made up of two parts: a pulse generator which includes the battery
and several electronic circuits and the leads. Depending on the number of ICD leads,
ICDs are classified in single-chamber ICDs (one ventricular lead in the right ventricle)
and dual-chamber ICDs (one lead in the right ventricle and one lead in the ight atrium).
Indications for having a dual-chamber ICD include the presence of sinus node
dysfunction and of second- or third-degree atrioventricular (AV) block, while possible

indications include paroxysmal AF or flutter and first-degree AV block (206).
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The basic principles of ICD function are: i) sensing which consists of the
recording of the electrical signal of myocardium depolarization between the tip and ring
electrodes — nonintegrated— or the tip and high-voltage coil — integrated (204), ii)
sensing circuit where the presenting electrogram is passed through an amplifier, low-
and high-band filters and finally the signal is rectified, summing positive and negative
components into a single positive electrogram, iii) detection that classifies the rhythm
on the basis of a set of algorithms to determine whether therapy should be delivered
(204).

2.2.4.1 ICD therapies
The therapies that an ICD delivers can be classified into anti-tachycardia pacing

(ATP) and defibrillation (shocks).

ATP consists of short pacing sequences (usually 8 impulses for each train)
delivered as bursts — same cycle length within a sequence — or ramps — cycle length
shortens within a sequence — to terminate ventricular tachyarrhythmias without the need
for shocks (Figure 1) (204). Regarding the mechanism of arrhythmia termination, these
pacing sequences are delivered at very short coupling intervals (usually 69—88% of the
tachycardia cycle length) in order to enter the re-entrant circuit and terminate the
arrhythmia (204, 207). ATP is an effective therapy that can terminate up to 95% of
tachycardia events with up to 80% with the first ATP attempt (204). Compared to
ramps, burst pacing have been found to be more effective at terminating fast VT with
less chance of accelerating the tachycardia cycle length or to lead in syncopal events
(208). A study that compared 8 impulses burst versus 15 impulses burst on fast VT
(209) found no significant differences in VT termination between them (209).
Additionally, 15 pulses proved significantly better in patients without a previous history
of HF and in patients with LVEF >40% while no significant differences between
groups were observed with regard to syncope/near-syncope occurrence (209). In order
to prevent syncope or tachycardia acceleration, ATP should be programmed for only
one to two sequences for fast VT (>188 bpm), as data have shown that 90% are
terminated within the first two ATP bursts (88% cycle length, eight pulses) (210). In
conclusion, ATP is a safe, effective and painless therapy for VTs with large clinical

evidence supporting its routine use in primary and secondary ICD patients contributing
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in the reduction of unnecessary shocks and an improvement of clinical outcome,
patients’ quality of life and device longevity (211, 212).

Regarding defibrillation (shocks), current ICD systems can deliver 25-36
J/shock and up to 8 shocks/sequence. This therapy is >98% effective in terminating VF.

2.2.4.2 Appropriate and inappropriate ICD therapies
Ideally, ICD therapies (ATP and shocks) should be administered only in cases

of potentially lethal ventricular arrhythmias. However, in practice, ICD patients can
sustain ICD therapies for reasons other than ventricular arrhythmias. As a result, ICD
therapies can be divided into appropriate and inappropriate depending on the causal
arrhythmia substrate. Specifically, appropriate ICD therapies are those that occur
because of a potentially lethal ventricular arrhythmia (VT/VVF), while inappropriate ICD
therapies are those occurring because of reasons other than ventricular arrhythmias. The
main reasons are: AF, electromagnetic interference, sinus tachycardia, supraventricular
tachycardia, abnormal sensing, noise etc. (213-215). Unfortunately, many patients with

an ICD —as many as 1 in 3 in some studies— receive inappropriate shocks (216).

2.2.4.3 Negative impact of ICD therapies
Studies have shown that ICD shocks have a negative impact in ICD patients.

Specifically, both appropriate and inappropriate ICD shocks have been associated with
increased risk of all-cause mortality (216, 217). Another study found that only
appropriate shocks and not inappropriate shocks are related with reduced survival and
specifically only in ischemic cardiomyopathy patients as compared to dilated
cardiomyopathy patients (218). This association can be attributed to the direct negative
impact of ICD shocks on the myocardium. This association has been proved by serum
cardiac troponin | elevation after ICD discharges (219, 220). This consists an indirect
marker of myocardial damage induced by ICD shocks. Furthermore, this myocardium
damage has been evaluated microscopically in patients who received recent ICD shocks
(221). Possible mechanisms that can explain this negative impact of ICD shocks in the
myocardium are: transient enhancement of permeability of the cellular membrane on
exposure to high-intensity electric fields (electroporation phenomenon) which may
cause calcium influx to produce calcium overload with subsequent hypercontraction
and necrosis (222), reversible permeabilization of myocardial cell membranes, and

catecholamine surges provoked by the shocks (219, 223).
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On the other hand, the increased risk of mortality in patients who received ICD shocks
can be attributed to the poorer functional status of these patients and as a result the ICD
shocks are markers of worse prognosis. In this context, the ALTITUDE Survival by
Rhythm Study showed no increased mortality risk after ICD shocks due to sinus
tachycardia or noise/artifact (OR: 0.97; p=0.76) (224). Of course, the finding that
appropriate ICD interventions increase the risk of mortality is not clinically important
because of the potentially lethal causal arrhythmia without the presence of the ICD.
Apart from the negative impact of ICD shocks on hard outcomes, ICD shocks have also
been associated with a negative impact on various other health outcomes. Patients have
described an ICD shock as “an earthquake,” “being hit by a truck,” or “being kicked by
a mule” (225). In the MADIT Randomized Trial to Reduce Inappropriate Therapy
(MADIT-RIT), >2 appropriate or inappropriate ICD shocks and >2 appropriate ATPs
were found to be associated with more anxiety at 9-month follow-up while the same
study did not find any association between appropriate/inappropriate ATP or shocks
and quality of life (226). Furthermore, data from the US patients from the MADIT-II
trial showed that ICD firing was significantly associated with a reduced health-related
quality of life (227). Additionally, female ICD-recipients have been found to have a
higher probability of shock and general related anxiety (228, 229) while the probability
of anxiety and depression symptoms were associated with younger age, living alone,
and a previous history of myocardial infarction or HF (228). A higher level of ICD-
related concerns was most prominently related to symptoms of anxiety, depressive
symptoms and poorer quality of life, while number of shocks, ICD-indication and time
since implantation were not independently related (228). Some predictors of
inappropriate ICD shocks have also been proposed: age younger than 70 years, history

of AF, no statin use, and interim appropriate shocks (230).

2.2.4.4 1ICD Discriminators
Due to the negative impact of ICD therapies on different health outcomes of ICD

recipients, it is of great importance to reduce the number of inappropriate ICD therapies
and especially inappropriate ICD shocks due to their possibly greater negative impact
compared to the ATPs. Discriminators have been implemented in this detection process
in a view to withhold VT therapy delivery on sinus tachycardia and supraventricular
arrhythmias. There are two main approaches for arrhythmia discrimination: analysis of

the interval patterns (onset, stability, atrium to ventricle relationship) and morphologic
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analysis of the electrogram entering the arrhythmia zones (231). A slightly superior
accuracy in arrhythmia classification and a reduction in the number of inappropriate
treated episodes has been reported with dual chamber ICDs (232). However, dual
chamber ICDs showed no benefit in reducing the incidence of death or HF admissions
(233).

2.2.4.5 ICD programming

ICD programming has a great role in eliminating inappropriate ICD therapies. To
achieve this target, modern ICD programming utilizes higher detection rates, longer
detection durations, ATP, algorithms that discriminate supraventricular tachycardia
from VT, and specific electrocardiographic features to minimize the sensing of noise.
A number of clinical trials have been conducted to assess the impact of therapy
reduction programming strategies and conventional programming with ICD shocks and
all-cause mortality (210, 234-238). The quantitative synthesis of the main clinical trials
showed that compared to conventional programming, there was no significant
difference in the rate of syncope between the two programming strategies, no
significant difference in the risk of appropriate ICD shocks, but a significant 50%
relative reduction in the risk of inappropriate ICD shocks with therapy reduction ICD
programming (239). Taking into consideration the most recent guidelines, the
tachyarrhythmia detection duration should be programmed for at least 6 to 12 seconds
(or for 30 intervals). In cases of unknown VT rates, a slowest tachycardia therapy zone
should be programmed between 185 and 200 beats per minute, while for secondary
prevention ICD patients for whom the clinical VT rate is known, the slowest
tachycardia therapy zone should be at least 10 beats per minute below the documented

tachycardia rate but not faster than 200 beats per minute (240).

2.2.5 Clinical trials for primary and secondary prophylaxis of Sudden Cardiac Death
(SCD)

2.2.5.1 Primary prevention of SCD in ischemic cardiomyopathy patients

Several studies have been conducted to examine the potential role of ICDs compared
to conventional medical therapy in primary prevention of SCD in high risk,
asymptomatic patients with ischemic cardiomyopathy, while most of them enrolled
patients late post-myocardial infarction. The MADIT | is the first trial that studied the

role of ICDs in primary prevention of SCD in ischemic cardiomyopathy patients (241).
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This study enrolled 196 patients with a history of myocardial infarction, non-sustained
VT on monitoring, reduced LVEF <35% and inducible sustained monomorphic VT
during electrophysiological study that was also induced after administration of
intravenous procainamide. During an average of 27 months, patients assigned to ICD
therapy had significant reductions in overall mortality, cardiac mortality, and
arrhythmic deaths compared with patients assigned to medical therapy (241). Despite
the significant results of the study, the small sample size and the limitations that arise
especially from the strict and complex inclusion criteria, led to subsequent clinical
studies. As a result, the MADIT II trial enrolled 1232 patients with prior myocardial
infarction more than 30 days prior to enroliment (and more than three months if bypass
surgery was performed) and reduced LVEF <30% (242). This study was stopped early
after an average follow-up of 20 months due to the benefit of ICD therapy compared to
conventional therapy. Specifically, patients in the ICD group had significantly reduced
all-cause mortality (14.2% versus 19.8% for conventional therapy, HR: 0.65, 95% ClI
0.51-0.93) (242). The Coronary Artery Bypass Graft (CABG) Patch trial evaluated the
efficacy of an epicardial ICD implanted at the time of coronary artery bypass graft
surgery (243). The trial enrolled 900 patients with severe coronary artery disease
requiring surgical revascularization, reduced LVEF <36%, abnormal signal-averaged
electrocardiogram and no history of sustained VT or syncope (243). The investigators
found that there was no significant difference in overall or cardiovascular mortality
among patients with an ICD compared with standard medical therapy (243). The
Multicenter Unsustained Tachycardia Trial (MUSTT) trial enrolled 704 patients with
prior myocardial infarction (ranging from at least four days to more than three years
previously), asymptomatic non-sustained VT at least four days post-myocardial
infarction or post-revascularization but within six months of enrollment), reduced
LVEF <40%, inducible sustained VT during electrophysiological study and no history
of sustained ventricular tachyarrhythmia or syncope (244). The patients were randomly
assigned to either standard medical therapy or electrophysiological study-guided
antiarrhythmic therapy which included either an antiarrhythmic agent or an ICD if at
least one antiarrhythmic agent was ineffective (244). After a median follow-up of 39
months, the relative risk for the primary endpoint (arrhythmic death or resuscitated
SCD) was significantly lower for electrophysiological study-guided therapy compared
with standard medical therapy, while the reduction in the primary endpoint in the

electrophysiological study-guided group was attributed mainly to ICD therapy (244).



36

However, a limitation of this study regarding the superiority of ICD therapy is that the
trial was designed to assess the usefulness of electrophysiologic testing to guide
antiarrhythmic therapy and not to compare different types of antiarrhythmic therapy.
Furthermore, the patients who received ICDs were not assigned randomly. Another
study, the SCD-HeFT trial, compared the effectiveness of ICD and amiodarone
therapies in patients with ischemic or nonischemic cardiomyopathy (245). This study
enrolled 2521 patients in NYHA class II-111 HF, reduced LVEF <35%, congestive HF
present for at least three months prior to randomization and treated with ACEi and beta-
blocker, if tolerated. As compared with placebo, amiodarone was associated with a
similar risk of death while ICD therapy was associated with a decreased risk of death
and an absolute decrease in mortality (245). These results did not vary according to
either ischemic or nonischemic causes of congestive HF, but varied according to the
NYHA class (245).

Regarding studies that enrolled patients early after myocardial infarction, the
DINAMIT trial evaluated the role of prophylactic ICD implantation compared with
standard medical therapy and enrolled patients with myocardial infarction in the
preceding 6 to 40 days, reduced LVEF <35%, reduced heart rate variability or elevated
resting heart rate (>80 beats/minute) (170). The investigators found no statistically
significant difference between the two groups regarding overall mortality in high risk
patients with a recent myocardial infarction (170). Similar results were found in the
Immediate Risk Stratification Improves Survival (IR1S) trial that enrolled 898 patients
with a myocardial infarction in the preceding 5 to 31 days and at least one of the
following characteristics: 1) reduced LVEF <40% and a resting heart rate >90
beats/minute and/or ii) non-sustained VT at a rate of >150 beats/minute (246). The
investigators found no difference in all-cause mortality between patients randomly
assigned to ICD therapy and those assigned to medical therapy. Similarly to DINAMIT
trial, the rate of SCD was higher in the medical therapy group, but the number of non-
SCDs was higher in the ICD group (246).

2.2.5.2 Primary prevention of SCD in non-ischemic cardiomyopathy patients

The Cardiomyopathy Trial (CAT) enrolled 104 patients with recent onset (<9 months)
nonischemic dilated cardiomyopathy (DCM) and a LVEF <30%. This trial did not

provide evidence in favor of prophylactic ICD implantation compared to control group
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in patients with DCM of recent onset and impaired LVEF (247). Similar results were
revealed from the Amiodarone versus implantable cardioverter-defibrillator trial
(AMIOVIRT) that enrolled 103 patients with non-ischemic DCM, LVEF <35%, class
I-111 HF, and asymptomatic non-sustained VT, randomized to ICD versus amiodarone
therapy (248). The investigators found that mortality and quality of life in patients with
non-ischemic DCM and non-sustained VT treated with amiodarone or an ICD were not
statistically different (248). However, the small sample size is the major limitation of
these two trials. The DEFINITE trial enrolled 458 patients with non-ischemic DCM,
reduced LVEF <35%, ventricular premature beats or non-sustained VT (169). The
patients were randomly assigned to ICD and medical therapy versus medical therapy
alone. It was shown that there was a trend toward reduction in the primary endpoint of
all-cause mortality in patients treated with ACEi, beta-blockers and received an ICD,
with a significant reduction in the risk of sudden death from arrhythmia. However, the
trial was underpowered for its primary endpoint (169). The Danish Study to Assess the
Efficacy of ICDs in Patients with Non-Ischemic Systolic Heart Failure on Mortality
(DANISH) randomly assigned 1116 patients with symptomatic systolic HF (LVEF
<35%) to an ICD with guideline-directed optimal medical therapy or medical therapy
alone (249). In both groups, 58% of patients received a CRT. Over a median follow-up
of 5.6 years, there was no significant difference in the primary outcome of total
mortality while a significant reduction of SCD in the group receiving ICDs was found.
However, because the overall mortality rates in this study was low, the study was
underpowered to show a mortality benefit for ICD therapy (249). On the other hand,
the Comparison of Medical Therapy, Pacing, and Defibrillation in Heart Failure
(COMPANION) trial, evaluated optimal medical therapy versus CRT with or without
an ICD (250). Specifically, the trial enrolled 682 patients with non-ischemic DCM,
reduced LVEF <35%, NYHA class III or IV HF symptoms requiring hospitalization
within the prior year. There was a significant reduction in the incidence of the combined
endpoint of all-cause mortality and all-cause hospitalization in the two arms receiving
CRT compared with the medical therapy only arm (250). The cardiac resynchronization
therapy defibrillator (CRT-D) arm, but not the cardiac resynchronization therapy
pacemaker (CRT-P) arm, experienced a significant improvement in the secondary
endpoint of all-cause mortality alone (250). In conclusion, trials on the above subjects

have yielded conflicting results and a definite conclusion cannot be made.
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2.2.5.3 Secondary prevention of SCD

The Antiarrhythmics Versus Implantable Defibrillators (AVID) trial enrolled 1016
patients who presented with resuscitated VVF, sustained VT with syncope, or sustained
VT with BP <80 mmHg or significant symptoms (near-syncope, congestive HF, or
angina) suggesting hemodynamic compromise and LVEF <40% (251). Patients were
randomized to treatment with either an ICD or antiarrhythmic drugs. The trial was
stopped early as a significant survival benefit was observed in patients receiving the
ICD compared with those treated with antiarrhythmic agents (251). Interestingly, a sub-
analysis of AVID trial showed that in patients with an LVEF >35%, there was no
significant difference in survival between ICD and antiarrhythmic drugs while in those
with an LVEF between 20 and 34%, survival was significantly better with the ICD
(252). Among the relatively small number of patients with an LVEF <20%, survival
tended to be better with the ICD (252). In addition, the Cardiac Arrest Survival in
Hamburg (CASH) trial, 349 survivors of cardiac arrest due to documented VT or VF
were randomly assigned to treatment with an ICD or antiarrhythmic drugs (amiodarone,
propafenone, metoprolol) (253). After a mean follow-up of 57 months, there was a non-
significant reduction in total mortality in patients receiving an ICD compared with those
treated with amiodarone or metoprolol, while the secondary endpoint of SCD was
significantly reduced by the ICD compared with drug therapy. Interestingly, assignment
to propafenone was discontinued prematurely when interim analysis revealed a 61%
higher mortality than that seen in patients randomized to ICD therapy (253). The
Canadian Implantable Defibrillator Study (CIDS) enrolled 659 patients with
resuscitated VT/VF or syncope deemed to be secondary to VT/VF (254). The
patients were randomly assigned to amiodarone or ICD therapy and was showed that
there were non-significant reductions in total mortality and SCD between the two
groups (254).

2.2.5.4 Meta-analyses regarding the effectiveness of ICD compared to medical
therapy

The quantitative synthesis of the primary prevention trials (MADIT I, CABG Patch,
MUSTT, CAT and MADIT II) showed a significant benefit in favor of the ICD in
prevention of SCD [RR: 0.66, 95% CI (0.46-0.96)] (255). In another meta-analysis, the
quantitative synthesis of five primary prevention, non-ischemic cardiomyopathy trials
(CAT, AMIOVIRT, DEFINITE, SCD-HeFT, COMPANION) showed a significant
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favoring of ICD in all-cause mortality prevention (256). Regarding secondary
prevention of SCD, a significant favoring of ICD [RR: 0.75, (95% CI 0.64 -0.87)] was
revealed by the quantitative synthesis of AVID, CASH, CIDS and Wever et al (257)
studies (255). On the other hand, a quantitative synthesis of two secondary prevention
trials (AVID, CIDS) showed a non-significant trend of superiority of ICD in prevention
of all-cause mortality (256).

2.2.6 Indications of ICD implantation
According to recent guidelines, an ICD can be implanted in HF patients either for

secondary or for primary prevention of SCD (1). Regarding secondary prevention, ICD
implantation is recommended to reduce the risk of sudden 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 I) (1). Regarding primary prevention of SCD, an ICD is recommended to reduce
the risk of sudden death and all-cause mortality in patients with symptomatic HF
(NYHA Class II-III), and an LVEF <35% despite >3 months of optimal medical
therapy, provided they are expected to survive substantially longer than one year with
good functional status, and they have either ischemic heart disease (unless they have

had a myocardial infarction in the prior 40 days) or DCM (Class I) (1).

2.2.7 Cardiac resynchronization therapy (CRT)
CRT is an effective treatment modality for therapy-refractory mild to severe HF patients

with reduced ejection fraction and left ventricular conduction delay. CRT is a modality
of cardiac pacing used in patients with left ventricular systolic dysfunction and
dyssynchronous ventricular activation that aims to provide synchronous electrical
activation of the left and right ventricle via stimulation of both the left ventricle and
right ventricle (biventricular pacing) or left ventricle alone (258). This is performed by
either a CRT-P or by a combined CRT-D. CRT devices usually include a transvenous
pacing lead placed in a branch of the coronary sinus for left ventricular pacing, in
addition to leads in the right ventricle and right atrium (259).

The beneficial effect of CRT can be divided in the acute mechanical effects and long-
term benefits. Regarding the mechanisms of acute beneficial effects, electrical
resynchronization can: reduce both the mechanical interventricular dyssynchrony

(between the two ventricle) and the intraventricular dyssynchrony within the left
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ventricle, increase left ventricular filling time (through optimization of the time delay
between atrial sensed event and ventricular pacing), reduce mitral regurgitation and
increase the stroke volume (259). Regarding the mechanisms of long-term beneficial
effects, these include improvement of neurohormonal derangement and reverse of left
ventricular remodeling (reduced end-systolic and end-diastolic volumes) caused by
chronic HF leading in improvement of LVEF and myocardial performance index (259).
Multiple clinical trials and meta-analyses have shown that CRT improves quality of
life, reduces HF hospitalizations, reduces cost, decreases mortality, and improves
cardiac function (260-265).

The Multisite Stimulation in Cardiomyopathies (MUSTIC) trial enrolled 67 patients
with severe HF (NYHA I11) with normal SR and QRS prolongation. The study showed
that multisite biventricular pacing led to an improvement in the six-min walk distance,
the quality-of-life, increase of peak oxygen uptake, decrease of hospitalizations (266).
The Multicenter InSync Randomized Clinical Evaluation (MIRACLE) study enrolled
453 patients with moderate to severe symptoms of HF with LVEF <35% and QRS
prolongation (267). As compared with the control group, patients assigned to CRT
experienced an improvement in the distance walked in six minutes, functional class,
quality of life, time on the treadmill during exercise testing, and LVEF, while they
experienced lower risk of hospitalizations or intravenous medications due to HF (267).
Similarly, the Multicenter InSync ICD Randomized Clinical Evaluation (MIRACLE
ICD) study showed that CRT improved quality of life, functional status, and exercise
capacity in patients with moderate to severe HF, a wide QRS interval, and life-
threatening arrhythmias (268). The beneficial role of CRT in improving the functional
status of HF patients as measured by 6-min walk test and oxygen uptake during bicycle
exercise was revealed in the Pacing Therapies in Congestive Heart Failure (PATH-
CHF) study (269). The Cardiac Resynchronization-Heart Failure (CARE-HF) Study
enrolled patients with LVEF <35%, QRS prolongation, and NYHA class III-1V HF
(nearly all class Il1) almost exclusively employed CRT-P. The study showed that
compared to medical therapy, CRT group showed a significant reduction in the risk of
death, improved quality of life and symptoms. In addition, CRT reduced the
interventricular mechanical delay, the end-systolic volume index, the area of the mitral
regurgitant jet and increased the LVEF (270). These beneficial effects of CRT persisted
at follow-up periods longer than the main trial (271). The COMPANION trial enrolled
1520 patients who had advanced HF (NYHA 111 or 1V) due to ischemic or nonischemic
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cardiomyopathies and a prolonged QRS (250). As compared with optimal
pharmacologic therapy alone, CRT-P/D decreased the risk of the primary end point
(time to death from or hospitalization for any cause) and the risk of combined end point
of death from or hospitalization for heart failure as well the risk of death from any cause
(250).

2.2.7.1 Response to CRT
Despite over 20 years of history of CRT, there remains no consensus definition for CRT

response or non-response (272). Notably, the reported response rates in the literature
vary depending mainly on the response criteria (273). However, approximately 30% of
CRT recipients do not respond to the treatment (267). Regarding the definitions of CRT
response that have been used in the literature, these can be divided into clinical response
criteria (quality of life, VO2 max, 6-min walk test, NYHA functional class, HF
hospitalization, deaths) and echocardiographic response criteria [improvement in
LVEF, left ventricular end-systolic volume (LVESV), and end-diastolic volume
(LVEDV)] (272). The importance of response to CRT therapy is enhanced by the fact
that it is well-established that responders to CRT therapy have lower incidence of
adverse outcomes (mortality, ventricular tachycardias, hospitalizations) (274, 275).

The knowledge of baseline characteristics that can predict CRT non-response is
of great importance. As a result, a number of studies have investigated possible
associations between baseline characteristics and response to CRT (276). Baseline QRS
duration is considered a major predictor of CRT response and is an important element
of CRT indication according to recent guidelines (1). A meta-analysis of five major
clinical trials COMPANION, CARE-HF, RAFT, MADIT-CRT, and REVERSE found
no statistically significant reduction in death and HF hospitalization in patients with a
QRS duration of <150ms compared to patients with a QRS duration >150ms (277). In
addition to QRS duration, QRS morphology is another important parameter for
predicting CRT response and consists a criterion for CRT indication (1). Data from
Medicare patients showed that RBBB, ischemic cardiomyopathy, NYHA IV status and
advanced age are predictors of poor outcome after CRT (278). Furthermore, data from
MADIT-CRT showed that LBBB patients had a reduction in HF progression and a
reduction in the risk of ventricular tachyarrhythmias compared to non-LBBB QRS
pattern (RBBB or intraventricular conduction disturbances) (279). Among

electrocardiographic predictors of CRT response, patients with prolonged PR interval
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had higher mortality and decreased echocardiographic response rates (280). However,
prolonged PR interval cannot participate in the decision-making process regarding CRT
implantation as data from COMPANION trial showed that CRT patients with both
prolonged and normal PR intervals did better than patients in the control group with a
normal PR interval (281). As we have already mentioned, AF is a common arrhythmia
in HF patients. A meta-analysis of 23 observational studies showed that AF was
associated with an increased risk of non-response to CRT and all-cause mortality, less
improvement in quality of life, 6-minute walk distance, and LVESV but not LVEF
(282). Furthermore, the atrioventricular nodal ablation procedure appeared to improve
the outcomes of AF patients and specifically reduced the risk of clinical nonresponse
and the risk of death (282).

In the Multicenter Automatic Defibrillator Implantation Trial with Cardiac
Resynchronization Therapy (MADIT-CRT) trial, female sex, non-ischemic
cardiomyopathy, LBBB, baseline QRS >150 ms, prior hospitalization for HF, LVEDV
>125 mL/m2, and left atrial volume <40 mL/m2 were found to be associated with
echocardiographic CRT response (283). Similarly, another study found that LBBB,
non-ischemic cardiomyopathy and female gender were generally associated with
improved outcomes following CRT (276) while in a recent individual patient meta-
analysis of three double-blind, randomized trials (MIRACLE, MIRACLE ICD, and
REVERSE trials), clinical composite score at 6 months was compared in patients
assigned to CRT programmed on or off (284). The multivariable modelling identified
QRS duration and LVEF as predictors of CRT clinical response (284). A systematic
review of the current evidence about extracellular cardiac matrix biomarkers for
predicting CRT response showed that collagen synthesis biomarkers offer the most
potential for predicting CRT response (285). Regarding gender differences in CRT
response and major outcomes, several studies have shown a superiority of female
gender (260, 268, 286). These differences can be attributed possibly to the wider QRS
of the women enrolled in the studies or in gender differences in branching patterns of
the coronary venous tree that have an impact on left ventricular lead location (287).

Regarding the role of echocardiography in patient selection to CRT,
interventricular and mechanical dyssynchrony has been found to be associated with
CRT response (287-289). Tissue doppler imaging with measurement of the differences
of the time to peak longitudinal velocities at the basal segments of opposing walls

(septal-lateral, anterior—inferior, and anteroseptal-posterior) have been shown to
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predict response and outcome after CRT (290, 291). A prospective, multicenter study,
the Predictors of Response to CRT (PROSPECT) study, tested the performance of
different echocardiographic parameters of mechanical dyssynchrony based on both
conventional and tissue Doppler-based methods to predict CRT response (improved
clinical composite score and >15% reduction in LVESV at 6 months) (292). The
investigators found that no single echocardiographic measure of dyssynchrony may be
recommended to improve patient selection for CRT (292). Nevertheless, variability
arising from technical and interpretative factors represents a severe limitation in that
study. A single-center study showed the importance of right ventricular function for
CRT response. Specifically, the authors found that Tricuspid annular plane systolic
excursion (TAPSE) >15 mm was strongly associated with response, and TAPSE <15
mm with non-response (293). A recent study found a significant association of right
atrial enlargement with long-term mortality in patients with HFrEF receiving CRT
(294).

Recently, speckle tracking echocardiography is widely used to assess both
timing and amplitude of myocardial contraction and has been proved to be superior to
tissue doppler imaging in ultrasonic angle dependency, signal-to-noise ratio, and its
ability to detect viable versus scarred myocardium (295, 296). Different speckle
tracking echocardiography parameters have been found to be significantly associated
with CRT response. Specifically, a study found that amplitude of efficient contraction
and maximum longitudinal strain were independent predictors for CRT response (297).
New speckle-tracking-based quantitative assessment of mechanical dyssynchrony by
start systolic index and peak longitudinal displacement was found to be an important
objective tool to identify potential CRT responders (298). Another study aimed to
assess the predictive value of longitudinal strain and radial strain speckle tracking
measurements on echocardiographic and clinical response to CRT (299). The
investigators found that only maximal delay between six segments in 4-chamber view
as assessed with longitudinal strain was associated with clinical response to CRT while
none of the speckle tracking indices was different between echocardiographic
responders and non-responders to CRT (299). Additionally, another prospective single
center study was designed to assess the relationship between septal deformation
patterns obtained by two-dimensional speckle-tracking echocardiography and response

to CRT (300). Particularly, longitudinal two-dimensional speckle-tracking strain
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analysis in the apical 4-chamber view identified three patterns: double-peaked systolic
shortening (pattern 1), early pre-ejection shortening peak followed by prominent
systolic stretch (pattern 2), and pseudonormal shortening with a late systolic shortening
peak and less pronounced end-systolic stretch (pattern 3). The authors found that septal
deformation strain pattern 1 or 2 was highly predictive of CRT response (300).
Additionally, the Multicentre study using strain delay index for predicting response to
cardiac resynchronization therapy (MUSIC study) suggests that strain delay index may
identify responders to CRT in ischemic and non-ischemic patients. Specifically, a strain
delay index > 25% identified responders to CRT (positive and negative predictive value

of 80 and 84%, respectively) with low (6%) inter-observer variability (301).

The position of left and right ventricular leads seems to play an important role
in the CRT response. In general, patients with lateral left ventricular wall stimulation
has been found to be associated with better outcomes (302). Furthermore, a study
showed that an anterior versus a nonanterior left ventricular lead position was
independently associated with an increased likelihood of nonresponse to CRT and a
higher risk of serious outcomes (303). On the other hand, COMPANION and
PROSPECT trials did not show a significant associated between lead position and CRT
outcomes (304, 305). Furthermore, in the MADIT-CRT trial, the location of the lead in
anterior, lateral or posterior wall did not affect outcomes while an apical location of the
lead was associated with increased risk of HF and death (306). The same trial showed
that CRT with posterior or lateral LV lead position was associated with a decreased risk
of arrhythmic events in comparison with anterior lead location (307). However, the
electrical location has also been proposed to play a role in CRT response (308).
Specifically, baseline electrical dyssynchrony, as measured by the QLV (the time from
the onset of QRS to the LV electrogram peak) interval, was found to predict CRT
response (308). The presence of scars is of great importance in the choice of lead
position placement (309). As a result, preimplantation estimation of left ventricular
scars especially in ischemic cardiomyopathy patients with previous myocardial
infarction should be considered. However, a recent small study about the impact of
cardiac magnetic resonance-guided left ventricular lead placement on clinical outcomes
and left ventricular reverse remodeling in CRT recipients did not show significant
results (310).
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2.2.7.2 Indications of CRT implantation
According to recent guidelines, a CRT is recommended for symptomatic patients with

HF in SR with a QRS duration >150 ms and LBBB QRS morphology and with LVEF
<35% despite optimal medical therapy in order to improve symptoms and reduce
morbidity and mortality (Class 1), for symptomatic patients with HF in SR with a QRS
duration of 130-149 msec and LBBB QRS morphology and with LVEF <35% despite
optimal medical therapy in order to improve symptoms and reduce morbidity and
mortality (Class 1). Furthermore, CRT rather than right ventricular pacing is
recommended for patients with HFrEF regardless of NYHA class who have an
indication for ventricular pacing and high degree AV block in order to reduce morbidity
(Class 1) ().

3. Gaps in evidence and aims of our research
This PhD thesis was designed to answer important clinical questions that are

related to the broad field of arrhythmia management in HF patients. Regarding our
methodology, we used meta-analytic methods to quantitatively synthesize outcomes
across studies to obtain information on statistical significance and relevance.
Furthermore, we performed original research (observational studies) by collecting
original patient data from a single cardiology center. The following five topics/clinical

questions are at the core of this research:

1. The existing data are not clear regarding the prognostic significance of AF in
patients with HF (94, 100). There are several observational studies with
conflicting results regarding the prognostic significance of AF in major
outcomes in patients with HFrEF with an ICD implanted either for primary or
for secondary prevention of SCD. As a result, we proceeded in the quantitative
synthesis of the existing data in order to elucidate what is the impact of AF
history in patients with HFrEF and an ICD implanted either for primary or for
secondary prevention of SCD.

2. There are several observational studies with conflicting results regarding the
association and prognostic role of ICD therapies (appropriate/ inappropriate
ATP/shocks) in HF patients (216, 218, 230, 311-324). Thus, we proceeded in
the quantitative synthesis of the existing data to elucidate the association of ICD
therapies with all-cause mortality in HFrEF patients.
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3. Several observational studies have described the possible predictors of AF
recurrence in patients undergoing AF ablation procedure (325). However, there
are not enough data regarding predictors of AF recurrence in HF patients. As a
result, we retrospectively analyzed the data from a large clinical center in order
to find any potential association between baseline patient characteristics with
AF recurrence in HF patients undergoing AF catheter ablation procedure.

4. The presence of the high proportion of non-responders to CRT highlights the
need to establish simple baseline characteristics that may predict response to
CRT. Existing data have demonstrated a possible association of hematological
markers (neutrophil-to-lymphocyte ratio, red cell distribution width (RDW)
(326, 327). We retrospectively analyzed data from a large clinical center to find
any potential association between simple hematological indices with the
response to CRT.

5. Some studies have indicated that QRS shortening after CRT predicts a favorable
response to CRT (328-330). However, the existing data about the association of
QRS narrowing after biventricular pacing with CRT response rates are not clear
(331, 332). Therefore, we aimed to clarify the association between QRS
narrowing and CRT response by performing a systematic review and
quantitative synthesis of studies separately for clinical and echocardiographic
CRT response.
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Second Part

1. Clinical question 1: Patients with HFrEF and an ICD implanted either for primary or
for secondary prevention; what is the impact of AF history on patient outcomes?

1.1 Methods
In order to answer the above clinical question we used the methodology of

meta-analysis (333).

1.1.1 Search strategy
Two investigators searched independently MEDLINE from inception to November

2016. Due to the lack of a specific targeted study design and opting for maximum
sensitivity, the search term that we used was “defibrillator”. To validate our approach,
we pilot-tested different algorithms that would yield the benefit of added specificity; in
the produced results we observed a substantial loss in sensitivity and we thus confirmed
the sole use of the broad term “defibrillator”. Furthermore, the references’ lists of all

included studies and relevant review studies were also manually searched.

1.1.2 Eligibility criteria
We considered randomized controlled trials or observational studies in patients with

HFrEF and an ICD implanted, that assessed the association between AF history or
prevalent AF (paroxysmal, persistent, or permanent) at the time of ICD implantation
and clinical outcomes. We included studies that fulfilled the following: i) studies were
written in English, i1) patients were >18 years old, iii) studies included mainly HFrEF
patients (to ensure that, both of the following two criteria had to be met: mean LVEF
was <40% and the underlying heart disease was ischemic or dilated cardiomyopathy in
> 85% of the entire study population), iv) study populations had an ICD implanted for
either primary or secondary prevention of SCD according to current guidelines and v)
the authors provided quantitative data [crude or adjusted risk estimates] on the
association between AF history and any of the following outcomes: all-cause mortality,
appropriate (shocks and/or ATP) and inappropriate therapies (shocks and/or ATP). We
excluded case-reports, case-series and review articles, studies that investigated
exclusively patients with CRT, i.e. the whole study population had a CRT-D implanted,
studies that investigated exclusively patients on hemodialysis. In cases of studies

reporting data on the same cohort, the study with adjusted data was included in the
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analysis, while if both studies provided adjusted data, the study with the longer follow-

up was included.

1.1.3 Data extraction
The information extracted for each study was: i) publication details (first author’s last

name, journal, year of publication, PMID), ii) general characteristics of the study
(country of origin, study design, single or multi-center, enrollment period, follow-up
duration, number of patients included), iii) characteristics of the study population [age,
gender, type of cardiomyopathy, LVEF, history of AF at the time of ICD implantation,
type of AF (paroxysmal, persistent or permanent) where reported, indication of ICD
implantation (primary or secondary prevention of SCD), type of ICD (single-, dual-
chamber or CRT-D)], and iv) the results reported by the study: HR or RR (including
adjusted values when these were reported) with confidence intervals (Cl), as well as the
number of events in each group (AF vs no AF) for the three outcomes (all-cause
mortality, appropriate and inappropriate ICD therapies) in order to calculate the RR in
case no other measure was provided by the authors. When data on AF, atrial flutter,
atrial tachyarrhythmias and non-sinus rhythm were presented in combination, these
were analyzed together as AF. ICD shocks and ATP therapies either reported alone or
in combination, were analyzed together as ICD therapies. Two authors extracted data
in duplicate and any discrepancy was resolved by both authors referring to the original

study.

1.1.4 Evidence Synthesis
We performed data synthesis based on three predefined clinical outcomes: all-cause

mortality, appropriate ICD therapies, and inappropriate ICD therapies. We performed
the evidence synthesis using HR, RR, or OR estimates based on data availability. Due
to the observational nature of the assessed evidence, we preferred adjusted estimates
over unadjusted ones. For the studies where data were not available, we calculated the
crude RR estimates and corresponding 95% Cls for the assessed outcomes.

We assessed the presence of statistically significant heterogeneity by the Q
statistic (significant at P<0.10) and the extent of the observed heterogeneity by the 12
(ranging from 0% to 100%) (334). Random-effects models were used to summarize
association estimates (335). Fixed-effects models lie on the assumption that there is a
common underlying association and that the observed variability observed is due to

chance alone; random-effects models acknowledge the existence of true between-study
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heterogeneity and incorporate heterogeneity into their calculations. In the absence of
heterogeneity, fixed- and random-effects models yield the same results.

Subgroup analyses were performed according to AF type, indication for the ICD
(primary vs. secondary prevention at >70% of the study population) and the presence
of >15% patients with CRT-D. A sensitivity analysis was also performed by the type
of the reported estimate (HR vs RR), the presence of adjustment and the study type
(nested Randomised Controlled Trial, prospective cohort, retrospective cohort, registry
data). We examined whether the subgroup-specific effects were significantly different
beyond chance by using a z score (336). To detect publication bias, we visually
examined funnel plots per assessed outcome and further assessed asymmetry by using
the Begg-Mazumbar test (337). In addition, the trim-and-fill approach was used to
obtain an adjusted effect size that takes into account publication bias. Finally, we
performed a cumulative meta-analysis to assess the evolution of the observed effects
over time (338) as well as meta-regression analyses using the baseline risk, age, and
follow-up duration as covariates.

Data analysis was performed by using STATA (StataCorp. 2015. Stata
Statistical Software: Release 12. College Station, TX: StataCorp LP) and RevMan
(Review Manager, Version 5.3. Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). All P values are 2-tailed. The study is reported
according to the PRISMA checklist (339).
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1.2 Results

Figure 1 Meta-analysis flowchart

Records identified

through database Records excluded at the
searching title/abstract level (n=20,852)
(n=21,134)

220 of full-text articles excluded, because:

186  studies without data about our outcomes
B reviews
18 studies included no HF patients =15%
1 study included children population
3 studies had the same cohort with an included study
Full-text articles I study included only dialysis patients
1
2

assessed for —_— study had only CRT-D patients
eligibility (n=282) no English language

— - 24 studies about all cause mortality
Studies 1"5-'|1-_ld€d 1“_q ———— | 26 studies about appropriate/inappropriate treatment only
meta-analysis (n=62) 12 studies about both outcomes

1.2.1 Search results
As shown in the study flowchart, 21,134 citations were screened at the title and abstract

level and 20,852 items were excluded leaving 282 publications for full-text scrutiny
(Figure 1). Sixty-two publications were further deemed eligible and were included in
the final analysis (Table 1). In 2 of the included studies (321, 340), the study population
was separated in two cohorts based on age (321) and indication for ICD (340). In both
studies, the data on outcomes were provided separately for the two groups and thus each

study was considered individually.
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Country No Age Males Mean F/U All-cause mortality? Appropriate treatment®  Inappropriate treatment?
of origin (y) (%) (months)
Agarwal (2007) us 80 644 80 56.4 1.56 (1.03-2.35)P N/A N/A
Alsheikh (2008) us 525 67 81 24 N/A 1.15 (0.82-1.61)" N/A
Bhavnani (2010) us 1245 65 76.7 26.9 N/A 1.04 (0.73-1.49)° 1.61 (1.11-2.33)°
Bhavnani (2013) us 1062 65 79 38.3 1.23 (0.85-1.79)° N/A N/A
Bilchich (2012) us 1799  N/A 77.5 52.8 1.17 (1.10-1.25)¢¢ N/A N/A
Borleffs (2010) [1] N 747 613 77.5 27.8 1.2 (0.6-2.3)%d 1.0 (0.6-1.6)%d 2.9 (1.7-4.8)°¢
Borleffs (2010) [2] ® N 727 63 78.1 27.8 1.2 (0.6-2.2)%d 0.9 (0.5-1.6)%¢ 2.5 (1.4-4.4)%¢
Borleffs (2010) [3] N 765  61.8 79.1 27.7 1.7 (1.0-2.7)%d 2.2 (1.6-3.2)°¢ 2.7 (1.7-4.4)c9
Bruch (2007) G 146 61 80 22.1 0.99 (0.32-3.06)° N/A N/A
Brullmann (2012) [1]f A-S 863 62 84 43 1.50 (1.12-2.00)° 1.34 (1.09-1.65)° N/A
Brullmann (2012) [2]7 A-S 73 77 88 43 0.93 (0.44-1.97)° 1.06 (0.50-2.26)° N/A
Buber (2014) Isr 300 645 89.3 24 (med) N/A N/A 1.90 (1.05-3.20)¢¢
Budeus (2008) G 93  67.6 89.2 32.9 N/A 0.97 (0.61-1.55)° N/A
Chemello (2010) B 73 57 74 16.1 N/A 0.52 (0.20-1.35)° N/A
Chen (2013) UK 185  68.4 84 21 N/A N/A 3.53 (1.23-10.10)°
Chichareon (2015) Th 115 634 75.7 N/R N/A 1.70 (0.72-3.98)" N/A
Cygankiewicz (2009) us 655 64 84 63 1.53 (1.12-2.09)¢¢ N/A N/A
Darma (2015) G 330 65 81 19 N/A 1.90 (1.14-3.17)%¢ N/A




Daubert (2008) G-US 719 64 84.4 20 N/A N/A 2.90 (1.65-5.09)°¢
Deneke (2004) G-N 359 615 81.6 9.5 2.01 (0.91-4.47)° N/A N/A
Deneke (2011) G 400 65 80.3 15 N/A 2.90 (1.74-4.76)%4 N/A
Desai (2010) us 549 74 79.1 41.4 4.12 (2.38-7.12)%d N/A 2.50 (1.86-3.35)9¢
Duray (2009) G 822 63 80 43 1.30 (1.04-1.63)" N/A N/A
Ertel (2010) us 225 833 79.6 39.6 0.76 (0.39-1.48)° N/A N/A
Francia (2010) | 83 64 87 17 N/A 0.74 (0.25- 2.22)° N/A
Fumagalli (2014) | 6,311 66 82.4 27 (med) 1.67 (1.35-2.07)° N/A N/A
Grimm (2002) G 101 51 81 36 N/A 2.76 (1.28- 5.97)P¢ N/A
Gronefeld (2000) G 229  60.7 81.2 20 1.77 (0.75-4.21)° 1.80 (1.20-2.70)°4 2.30 (1.20-4.50)°4
Hage (2013) [1]" us 409  58.1 70.2 50 1.49 (0.92-2.41)°¢ 0.96 (0.42-2.19)%¢ N/A
Hage (2013) [2]" us 287  59.4 73.2 50 1.46 (0.92-2.32)c 1.83 (1.03-3.25)¢¢ N/A
Heidenreich (2015) us 1729 67 73 12 1.66 (1.61-1.71)" N/A N/A
Kim (2012) K 275 61 64 40 1.05 (0.56-1.95)¢¢ N/A N/A
Klein (2006) G 250 63 76.8 18.3 N/A 1.65 (1.02-2.66)°¢ N/A
Kobe (2013) G 2,613  N/A N/A  14.5 (med) 1.39 (1.02 — 1.89)d N/A N/A
Kraaier (2014) N 861  62.7 79 12 2.17 (1.11 - 4.22)c¢ N/A N/A
Kreuz (2010) G 94 66.5 N/R 34 N/A 1.02 (0.65-1.59)° 1.42 (0.58-3.52)°
Kreuz J (2011) G 99 641 69.7 89 (med) 0.70 (0.36 - 2.07)° 0.86 (0.45- 1.63)° N/A
Kreuz J (2012) G 94  67.8 N/A 36 (med) 1.35 (0.71 - 2.55)° N/A N/A
Lee (2015) C 3445 66 79.7 24 (med) 1.57 (1.22 - 2.01)° 1.61 (1.17-2.21)%¢ N/A
Lelakowski (2012) P 376 /8"6“.'{\ 85.1 14.9 0.57 (0.27 - 1.17)° N/A N/A
Levine (2014) us 322 647 76.4 N/R N/A 1.65 (0.87-3.15)°¢ N/A




Mitrani (2014) us 109 716 88 21.2 1.02 (0.33 - 3.23)°d N/A N/A
Nagai (2010) J 232 58 79 29 N/A N/A 3.70 (1.52-9.02)94
Nageh (2014) us 93  68.4 88.2 56.5 1.52 (0.73 - 3.15)°d N/A N/A
Pedersen (2010) N 371 577 79.5 20.4 1.29 (0.56 - 2.98)° N/A N/A
Poole JE, (2008) US-UK- 811 61 77.2 455 (med) N/A 1.23 (0.90-1.68)" 1.72 (1.24-2.39)°
Providencia (2016) F 5530 625 849 331 (med) 141 (1.13-1.77)d N/A N/A
Rienstra (2007) N 290  59.9 79.7 31.2 N/A 1.90 (1.20-3.20)°4 6.36 (2.21-18.30)°
Robin (2006) us 585 63 79 26.4 N/A 1.24 (0.83-1.84)° N/A
Sandgren (2015) Sw 259  64.7 78 N/R N/A N/A 3.40 (1.32-8.75)°
Schernthaner (2007) A 77 66 82 24.5 5.58 (1.20 - 25.99)4 N/A N/A
Schukro (2013) A 1170 59.7 81 63.6 0.94 (0.73 - 1.22)°4 N/A N/A
Seegers (2016) G 1151  64.4 81.2 58.8 1.55 (1.24 - 1.93)° 1.34 (1.05-1.70)° N/A
Sesselberg (2007) us 719 64 84.4 20.6 N/A 3.11 (2.29-4.21)" N/A
Sjoblom (2015) Sw 865 64 82 35 N/A 1.13 (0.80-1.58)" N/A
Smit (2006) N 80 61 79 8 (med) 1.76 (0.48 - 6.51)° 6.90 (1.70-27.50)° 3.52 (0.33-37.13)°
Smith (2011) N 427 58 79 31 (med) 1.41 (0.68 - 2.91)° 1.50 (1.04-2.17)° N/A
Sood (2014) US-D 1790 64.4 75.2 39.6 N/A 1.39 (1.00-1.94)° 1.22 (0.75-1.99)°
Stein (2009) us 1655  66.8 82 12.6 (med) 1.89 (1.33 - 2.69)°¢ N/A N/A
Tenma (2015) J 316 58 78.5 43 N/A N/A 1.61 (1.06-2.45)"
Theuns (2012) N 100 60 79 24 N/A 5.70 (1.80-18.10)9¢ N/A
Van Gelder (2011) US-N 537 68 77.5 11.1 0.35 (0.08 - 1.59)° 0.96 (0.43-2.14)° 0.69 (0.25-1.90)°
Van Rees (2011) N 1544 61 79 41 1.4 (1.0 - 1.7)°d N/A 2.00 (1.50-2.70)c¢
Verma (2010) C 421 68 82 25 N/A 1.31 (0.87-1.97)° N/A
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Williams (2011) us 199 67.8 66.8 311 1.22 (0.73 - 2.04)° N/A N/A

Zhang (2015) us 1189 606  72.9 12 2,51 (1.43 - 4.38)9¢ N/A N/A

Abbreviations A: Austria, AF: atrial fibrillation, B: Brazil, C: Canada, Cl: confidence intervals, D: Denmark, F: France, F/U: follow-up, G:
Germany, Hx: History, I: Italy, Isr: Israel, J: Japan, K: Korea, med: median, N: Netherland, No: number of patients, N/A: not applicable, P:
Poland, S: Switzerland, Sw: Sweeden, Th: Thailand, UK: United Kingdom, US : United States, y: years, y.o: years old.

2HR, RR or OR (95% CI), "RR, ¢ HR, Yadjusted, ¢ Borleffs (2010): [1] paroxysmal AF patients, [2] persistent AF patients, [3] permanent AF
patients, f Brullmann (2012): [1] only patients under 75 years old, [2] only patients over 75 years old, ¢ OR, " Hage (2013): [1] only patients in
primary prevention, [2] only patients in secondary prevention.
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1.2.2 Overview of the evidence base

Overall, we assessed 36 unique studies that reported data on all-cause mortality, 30

unique studies on appropriate ICD therapies and 17 studies on inappropriate 1CD

therapies (Table 2).

Table 2. Overview of the evidence base.

Eligible studies

Number of studies
Total number of participants
Number of participants per study, median (min-max)
Publication year, median (min-max)
Age, median? (min-max), years
Males® number (%)
History of coronary artery disease, number (%6)
Follow-up months, median (min-max)
Prevalence of AF %, median (min-max)
Indication of ICD¢ (number of studies)

Primary prevention only

Secondary prevention only

Mixed (primary/secondary)

Outcome, number of studies/cohorts (Total number of participants)

All-cause mortality
Appropriate ICD therapies

Inappropriate ICD therapies

62
227,998

388 (73-172,985)

2011 (2000-2016)

64 (51.0-83.3)

177,290 (74.8%)

151,191 (63.8%)
27 (8-89)

26.0 (0.3-50.3)

26

32

36/38¢ (225,863)

30/32¢ (17,725)

17/17 (10,093)

a\We used the mean age provided from each study except four studies which provided median age and in

one study in which we had no data about age
b We had no data about gender in two studies

¢ We have no data about indication of ICD in one study

4 Two studies were divided into two different subgroups [Brullmann S, Hage FG]
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The summary characteristics of the assessed evidence base are shown in Table 2. The
included studies were published from 2000-2016 (median publication year 2011) with
a median follow-up of 27 months. The cumulative sample size was 227,998 patients
(min-max, 73-172,985) of predominantly European ancestry with a median AF
prevalence of 26% and with reported more than 17,000 deaths, more than 2,000
appropriate shocks, and more than 800 inappropriate shocks (data on absolute number
of events missing from 2 studies). The median participant age was 64 years (min-max
51.0-83.3), and the majority of the included participants were males (74.8%). The most
common underlying heart disease was ischemic cardiomyopathy (63.8%). Half of the
studies included a mixed population regarding the indication of ICD (32 studies, 52%)
while 26 studies included primary prevention patients and 3 studies secondary
prevention patients only. No data on the indication of ICD were available in one study.

1.2.3 Overall impact of AF in ICD patients

1.2.3.1 Mortality

Thirty-eight study populations (Table 2) assessed the association between AF and
mortality with a cumulative sample size of 225,863 patients. Two-thirds of the studies
calculated HR estimates and the remaining reported RR. Overall, history of AF was
statistically significantly associated with all-cause mortality [combined effect 1.42
(95% CI 1.28-1.57), p<0.001, 12 78%; Figure 2].
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Figure 2. Forest plot on the association of prevalent AF with all-cause mortality in all
studies in patients with HFrEF and ICD. Effect estimates and 95% confidence intervals

are presented for individual studies and summary data.

%
Author Year Effect Estimate (95%CI) Weight
Gronefeld 2000 — 177 (0.75,4.18) 113
Deneke 2004 r - 201 (0.91,4.44) 129
Smit 2006 s P 1.76(0.48,6.45) 0.55
Agarwal 2007 —& 156 (1.03,2.36) 303
Bruch 2007 - 0.99 (0.32, 3.06) 071
Schemthaner 2007 : > 5.58(1.20,2595) 041
Cygankiewicz 2000 —_—— 153 (1.12, 2.09) 389
Duray 2000 —-MI— 1.30(1.04, 1.62) 475
Stein 2009 — 1.89(1.33,269) 3.54
Borleffs 2010 +— 1.20 (0,60, 2.40) 1.59
Desai 2010 i ——> 411238 7.00) 22
Ertel 2010 = - 0.76 (0.39, 1.48) 168
Pedersen 2010 - 1.29 (0.56,2.97) 119
Kreuz 2011 2 i 0.70 (0.36, 1.36) 169
Smith 20m ? 141 (0.68, 2.92) 147
Van Gelder 01 € < - 0.35 (.08, 1.53) 0.44
Van Rees 2011 —— 1.40 (1,00, 1.96) 367
William s 2011 B T — 1.22 (0,73, 2.04) 239
Bilchich 2012 -+ 1 117 (1.10,1.24) 604
Brulimann (1) 2012 —l— 150(1.12,201) 408
Beullmanin (2) 2012 o - 0.93 (0.4, 1.97) 141
Kim 2012 — 105 (0.56, 1.97) 183
Kreuz 2012 4 135 (0.71, 2.57) 177
Lelakewski 2012 o i 0.57 (027, 1.20) 141
Bhavnani 2013 —_— 1.23 {085, 1.78) 339
Hage (1) 2013 2 149 (0.92, 241) 157
Hage (2) 2013 -—ln— 1.46(0.92, 2.32) 270
Kobe 2013 —— 1.39(1.02,1.89) 1]
Kraaier 2013 ; 4 217(1.11,4.24) 1.67
Schukro 2013 —_— 0.94 (0.72,1.23) 432
Fumagalli 2014 —_— 167 (135, 2.07) 485
Mitrani 2014 e 1,02 (0.33, 3.15) 071
Mageh 2014 — 152 (0.73, 3.16) 146
Heidenreich 205 le 166 (1.61,1.71) 614
Lee 2015 —_— 1.57 (122, 2.02) 447
Zhang 2015 L & 251 (1.43,4.41) 212
Providencia 2016 + 141 (113, 1.76) 477
Seegers 2016 —t—— 1.55(1.24, 1.54) 475
Cverall (I-squared = 77.6%, p = 0.000) < 1.42 (1.28,1.57) 100,00
NOTE: Weights are from random effects analysis :
T 1 1 | | 1

I
2035 33 5 1 2 3 4 5
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Sensitivity analyses performed based on the type of reported estimate, the presence of
adjusted estimates and the study type yielded similar results (Figures 3-5).

Figure 3. Sensitivity analyses for all-cause mortality performed based on the type of

reported estimate

%
Author Year Effect Esimate [95% (1) Weight
Gronefeld 2000 T + 1.77 (0.75, 4.18) 1.13
Deneke 2004 + . g 2.01(0.91, 4.44) 129
Smit 2006 : . g > 1.76 (0.48,6.45) 0.55
Agarwal 2007 ¢ 1.56 (1.03, 2.36) 3.03
Bruch 2007 + 0.99 (0.32, 3.06) 0.71
Duray 2008 —0:— 1.30 (1.04, 1.62) 475
Ertel 2010 . g T 0.76 (0.39, 1.48) 1.68
Pedersen 2010 — 1.29 (0.56, 2.97) 1.19
Smith 2011 > 1.41 (0.68, 2.92) 1.47
Kreuz 2012 o1 1.35 (0.71, 2.57) 1.77
Lelakowski 2012 <+ | 0.57 (0.27, 1.20) 1.41
Bhavnani 2013 + : 1.23 (0.85, 1.78) 3.39
Heidenreich 2015 1 * 1.66 (1.61,1.71) 6.14
Zhang 2015 L -+ 251(1.43,4.41) 212
Subtotal (l-squared = 45.9%, p = 0.031) ¢ 1.41 (1.20, 1.67) 3064
. 1
Hazard Ratio :
Schernthaner 2007 T > 5.58 (1.20, 25.95) 0.41
Cygankiewicz 2009 ——— 1.53 (1.12, 2.09) 3.89
Stein 2008 -:'—0— 1.89 (1.33, 2.69) 3.54
Borleffs 2010 T 1.20 (0.60, 2.40) 1.59
Desai 2010 1 ——2» 411 (2.38,7.10) 221
Kreuz 2011 + : 0.70 (0.36, 1.36) 1.69
Van Gelder 2011 € +- T 0.35 (0.08, 1.53) 0.44
Van Rees 2011 -+ 1.40 (1.00, 1.96) 3.67
Wiliams 2011 < : 1.22(0.73, 2.04) 239
Bilchich 2012 - 1.17 (1.10, 1.24) 6.04
Brullmann (1) 2012 —_—— 1.50 (1.12,2.01) 408
Brulimann (2) 2012 . 4 : 0.93 (0.44, 1.97) 1.41
Kim 2012 -+ T 1.05 (0.56, 1.97) 1.83
Hage (1) 2013 - 1.49 (0.92,2.41) 257
Hage (2) 2013 o 1.46 (0.92,2.32) 270
Kobe 2013 < 1.39 (1.02, 1.89) 3.92
Kraaier 2013 - <+ 217 (1.11,4.24) 1.67
Schukro 2013 * : 0.94 (0.72, 1.23) 432
Fumagalli 2014 -— 1.67 (1.35, 2.07) 4385
Mitrani 2014 + 1.02 (0.33, 3.15) 0.71
Nageh 2014 - 152 (0.73,3.16) 146
Lee 2015 —r—— 1.57 (1.22, 2.02) 447
Providencia 2016 —_— 1.41 (1.13,1.76) 477
Seegers 2016 —— 1.55 (1.24, 1.94) 475
Subtotal (l-squared = 64.5%, p = 0.000) < 1.42 (1.26, 1.60) 69.36
Overall (-squared = 77.6%, p = 0.000) <> 1.42(1.28,1.57) 100.00
NOTE: Weights are from random effects analysis :
| ) | | T 11
2 25 33 iS5 1 2 3 4 5
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Figure 4. Sensitivity analyses for all-cause mortality performed based on the presence

of adjusted estimates

%
Author Year Effect estimate (95% Cl) Weight
Unadjusted :
Gronefeld 2000 T g 1.77 (0.75,4.18) 113
Deneke 2004 . + 2.01(0.91,4.44) 1.29
Smit 2006 : + > 1.76(0.48, 6.45) 0.55
Agarwal 2007 ————— 1.56(1.03, 2.36) 3.03
Bruch 2007 . 0.99(0.32, 3.06) 0.71
Duray 2009 —_— 130(1.04,1.62) 475
Desai 2010 | —P  4.11(2.38,7.10) 221
Ertel 2010 + . 0.76 (0.39, 1.48) 1.68
Pedersen 2010 < : 1.29(0.56,2.97) 119
Kreuz 2011 < | 0.70(0.36, 1.36) 1.69
Smith 201 + 1.41(0.68, 2.92) 147
& a 1

Van Gelder 2011 € < T 0.35(0.08, 1.53) 0.44
Williams 2011 +— 1.22(0.73,2.04) 239
Brullmann (1) 2012 —:-o— 1.50(1.12,2.01) 408
Brullmann (2) 2012 + . 0.93(0.44,1.97) 141
Kreuz 2012 o 1.35(0.71,2.57) 177
Lelakowski 2012 < : 0.57 (0.27, 1.20) 141
Bhavnani 2013 — —.—|— 1.23(0.85, 1.78) 3.39
Fumagalli 2014 —— 1.67 (1.35,2.07) 485
Heidenreich 2015 : * 1.66(1.61,1.71) 6.14
Lee 2015 —_ 157(1.22,2.02) 447
Seegers 2016 —_—— 1.55(1.24,1.94) 475
Subtotal (I-squared = 55.7%, p = 0.001) <> 1.43(1.27,1.62) 54,80
. 1
Adjusted 1
Schernthaner 2007 : 3 5.58(1.20, 25.95) 0.41
Cygankiewicz 2009 —— 153(1.12,2.09) 3.89
Stein 2009 —_—— 1.89(1.33,2.69) 3.54
Borleffs 2010 * : 1.20(0.60, 2.40) 1.59
Van Rees 2011 —— 1.40(1.00, 1.96) 367
Bilchich 2012 - | 1.17(1.10,1.24) 6.04
Kim 2012 o : 105 (0.56,157) 1.83
Hage (1) 2013 ——— 1.49(0.92, 2.41) 257
Hage (2) 2013 B B —— 1.46(0.92, 2.32) 2.70
Kobe 2013 + 1.39(1.02, 1.89) 3.92
Kraaier 2013 T + 217(1.11,4.24) 1.67
Schukro 2013 + ! 0.94(0.72,1.23) 432
Mitrani 2014 : 1.02(0.33,3.15) 0.71
Nageh 2014 —4 152(0.73,3.16) 1.46
Zhang 2015 I ° 2.51(1.43,4.41) 212
Providencia 2016 1.41(1.13,1.76) 4.77
Subtotal (I-squared = 51.8%, p = 0.008) 1.40(1.23, 1.59) 45.20

1
Overall (I-squared = 77.6%, p = 0.000) ¢ 1.42(1.28,1.57) 100.00

1
NOTE: Weights are from random effects analysis 1

| | | I

.25 5 1 2 4 45



Figure 5. Sensitivity analyses for all-cause mortality performed based on the study

type.

60

%

Author Year Effect Estimate (95% Cl)  Weight
Registries :
Agarwal 2007 —— 1.58 (1.03,2.38) 303
Bhavnani 2013 S 1.23 (0.85. 1.78) 339
Bichich 2012 °! 1.7 (1.10, 1.24) 6.04
Borieffs 2010 —-o-:— 1.20 (0.80, 2.40) 1.59
Fumagali 2014 T~ 1.67 (1.35, 2.07) 485
Hage (1) 2013 1+—— 1.49 (0.92, 2.41) 257
Hage (2) ( + 1.48 (0.92, 2.32) 270
Heidenreich 2 ® 1,68 (1.61, 1.71) 8.14
Nageh ——— 1.52 (0.73.3.16) 148
Providencia —— 1.41(1.13, 1.76) 4
Schukro — : 0.34(0.72,1.23) 432
Stein —— 1.89 (1.33, 2.89) 354
Van Rees —t— 1.40 (1.00, 1.98) 67
Williams —t 1.2 (0.3, 2.04) 239
Subtotal (l-squared = 83.0%, p=0.000) é 1.40 (1.21,1.82) 50.48
. 1
Prospective studies :
Bruch 2007 ———— 0.39 (0.32, 3.08) on
Gronefeld 2000 —_1—— 1.77 (0.75. 4.18) 113
Kim 2012 ——t— 1.05 (0.56. 1.97) 1.8
Krasier —_— 247 (111, 4.24) 187
Krewz —r—y— 1.35 (0.71, 2.57) .17
Lee —— 1.57 (1.22,2.02) 447
Lelakowski —_— 0.57 (0.27, 1.20) 1.4
Mitrani —,:— 1.02 (0.33, 3.15) on
Pedersen —_— 1.29 (0.56, 2.87) 119
Smith —— 1.41(0.68,2.92) 147
Van Gelder + L 0.35 (0.08, 1.53) 0.4
Zhang :—o— 251 (1.43, 4.41) 212
Subtotal (|-squared <> 1.38 (1.08, 1.75) 18.92

1
Randomized Controlled Trial :
Brulimann (1) 2012 —— 1.50 (1.12, 2.01) 408
Brulimann (2) 2012 —_— 0.32 (0.4, 1.37) 1.41
Cygankiewicz 2008 —lo— 1,53 (1.12, 2.09) 189
Subtotal (l-squared = 0.0%, p = 0.489) d} 1.48 (1.19, 1.79) 9.38
. 1
Retrospective Studies :
Deneke 2004 T—— 2,01 (0.91, 4.44) 1.29
Desai 2010 | —— 4.11(2.38, 7.10) 221
Duray 2008 —o— 1.30 (1.04, 1.82) 475
Entel 2010 —_— 0.76 (0.39, 1.48) 188
Kobe 2013 + 1.39 (1.02, 1.89) EX]
Krewz 2011 —_— 0.70 (0.38, 1.26) 189
Schernthaner 2007 - -+ > 5.58(1.20, 25.95) 0.41
Seegers 2018 e 155 (1.24, 1.94) 475
Smit 2008 B . S— 1.76 (0.48, 6.45) 0.5
Subtotal (|-squared = 70.6%, p = 0.001) <> 1.52 (1.14,2.04) 21.24
. ]
Overall (I-squared = 77.6%, p = 0.000) d} 1.42 (1.28, 1.57) 100.00
NOTE: Weights are from random effects analysis :

1 |
.0385 1 25.9

Although visual inspection of the funnel plot including all studies showed mild
asymmetry (Figures 6,7), the Begg-Mazumbar test was not statistically significant and
the trim-and-fill approach gave an identical imputed estimate indicating a low risk of
small study effects.
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Figure 6. Funnel plot for all-cause mortality

Figure 7. Contour-enhanced Funnel plot for all-cause mortality
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In 31 studies (82%), the type of AF was not reported. Due to the small number of the
remaining studies with available AF study information, a quantitative synthesis was not

deemed informative (Figure 8).

Figure 8. Subgroup analysis for all-cause mortality performed based on AF type

%
Aumor Year Effect Estimate (95% Cl) Weignt
¥
Paroxysmal AF 1
Agarwal 2007 ———— 1.56 (1.03,2.365) 303
sorie™s 2010 —_—t 120 (060,240 159
Denske 2004 4 201 (091, 4.44) 129
Suoioral (-sQuared = 0.0%. p = 0627) 3 154 (1.11,2.13) 591
1
All types :
snananl 2013 T 123 (035, 1.78) 339
Biichicn 2012 ¢, 1.7 (1.10,1.24) 604
Brucn 2007 - 099 (032, 3.05) on
Srutimam (1) 2012 —y— 1.50(1.12,201) 408
Brimamn (2) 2012 —_— L 033 (0.4, 197) 141
Cyganiewicz 2009 —:o— 153 (1.12,209) 3
Desal 2010 1 —_— 4.11(238,7.10) 221
Duray 2009 —— 1.30 (1.04, 1.62) 47s
= 2010 —_— 076 (0.39, 1.43) 168
Fumagalll 2014 :—.— 167 (1.35.207) 4385
=age (1) 2013 T 149 (092, 241) 257
Hage (2) 2013 +—o— 146 (092,232) 270
=eicenreicn 2015 le 166 (161,1.71) 614
<im 2012 —_— 1.05 (0.56.1.97) 18
Krazier 2013 +0— 217 (1.11.424) 167
Krewz 2011 —_— 070 (036, 1.36) 169
Krewz 2012 —_— 135(071,257) .7
Lee 2015 —o— 157 (122.202) wr
Mrranl 2014 : 1.02(033,3.15) 071
Nagen 201 —_— 152(073,3.16) 146
Peoersen 2010 —_— 129 (0.56,297) 119
Schemmaner 2007 - <+ 3 553(120,2595) 041
Semkro 2013 ——! 03¢ (072.123) 2
Seagers 2016 1'0— 155(1.24,1.94) 47s
smr 2006 —¢ 1.76 (048, 6.45) 0ss
Smm 201 _— 1.41(068,292) 147
sen 2009 —_— 139 (1.33,269) 3s¢
Van Geiser 2011 < : 035 (0.08, 1.53) o
Van Ress 2011 ——— 1.40(1.00, 1.96) 367
Wiliams 201 — 122(073,200) 2%
Znang 2015 —_— 251(143,441) 212
Suoial (-eouared = 305%. 0 =0000) ¢ 143(127.160) 2%
1
Persistent AF I
Gronetels 2000 —_——— 177 (0.75.4.18) 113
Sutoral (~equared = % p=) —_ @ 177 (0.75.4.18) 113
1
Permanent AF 1
Kode 013 [—— 139 (1.02,1.39) 32
Letaxowskl 2012 Ve I 057 (027, 1.20) 141
Suoinal (-sQuared = 736%. p = 0.031) -{} 095 (040,226) 533
I
Paroxysmal or Persistent AF I
Prossencia 2016 — 1.41(1.13,1.76) a
Suotal (~eQuared = % p= ) ¢ 1.41(1.13,1.76) o
Owerall (~eguared = 77.6%. p = 0.000) é 142(128,157) 100.00
NOTE: Welgnis are from ranoom emects analisls :
| |

.0385 1 25.9
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The presence of >15% of patients with an implanted CRT-D at the individual study
level seemed to convey a greater mortality risk for AF patients [1.55 (95% CI 1.41 —
1.71) vs. 1.27 (95% CI 1.11 — 1.45); meta-regression p-value, 0.007] (Figure 9),

Figure 9. Subgroup analysis for all-cause mortality performed based on presence of
CRT-D patients (15% cut-off point).

%
Author Year Effect Estimate (95% Cl) Weight
CRT-D <15% :
Gronefeld 2000 ———— 1.80 (1.20, 2.70) 382
Robin 2006 --oJI— 1.24 (0.83, 1.85) 385
Sesselberg 2007 1 —— 3.11(2.29,4.22) 457
Rienstra 2007 -:—o— 1.90 (1.20, 3.01) 345
Poole 2008 T 1.23(0.90, 1.68) 453
Kreuz 2010 ——t 1.02 (0.65, 1.60) 351
Chemello 2010 —o——: 0.52 (0.20, 1.35) 1.40
Smith 2011 —p— 1.50 (1.04, 2.16) 4.11
Kreuz 2011 ——— 0.86 (0.45, 1.64) 2.40
Theuns 2012 : —— 5.70 (1.80, 18.05) 1.03
Levine 2014 -+ 1.65(0.87,3.13) 244
Subtotal (--squared = 75.4%, p = 0.000) <? 1.51(1.14,2.01) 35.12
. 1
CRT-D 215% 1
Smit 2006 ! - $» 6.90(1.70,28.01) 074
Alsheikh 2008 —— 1.15(0.82, 1.61) 433
Budeus 2008 —— 0.97 (0.61, 1.54) 342
Borleffs 2010 —-01'— 1.20 (0.60, 2.40) 221
Bhavnani 2010 —— 1.04 (0.73, 1.48) 421
Francia 2010 —o——{— 0.70 (0.25, 1.96) 124
Verma 2010 - —r— 1.31(0.87,1.97) 3.80
Van Gelder 2011 — b, 0.96 (0.42, 2.14) 1.81
Deneke 2011 : —— 2.90 (1.74, 4.83) 312
Brullmann [2] 2012 ——— 1.06 (0.50, 2.25) 1.98
Brullmann [1] 2012 —— 1.34 (1.09, 1.65) 533
Hage [2] 2013 —:-o— 1.83(1.03,3.25) 2.76
Hage [1] 2013 ——— 0.96 (0.42, 2.19) 174
Sood 2014 + 1.39(1.00, 1.93) 439
Sjoblom 2015 -t 1.13 (0.80, 1.60) 427
Darma 2015 —:—o— 1.90 (1.14,3.17) 312
Chichareon 2015 —— 1.70 (0.72,4.01) 1.64
Lee 2015 ——— 1.61(1.17,2.22) 4.47
Seegers 2016 + 1.34 (1.05,1.71) 5.05
Subtotal (I-squared = 34.4%, p = 0.071) O 1.35(1.19, 1.53) 59.64

1
CRT-D not reported |
Grimm 2002 —— 2.76 (1.28, 5.95) 192
Klein 2006 — 1.65 (1.02, 2.67) 3.31
Subtotal (l-squared = 19.2%, p = 0.266) D 1.95(1.22,3.12) 523
. i
Overall (I-squared = 59.2%, p = 0.000) Q 1.44 (1.27,1.64) 100.00
NOTE: Weights are from random effects analysis :

| I I

|
.25 5 1 2 4

while there was no statistically significant observed difference between studies of
predominantly primary and predominantly secondary prevention (Figure 10).
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Figure 10. Subgroup analysis for all-cause mortality performed based on prevention

type.
%
Author Year Effect Estimate {95% CI) Weight
Secondary Prevention :
Klein 2006 —— 1.65 (1.02, 2.67) 331
Rienstra 2007 -{—o— 1.90 (1.20,3.01) 345
Hage [2] 2013 —— 1.83(1.03,3.25) 276
Subtotal (-squared =0.0%, p = 0.914) I<> 1.79 (1.34,2.39) 952
Primary Prevention :
Gronefeld 2000 et 1.80 (1.20, 2.70) 382
Grimm 2002 —_— 2.76 (1.28, 5.95) 1.92
Smit 2006 I * $ 6.90 (1.70,28.01) 0.74
Sesselberg 2007 : — 3.11(2.29,4.22) 457
Alsheikh 2008 -t 1.15(0.82, 1.61) 433
Budeus 2008 —_t 0.97 (0.61, 1.54) 342
Poole 2008 Ao— 1.23(0.90, 1.68) 453
Borleffs 2010 —_— 1.20 (0.60, 2.40) 221
Kreuz 2010 o 1.02 (0.65, 1.60) 351
Francia 2010 _ 0.70 (0.25, 1.96) 124
Verma 2010 —~—e— 1.31(0.87,1.97) 3.80
Van Gelder 2011 —_— 0.96 (0.43,2.14) 181
Smith 2011 —— 150 (1.04, 2.16) 411
Deneke 2011 : —_— 290 (1.74,4.83) 312
Hage [1] 2013 — e 0.96 (0.42,2.19) 174
Levine 2014 +—— 1.65(0.87,3.13) 244
Sood 2014 —4— 1.39 (1.00, 1.93) 439
Sjoblom 2015 —te— 1.13(0.80, 1.60) 427
Darma 2015 —{-o— 1.90 (1.14,3.17) 312
Chichareon 2015 B B e — 1.70 (0.72, 4.01) 1.64
Lee 2015 —— 161(1.17,222) 447
Subtotal (I-squared = 63.8%, p = 0.000) <> 1,50 (1.26, 1.78) 65.22
= I
Primary/Secondary Prevention :
Robin 2006 o 1.24(0.83, 1.85) 385
Bhavnani 2010 — 1.04(0.73, 1.48) 421
Chemello 2010 —o——: 0.52(0.20, 1.35) 1.40
Kreuz 2011 — 0.86 (0.45, 1.64) 2.40
Brullmann [2) 2012 B — 1.06 (0.50, 2.25) 1.98
Theuns 2012 : —_— 5.70 (1.80, 18.05) 1.03
Brullmann [1] 2012 e 1.34(1.09, 1.65) 533
Seegers 2016 —o}- 1.34 (1.05,1.71) 5.05
Subtotal (I-squared = 46.7%, p = 0.069) <> 1.21(0.98, 1.50) 2526
. I
Overall (l-squared = 59.2%, p = 0.000) & 1.44 (1.27, 1.64) 100.00
NOTE: Weights are from random effects analysis :
I | I I
25 5 1 4

Cumulative meta-analysis for the year of publication showed an apparent effect
consistency over time (Figure 11). Meta-regression analyses using the baseline risk,

age, and follow-up duration as covariates showed no statically significant results.
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Figure 11. Cumulative meta-analysis for all-cause mortality (year of publication, betas

presented).
Author Year Effect Estimate (95% Cl)
Gronefeld 2000 —— 1.37 (1.11, 1.68)
Grimm 2002 —— 1.32 (1.06, 1.65)
Klein 2006 —— 1.39 (1.16, 1.67)
Robin 2006 —_—— 1.37 (1.20, 1.56)
Smit 2006 —p— 1.44 (1.24, 1.66)
Rienstra 2007 —— 1.38 (1.20, 1.58)
Sesselberg 2007 —— 1.43 (1.24, 1.66)
Alsheikh 2008 & 1.15(0.82, 1.61)
Budeus 2008 —_—— 1.20 (1.04, 1.38)
Poole 2008 —_— 1.36 (1.18, 1.56)
Bhavnani 2010 ——— 1.10 (0.86, 1.40)
Borleffs 2010 ——— 1.11 (0.88, 1.39)
Chemello 2010 —— 1.17 (1.02, 1.35)
Francia 2010 —— 1.27 (1.02, 1.58)
Kreuz 2010 —_—— 1.36 (1.15, 1.62)
Verma 2010 —— 1.44 (1.27, 1.64)
Deneke 2011 —— 1.30 (1.04, 1.62)
Kreuz 2011 —— 1.33(1.13, 1.58)
Smith 2011 —— 1.44 (1.25, 1.65)
Van Gelder 2011 —— 1.45 (1.27, 1.65)
Brullmann [1] 2012 —— 1.23 (1.06, 1.44)
Brullmann [2] 2012 —— 1.22 (1.05, 1.42)
Theuns 2012 —— 1.46 (1.27, 1.67)
Hage [1] 2013 —— 1.35 (1.10, 1.65)
Hage [2] 2013 —— 1.37 (1.13, 1.66)
Levine 2014 —— 1.37 (1.18, 1.59)
Sood 2014 —— 1.44 (1.26, 1.64)
Chichareon 2015 —— 1.19 (1.03, 1.36)
Darma 2015 —— 1.21 (1.03, 1.42)
Lee 2015 —— 1.36 (1.16, 1.59)
Sjoblom 2015 —— 1.42 (1.23, 1.63)
Seegers 2016 —— 1.37 (1.22, 1.54)
[ I I T T 11
.5 1 1.5 2 25 3 354

1.2.3.2 Appropriate ICD therapies and Inappropriate ICD shocks
Thirty-two study populations (Table 2) assessed the association between AF and

appropriate ICD therapies with a cumulative sample size of 17,725 patients. Thirteen
studies produced HR estimates, 17 studies RR and 2 studies odds ratios (OR). Overall,
AF history was statistically significantly associated with appropriate ICD therapies
[combined effect 1.44 (95% Cl 1.27-1.64), p<0.001, 1>59%; Figure 12].
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Figure 12. Forest plot on the association of prevalent AF with appropriate ICD
therapies in all studies in patients with HFrEF and ICD. Effect estimates and 95%

confidence intervals are presented for individual studies and summary data.

%
Author Year Effect Estimate (95% CI)  Weight
Gronefeld 2000 — 1.80(1.20, 2.70) 382
Grimm 2002 ' ¥ 2.761(1.28,5.95) 1.92
Klein 2006 —:—0— 1.65(1.02, 2.67) in
Robin 2006 —_ 1.24 (0.83, 1.85) 385
Smit 2006 ! > 690(1.70,2801) 074
Rienstra 2007 ———— 1.90 (1.20, 3.01) 3.45
Sesselberg 2007 : —_—— 301(2.29,4.22) 457
Alsheikh 2008 —_—— 1.15 (082, 1.61) 433
Budeus 2008 —_— 0.97 (061, 1.54) 342
Poole 2008 ——— 1.23 (0,90, 1.68) 4,53
Bhavnani 2010 —_— 1.04 (0.73, 1.48) 421
Borlefis 2010 + 1.20 (0,60, 2.40) 221
Chemello 2010 € + : 0.52 (0.20, 1.35) 140
Francia 2010 2 0.70 (0.25, 1.96) 1.24
Kreuz 2010 _— 1,02 (0.65, 1.60) 351
Verma 2010 -T—— 1.31 {087, 1.97) 3180
Deneke 2011 || —— 2.90(1.74,483) 312
Kreuz 20m + ‘I 0.86 (045, 1.64) 240
Smith 20M —_—— 1.50 (1.04, 2.16) 41
Van Gelder 20m # : 0.96 (0,43, 2.14) 1.81
Brullmann [1] 202 —_—— 1.34 (1.09, 1.65) 533
Brullmann [2] 2012 * ’I 1.06 (0.50, 2.25) 1.98
Theuns 2012 ] ® 5.70(1.80, 18.05) 1.03
Hage 1) 03 # : 0.96 [0.42, 2.19) 1.74
Hage [2] 2013 —— 1.83(1.03,3.25) 276
Levine 2014 : + 1.65 (0.87,3.13) 244
Sood 2014 —— 1.39(1.00, 1.93) 4,39
Chichareon 2015 — 1.70 (0,72, 4.01) 164
Darma 205 —1—0— 1.90(1.14,3.17) 312
Lee 2015 —_— 1.61(1.17,2.23) 447
Sjoblom 2015 —_— —0—1— 1.13 (080, 1.60) 4.27
Seegers 2016 —_— 1.34 (1.05,1.71) 5.05
Overall {l-squared = 59.2%, p = 0.000) {P 1.44(1.27, 1.64) 100,00
MOTE: Weights are from random effects analysis !
] ] I

i =
o —

25 5 1 2 4

Seventeen study populations (Table 2) assessed the association between AF and
inappropriate ICD shocks with a cumulative sample size of 10,093 patients. Six studies
produced HR estimates, 9 studies RR and 2 studies OR. Overall, AF history was
statistically significantly associated with inappropriate ICD shocks [combined effect
2.05 (95% CI 1.75 — 2.44), p<0.001, 12 40%; Figure 13].
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Figure 13. Forest plot on the association of prevalent AF with inappropriate ICD
shocks in all studies in patients with HFrEF and ICD. Effect estimates and 95%

confidence intervals are presented for individual studies and summary data.
%

Author Year Effect Estimate (95% Cl) Weight
Bhavnani 2010 —-—E— 1.61 (1.11, 2.34) 9.65
Borleffs 2010 —_—— 2.90 (1.70, 4.95) 6.58
Buber 2013 _..:_ 1.90 (1.05, 3.44) 5.76
Chen 2013 —_— 3.53(1.23, 10.13) 2.36
Daubert 2008 —E—o— 2.90 (1.65, 5.10) 6.15
Desai 2010 —— 2.50 (1.86, 3.36) 11.51
Gronefeld 2000 —E-— 2.30(1.20, 4.41) 5.07
Kreuz 2010 —— 1.42 (0.58, 3.48) 31
Nagai 2010 —E—t— 3.70 (1.52, 9.01) 3.14
Poole 2008 —l 1.72 (1.24, 2.39) 10.71
Rienstra 2007 E—t— 6.36 (2.21, 18.30) 2.35
Sandgren 2015 —_— 3.40 (1.32, 8.76) 2.84
Smit 2006 : 3.52 (0.33, 37.55) 0.53
Sood 2014 r— 1.22(0.75, 1.98) 7.36
Tenma 2015 —o—i- 1.61 (1.06, 2.45) 8.65
Van Gelder 2011 — 0.69 (0.25, 1.90) 2.52
Van Rees 2011 —— 2.00 (1.50, 2.67) 11.72
Overall (l-squared = 40.3%, p = 0.044) é 2.05(1.72, 2.44) 100.00
]

NOTE: Weights are from random effects analysis E

I I 1 I

25 5 1 2 4

Sensitivity analyses performed based on the type of reported estimate and study

type yielded similar results for both outcomes (Figures 14-16).
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Figure 14. Sensitivity analyses for appropriate therapies based on the type of reported

estimate
%

Author Year Effect Estimate {(95% Cl) Weight
Relative Risk :
Alsheikh 2008 ——— 1.15(0.82, 1.61) 433
Bhavnani 2010 —o—rlL 1.04(0.73, 1.48) 421
Budeus 2008 —_— 0.97 (0.61, 1.54) 342
Chemello 2010 <& ! 0.52(0.20, 1.35) 1.40
Chicharson 2015 - » 170 (0.72,4.01) 164
Francia 2010 - 0.70 (0.25, 1.96) 124
Grimm 2002 —1—0—) 2.76 (1.28,5.95) 1.92
Gronefeld 2000 ——— 1.80(1.20,2.70) 382
Kreuz 2010 —_—— 1.02(0.65, 1.60) 351
Kreuz 2011 - 0.86 (045, 1.64) 240
Poole 2008 —_—— 1.23(0.90, 1.68) 453
Robin 2006 ——o—:— 1.24(0.83, 1.85) 385
Sesselberg 2007 | ——p 3.11(229,4.22) 457
Sjoblom 2015 —_— 1.13(0.80, 1.60) 427
Smith 2011 —llo— 150 (1.04, 2.16) 411
Sood 2014 e 1.39(1.00, 1.93) 439
Verma 2010 —_———————— 1.31(0.87,1.97) 3.80
Subtotal (-squared = 67.7%, p = 0.000) <o 1.31(1.08, 1.58) 57.43
: 1
Hazard Ratio -
Borleffs 2010 ™ 1.20 (0.60, 2.40) 221
Brullmann [1] 2012 —_— 1.34(1.09, 1.65) 533
Brullmann [2] 2012 : 1.06 (0.50, 2.25) 1.98
Deneke 2011 | —— 290 (1.74,4.83) 3.12
Hage [1] 2013 ; 0.96 (0.42,2.19) 174
Hage [2] 2013 ——— 1.83(1.03,3.25) 276
Klein 2006 R ——— 1.65(1.02, 2.67) 331
Lee 2015 —_— 161(1.17,2.22) 447
Levine 2014 - 1.65(0.87,3.13) 244
Rienstra 2007 B — 1.90 (1.20, 3.01) 345
Seegers 2016 —c;— 1.34(1.05,1.71) 5.05
Smit 2006 | e— .90 (1.70, 28.01) 0.74
Van Gelder 2011 - 0.96 (0.43, 2.14) 181
Subtotal (I-squared = 34.5%, p = 0.106) <> 154(1.31,1.82) 38.42

1
0Odds Ratio :
Darma 2015 ——————— 1.90(1.14,3.17) 312
Theuns 2012 : —3p5.70 (1.80, 18.05) 1.03
Subtotal (I-squared = 65.7%, p = 0.088) 290(1.02,8.27) 416
’ 1
Overall (l-squared = 59.2%, p = 0.000) <> 1.44(1.27,1.64) 100.00
NOTE: Weights are from random effects analysis :

I I LI I

.25 .5 1 15 2 253 4
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Figure 15. Sensitivity analyses for appropriate therapies performed based on the study

type

%

Author Year Effect Estimate (95% CI)  Weight
Prospective Studies 1
Gronefeld 2000 —:-o— 1.80 (1.20, 2.70) 3.82
Grimm 2002 —— 2.76 (1.28, 5.95) 1.92
Kiein 2006 —le—— 1.65 (1.02, 2.67) 331
Rienstra 2007 +o— 1.90 (1.20, 3.01) 345
Budeus 2008 — 0.97 (0.61, 1.54) 3.42
Bhavnani 2010 —r—: 1.04 (0.73, 1.48) 421
Chemelio 2010 —_— 0.52 (0.20, 1.35) 1.40
Francia 2010 —_— 0.70 (0.25, 1.96) 1.24
Van Gelder 2011 —_— 0.96 (0.43,2.14) 1.81
Smith 2011 + 1.50 (1.04, 2.16) 411
Brulimann [2) 2012 —_—— 1.06 (0.50, 2.25) 1.98
Theuns 2012 : —_— 5.70 (1.80, 18.05) 1.03
Brulmann [1] 2012 —— 1.34 (1.09, 1.65) 533
Chichareon 2015 D A — 1.70 (0.72, 4.01) 164
Lee 2015 — 161 (1.17,2.22) 4.47
Subtotal (-squared = 46.0%, p = 0.027) é 1.41(1.18, 1.68) 43.16

1
Retrospective Studies :
Smit 2006 | > 6.90 (1.70, 28.01) 0.74
Robin 2006 —— 1.24 (0.83, 1.85) 3.85
Kreuz 2010 —»—: 1.02 (0.65, 1.60) 351
Verma 2010 ~—r— 1.31(0.87,1.97) 3.80
Deneke 2011 | —— 2.90 (1.74, 4.83) 312
Kreuz 2011 o— 0.86 (0.45, 1.64) 240
Levine 2014 4 1.65 (0.87, 3.13) 244
Seegers 2016 —— 1.34 (1.05, 1.71) 5.05
Subtotal (-squared = 60.4%, p = 0.014) <> 1.44 (1.10, 1.89) 2492
i 1
Registries !
Alsheikh 2008 —-o-}- 1.15(0.82, 1.61) 433
Borleffs 2010 —_——— 1.20 (0.60, 2.40) 221
Hage [2] 2013 —e-o— 1.83 (1.03,3.25) 276
Hage [1] 2013 —_— 0.96 (0.42, 2.19) 174
Sjoblom 2015 —to— 1.13 (0.80, 1.60) 427
Darma 2015 o 1.90 (1.14, 3.17) 312
Subtotal (-squared = 3.2%, p = 0.396) d 1.29 (1.06, 1.56) 1843
. 1
Randomized Controlled Trials :
Sesselberg 2007 | —— 3.11(229,4.22) 457
Poole 2008 4= 1.23 (0.90, 1.68) 453
Sood 2014 ; 1.39 (1.00, 1.93) 439
Subtotal (-squared = 90.2%, p = 0.000) e 1.75 (0.98, 3.13) 13.49

1
Overall (-squared = 59.2%, p = 0.000) ¢ 1.44 (1.27,1.64) 100.00
NOTE: Weights are from random effects analysis :

) |
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Figure 16. Sensitivity analyses for inappropriate shocks based on the type of reported

estimate
%

Author Year Effect Estimate (95% Cl) Weight
Unadjusted .
Robin 2006 ———— 1.24(0.83,1.85) 385
Smit 2006 : P» 6.90(1.70,28.01) 0.74
Sesselberg 2007 1 —_—— 3.11(2.29,4.22) 457
Alsheikh 2008 —_——— 1.15(0.82,1.61) 433
Budeus 2008 — —: 097 (0.61,1.54) 342
Poole 2008 —t——— 1.23(0.90, 1.68) 453
Bhavnani 2010 —D—IL 1.04(0.73,1.48) 421
Borleffs 2010 > 1.20 (060, 2.40) 221
Chemello 2010 € + : 0.52(0.20,1.35) 1.40
Francia 2010 - T 0.70(0.25, 1.96) 1.24
Kreuz 2010 —_—— 1.02 (065, 1.60) 351
Verma 2010 —+ 1.31(0.87,1.97) 3.80
Kreuz 201 + ’ 0.86 (0.45, 1.64) 240
Smith 2011 _:0_ 1.50(1.04,2.16) 41
Van Gelder 2011 4 T 096 (0.43,2.14) 1.81
Brullmann [1] 2012 —_—— 1.34(1.09, 1.65) 533
Brullmann [2) 2012 < : 1.06 (0.50, 2.25) 1.98
Sood 2014 —— 1.39(1.00,1.93) 439
Chichareon 2015 —e 1.70(0.72,4.01) 164
Sjoblom 2015 —_—— 1.13(0.80, 1.60) 427
Seegers 2016 —— 1.34(1.05,1.71) 5.05
Subtotal (I-squared = 60.5%, p = 0.000) <>l 1.27(1.09,1.48) 68.80

1
Adjusted :
Gronefeld 2000 ——— 1.80(1.20, 2.70) 3.82
Grimm 2002 4 s 2.76(1.28,5.95) 192
Klein 2006  ———— 1.65(1.02,267) 331
Rienstra 2007 —f—.— 1.90(1.20,3.01) 345
Deneke 201 | —— 2.90(1.74,4.83) 312
Theuns 2012 ! —l 570 (1.80, 18.05) 1.03
Hage 1] 2013 + : 0.96(0.42,2.19) 1.74
Hage [2] 2013 ————— 1.83(1.03,3.25) 2.76
Levine 2014 : + 1.65(0.87,3.13) 244
Darma 2015 —_—— 1.90(1.14,3.17) 3.12
Lee 2015 —_—— 1.61(1.17,2.22) 447
Subtotal (I-squared = 10.7%, p = 0.342) : 0 1.87(1.58,2.21) 31.20
. 1
Overall (I-squared = 59.2%, p = 0.000) <> 1.44(1.27,1.64) 100.00
NOTE: Weights are from random effects analysis :

| | | UL
.25 5 1 2 4 5 6

Sensitivity analyses performed based on the presence of adjusted estimates
showed that the adjusted risk associated with AF was statistically significantly greater
than the risk derived from unadjusted data for appropriate ICD therapies (Figure 16);
no significant difference between the risk derived from adjusted and unadjusted risk

was observed for inappropriate ICD shocks (Figure 17).
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Figure 17. Sensitivity analyses for inappropriate shocks performed based on the

presence of adjusted estimates

%

Author Year Effect Estimate (95% Cl) Weight
Unadjusted i
Smit 2006 - 3.52(0.33, 37.55) 0.53
Rienstra 2007 j——— 6.36 (2.21, 18.30) 2.35
Poole 2008 —r 1.72 (1.24,2.39) 10.71
Kreuz 2010 —_— 1.42 (0.58, 3.48) 3.11
Bhavnani 2010 : 1.61(1.11,2.34) 9.65
Van Gelder 2011 —_—— 0.69 (0.25, 1.90) 2.52
Sood 2014 ! 1.22 (0.75,1.98) 7.36
Sandgren 2015 —_— 3.40 (1.32,8.76) 2.84
Tenma 2015 — 1.61 (1.06, 2.45) 8.65
Subtotal (I-squared = 40.3%, p = 0.099) <} 1.68 (1.29, 2.19) 47.72
I
) ]
Adjusted i
Gronefeld 2000 —_—l 2.30 (1.20,4.41) 5.07
Daubert 2008 - 2.90 (1.65,5.10) 6.15
Desai 2010 d— 2.50 (1.86, 3.36) 11.51
Nagai 2010 —_ 3.70 (1.52,9.01) 3.14
Borleffs 2010 - 2.90 (1.70,4.95) 6.58
Van Rees 2011 —+ 2.00 (1.50,2.67) 11.72
Chen 2013 —_— 3.53(1.23, 10.13) 2.36
Buber 2013 —— 1.90 (1.05,3.44) 5.76
Subtotal (I-squared =0.0%, p = 0.714) K} 2.38 (2.02,2.80) 52.28
I
b 1
Overall (I-squared = 40.3%, p = 0.044) <> 2.05(1.72,2.44) 100.00
1
NOTE: Weights are from random eflfects analysis I: l
25 5 1 2 4

Although visual inspection of the funnel plot including all studies for each
outcome showed mild asymmetry, the Begg-Mazumbar test was not statistically
significant and the trim-and-fill approach gave an identical imputed estimate indicating
a low risk of small study effects (Figures 18-21).

Figure 18. Funnel plot for appropriate Figure 19. Contour-enhanced Funnel plot for

therapies appropriate therapies
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Figure 20. Funnel plot for inappropriate shocks Figure 21. Contour-enhanced Funnel plot
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In >60% of the populations, the type of AF was not reported. Due to the small number

of studies with available information on AF, a quantitative synthesis was not deemed

informative (Figures 22-23).




73

Figure 22. Subgroup analysis for appropriate therapies performed based on AF type

=
Ausror Year Effect Estimate (95% CI) Weige
Persistent AF i
Groneteia 2000 ——— 180 (120.270) m
] 2007 —i'—b— 190(120.301) a5
Sustotal (eauaned = 00%, p = 0.363) = 184 {136, 250) k24
1
Paroxysmal AF 1
s 20 —_—— 120 (060, 240) 2
Sustotal (Heguaned - %, p-} -:::b— 1.20 (060, 24T) EE]
1
All Types [
Greem A 276 (128, 595) 152
Fooin 2006 —-0:— 124 (33, 1.85) £
Sszzebery 200 | —— N2 42 s
Al 2008 -1+ 118 (Q&2, 161) o
Foo 200 1= 123 (050, 1.68) 45
Erananl 2010 —p—: 1,04 (073, 1.48) an
Kz 2010 —_ 1.02 (065, 1.60) 351
Cremelio 2010 —c 052 (020, 1.35) 140
Franca 200 —_— Q70 (025, 1.56) 124
verma 010 -+ 1310, 197) 120
Van Geioer 201 - 096 (043, 2.14) 131
Smem 2 (—t— 1.50(1.04, 2.16) n
e 2m —_— 086 (045, 164) 240
Enamann [2] 012 —.:— 106 (950, 225) 158
Trews 2012 | —————— 570180, 18.05) 108
Brarmann [1] 02 - 1.34 (1.08, 1.65) £5)
=age ] m3 L 183 (1,00, 3.25) 7
el Wz —C—:— 096 (0.42.219) 174
Lae 2014 T—T— 165 (057, 3.43) 2ae
Sooe 2014 —— 1.38 (1.00, 1.83) (%)
SpaEm s - 113 (80, 160y a7
Dama 018 —t 190(1.14,347) a2
Chichareon 2015 ——:—0— 170 (072.401) 168
Les 205 —tl— 161 (117,222 ar
Seegers e —— 134 (108, 1.71) 505
Sutotal (Hequaned = 53.1%, p = 0000) <> 135(120,155) 82
1
Permanent AF 1
e 2008 ——— 185 (1.02, 267) am
Sl (Heauaned = .9 =) -:'.';'_"__::r 165 (1.02.267) EEY
ParoxysmalfPersistent AF :
SmiE 200 | ——ty  £390(1.70.2801) an
Satotal (Heguaned = %.p= ) : —— e G0(1T0.2801) an
1
ParoxysmalfPermanent AF 1
Buceus 200 —_— Q87 (061, 1.54) a2
Sonral (HGaned = %.p= ) -l:'_':::lL Q57 (061, 1.54) 4z
1
Paraxysmal/Permanent/Persistent AF I
Denexe 2m | —<t— 290174, 48%) an
Sl (Hequaned = %.p= ) : - 290(1.74.483) anz
Overal (-eguanes = 38.2%. 0 = 0.000) é 144 (127, 154) 10000
NOTE: Welgnts ane from random efects analisks :
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Figure 23. Subgroup analysis for inappropriate shocks performed based on AF type

%

Author Year Effect Estimate (95% CI) Weight
Paroxysmal AF i
Borleffs 2010 _— 2.90(1.70,4.95) 6.58
Subtotal (l-squared = %, p=.) ¢ 2.90(1.70,495) 6.58
. 1
All types .
Bhavnani 2010 — 1.61(1.11,2.34) 965
Buber 2013 et 1.90(1.05,344) 576
Chen 2013 —:0— 3.53(1.23,10.13) 2.36
Daubert 2008 ——— 290(1.655.10) 6.15
Desai 2010 —— 2.50(1.86,3.36) 11.51
Kreuz 2010 '——0—l— 1.42(0.58,3.48) 3N
Poole 2008 —0-:- 1.72(1.24, 2.39) 10.711
Sandgren 2015 3.40(1.32,8.76) 2.84
Sood 2014 —-0—= 1.22 (0.75, 1.98) 7.36
Van Gelder 2011 —i——: 0.69 (0.25, 1.90) 252
Van Rees 2011 i ol 2.00(1.50, 2.67) 11.72
Subtotal (l-squared = 40.6%, p = 0.078) < 1.90 (1.57,2.31) 73.68

]
Persistent AF i
Gronefeld 2000 —}0— 2.30(1.20,4.41) 5.07
Rienstra 2007 1 6.36 (2.21, 18.30) 2.35
Subtotal (l-squared = 61.2%, p = 0.108) T 3.50(1.31,9.34) 7.42

]
* ]
Paroxysmal/Persistent AF :
MNagai 2010 ——— 3.70(1.52,9.01) 3.14
Smit 2006 : + 3.52(0.33, 37.55) 0.53
Tenma 2015 — 1.61(1.06,2.45) 865
Subtotal (l-squared = 33.8%, p = 0.221) - 2.19(1.18,4.05)  12.32

]
Overall (l-squared = 40.3%, p = 0.044) ¢ 2.05(1.72,2.44)  100.00
NOTE: Weights are from random effects an[alysis % .

I
2 4

225 1

The presence of >15% of patients with an implanted CRT-D at the individual study
level did not seem to convey a greater risk for appropriate therapies [1.35 (95% CI 1.19
—1.53) vs. 1.51 (95% CI 1.14 — 2.01)] (Figure 24) or inappropriate shocks [1.93 (95%
Cl1.57 - 2.37) vs. 2.42 (95% CI 1.68 — 3.49)] (Figure 25) based on the presence of AF
history.
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Figure 24. Subgroup analysis for appropriate therapies performed based on presence
of CRTD patients (15% cut-off point)

%
Author Year Effect Estimate (95% Cl) Weight
CRT-D <15% :
Gronefeld 2000 ——— 1.80 (1.20, 2.70) 382
Robin 2006 --oJI— 1.24 (0.83, 1.85) 385
Sesselberg 2007 | —— 311(2.29,4.22) 457
Rienstra 2007 ——— 1.90 (1.20, 3.01) 345
Poole 2008 —.— 1.23(0.90, 1.68) 453
Kreuz 2010 —— 1.02 (0.65, 1.60) 351
Chemello 2010 —_— 0.52 (0.20, 1.35) 1.40
Smith 2011 —— 150 (1.04, 2.16) 411
Kreuz 2011 —ie 0.86 (0.45, 1.64) 2.40
Theuns 2012 | * 5.70 (1.80, 18.05) 1.03
Levine 2014 ——r— 165 (0.87, 3.13) 244
Subtotal (I-squared = 75.4%, p = 0.000) <‘;> 1.51(1.14,2.01) 3512
. 1
CRT-D 215% I
Smit 2008 | + $» 6.90(1.70,28.01) 0.74
Alsheikh 2008 ot 1.15(0.82, 1.61) 433
Budeus 2008 —L 0.97 (0.61, 1.54) 342
Borleffs 2010 —_——— 1.20 (0.60, 2.40) 221
Bhavnani 2010 —— 1.04 (0.73, 1.48) 4.21
Francia 2010 ——+ 0.70 (0.25, 1.96) 1.24
Verma 2010 —_—— 1.31(0.87,1.97) 3.80
Van Gelder 2011 ——— 0.96 (0.43, 2.14) 1.81
Deneke 2011 : —— 2.90 (1.74, 4.83) 312
Brullmann [2] 2012 —_——— 1.06 (0.50, 2.25) 1.98
Brulimann [1] 2012 —— 1.34 (1.09, 1.65) 533
Hage [2] 2013 —— 1.83 (1.03, 3.25) 2.76
Hage [1] 2013 ——— 0.96 (0.42,2.19) 174
Sood 2014 + 1.39 (1.00, 1.93) 4.39
Sjoblom 2015 —t— 1.12(0.80, 1.60) 427
Darma 2015 —t—— 1.90 (1.14,3.17) 312
Chichareon 2015 —— 170 (0.72, 4.01) 164
Lee 2015 ——— 1.61(1.17,2.22) 4.47
Seegers 2016 —— 1.34(1.05,1.71) 5.05
Subtotal (-squared =34.4%, p=0.071) d 1.35(1.19, 1.53) 59.64

1
CRT-D not reported :
Grimm 2002 276 (1.28, 5.95) 192
Klein 2006 —t— 1.65 (1.02, 2.67) 3.31
Subtotal (I-squared = 19.2%, p = 0.266) < 1.95(1.22,3.12) 5.23
. I
Overall (l-squared = 59.2%, p = 0.000) Lol 1.44 (1.27, 1.64) 100.00
NOTE: Weights are from random effects analysis :

| I | 1
2

.25 5 1
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Figure 25. Subgroup analysis for inappropriate shocks performed based on presence
of CRT-D patients (15% cut-off point)

%
Author Year Effect Estimate (95% ClI) Weight

CRT <15% :

Daubert 2008 ——— 2.90 (1.65,5.10) 6.15

Gronefeld 2000 —_—— 2.30 (1.20, 4.41) 5.07

Kreuz 2010 —_— 1.42 (0.58, 3.48) 3.11
—_
—r

Nagai 2010 3.70 (1.52,9.01) 3.14
Poole 2008 1.72 (1.24,2.39) 10.71
Rienstra 2007 |——— 6.36 (2.21, 18.30) 2.35
Subtotal (I-squared = 45.7%, p = 0.101) <> 2.42 (1.68,3.49) 30.53
I
2 1
CRT 215% :
Bhavnani 2010 — 1.61(1.11,2.34) 9.65
Borleffs 2010 —_—— 2.90 (1.70, 4.95) 6.58
Buber 2013 —— 1.90 (1.05,3.44) 5.76
Chen 2013 . — 3.53(1.23, 10.13) 2.36
Desai 2010 — 2.50 (1.86, 3.36) 11.51
Sandgren 2015 o e — 3.40 (1.32,8.76) 2.84
Smit 2006 3.52 (0.33, 37.55) 0.53

|
I
Sood 2014 —t— 1.22 (0.75,1.98) 7.36
Tenma 2015 . 1.61 (1.06, 2.45) 8.65

1

1

|

Van Gelder 2011 —_— 0.69 (0.25, 1.90) 2.52
Van Rees 2011 —_ 2.00 (1.50, 2.67) 11.72
Subtotal (I-squared = 41.4%, p = 0.073) O 1.93 (1.57,2.37) 69.47

1
N 1
Overall (I-squared = 40.3%, p = 0.044) %03 2.05 (1.72, 2.44) 100.00

1

NOTE: Weights are from random effects analysis !
| I T | I

25 5 1 2 4

There were no statistically significant observed differences between studies of
predominantly primary and predominantly secondary prevention for both outcomes
(Figures 26-27).



Figure 26. Subgroup analysis for appropriate therapies performed based on

prevention type

77

%

Author Year Effect Estimate {95% CI) Weight
Secondary Prevention :
Klein 2006 ——— 1.65 (1.02, 2.67) 331
Rienstra 2007 -{-o— 1.90 (1.20,3.01) 345
Hage (2] 2013 |—r——— 1.83(1.03, 3.25) 276
Subtotal (I-squared = 0.0%, p = 0.914) I<> 179 (1.34,2.39) 952
Primary Prevention :
Gronefeld 2000 g 1.80 (1.20, 2.70) 382
Grimm 2002 —_ 2.76 (1.28, 5.95) 192
Smit 2006 I < $» 6.90(1.70,28.01) 0.74
Sesselberg 2007 | —.— 3.11(229,4.22) 457
Alsheikh 2008 —o— 1.15(0.82, 1.61) 433
Budeus 2008 —_rt 0.97 (0.61, 1.54) 342
Poole 2008 A 1.23(0.90, 1.68) 453
Borleffs 2010 —_—— 1.20 (0.60, 2.40) 221
Kreuz 2010 o 1.02(0.65, 1.60) 351
Francia 2010 —_— 0.70 (0.25, 1.96) 1.24
Verma 2010 —“‘—— 1.31(0.87, 1.97) 380
Van Gelder 2011 —_— 0.96 (0.43, 2.14) 1.81
Smith 2011 |—o— 1.50 (1.04, 2.16) 411
Deneke 2011 :  —— 2.90 (1.74, 4.83) 312
Hage [1] 2013 —_— 0.96 (0.42, 2.19) 174
Levine 2014 e — 1.65(0.87, 3.13) 244
Sood 2014 + 1.39(1.00, 1.93) 439
Sjoblom 2015 —— 1.13(0.80, 1.60) 427
Darma 2015 —— 1.90 (1.14,3.17) 312
Chichareon 2015 —— 170 (0.72, 4.01) 1.64
Lee 2015 —— 1.61(1.17,222) 447
Subtotal (I-squared = 63.8%, p = 0.000) (} 1.50 (1.26, 1.78) 65.22
" I
Primary/Secondary Prevention :
Robin 2006 —— 1.24 (0.83, 1.85) 385
Bhavnani 2010 — 1.04(0.73, 1.48) 421
Chemello 2010 o : 0.52(0.20, 1.35) 1.40
Kreuz 2011 —_— 0.86 (0.45, 1.64) 240
Brullmann [2] 2012 —_— 1.06 (0.50, 2.25) 1.98
Theuns 2012 : —_—— 5.70 (1.80, 18.05) 1.03
Brullmann [1] 2012 —— 1.34(1.09, 1.65) 533
Seegers 2016 -o:— 1.34(1.05, 1.71) 5.05
Subtotal (I-squared = 46.7%, p = 0.069) <> 1.21(0.98, 1.50) 25.26
p I
Overall (-squared = 59.2%, p = 0.000) & 1.44 (1.27, 1.64) 100.00
NOTE: Weights are from random effects analysis :

I | | |

25 5 1 2 4
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Figure 27. Subgroup analysis for inappropriate shocks performed based on prevention

type

%

Author Year Effect Estimate (95% Cl) Weight
Secondary Prevention I
Rienstra 2007 ———— 6.36 (2.21, 18.30) 2.35
Subtotal (I-squared =.%, p=".) e 6.36 (2.21,18.30) 2.35
1
Primary/Secondary Prevention i
Bhavnani 2010 —r 1.61(1.11,2.34) 965
Chen 2013 —_— 3.53(1.23,10.13) 2.36
Desai 2010 L 2.50(1.86,3.36) 11.51
Nagai 2010 — 3.70(1.52,9.01) 3.14
Sandgren 2015 ; 3.40(1.32,8.76) 284
Tenma 2015 —— 1.61(1.06,2.45) 8.65
VanRees 2011 — 2.00(1.50,267) 11.72
Subtotal (I-squared = 28.9%, p = 0.208) <{> 2.11(1.71,2.59) 49.87
I
Primary Prevention ':
Borleffs 2010 —_—— 2.90(1.70,4.95) 6.58
Buber 2013 —— 1.90(1.05,3.44) 576
Daubert 2008 — 2.90(1.65,5.10) 6.15
Gronefeld 2000 — 2.30 (1.20,4.41) 5.07
Kreuz 2010 - 1.42(0.58,3.48) 3.1
Poole 2008 — 1.72(1.24,2.39)  10.71
Smit 2006 T 3.52(0.33,37.55) 0.53
Sood 2014 —— 1.22(0.75,1.98) 7.36
Van Gelder 2011 e 0.69 (0.25,1.90) 252
Subtotal (I-squared = 37.7%, p = 0.117) Q 1.86 (1.43,2.41) 47.78
. I
Overall (I-squared = 40.3%, p = 0.044) O 2.05(1.72,2.44) 100.00
I
NOTE: Weights are from random effects analysfs !
%5 1 2 4

Cumulative meta-analysis for the year of publication showed an apparent effect

consistency over time (Figures 28-29); meta-regression analyses using the baseline

risk, age, and follow-up duration as covariates showed no statically significant results.
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Figure 28. Cumulative meta-analysis for appropriate therapies (year of publication,

betas presented)

Author Year Effect Estimate (95% Cl)
Gronefeld 2000 —— 1.37 (1.11, 1.68)
Grimm 2002 —— 1.32 (1.06, 1.65)
Klein 2006 D —— 1.39 (1.16, 1.67)
Robin 2006 —_—— 1.37 (1.20, 1.56)
Smit 2006 —_— 1.44 (1.24, 1.66)
Rienstra 2007 —_— 1.38 (1.20, 1.58)
Sesselberg 2007 —— 1.43 (1.24, 1.66)
Alsheikh 2008 1.15(0.82, 1.61)
Budeus 2008 —_— 1.20 (1.04, 1.38)
Poole 2008 —_— 1.36 (1.18, 1.56)
Bhavnani 2010 _— 1.10 (0.86, 1.40)
Borleffs 2010 —_— 1.11 (0.88, 1.39)
Chemello 2010 —— 1.17 (1.02, 1.35)
Francia 2010 —— 1.27 (1.02, 1.58)
Kreuz 2010 —_—— 1.36 (1.15, 1.62)
Verma 2010 —_—— 1.44 (1.27, 1.64)
Deneke 2011 —— 1.30 (1.04, 1.62)
Kreuz 2011 —— 1.33(1.13, 1.58)
Smith 2011 —_—— 1.44 (1.25, 1.65)
Van Gelder 2011 —— 1.45 (1.27, 1.65)
Brullmann [1] 2012 —_— 1.23 (1.06, 1.44)
Brullmann [2] 2012 —— 1.22 (1.05, 1.42)
Theuns 2012 —— 1.46 (1.27, 1.67)
Hage [1] 2013 —— 1.35(1.10, 1.65)
Hage [2] 2013 —— 1.37 (1.13, 1.66)
Levine 2014 —— 1.37 (1.18, 1.59)
Sood 2014 —— 1.44 (1.26, 1.64)
Chichareon 2015 —_—— 1.19 (1.03, 1.36)
Darma 2015 —_— 1.21 (1.03, 1.42)
Lee 2015 —_— 1.36 (1.16, 1.59)
Sjoblom 2015 —— 1.42 (1.23, 1.63)
Seegers 2016 —— 1.37 (1.22, 1.54)
T T T I T T
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Figure 29. Cumulative meta-analysis for inappropriate shocks (year of publication,

betas presented)

Author Year Effect Estimate {(95% Cl)
Gronefeld 2000 2.30(1.20, 4.41)
Smit 2006 —_— 237 (1.27,4.44)
Rienstra 2007 ———> 3.30(1.65,6.59)
Daubert 2008 —_— 298 (2.02,4.41)
Poole 2008 —_— 249 (1,65, 3.74)
Kreuz 2010 e 2.29 (1.60, 3.28)
Desai 2010 —_— 2.31(1.78, 3.00)
Nagai 2010 —_— 2.38 (1.85, 3.06)
Bhavnani 2010 —_— 223 (1.76, 2.82)
Borleffs 2010 — 2.29 (1.84,2.84)
Van Gelder 2011 — 2.20(1.72, 2.80)
Van Rees 2011 — 2.16 (1.76, 2.64)
Chen 2013 — 219 (1.79, 2.67)
Buber 2013 — 2.16 (1.80, 2.60)
Sood 2014 — 2.07 (1.71, 2.50)
Sandgren 2015 —_ 2.10 (1.75, 2.53)
Tenma 2015 — 2.05(1.72,2.44)
T T T T

1.3 Discussion
In the present systematic review and meta-analysis of the currently available evidence

base, we comprehensively assessed in a structured and unbiased fashion the putative
association between prevalent AF and the three most important clinical outcomes (all-
cause mortality, appropriate and inappropriate ICD interventions) in HF patients with
an ICD implanted either for primary or for secondary prevention of SCD. We assessed
62 published study reports on 63 populations with 2011 as the median publication year,
a median sample size of 388 participants per study, and almost half of the included
studies assessing the association prospectively or within a nested RCT framework. The
assessed studies included populations with HFrEF of diverse underlying HF etiology,
and an ICD, while studies with exclusive use of CRT-D were excluded. Overall, across
>200,000 study participants and at least 17,000 deaths, 2,000 appropriate 1CD
therapies, and 800 inappropriate shocks, we observed that AF, with a median
prevalence of 26% in the scrutinized populations, was significantly associated with all
studied patient-important clinical outcomes. No statistically significant moderators or

modifiers were identified among the clinical attributes considered or study-level
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characteristics, apart from a contribution of CRT-D to all-cause mortality in relation to
AF. The negative impact of prevalent AF on all-cause mortality has been demonstrated
in previous meta-analyses assessing either the general population (88) or HF patients
(123, 341); an increase of about 40-50% and 30-40% in mortality in the general
population and HF patients respectively has been previously reported (88, 102, 123,
341). These findings are consistent with the present meta-analysis which is the only
available so far focusing exclusively on HFrEF patients with an ICD. At the individual
study level, studies that assessed the independent effect of AF on mortality in HF
patients yielded controversial results; some studies showed an independent deleterious
effect of AF on mortality (94, 342) while others reported that AF was not independently
associated with mortality but was merely a marker of HF severity (343). These
controversies may be attributed to differences in population characteristics, medications
used and HF disease phenotypes in these studies. Our subgroup and sensitivity analyses
could not contribute to the robust identification of effect modifiers. Thus, only a meta-
analysis of individual patient data could further alleviate this knowledge gap. Although
we postulate that our population of HFrEF patients with ICD would be at higher risk
for SCD than other HFrEF patients, cause-specific mortality could not be assessed due
to data unavailability. A recent wider-scope meta-analysis demonstrated a significantly
increased risk of SCD in AF patients with various types of cardiovascular disease and
in the general AF population (102). A recent meta-analysis analyzed the all-cause
mortality and appropriate shock therapy among AF and sinus rhythm patients who
received ICD for either primary or secondary prevention and all-cause mortality among
AF patients with ICD versus guideline directed medical therapy (344). Specifically, the
authors showed that AF patients with ICD had significantly higher risk of all-cause
mortality compared to sinus rhythm patients with ICD [OR: 1.89 (1.65-2.15), p<0.001]
(344). However, the most interesting finding of the study was that all-cause mortality
rates of AF patients that were treated with guideline directed medical therapy (while
they had an indication for ICD implantation) was comparable with AF patients with an
ICD implanted [OR: 0.70 (0.46-1.07), P=0.10] (344). Furthermore, the presence of AF
was found to significantly associated with higher risk of appropriate ICD interventions
[OR: 1.77 (1.47-2.13), p<0.001] (344). Analysis of patients in the AVID trial showed
that AF/ atrial flutter is a significant independent risk factor for increased mortality in
patients presenting with ventricular tachyarrhythmias (345). The possible reasons of the

adverse impact of AF could be: development and progression of HF, treatment with
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antiarrhythmic drugs (proarrhythmic effect), thromboembolic events while the
increased incidence of ventricular arrhythmias in AF patients can be attributed to shared
risk factors, increased sympathetic tone, and hemodynamic changes (344).

Incident ICD therapies (appropriate and inappropriate) in HF patients have been
associated with worse prognosis (216, 346, 347). The present meta-analysis is the first
to propose that AF confers an increased risk for both appropriate (i.e. 45%) and
inappropriate (i.e. 113%) ICD therapies in HFrEF patients. The available evidence on
the association of AF and appropriate ICD therapies is characterized by controversy;
half of the studies included in this meta-analysis had demonstrated a lack of association,
while the remaining half had shown a statistically significant association. This was even
further accentuated in an analysis including studies with adjusted data on appropriate
ICD therapies. Whether AF may be related to a ventricular pro-arrhythmic effect or to
a worse HF patient profile that may be accompanied by increased incidence of
ventricular arrhythmias and ICD interventions has not been clarified. It has been
suggested that AF may facilitate the induction of ventricular arrhythmias through
various mechanisms including a reduced ventricular refractoriness due to rapid
ventricular rate (348), the presence of short-long-short sequences caused by the inherent
irregularity of the cardiac rhythm (349), other hemodynamic changes or increased
sympathetic tone. Also, irregular ventricular depolarization increases heterogeneity of
repolarization and susceptibility to ventricular arrhythmias. More importantly, the
effect magnitude of the association between mortality and AF in HFrEF patients with
ICD is similar to that of the association between appropriate ICD interventions and AF.
Despite the similar numbers in relative risk reduction for these two outcomes, the
absolute rates of mortality and appropriate ICD therapies in populations in whom both
outcomes were studied, were quite different (73, 323, 350). Whether this may partly
explain the increased mortality rate associated with AF in this population is not known
due to lack of available data.

In the assessed evidence base, there appears to be consistency among studies
assessing the association of AF with an increased risk of inappropriate ICD shocks.
This increased risk of inappropriate interventions associated with AF appears to be
greater compared to the mortality risk associated with AF both in the pooled analysis
and at the individual study level. This is also reflected on the absolute rates of mortality
and inappropriate ICD therapies reported in previous studies (230, 351-353).

Inappropriate therapies, irrespectively of the cause, have been previously shown to be
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related to increased mortality (216, 217, 230, 354). Repetitive cardiac injuries following
therapies especially in patients with very low cardiac function could be detrimental
(355, 356) and may be a pathophysiological substrate underlying the suggested
association of inappropriate therapies and mortality in AF patients. However, there has
been no evidence of a direct link between the increasing inappropriate ICD therapies
due to AF and the increased mortality in AF patients; only a single study has
demonstrated that inappropriate shocks triggered by AF were significantly associated
with a worse prognosis compared with shocks caused by lead failure (323).

During the current effort, we examined various parameters defined a priori as
potential effect modifiers. No statistically significant differences between subgroups or
statistically significant results in the performed meta-regression analyses were
observed, apart from the CRT-D. The effect of AF on mortality appeared to be
significantly lower in studies that included fewer patients with CRT-D (27% vs 55%
relative effect reduction). Differences in population, such as a lower risk profile in non-
CRT patients may explain these differences. Furthermore, the presence of AF in
patients with CRT may cause less efficient biventricular pacing, reduce the expected
benefit and increase the relative mortality risk. Separate consideration of ATP and ICD
shocks, as well as, the identification of incident AF, are only a few of the various other
important clinical parameters that were not included in the assessed studies and could
play an important role in unraveling effect differences based on patient characteristics.

Assuming that the observed effect related to the history of AF is true, AF
prevention rises as a strategy of importance in HFrEF patients with ICD.
Antiarrhythmic medications and CA of AF could assist the effort to maintain SR in ICD
recipients and thus prevent the occurrence of ICD interventions (357). Most recently,
in a randomized controlled trial assessing a population of HFrEF with an ICD, treatment
of AF with CA vs. amiodarone achieved a lower rate of AF occurrence and a significant
decrease in mortality (358). On the other hand, strategic ICD programming in patients
with a history of AF may reduce appropriate and inappropriate ICD shocks (359).
Modern ICD devices have implemented enhanced discrimination algorithms and new
strategies for arrhythmia detection and management that have been shown to reduce the
incidence of inappropriate shocks (235, 236, 318, 347, 360).
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1.4 Limitations

We acknowledge that due to the nature of the clinical research question posed and the
assessment of AF as the exposure under study, randomized evidence could not be
included in our evidence base. However, of the available observational evidence, a
substantial proportion pertained to either prospective cohort studies or RCT-nested
studies; moreover, we detected no inconsistencies among various study types. Exposure
definition was not clearly reported in the included studies; the process of AF
ascertainment was frequently omitted from the published reports and information of the
type of AF was missing from the majority of the studies. Data unavailability was also
an important limitation regarding our subgroup, sensitivity and meta-regression
analysis. The main reason of the data unavailability can be attributed to the fact that
most of the included studies were designed to answer a different clinical question than
the measured outcome. However, this shortcoming is common in all evidence synthesis
approaches and can only be tackled through a meta-analysis of individual participant
data. Information bias, including publication bias and selective reporting bias, is
another concern when dealing with clinical data. Despite the fact that selective reporting
can never be excluded, funnel plots and selective reporting diagnostics did not raise

substantial concerns.

1.5 Conclusions
In the present systematic review and meta-analysis of the currently available evidence

base, history of AF was associated with a worse prognosis in HFrEF patients with an
ICD implanted either for primary or secondary prevention. Patients with a history of
AF had a higher risk of all-cause mortality, appropriate ICD interventions and
inappropriate ICD shocks. These findings appeared to be consistent irrespective of
study- or patient-related characteristics, except for the use of CRT-D; the effect of AF
on mortality appeared to be significantly lower in studies that included fewer patients
with CRT-D. Further research is needed to prove whether AF may have an independent
harmful effect on HF prognosis or may simply be a marker of advanced HF. Towards
that end, better characterization and detailed phenotyping of HF patients with an ICD
is needed; this approach would allow identification of HF patients who would benefit

from close surveillance of AF prevention and probably also aggressive rhythm control.
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2. Clinical question 2: Patients with HFrEF and an ICD implanted either for primary
or for secondary prevention; is there an association between
appropriate/inappropriate ICD therapies with all-cause mortality?

2.1 Methods
In order to answer the above clinical question we used the methodology of meta-

analysis (333).

2.1.1 Search Strategy
We systematically searched MEDLINE (by using PubMed Web-based search

engine) until 30 September 2017, without year or language restriction or any other limit.
We used the keyword “defibrillators”. Furthermore, the reference lists of all included
studies were searched to trace more relevant articles, and the relevant review articles

and their references were checked.

2.1.2 Study Selection
We included studies of HF patients who received an ICD either for primary or

secondary prevention, and also provided adjusted data about the association between
ICD interventions and all-cause mortality. ICD interventions were defined as ATP or
shocks. An appropriate ICD intervention was defined as an ICD discharge which
occurred because of a fatal arrhythmia (VF or VT); an inappropriate ICD intervention
was defined as an ICD discharge occurring for a reason other than VT or VF. Two
criteria were used to classify HF patients: mean EF <40% and cardiomyopathy (the
presence of ischemic cardiomyopathy, DCM or valvular heart disease was present in
more than 85% of the total population).

Exclusion criteria included: i) patients <18 years old; ii) no HF patients meeting
the above criteria; iii) only CRT or CRT device patients; iv) electrical storm; v)
unacceptable definition of appropriateness of the ICD treatments; vi) studies which

provided unadjusted data only.

2.1.3 Data Extraction
The information extracted from each study included: i) publication details (first

author’s last name, journal, year of publication); i1) general characteristics of the study
(country of origin, study design, single or multi-center, enrollment period, follow-up
duration, number of patients included); iii) characteristics of the study population (age,
gender, type of cardiomyopathy, LVEF, NYHA HF classification, history of AF, QRS
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duration, type of CRT device, mean GFR, mean creatinine level); and iv) the results
reported in the study (adjusted HR or RR with 95% CI) regarding the impact of ICD
interventions on all-cause mortality in HF patients.

2.1.4 Statistical Analysis
Data were analyzed using Review Manager software (RevMan, version 5.3;

Oxford, UK). An adjusted HR or RR for the impact of ICD interventions on all-cause
mortality was used in the analysis. Moreover, we performed a separate analysis for the
impact of ATP on all-cause mortality in HF patients.

The statistical heterogeneity of the study was assessed using the 12 index. We
considered low, medium, and high heterogeneity to have approximate values: 25% (1%=
25), 50% (12= 50), and 75% (1>= 75), respectively (361). Funnel plots were constructed
using RevMan software to assess publication bias. Random effect models were utilized
in the analysis because they provide a more conservative estimate of the overall results.

Funnel plots showed no significant publication bias.

2.1.5 Quality Assessment
The Newcastle—Ottawa Quality Assessment Scale (NOS) was used for quality

assessment of the included studies (362). The NOS point score system evaluated the
categories of study participant selection, comparability of the results, and quality of the
outcomes. The following characteristics were assessed: a) representation of the exposed
cohort; b) selection of the non-exposed cohort; ¢) ascertainment of exposure; d)
demonstration that outcome of interest was not present at the start of study; e)
comparability of cohorts based on study design or analysis; f) assessment of outcomes;
g) follow-up periods that were sufficiently long for outcomes to occur; and h) adequacy
of follow-up of cohorts. This scale ranged from 0 to 9 stars, which indicated that studies
were graded as poor quality if the score was < 5, fair if the score was 5 to 7, and good

if the score was > 8. All included studies were graded with a score > 5.

2.2 Results
2.2.1 Search Results

Our search strategy returned 17,752 potentially relevant items (Figure 30). Of
these, 17 studies (21,764 patients, mean age: 64.1 years old, 80.1% males) were
included for further analysis (216, 218, 230, 311-324).
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Figure 30. Flowchart of the study

1 dgﬁ:; ;s:;:d; 17601 of records excluded
' : g at the title/abstract level

database searching

134 of full-text articles excluded, with reasons of exclusion:
Not an observational or RCT study (4)

Same cohort with an included study (3)

No data provided (88)

Not HF patients or absence of baseline characteristics (9)

Data about electrical storm (5)

5] Pnilsat ey Not acceptable definition of appropriateness (2)

assessed for eligibility

Unadjusted data provided (23)

17 studies included in
the quantitative
synthesis

The characteristics of each included study are presented in Table 3.
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Table 3. Baseline characteristics of the included studies and point estimate about the
impact of ICD interventions on all-cause mortality in HFrEF patients.

Author/year/ref No. of Age (yrs, Males F/U # of # of
participants mean) (%) (months, intervention pts deaths
mean) (appropriate/
inappropriate)
Almehmadi F, 7020 65 79.7 60.2 1767/N/A N/A
20178
Bhavnani SP, 1245 65 76.7 26.9 128/ 104 324
20107
Denollet J, 201318 589 62.6 81 38.4 med 61/ 28 94
Kleemann T, 1411 66 med 80.8 36 med N/A/ 297 144
201232
Pedersen SS, 371 57.7 79.5 20.4 70/ N/A 25
201010
Poole JE, 2008%° 811 61 7.2 45.5 med 182/ 141 173
Stabile G, 2013% 139 66 77 63 41/ 26 30/ 130
Tandri H, 2006% 1382 62 76 70 421/ N/IA 792
Van Rees JB, 1544 61 79 41 N/A [ 204 298
20115
Van den Broek 591 62.7 80.7 38.3 63/ 30 96
KC, 201124
Verma A, 2010% 421 68 82 25 79/ N/A 46
Weeke P, 20132 1609 65.2 84.2 22.8 126/ 41 194
Streitner F, 2013% 561 68.6 82.9 55.4 74/ 22 136
Larsen GK, 201128 425 64 med 99 41 med N/A 171
Daubert JP, 2008%° 719 64 84.4 20 101/ 83 96
Brullmann S, 936 62 med 84.5 43 393/ N/A 214
2012%
Sood N, 20143 1790 64.4 75.2 39.6 198/95 189

List of abbreviations: F/U: follow-up, N/A: not available, med: median, yrs: years
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2.2.2 Quantitative Synthesis
Our search retrieved 13 studies with data regarding the impact of appropriate ICD

interventions on all-cause mortality. We found that appropriate ICD interventions (ATP
or shocks) were significantly associated with all-cause mortality in HF patients [HR
2.00 (95% CI (1.52-2.63), p<0.01, 1> 88%] (Figure 31A). Furthermore, the quantitative
synthesis of 9 studies showed a statistically significant association between
inappropriate ICD interventions and increased all-cause mortality [HR 1.30 (95% ClI
(1.07-1.58), p<0.01, 12 26%] (Figure 31B).

We found only 2 studies including data on any ICD intervention (appropriate or
inappropriate), with a meta-analysis showing a 2-fold increase on all-cause mortality
[HR 1.98 (95% CI (1.04-3.78), p=0.04, 12 55%] (Figure 31C). Additionally, 3 studies
which included data for both ICD interventions (appropriate and inappropriate) showed
a significant association with all-cause mortality [HR 5.93 (95% CI (2.70-13.03),
p<0.01, 12 74%)] (Figure 31D).

By including only studies that reported data about the impact of appropriate ICD
shocks, we showed that ICD shocks were associated with a higher risk of mortality
when compared to appropriate ICD interventions [HR 2.24 (95% CI (1.70-2.95),
p<0.01, 1> 83%] while inappropriate ICD shocks showed similar results to inappropriate
ICD interventions [HR 1.36 (95% CI (1.14-1.62), p<0.01, 1? 33%].

Interestingly, our data did not show a significant association with all-cause
mortality in patients who received either appropriate ATP [HR 1.27 (95% CI (0.80-
2.02), p=0.30, 1? 62%] (Figure 32A) or inappropriate ATP [HR 1.01 (95% CI (0.49-
2.07), p=0.98, 1% 46%] (Figure 32B).
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Figure 31 A. Effect of appropriate ICD interventions on all-cause mortality. B. Effect of inappropriate ICD interventions on all-cause mortality.
C. Effect of any ICD interventions (appropriate or inappropriate) on all-cause mortality. D. Effect of both ICD interventions (appropriate and

inappropriate) on all-cause mortality.
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Figure 32. A. Effect of appropriate ATP on all-cause mortality. B. Effect of inappropriate ATP on all-cause mortality.
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2.2.3 Subgroup Analysis
2.2.3.1 Primary Prevention Patients

Our search retrieved 6 studies with data for patients who received an ICD for
primary prevention. We found that appropriate ICD interventions in that population
were significantly associated with all-cause mortality [HR 2.29 (95% CI (1.54-3.39),
p<0.01, 12 85%)] (Figure 33A). By contrast, patients who received inappropriate ICD
interventions did not show a significant association with mortality [HR 1.53 (95% ClI
(0.93-2.53), p=0.09, 1?2 64%] (Figure 33B). In addition, patients who received both
appropriate and inappropriate ICD interventions had a 6-fold higher risk of mortality
[HR 6.17 (95% CI (1.76-21.67), p=0.005, 1?> 85%)] (Figure 33C). Appropriate and

inappropriate ATP were not significantly associated with all-cause mortality.

Figure 33. Primary prevention patients. A. Effect of appropriate ICD interventions on
all-cause mortality. B. Effect of inappropriate ICD interventions on all-cause mortality.

C. Effect of both ICD interventions (appropriate and inappropriate) on all-cause

mortality.
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2.3 Discussion
Our data showed a significant positive association between ICD interventions

or shocks and all-cause mortality in patients with HFrEF. It should be noted that the
association between ICD shocks and mortality does not prove causation and the
results should be interpreted in this context. However, ATP, whether appropriate or
inappropriate, was not a significant factor associated with all-cause mortality.

Human and experimental studies have demonstrated the causative role of ICD
shocks in myocardial injury (219, 363). Moreover, ICD shocks were shown to
transiently impair cardiac function and hemodynamics, especially in patients with
impaired systolic function (364). Blendea et al. showed that troponin-T elevation after
ICD discharge was an independent risk factor for all-cause mortality (223). Renal artery
and coronary stent thrombosis after inappropriate shocks have also been reported (365,
366).

A recent meta-analysis which included HF patients showed a significant
increase in all-cause mortality rates in patients who received inappropriate [HR 1.55
(1.29 - 1.86)] or appropriate shocks [HR 1.84 (1.43- 2.35)] compared to “no shock”
patients (367). Furthermore, the mortality risk associated with appropriate shocks was
not significantly different (P > 0.20) from the mortality risk associated with
inappropriate shock (367).

A recent study including 69,000 ICD patients showed that mortality rates were
higher in ICD patients who received only ATP compared to no therapy, while ICD
patients who received a shock had a higher mortality compared to both groups (368).
Larsen et al. showed that patients who received ATP therapy only had no significant
increase in the risk of death compared with no therapy patients [HR 0.73 (0.34-1.57)]
(319). However, the same study showed a significant increase in the risk of death in
patients who received shocks only compared with those patients who did not receive
shocks [HR 1.55 (1.07 - 2.23)] or did not receive any ICD treatment [HR 1.55 (1.06 -
2.26)] (319). Similar results were demonstrated by a MADIT 11 post-hoc analysis (320).

Interestingly, data from a large registry suggest that age, gender, device type,
atrial fibrillation burden, and rate of arrhythmia do not change the trend of higher
mortality in patients receiving ICD shock compared to ATP alone (368). However, the
negative impact of shocks can be influenced from baseline characteristics. For example,
Bhavnani et al. showed that recipients with EF < 35% who received appropriate shocks
had a lower all-cause mortality [HR 1.66 (1.17 - 2.30)] than those who had EF > 35%
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who received appropriate shocks [HR 4.11 (1.69 - 10.03)] (311). Additionally, Streitner
et al. showed that primary prevention patients with ischemic cardiomyopathy who
received appropriate shocks had a significant increase in all-cause mortality [HR 1.99
(1.12 - 3.54)], while patients with DCM who received appropriate shocks revealed no
significant association on all-cause mortality [HR 0.94 (0.32 - 2.8)] (218). However, a
recent study showed that the occurrence of appropriate ICD shock or ATP in patients
with secondary prevention 1ICDs was associated with similar magnitudes of mortality
risk as those with primary prevention ICDs (324).

Furthermore, the type of causative arrhythmia (VT or VF) was shown to play a
key role in the increased risk of death. ICD patients who received a shock for
monomorphic VT had an increased risk of death [HR 1.35 (1.01 - 1.81)] compared to
those who received a shock for polymorphic VT or VF (369). Moreover, the factor
causing the inappropriate ICD intervention can influence the risk of death in patients.
Kleemann et al. showed that inappropriate shocks resulting from AF were
independently associated with a worse prognosis [HR 1.44 (1.03 - 2.03)] (323). By
contrast, shock deliveries caused by lead failure were not associated with an increased
mortality [HR 0.99 (0.55 - 1.80)] (323). Additionally, the ALTITUDE study showed
that only shocks for AF/atrial flutter were associated with an increased risk of death
[HR 1.61 (1.17 - 2.21)] since there was no significant difference in survival for patients
who received a shock for sinus tachycardia/supraventricular tachycardia [HR 0.97 (0.68
- 1.37)], noise/artifact/oversensing [HR 0.91 (0.50 - 1.67)], or non-sustained
arrhythmias [HR 2.17 (0.86 - 5.70)] compared to the no shock group (369). Bhavnani
et al. also showed that shocks for induced arrhythmias at the time of noninvasive
electrophysiology study have also been compared to appropriate shocks for VT/VF, and
were not associated with an increased risk of mortality (311). These findings indicate
that appropriate and inappropriate shocks are markers of sicker patients with more co-
morbidities rather than the cause of the worse prognosis in these patients. This aspect
may also be supported by the results of the Shockless Implantation Evaluation
(SIMPLE) trial which showed that defibrillation testing had no impact on the measured

outcomes (370).
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2.4 Limitations
The included studies in this meta-analysis were observational while two of them had a

retrospective design. Furthermore, we included only studies with adjusted data about
the measured outcome. Studies that sought for independent predictors of mortality
using multivariate analysis but provided no adjusted data for ICD interventions because
of non-significant results in univariate analysis, were excluded. Therefore, our results
may have overestimated the measured outcome. Moreover, most of the included studies
did not provide enough data about significant clinical parameters of the studied
population and therefore our results may have been influenced by unmeasured
confounders. The observed heterogeneity in our analyses was not assessed with a meta-
regression analysis to identify potential effect modifiers while the small number of the
included studies and the mixed populations that were included did not permit a
subgroup analysis based on the indication of ICD implantation (primary versus
secondary prevention) or the percentage of patients with a CRT-D implanted. These
factors may have significantly modified the effect estimate. Furthermore, we could not
assess the impact of ICD interventions based on the cause of intervention
(monomorphic/polymorphic VT, fast/slow VT or VF for appropriate ICD interventions
and atrial tachyarrhythmias, artifacts, lead problems etc for inappropriate ICD
interventions). Recent data suggest that the cause of intervention may have an impact
on the association of ICD interventions with all-cause mortality (371). Specifically, it
was found that fast ventricular arrhythmias is a marker for increased mortality rather
than ICD therapy (ATP or shock) directly contributing to increased risk. Furthermore,
ICD shocks or ATP were not associated with increased mortality if rendered for slow
ventricular arrhythmias and supraventricular tachycardia (371). Moreover, the number
of ICD interventions may modify the association between ICD interventions and
mortality.(372) However, we could not proceed with subgroup analysis regarding the
number of ICD interventions because of lack of data in the included studies.

As a result, our findings should be interpreted with caution mainly because the cause

of ICD interventions and the number of interventions were not further examined.

2.5 Conclusions
In conclusion, appropriate and inappropriate ICD interventions or shocks were

significantly associated with increased mortality in patients with HFrEF, although such

an association was not found for ATP therapies. Further research is needed to
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investigate whether shocks (appropriate and/or inappropriate) are the cause of the worse
prognosis or only indices of greater HF severity and worse overall health in these

patients.
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3. Clinical question 3: HF patients undergoing AF catheter ablation procedure; could
we identify predictors of AF recurrence?

3.1 Methods
Our study included HF patients with EF< 50% who underwent AF catheter ablation at

our department between January 2010 and March 2017. The patients were
anticoagulated using acenocoumarol with a target international normalized ratio of 2.0—
3.0 or direct oral anticoagulants at least 4 weeks before and 3 months after the
procedure. All patient underwent echocardiography exam before the ablation
procedure. The LVEF was estimated with both visually estimation and quantitative
biplane Simpsons measurements. CA was performed under intravenous sedation with
midazolam and remifentanyl by two experienced operators (M.E. and K.P.L).
Following a single transseptal puncture, the three-dimensional geometry of the left
atrium was reconstructed using the CARTO 3 navigation system (Biosense Webster,
Inc., Diamond Bar, Calif., USA). Wide circumferential lesions for isolation of large
atrial areas around both ipsilateral PVs (PV antral isolation) were applied using a
3.5-mm tip ablation catheter (Thermo Cool Navi-Star, Biosense Webster, Inc.,
Diamond Bar, Calif., USA). Circumferential ablation was performed on the posterior
wall >2 cm and on the anterior wall >5 mm away from the defined PV ostia. The
endpoint of ablation was the absence or dissociation of potentials in the isolated area as
documented with the circular mapping catheter (Lasso, Biosense Webster, Inc.,
Diamond Bar, Calif., USA). When PV conduction was still present following wide
circumferential lesions around both ipsilateral veins, both PVs were mapped
sequentially by the circular mapping catheter to localize the earliest PV potentials.
Based on the earliest PV potentials recorded by the circular mapping catheter, RF
energy was reapplied to close the conduction gap. If we could not terminate AF to SR
or AT after wide circumferential PV-LA junction ablation, we ablated all the low-
voltage areas (<0.4 mV) annotated during high density mapping which had at least one
of the interesting aforementioned electrograms. Our goal was AF termination defined
as conversion to SR or a stable AT (373) and to eliminate all these areas having
fractionation, activation gradient, firing and dispersion of fractionation. We performed
linear ablation only when AF converted into mitral, roof or right isthmus flutter. A
bidirectional block across linear lesions was verified by established criteria (374, 375).
If the mechanism of AT was localized reentry, we mapped and ablated the critical
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isthmus of the reentrant tachycardia (376). At the end, if we could not terminate AT to

SR, we performed electrical cardioversion.

3.1.1 Post-ablation care and follow-up
Patients were hospitalized for the next 24hrs after CA. After ablation procedure, all

patients were submitted to transthoracic echocardiography in order to exclude
pericardial effusion. Oral anticoagulants were administered 3 hours after CA and
continued for 2 months or longer, based on CHA2DS2-VASc score. Antiarrhythmic
drugs, except amiodarone, were discontinued five days before the ablation procedure
and were re-initiated on the next day only in patients with non-paroxysmal AF for 3
months after the procedure. Amiodarone was discontinued for 4 weeks before the
procedure to allow enough time for wash out while non-paroxysmal AF patients were
reloaded after the procedure. 24hrs or 48hrs Holter recordings and 12-lead
electrocardiograms were performed in all patients at 1, 3, 6, 9- and 12-months post-
ablation and every 6 months thereafter. In cases of symptoms occurrence (such as
palpitations), patients were instructed to perform a 12-lead electrocardiogram and 24-
Holter recording. Recurrence was defined as documented symptomatic or
asymptomatic AF or AT episodes lasting >30 sec following the 3-month blanking
period. Recurrences were treated with anti-arrhythmic drugs and/or cardioversion if

needed.

3.1.2 Statistical analysis
Continuous variables were presented as mean values + standard deviation, while

categorical ones were presented as absolute and relative frequencies (percentages).
Continues variables were tested for normal distribution using the Kolmogorov-Smirnov
test. Continuous variables with and without normal distribution were compared using
Student’s t-test or the Mann-Whitney U test, respectively. Pearson’s chi-square or
Fisher’s exact test were used to test for any associations between two categorical
variables. We examined univariate models and multivariate models with forward
selection of variables per likelihood ratio criteria. Analyses were done with SPSS
(version 17.0, SPSS Inc., Chicago, IL, USA) and all reported p -values are two-tailed.
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3.2 Results
The study enrolled a total of 38 patients with reduced EF (< 50%) (mean age: 54.1 £

12.2 years old, 28 (73.7%) males, mean EF: 38.2 = 6.3%). The baseline characteristics
of patients are shown in Table 4. Of the total population, 16 patients (42.1%) underwent
CA for paroxysmal AF and 22 (57.9%) for non-paroxysmal AF. There were no
procedure-related complications. The mean duration of the procedure was 191.6 + 29.3

min and the mean fluoroscopy time was 16.4 + 4.98 min.
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Table 4. Baseline characteristics of the 38 patients included in this study.

Variable
Follow-up (months) 39.05 +£20.83
Age (mean + SD) 54.1+12.2
Males [n (%)] 28 (73.7)
BMI (mean + SD) (kg/m?) 29.2+53
Type AF
Paroxysmal [n, (%)] 16 (42.1)
Persistent [n, (%)] 22 (57.9)
Early AF recurrence [n, (%)] 6 (15.8)
Creatinine levels (mg/dl) 0.82+0.23
Hypertension [n, (%)] 20 (52.6)
Diabetes mellitus [n, (%)] 8(21.1)
Dyslipidemia [n, (%)] 8(21.1)
Coronary artery disease [n, (%)] 8 (21.1)
Duration of history of AF (years) 5.0+4.45
MEDICATIONS
AADs before AF ablation
Amiodarone [n, (%)] 8(21.1)
b-blockers [n, (%)] 36 (94.7)
AADs after AF ablation
Amiodarone [n, (%)] 4 (10.5)
b-blockers [n, (%)] 18 (47.4)
Anticoagulation
Acenocoumarol 20 (52.6)
Dabigatran 4 (10.5)
Apixaban 6 (15.8)
Rivaroxaban 8 (21.1)
ECHOCARDIOGRAPHY
LAd (mm) 436+45
LVEF [n, (%)] 382+6.3
IVSd (mm) 9.1+1.01
LVEDD (mm) 47.9+4.82
PWD 9.32 + 0.66
PROCEDURAL CHARACTERISTICS
Procedure time (min) 191.6 +29.3
Fluoroscopy time (min) 16.4 +4.98

Radiation dose (mGy/m?)

2532.8 + 1450.9

List of abbreviations

AF: atrial fibrillation; BMI:
body mass index; AADs: anti-
arrhythmic ~ drugs;  ACEL:
angiotensin converting enzyme
inhibitor; ARB: angiotensin Il
receptor blocker; LAd: left
atrial diameter; LVEF: left
ventricular ejection fraction;
IVSd: intraventricular septum
thickness at systole; LVEDD:
left ventricular end diastolic
diameter; PWD: posterior wall
thickness
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After a mean follow-up period of 38.2 + 33.6 months (ranged from 5 to 92
months), 28 patients (73.7%) were free from late arrhythmia recurrence (Table 5). Sinus
rhythm was maintained in 12 (75%) and 16 (72.7%) patients with paroxysmal AF and
non-paroxysmal AF, respectively. During the blanking period, which was defined as
the 3-months period after ablation procedure, 6 (15.8%) patients presented with early
arrhythmia recurrence. Univariate analysis revealed that early arrhythmia recurrence
during the blanking period (p=0.027) and amiodarone medication before the procedure

(p=0.002) were statistically significant predictors of late arrhythmia recurrence.
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Table 5. Baseline characteristics of the included patients stratified by late AF recurrence following a

single catheter ablation procedure.

Characteristics

Age

Male gender

BMI

Paroxysmal AF

AF duration (years)

Early recurrence

Hypertension

Diabetes mellitus

Dyslipidemia

Coronary artery disease
Medication before the procedure
Amiodarone

b-blockers

Medication after the procedure
Amiodarone

b-blockers

Echocardiographic parameters
IvVSd

LVEDD

PWD

LVEF

LAd

Procedure characteristics
Fluoroscopy time (min)

Duration of procedure (min)

Yes (n=10. 26.3%)
55.247.1

10 (35.7%)
29.5+4.0

4 (25%)

6.0+2.58

4 (66.7%)

6 (30%)

2 (25%)

4 (50%)

4 (50%)

6 (75%)

10 (27.8)

2 (50%)

2 (11.1%)

9.4+1.07
46.2+3.43
9.4+0.52
35.2+8.57

43.4+2.55

17.71+5.42

220+29.81

Late recurrence

No (n=28. 73.7%)

53.7+13.6
18 (64.3%)
29.1#5.7
12 (75%)
4.64+4.94
2 (33.3%)
14 (70%)
6 (75%)

4 (50%)

4 (50%)

2 (25%)

26 (72.2%)

2 (50%)

16 (88.9%)

8.93+0.98
48.5+5.15
9.29+0.71
39.29+5.04

43.7145.08

15.86+4.82

181.43+21.72

0.737

1.00

0.856

0.875

0.412

0.027

0.588

0.924

0.100

0.100

0.002

1.00

0.279

0.067

0.209

0.199

0.636

0.087

0.848

0.312

0.003

P-value
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Radiation dose (mGy/m?) 3784.6+£2132.9 2085.7+761.9 0.029

List of abbreviations

AF: atrial fibrillation; BMI: body mass index; AAD: anti-arrhythmic drugs; ACEi: angiotensin converting enzyme
inhibitor; ARB: angiotensin Il receptor blocker; LAd: left atrial diameter; LVEF: left ventricular ejection fraction;
IVSd: intraventricular septum thickness at systole; LVEDD: left ventricular end diastolic diameter; PWD:

posterior wall thickness.

In multivariate analysis, early arrhythmia recurrence (p=0.03) and amiodarone anti-
arrhythmic drug administration (p=0.003) remained independent predictors of late

arrhythmia recurrence (Table 6).

Table 6. Predictors of AF recurrence (multivariate analysis)

OR (95% CI) p-value
Early recurrence 13.35[95% CI (1.29-138)] 0.03
Amiodarone before the 26.3 [95% CI (3.01-229.2)] 0.003

procedure

Moreover, we performed a separate analysis to find predictors of early
arrhythmia recurrence (during the blanking period) (Table 7). Univariate analysis
revealed that treatment with b-blockers before or after ablation and baseline LVEF was
a significant predictor of early arrhythmia recurrence. However, none of the variables
that were significant in univariate analysis remained a significant predictor following

multivariate adjustment.



Table 7. Baseline characteristics of the included patients stratified by early AF

104

recurrence following a single catheter ablation procedure.

Characteristics

Age

Male gender

BMI

Paroxysmal AF

AF duration (years)
Hypertension

Diabetes mellitus
Dyslipidemia

Coronary artery disease
Medication before the procedure
Amiodarone

b-blockers

Medication after the procedure
Amiodarone

b-blockers

Echocardiographic parameters
IvVSd

LVEDD

PWD

LVEF

LAd

Procedure characteristics
Fluoroscopy time (min)
Duration of procedure (min)

Radiation dose (mGy/m?)

Yes (6, 15.8%)
50+8.2

6 (21.4%)
32.5+4.93

4 (25%)
5.0+3.58

4 (20%)

2 (25%)

2 (25%)

2 (25%)

2 (25%)

4 (11.1%)

0 (0%)

0 (0%)

9.33+1.37
45.3+3.14
9.33+0.52
28.7+4.93

43.7+1.03

17+5.37
196.7+33.86

3983+2983.6

Early recurrence

No (32, 84.2%)
54.9+12.7

22 (78.6%)
28.645.19

12 (75%)
5.0+4.64

16 (80%)

6 (75%)

6 (75%)

6 (75%)

6 (75%)

32 (88.9%)

4 (100%)

18 (100%)

9.0+0.95

48.4+4.96
9.31+0.69
40.0+4.75

43.6+4.92

16.2+4.98
190.6+28.84

2260.9+£770.3

P-value

0.375

0.168

0.297

0.217

0.807

0.663

0.587

0.587

0.587

0.587

0.021

1.000

0.021

0.614

0.159

0.929

<0.001

0.572

0.687

0.870

0.261
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List of abbreviations

AF: atrial fibrillation; BMI: body mass index; AAD: anti-arrhythmic drugs; ACEi: angiotensin converting enzyme
inhibitor; ARB: angiotensin Il receptor blocker; LAd: left atrial diameter; LVEF: left ventricular ejection fraction;
IVSd: intraventricular septum thickness at systole; LVEDD: left ventricular end diastolic diameter; PWD:

posterior wall thickness.

Subgroup analysis according to the cause of HF (ischemic vs. non-ischemic)
was also performed. In our study, eight ischemic HF patients and 30 non-ischemic HF
patients (valvular heart disease, DCM and hypertrophic cardiomyopathy) were
included. In those with ischemic HF (mean age: 56 years old, 75% males), 4 patients
(50%) had late AF recurrence whilst 4 patients (50%) remained free from arrhythmia
recurrence during the follow-up period. The patients with AF recurrence were older,
had longer AF duration, higher prevalence of dyslipidemia and thicker posterior wall
diameter that patients without AF recurrence. By contrast, in those with non-ischemic
HF (mean age: 53.6 years old, 73.3% males), six patients (20%) had late AF recurrence
while 24 patients (80%) remained free from arrhythmia recurrence. There were not
significant differences in baseline characteristics between the two groups.

3.3 Discussion
The main findings of the present study are that:

a) a single AF CA procedure is an effective and safe modality in HF patients with AF;
b) after a mean 3.3 years of follow-up, 73.7% of HF patients remained in sinus rhythm;

and

c) early arrhythmia recurrence and the use of amiodarone before the procedure were

significant predictors of arrhythmia recurrence after the blanking period.

CA, when compared to direct current synchronized cardioversion followed by
amiodarone, has been associated with significantly higher one-year rates of SR
maintenance and with improved cardiac function (143). Additionally, patients who
underwent CA were found to have significantly lower mortality, stroke/TIA, and heart
failure hospitalizations compared with patients underwent cardioversion (144). Another
interesting finding is that patients with poorer cardiac function at baseline appear to

benefit most from ablation in terms of cardiac function improvement at 1 year (143).
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The CASTLE-AF trial included HF patients (LVEF<35%) who underwent AF CA or
conventional care. The authors showed that CA led to significant improvement in the
primary composite end point of all-cause mortality and worsening HF with a relative
risk reduction of 38% while LVEF increased by 8% at 5 years of follow-up in the CA
group (146). Recent meta-analyses showed that CA resulted in improved LVEF, cardiac
function, exercise capacity, and quality of life in HF patients with AF compared with
the medical rate control strategy (148-150). Additionally, PVI improves cardiac
function in patients with paroxysmal AF and impaired LVEF (155). Furthermore, in
patients with HF undergoing AF ablation was found that there is an initial short-term
LVEF improvement related to baseline heart rate and a log-term LVEF improvement
related to the rhythm outcome (improved in SR maintenance) (156). The efficacy of
CA in patients with impaired LVEF is better when it is performed early in the natural
history of AF and HF (150). An interesting finding is that patients with and without left
ventricular systolic dysfunction had similar risk for recurrent AF or AT after CA, but
repeat procedures were required more often in those with left ventricular systolic
dysfunction (157). Another study showed that PVI in HF patients was associated with
improved questionnaire score at 6 months, a longer 6-minute-walk distance and a higher

EF compared to patients underwent AV node ablation and biventricular pacing (158).

The success rates of CA for AF differ between published studies. This can be
attributed to different procedure techniques used and the differences in the follow-up
duration. For example, Bhargava et al. reported SR maintenance in 72.6% of patients
(77.6% in paroxysmal AF and 67.2% in non-paroxysmal AF) after a single ablation
procedure during a mean follow-up of 57 + 17 months (138), while Weerasooriya et al.
in a mixed population (paroxysmal AF and non-paroxysmal AF) reported 40%, 37%

and 29% freedom of arrhythmia at 1, 2 and 5 years of follow-up respectively (140).

Interestingly, we identified different predictors of early and late arrhythmia
recurrence. For early arrhythmia recurrence, they were: the use of beta-blockers before
or after ablation and LVEF. By contrast, for late recurrence, they were: use of
amiodarone before the procedure and early arrhythmia recurrence. In other words, none
of the factors significant for early arrhythmia recurrence remained a significant

predictor for late recurrence.
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Moreover, early arrhythmia recurrence is a well-known predictor of late AF
recurrence in both paroxysmal AF and non-paroxysmal AF patients (166, 377-380).
This finding was similarly observed in our study. Early arrhythmia recurrence events
occurring in the initial 2 weeks following PV antral isolation may be related to
inflammation that occurs post-ablation (379). Beyond this period, early arrhythmia
recurrence events, especially when multiple, probably are provoked by PV re-
conduction and other pathophysiological mechanisms of AF (379). Finally, age is a
significant factor which is associated with disease progression in AF (381, 382). Bunch
et al. reported that age was a significant factor in determining outcomes after CA for
AF (383). Furthermore, Kosiuk et al (384) with the DR-FLASH score and Letsas et al
(385) with CHA2DS>-VASc score highlighted the importance of age as an independent
predictor of arrhythmia recurrence after CA. This is partly explicable to age-related
fibrosis leading to conduction abnormalities (386, 387). However, in our study, age was

not differed significantly between patients with and without arrhythmia recurrence.

Our data showed that amiodarone use before ablation is an independent
predictor of late AF recurrence. This finding is attributable to the progression of AF
that occurs during drug trials (388). The presence of congestive HF found to be a
significant risk factor for complications after CA (389). However, the existing data
showed that there is no difference in the risk of complications in patients with and
without HF (157). Together, all of our findings support the notion that early intervention

is needed to AF due to its progressive nature.

3.4 Limitations
The present study has several limitations. Firstly, it is a small single-center study. Due

to the lack of statistical power, separate analyses in patients with mid-range and reduced
EF could not be performed. Secondly, although the baseline characteristics of all
participants, the procedure details and the events during follow-up period were
collected prospectively, the study is retrospective in nature. Thirdly, the follow-up
monitoring for the detection of arrhythmia recurrence was performed via 24hrs or 48hrs
Holter recordings and 12-lead electrocardiograms. Thorough methods of monitoring
(loop recorders, 7-day Holter monitoring) were not applied and the percentage of
recurrence may have been underestimated. Finally, the follow-up was not sufficiently

long to detect the AF recurrence.
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3.5 Conclusions
The main findings of this study are that a) a single AF CA procedure is an effective and

safe modality in HF patients with AF, b) after a mean 3.3 years of follow-up, 73.7% of
HF patients remained in SR, c) early arrhythmia recurrence was a significant predictor

of arrhythmia recurrence after the blanking period.
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4. Clinical question 4: HFrEF patients undergoing CRT; Is there any association of
simple hematological indices with the response to CRT?

4.1 Methods
A retrospective analysis of prospectively collected data in our institution was

conducted. HF patients (ischemic or dilated cardiomyopathy) referred to our hospital
for CRT implantation, between January 2013 to November 2017 were screened. The
inclusion criteria were: 1) NYHA class 11-1V HF despite adequate medical treatment
(i.e. all HF medication classes should be administered provided there were no
contraindications or serious side-effects); 2) chronic left ventricular systolic
dysfunction caused by ischemic or dilated cardiomyopathy (LVEF < 35%); 3) QRS
duration >130 ms; 4) SR or AF patients if after implantation a stable paced rhythm >
95% was maintained; 5) LBBB and 6) comprehensive echocardiographic evaluation at
baseline and 6 months follow-up. Exclusion criteria were: 1) prior pacemaker or ICD;
2) recent (< 6 months) acute coronary syndrome and/or coronary revascularization; 3)
poor echocardiographic window; 4) chronic hematologic disorders or known chronic
inflammatory or autoimmune disorders that may influence the hematological indices;
5) inadequate percentage of paced rhythm (<95%), 6) life expectancy of <1 year due to
non-cardiac diseases and 7) major change in any life-saving medication class during
follow-up.

All patients were at least 18 years old and provided written, informed consent to be
included in the prospective database of the Department for further studies. The study

protocol was approved by the local hospital Ethics Committee.

4.1.1 Definitions
The response to CRT was defined an increase in LVEF >10% or a decrease in LVESV

of >15% at the 6-month follow-up.

4.1.2 Data collection
The following details were extracted: demographic information [age, sex, weight,

height, body mass index (BMI)], clinical (type of HF, history of hypertension, diabetes
mellitus and dyslipidemia, smoking habits, NYHA class, medications),
electrocardiographic parameters [(QRS duration, PR duration, QTc duration,
fragmentation of QRS complex)], echocardiographic parameters (LVEF, LVESV,
LVEDV, left ventricular end systolic diameter (LVESD), left ventricular end diastolic



110

diameter (LVEDD), interventricular septum diameter (IVS), posterior wall diameter
(PWD), left atrial volume (LAV) and diameter (LAD) at end-systole, right ventricular
systolic pressure (RVSP)], and laboratory data [hemoglobin (Hb), hematocrit (Hct),
white blood cells (WBC), platelets (PLT), neutrophil to lymphocyte ratio (NLR),
platelet to lymphocyte ratio (PLR), platelet to neutrophil ratio (PNR), red blood cell
distribution width (RDW), creatinine, lactate dehydrogenase (LDH), total cholesterol,
high density lipoprotein (HDL), low density lipoprotein (LDL), triglycerides] of the
included patients at baseline (before CRT implantation).

4.1.3 Blood samples and echocardiography
Venous blood samples were collected in the morning on the day of CRT implantation

and immediately processed. Blood samples were taken into standardized tubes
containing dipotassium ethylene-dinitro-tetra-acetic acid (EDTA) for complete blood
count. Echocardiographic examinations were performed with GE Vivid 7 (GE
Healthcare, Chalfont St. Giles, United Kingdom) during the last week before CRT
implantation in a standardized manner LVEDV, LVESV, LVEF and LAV were
calculated by a modified Simpson biplane method from apical imaging planes. LAD

was measured in the parasternal long-axis view.

4.1.4 Device implantation
All devices were implanted by experienced operators. All patients received a CRT

device in combination with a cardioverter defibrillator. The implantation was
performed transvenously by using the left subclavian route. A coronary sinus
venography was routinely obtained before the introduction of the LV lead which was
preferably inserted into the lateral or postero-lateral branches of the coronary sinus. The
right atrial and right ventricular leads were implanted at the atrial appendage and at the
apex, respectively. Optimization of AV interval was performed by an experienced
cardiologist using Doppler echocardiographic measurements of transmitral flow. For
patients with permanent AF, biventricular pacing was ensured by optimization of drug
therapy in order to obtain permanent ventricular pacing, or by radiofrequency ablation
of the AV junction.

4.1.5 Long-term follow-up
After hospital discharge, patients were regularly followed-up at 6 months post-

implantation. The primary outcomes included all-cause mortality, hospitalizations for
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HF, and assessment of LVEF and LVESV to establish the CRT responders. VT
episodes (> 3 QRS complexes with a rate >100 beats per minute) were defined as a

secondary outcome.

4.1.6 Statistical analysis
Data were analyzed on Prism (Version 6.0, GraphPad, CA, USA) and IBM SPSS

Statistics (Version 24, IBM Corp., NY, USA). Continuous variables were reported as
mean + standard deviation (SD) and Boolean variables as proportions. Univariate
analyses were conducted for CRT response (all patients, DCM subgroup and ischemic
cardiomyopathy subgroup), VT, hospitalizations for HF, and all-cause mortality. For
continuous variables, normal distribution was assessed by Shapiro-Wilk’s test, and the
unpaired independent samples t-test with Welch’s correction or Mann-Whitney U test
was applied as appropriate. Fisher’s exact test (two-tailed, alpha<0.05) was used for
dichotomous variables. The chi-squared test for trend (linear by linear) was used for
MR at baseline. Variables that provided p-value <0.05 were further evaluated in
multivariate analyses using binomial logistical regression. Linear regressions were run
to understand the effects of haematological indices on change in LVESV and change in
LVEF.

4.2 Results
Our cohort consisted of 48 patients (mean age: 66.2+9.5 years, 81,3% males). HF had

an ischemic etiology in 29 (60.4%) while DCM was the cause in 19 (39.6%) patients.
All patients were followed-up for six months. Baseline characteristics of the included

patients are shown in Table 8.
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Table 8. Baseline and follow-up data of the study population

Non-responders to

Responders to CRT

CRT p-value
[n=11 (22.9%)] [n=37 (77.1%)]
Characteristics
Age (years) 59.7+8.9 68.1+8.9 0,01
Males 11 (100) 28 (75.7) 0,10
BMI (kg/m?) 27.0+3.38 263+2.7 0,58
QRS width (ms) 1559+ 13.2 146.5+16.9 0,07
HF type Ischemic CMP 4 (36.4) 25 (67.6)
0,09

Dilated CMP 7 (63.6) 12 (32.4)
Echocardiographic parameters at baseline
LVEF (%) 264+4.1 268+49 0,78
LVESV (mL) 181.5+51.6 158.9 +£40.2 0,20
LVEDD (mm) 69.0+7.0 64.5+6.2 0,07
LVESD (mm) 59.0+7.9 55.5+6.8 0,20
LVEDV (mL) 257.8£47.6 2243 +51.6 0,06
LA diameter (mm) 47939 44741 0,03
LA volume (mL) 94.1+16.3 79.0+19.1 0,02
PASP (mmHg) 39.2+57 36.6 £13.0 0,37
MR No MR-1+/4+ 3(27.3) 21 (56.8)

2+/4+ 7 (63.6) 12 (32.4) 0,23

3+/4+ 1(9.1) 4(10.8)
Medications
ACEIs/ARBs 10 (90.9) 33(89.2) 1,00
BBs 11 (100) 35 (94.6) 1,00
MRAs 10 (90.9) 34 (91.9) 1,00
Ivavradine 1(9.1) 0 (0) 0,23
Diuretics 11 (100) 36 (97.3) 1,00
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Nitrates 1(9.1) 3(8.1) 1,00
Digoxin 2(18.2) 2 (5.4) 0,22
CCBs 1(9.1) 1(27) 0,41
Anticoagulants 5 (45.5) 11 (29.7) 0,47
Antiplatelets 7 (63.6) 14 (37.8) 0,17
Anti-arrhythmic drugs 6 (54.5) 17 (46.0) 0,74
Statins 8 (72.7) 18 (48.7) 0,19
Laboratory parameters at baseline

WBCs (1076/L) 7656 + 1477 7374 + 1869 0,61
Lymphocytes (1076/L) 1675 + 686 1911 + 666 0,33
Platelets (10"6/L) 206455 + 67828 226838 £ 51330 0,37
Neutrophils (10"6/L) 5231 + 1576 4664 + 1458 0,30
NLR 38+23 28+16 0,21
PLR 143.3+76.1 134.9 £ 62.4 0,74
PNR 42.6+19.3 52.8 £18.7 0,14
RDW-SD (fL) 46.0+4.1 449+51 0,45
RDW-CV (%) 149+19 149+19 0,99
Hemoglobin (g/dL) 132+15 129+14 0,50
Hematocit (%) 40.0+4.6 38.3+3.9 0,27
Creatinine (mg/dL) 1.55 +0.56 1.06 £0.21 0,02
LDH (U/L) 241.1+£95.0 220.1+£50.4 0,50
Total cholesterol (mg/dL) 1779 +47.6 165.2 +44.9 0,45
HDL (mg/dL) 442 +£22.4 43.3+20.5 0,91
LDL (mg/dL) 110.6 £49.7 100.4 £42.9 0,55
Triglycerides (mg/dL) 1148 £41.2 114.7 £38.1 0,99
Follow-Up

Vai 6 (54.6) 4(10.8) <0.01
AF 1(9.1) 7(18.9) 0,66
Rehospitalizations 10 (90.9) 14 (37.8) <0.01
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Death of any cause 2 (18.2) 0 (0) 0,05
LVEF (%) 26.3£5.2 41.1+8.6 <0.01
LVESV (mL) 175.7 £46.1 97.1+285 <0.01
ALVEF (%) -0.1+28 143+7.8 <0.01
ALVESV (mL) -57+16.9 -61.7+39.6 <0.01

Continuous data are presented as mean values = SD while categorical variables as absolute and relative frequencies
(percentages).

Abbreviations: ACEIs/ARBs, angiotensin-converting-enzyme inhibitor/ Angiotensin Il receptor blockers; AF,
atrial fibrillation; BB, b-blockers; BMI, body mass index; CCB, calcium channel blockers; CMP: cardiomyopathy;
CRT, cardiac resynchronization therapy; HDL, high density lipoprotein; HF, heart failure; LA, left atrium; LDH,
lactate dehydrogenase; LDL, low density lipoprotein; LVEDD, left ventricular end systolic diameter; LVEDV, left
ventricular end diastolic volume; LVESD, left ventricular end systolic diameter; LVESV, left ventricular end
systolic volume; MRAs, mineralocorticoid receptor antagonists; NLR, neutrophil to lymphocyte ratio; PASP,
pulmonary artery systolic pressure; PLR, platelet to lymphocyte ratio; PNR, platelet to neutrophil ratio; RDW-CV,
red blood cells distribution width-coefficient variation; RDW-SD, red blood cells distribution width-standard
deviation; VT, ventricular tachycardia; WBC, white blood cells; ALVEF, left ventricular ejection fraction
difference; ALVESV, left ventricular end systolic volume difference

4.2.1 Predictors of CRT response
At 6-months follow-up, 37 patients (77.1%) responded to CRT while 11 patients

(22.9%) were non-responders. Univariate analysis showed that age (p=0.01), LAD
(p=0.03), LAV (p=0.02) and creatinine levels (p=0.02) were significantly associated
with response to CRT. On the other hand, a significant association was not found
between hematological markers (WBC, neutrophils, lymphocytes, platelets, NLR,
RDW) and CRT response (Table 8). Multivariate analysis that included the significant
factors from the univariate analysis revealed that age (p=0.03) and creatinine levels
(p=0.02) were the only independent predictors of the response to CRT. Linear
regression analysis showed that creatinine (p=0.03) and LDH (p=0.03) levels were
significantly associated with a LVEF increase during follow-up while no significant

association was found between laboratory markers and LVESV decrease.

4.2.2 Adverse outcomes during follow-up
VT occurred in 10 (20.8%) patients while 24 (50%) patients reported rehospitalization

and 2 (4.2%) patients died during follow-up period. Univariate analysis showed that a
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smaller LVEF increase and LVESV decrease during follow-up were significant
predictors (p<0.001) for hospitalizations and VT occurrence. Regarding laboratory
indices, patients with VT had significantly lower levels of red distribution width-
coefficient variation (RDW-CV) (p=0.005) while patients with hospitalizations had
higher LDH levels (p=0.01) and paradoxically lower WBC and lymphocyte levels
(p=0.04). No significant associations were found for all-cause mortality, probably due

to the small number of events.

4.2.3 Subgroup analysis according to HF type

4.2.3.1 Dilated cardiomyopathy

The DCM group consisted of 19 patients (mean age: 67.4+8.8 years, 94,7% males).
During the 6-month follow-up, 12 (63.2%) patients were found to be responders while
7 (36.8%) patients did not respond to CRT. Univariate analysis showed that age
(p=0.01) and PNR (p=0.04) were significantly associated with CRT response (Table 9).
However, multivariate analysis did not show any independent predictors of CRT

response.

4.2.3.2 Ischemic cardiomyopathy
The ischemic cardiomyopathy group consisted of 29 patients (mean age: 65.4+10 years,

72,4% males). During the 6-month follow-up, 25 (86.2%) patients were found to be
responders while 4 (13.8%) patients did not respond to CRT. Univariate analysis did

not reveal any significant predictor of CRT response (Table 10).
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Table 9. Baseline characteristics of dilated cardiomyopathy patients

Response to CRT therapy
Non-responders to CRT Responders to CRT

Characteristics (7, 36.8%) (12, 63.2%) p-value
Age (years) 60.4+7.8 715+6.6 0,01
Males 7 (100) 11 (91.7) 1,00

Laboratory parameters at baseline

Hemoglobin (g/dl) 136+1.2 126+14 0,12
Hematocrit (%) 415+35 376+42 0,05
Platelets (108/L) 195857 + 35709 231083 £ 51156 0,10
RDW-SD (fl) 477142 454 +£6.2 0,34
RDW-CV (%) 156+2.2 152+21 0,68
WBC (108/L) 8034 + 1539 7158 + 1718 0,27
Lymphocytes (106/L) 1602 + 771 1818 + 660 0,55
Neutrophils (106/L) 5651 + 1853 4667 + 1552 0,26
NLR 4.4+27 2917 0,22
PLR 142.8 £55.8 1453722 0,94
PNR 37.7+£121 55.2+223 0,04
LDH (U/L) 2159 +62.7 208 £44.7 0,79

Continuous data are presented as mean values + SD while categorical variables as absolute and relative frequencies

(percentages).

Abbreviations: LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte
ratio; PNR, platelet to neutrophil ratio; RDW-CV, red blood cells distribution width-coefficient variation; RDW-
SD, red blood cells distribution width-standard deviation; WBC, white blood cells
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Table 10. Baseline characteristics of ischemic cardiomyopathy patients

Non-responders to CRT Responders to CRT
(4, 13.8%) (25, 86.2%) p-value

Age (years) 58.5+11.7 66.5+9.5 0,27
Males 4 (100) 17 (68) 0,55
Laboratory parameters at baseline

Hemoglobin (g/dl) 126+21 130+14 0,70
Hematocrit (%) 375+5.7 38.6 £3.7 0,74
Platelets (105/L) 225000 + 109839 224800 + 52339 0,10
RDW-SD (fl) 430+18 446+4.6 0,24
RDW-CV (%) 138+0.7 148+1.8 0,07
WBC (108/L) 6996 + 1275 7478 £1963 0,54
Lymphocytes (106/L) 1804 + 589 1959 + 678 0,66
Neutrophils (108/L) 4498 + 542 4662 + 1444 0,69
NLR 27108 28+15 0,88
PLR 1442 £114.2 129.9 £58.1 0,82
PNR 51.1+£28.3 51.7+17.2 0,97
LDH (U/L) 285.3+£134.7 2249 +52.5 0,44

Continuous data are presented as mean values + SD while categorical variables as absolute and relative frequencies

(percentages).

Abbreviations: LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte
ratio; PNR, platelet to neutrophil ratio; RDW-CV, red blood cells distribution width-coefficient variation; RDW-
SD, red blood cells distribution width-standard deviation; WBC, white blood cells
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4 .3 Discussion

The main findings of our study are: 1) older age and lower creatinine levels were
significant predictors of CRT response, 2) a smaller increase and a smaller decrease in
LVEF and LVESV respectively were significantly correlated with VT and
hospitalization rates during follow-up, and 3) there was no significant association
between hematological markers and CRT response.

It is well-established that responders to CRT therapy a have lower incidence of
adverse outcomes (mortality, VT, hospitalizations) (274, 275). Simple
echocardiographic markers and laboratory indices have been studied regarding their
potential predictive value for CRT response and cardiovascular outcomes in CRT
patients. LAD and LAV are easily measured echocardiographic indices that have been
previously associated with response to CRT therapy. In particular, asingle-center study
found that LAD and LAV were significantly associated with CRT response defined as
a reduction in LVESV of >10% (390). The same study showed that responders to CRT
had improved left atrium ejection fraction, a significant reduction in LAD and LAV in
addition to significant improvement of positive and negative longitudinal strain
compared to baseline (390). Moreover, CRT has been found to significantly reduce
LAV compared with defibrillator-only therapy (391). Furthermore, the reduction in
LAV with CRT therapy has been associated with a significant reduction in the risk of
subsequent atrial tachyarrhythmias (392). By using an improvement in LVEF >10% at
6 months as definition of CRT response, LBBB and a smaller LAV index were found
to be significant predictors of response in patients with advanced HF (393).
Interestingly, a smaller LAD has also been associated with CRT super-response (394,
395). Apart from the role of left atrial dimensions, the possible association of left atrial
function with CRT response has also been studied. Specifically, left atrial systolic peak
of strain rate has been shown to be a good predictor of CRT response in terms of left
ventricular reverse remodeling (396). A post-hoc analysis of the MADIT-CRT trial
showed that a higher baseline LAV was independently associated with a higher risk of
adverse outcomes (HF or death and all-cause mortality) while each 1% reduction in
LAYV during follow-up was associated with a 4% reduction in the hazard of subsequent
HF or death (391). In an observational study, LAV >59.4 ml/m? was associated with a
near 5-fold increase in mortality during follow-up (397). However, data from a

prospective study which evaluated the impact of baseline LAV and left atrial function,
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as assessed by computed tomography, on CRT response showed no significant
association between these two parameters with either the clinical or echocardiographic
response, while the reverse left atrial remodeling was modest despite a pronounced
reduction in left ventricular volume during follow-up (398).

Regarding hematological markers, the RDW is a measure of variability in size
of circulating erythrocytes and is generally used as an indicator of the differential
diagnosis of anemia. RDW has been found to consist a strong predictor of prognosis in
HF patients (399). There are few observational studies which propose the RDW as a
predictor of response to CRT. Specifically, a prospective study showed that baseline
RDW levels did not predict left ventricular reverse remodeling defined as a reduction
of LVESV >15% at 6-months follow-up, while RDW levels >14.5% independently
predicted the composite endpoint of death and HF hospitalization (400). These authors
also investigated the impact of RDW variation between baseline and 3-months follow
up on left ventricular remodeling and the composite endpoint. They found that stable-
high levels of RDW > 14.5% and the increase of RDW from <14.5% to >14.5% were
associated with lower likelihood of left ventricular reverse remodeling and
independently predicted the composite outcome (400). Moreover, a retrospective study
showed that for every 1% rise in RDW, there was a 19% rise in all-cause mortality
while patients with elevated RDW levels demonstrated significantly less improvement
in LVEF and reductions in LVEDV and LVESV than patients with normal levels (401).
In addition, results from another study showed that non-responders to CRT had higher
baseline RDW levels and had a significantly higher increase of RDW at 6 months
follow-up compared to responders (327). In multivariate analysis, baseline RDW levels
were found to be the only predictor of echocardiographic response defined as >15 %
relative increase in LVEF after 6 months (327).

The exact pathophysiologic relationship between RDW and cardiovascular outcomes is
unknown. However, it has been proposed that an inflammatory environment with
increased levels of cytokines, such as in HF patients, can inhibit erythropoietin-induced
erythrocyte maturation and decreased erythrocyte maturation may result in elevated
RDW (327).

Anemia is another factor that may influence the outcomes of patients who undergo a
CRT device implantation. Specifically, it was found that anemia at baseline (defined as
Hb <12g/dl in women and <13 g/dl in men) and a larger decrease in Hb levels during

follow-up were significantly associated with the composite endpoint (HF
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hospitalization, left ventricular assist device placement, heart transplantation, and all-
cause mortality) (402). However, anemia did not influence echocardiographic response
to CRT (402).

Inflammation has been recognized as a significant player in the pathogenesis of
HF, AF and other cardiovascular diseases. Data from a post-hoc analysis of the SOLVD
trial showed that subclinical inflammation as indicated by an increase in WBC count
and neutrophils count has been associated with increased risk of death and
cardiovascular events in HF patients (403) while a pilot study showed that a neutrophil
count increase is associated with higher incidence of sudden unexpected death in HF
patients (404). The NLR, PLR and WBC counts are simple hematological indices that
reflect the inflammatory status. A retrospective analysis found that non-responders to
CRT had higher NLR and PLR levels while the relative lymphocyte count was
significantly lower compared to responders (405). Furthermore, the authors showed a
significant correlation of NRL and relative lymphocyte count with NYHA functional
class (405). The predictive role of NLR was demonstrated in the multivariate analysis
of another single center study with a small sample size (326). Additionally, high
sensitivity C-reactive protein serum levels have been found to predict both non-
responders and patients at higher risk for cardiac death (406). CRT seems to have an
anti-inflammatory role, and this may contribute to its beneficial action in reverse
remodeling. Indeed a decrease in inflammatory markers (NLR, c-reactive protein,
interleukins) has been shown in CRT responders (326).

Renal dysfunction is a common comorbidity in patients with HF. The results of
a meta-analysis showed that baseline renal dysfunction had an adverse effect on-all
cause mortality in patients who underwent CRT (407). There are controversial data
about the role of renal dysfunction on CRT response. Some authors found that renal
dysfunction did not influence the clinical or echocardiographic response following CRT
implantation (408, 409), while a large observational study showed that impaired renal
function was associated with a lack of echocardiographic response during 6-month
follow-up (410). On the other hand, responding to CRT therapy seems to have a
beneficial role in the improvement of renal function (408), while renal responders were
shown to have favorable long-term outcomes (411). Interestingly, in MADIT-CRT,
patients with an elevated ratio of blood urea nitrogen to serum creatinine experienced a
significantly greater reduction in the risk of HF or death following CRT-D therapy
compared to those with a low ratio (412). Data from the sub analysis of the MIRACLE
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trial showed that patients in the CRT group independently of its renal function had
superior benefit compared to the control group with regard to decrease in left ventricular
volumes and increase in LVEF although impaired renal function led to less response
(413). In addition, data from the CARE-HF trial showed that CRT reduced the risk of
composite end point of death or HF hospitalization independently of baseline renal

function compared to medical therapy alone (270).

4.4 Limitations

The main limitation of our study is that the study population is relatively small, while
this was a single-center retrospective study. The small statistical power of the study is
reflected to the non-significant difference in CRT response regarding the type of HF. It
is well established by the sub analysis of the prospective randomized studies including
MIRACLE (414), CARE-HF (415), REVERSE (416) and MADIT-CRT (417) that
non-ischemic cardiomyopathy patients had more favorable reverse remodeling
compared to ischemic cardiomyopathy. Echocardiographic measures were performed
by a single operator that may introduce some bias. No laboratory investigations were
performed at 6-month follow-up, and thus an analysis on the changes of hematological
indices over time cannot be done. A universal definition of CRT response does not
exist, making difficult a direct comparison of our results with the existing data from the

literature.

4.5 Conclusions
In conclusion, our study showed that older age and lower creatinine levels were

significant predictors of CRT response while a smaller increase and a smaller decrease
in LVEF and LVESV respectively at 6 months follow-up, were significantly correlated
with VT and hospitalization rates during follow-up. Finally, there was no significant

association between the CRT response and simple hematological markers.
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5. Clinical question 5: HFrEF patients undergoing CRT; Is there any association
between QRS narrowing after CRT implantation with response to CRT?
In order to answer the above clinical question we used the methodology of meta-

analysis (333).

5.1 Methods

This meta-analysis was performed in accordance with both the Meta-Analysis of
Observational Studies in Epidemiology and Strengthening the Reporting of
Observational Studies in Epidemiology guidelines (418).

5.1.1 Search strategy and eligibility criteria
Two independent investigators performed a comprehensive systematic search in

MedLine and EMBASE databases through July 2018 without any limitations.
Furthermore, the reference lists of the relevant research studies as well as the relevant
review studies and meta-analyses were manually searched. The following keywords
were used to retrieve all relevant studies: ‘“cardiac resynchronization therapy”,
“biventricular pacing”, “response”. We first screened the titles and abstracts of each
study and in case of considering a study as relevant then we went through the full text.
In case of duplicate cohorts, we kept the study with the longest follow-up and if it was
similar, the cohort with the greater sample size. Disagreements were resolved by a third

investigator.

5.1.2 Data extraction
The following data were extracted: First author, Journal of publication, Year of

publication, study design (prospective-retrospective), inclusion/exclusion criteria,
duration of follow-up, number of patients, gender, age, type of cardiomyopathy
(ischemic, non-ischemic), chronic AF, LBBB, definition of CRT response, number of
responders/non-responders, mean + SD QRS pre and post CRT implantation (or mean
+ SD delta QRS) for each group and timing for post-CRT implantation QRS

measurements.

5.1.3 Statistical analysis
Data analysis was performed by using the Review Manager software (RevMan),

version 5.3 (available from the website of the Cochrane Collaboration) and STATA
13.0. We performed separate analyses according to the definitions of CRT response.

Furthermore, we performed separate analyses regarding delta QRS (post QRS minus
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pre QRS) and attained post CRT implantation QRS duration difference between
responders and non-responders. Continuous outcome variables were pooled as mean
difference with 95% CI. The proportion of heterogeneity across studies not explained
by chance was assessed by the I-squared index. A random effects model was used for
the analyses. Funnel plots were constructed using RevMan software to assess
publication bias. The NOS was used for quality assessment of the included studies
(362). The NOS point score system evaluated the categories of study participant
selection, comparability of the results, and quality of the outcomes. This scale ranged
from zero to nine stars, which indicated that studies were graded as poor quality if the
score was < 5, fair if the score was 5 to 7, and good if the score was > 8. The rating of
the evidence was performed according to GRADE (Grading of Recommendations,
Assessment, Development and Evaluations) framework (419-424). A sensitivity
analysis was performed by estimating the pooled effect size after removing each study
one by one. A separate sensitivity analysis was performed by estimating the pooled
effect size after removing the lower quality studies. Subgroup analysis was performed
according to the timing of post-CRT implantation QRS measurement (immediately
after CRT implantation or at the follow-up). Potential variables to account for observed
heterogeneity were explored using meta-regression. Furthermore, we assessed how
robust our findings are to potential unmeasured or uncontrolled confounding by
calculating the E-value of each observational study included in our analyses
(https://www.evalue-calculator.com/) (425). A P-value of less than 0.05 (two-tailed)

was considered statistically significant.


https://www.evalue-calculator.com/

125

5.2 Results

5.2.1 Search results
Our search strategy returned 2001 possible relevant studies (Figure 34).

Figure 34. Flowchart of the study

2001 of recards identified
through database searching

213 duplicate records removed

1265 of records
excluded at the
title/abstract level

1788 of records
screened

}

491 of full-text articles excluded, with reasons:

- 450 studies: No data provided

-31 studies: Different definitions of CRT response

523 of full-text
articles assessed | .|
for eligibility - 1 study: Overlapping cohorts

- 9 studies: Data provided in non-useful format

32 studies included in quantitative synthesis
(meta-analysis)

-14 studies regarding clinical CRT response

-18 studies regarding echocardiographic response

Of those, 213 studies excluded as duplicate records, 1265 studies were excluded at the
title/abstract level while 460 studies were excluded at the full text level, yielding 63
studies which were included for further analysis. Of those, 31 studies were excluded
because of the different definitions of CRT response, that did not permit quantitative
synthesis. Finally, we included 32 studies that used the same definition of CRT response
and were analyzed in two major groups: 14 studies (1274 patients, mean age: 64 years,
males: 79.3%) using clinical CRT response (defined as improvement in NYHA
functional classification of > 1 class) (328, 332, 426-437) (Table 11) and 18 studies
(1270 patients, mean age: 64 years, males: 69.1%) using echocardiographic CRT
response [defined as a reduction of LVESV > 15%] (301, 329-331, 438-451) (Table
12).
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Table 11. Characteristics of the included studies reporting clinical response to cardiac resynchronization therapy

Countr

y

Italy

Turkey

Netherl

ands

UK

Czech
republi
c

Cohort

design

Enrollment

Period

1999-2000

n/a

n/a

2003-2004

2001-2002

De novo Subjects
CRT

implantat

ion

52 52
16 16
109 125
39 39
39 43

Males (n,

%)

46, 88.5

16, 100

93,744

30, 76.9

37,86.1

Mean age

(years)

52

16

125

39

43

Ischemic
Cardiomyo

pathy (n,
%)

18, 34.6

10, 62.5

67,53.6

23,59

18,41.9

LVEF

(%)

26,4

25,8

23

21

22

Follo
w-up
(mon
ths)

11,6

7,6

23

25,8

Responders
(n, %)

42, 80.8

5,313

91,728

29,744

30, 69.8

Mean
baseline
QRS
width in
responder

s (ms)

194

149

178

153

193

Mean
QRS
width in
responder
sat
follow-up

(ms)

158

131

147

135

138

Mean
baseline
QRS width
in non-
responders

(ms)

197

176

168

157

200

Mean
QRS
width in
non-
responder
sat
follow-up

(ms)

164

156

158

152

154

Mean attained QRS
difference (95%Cl)

(ms)

-6.0 (-19.1, 7.1)

-24.7 (-40.83, -8.57)

-11.0 (-21.11, -0.89)

-17.0 (-69.96, 35.96)

-16.0 (-30.06, -1.94)

Time
to post-
CRT
QRS
width
measur

ement

at

follow-

up

6

months

6

months

immedi
ately
after
CRT

immedi
ately
after
CRT



Buch E

Lellouch

eN

Mollema
SA

Yeim S

Cazeau

SJ

Lipoldov
al

XuGJ

Davoodi
G

2007

2007

2007

2007

2008

2009

2013

2014

us

us

Netherl

ands

France

France,
Italy,

Germa
ny, UK

Czech
republi
c

China

Iran

2003-2005

2003-2005

n/a

2005-

n/a

2000-2009

2003-2008

n/a

83

164

242

100

64

194

65

21

83

164

242

100

64

194

65

21

73,88

125, 76.2

197,81.4

78,78

54,844

146, 75.3

51,785

13,61.9

83

164

242

100

64

194

65

21

127

83, 100

77,47

154, 63.6

46, 46

27,422

60, 30.9

23,354

n/a

23

22,1

23

26,7

27

25

n/a

12

12

39, 47

107, 65.2

164, 67.8

69, 69

33,51.6

119, 61.3

42, 64.6

16, 76.2

159

159

165

162

123

166

181

162

150

157

151

152

135

155

152

132

159

155

164

148

118

157

184

137

167

164

153

153

149

165

165

136

-17.0 (-26.07, -7.93)

-7.0 (-15.25, 1.25)

-2.0(-8.3,4.3)

-0.9 (-15.31, 13.51)

-13.5 (-29.68, 2.68)

-10.0 (-16.07, -3.93)

-13.0 (-26.67, 0.67)

-3.9(-19.22, 11.42)

6

months

6

months

immedi
ately
after
CRT

6

months

6

months

Immed
iately
after
CRT

immedi
ately
after
CRT

months
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Badhwar 2016 US P 2004-2011 66 66 51,773 66 36, 54.5 32,1 6 47,71.2 167 nla 158 nla nla 6

N months

List of abbreviations: LVEF, Left ventricular ejection fraction; Ms, milliseconds; CRT, Cardiac resynchronization therapy; US, United States; UK, United Kingdom
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Table 12. Characteristics of the included studies reporting echocardiographic response to cardiac resynchronization therapy

Countr

y

China
Italy

Italy

Netherl
ands

Netherl

ands
France

UK

us

Taiwan

Co
hor
t

des

ign

Enrollment

Period

n/a

2002-2004

n/a

n/a

n/a

2008-2009

n/a

2003-2008

n/a

De novo
CRT
implantat

ion

30
20

48

60

62

189

13

Subjects

30

20

48

60

62

189

13

112

25

Males (n,
%)

21,70
15,75

32, 66.7

43,71.7

41,66.1

132,69.8

10, 76.9

79,705

16, 64

Mean age

(years)

62
62

67

59

64

65

70

69

71

Ischemic
Cardiomyo
pathy (n,
%)

12,40
8,40

26,54.2

26,433

27,435

63, 33.3

5,385

62, 55.4

n/a

129

LVEF
(%)

251
27,5

26,0

18,6

18,4

26,0

25,2

n/a

29,7

Follow-

up
(months)

6,5

9,9

median

Responde

rs (n, %)

17,56.7
13,65

31, 64.6

47,78.3

31,50

114,60.3

7,53.8

72,64.3

18,72

Mean
baseline
QRS
width in
responder

s (ms)

166
116

152

170

180

157

150

189

174

Mean
QRS
width in
responder
sat
follow-up

(ms)
142
n/a

n/a

139

163

n/a

134

n/a

149

Mean
baseline
QRS
width in
non-
responder

s (ms)
150
166

151

172

165

143

166

186

183

Mean QRS
width in
non-
responders

at follow-

up (ms)

131
n/a

n/a

145

156

n/a

161

n/a

144

Mean attained QRS
difference (95%Cl)

(ms)

11.0 (-2.32, 24.32)
n/a

n/a

-6.0 (-26.21, 14.21)

7.0 (-4.96, 18.96)

n/a

-27.0 (-46.03, -7.97)

n/a

5.0 (-7.32, 17.32)

Time to
post-
CRT
QRS
width
measure

ment
3 months
3 months

6 months

12

months

6 months

6 months

immediat

ely after

immediat

ely after

6 months



Ma CY

Zhang H

Celikyurt

U

Karaca O

Kaypakli

o

Walid A

Mele D

Modi S

Ruan ZB

2014

2014

2015

2016

2016

2016

2017

2017

2018

China

China

Turkey

Turkey

Turkey

Egypt

Italy

Canada

China

R

2007-2011

2009-2012

2008-2011

n/a

n/a

n/a

2010-2016

n/a

2013-2016

42

45

67

125

156

30

128

42

76

42

45

67

125

156

30

128

42

76

25,59.5

38,84.4

38, 56.7

80, 64

100, 64.1

24,80

105, 82

30,71.4

49, 64.5

57

63

65

64

66

59

68

64

58

42,100

9,20

22,328

57,45.6

64,41

21,70

63, 49.2

19,45.2

20, 26.3

130

251

23,5

22,6

26,3

25,8

nla

29,5

25,2

26,7

12

>3

months

29,4

29, 69

27,60

39, 58.2

81, 64.8

84,53.8

19,63.3

79, 61.7

35,833

52, 68.4

183

175

139

163

148

144

155

165

159

118

n/a

107

140

n/a

131

131

150

123

153

170

131

145

140

147

153

164

159

146

n/a

125

158

n/a

146

152

161

157

-27.1 (-42.18, -12.02)

n/a

-18.0 (-28.48, -7.52)

-18.5 (-27.37, -9.63)

n/a

-14.4 (-27.04, -1.76)

-21.7 (-27.87, -15.53)

-11.2 (-24.32,1.92)

-34.1 (-48.56, -19.64)

List of abbreviations: LVEF, Left ventricular ejection fraction; Ms, milliseconds; CRT, Cardiac resynchronization therapy; US, United States; UK, United Kingdom; n/a, not applicable

12

months

immediat

ely after

6 months

immediat

ely after

>3

months

immediat

ely after
6 months

immediat

ely after

6 months
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5.2.2 Clinical response

5.2.2.1 Attained QRS difference

Regarding the clinical response analyses, we analyzed 13 studies (1192 patients, 7
retrospective studies, 6 prospective studies) (332, 426-437) that provided data about
attained QRS duration in each subgroup after CRT implantation. The quantitative
synthesis showed that patients with clinical response to CRT had significantly shorter
attained QRS duration following CRT implantation compared to patients without
clinical response [-9.41 ms (-12.87, -5.96), 12 22%, p<0.001] (Figure 35a). Findings
were consistent whether the studies provided post-CRT QRS width immediately post-
implant or at follow-up (Figure 35a). Separate analyses of prospective or retrospective

studies yielded similar results (Figure 36a).
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Figure 35. Forest plots about the association of attained QRS difference with a.

clinical and b. echocardiographic CRT response. Data provided as subgroups

regarding the timing of QRS measurement post-CRT implantation

Clinical CRT response No response Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.1.1 At the time of implantation
Duncan AM, 2006 135 91.6 29 152 664 10 0.4% -17.00 [-69.96, 35.96]
Kubanek M, 2006 138 18 30 154 23 13 52% -16.00[-30.06,-1.94] =
Lipoldova J, 2008 155 21 119 165 21 75 17.4% -10.00[16.07,-3.93] =
Mollema SA, 2007 151 22 164 153 24 78 16.7% -2.00[-8.30, 4.30] o
HuGd, 2013 152 20 42 165 30 23 55% -13.00[26.67,0.67] TR
Subtotal (95% ClI) 384 199 452% -8.31[-13.77,-2.86] L4
Heterogeneity: Tau®*=11.09; Chi*=5.73, df=4 (P=0.22); F= 30%
Test for overall effect: Z=2.99 (P = 0.003)
1.1.2 At the follow-up visit
Buch E, 2007 150 18 39 167 24 44 105% -17.00[-26.07,-7.93] =
Cazeau SJ, 2008 135 24 33 1485 37 27 41% -13.50[29.68, 2.68] . S
Davoodi G, 2014 1324 15.1 16 1363 153 5 45% -3.90[19.22,11.42] o
Lellouche N, 2007 157 25 107 164 26 57 12.0%  -7.00[15.25,1.25] |
Lunati M, 2002 158 19 42 164 19 10 59%  -6.00[-19.10,7.10] —
Molhoek SG, 2005 147 27 91 158 22 26 89% -11.00[-21.11,-0.89] T
Oguz E, 2002 130.8 155 5 1555 147 11 41% -24.70[-40.83,-8.57]
Yeim S, 2007 151.8 272 69 1527 342 27 50% -0.90[-15.31,13.51] — T
Subtotal (95% Cl) 402 207 54.8% -10.45[-15.14,-5.75] <
Heterogeneity: Tau®= 8.69; Chi*= 8.66, df=7 (P=0.28); F=19%
Testfor overall effect: Z= 4.36 (P <= 0.0001)
Total (95% ClI) 786 406 100.0% -9.41[-12.87,-5.96] ¢
Heterogeneity: Tau®= 8.25; Chi*=15.36, df=12 (P = 0.22); F= 22% 4_1 m _550 5 550 1005
Test for overall eﬁegt: Z=534(P <‘ 0.00001) Favours CRT response Favours No response
Test for subaroup differences: Chi*= 0.34, df=1 (P = 0.56), F= 0%
a)

CRT response No CRT response Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
2.1.1 At the time of implantation
Chen Z, 2013 134 19 7181 16 6 B.6% -27.00[-46.03,-7.97]
Karaca O, 2016 1396 243 81 1581 241 44 96% -18.50[27.37,-9.63] T
Modi S, 2017 1502 165 35 1614 161 7 83% -11.20[-24.32,1.92] e ST
Walid A, 2016 1311 182 19 1455 163 11 8.5% -14.40[-27.04,-1.76] e
Subtotal (95% ClI) 142 68 33.0% -16.88[-22.91,-10.85] -4
Heterogeneity: Tau®= 0.00; Chi*= 2.08, df= 3 (P = 0.56); F= 0%
Test for overall effect: Z=5.49 (P < 0.00001)
2.1.2 At the follow-up visit
Celikyurt U, 2015 107 21 39 125 22 28 91% -18.00[-28.48,-7.52] e
Chang PG, 2014 149 20 18 144 11 7 8.6% 5.00[7.32,17.32] b B A
De Boeck BWL, 2009 163 23 31 156 25 31 87% 7.00[-4.96, 18.96] o
Ma CY, 2014 1184 213 29 1455 238 13 7.7% -27.10[-42.18,-12.02] T
Mele D, 2017 1306 187 79 1523 164 49 10.3% -21.70[-27.87,-15.53] o
Ruan ZB, 2018 1228 374 52 1569 257 24 7.9% -34.10[-48.56,-19.64] —
Soliman OI, 2007 139 36 47 145 32 13 6.3%  -6.00[26.21,14.21] —=
Yu CM, 2002 142 23 17 13 14 13 8.3% 11.00[-2.32, 24.32] T
Subtotal (95% CI) 312 178 67.0% -10.56 [-21.96, 0.83] -
Heterogeneity: Tau®= 224.96; Chi*= 51.88, df=7 (P = 0.00001); F=87%
Test for overall effect: Z=1.82 (P=0.07)
Total (95% CI) 454 246 100.0% -12.82[-20.54,-5.11] >

it 2 - . = - R = + it } 1

Heterogeneity: Tau®= 140.86; Chi*= 54.87, df=11 (P < 0.00001); F= 80% oo 20 0 oo

Testfor overall effect: Z= 3.26 (P = 0.001)

Test for subaroup differences: Chi*=0.92, df=1 (P=0.34), F= 0%

b)

Favours CRT response Favours No CRT response
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Figure 36. Forest plots about the association of attained QRS difference with a.

clinical and b. echocardiographic CRT response. Data provided as subgroups

Clinical CRT response

regarding the study design.

No response

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Prospective
Cazeau 5J, 2008 135 24 33 1485 37 27 41% -13.50[-29.68, 2.68] r
Davoodi G, 2014 132.4 151 16 136.3 153 5 4.5% -3.90[19.22,11.42] o
Kuhanek M, 2006 138 18 30 154 23 13 5.2% -16.00[-30.06,-1.94]
Mollema SA, 2007 151 22 164 153 24 78 16.7% -2.00 [-8.30, 4.30] 2% B
XuGJ, 2013 152 20 42 165 30 23 5.5% -13.00[-26.67, 0.67] —=
Yeim S, 2007 151.8 27.2 69 1527 342 27 5.0% -0.90[15.31,13.51] TR
Subtotal (95% CI) 354 173 40.9% -6.35[-11.62,-1.09] @
Heterogeneity: Tau®= 6.69; Chi*=5.85, df=5 (P=0.32); F=15%
Test for overall effect: Z= 2.36 (P = 0.02)
1.1.2 Retrospective
Buch E, 2007 150 18 39 167 24 44 105% -17.00[-26.07,-7.93] e
Duncan AM, 2006 135 91.6 29 152 66.4 10 0.4% -17.00[-69.96, 35.96]
Lellouche N, 2007 157 25 107 164 26 57 12.0% -7.00 [-15.25,1.25] SR
Lipoldova J, 2009 155 21 119 165 21 75 17.4% -10.00[16.07,-3.93] b
Lunati M, 2002 158 19 42 164 19 10 5.9% -6.00 [-19.10,7.10] T oo
Molhoek SG, 2005 147 27 91 158 22 26 8.9% -11.00[21.11,-0.89] T 7
Oguz E, 2002 130.8 15.5 5 1555 147 11 4.1% -24.70[-40.83,-8.57]
Subtotal (95% CI) 432 233 59.1% -11.19[-14.90, -7.47] L 2
Heterogeneity: Tau®= 0.29; Chi*=6.06, df=6 {(P=0.42); F=1%
Test for overall effect: Z= 5.90 {P < 0.00001)
Total (95% CI) 786 406 100.0% -9.41[-12.87,-5.96] L 3
Heterogeneity: Tau®= 8.25; Chi*=15.36, df= 12 (P = 0.22); = 22% I t + d
Testforgnvergn effect: Z= 5.34 (P < 0.00001) : : -1o0 250 : o9 100

; : Favours CRT response Favours No response
Testfor subaroun differences: Chi*= 216, df=1(P=0.14), F=53.8%
a)

CRT response No CRT response Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Prospective
Chen Z, 2013 134 19 7 161 16 ] 6.6% -27.00[-46.03,-7.97]
De Boeck BWL, 2009 163 23 31 156 25 N 8.7% 7.00 [-4.96, 18.96] S R
Ma CY, 2014 1184 213 29 1455 238 13 7.7% -2710[-42.18,-12.02]
Modi S, 2017 150.2 165 35 1614 161 7 8.3% -11.20[-24.32,1.92] Ca s
Soliman OI, 2007 139 36 47 145 32 13 6.3%  -6.00[-26.21,14.21] 5T =
Walid A, 2016 1311 182 19 1455 16.3 11 8.5% -14.40[-27.04,-1.76] S
Yu CM, 2002 142 23 17 131 14 13 8.3% 11.00 [[2.32, 24.32] b
Subtotal (95% CI) 185 94 54.4% -9.08 [-20.33, 2.17] -~
Heterogeneity: Tau®=171.78; Chi*= 25.05, df= 6 (P = 0.0003); F= 76%
Test for overall effect: Z=1.58 (P=0.11)
2.1.2 Retrospective
Celikyurt U, 2015 107 21 39 125 22 28 9.1% -18.00[-28.48,-7.52] &
Chang PG, 2014 149 20 18 144 11 7 8.6% 5.00[-7.32,17.32] I E
Karaca O, 2016 1396 243 81 1581 241 44 9.6% -18.50[-27.37,-9.63] A
Mele D, 2017 1306 187 79 1523 16.4 43 10.3% -21.70[-27.87,-15.53] Tl
Ruan ZB, 2018 1228 374 52 1569 257 24 7.9% -34.10[-48.56,-19.64]
Subtotal (95% CI) 269 152 45.6% -17.41[-27.15,-7.68] ’
Heterogeneity: Tau®= 94.64; Chi*= 19.49, df= 4 (P = 0.0006); = 79%
Test for overall effect: Z= 3.51 (P = 0.0005)
Total (95% CI) 454 246 100.0% -12.82[-20.54, -5.11] -
Heterogeneity: Tau®= 140.86; Chi*= 54.87, df= 11 (P < 0.00001); F= 80% foo oy = =

Test for overall effect: Z= 3.26 (P = 0.001)
Testfor subgroup differences: Chi*=1.21,df=1{P=027), F=171%

b)

1]
Favours CRT response Favours No CRT response

Sensitivity analysis indicated that no study had a significant impact on the pooled mean

difference or on the statistical significance of the estimate. Meta-regression analysis

showed no evidence of differential response rates with respect to gender, age, type of

cardiomyopathy or baseline QRS duration. The E-value of each observational study is

reported in Table 13.
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Table 13. Quality assessment of the included studies according to the Newcastle-Ottawa Scale.

Prospective studies

Selection Comparability Outcome
STUDY Representativeness of Selection of the Ascertainment of Demonstration Comparability of  Assessment of ~ Was follow-up Adequacy of  Total E-
the exposed cohort non-exposed exposure that outcome of cohorts on the outcome long enough for follow up of stars value
cohort interest was not basis of the outcomes to occur  cohorts

present at start of  design or

study analysis
Kubanek M * * * * wx * * * 9 2.07
Mollema SA * * * * *x * * * 9 1.23
Yeim S * * * * *x * * * 9 1.12
Cazeau SJ * * * * ** * * * 9 1.72
Xu GJ * * * * * * * 7 1.77
Badhwar N * * * * *x * * * 9 2.15
Davoodi G * * * * *x * * * 9 1.44
YuCM * * * * Fx * * * 9 194

Boriani G * * * * * * * 7 2.15
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Sassone B * * * * ** * * * 9 2.49
Soliman O * * * * * * * 7 1.35
De Boeck BW * * * * wx * * * 9 1.54
LimP * * * * wx * * * 9 1.59
Chen z * * * * *x * * * 9 3.45
MaCY * * * * * * * * 8 2.66
Zhang H * * * * il * * * 9 1.42
Kaypakli O * * * * *x * * * 9 1.83
Walid A * * * * *x * * * 9 2.26
Modi S * * * * *x * * * 9 1.84

Retrospective studies

Selection Comparability Outcome
STUDY Is the case definition Representativeness of Selection of  Definition of Comparability of ~ Ascertainment of ~ Same method of ~ Non- Total
adequate? the cases Controls Controls cases and exposure ascertainment for ~ Response stars
controls on the cases and rate
basis of the controls
design or
analysis

Lunati M * * * * w* * * * 9 1.49



Oguz E
Molhoek SG
Duncan AM
Buch E
Lellouche N
Lipoldova J
Rickard J
Chang PC
Celikyurt U
Karaca O
Mele D

Ruan ZB

136

**

**

**

**

**

**

**

3.37

1.68

1.42

2.24

15

1.77

1.68

1.58

2.27

2.14

2.88

2.62
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The measured E-values of the included studies indicate that little unmeasured
confounding would be needed to explain away the effect estimate. Sensitivity analysis
by excluding the lower quality studies (classified with <9 stars according to NOS)
showed similar results (Figure 37).

Figure 37. Sensitivity analysis by excluding the lower quality studies — clinical

response.

Clinical CRT response No response Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Buch E, 2007 150 18 39 167 24 44 11.2% -17.00[26.07,-7.93] ==
Cazeau SJ, 2008 135 24 33 1485 37 27 3.9% -13.50[-29.68, 2.68] B
Davoodi G, 2014 1324 151 16 1363 153 5 4.3% -3.90[19.22,11.42] ]
Duncan A, 2006 135 91.6 29 152 664 10 0.4% -17.00[-69.96, 35.96]
Kubanek M, 2006 138 18 30 154 23 13 5.0% -16.00[-30.06,-1.94] I
Lellouche N, 2007 157 25 107 164 26 57 13.2% -7.00[15.25,1.29] &
Lipoldova J, 2009 155 21 119 165 21 75 21.7% -10.00[16.07,-3.93] T
Lunati M, 2002 158 19 42 164 19 10 5.8% -6.00[19.10,7.10] S
Molhoek 5G, 2005 147 27 91 1588 22 26 9.3% -11.00[21.11,-0.89 T
Mollema SA, 2007 151 22 164 153 24 78 205% -2.00 [-8.30, 4.30] 25
Oguz E, 2002 1308 15.5 5 1555 147 11 0.0% -24.70[-40.83,-8.57]
HuGJ, 2013 152 20 42 165 30 23 0.0% -13.00[26.67,0.67)
Yeim S, 2007 151.8 27.2 69 1527 342 27 48% -0.90[15.31,13.51] S
Total (95% ClI) 739 372 100.0% -8.38[-11.63,-5.13] ¢
Heterogeneity: Tau®= 3.11; Chi*=11.15, df= 10 (P = 0.35); F= 10% I {

100 -50 0 50 100

Testfor overall effect: Z= 5.05 (P < 0.00001) Favours CRT response Favours No response

5.2.2.2 Delta QRS
We analyzed 5 studies (328, 332, 430, 431, 436) that provided data on delta QRS and

clinical response to CRT. The quantitative synthesis showed that QRS narrowing was
significantly associated with clinical response [-9.27 ms (-15.22, -3.32), 1> 36%,
p=0.002] (Figure 38a).

Figure 38. Forest plots about the association of QRS narrowing with a. clinical and b.
echocardiographic CRT response. Data provided as delta QRS pre/post implantation.

Clinical CRT response No response Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Badhwar N, 2016 -13.46 3411 47  9.44 2503 19 12.4% -22.90[-37.79,-8.01]
Kuhanek M, 2006 -28 10 30 -22 8 13 37.5% -6.00[-11.63,-0.37] -
Lellouche N, 2007 -6 34 107 7 32 57 20.4% -13.00[-23.51,-2.49) . =
Oguz E, 2002 -2036 1579 11 -182 7.36 5 185% -216[13.50,9.18] T
HuGJd, 2013 -29 23 42 -19 35 23 11.2% -10.00[-25.91,5.91] — =
Total (95% CI) 237 117 100.0% -9.27 [-15.22,-3.32] @
Heterogeneity: Tau®= 16.32; Chi*= 6.27, df= 4 (P = 0.18); = 36% I {

100 -50 0 50 100

Testfor overall effect Z=3.05 (P =0.002) Favours CRT response Favours No response

a.

Echo CRT response No CRT response Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Boriani G, 2006 =37 309 13 23 261 7 41% -39.30[-64.91,-13.69] = o
Kaypakli O, 2016 -281 23.2 84 -168 21.2 72 249% -11.30[18.27,-4.33] —
LimP, 2011 -18 44 114 -1 55 76 10.2% -17.00[-31.84,-2.16] —
Rickard J, 2013 -26.4 33.2 72 111 398 40 105% -15.30[-29.82,-0.78] =
Sassone B, 2007 -10.4 7 3N -26 8 17 326% -7.80[-12.33,-3.27] -
Zhang H, 2014 -25.8 202 27 -224 1386 18 17.7% -3.40[-13.28, 6.48] .
Total (95% ClI) 34 229 100.0% -10.91[-16.35, -5.47] L 2
Heterogeneity: Tau®= 18.29; Chi*= 9.06, df=5 (P =0.11), F= 45%

=18, 50 -25 0 25 50
Test for overall effect: Z= 3.93 (P < 0.0001) Favours CRT response Favours No CRT response

b.
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5.2.3 Echocardiographic response

5.2.3.1 Attained QRS difference

In echocardiographic response analyses, we analyzed 12 studies (700 patients, 7
prospective studies, 5 retrospective studies) (439-446, 448-451) that provided data
about attained QRS duration in each subgroup after CRT implantation . The quantitative
synthesis showed that patients with echocardiographic response to CRT had shorter
attained QRS duration following CRT implantation compared to patients without
echocardiographic response [-12.82 ms (-20.54, -5.11), 12 80%, p=0.001] (Figure 35b).
Findings were consistent whether the studies provided attained QRS width immediately
post-implant or at follow-up (Figure 35b). Separate analyses of prospective or
retrospective studies yielded similar results (Figure 36b). No study had a significant
impact on the pooled mean difference or on the statistical significance of the estimate.
Meta-regression analysis showed no evidence of differential response rates with respect

to gender, age, type of cardiomyopathy or baseline QRS duration.

The E-value of each observational study is reported in Table 13. The measured E-values
of the included studies indicate that little unmeasured confounding would be needed to
explain away the effect estimate. Sensitivity analysis by excluding the lower quality

studies (classified with <9 stars according to NOS) showed similar results (Figure 39).

Figure 18. Sensitivity analysis by excluding lower quality studies —

echocardiographic response.

CRT response No CRT response Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Celikyurt U, 2015 107 21 39 125 22 28 11.9% -18.00[-28.48,-7.52]
Chang PG, 2014 149 20 18 144 11 7 11.3% 5.00[7.32,17.32) T
ChenZ, 2013 134 19 7 161 16 6 9.0% -27.00[-46.03,-7.97] — & 7
De Boeck BYYL, 2009 163 23 3 156 25 31 11.5% 7.00[-4.96, 18.96] b e
Karaca 0, 2016 139.6 243 81 1581 2441 44 12.4% -18.50[-27.37,-9.63] o
Ma CY, 2014 1184 213 29 1455 238 13 0.0% -27.10[-42.18,-12.02]
Mele D, 2017 1306 187 79 1523 164 49 0.0% -21.70[-27.87,-15.53]
Modi S, 2017 150.2 165 35 161.4 161 7 11.1%  -11.20[-24.32,1.92) T =
Ruan ZB, 2018 1228 374 52 1569 257 24 10.6% -34.10[-48.56,-19.64] TR SRR
Soliman Ol, 2007 139 36 47 145 32 13 0.0% -6.00[-26.21,14.21]
Walid A, 2016 1311 182 19 1455 163 11 11.2%  -14.40[-27.04,-1.76] IS
Yu CM, 2002 142 23 17 13 14 13 11.0% 11.00 [-2.32, 24.32] 2 D
Total (95% ClI) 299 171 100.0% -10.77 [-20.36,-1.18] -
Heterogeneity: Tau?= 171.86; Chi®= 42.90, df= 8 (P < 0.00001); F=81% _éo _245 5 215 5=0

Test for overall effect: Z=2.20 (P = 0.03) Favours CRT response Favours No CRT response

5.2.3.2 Delta QRS
We analyzed 6 studies (301, 329-331, 438, 447) that provided data on delta QRS

duration and echocardiographic response to CRT. The quantitative synthesis showed
that QRS narrowing was significantly associated with echocardiographic response [-
10.91 ms (-16.35, -5.47), 1? 45%, p<0.001] (Figure 38b).
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5.2.4 Quality assessment - Publication bias - Rating of evidence
There was no evidence of significant publication bias in the presented analyses as

demonstrated in the funnel plots (Figures 40-45).

Figure 19. Funnel plot about attained QRS difference (subgroups: study type) -
Clinical response
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Figure 20 Funnel plot about attained QRS difference (subgroups: study type) -

Echocardiographic response

0 SEMD) .
/’:‘\
o
A
' : \‘
il AN
! \
3
ey A
1] qb \ 0
Ob 1
8+ ; | Y
' I \
I‘ o : \\
! L@
I' : \\
124 ,‘I : \‘
! ! \
! L \
I/ : \
/ ! \
161 / ! \
) : \
ll I \\
J I \
] I A
' 1 \
20 1 ,'l : 1 ‘\ 1 M[l)
-100 -50 0 40 100

Subgroups
@] Prospective <> Retrospective |

Figure 21 Funnel plot about attained QRS difference (subgroups: timing of attained

QRS measurement) - Clinical response
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Figure 22. Funnel plot about attained QRS difference (subgroups: timing of attained

QRS measurement) - Echocardiographic response.
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Figure 23. Funnel plot about AQRS analysis — Clinical response
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Figure 24. Funnel plot about AQRS analysis — Echocardiographic response
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Regarding the quality assessment, all included studies were graded with a score > 5 and
none of the included studies was characterized as having a poor quality (Table 13).
According to GRADE framework, we classified our analyses as having moderate

quality of evidence (the true effect is probably close to the estimated effect) (Table 14).



No. of
studies

13
studies,
1192

patients

12
studies,
700

patients
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Table 14. Qualification of the overall evidence using GRADE

Risk of
bias

Not

serious

Not

serious

In-

consistency

Serious

Serious

Indirectness

Not serious

Not serious

Imprecision

Not serious

Not serious

Publication
bias

Not serious

Not serious

Overall
quality of

evidence

Moderate

Moderate

Outcome

Clinical

CRT response

Echocardiographic
CRT response

Mean difference
(95% ClI)

-9.41

(-12.87, -5.96)

-12.82

(-20.54, -5.11)
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5.3 Discussion
The main finding of our meta-analysis is that QRS narrowing and shorter attained QRS

duration following biventricular pacing are significantly associated with clinical
(decrease in NYHA > 1) and echocardiographic (decrease in LVESV > 15%) CRT

response.

QRS duration is a simple electrocardiographic marker of ventricular electrical
dysynchrony. The negative prognostic role of electrical desynchrony in patients with
HFrEF is well established (452). QRS narrowing after biventricular pacing reflects a
reduction in electrical dysynchrony. Our study showed that both acute and late
reduction of the electrical dysynchrony, as measure by QRS duration, with biventricular
pacing is significantly associated with both clinical and echocardiographic responses
defined as a reduction of NYHA > 1 or LVESV reduction > 15% respectively.
Interestingly, in patients with left ventricular dysfunction, short-term trial-level
therapeutic effects of a drug or device on left ventricular remodeling have been found
to be associated with longer-term trial-level effects on mortality (453). The present
findings are in the same line with those demonstrated in previous meta-analysis (454,
455). However, as already mentioned, the methodology of our study differs
significantly from the previous studies because we included only the studies with the
same definition of CRT response. We believe that this strategy eliminates a significant
type of bias that results from the different definitions of response and therefore lead to
more reliable interpretation. This is supported from the findings of Fornwalt et al who
studied the agreement of different CRT response criteria by implementing them in 426
patients from the PROSPECT study (456). They found that the agreement between
different methods to define CRT response is poor which severely limits the ability to
synthesize the different studies in the same analysis (456). Furthermore, the specific
definitions for CRT response that we used in our analysis (decrease in LVESV > 15%
and NYHA > 1) were found to represent the most powerful predictors of major adverse
cardiac events after CRT (457). However, the prognostic role of QRS narrowing for

adverse events should be studied in a prospective manner.

Another difference from previous meta-analyses is that we performed two
separate analyses. Specifically, we included studies that provided data either as change

in QRS or as mean attained QRS post-CRT implantation and analyzed them separately.
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Previous meta-analyses included only studies providing data on change in QRS in

responders and non-responders.

Mechanical dysynchrony as assessed by different indices seem to be
significantly associated with CRT clinical or echocardiographic response (301, 458-
460). The PROSPECT trial showed that among various echocardiographic indices of
mechanical dysynchrony used, interventricular mechanical delay was significantly
associated with a clinical CRT response (461). However, the electrical and mechanical
desynchrony are not well correlated in HF patients (462, 463) while the type of
underlying cardiomyopathy (ischemic or nonischemic) may influence the concordance
of these two parameters (464). Interestingly, the combination of electrical and
mechanical measurements of dysynchrony may improve the prediction of the response
to CRT defined as LVESV > 15% (465).

Regarding the prognostic significance of QRS narrowing in cardiac events,
existing studies have shown that postoperative QRS widening after CRT
implantation is associated with an increased mortality risk or cardiac transplantation
during follow-up (466, 467). On the other hand, QRS narrowing has been associated
with better survival rates or lower cardiac hospitalizations in CRT recipients (468-470).
A recent study showed that acute QRS narrowing is significantly associated with long-
term mortality and morbidity in LBBB patients only (471). However, results from the
Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction
(REVERSE) Study showed that after adjustment for baseline variables, acute QRS
change after CRT was not an independent predictor of death or HF hospitalization
(472).

Our findings highlight the importance of aiming the greatest QRS narrowing
during implantation or during device programming after implantation. Specifically, the
greatest QRS narrowing can guide the optimal pacing position site while lack of QRS
narrowing might lead to device programming and optimization of pacing vector and
timing intervals. Specific conduction characteristics of each patient makes the
implementation of a universal programming strategy impossible. However, a recent
study showed that biventricular pacing with SyncAV (a device-based algorithm that
automatically adjusts paced atrioventricular delay (default or programmable offset)
according to intrinsic atrioventricular conduction) with offset that minimized QRSd
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showed the better results regarding QRS narrowing (473). Furthermore, recent results
from an Italian multicenter registry that compared conventional CRT with multipoint
pacing via a quadripolar left ventricular lead showed superiority of multipoint pacing
in achieving a greater QRS narrowing and therefore leading to an increase in ejection

fraction and clinical composite response (474).

5.4 Limitations
The results of this study should be interpreted in the light of the following limitations.

The major limitation of our study is the observational nature of the studies included in
our analysis. Another major limitation is that responders and non-responders are
arbitrarily separated especially regarding the clinical response definition. Furthermore,
although the inclusion of the studies which share the same definition of CRT response
is reasonable and strengthens the results of our study, this led to the exclusion of many
studies which provided data about the association of the change in QRS width or
attained QRS difference with the clinical and/or echocardiographic response. In
addition, several studies that showed significant or non-significant results and did not
provide data in a useful format in order to be included in the quantitative synthesis and
therefore they were excluded (475). This fact may lead to an overestimation of the
measured relation between QRS narrowing and attained QRS difference between
responders/non-responders with CRT response in the present meta-analysis. Another
limitation is the high heterogeneity that was found in the analysis regarding the
association of attained QRS duration with echocardiographic response. This
heterogeneity can be attributed to the absence of a same methodology of QRS width
measurement between the included studies. The different methods to measure QRS
width leads to different nominal values and furthermore influences the value of QRS
width in predicting CRT response (476). In this context, QRS duration measured at the
earliest onset of the QRS waveform in any lead till the latest offset in any lead showed
lower variability in predicting CRT response and should be implemented in the future
studies for achieving more reliable results (476). Furthermore, the LVESV was not
measured with an objective technique, explaining a large part of the observed
heterogeneity. According to GRADE framework, our analyses were classified as
having moderate quality of evidence which means that the true effect size is likely to
be close to the estimate of the effect, but there is a possibility that it is substantially
different. Furthermore, as already reported, E-value is the minimum strength of
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association, on the risk ratio scale, that an unmeasured confounder would need to have
with both the treatment and outcome, conditional on the measured covariates, to explain
away a treatment—outcome association (425). Although a threshold cutoff for the E-
value does not exist, the measured E-values of the included studies were small,
indicating that little unmeasured confounding would be needed to explain away an
effect estimate. Finally, our study did not assess the relation between QRS narrowing
and major clinical outcomes (mortality, hospitalization rates) which are of great clinical

importance.

5.5 Conclusions
Acute and late improvement of electrical dysynchrony following biventricular pacing

assessed by QRS narrowing is associated with clinical and echocardiographic response.
However, large prospective studies are needed to further examine this association as

well as its impact on major adverse cardiac events in patients undergoing CRT.
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6. Abstract in Greek (NepAnyn)
H xopdlokn oavemdpkelo eivor éva onuoviikd mpoPfAnua tg omudctlag vyeiag, o

eMmMOAAGUOC TOv omoiov €xel avéndel Tic tedevtaieg dekaetiec. AvoAOY®S HE TO
Khopa eEdOnong, dtakpivovior dVO TOTOL KAPSIOKNG OVETAPKEWNG: 1 KOPOLOKN
OVETAPKELL UE YOUNAO Kol pe Swtnpnuévo kAdopa eEmbnone. Ot acbevelg pe
KOPOKT OVETAPKELD TAPOVGIALOVY QVENUEVT] GUYVOTNTA EUPAVIONG TOGO KOATIKOV
060 Kol KOWMoK®OV appubudv. Tlépav ™G QopUOKEVTIKNG ay®YNG, Ol VEOTEPESG
Oepameie OVIILETOMIONG TNG KOPOOKNG OVETAPKELNG KOl TOV oppLbUidv 1oL
epeaviovtoar otovg acbeveic owtovg (KATAALGT, ATVIO®TNG, Bepameion Kapdlokol
EMOVOCLYYPOVIGHOV) €YOUV  OMOOEDEYUEVO KMVIKO OQEAOC O©E  GUYKEKPLUEVES
Katnyopieg aclevav. Xtoyog g Tapovcag SatpiPng ivat n amdvincn 6 CGNUAVTIKA
KAVIKE ep@TAROTA TOV APOPOHV TOV 0COEVEIG e KOPILOKY OVETAPKELD [E YOUNAO
KAdopa eEDONONG. ZUYKEKPIUEVO, TPOYUOTOTOWCUUE MO UETO-OVOAVOT Yo TNV
avalnmon mbavig cuoyETiong petald Tov 16TOPIKOV KOAMIKNG HOPUOPLYNG Kol
ONUOVTIKOV KAWVIKOV eKPAGE®V. ALOTIGTAOGAUE OTL TO 1GTOPIKO KOATIKNG LOPHAPVYNG
oTovg acbeveic avtovg oyetiletar pe 42% avénuévo kivovvo Bvnoyodttog omd Kabe
artio, 44% ovénuévo «ivovvo mpdopopwv Bepameidv kot dumAdolo  Kivovvo
anpdéspopwv Bepomeudv ce oxéon pe TOLg 0acbevelc ywpilg 16TOPIKO KOATIKNG
pappopvyns. ‘Eva emmdéov epdmnua mov kKAnONKape va anavticovpe ivol To Kotd
OGO 0L TPOGPOPES Ko anmpOcpopeg Oepamneiec oyetiCovrat pe ovénpévo kivouvo oAkng
Bvnowdtrog otovg acbeveig e Kapdlakn avemdprelo pe younAo kKAdopo eEnbnong.
Ta anoteréopata g perétng €oei&av 0Tl o1 mpdopopeg Bepameieg oyetilovion pe
duAdcto kivovvo Bvnopdmrag and Kabe ortia evod ot anpdcseopeg Bepamneieg pe 30%
avénuévo kivovvo. Ta amotedécpata avtd 0 Bo Tpémel vor epunveLTOdY MG oYéom
o1Ti0G-0mOTEAEGLOTOG OALA OTL OL TTPOGPOPES Kot AmpOCPOPES Bepameieg TOV AmVIO®TN
amoteAoVV deikTn dvouevovg TPdYyvmong Tov acevav avtmv. To emdpevo Khvikod
EPMTNUA TOV PEAETNGOLE, APOPA TOVG 0GOEVEIS e KAPOLOKT] AVETAPKELD KOL YOLUNAO
KAMAopo eEmOnong mov vrofailovion e emEUPaon KATAAVONG KOATIKNG LOPLLOPVYTS.
[Ipaypatomomoape o ovodpoUtKy] UEAETN Tapatinpnong mov mepthdpuPoave 38
acbOevelg (néon niwio: 54.1 £ 12.2 ypovav, 28 (73.7%) avdpeg, péco KAAGO,
eEmbnong: 38.2 = 6.3%) mov vmoPAnOnkav ce eméuPacm KOTAAVONG KOATIKNG
pappoapvyns (16 acbeveic pe mapoluoikn KOATIKY pappopvyn kot 22 acOeveig pe un
TopOoEVOUIKY KOATIKY poapuapvyn). AeiEape 6t 1o 73,7% twv acbevov kotd ™

duapkela v 38,2 unvov mapakoiovdnong tapépuevay oe Aeforxopfikd puOud evo N
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TOAVTOPOYOVTIKT] OVOAVGOT OVESEIEE TG M EUPAVIONS TPOUNG VITOTPOTNG KOATIKNG
HopLopLYNG (KaTd T O1dPpKELN TOV TPOTOV 3 INVOV HETE TNV ENEUPACT] KATAALGONG)
Kot 1 Yopynon apiwdapdvng oxetiCoviat pe avEnuévn ocuxvotnto peavions oyiung
(Tépav TOV TPUOV UNVAOV) VITOTPOTNG KOATIKNG LOPUOPVYNG. ZYETIKA e TN YOpNyNnon
apI®O0POVIG, 1| CLGYETIONG TNG LE TNV VIOTPOTY TG appviuioag pmopet vo e&nyndet
povo ota mAaiocto €€EMENG TG VOOOL TTOL OONYNCOV GTINV OVAYKN YOPNYNONG
apdapovng. Téhog, KAnOMKaLE Vo amavINCOVUE dVO KAVIKA EPOTHUOTO CYETIKA e
ToVg aobevelg mov €xovv voPfindel oe Bepameia Kapdiakoh enavacvyypoviopov. H
TPAOTN LEAETN, OLPOPEL LLLOL VOO POUIKT] LEAETN TTOPATIPTOTG TOL GKOTO ELYE TNV EVPEDT
GLGYETIONG LETOED OMADV OLLATOAOYIKAOV OEIKTMOV Kol TNG VTATOKPLong ot Oepamneio
Kapdakol emavacvyypoviopov. H pedétn poc mepiédafe 48 acbeveic (uéon niio
66.2£9.5 ypovav, 81.3% davdpeg, 29 (60.4%) pe 1GYOUUIKT) KOPOLOKT] OVETAPKELDL).
¥tovg 6 pnveg mapakorovOnong, 37 (77.1%) acOeveig avtanokpifnkav ot Oepaneia
Kapdlokoy emovacvyypovicpod. H moAvmapayovtikyy avaivon avédelle mwog m
peyaAvTep MAKio kot to younAdtepa emimeda kpeativiving oyxetiCovror pe v
avtamokplon ot Oepomeion KopdloKoy ETOVOGVYXPOVIGHOD &vd Ogv avevpeinke
OTOTIOTIKG ONUOVTIKY) GUGYETION WE TOVG UEAETOVUEVOVS OUOTOAOYIKOVS OeikTeS
(Aevkd oupooceaipta, oVOETEPOPIAN TOAVLOPPOTVLPNVA, AEUPOKVTTOPM, OULULOTETAALM,
AOYOG 0VOETEPOPIAMV-AEUPOKVTTAP®V, EVPOS KATAVOUNS £pLOpOV alpocpaipiwv). H
eMOUEVN HEAETN, apopd TNV €VpecT MOAVNG GLGYETIONG HETAEL NG PeAtioong Tov
NAEKTPIKOD  SLGLYYPOVIGLOL  UETA TNV~ EUPVTELGT]  GCLOKELNG  KOPOLOKOV
EMOVOCLYYPOVIGLOV LE TNV ovTamoOkpion ot Bepaneio exppaldpevn eite pe kKhvikd
glte pe vmepnyoypoeikd kpurnpio. Ilpaypoatoromoope (o HeTo-avaAvon HEAETOV
mopatnpnong oedyovrag EEx®PIOTEG AVOADGELS GYETIKA LE TN KAMVIKTY avVTOTOKPIoN
ot Bepancio (exppaldpevn wg Bertioon tov NYHA >1) kot v vaepnyoypoeikn
avtandkpion (exepaldpevn g peimon Tov 1ELocLeToAKoD dykov >15%). H peiémn
pog €0eiée 0tL M PeAtioon TOv NAEKTPIKOV dVCLYYPOVICUOV, ek@palduevn €lte ®G
emitevén Ppoaydtepov dwwotuotoc QRS petd v epugutevon eite g Ppdyvvon tov
QRS dotpaTog TPV Ko PETE TNV ELPVTELGT TNG CLGKELNG EMAVOGVYYPOVIGLOV,
oyeTileTol GTATIGTIKG CNUOVTIKA TOCO LE TNV KAVIKY OGO KOl LLE TNV VIEPNYOYPOUPIKN
avtamoxkplon oty Oepomneio. Katd ocvvénela, n pelétn pog €£deiée m onuoacio g
emitevéng 660 1o duvatdv Ppaydtepov dacthpatog QRS eite kotd v epedTevon gite

KOTQ TOV TPOYPOAUUATIGUO TG GLGKELTG.
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7. Abstract
Heart failure (HF) is a major public health issue and the worldwide prevalence has been

increasing over the last decades. The main classification of HF is historically based on
left ventricular ejection fraction (LVEF). According to the latest 2016 HF guidelines
from the European Society of Cardiology (ESC), patients are classified in the following
categories: a) HF with preserved ejection fraction (HFpEF) which includes patients
with LVEF > 50%, b) HF with reduced ejection fraction (HFrEF) which includes
patients with LVEF <40% and ¢) HF with mid-range ejection fraction (HFmrEF) which
includes patients with LVEF in the grey zone of 40-49%. The clinical course of HF
syndrome is complicated by atrial and ventricular arrhythmias. Innovative treatment
strategies that include catheter ablation and cardiac resynchronization therapy have a
beneficial role in the prognosis of specific HF patients. The aim of this PhD thesis was
to answer important clinical questions regarding the management of HFrEF patients.
More specifically, we performed a meta-analysis to assess the association between atrial
fibrillation (AF) and all-cause mortality / implantable cardioverter defibrillators (ICD)
therapies in HFrEF and an implanted ICD. We found that HF patients with a history of
AF had a 42% [combined effect estimate (CEE) 1.42 (95% CI: 1.28-1.57)] higher risk
of all-cause mortality compared to patients with no AF history. Furthermore, AF
patients had a higher risk of appropriate [cEE 1.44 (95% CI: 1.27-1.64)] and
inappropriate ICD interventions [cEE 2.05 (95% CI 1.75-2.44)]. Moreover, we
performed a meta-analysis concerning the impact of ICD interventions on all-cause
mortality in HFrEF. Our data showed that, in patients with HFrEF, appropriate [HR
2.00 (95% CI (1.52-2.63), p<0.01, 1% 88%]] and inappropriate [HR 1.30 (95% CI (1.07-
1.58), p<0.01, 17 26%] ICD interventions were significantly associated with increased
all-cause mortality. However, further research is needed to investigate whether shocks
(appropriate and/or inappropriate) are the cause of the worse prognosis or only indices
of greater HF severity and worse overall health in these patients. Regarding the next
clinical question, we aimed to evaluate the long-term results of a single radiofrequency
catheter ablation procedure in HF patients with AF. We performed a retrospective study
that included a total of 38 patients with EF<50% (mean age, 54.1 + 12.2 years; 28
[73.7%] males; mean LVEF, 38.2% + 6.3%). After a mean follow-up period of 38.2
months (range, 5-92 months), 28 patients (73.7%) were free from arrhythmia
recurrence. In multivariate analysis, early arrhythmia recurrence (P = 0.03) and

amiodarone antiarrhythmic drug administration (P = 0.003) remained independent
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predictors of arrhythmia recurrence. The next two research studies are related with HF
patients with a CRT implanted. We performed a retrospective study investigating the
association between different hematological and biochemical indices and response to
CRT. A total of 48 patients (mean age: 66.2 + 9.5 years, 81.3 % males) were included;
29 (60.4 %) had ischemic cardiomyopathy, and 19 (39.6 %) had dilated
cardiomyopathy. At six months of follow-up, 37 patients (77.1 %) had responded to
CRT. Ten patients (20.8 %) had ventricular tachycardia (VT), 24 (50 %) patients were
hospitalized, and two patients (4.2 %) died during the follow-up period. Multivariate
analysis demonstrated that age (p =0.03) and creatinine levels (p =0.02) were
independent predictors of the response to CRT. No significant associations between
hematological markers (white blood cells, neutrophils, lymphocytes, platelets,
neutrophil to lymphocyte ratio, red blood cells distribution width) and CRT response
were observed. Finally, we performed a meta-analysis to investigate the association
between QRS narrowing after CRT with clinical (defined as New York Heart Association
(NYHA) reduction > 1) and echocardiographic (defined as left ventricular end-systolic
volume (LVESV) reduction > 15%) response in patients with HF. We included 32 studies
(14 studies (1274 patients mean age 64 years old, males 79.3%) using clinical CRT
response and 18 studies (1270 patients, mean age 64 years old, males 69.1%) using
echocardiographic CRT response. A significant association between QRS narrowing
and shorter attained QRS duration with clinical and echocardiographic CRT response
was observed. This association was independent of the timing of QRS width
measurement after CRT implantation. As a result, we concluded that acute and late
improvement of electrical dysynchrony as depicted by QRS narrowing following

biventricular pacing is associated with clinical and echocardiographic response to CRT.
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8. Abbreviations
ACCF/AHA: American College of Cardiology Foundation/ American Heart Association

ACEi: angiotensin-converting enzyme inhibitor

AF: Atrial fibrillation

A-HeFT: African American Heart Failure Trial

AMIQOVIRT: Amiodarone versus implantable cardioverter-defibrillator trial
ANP: atrial natriuretic peptide

APOLLON: A comPrehensive, Observational registry of heart faiLure with mid-range and
preserved ejection fraction

ARBs: angiotensin Il receptor blockers

AT: atrial tachycardia

ATMOSPHERE: Aliskiren Trial to Minimize Outcomes in Patients with Heart Failure
ATP: anti-tachycardia pacing

AV: atrioventricular

AVID: Antiarrhythmics Versus Implantable Defibrillators trial

BMI: body mass index

BNP: brain natriuretic peptide

BP: blood pressure

CA: catheter ablation

CABG: Coronary Artery Bypass Graft Patch trial

CARE-HF: Cardiac Resynchronization-Heart Failure

CASH: Cardiac Arrest Survival in Hamburg trial

CASTLE-AF: Catheter Ablation for Atrial Fibrillation with Heart Failure Trial
CAT: cardiomyopathy trial

CFAEs: Complex Fractionated Atrial Electrograms

Cl: confidence intervals

CIDS: Canadian Implantable Defibrillator Study

COMET: Carvedilol Or Metoprolol European Trial

COMPANION: Comparison of Medical Therapy, Pacing, and Defibrillation in Heart Failure
trial

COPD: chronic obstructive pulmonary disease

CRP: C-reactive protein
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CRT-D: cardiac resynchronization therapy defibrillator
CRT-P: cardiac resynchronization therapy pacemaker

DANISH: Danish Study to Assess the Efficacy of ICDs in Patients with Non-Ischemic Systolic
Heart Failure on Mortality

DCM: dilated cardiomyopathy

DEFINITE: Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation Trial
DINAMIT: Defibrillator in Acute Myocardial Infarction Trial
eGFR: estimated glomerular filtration rate

FGF-23: fibroblast-growth factor-23

GRADE: Grading of Recommendations, Assessment, Development and Evaluations
Hb: hemoglobin

Hct: hematocrit

HDL: high density lipoprotein

HF: heart failure

HFmrEF: heart failure with mid-range ejection fraction
HFpEF: heart failure with preserved ejection fraction
HFrEF: heart failure with reduced ejection fraction

HFSIS: heart failure survey in Israel study

HR: hazard ration

ICD: implantable cardioverter defibrillator

IRIS: Immediate Risk Stratification Improves Survival trial
IVS: interventricular septum diameter

LAD: left atrial diameter

LAV: left atrial volume

LDH: lactate dehydrogenase

LDL: low density lipoprotein

LVEDD: left ventricular end diastolic diameter

LVEDV: left ventricular end-diastolic volume

LVEF: left ventricular ejection fraction

LVESD: left ventricular end systolic diameter

LVESV: left ventricular end-systolic volume
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MADIT RIT: MADIT Randomized Trial to Reduce Inappropriate Therapy
MADIT: Multicenter Automatic Defibrillator Implantation Trial

MADIT-CRT: Multicenter Automatic Defibrillator Implantation Trial with Cardiac
Resynchronization Therapy

MIRACLE ICD: Multicenter InSync ICD Randomized Clinical Evaluation
MIRACLE: Multicenter InSync Randomized Clinical Evaluation

MRAs: mineralocorticoid antagonists

MUSIC: Muerte Subita en Insufficiencia Cardiaca study

MUSIC: Multicentre study using strain delay index for predicting response to cardiac
resynchronization therapy

MUSTIC: Multisite Stimulation in Cardiomyopathies

MUSTT: Multicenter Unsustained Tachycardia trial

NLR: neutrophil to lymphocyte ratio

NOS: Newcastle—Ottawa Quality Assessment Scale

NYHA: New York Heart Association

OR: odds ratio

ORBIT-AF: Outcomes Registry for Better Informed Treatment of Atrial Fibrillation

PARADIGM-HF: Prospective comparison of ARNI with ACEl to Determine Impact on
Global Mortality and morbidity in Heart Failure

PATH-CHF: Pacing Therapies in Congestive Heart Failure study
PLR: platelet to lymphocyte ratio

PLT: platelets

PNR: platelet to neutrophil ratio

PROSPECT: Predictors of Response to CRT

PVI: pulmonary vein isolation

PVs: pulmonary veins

PWD: posterior wall diameter

RDW: red blood cell distribution width

RDW: red cell distribution width

RDW-CV: Red Distribution Width-Coefficient Variation

REVERSE: Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction
Study
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RF: radiofrequency

RR: relative risk

RVSP: right ventricular systolic pressure

SCD: sudden cardiac death

SCD-HeFT: Sudden Cardiac Death in Heart Failure Trial
SD: standard deviation

SIMPLE: Shockless Implantation Evaluation trial
SOLVD: Studies of Left Ventricular Dysfunction Prevention and Treatment Trials
SR: sinus rhythm

SwedeHF: Swedish Heart Failure Registry

TAPSE: Tricuspid annular plane systolic excursion

TOPCAT: Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone
Antagonist

VALIANT: VALsartan In Acute myocardial iNfarcTion trial

VF: ventricular fibrillation

V-HeFT |, ll: Veterans Affairs Vasodilator-Heart Failure I, Il Trials
VT: ventricular tachycardia

WBC: white blood cells



156

9. References

1. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment
of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with
the special contribution of the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail.
2016;18(8):891-975.

2. Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA guideline for the management
of heart failure: executive summary: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on practice guidelines. Circulation.
2013;128(16):1810-52.

3. Bui AL, Horwich TB, Fonarow GC. Epidemiology and risk profile of heart failure. Nat
Rev Cardiol. 2011;8(1):30-41.

4, Benjamin EJ, Virani SS, Callaway CW, et al. Heart Disease and Stroke Statistics-2018
Update: A Report From the American Heart Association. Circulation. 2018;137(12):e67-e492.
5. Writing Group M, Mozaffarian D, Benjamin EJ, et al. Heart Disease and Stroke
Statistics-2016 Update: A Report From the American Heart Association. Circulation.
2016;133(4):e38-360.

6. Huffman MD, Berry ID, Ning H, et al. Lifetime risk for heart failure among white and
black Americans: cardiovascular lifetime risk pooling project. J Am Coll Cardiol.
2013;61(14):1510-7.

7. Merlo M, Pivetta A, Pinamonti B, et al. Long-term prognostic impact of therapeutic
strategies in patients with idiopathic dilated cardiomyopathy: changing mortality over the last
30 years. Eur J Heart Fail. 2014;16(3):317-24.

8. Chen J, Normand SL, Wang Y, et al. National and regional trends in heart failure
hospitalization and mortality rates for Medicare beneficiaries, 1998-2008. JAMA.
2011;306(15):1669-78.

9. McMurray JJ, Stewart S. Epidemiology, aetiology, and prognosis of heart failure.
Heart. 2000;83(5):596-602.
10. He J, Ogden LG, Bazzano LA, et al. Risk factors for congestive heart failure in US men

and women: NHANES | epidemiologic follow-up study. Arch Intern Med. 2001;161(7):996-
1002.

11. Koh AS, Tay WT, Teng THK, et al. A comprehensive population-based characterization
of heart failure with mid-range ejection fraction. European journal of heart failure.
2017;19(12):1624-34.

12. Cho JH, Choe WS, Cho HJ, et al. Comparison of Characteristics and 3-Year Outcomes
in Patients With Acute Heart Failure With Preserved, Mid-Range, and Reduced Ejection

Fraction. Circulation journal : official journal of the Japanese Circulation Society.
2019;83(2):347-56.
13. Redfield MM. Heart Failure with Preserved Ejection Fraction. The New England journal

of medicine. 2016;375(19):1868-77.

14. Maisel AS, Duran JM, Wettersten N. Natriuretic Peptides in Heart Failure: Atrial and
B-type Natriuretic Peptides. Heart failure clinics. 2018;14(1):13-25.

15. Chioncel O, Lainscak M, Seferovic PM, et al. Epidemiology and one-year outcomes in
patients with chronic heart failure and preserved, mid-range and reduced ejection fraction:
an analysis of the ESC Heart Failure Long-Term Registry. European journal of heart failure.
2017;19(12):1574-85.

16. Ozlek B, Ozlek E, Agus HZ, et al. Patients with HFpEF and HFmrEF have different clinical
characteristics in Turkey: A multicenter observational study. European journal of internal
medicine. 2018.



157

17. Streng KW, Nauta JF, Hillege HL, et al. Non-cardiac comorbidities in heart failure with
reduced, mid-range and preserved ejection fraction. International journal of cardiology.
2018;271:132-9.

18. Tibrewala A, Yancy CW. Heart Failure with Preserved Ejection Fraction in Women.
Heart failure clinics. 2019;15(1):9-18.
19. Elgendy Y, Pepine CJ. Heart failure with preserved ejection fraction: Is ischemia due

to coronary microvascular dysfunction a mechanistic factor? The American journal of
medicine. 2019.

20. Sartipy U, Savarese G, Dahlstrom U, et al. Association of heart rate with mortality in
sinus rhythm and atrial fibrillation in heart failure with preserved ejection fraction. European
journal of heart failure. 2019.

21. Savarese G, Xu H, Trevisan M, et al. Incidence, Predictors, and Outcome Associations
of Dyskalemia in Heart Failure With Preserved, Mid-Range, and Reduced Ejection Fraction.
JACC Heart failure. 2019;7(1):65-76.

22. Sato Y, Yoshihisa A, Oikawa M, et al. Hyponatremia at discharge is associated with
adverse prognosis in acute heart failure syndromes with preserved ejection fraction: a report
from the JASPER registry. European heart journal Acute cardiovascular care.
2019:2048872618822459.

23. Selvaraj S, Claggett B, Shah SJ, et al. Prognostic Value of Alouminuria and Influence of
Spironolactone in Heart Failure With Preserved Ejection Fraction. Circulation Heart failure.
2018;11(11):e005288.

24. Khan H, Anker SD, Januzzi JL, Jr., et al. Heart Failure Epidemiology in Patients With
Diabetes Mellitus Without Coronary Heart Disease. Journal of cardiac failure. 2018.

25. Myhre PL, O'Meara E, Claggett BL, et al. Cardiac Troponin | and Risk of Cardiac Events
in Patients With Heart Failure and Preserved Ejection Fraction. Circulation Heart failure.
2018;11(11):e005312.

26. Kitzman DW, Brubaker P, Morgan T, et al. Effect of Caloric Restriction or Aerobic
Exercise Training on Peak Oxygen Consumption and Quality of Life in Obese Older Patients
With Heart Failure With Preserved Ejection Fraction: A Randomized Clinical Trial. Jama.
2016;315(1):36-46.

27. Hummel SL, Seymour EM, Brook RD, et al. Low-sodium DASH diet improves diastolic
function and ventricular-arterial coupling in hypertensive heart failure with preserved ejection
fraction. Circulation Heart failure. 2013;6(6):1165-71.

28. Borlaug BA. The pathophysiology of heart failure with preserved ejection fraction.
Nature reviews Cardiology. 2014;11(9):507-15.

29. Lund LH, Benson L, Dahlstrom U, et al. Association between use of beta-blockers and
outcomes in patients with heart failure and preserved ejection fraction. Jama.
2014;312(19):2008-18.

30. Cleland JG, Tendera M, Adamus J, et al. The perindopril in elderly people with chronic
heart failure (PEP-CHF) study. European heart journal. 2006;27(19):2338-45.

31. Yusuf S, Pfeffer MA, Swedberg K, et al. Effects of candesartan in patients with chronic
heart failure and preserved left-ventricular ejection fraction: the CHARM-Preserved Trial.
Lancet. 2003;362(9386):777-81.

32. Massie BM, Carson PE, McMurray lJ, et al. Irbesartan in patients with heart failure and
preserved ejection fraction. The New England journal of medicine. 2008;359(23):2456-67.
33. Pitt B, Pfeffer MA, Assmann SF, et al. Spironolactone for heart failure with preserved
ejection fraction. The New England journal of medicine. 2014;370(15):1383-92.

34. Kapelios CJ, Murrow JR, Nuhrenberg TG, et al. Effect of mineralocorticoid receptor
antagonists on cardiac function in patients with heart failure and preserved ejection fraction:
a systematic review and meta-analysis of randomized controlled trials. Heart failure reviews.
2019.



158

35. Shah SJ, Kitzman DW, Borlaug BA, et al. Phenotype-Specific Treatment of Heart Failure
With Preserved Ejection Fraction: A Multiorgan Roadmap. Circulation. 2016;134(1):73-90.
36. Solomon SD, Zile M, Pieske B, et al. The angiotensin receptor neprilysin inhibitor
LCZ696 in heart failure with preserved ejection fraction: a phase 2 double-blind randomised
controlled trial. Lancet. 2012;380(9851):1387-95.

37. Dschietzig TB. Relaxin-2 for heart failure with preserved ejection fraction (HFpEF):
Rationale for future clinical trials. Molecular and cellular endocrinology. 2019.

38. Ziaeian B, Fonarow GC. Epidemiology and aetiology of heart failure. Nat Rev Cardiol.
2016;13(6):368-78.

39. Sequeira V, van der Velden J. Historical perspective on heart function: the Frank-
Starling Law. Biophys Rev. 2015;7(4):421-47.

40. Cannon PJ. Sodium retention in heart failure. Cardiol Clin. 1989;7(1):49-62.

41. Mullens W, Verbrugge FH, Nijst P, et al. Renal sodium avidity in heart failure: from
pathophysiology to treatment strategies. Eur Heart J. 2017;38(24):1872-82.

42. Tham YK, Bernardo BC, Ooi JY, et al. Pathophysiology of cardiac hypertrophy and heart
failure: signaling pathways and novel therapeutic targets. Arch Toxicol. 2015;89(9):1401-38.

43. Burchfield JS, Xie M, Hill JA. Pathological ventricular remodeling: mechanisms: part 1
of 2. Circulation. 2013;128(4):388-400.
44, Gaudron P, Eilles C, Kugler |, et al. Progressive left ventricular dysfunction and

remodeling after myocardial infarction. Potential mechanisms and early predictors.
Circulation. 1993;87(3):755-63.

45. Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling--concepts and clinical implications:
a consensus paper from an international forum on cardiac remodeling. Behalf of an
International Forum on Cardiac Remodeling. J Am Coll Cardiol. 2000;35(3):569-82.

46. Vincent JL. Understanding cardiac output. Crit Care. 2008;12(4):174.

47. O'Neal WT, Mazur M, Bertoni AG, et al. Electrocardiographic Predictors of Heart
Failure With Reduced Versus Preserved Ejection Fraction: The Multi-Ethnic Study of
Atherosclerosis. Journal of the American Heart Association. 2017;6(6).

48, Carluccio E, Biagioli P, Mengoni A, et al. Left Atrial Reservoir Function and Outcome in
Heart Failure With Reduced Ejection Fraction. Circulation Cardiovascular imaging.
2018;11(11):e007696.

49. Lundorff IJ, Sengelov M, Godsk Jorgensen P, et al. Echocardiographic Predictors of
Mortality in Women With Heart Failure With Reduced Ejection Fraction. Circulation
Cardiovascular imaging. 2018;11(11):e008031.

50. Chandramouli C, Teng TK, Tay WT, et al. Impact of diabetes and sex in heart failure
with reduced ejection fraction patients from the ASIAN-HF registry. European journal of heart
failure. 2018.

51. Dewan P, Jhund PS, Shen L, et al. Heart failure with reduced ejection fraction:
comparison of patient characteristics and clinical outcomes within Asia and between Asia,
Europe and the Americas. European journal of heart failure. 2018.

52. Dewan P, Rorth R, Jhund PS, et al. Differential Impact of Heart Failure With Reduced
Ejection Fraction on Men and Women. Journal of the American College of Cardiology.
2019;73(1):29-40.

53. Murninkas D, Itzhaki Ben Zadok O, lakobishvili Z, et al. Comparison of 18-Month
Outcomes of Ambulatory Patients With Reduced (</=40%) Left Ventricular Ejection Fraction
Treated in a Community-Based, Dedicated Heart Failure Clinic Versus Treated Elsewhere. The
American journal of cardiology. 2019.

54. McMurray JJ, Packer M, Desai AS, et al. Angiotensin-neprilysin inhibition versus
enalapril in heart failure. N Engl J Med. 2014;371(11):993-1004.

55. Swedberg K, Komajda M, Bohm M, et al. lvabradine and outcomes in chronic heart
failure (SHIFT): a randomised placebo-controlled study. Lancet. 2010;376(9744):875-85.



159

56. von Haehling S, Ebner N, Evertz R, et al. Iron Deficiency in Heart Failure: An Overview.
JACC Heart failure. 2019;7(1):36-46.
57. Brunner-La Rocca HP, Linssen GC, Smeele FJ, et al. Contemporary Drug Treatment of

Chronic Heart Failure With Reduced Ejection Fraction: The CHECK-HF Registry. JACC Heart
failure. 2019;7(1):13-21.

58. Anker SD, Borggrefe M, Neuser H, et al. Cardiac contractility modulation improves
long-term survival and hospitalizations in heart failure with reduced ejection fraction.
European journal of heart failure. 2019.

59. Warraich HJ, Kitzman DW, Whellan DJ, et al. Physical Function, Frailty, Cognition,
Depression, and Quality of Life in Hospitalized Adults >/=60 Years With Acute Decompensated
Heart Failure With Preserved Versus Reduced Ejection Fraction. Circulation Heart failure.
2018;11(11):e005254.

60. Tamargo J, Caballero R, Delpon E. New drugs in preclinical and early stage clinical
development in the treatment of heart failure. Expert opinion on investigational drugs.
2018:1-21.

61. Meta-analysis Global Group in Chronic Heart F. The survival of patients with heart
failure with preserved or reduced left ventricular ejection fraction: an individual patient data
meta-analysis. Eur Heart J. 2012;33(14):1750-7.

62. Hsu JJ, Ziaeian B, Fonarow GC. Heart Failure With Mid-Range (Borderline) Ejection
Fraction: Clinical Implications and Future Directions. JACC Heart failure. 2017;5(11):763-71.

63. Bhambhani V, Kizer JR, Lima JAC, et al. Predictors and outcomes of heart failure with
mid-range ejection fraction. European journal of heart failure. 2018;20(4):651-9.
64. Nauta JF, Hummel YM, van Melle JP, et al. What have we learned about heart failure

with mid-range ejection fraction one year after its introduction? European journal of heart
failure. 2017;19(12):1569-73.

65. The Criteria Committee of the New York Heart Association. Nomenclature and criteria
for diagnosis of diseases of the heart and great vessels. 9th ed. ed. Boston, Mass: Little &
Brown; 1994.

66. Hunt SA, Abraham WT, Chin MH, et al. 2009 focused update incorporated into the
ACC/AHA 2005 Guidelines for the Diagnosis and Management of Heart Failure in Adults: a
report of the American College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines: developed in collaboration with the International Society for
Heart and Lung Transplantation. Circulation. 2009;119(14):e391-479.

67. Killip T, 3rd, Kimball JT. Treatment of myocardial infarction in a coronary care unit. A
two year experience with 250 patients. Am J Cardiol. 1967;20(4):457-64.

68. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in adults:
national implications for rhythm management and stroke prevention: the AnTicoagulation
and Risk Factors in Atrial Fibrillation (ATRIA) Study. Jama. 2001;285(18):2370-5.

69. Miyasaka Y, Barnes ME, Gersh BJ, et al. Secular trends in incidence of atrial fibrillation
in Olmsted County, Minnesota, 1980 to 2000, and implications on the projections for future
prevalence. Circulation. 2006;114(2):119-25.

70. Colilla S, Crow A, Petkun W, et al. Estimates of current and future incidence and
prevalence of atrial fibrillation in the U.S. adult population. The American journal of
cardiology. 2013;112(8):1142-7.

71. Hohendanner F, Heinzel FR, Blaschke F, et al. Pathophysiological and therapeutic
implications in patients with atrial fibrillation and heart failure. Heart failure reviews.
2018;23(1):27-36.

72. Benjamin EJ, Wolf PA, D'Agostino RB, et al. Impact of atrial fibrillation on the risk of
death: the Framingham Heart Study. Circulation. 1998;98(10):946-52.



160

73. Wang TJ, Larson MG, Levy D, et al. Temporal relations of atrial fibrillation and
congestive heart failure and their joint influence on mortality: the Framingham Heart Study.
Circulation. 2003;107(23):2920-5.

74. Miyasaka Y, Barnes ME, Gersh BJ, et al. Incidence and mortality risk of congestive
heart failure in atrial fibrillation patients: a community-based study over two decades.
European heart journal. 2006;27(8):936-41.

75. Vermond RA, Geelhoed B, Verweij N, et al. Incidence of Atrial Fibrillation and
Relationship With Cardiovascular Events, Heart Failure, and Mortality: A Community-Based
Study From the Netherlands. Journal of the American College of Cardiology. 2015;66(9):1000-
7.

76. Prabhu S, Voskoboinik A, Kaye DM, et al. Atrial Fibrillation and Heart Failure - Cause
or Effect? Heart, lung & circulation. 2017;26(9):967-74.

77. Sanders P, Morton JB, Davidson NC, et al. Electrical remodeling of the atria in
congestive heart failure: electrophysiological and electroanatomic mapping in humans.
Circulation. 2003;108(12):1461-8.

78. Deshmukh PM, Krishnamani R, Romanyshyn M, et al. Association of angiotensin
converting enzyme gene polymorphism with tachycardia cardiomyopathy. International
journal of molecular medicine. 2004;13(3):455-8.

79. Burke MA, Cook SA, Seidman JG, et al. Clinical and Mechanistic Insights Into the
Genetics of Cardiomyopathy. Journal of the American College of Cardiology.
2016;68(25):2871-86.

80. Frost L, Engholm G, Johnsen S, et al. Incident thromboembolism in the aorta and the
renal, mesenteric, pelvic, and extremity arteries after discharge from the hospital with a
diagnosis of atrial fibrillation. Archives of internal medicine. 2001;161(2):272-6.

81. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for
stroke: the Framingham Study. Stroke. 1991;22(8):983-8.

82. Kalantarian S, Stern TA, Mansour M, et al. Cognitive impairment associated with atrial
fibrillation: a meta-analysis. Annals of internal medicine. 2013;158(5 Pt 1):338-46.

83. Zhang L, Gallagher R, Neubeck L. Health-related quality of life in atrial fibrillation
patients over 65 years: A review. European journal of preventive cardiology. 2015;22(8):987-
1002.

84. O'Neal WT, Qureshi WT, Judd SE, et al. Effect of Falls on Frequency of Atrial Fibrillation
and Mortality Risk (from the REasons for Geographic And Racial Differences in Stroke Study).
The American journal of cardiology. 2015;116(8):1213-8.

85. Soliman EZ, Safford MM, Muntner P, et al. Atrial fibrillation and the risk of myocardial
infarction. JAMA internal medicine. 2014;174(1):107-14.

86. Watanabe H, Watanabe T, Sasaki S, et al. Close bidirectional relationship between
chronic kidney disease and atrial fibrillation: the Niigata preventive medicine study. American
heart journal. 2009;158(4):629-36.

87. Bardai A, Blom MT, van Hoeijen DA, et al. Atrial fibrillation is an independent risk
factor for ventricular fibrillation: a large-scale population-based case-control study.
Circulation Arrhythmia and electrophysiology. 2014;7(6):1033-9.

88. Odutayo A, Wong CX, Hsiao AJ, et al. Atrial fibrillation and risks of cardiovascular
disease, renal disease, and death: systematic review and meta-analysis. BMJ. 2016;354:i4482.
89. Ruddox V, Sandven |, Munkhaugen J, et al. Atrial fibrillation and the risk for myocardial
infarction, all-cause mortality and heart failure: A systematic review and meta-analysis. Eur J
Prev Cardiol. 2017;24(14):1555-66.

90. Khazanie P, Liang L, Qualls LG, et al. Outcomes of medicare beneficiaries with heart
failure and atrial fibrillation. JACC Heart Fail. 2014;2(1):41-8.

91. Chatterjee NA, Chae CU, Kim E, et al. Modifiable Risk Factors for Incident Heart Failure
in Atrial Fibrillation. JACC Heart Fail. 2017;5(8):552-60.



161

92. Madan N, ltchhaporia D, Albert CM, et al. Atrial Fibrillation and Heart Failure in
Women. Heart Fail Clin. 2019;15(1):55-64.

93. Middlekauff HR, Stevenson WG, Stevenson LW. Prognostic significance of atrial
fibrillation in advanced heart failure. A study of 390 patients. Circulation. 1991;84(1):40-8.
94. Dries DL, Exner DV, Gersh BJ, et al. Atrial fibrillation is associated with an increased

risk for mortality and heart failure progression in patients with asymptomatic and
symptomatic left ventricular systolic dysfunction: a retrospective analysis of the SOLVD trials.
Studies of Left Ventricular Dysfunction. J Am Coll Cardiol. 1998;32(3):695-703.

95. Crijns HJ, Tjeerdsma G, de Kam PJ, et al. Prognostic value of the presence and
development of atrial fibrillation in patients with advanced chronic heart failure. Eur Heart J.
2000;21(15):1238-45.

96. Swedberg K, Olsson LG, Charlesworth A, et al. Prognostic relevance of atrial fibrillation
in patients with chronic heart failure on long-term treatment with beta-blockers: results from
COMET. Eur Heart J. 2005;26(13):1303-8.

97. Mitchell JE, Tam SW, Trivedi K, et al. Atrial fibrillation and mortality in African
American patients with heart failure: results from the African American Heart Failure Trial (A-
HeFT). Am Heart J. 2011;162(1):154-9.

98. Shotan A, Garty M, Blondhein DS, et al. Atrial fibrillation and long-term prognosis in
patients hospitalized for heart failure: results from heart failure survey in Israel (HFSIS). Eur
Heart J. 2010;31(3):309-17.

99. Cygankiewicz I, Corino V, Vazquez R, et al. Reduced Irregularity of Ventricular
Response During Atrial Fibrillation and Long-term Outcome in Patients With Heart Failure. Am
J Cardiol. 2015;116(7):1071-5.

100. Carson PE, Johnson GR, Dunkman WB, et al. The influence of atrial fibrillation on
prognosis in mild to moderate heart failure. The V-HeFT Studies. The V-HeFT VA Cooperative
Studies Group. Circulation. 1993;87(6 Suppl):VI102-10.

101. Mahoney P, Kimmel S, DeNofrio D, et al. Prognostic significance of atrial fibrillation in
patients at a tertiary medical center referred for heart transplantation because of severe heart
failure. Am J Cardiol. 1999;83(11):1544-7.

102. Rattanawong P, Upala S, Riangwiwat T, et al. Atrial fibrillation is associated with
sudden cardiac death: a systematic review and meta-analysis. J Interv Card Electrophysiol.
2018;51(2):91-104.

103. KoberL, Swedberg K, McMurray JJ, et al. Previously known and newly diagnosed atrial
fibrillation: a major risk indicator after a myocardial infarction complicated by heart failure or
left ventricular dysfunction. Eur J Heart Fail. 2006;8(6):591-8.

104. Mogensen UM, Jhund PS, Abraham WT, et al. Type of Atrial Fibrillation and Outcomes
in Patients With Heart Failure and Reduced Ejection Fraction. J Am Coll Cardiol.
2017,;70(20):2490-500.

105.  Ziff OJ, Carter PR, McGowan J, et al. The interplay between atrial fibrillation and heart
failure on long-term mortality and length of stay: Insights from the, United Kingdom ACALM
registry. Int J Cardiol. 2018;252:117-21.

106.  Aleong RG, Sauer WH, Davis G, et al. New-onset atrial fibrillation predicts heart failure
progression. Am J Med. 2014;127(10):963-71.

107. Ahmed A, Perry GJ. Incident atrial fibrillation and mortality in older adults with heart
failure. Eur J Heart Fail. 2005;7(7):1118-21.

108. Chamberlain AM, Redfield MM, Alonso A, et al. Atrial fibrillation and mortality in heart
failure: a community study. Circ Heart Fail. 2011;4(6):740-6.

109. Rivero-Ayerza M, Scholte Op Reimer W, Lenzen M, et al. New-onset atrial fibrillation
is an independent predictor of in-hospital mortality in hospitalized heart failure patients:
results of the EuroHeart Failure Survey. Eur Heart J. 2008;29(13):1618-24.



162

110. Mountantonakis SE, Grau-Sepulveda MV, Bhatt DL, et al. Presence of atrial fibrillation
is independently associated with adverse outcomes in patients hospitalized with heart failure:
an analysis of get with the guidelines-heart failure. Circ Heart Fail. 2012;5(2):191-201.

111.  Cadrin-Tourigny J, Shohoudi A, Roy D, et al. Decreased Mortality With Beta-Blockers
in Patients With Heart Failure and Coexisting Atrial Fibrillation: An AF-CHF Substudy. JACC
Heart Fail. 2017;5(2):99-106.

112. Kotecha D, Holmes J, Krum H, et al. Efficacy of beta blockers in patients with heart
failure plus atrial fibrillation: an individual-patient data meta-analysis. Lancet.
2014;384(9961):2235-43.

113. Rienstra M, Damman K, Mulder BA, et al. Beta-blockers and outcome in heart failure
and atrial fibrillation: a meta-analysis. JACC Heart Fail. 2013;1(1):21-8.

114.  Sartipy U, Dahlstrom U, Fu M, et al. Atrial Fibrillation in Heart Failure With Preserved,
Mid-Range, and Reduced Ejection Fraction. JACC Heart Fail. 2017;5(8):565-74.

115. Eapen ZJ, Greiner MA, Fonarow GC, et al. Associations between atrial fibrillation and
early outcomes of patients with heart failure and reduced or preserved ejection fraction. Am
Heart J. 2014;167(3):369-75 e2.

116. McManus DD, Hsu G, Sung SH, et al. Atrial fibrillation and outcomes in heart failure
with preserved versus reduced left ventricular ejection fraction. J Am Heart Assoc.
2013;2(1):e005694.

117.  Elshazly MB, Senn T, Wu Y, et al. Impact of Atrial Fibrillation on Exercise Capacity and
Mortality in Heart Failure With Preserved Ejection Fraction: Insights From Cardiopulmonary
Stress Testing. J Am Heart Assoc. 2017;6(11).

118. Bosseau C, Donal E, Lund LH, et al. The prognostic significance of atrial fibrillation in
heart failure with preserved ejection function: insights from KaRen, a prospective and
multicenter study. Heart Vessels. 2017;32(6):735-49.

119. Cherian TS, Shrader P, Fonarow GC, et al. Effect of Atrial Fibrillation on Mortality,
Stroke Risk, and Quality-of-Life Scores in Patients With Heart Failure (from the Outcomes
Registry for Better Informed Treatment of Atrial Fibrillation [ORBIT-AF]). Am J Cardiol.
2017;119(11):1763-9.

120. Pandey A, Kim S, Moore C, et al. Predictors and Prognostic Implications of Incident
Heart Failure in Patients With Prevalent Atrial Fibrillation. JACC Heart Fail. 2017;5(1):44-52.
121.  Cheng M, Lu X, Huang J, et al. The prognostic significance of atrial fibrillation in heart
failure with a preserved and reduced left ventricular function: insights from a meta-analysis.
Eur J Heart Fail. 2014;16(12):1317-22.

122. Kotecha D, Chudasama R, Lane DA, et al. Atrial fibrillation and heart failure due to
reduced versus preserved ejection fraction: A systematic review and meta-analysis of death
and adverse outcomes. Int J Cardiol. 2016;203:660-6.

123. Mamas MA, Caldwell JC, Chacko S, et al. A meta-analysis of the prognostic significance
of atrial fibrillation in chronic heart failure. Eur J Heart Fail. 2009;11(7):676-83.

124. Odutayo A, Wong CX, Williams R, et al. Prognostic Importance of Atrial Fibrillation
Timing and Pattern in Adults With Congestive Heart Failure: A Systematic Review and Meta-
Analysis. J Card Fail. 2017;23(1):56-62.

125. Myserlis PG, Malli A, Kalaitzoglou DK, et al. Atrial fibrillation and cognitive function in
patients with heart failure: a systematic review and meta-analysis. Heart Fail Rev.
2017;22(1):1-11.

126.  Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guidelines for the management of
atrial fibrillation developed in collaboration with EACTS. Eur Heart J. 2016;37(38):2893-962.
127.  Briceno DF, Markman TM, Lupercio F, et al. Catheter ablation versus conventional
treatment of atrial fibrillation in patients with heart failure with reduced ejection fraction: a
systematic review and meta-analysis of randomized controlled trials. J Interv Card
Electrophysiol. 2018;53(1):19-29.



163

128. Luik A, Radzewitz A, Kieser M, et al. Cryoballoon Versus Open Irrigated
Radiofrequency Ablation in Patients With Paroxysmal Atrial Fibrillation: The Prospective,
Randomized, Controlled, Noninferiority FreezeAF Study. Circulation. 2015;132(14):1311-9.
129. Schmidt M, Dorwarth U, Andresen D, et al. Cryoballoon versus RF ablation in
paroxysmal atrial fibrillation: results from the German Ablation Registry. Journal of
cardiovascular electrophysiology. 2014;25(1):1-7.

130.  Kuck KH, Brugada J, Furnkranz A, et al. Cryoballoon or Radiofrequency Ablation for
Paroxysmal Atrial Fibrillation. The New England journal of medicine. 2016;374(23):2235-45.
131.  Katritsis G, Calkins H. Catheter Ablation of Atrial Fibrillation - Techniques and
Technology. Arrhythmia & electrophysiology review. 2012;1(1):29-33.

132.  Callahan TD, Natale A. Procedural end points in pulmonary vein antrum isolation: are
we there yet? Circulation. 2008;117(2):131-3.

133.  Elayi CS, Verma A, Di Biase L, et al. Ablation for longstanding permanent atrial
fibrillation: results from a randomized study comparing three different strategies. Heart
rhythm. 2008;5(12):1658-64.

134. Lee KN, Choi JI, Kim YG, et al. Comparison between linear and focal ablation of
complex fractionated atrial electrograms in patients with non-paroxysmal atrial fibrillation: a
prospective randomized trial. Europace : European pacing, arrhythmias, and cardiac
electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and cardiac
cellular electrophysiology of the European Society of Cardiology. 2019.

135.  Zhao XX, Li KL, Wang RX, et al. Comparisons of efficacy, safety and recurrence risk
factors of paroxysmal and persistent atrial fibrillation catheter ablation using robotic magnetic
navigation system. Clinical cardiology. 2019.

136.  Adragao PP, Cavaco D, Ferreira AM, et al. Safety and Long-Term Outcomes of Catheter
Ablation of Atrial Fibrillation Using Magnetic Navigation versus Manual Conventional Ablation:
A Propensity-Score Analysis. J Cardiovasc Electrophysiol. 2016;27 Suppl 1:511-6.

137. Efremidis M, Letsas KP, Georgopoulos S, et al. Safety, long-term outcomes and
predictors of recurrence following a single catheter ablation procedure for atrial fibrillation.
Acta cardiologica. 2018:1-6.

138.  Bhargava M, Di Biase L, Mohanty P, et al. Impact of type of atrial fibrillation and repeat
catheter ablation on long-term freedom from atrial fibrillation: results from a multicenter
study. Heart Rhythm. 2009;6(10):1403-12.

139.  Hussein AA, Saliba WI, Martin DO, et al. Natural history and long-term outcomes of
ablated atrial fibrillation. Circ Arrhythm Electrophysiol. 2011;4(3):271-8.

140. Weerasooriya R, Khairy P, Litalien J, et al. Catheter ablation for atrial fibrillation: are
results maintained at 5 years of follow-up? J Am Coll Cardiol. 2011;57(2):160-6.

141.  Scherr D, Khairy P, Miyazaki S, et al. Five-year outcome of catheter ablation of
persistent atrial fibrillation using termination of atrial fibrillation as a procedural endpoint.
Circ Arrhythm Electrophysiol. 2015;8(1):18-24.

142.  Ganesan AN, Shipp NJ, Brooks AG, et al. Long-term outcomes of catheter ablation of
atrial fibrillation: a systematic review and meta-analysis. J Am Heart Assoc.
2013;2(2):e004549.

143. Wang M, Cai S, Ding W, et al. Efficacy and effects on cardiac function of
radiofrequency catheter ablation vs. direct current cardioversion of persistent atrial
fibrillation with left ventricular systolic dysfunction. PloS one. 2017;12(3):e0174510.

144. Jarman JW, Hunter TD, Hussain W, et al. Mortality, stroke, and heart failure in atrial
fibrillation cohorts after ablation versus propensity-matched cohorts. Pragmatic and
observational research. 2017;8:99-106.

145. Verma A, Kalman JM, Callans DJ. Treatment of Patients With Atrial Fibrillation and
Heart Failure With Reduced Ejection Fraction. Circulation. 2017;135(16):1547-63.



164

146.  Marrouche N. Catheter ablation versus standard conventional treatment in patients
with left ventricular dysfunction and atrial fibrillation: the CASTLE-AF trial. ESC Congress 365;
Barcelona2017. p. 2147.

147.  Di Biase L, Mohanty P, Mohanty S, et al. Ablation Versus Amiodarone for Treatment
of Persistent Atrial Fibrillation in Patients With Congestive Heart Failure and an Implanted
Device: Results From the AATAC Multicenter Randomized Trial. Circulation.
2016;133(17):1637-44.

148.  Zhu M, Zhou X, Cai H, et al. Catheter ablation versus medical rate control for persistent
atrial fibrillation in patients with heart failure: A PRISMA-compliant systematic review and
meta-analysis of randomized controlled trials. Medicine. 2016;95(30):e4377.

149. Zhang B, Shen D, Feng S, et al. Efficacy and safety of catheter ablation vs. rate control
of atrial fibrillation in systolic left ventricular dysfunction : A meta-analysis and systematic
review. Herz. 2016;41(4):342-50.

150. Anselmino M, Matta M, D'Ascenzo F, et al. Catheter ablation of atrial fibrillation in
patients with left ventricular systolic dysfunction: a systematic review and meta-analysis.
Circulation Arrhythmia and electrophysiology. 2014;7(6):1011-8.

151. Turagam MK, GargJ, Whang W, et al. Catheter Ablation of Atrial Fibrillation in Patients
With Heart Failure: A Meta-analysis of Randomized Controlled Trials. Annals of internal
medicine. 2018.

152.  Virk SA, Bennett RG, Chow C, et al. Catheter Ablation Versus Medical Therapy for Atrial
Fibrillation in Patients With Heart Failure: A Meta-Analysis of Randomised Controlled Trials.
Heart, lung & circulation. 2018.

153.  Malik AH, Aronow WS. Comparative Therapeutic Assessment of Atrial Fibrillation in
Heart Failure With Reduced Ejection Fraction-A Network Meta-Analysis. American journal of
therapeutics. 2018.

154.  AlTurki A, Proietti R, Dawas A, et al. Catheter ablation for atrial fibrillation in heart
failure with reduced ejection fraction: a systematic review and meta-analysis of randomized
controlled trials. BMC cardiovascular disorders. 2019;19(1):18.

155.  Lutomsky BA, Rostock T, Koops A, et al. Catheter ablation of paroxysmal atrial
fibrillation improves cardiac function: a prospective study on the impact of atrial fibrillation
ablation on left ventricular function assessed by magnetic resonance imaging. Europace :
European pacing, arrhythmias, and cardiac electrophysiology : journal of the working groups
on cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of the European Society
of Cardiology. 2008;10(5):593-9.

156. Nedios S, Sommer P, Dagres N, et al. Long-term follow-up after atrial fibrillation
ablation in patients with impaired left ventricular systolic function: the importance of rhythm
and rate control. Heart rhythm. 2014;11(3):344-51.

157.  Wilton SB, Fundytus A, Ghali WA, et al. Meta-analysis of the effectiveness and safety
of catheter ablation of atrial fibrillation in patients with versus without left ventricular systolic
dysfunction. The American journal of cardiology. 2010;106(9):1284-91.

158. Khan MN, Jais P, Cummings J, et al. Pulmonary-vein isolation for atrial fibrillation in
patients with heart failure. The New England journal of medicine. 2008;359(17):1778-85.
159. Black-Maier E, Ren X, Steinberg BA, et al. Catheter ablation of atrial fibrillation in
patients with heart failure and preserved ejection fraction. Heart rhythm. 2018;15(5):651-7.
160. Gengl, ZhangY, Wang Y, et al. Catheter ablation versus rate control in patients with
atrial fibrillation and heart failure: A multicenter study. Medicine. 2017;96(49):e9179.

161. Fredersdorf S, Fenzl C, Jungbauer C, et al. Long-term outcomes and predictors of
recurrence after pulmonary vein isolation with multielectrode ablation catheter in patients
with atrial fibrillation. Journal of cardiovascular medicine. 2018;19(4):148-54.

162. Chou CC, Lee HL, Chang PC, et al. Left atrial emptying fraction predicts recurrence of
atrial fibrillation after radiofrequency catheter ablation. PloS one. 2018;13(1):e0191196.



165

163.  Pinto Teixeira P, Martins Oliveira M, Ramos R, et al. Left atrial appendage volume as
a new predictor of atrial fibrillation recurrence after catheter ablation. Journal of
interventional cardiac electrophysiology : an international journal of arrhythmias and pacing.
2017;49(2):165-71.

164. Xue Y, Wang X, Thapa S, et al. Very early recurrence predicts long-term outcome in
patients after atrial fibrillation catheter ablation: a prospective study. BMC cardiovascular
disorders. 2017;17(1):109.

165.  Sultan A, Luker J, Andresen D, et al. Predictors of Atrial Fibrillation Recurrence after
Catheter Ablation: Data from the German Ablation Registry. Scientific reports.
2017;7(1):16678.

166. D'Ascenzo F, Corleto A, Biondi-Zoccai G, et al. Which are the most reliable predictors
of recurrence of atrial fibrillation after transcatheter ablation?: a meta-analysis. International
journal of cardiology. 2013;167(5):1984-9.

167. Balk EM, Garlitski AC, Alsheikh-Ali AA, et al. Predictors of atrial fibrillation recurrence
after radiofrequency catheter ablation: a systematic review. Journal of cardiovascular
electrophysiology. 2010;21(11):1208-16.

168. Chan PS, Nallamothu BK, Spertus JA, et al. Impact of age and medical comorbidity on
the effectiveness of implantable cardioverter-defibrillators for primary prevention. Circulation
Cardiovascular quality and outcomes. 2009;2(1):16-24.

169. Kadish A, Dyer A, Daubert JP, et al. Prophylactic defibrillator implantation in patients
with nonischemic dilated cardiomyopathy. N Engl J Med. 2004;350(21):2151-8.

170. Hohnloser SH, Kuck KH, Dorian P, et al. Prophylactic use of an implantable
cardioverter-defibrillator after acute myocardial infarction. N Engl J Med. 2004;351(24):2481-
8.

171. Singh SN, Poole J, Anderson J, et al. Role of amiodarone or implantable
cardioverter/defibrillator in patients with atrial fibrillation and heart failure. Am Heart J.
2006;152(5):974 e7-11.

172.  Zareba W, Steinberg JS, McNitt S, et al. Implantable cardioverter-defibrillator therapy
and risk of congestive heart failure or death in MADIT Il patients with atrial fibrillation. Heart
Rhythm. 2006;3(6):631-7.

173. Carson P, Anand I, O'Connor C, et al. Mode of death in advanced heart failure: the
Comparison of Medical, Pacing, and Defibrillation Therapies in Heart Failure (COMPANION)
trial. Journal of the American College of Cardiology. 2005;46(12):2329-34.

174. ZhangD, Tu H, Wadman MC, et al. Substrates and potential therapeutics of ventricular
arrhythmias in heart failure. European journal of pharmacology. 2018;833:349-56.

175. Pye MP, Cobbe SM. Arrhythmogenesis in experimental models of heart failure: the
role of increased load. Cardiovascular research. 1996;32(2):248-57.

176.  Masarone D, Limongelli G, Rubino M, et al. Management of Arrhythmias in Heart
Failure. Journal of cardiovascular development and disease. 2017;4(1).

177. Stevenson WG. Ventricular scars and ventricular tachycardia. Transactions of the
American Clinical and Climatological Association. 2009;120:403-12.

178. Janse MJ. Electrophysiological changes in heart failure and their relationship to
arrhythmogenesis. Cardiovascular research. 2004;61(2):208-17.

179. Volders PG, Kulcsar A, Vos MA, et al. Similarities between early and delayed
afterdepolarizations induced by isoproterenol in canine ventricular myocytes. Cardiovascular
research. 1997;34(2):348-59.

180. Davey PP, Barlow C, Hart G. Prolongation of the QT interval in heart failure occurs at
low but not at high heart rates. Clinical science. 2000;98(5):603-10.

181. Bonnar CE, Davie AP, Caruana L, et al. QT dispersion in patients with chronic heart
failure: beta blockers are associated with a reduction in QT dispersion. Heart. 1999;81(3):297-
302.



166

182.  Straus SM, Kors JA, De Bruin ML, et al. Prolonged QTc interval and risk of sudden
cardiac death in a population of older adults. Journal of the American College of Cardiology.
2006;47(2):362-7.

183.  Viquerat CE, Daly P, Swedberg K, et al. Endogenous catecholamine levels in chronic
heart failure. Relation to the severity of hemodynamic abnormalities. The American journal of
medicine. 1985;78(3):455-60.

184. Thomas JA, Marks BH. Plasma norepinephrine in congestive heart failure. The
American journal of cardiology. 1978;41(2):233-43.

185. Kawai C, Yui Y, Hoshino T, et al. Myocardial catecholamines in hypertrophic and
dilated (congestive) cardiomyopathy: a biopsy study. Journal of the American College of
Cardiology. 1983;2(5):834-40.

186.  Slavikova J, Kuncova J, Topolcan O. Plasma catecholamines and ischemic heart
disease. Clinical cardiology. 2007;30(7):326-30.

187. Santangeli P, Rame JE, Birati EY, et al. Management of Ventricular Arrhythmias in
Patients With Advanced Heart Failure. Journal of the American College of Cardiology.
2017;69(14):1842-60.

188.  Flaker GC, Blackshear JL, McBride R, et al. Antiarrhythmic drug therapy and cardiac
mortality in atrial fibrillation. The Stroke Prevention in Atrial Fibrillation Investigators. Journal
of the American College of Cardiology. 1992;20(3):527-32.

189. Gottlieb SS, Weinberg M. Cardiodepressant effects of mexiletine in patients with
severe left ventricular dysfunction. European heart journal. 1992;13(1):22-7.

190. Santangeli P, Muser D, Maeda S, et al. Comparative effectiveness of antiarrhythmic
drugs and catheter ablation for the prevention of recurrent ventricular tachycardia in patients
with implantable cardioverter-defibrillators: A systematic review and meta-analysis of
randomized controlled trials. Heart rhythm. 2016;13(7):1552-9.

191. MacNeil DJ, Davies RO, Deitchman D. Clinical safety profile of sotalol in the treatment
of arrhythmias. The American journal of cardiology. 1993;72(4):44A-50A.

192. Rademaker AW, Kellen J, Tam YK, et al. Character of adverse effects of prophylactic
lidocaine in the coronary care unit. Clinical pharmacology and therapeutics. 1986;40(1):71-80.
193. Ortiz M, Martin A, Arribas F, et al. Randomized comparison of intravenous
procainamide vs. intravenous amiodarone for the acute treatment of tolerated wide QRS
tachycardia: the PROCAMIO study. European heart journal. 2017;38(17):1329-35.

194.  Dukkipati SR, Koruth JS, Choudry S, et al. Catheter Ablation of Ventricular Tachycardia
in Structural Heart Disease: Indications, Strategies, and Outcomes-Part Il. Journal of the
American College of Cardiology. 2017;70(23):2924-41.

195. Rajendran PS, Nakamura K, Ajijola OA, et al. Myocardial infarction induces structural
and functional remodelling of the intrinsic cardiac nervous system. The Journal of physiology.
2016;594(2):321-41.

196. Haissaguerre M, Vigmond E, Stuyvers B, et al. Ventricular arrhythmias and the His-
Purkinje system. Nature reviews Cardiology. 2016;13(3):155-66.

197. Francone M. Role of cardiac magnetic resonance in the evaluation of dilated
cardiomyopathy: diagnostic contribution and prognostic significance. ISRN Radiol.
2014;2014:365404.

198. Mewton N, Liu CY, Croisille P, et al. Assessment of myocardial fibrosis with
cardiovascular magnetic resonance. Journal of the American College of Cardiology.
2011;57(8):891-903.

199. Delacretaz E, Stevenson WG, Ellison KE, et al. Mapping and radiofrequency catheter
ablation of the three types of sustained monomorphic ventricular tachycardia in nonischemic
heart disease. Journal of cardiovascular electrophysiology. 2000;11(1):11-7.



167

200. Philips B, Madhavan S, James C, et al. Outcomes of catheter ablation of ventricular
tachycardia in arrhythmogenic right ventricular dysplasia/cardiomyopathy. Circ Arrhythm
Electrophysiol. 2012;5(3):499-505.

201. Bai R, Di Biase L, Shivkumar K, et al. Ablation of ventricular arrhythmias in
arrhythmogenic right ventricular dysplasia/cardiomyopathy: arrhythmia-free survival after
endo-epicardial substrate based mapping and ablation. Circ Arrhythm Electrophysiol.
2011;4(4):478-85.

202. Romero J, Cerrud-Rodriguez RC, Di Biase L, et al. Combined Endocardial-Epicardial
Versus Endocardial Catheter Ablation Alone for Ventricular Tachycardia in Structural Heart
Disease: A Systematic Review and Meta-Analysis. JACC Clin Electrophysiol. 2019;5(1):13-24.
203.  Kastor JA. Michel Mirowski and the automatic implantable defibrillator. The American
journal of cardiology. 1989;63(15):1121-6.

204. Bryant RM. How implantable cardioverter-defibrillators work and simple
programming. Cardiology in the young. 2017;27(51):5121-S5.

205. Mirowski M, Reid PR, Mower MM, et al. Termination of malignant ventricular
arrhythmias with an implanted automatic defibrillator in human beings. The New England
journal of medicine. 1980;303(6):322-4.

206. Proclemer A, Della Bella P, Facchin D, et al. Indications for dual-chamber cardioverter
defibrillators atimplant and at 1 year follow-up: a retrospective analysis in the single-chamber
defibrillator era. Europace : European pacing, arrhythmias, and cardiac electrophysiology :
journal of the working groups on cardiac pacing, arrhythmias, and cardiac cellular
electrophysiology of the European Society of Cardiology. 2001;3(2):132-5.

207. De Maria E, Giacopelli D, Borghi A, et al. Antitachycardia pacing programming in
implantable cardioverter defibrillator: A systematic review. World journal of cardiology.
2017;9(5):429-36.

208.  Gulizia MM, Piraino L, Scherillo M, et al. A randomized study to compare ramp versus
burst antitachycardia pacing therapies to treat fast ventricular tachyarrhythmias in patients
with implantable cardioverter defibrillators: the PITAGORA ICD trial. Circulation Arrhythmia
and electrophysiology. 2009;2(2):146-53.

209. Santini M, Lunati M, Defaye P, et al. Prospective multicenter randomized trial of fast
ventricular tachycardia termination by prolonged versus conventional anti-tachyarrhythmia
burst pacing in implantable cardioverter-defibrillator patients-Atp DeliVery for pAiNless ICD
thErapy (ADVANCE-D) Trial results. Journal of interventional cardiac electrophysiology : an
international journal of arrhythmias and pacing. 2010;27(2):127-35.

210.  Wilkoff BL, Williamson BD, Stern RS, et al. Strategic programming of detection and
therapy parameters in implantable cardioverter-defibrillators reduces shocks in primary
prevention patients: results from the PREPARE (Primary Prevention Parameters Evaluation)
study. Journal of the American College of Cardiology. 2008;52(7):541-50.

211. Cantillon DJ, Wilkoff BL. Antitachycardia pacing for reduction of implantable
cardioverter-defibrillator shocks. Heart rhythm. 2015;12(6):1370-5.

212.  Wathen MS, DeGroot PJ, Sweeney MO, et al. Prospective randomized multicenter trial
of empirical antitachycardia pacing versus shocks for spontaneous rapid ventricular
tachycardia in patients with implantable cardioverter-defibrillators: Pacing Fast Ventricular
Tachycardia Reduces Shock Therapies (PainFREE Rx |Il) trial results. Circulation.
2004;110(17):2591-6.

213.  Al-Ghamdi B, Mallawi Y, Shafquat A, et al. Appropriate and Inappropriate Implantable
Cardioverter  Defibrillators  Therapies in  Arrhythmogenic  Right  Ventricular
Cardiomyopathy/Dysplasia Patients. Cardiology research. 2018;9(4):204-14.

214. Borne RT, Varosy PD, Masoudi FA. Implantable cardioverter-defibrillator shocks:
epidemiology, outcomes, and therapeutic approaches. JAMA internal medicine.
2013;173(10):859-65.



168

215.  Kulkarni N, Link MS. Causes and Prevention of Inappropriate Implantable
Cardioverter-Defibrillator Shocks. Cardiac electrophysiology clinics. 2018;10(1):67-74.

216. Poole JE, Johnson GW, Hellkamp AS, et al. Prognostic importance of defibrillator
shocks in patients with heart failure. The New England journal of medicine.
2008;359(10):1009-17.

217.  Proietti R, Labos C, Davis M, et al. A systematic review and meta-analysis of the
association between implantable cardioverter-defibrillator shocks and long-term mortality.
The Canadian journal of cardiology. 2015;31(3):270-7.

218.  Streitner F, Herrmann T, Kuschyk J, et al. Impact of shocks on mortality in patients
with ischemic or dilated cardiomyopathy and defibrillators implanted for primary prevention.
PloS one. 2013;8(5):e63911.

219. Sham'a RA, Nery P, Sadek M, et al. Myocardial injury secondary to ICD shocks: insights
from patients with lead fracture. Pacing and clinical electrophysiology : PACE. 2014;37(2):237-
41.

220. Hasdemir C, Shah N, Rao AP, et al. Analysis of troponin | levels after spontaneous
implantable cardioverter defibrillator shocks. Journal of cardiovascular electrophysiology.
2002;13(2):144-50.

221. Epstein AE, Kay GN, Plumb VJ, et al. Gross and microscopic pathological changes
associated with  nonthoracotomy implantable defibrillator leads. Circulation.
1998;98(15):1517-24.

222. Tungl, Tovar O, Neunlist M, et al. Effects of strong electrical shock on cardiac muscle
tissue. Annals of the New York Academy of Sciences. 1994;720:160-75.

223. Blendea D, Blendea M, Banker J, et al. Troponin T elevation after implanted
defibrillator discharge predicts survival. Heart. 2009;95(14):1153-8.

224.  Powell BD, Saxon LA, Boehmer JP, et al. Survival after shock therapy in implantable
cardioverter-defibrillator and cardiac resynchronization therapy-defibrillator recipients
according to rhythm shocked. The ALTITUDE survival by rhythm study. Journal of the American
College of Cardiology. 2013;62(18):1674-9.

225. Ahmad M, Bloomstein L, Roelke M, et al. Patients' attitudes toward implanted
defibrillator shocks. Pacing and clinical electrophysiology : PACE. 2000;23(6):934-8.

226.  Perini AP, Kutyifa V, Veazie P, et al. Effects of implantable cardioverter/defibrillator
shock and antitachycardia pacing on anxiety and quality of life: A MADIT-RIT substudy.
American heart journal. 2017;189:75-84.

227. Noyes K, Corona E, Veazie P, et al. Examination of the effect of implantable
cardioverter-defibrillators on health-related quality of life: based on results from the
Multicenter Automatic Defibrillator Trial-1l. Am J Cardiovasc Drugs. 2009;9(6):393-400.

228. Thylen |, Dekker RL, Jaarsma T, et al. Characteristics associated with anxiety,
depressive symptoms, and quality-of-life in a large cohort of implantable cardioverter
defibrillator recipients. Journal of psychosomatic research. 2014;77(2):122-7.

229. Starrenburg A, Pedersen S, van den Broek K, et al. Gender differences in psychological
distress and quality of life in patients with an ICD 1-year postimplant. Pacing and clinical
electrophysiology : PACE. 2014;37(7):843-52.

230. van Rees JB, Borleffs CJ, de Bie MK, et al. Inappropriate implantable cardioverter-
defibrillator shocks: incidence, predictors, and impact on mortality. ] Am Coll Cardiol.
2011;57(5):556-62.

231.  Biffi M. ICD programming. Indian heart journal. 2014;66 Suppl 1:588-100.

232.  Theuns DA, Rivero-Ayerza M, Boersma E, et al. Prevention of inappropriate therapy in
implantable defibrillators: A meta-analysis of clinical trials comparing single-chamber and
dual-chamber arrhythmia discrimination algorithms. International journal of cardiology.
2008;125(3):352-7.



169

233.  Konstantino Y, Haim M, Boxer J, et al. Clinical Outcomes of Single- versus Dual-
Chamber Implantable Cardioverter Defibrillators: Lessons from the Israeli ICD Registry. Journal
of cardiovascular electrophysiology. 2016;27(6):718-23.

234.  Wilkoff BL, Ousdigian KT, Sterns LD, et al. A comparison of empiric to physician-
tailored programming of implantable cardioverter-defibrillators: results from the prospective
randomized multicenter EMPIRIC trial. Journal of the American College of Cardiology.
2006;48(2):330-9.

235.  Moss AJ, Schuger C, Beck CA, et al. Reduction in inappropriate therapy and mortality
through ICD programming. N Engl J Med. 2012;367(24):2275-83.

236.  Gasparini M, Proclemer A, Klersy C, et al. Effect of long-detection interval vs standard-
detection interval for implantable cardioverter-defibrillators on antitachycardia pacing and
shock delivery: the ADVANCE Il randomized clinical trial. JAMA. 2013;309(18):1903-11.

237.  Gasparini M, Menozzi C, Proclemer A, et al. A simplified biventricular defibrillator with
fixed long detection intervals reduces implantable cardioverter defibrillator (ICD)
interventions and heart failure hospitalizations in patients with non-ischaemic
cardiomyopathy implanted for primary prevention: the RELEVANT [Role of long dEtection
window programming in patients with LEft VentriculAr dysfunction, Non-ischemic eTiology in
primary prevention treated with a biventricular ICD] study. European heart journal.
2009;30(22):2758-67.

238. Saeed M, Hanna |, Robotis D, et al. Programming implantable cardioverter-
defibrillators in patients with primary prevention indication to prolong time to first shock:
results from the PROVIDE study. Journal of cardiovascular electrophysiology. 2014;25(1):52-
9.

239. Tan VH, Wilton SB, Kuriachan V, et al. Impact of programming strategies aimed at
reducing nonessential implantable cardioverter defibrillator therapies on mortality: a
systematic review and meta-analysis. Circulation Arrhythmia and electrophysiology.
2014;7(1):164-70.

240. Wilkoff BL, Fauchier L, Stiles MK, et al. 2015 HRS/EHRA/APHRS/SOLAECE expert
consensus statement on optimal implantable cardioverter-defibrillator programming and
testing. Heart rhythm. 2016;13(2):e50-86.

241.  Moss AJ, Hall WJ, Cannom DS, et al. Improved survival with an implanted defibrillator
in patients with coronary disease at high risk for ventricular arrhythmia. Multicenter
Automatic Defibrillator Implantation Trial Investigators. N Engl ) Med. 1996;335(26):1933-40.
242.  Moss Al, Zareba W, Hall WJ, et al. Prophylactic implantation of a defibrillator in
patients with myocardial infarction and reduced ejection fraction. N Engl J Med.
2002;346(12):877-83.

243.  Bigger JT, Jr. Prophylactic use of implanted cardiac defibrillators in patients at high risk
for ventricular arrhythmias after coronary-artery bypass graft surgery. Coronary Artery Bypass
Graft (CABG) Patch Trial Investigators. The New England journal of medicine.
1997;337(22):1569-75.

244, Buxton AE, Lee KL, Fisher ID, et al. A randomized study of the prevention of sudden
death in patients with coronary artery disease. Multicenter Unsustained Tachycardia Trial
Investigators. The New England journal of medicine. 1999;341(25):1882-90.

245, Bardy GH, Lee KL, Mark DB, et al. Amiodarone or an implantable cardioverter-
defibrillator for congestive heart failure. The New England journal of medicine.
2005;352(3):225-37.

246.  Steinbeck G, Andresen D, Seidl K, et al. Defibrillator implantation early after
myocardial infarction. The New England journal of medicine. 2009;361(15):1427-36.

247. Bansch D, Antz M, Boczor S, et al. Primary prevention of sudden cardiac death in
idiopathic dilated cardiomyopathy: the Cardiomyopathy Trial (CAT). Circulation.
2002;105(12):1453-8.



170

248.  Strickberger SA, Hummel JD, Bartlett TG, et al. Amiodarone versus implantable
cardioverter-defibrillator:randomized  trial in patients with nonischemic dilated
cardiomyopathy and asymptomatic nonsustained ventricular tachycardia--AMIOVIRT. Journal
of the American College of Cardiology. 2003;41(10):1707-12.

249, Kober L, Thune JJ, Nielsen JC, et al. Defibrillator Implantation in Patients with
Nonischemic Systolic Heart Failure. The New England journal of medicine. 2016;375(13):1221-
30.

250. Bristow MR, Saxon LA, Boehmer J, et al. Cardiac-resynchronization therapy with or
without an implantable defibrillator in advanced chronic heart failure. The New England
journal of medicine. 2004;350(21):2140-50.

251.  Antiarrhythmics versus Implantable Defibrillators I. A comparison of antiarrhythmic-
drug therapy with implantable defibrillators in patients resuscitated from near-fatal
ventricular arrhythmias. The New England journal of medicine. 1997;337(22):1576-83.

252. Domanski MJ, Sakseena S, Epstein AE, et al. Relative effectiveness of the implantable
cardioverter-defibrillator and antiarrhythmic drugs in patients with varying degrees of left
ventricular dysfunction who have survived malignant ventricular arrhythmias. AVID
Investigators. Antiarrhythmics Versus Implantable Defibrillators. Journal of the American
College of Cardiology. 1999;34(4):1090-5.

253.  Kuck KH, Cappato R, Siebels J, et al. Randomized comparison of antiarrhythmic drug
therapy with implantable defibrillators in patients resuscitated from cardiac arrest : the
Cardiac Arrest Study Hamburg (CASH). Circulation. 2000;102(7):748-54.

254.  Connolly SJ, Gent M, Roberts RS, et al. Canadian implantable defibrillator study (CIDS)
: a randomized trial of the implantable cardioverter defibrillator against amiodarone.
Circulation. 2000;101(11):1297-302.

255. Lee DS, Green LD, Liu PP, et al. Effectiveness of implantable defibrillators for
preventing arrhythmic events and death: a meta-analysis. Journal of the American College of
Cardiology. 2003;41(9):1573-82.

256. Desai AS, Fang JC, Maisel WH, et al. Implantable defibrillators for the prevention of
mortality in patients with nonischemic cardiomyopathy: a meta-analysis of randomized
controlled trials. Jama. 2004;292(23):2874-9.

257.  Wever EF, Hauer RN, van Capelle FL, et al. Randomized study of implantable
defibrillator as first-choice therapy versus conventional strategy in postinfarct sudden death
survivors. Circulation. 1995;91(8):2195-203.

258. Barold SS. What is cardiac resynchronization therapy? The American journal of
medicine. 2001;111(3):224-32.

259. Abraham WT, Hayes DL. Cardiac resynchronization therapy for heart failure.
Circulation. 2003;108(21):2596-603.

260. Moss AJ, Hall WJ, Cannom DS, et al. Cardiac-resynchronization therapy for the
prevention of heart-failure events. N Engl J Med. 2009;361(14):1329-38.

261. Tang AS, Wells GA, Talajic M, et al. Cardiac-resynchronization therapy for mild-to-
moderate heart failure. The New England journal of medicine. 2010;363(25):2385-95.

262. Linde C, Mealing S, Hawkins N, et al. Cost-effectiveness of cardiac resynchronization
therapy in patients with asymptomatic to mild heart failure: insights from the European cohort
of the REVERSE (Resynchronization Reverses remodeling in Systolic Left Ventricular
Dysfunction). European heart journal. 2011;32(13):1631-9.

263.  Curtis AB. Biventricular pacing for atrioventricular block and systolic dysfunction. The
New England journal of medicine. 2013;369(6):579.

264. McAlister FA, Ezekowitz J, Hooton N, et al. Cardiac resynchronization therapy for
patients with left ventricular systolic dysfunction: a systematic review. Jama.
2007;297(22):2502-14.



171

265.  Al-Majed NS, McAlister FA, Bakal JA, et al. Meta-analysis: cardiac resynchronization
therapy for patients with less symptomatic heart failure. Annals of internal medicine.
2011;154(6):401-12.

266. Cazeau S, Leclercq C, Lavergne T, et al. Effects of multisite biventricular pacing in
patients with heart failure and intraventricular conduction delay. The New England journal of
medicine. 2001;344(12):873-80.

267. Abraham WT, Fisher WG, Smith AL, et al. Cardiac resynchronization in chronic heart
failure. The New England journal of medicine. 2002;346(24):1845-53.

268. Young JB, Abraham WT, Smith AL, et al. Combined cardiac resynchronization and
implantable cardioversion defibrillation in advanced chronic heart failure: the MIRACLE ICD
Trial. JAMA. 2003;289(20):2685-94.

269.  Auricchio A, Stellbrink C, Sack S, et al. Long-term clinical effect of hemodynamically
optimized cardiac resynchronization therapy in patients with heart failure and ventricular
conduction delay. Journal of the American College of Cardiology. 2002;39(12):2026-33.

270. Cleland JG, Daubert JC, Erdmann E, et al. The effect of cardiac resynchronization on
morbidity and mortality in heart failure. The New England journal of medicine.
2005;352(15):1539-49.

271. Cleland JG, Daubert JC, Erdmann E, et al. Longer-term effects of cardiac
resynchronization therapy on mortality in heart failure [the CArdiac REsynchronization-Heart
Failure (CARE-HF) trial extension phase]. European heart journal. 2006;27(16):1928-32.

272.  Naqvi SY, Jawaid A, Goldenberg |, et al. Non-response to Cardiac Resynchronization
Therapy. Current heart failure reports. 2018;15(5):315-21.

273. Bonakdar HR, Jorat MV, Fazelifar AF, et al. Prediction of response to cardiac
resynchronization therapy using simple electrocardiographic and echocardiographic tools.
Europace : European pacing, arrhythmias, and cardiac electrophysiology : journal of the
working groups on cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of the
European Society of Cardiology. 2009;11(10):1330-7.

274.  Eickholt C, Siekiera M, Kirmanoglou K, et al. Improvement of left ventricular function
under cardiac resynchronization therapy goes along with a reduced incidence of ventricular
arrhythmia. PloS one. 2012;7(11):e48926.

275.  Thijssen J, Borleffs CJ, Delgado V, et al. Implantable cardioverter-defibrillator patients
who are upgraded and respond to cardiac resynchronization therapy have less ventricular
arrhythmias compared with nonresponders. Journal of the American College of Cardiology.
2011;58(22):2282-9.

276. Rickard J, Michtalik H, Sharma R, et al. Predictors of response to cardiac
resynchronization therapy: A systematic review. International journal of cardiology.
2016;225:345-52.

277. Sipahi |, Carrigan TP, Rowland DY, et al. Impact of QRS duration on clinical event
reduction with cardiac resynchronization therapy: meta-analysis of randomized controlled
trials. Arch Intern Med. 2011;171(16):1454-62.

278. Bilchick KC, Kamath S, DiMarco JP, et al. Bundle-branch block morphology and other
predictors of outcome after cardiac resynchronization therapy in Medicare patients.
Circulation. 2010;122(20):2022-30.

279.  Zareba W, Klein H, Cygankiewicz I, et al. Effectiveness of Cardiac Resynchronization
Therapy by QRS Morphology in the Multicenter Automatic Defibrillator Implantation Trial-
Cardiac Resynchronization Therapy (MADIT-CRT). Circulation. 2011;123(10):1061-72.

280. Gervais R, Leclercq C, Shankar A, et al. Surface electrocardiogram to predict outcome
in candidates for cardiac resynchronization therapy: a sub-analysis of the CARE-HF trial. Eur J
Heart Fail. 2009;11(7):699-705.

281. Olshansky B, Day JD, Sullivan RM, et al. Does cardiac resynchronization therapy
provide unrecognized benefit in patients with prolonged PR intervals? The impact of restoring



172

atrioventricular synchrony: an analysis from the COMPANION Trial. Heart Rhythm.
2012;9(1):34-9.

282.  Wilton SB, Leung AA, Ghali WA, et al. Outcomes of cardiac resynchronization therapy
in patients with versus those without atrial fibrillation: a systematic review and meta-analysis.
Heart rhythm. 2011;8(7):1088-94.

283. Goldenberg 1, Moss AJ, Hall WJ, et al. Predictors of response to cardiac
resynchronization therapy in the Multicenter Automatic Defibrillator Implantation Trial with
Cardiac Resynchronization Therapy (MADIT-CRT). Circulation. 2011;124(14):1527-36.

284. Linde C, Abraham WT, Gold MR, et al. Predictors of short-term clinical response to
cardiac resynchronization therapy. European journal of heart failure. 2017;19(8):1056-63.
285. McAloon CJ, Ali D, Hamborg T, et al. Extracellular cardiac matrix biomarkers in patients
with reduced ejection fraction heart failure as predictors of response to cardiac
resynchronisation therapy: a systematic review. Open Heart. 2017;4(2):e000639.

286.  Lilli A, Ricciardi G, Porciani MC, et al. Cardiac resynchronization therapy: gender
related differences in left ventricular reverse remodeling. Pacing Clin Electrophysiol.
2007;30(11):1349-55.

287. KandalaJ, Altman RK, Park MY, et al. Clinical, laboratory, and pacing predictors of CRT
response. J Cardiovasc Transl Res. 2012;5(2):196-212.

288. Achilli A, Peraldo C, Sassara M, et al. Prediction of response to -cardiac
resynchronization therapy: the selection of candidates for CRT (SCART) study. Pacing Clin
Electrophysiol. 2006;29 Suppl 2:511-9.

289. BaxJJ, Abraham T, Barold SS, et al. Cardiac resynchronization therapy: Part 1--issues
before device implantation. J Am Coll Cardiol. 2005;46(12):2153-67.

290. Van de Veire NR, Bleeker GB, De Sutter J, et al. Tissue synchronisation imaging
accurately measures left ventricular dyssynchrony and predicts response to cardiac
resynchronisation therapy. Heart. 2007;93(9):1034-9.

291. BaxJJ, Marwick TH, Molhoek SG, et al. Left ventricular dyssynchrony predicts benefit
of cardiac resynchronization therapy in patients with end-stage heart failure before
pacemaker implantation. Am J Cardiol. 2003;92(10):1238-40.

292. Chung ES, Leon AR, Tavazzi L, et al. Results of the Predictors of Response to CRT
(PROSPECT) trial. Circulation. 2008;117(20):2608-16.

293. Abreu A, Oliveira M, Silva Cunha P, et al. Predictors of response to cardiac
resynchronization therapy: A prospective cohort study. Revista portuguesa de cardiologia :
orgao oficial da Sociedade Portuguesa de Cardiologia = Portuguese journal of cardiology : an
official journal of the Portuguese Society of Cardiology. 2017;36(6):417-25.

294.  Altes A, Appert L, Delelis F, et al. Impact of Increased Right Atrial Size on Long-Term
Mortality in Patients With Heart Failure Receiving Cardiac Resynchronization Therapy. The
American journal of cardiology. 2018.

295. Tanaka H, Nesser HJ, Buck T, et al. Dyssynchrony by speckle-tracking
echocardiography and response to cardiac resynchronization therapy: results of the Speckle
Tracking and Resynchronization (STAR) study. European heart journal. 2010;31(14):1690-700.
296. Delgado V, Ypenburg C, van Bommel RJ, et al. Assessment of left ventricular
dyssynchrony by speckle tracking strain imaging comparison between longitudinal,
circumferential, and radial strain in cardiac resynchronization therapy. Journal of the
American College of Cardiology. 2008;51(20):1944-52.

297. Fulati Z, Liu Y, Sun N, et al. Speckle tracking echocardiography analyses of myocardial
contraction efficiency predict response for cardiac resynchronization therapy. Cardiovascular
ultrasound. 2018;16(1):30.

298. Mada RO, Lysyansky P, Duchenne J, et al. New Automatic Tools to Identify Responders
to Cardiac Resynchronization Therapy. Journal of the American Society of Echocardiography :
official publication of the American Society of Echocardiography. 2016;29(10):966-72.



173

299. Ghani A, Delnoy PP, Adiyaman A, et al. Response to cardiac resynchronization therapy
as assessed by time-based speckle tracking imaging. Pacing and clinical electrophysiology :
PACE. 2015;38(4):455-64.

300. Marechaux S, Guiot A, Castel AL, et al. Relationship between two-dimensional
speckle-tracking septal strain and response to cardiac resynchronization therapy in patients
with left ventricular dysfunction and left bundle branch block: a prospective pilot study.
Journal of the American Society of Echocardiography : official publication of the American
Society of Echocardiography. 2014;27(5):501-11.

301. LimP, Donal E, Lafitte S, et al. Multicentre study using strain delay index for predicting
response to cardiac resynchronization therapy (MUSIC study). European journal of heart
failure. 2011;13(9):984-91.

302. Butter C, Auricchio A, Stellbrink C, et al. Effect of resynchronization therapy
stimulation site on the systolic function of heart failure patients. Circulation.
2001;104(25):3026-9.

303. Wilton SB, Shibata MA, Sondergaard R, et al. Relationship between left ventricular
lead position using a simple radiographic classification scheme and long-term outcome with
resynchronization therapy. J Interv Card Electrophysiol. 2008;23(3):219-27.

304. Bristow MR, Feldman AM, Saxon LA. Heart failure management using implantable
devices for ventricular resynchronization: Comparison of Medical Therapy, Pacing, and
Defibrillation in Chronic Heart Failure (COMPANION) trial. COMPANION Steering Committee
and COMPANION Clinical Investigators. J Card Fail. 2000;6(3):276-85.

305. Mortensen PT, Herre JM, Chung ES, et al. The effect of left ventricular pacing site on
cardiac resynchronization therapy outcome and mortality: the results of a PROSPECT
substudy. Europace. 2010;12(12):1750-6.

306. Singh JP, Klein HU, Huang DT, et al. Left ventricular lead position and clinical outcome
in the multicenter automatic defibrillator implantation trial-cardiac resynchronization therapy
(MADIT-CRT) trial. Circulation. 2011;123(11):1159-66.

307. Kutyifa V, Zareba W, McNitt S, et al. Left ventricular lead location and the risk of
ventricular arrhythmias in the MADIT-CRT trial. Eur Heart J. 2013;34(3):184-90.

308. Gold MR, Yu Y, Singh JP, et al. The effect of left ventricular electrical delay on AV
optimization for cardiac resynchronization therapy. Heart Rhythm. 2013;10(7):988-93.

309. Bleeker GB, Schalij MJ, Van Der Wall EE, et al. Postero-lateral scar tissue resulting in
non-response to cardiac resynchronization therapy. J Cardiovasc Electrophysiol.
2006;17(8):899-901.

310. Kockova R, Sedlacek K, Wichterle D, et al. Cardiac resynchronization therapy guided
by cardiac magnetic resonance imaging: A prospective, single-centre randomized study (CMR-
CRT). Int J Cardiol. 2018;270:325-30.

311. Bhavnani SP, Kluger J, Coleman Cl, et al. The prognostic impact of shocks for clinical
and induced arrhythmias on morbidity and mortality among patients with implantable
cardioverter-defibrillators. Heart rhythm. 2010;7(6):755-60.

312. Denollet J, Tekle FB, Pedersen SS, et al. Prognostic importance of distressed (Type D)
personality and shocks in patients with an implantable cardioverter defibrillator. International
journal of cardiology. 2013;167(6):2705-9.

313. Pedersen SS, van den Broek KC, Erdman RA, et al. Pre-implantation implantable
cardioverter defibrillator concerns and Type D personality increase the risk of mortality in
patients with an implantable cardioverter defibrillator. Europace. 2010;12(10):1446-52.

314. Stabile G, D'Agostino C, Gallo P, et al. Appropriate therapies predict long-term
mortality in primary and secondary prevention of sudden cardiac death. Journal of
cardiovascular medicine. 2013;14(2):110-3.

315. Tandri H, Griffith LS, Tang T, et al. Clinical course and long-term follow-up of patients
receiving implantable cardioverter-defibrillators. Heart rhythm. 2006;3(7):762-8.



174

316. vanden Broek KC, Tekle FB, Habibovic M, et al. Emotional distress, positive affect, and
mortality in patients with an implantable cardioverter defibrillator. International journal of
cardiology. 2013;165(2):327-32.

317. Verma A, Sarak B, Kaplan AJ, et al. Predictors of appropriate implantable cardioverter
defibrillator (ICD) therapy in primary prevention patients with ischemic and nonischemic
cardiomyopathy. Pacing and clinical electrophysiology : PACE. 2010;33(3):320-9.

318. Weeke P, Johansen JB, Jorgensen OD, et al. Mortality and appropriate and
inappropriate therapy in patients with ischaemic heart disease and implanted cardioverter-
defibrillators for primary prevention: data from the Danish ICD Register. Europace : European
pacing, arrhythmias, and cardiac electrophysiology : journal of the working groups on cardiac
pacing, arrhythmias, and cardiac cellular electrophysiology of the European Society of
Cardiology. 2013;15(8):1150-7.

319. Larsen GK, Evans J, Lambert WE, et al. Shocks burden and increased mortality in
implantable cardioverter-defibrillator patients. Heart rhythm. 2011;8(12):1881-6.

320. Daubert JP, Zareba W, Cannom DS, et al. Inappropriate implantable cardioverter-
defibrillator shocks in MADIT IlI: frequency, mechanisms, predictors, and survival impact. ] Am
Coll Cardiol. 2008;51(14):1357-65.

321. Brullmann S, Dichtl W, Paoli U, et al. Comparison of benefit and mortality of
implantable cardioverter-defibrillator therapy in patients aged >/=75 years versus those <75
years. Am J Cardiol. 2012;109(5):712-7.

322. Sood N, Ruwald AC, Solomon S, et al. Association between myocardial substrate,
implantable cardioverter defibrillator shocks and mortality in MADIT-CRT. European heart
journal. 2014;35(2):106-15.

323. Kleemann T, Hochadel M, Strauss M, et al. Comparison between atrial fibrillation-
triggered implantable cardioverter-defibrillator (ICD) shocks and inappropriate shocks caused
by lead failure: different impact on prognosis in clinical practice. Journal of cardiovascular
electrophysiology. 2012;23(7):735-40.

324. Almehmadi F, Porta-Sanchez A, Ha ACT, et al. Mortality Implications of Appropriate
Implantable Cardioverter Defibrillator Therapy in Secondary Prevention Patients: Contrasting
Mortality in Primary Prevention Patients From a Prospective Population-Based Registry.
Journal of the American Heart Association. 2017;6(8).

325.  Vizzardi E, Curnis A, Latini MG, et al. Risk factors for atrial fibrillation recurrence: a
literature review. J Cardiovasc Med (Hagerstown). 2014;15(3):235-53.

326. Agacdiken A, Celikyurt U, Sahin T, et al. Neutrophil-to-lymphocyte ratio predicts
response to cardiac resynchronization therapy. Med Sci Monit. 2013;19:373-7.

327. Celikyurt U, Agacdiken A, Sahin T, et al. Association between red blood cell distribution
width and response to cardiac resynchronization therapy. J Interv Card Electrophysiol.
2012;35(2):215-8.

328. Badhwar N, James J, Hoffmayer KS, et al. Utility of Equilibrium Radionuclide
Angiogram-Derived Measures of Dyssynchrony to Predict Outcomes in Heart Failure Patients
Undergoing Cardiac Resynchronization Therapy. Journal of nuclear medicine : official
publication, Society of Nuclear Medicine. 2016;57(12):1880-6.

329. Sassone B, Capecchi A, Boggian G, et al. Value of baseline left lateral wall postsystolic
displacement assessed by M-mode to predict reverse remodeling by cardiac
resynchronization therapy. The American journal of cardiology. 2007;100(3):470-5.

330. Kaypakli O, Koc M, Gozubuyuk G, et al. High Left Ventricular Lead Sensing Delay
Predicts QRS Narrowing and Good Response to Cardiac Resynchronization Therapy. Pacing
and clinical electrophysiology : PACE. 2016;39(12):1317-26.

331. ZhangH, Dai Z, Xiao P, et al. The left ventricular lead electrical delay predicts response
to cardiac resynchronisation therapy. Heart, lung & circulation. 2014;23(10):936-42.



175

332. XuGJ, GanTY, Tang BP, et al. Predictive factors and clinical effect of optimized cardiac
resynchronization therapy. Experimental and therapeutic medicine. 2013;5(1):355-61.

333.  Haidich AB. Meta-analysis in medical research. Hippokratia. 2010;14(Suppl 1):29-37.
334.  Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Statistics in
medicine. 2002;21(11):1539-58.

335. LauJ, loannidis JP, Schmid CH. Quantitative synthesis in systematic reviews. Annals of
internal medicine. 1997;127(9):820-6.

336. loannidis JP, Trikalinos TA, Ntzani EE, et al. Genetic associations in large versus small
studies: an empirical assessment. Lancet. 2003;361(9357):567-71.

337. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. 1994;50(4):1088-101.

338. Laul, Antman EM, Jimenez-Silva J, et al. Cumulative meta-analysis of therapeutic trials
for myocardial infarction. The New England journal of medicine. 1992;327(4):248-54.

339. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. Journal of clinical epidemiology.
2009;62(10):1006-12.

340. Hage FG, Aljaroudi W, Aggarwal H, et al. Outcomes of patients with chronic kidney
disease and implantable cardiac defibrillator: primary versus secondary prevention.
International journal of cardiology. 2013;165(1):113-6.

341. Wasywich CA, Pope AJ, Somaratne J, et al. Atrial fibrillation and the risk of death in
patients with heart failure: a literature-based meta-analysis. Internal medicine journal.
2010;40(5):347-56.

342. Bajaj NS, Bhatia V, Sanam K, et al. Impact of atrial fibrillation and heart failure,
independent of each other and in combination, on mortality in community-dwelling older
adults. The American journal of cardiology. 2014;114(6):909-13.

343. Linssen GC, Rienstra M, Jaarsma T, et al. Clinical and prognostic effects of atrial
fibrillation in heart failure patients with reduced and preserved left ventricular ejection
fraction. European journal of heart failure. 2011;13(10):1111-20.

344. Mustafa U, Dherange P, Reddy R, et al. Atrial Fibrillation Is Associated With Higher
Overall Mortality in Patients With Implantable Cardioverter-Defibrillator: A Systematic Review
and Meta-Analysis. J Am Heart Assoc. 2018;7(22):e010156.

345.  Wyse DG, Love JC, Yao Q, et al. Atrial fibrillation: a risk factor for increased mortality-
-an AVID registry analysis. J Interv Card Electrophysiol. 2001;5(3):267-73.

346. Moss AJ, Greenberg H, Case RB, et al. Long-term clinical course of patients after
termination of ventricular tachyarrhythmia by an implanted defibrillator. Circulation.
2004;110(25):3760-5.

347. Fontenla A, Martinez-Ferrer JB, Alzueta J, et al. Incidence of arrhythmias in a large
cohort of patients with current implantable cardioverter-defibrillators in Spain: results from
the UMBRELLA Registry. Europace : European pacing, arrhythmias, and cardiac
electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and cardiac
cellular electrophysiology of the European Society of Cardiology. 2016;18(11):1726-34.

348. Denes P, Wu D, Dhingra R, et al. The effects of cycle length on cardiac refractory
periods in man. Circulation. 1974;49(1):32-41.

349, Denker S, Lehmann M, Mahmud R, et al. Facilitation of ventricular tachycardia
induction with abrupt changes in ventricular cycle length. The American journal of cardiology.
1984;53(4):508-15.

350. Kobel, Wasmer K, Andresen D, et al. Impact of atrial fibrillation on early complications
and one year-survival after cardioverter defibrillator implantation: results from the German
DEVICE registry. International journal of cardiology. 2013;168(4):4184-90.



176

351. Gronefeld GC, Mauss O, Li YG, et al. Association between atrial fibrillation and
appropriate implantable cardioverter defibrillator therapy: results from a prospective study.
Journal of cardiovascular electrophysiology. 2000;11(11):1208-14.

352. Smit MD, Van Dessel PF, Rienstra M, et al. Atrial fibrillation predicts appropriate
shocks in primary prevention implantable cardioverter-defibrillator patients. Europace :
European pacing, arrhythmias, and cardiac electrophysiology : journal of the working groups
on cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of the European Society
of Cardiology. 2006;8(8):566-72.

353. Borleffs CJ, van Rees JB, van Welsenes GH, et al. Prognostic importance of atrial
fibrillation in implantable cardioverter-defibrillator patients. Journal of the American College
of Cardiology. 2010;55(9):879-85.

354. Daubert JP, Zareba W, Cannom DS, et al. Inappropriate implantable cardioverter-
defibrillator shocks in MADIT IlI: frequency, mechanisms, predictors, and survival impact.
Journal of the American College of Cardiology. 2008;51(14):1357-65.

355.  Hurst TM, Hinrichs M, Breidenbach C, et al. Detection of myocardial injury during
transvenous implantation of automatic cardioverter-defibrillators. Journal of the American
College of Cardiology. 1999;34(2):402-8.

356. Schluter T, Baum H, Plewan A, et al. Effects of implantable cardioverter defibrillator
implantation and shock application on biochemical markers of myocardial damage. Clinical
chemistry. 2001;47(3):459-63.

357. Kosiuk J, Nedios S, Darma A, et al. Impact of single atrial fibrillation catheter ablation
on implantable cardioverter defibrillator therapies in patients with ischaemic and non-
ischaemic cardiomyopathies. Europace : European pacing, arrhythmias, and -cardiac
electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and cardiac
cellular electrophysiology of the European Society of Cardiology. 2014;16(9):1322-6.

358. Marrouche NF, Brachmann J, Andresen D, et al. Catheter Ablation for Atrial Fibrillation
with Heart Failure. The New England journal of medicine. 2018;378(5):417-27.

359.  Buber J, Luria D, Gurevitz O, et al. Safety and efficacy of strategic implantable
cardioverter-defibrillator programming to reduce the shock delivery burden in a primary
prevention patient population. Europace : European pacing, arrhythmias, and cardiac
electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and cardiac
cellular electrophysiology of the European Society of Cardiology. 2014;16(2):227-34.

360.  Wilkoff BL, Fauchier L, Stiles MK, et al. 2015 HRS/EHRA/APHRS/SOLAECE expert
consensus statement on optimal implantable cardioverter-defibrillator programming and
testing. Journal of arrhythmia. 2016;32(1):1-28.

361. Huedo-Medina TB, Sanchez-Meca J, Marin-Martinez F, et al. Assessing heterogeneity
in meta-analysis: Q statistic or 12 index? Psychological methods. 2006;11(2):193-206.

362. Marshall SC, Molnar F, Man-Son-Hing M, et al. Predictors of driving ability following
stroke: a systematic review. Top Stroke Rehabil. 2007;14(1):98-114.

363. OsswaldS, Trouton TG, O'Nunain SS, et al. Relation between shock-related myocardial
injury and defibrillation efficacy of monophasic and biphasic shocks in a canine model.
Circulation. 1994;90(5):2501-9.

364. Toh N, Nishii N, Nakamura K, et al. Cardiac dysfunction and prolonged hemodynamic
deterioration after implantable cardioverter-defibrillator shock in patients with systolic heart
failure. Circulation Arrhythmia and electrophysiology. 2012;5(5):898-905.

365. Groarke J, Phelan D, Burke D, et al. Very late stent thrombosis immediately after
recurrent inappropriate shock delivery by an implantable cardioverter defibrillator. Journal of
electrocardiology. 2012;45(3):333-5.

366. Arias MA, C DLR, Puchol A, et al. Renal artery thrombosis following an inappropriate
implantable cardioverter defibrillator shock. Pacing and clinical electrophysiology : PACE.
2012;35(9):e263-4.



177

367. Alba AC, Braga J, Gewarges M, et al. Predictors of mortality in patients with an
implantable cardiac defibrillator: a systematic review and meta-analysis. The Canadian journal
of cardiology. 2013;29(12):1729-40.

368.  Strickberger SA, Canby R, Cooper J, et al. Association of Antitachycardia Pacing or
Shocks With Survival in 69,000 Patients With an Implantable Defibrillator. Journal of
cardiovascular electrophysiology. 2017;28(4):416-22.

369. Powell BD, Saxon LA, Boehmer JP, et al. Survival after shock therapy in implantable
cardioverter-defibrillator and cardiac resynchronization therapy-defibrillator recipients
according to rhythm shocked. The ALTITUDE survival by rhythm study. Journal of the American
College of Cardiology. 2013;62(18):1674-9.

370. Healey JS, Hohnloser SH, Glikson M, et al. Cardioverter defibrillator implantation
without induction of ventricular fibrillation: a single-blind, non-inferiority, randomised
controlled trial (SIMPLE). Lancet. 2015;385(9970):785-91.

371. Biton Y, Daimee UA, Baman JR, et al. Prognostic Importance of Defibrillator-
Appropriate Shocks and Antitachycardia Pacing in Patients With Mild Heart Failure. Journal of
the American Heart Association. 2019;8(6):e010346.

372. Maclntyre CJ, Sapp JL, Abdelwahab A, et al. The Effect of Shock Burden on Heart
Failure and Mortality. CJC Open. 2019;1(4):161-7.

373. Haissaguerre M, Hocini M, Denis A, et al. Driver domains in persistent atrial fibrillation.
Circulation. 2014;130(7):530-8.

374. Jais P, Hocini M, Hsu LF, et al. Technique and results of linear ablation at the mitral
isthmus. Circulation. 2004;110(19):2996-3002.

375. Hocini M, Jais P, Sanders P, et al. Techniques, evaluation, and consequences of linear
block at the left atrial roof in paroxysmal atrial fibrillation: a prospective randomized study.
Circulation. 2005;112(24):3688-96.

376. Jais P, Matsuo S, Knecht S, et al. A deductive mapping strategy for atrial tachycardia
following atrial fibrillation ablation: importance of localized reentry. Journal of cardiovascular
electrophysiology. 2009;20(5):480-91.

377. Miyazaki S, Taniguchi H, Nakamura H, et al. Clinical significance of early recurrence
after pulmonary vein antrum isolation in paroxysmal atrial fibrillation -- insight into the
mechanism. Circulation journal : official journal of the Japanese Circulation Society.
2015;79(11):2353-9.

378.  ParkJK, LeelY, Yang PS, et al. Good responders to catheter ablation for long-standing
persistent atrial fibrillation: Clinical and genetic characteristics. Journal of cardiology. 2016.
379. Oral H, Knight BP, Ozaydin M, et al. Clinical significance of early recurrences of atrial
fibrillation after pulmonary vein isolation. J Am Coll Cardiol. 2002;40(1):100-4.

380. Liang JJ, Elafros MA, Chik WW, et al. Early recurrence of atrial arrhythmias following
pulmonary vein antral isolation: Timing and frequency of early recurrences predicts long-term
ablation success. Heart Rhythm. 2015;12(12):2461-8.

381. Jacobs V, May HT, Bair TL, et al. The impact of risk score (CHADS2 versus CHA2DS2-
VASc) on long-term outcomes after atrial fibrillation ablation. Heart Rhythm. 2015;12(4):681-
6.

382. Zado E, Callans DJ, Riley M, et al. Long-term clinical efficacy and risk of catheter
ablation for atrial fibrillation in the elderly. J Cardiovasc Electrophysiol. 2008;19(6):621-6.
383. Bunch TJ, May HT, Bair TL, et al. The Impact of Age on 5-Year Outcomes After Atrial
Fibrillation Catheter Ablation. Journal of cardiovascular electrophysiology. 2016;27(2):141-6.
384. Kosiuk J, Dinov B, Kornej J, et al. Prospective, multicenter validation of a clinical risk
score for left atrial arrhythmogenic substrate based on voltage analysis: DR-FLASH score.
Heart Rhythm. 2015;12(11):2207-12.

385. Letsas KP, Efremidis M, Giannopoulos G, et al. CHADS2 and CHA2DS2-VASc scores as
predictors of left atrial ablation outcomes for paroxysmal atrial fibrillation. Europace :



178

European pacing, arrhythmias, and cardiac electrophysiology : journal of the working groups
on cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of the European Society
of Cardiology. 2014;16(2):202-7.

386. Tse G, Yeo JM. Conduction abnormalities and ventricular arrhythmogenesis: The roles
of sodium channels and gap junctions. Int J Cardiol Heart Vasc. 2015;9:75-82.

387. Tse G, Lai ET, Lee AP, et al. Electrophysiological Mechanisms of Gastrointestinal
Arrhythmogenesis: Lessons from the Heart. Front Physiol. 2016;7:230.

388. Winkle RA, Mead RH, Engel G, et al. Prior antiarrhythmic drug use and the outcome
of atrial fibrillation ablation. Europace : European pacing, arrhythmias, and cardiac
electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and cardiac
cellular electrophysiology of the European Society of Cardiology. 2012;14(5):646-52.

389. Padala SK, Gunda S, Sharma PS, et al. Risk model for predicting complications in
patients undergoing atrial fibrillation ablation. Heart rhythm. 2017.

390. Badran HA, Abdelhamid MA, lbrahim MT, et al. Left atrium in cardiac
resynchronization therapy: Active participant or innocent bystander. Journal of the Saudi
Heart Association. 2017;29(4):259-69.

391. Kuperstein R, Goldenberg |, Moss AJ, et al. Left atrial volume and the benefit of cardiac
resynchronization therapy in the MADIT-CRT trial. Circulation Heart failure. 2014;7(1):154-60.
392. Brenyo A, Link MS, Barsheshet A, et al. Cardiac resynchronization therapy reduces left
atrial volume and the risk of atrial tachyarrhythmias in MADIT-CRT (Multicenter Automatic
Defibrillator Implantation Trial with Cardiac Resynchronization Therapy). Journal of the
American College of Cardiology. 2011;58(16):1682-9.

393. Imamura T, Kinugawa K, Nitta D, et al. Complete left bundle branch block and smaller
left atrium are predictors of response to cardiac resynchronization therapy in advanced heart
failure. Circulation journal : official journal of the Japanese Circulation Society.

2015;79(11):2414-21.

394. Yanagisawa S, Inden Y, Shimano M, et al. Clinical characteristics and predictors of
super-response to cardiac resynchronization therapy: a combination of predictive factors.
Pacing and clinical electrophysiology : PACE. 2014;37(11):1553-64.

395. Stefan L, Sedlacek K, Cerna D, et al. Small left atrium and mild mitral regurgitation
predict super-response to cardiac resynchronization therapy. Europace : European pacing,
arrhythmias, and cardiac electrophysiology : journal of the working groups on cardiac pacing,
arrhythmias, and cardiac cellular electrophysiology of the European Society of Cardiology.
2012;14(11):1608-14.

396. Feneon D, Behaghel A, Bernard A, et al. Left atrial function, a new predictor of
response to cardiac resynchronization therapy? Heart rhythm. 2015;12(8):1800-6.

397. Shen X, Nair CK, Holmberg MJ, et al. Impact of left atrial volume in prediction of
outcome after cardiac resynchronization therapy. International journal of cardiology.
2011;152(1):13-7.

398. Hansen PB, Sommer A, Norgaard BL, et al. Left atrial size and function as assessed by
computed tomography in cardiac resynchronization therapy: Association to
echocardiographic and clinical outcome. The international journal of cardiovascular imaging.
2017;33(6):917-25.

399. Allen LA, Felker GM, Mehra MR, et al. Validation and potential mechanisms of red cell
distribution width as a prognostic marker in heart failure. Journal of cardiac failure.
2010;16(3):230-8.

400. Carluccio E, Biagioli P, Alunni G, et al. Non-cardiac factors for prediction of response
to cardiac resynchronization therapy: The value of baseline, and of serial changes, in red cell
distribution width. International journal of cardiology. 2017;243:347-53.



179

401. Rickard J, Kumbhani DJ, Gorodeski EZ, et al. Elevated red cell distribution width is
associated with impaired reverse ventricular remodeling and increased mortality in patients
undergoing cardiac resynchronization therapy. Congestive heart failure. 2012;18(2):79-84.
402. Venkateswaran RV, Freeman C, Chatterjee N, et al. Anemia and its association with
clinical outcome in heart failure patients undergoing cardiac resynchronization therapy.
Journal of interventional cardiac electrophysiology : an international journal of arrhythmias
and pacing. 2015;44(3):297-304.

403. De Denus S, White M, Tardif JC, et al. Temporal increases in subclinical levels of
inflammation are associated with adverse clinical outcomes in patients with left ventricular
dysfunction. Journal of cardiac failure. 2006;12(5):353-9.

404. Shehab AM, MacFadyen RJ, MclLaren M, et al. Sudden unexpected death in heart
failure may be preceded by short term, intraindividual increases in inflammation and in
autonomic dysfunction: a pilot study. Heart. 2004;90(11):1263-8.

405. Balci KG, Balci MM, Sen F, et al. The role of baseline indirect inflammatory markers in
prediction of response to cardiac resynchronisation therapy. Kardiologia polska.
2016;74(2):119-26.

406. Kamioka M, Suzuki H, Yamada S, et al. High sensitivity C-reactive protein predicts
nonresponders and cardiac deaths in severe heart failure patients after CRT implantation.
International heart journal. 2012;53(5):306-12.

407. Bazoukis G, Letsas KP, Korantzopoulos P, et al. Impact of baseline renal function on
all-cause mortality in patients who underwent cardiac resynchronization therapy: A
systematic review and meta-analysis. Journal of arrhythmia. 2017;33(5):417-23.

408. Moreira Rl, Cunha PS, Rio P, et al. Response and outcomes of cardiac
resynchronization therapy in patients with renal dysfunction. Journal of interventional cardiac
electrophysiology : an international journal of arrhythmias and pacing. 2018;51(3):237-44.
409. Bogdan S, Klempfner R, Sabbag A, et al. Functional response to cardiac
resynchronization therapy in patients with renal dysfunction and subsequent long-term
mortality. Journal of cardiovascular electrophysiology. 2014;25(11):1188-95.

410. Van Bommel RJ, Mollema SA, Borleffs CJ, et al. Impaired renal function is associated
with echocardiographic nonresponse and poor prognosis after cardiac resynchronization
therapy. Journal of the American College of Cardiology. 2011;57(5):549-55.

411. Singal G, Upadhyay GA, Borgquist R, et al. Renal Response in Patients with Chronic
Kidney Disease Predicts Outcome Following Cardiac Resynchronization Therapy. Pacing Clin
Electrophysiol. 2015;38(10):1192-200.

412. Goldenberg |, Moss AJ, McNitt S, et al. Relation between renal function and response
to cardiac resynchronization therapy in Multicenter Automatic Defibrillator Implantation Trial-
-Cardiac Resynchronization Therapy (MADIT-CRT). Heart rhythm. 2010;7(12):1777-82.

413. Boerrigter G, Costello-Boerrigter LC, Abraham WT, et al. Cardiac resynchronization
therapy improves renal function in human heart failure with reduced glomerular filtration
rate. Journal of cardiac failure. 2008;14(7):539-46.

414.  Sutton MG, Plappert T, Hilpisch KE, et al. Sustained reverse left ventricular structural
remodeling with cardiac resynchronization at one year is a function of etiology: quantitative
Doppler echocardiographic evidence from the Multicenter InSync Randomized Clinical
Evaluation (MIRACLE). Circulation. 2006;113(2):266-72.

415.  Wikstrom G, Blomstrom-Lundqvist C, Andren B, et al. The effects of aetiology on
outcome in patients treated with cardiac resynchronization therapy in the CARE-HF trial.
European heart journal. 2009;30(7):782-8.

416. St John Sutton M, Ghio S, Plappert T, et al. Cardiac resynchronization induces major
structural and functional reverse remodeling in patients with New York Heart Association class
I/1l heart failure. Circulation. 2009;120(19):1858-65.



180

417. Barsheshet A, Goldenberg I, Moss AJ, et al. Response to preventive cardiac
resynchronization therapy in patients with ischaemic and nonischaemic cardiomyopathy in
MADIT-CRT. European heart journal. 2011;32(13):1622-30.

418. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) group. Jama. 2000;283(15):2008-12.

419.  Guyatt GH, Thorlund K, Oxman AD, et al. GRADE guidelines: 13. Preparing summary of
findings tables and evidence profiles-continuous outcomes. Journal of clinical epidemiology.
2013;66(2):173-83.

420. Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines 6. Rating the quality of
evidence--imprecision. Journal of clinical epidemiology. 2011;64(12):1283-93.

421. Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 8. Rating the quality of
evidence--indirectness. Journal of clinical epidemiology. 2011;64(12):1303-10.

422. Guyatt GH, Oxman AD, Montori V, et al. GRADE guidelines: 5. Rating the quality of
evidence--publication bias. Journal of clinical epidemiology. 2011;64(12):1277-82.

423.  Guyatt GH, Oxman AD, Sultan S, et al. GRADE guidelines: 9. Rating up the quality of
evidence. Journal of clinical epidemiology. 2011;64(12):1311-6.

424. Guyatt GH, Oxman AD, Vist G, et al. GRADE guidelines: 4. Rating the quality of
evidence--study limitations (risk of bias). Journal of clinical epidemiology. 2011;64(4):407-15.
425. VanderWeele TJ, Ding P. Sensitivity Analysis in Observational Research: Introducing
the E-Valuelntroducing the E-Value. Annals of Internal Medicine. 2017;167(4):268-74.

426. BuchE, Lellouche N, De Diego C, et al. Left ventricular apical wall motion abnormality
is associated with lack of response to cardiac resynchronization therapy in patients with
ischemic cardiomyopathy. Heart rhythm. 2007;4(10):1300-5.

427. Cazeau SJ, Daubert JC, Tavazzi L, et al. Responders to cardiac resynchronization
therapy with narrow or intermediate QRS complexes identified by simple echocardiographic
indices of dyssynchrony: the DESIRE study. European journal of heart failure. 2008;10(3):273-
80.

428. Davoodi G, Bagheri A, Yamini-Sharif A, et al. Evaluation of in-hospital NT-proBNP
changes in heart failure patients to identify the six-month clinical response following cardiac
resynchronization therapy. Acta medica Iranica. 2014;52(1):15-23.

429. Duncan AM, Lim E, Clague J, et al. Comparison of segmental and global markers of
dyssynchrony in predicting clinical response to cardiac resynchronization. European heart
journal. 2006;27(20):2426-32.

430. Kubanek M, Malek I, Bytesnik J, et al. Decrease in plasma B-type natriuretic peptide
early after initiation of cardiac resynchronization therapy predicts clinical improvement at 12
months. European journal of heart failure. 2006;8(8):832-40.

431. Lellouche N, De Diego C, Cesario DA, et al. Usefulness of preimplantation B-type
natriuretic peptide level for predicting response to cardiac resynchronization therapy. The
American journal of cardiology. 2007;99(2):242-6.

432. Lipoldova J, Ozabalova E, Meluzin J, et al. Usefulness of left ventricle dyssynchrony
assessment before cardiac resynchronization implantation. Biomedical papers of the Medical
Faculty of the University Palacky, Olomouc, Czechoslovakia. 2010;154(1):39-46.

433, Lunati M, Paolucci M, Oliva F, et al. Patient selection for biventricular pacing. Journal
of cardiovascular electrophysiology. 2002;13(1 Suppl):S63-7.

434. Molhoek SG, Bax JJ, Bleeker GB, et al. Long-term follow-up of cardiac
resynchronization therapy in patients with end-stage heart failure. Journal of cardiovascular
electrophysiology. 2005;16(7):701-7.

435. Mollema SA, Bleeker GB, van der Wall EE, et al. Usefulness of QRS duration to predict
response to cardiac resynchronization therapy in patients with end-stage heart failure. The
American journal of cardiology. 2007;100(11):1665-70.



181

436. Oguz E, Dagdeviren B, Bilsel T, et al. Echocardiographic prediction of long-term
response to biventricular pacemaker in severe heart failure. European journal of heart failure.
2002;4(1):83-90.

437. Yeim S, Bordachar P, Reuter S, et al. Predictors of a positive response to biventricular
pacing in patients with severe heart failure and ventricular conduction delay. Pacing and
clinical electrophysiology : PACE. 2007;30(8):970-5.

438.  Boriani G, Biffi M, Martignani C, et al. Electrocardiographic remodeling during cardiac
resynchronization therapy. International journal of cardiology. 2006;108(2):165-70.

439.  Celikyurt U, Karauzum K, Sahin T, et al. Association between resolution of fragmented
QRS and response to cardiac resynchronization therapy. Annals of noninvasive
electrocardiology : the official journal of the International Society for Holter and Noninvasive
Electrocardiology, Inc. 2015;20(2):126-31.

440. ChangPC, Wo HT, Chen TH, et al. Remote past left ventricular function before chronic
right ventricular pacing predicts responses to cardiac resynchronization therapy upgrade.
Pacing and clinical electrophysiology : PACE. 2014;37(4):454-63.

441. Chen Z, Hanson B, Sohal M, et al. Left ventricular epicardial electrograms show
divergent changes in action potential duration in responders and nonresponders to cardiac
resynchronization therapy. Circulation Arrhythmia and electrophysiology. 2013;6(2):265-71.
442. De Boeck BW, Teske AJ, Meine M, et al. Septal rebound stretch reflects the functional
substrate to cardiac resynchronization therapy and predicts volumetric and neurohormonal
response. European journal of heart failure. 2009;11(9):863-71.

443. Karaca O, Omaygenc MO, Cakal B, et al. Adjusting the QRS Duration by Body Mass
Index for Prediction of Response to Cardiac Resynchronization Therapy: Does One QRS Size Fit
All? Annals of noninvasive electrocardiology : the official journal of the International Society
for Holter and Noninvasive Electrocardiology, Inc. 2016;21(5):450-9.

444. Ma CY, Liu S, Yang J, et al. Evaluation of global longitudinal strain of left ventricle and
regional longitudinal strain in the region of left ventricular leads predicts the response to
cardiac resynchronization therapy in patients with ischemic heart failure. Cell biochemistry
and biophysics. 2014;70(1):143-8.

445. Mele D, Nardozza M, Malagu M, et al. Left Ventricular Lead Position Guided by
Parametric Strain Echocardiography Improves Response to Cardiac Resynchronization
Therapy. Journal of the American Society of Echocardiography : official publication of the
American Society of Echocardiography. 2017;30(10):1001-11.

446. Modi S, Yee R, Scholl D, et al. Ventricular pacing site separation by cardiac computed
tomography: validation for the prediction of clinical response to cardiac resynchronization
therapy. The international journal of cardiovascular imaging. 2017;33(9):1433-42.

447. Rickard J, Cheng A, Spragg D, et al. QRS narrowing is associated with reverse
remodeling in patients with chronic right ventricular pacing upgraded to cardiac
resynchronization therapy. Heart rhythm. 2013;10(1):55-60.

448. Ruan ZB, Chen GC, Ren Y, et al. Prediction efficiency of serum cystatin C for clinical
outcome in patients with cardiac resynchronization therapy. Irish journal of medical science.
2018;187(4):909-14.

449. Soliman Ol, Theuns DA, Geleijnse ML, et al. Spectral pulsed-wave tissue Doppler
imaging lateral-to-septal delay fails to predict clinical or echocardiographic outcome after
cardiac resynchronization therapy. Europace : European pacing, arrhythmias, and cardiac
electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and cardiac
cellular electrophysiology of the European Society of Cardiology. 2007;9(2):113-8.

450. Ahmed W, Samy W, Tayeh O, et al. Left ventricular scar impact on left ventricular
synchronization parameters and outcomes of cardiac resynchronization therapy. International
journal of cardiology. 2016;222:665-70.



182

451. Yu CM, Fung WH, Lin H, et al. Predictors of left ventricular reverse remodeling after
cardiac resynchronization therapy for heart failure secondary to idiopathic dilated or ischemic
cardiomyopathy. The American journal of cardiology. 2003;91(6):684-8.

452. Xiao HB, Roy C, Fujimoto S, et al. Natural history of abnormal conduction and its
relation to prognosis in patients with dilated cardiomyopathy. International journal of
cardiology. 1996;53(2):163-70.

453.  Kramer DG, Trikalinos TA, Kent DM, et al. Quantitative evaluation of drug or device
effects on ventricular remodeling as predictors of therapeutic effects on mortality in patients
with heart failure and reduced ejection fraction: a meta-analytic approach. Journal of the
American College of Cardiology. 2010;56(5):392-406.

454.  Bryant AR, Wilton SB, Lai MP, et al. Association between QRS duration and outcome
with cardiac resynchronization therapy: a systematic review and meta-analysis. Journal of
electrocardiology. 2013;46(2):147-55.

455, Korantzopoulos P, Zhang Z, Li G, et al. Meta-Analysis of the Usefulness of Change in
QRS Width to Predict Response to Cardiac Resynchronization Therapy. The American journal
of cardiology. 2016;118(9):1368-73.

456.  Fornwalt BK, Sprague WW, BeDell P, et al. Agreement is poor among current criteria
used to define response to cardiac resynchronization therapy. Circulation. 2010;121(18):1985-
91.

457. Boidol J, Sredniawa B, Kowalski O, et al. Many response criteria are poor predictors of
outcomes after cardiac resynchronization therapy: validation using data from the randomized
trial. Europace : European pacing, arrhythmias, and cardiac electrophysiology : journal of the
working groups on cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of the
European Society of Cardiology. 2013;15(6):835-44.

458.  WerysK, Petryka-Mazurkiewicz J, Blaszczyk L, et al. Cine dyscontractility index: A novel
marker of mechanical dyssynchrony that predicts response to cardiac resynchronization
therapy. Journal of magnetic resonance imaging : JMRI. 2016;44(6):1483-92.

459. Diab 1G, Hunter RJ, Kamdar R, et al. Does ventricular dyssynchrony on
echocardiography predict response to cardiac resynchronisation therapy? A randomised
controlled study. Heart. 2011;97(17):1410-6.

460. Knappe D, Pouleur AC, Shah AM, et al. Dyssynchrony, contractile function, and
response to cardiac resynchronization therapy. Circulation Heart failure. 2011;4(4):433-40.
461. Chan PS, KhumriT, Chung ES, et al. Echocardiographic dyssynchrony and health status
outcomes from cardiac resynchronization therapy: insights from the PROSPECT trial. JACC
Cardiovascular imaging. 2010;3(5):451-60.

462. Bader H, Garrigue S, Lafitte S, et al. Intra-left ventricular electromechanical
asynchrony. A new independent predictor of severe cardiac events in heart failure patients.
Journal of the American College of Cardiology. 2004;43(2):248-56.

463. Bleeker GB, Schalij MJ, Molhoek SG, et al. Relationship between QRS duration and left
ventricular dyssynchrony in patients with end-stage heart failure. Journal of cardiovascular
electrophysiology. 2004;15(5):544-9.

464. TournouxF, Donal E, Leclercq C, et al. Concordance between mechanical and electrical
dyssynchrony in heart failure patients: a function of the underlying cardiomyopathy? Journal
of cardiovascular electrophysiology. 2007;18(10):1022-7.

465. Van'tSantJ, Ter Horst IA, Wijers SC, et al. Measurements of electrical and mechanical
dyssynchrony are both essential to improve prediction of CRT response. Journal of
electrocardiology. 2015;48(4):601-8.

466. Menet A, Bardet-Bouchery H, Guyomar Y, et al. Prognostic importance of
postoperative QRS widening in patients with heart failure receiving cardiac resynchronization
therapy. Heart rhythm. 2016;13(8):1636-43.



183

467. ller MA, Hu T, Ayyagari S, et al. Prognostic value of electrocardiographic
measurements before and after cardiac resynchronization device implantation in patients
with heart failure due to ischemic or nonischemic cardiomyopathy. The American journal of
cardiology. 2008;101(3):359-63.

468. Karaca O, Cakal B, Omaygenc MO, et al. Native Electrocardiographic QRS Duration
after Cardiac Resynchronization Therapy: The Impact on Clinical Outcomes and Prognosis.
Journal of cardiac failure. 2016;22(10):772-80.

469.  Suzuki A, Shiga T, Yagishita D, et al. Narrowing filtered QRS duration on signal-
averaged electrocardiogram predicts outcomes in cardiac resynchronization therapy patients
with nonischemic heart failure. Annals of noninvasive electrocardiology : the official journal
of the International Society for Holter and Noninvasive Electrocardiology, Inc.
2018;23(3):e12523.

470. Coppola G, Ciaramitaro G, Stabile G, et al. Magnitude of QRS duration reduction after
biventricular pacing identifies responders to cardiac resynchronization therapy. International
journal of cardiology. 2016;221:450-5.

471. Jastrzebski M, Baranchuk A, Fijorek K, et al. Cardiac resynchronization therapy-
induced acute shortening of QRS duration predicts long-term mortality only in patients with
left bundle branch block. Europace : European pacing, arrhythmias, and cardiac
electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and cardiac
cellular electrophysiology of the European Society of Cardiology. 2018.

472.  Gold MR, Thebault C, Linde C, et al. Effect of QRS duration and morphology on cardiac
resynchronization therapy outcomes in mild heart failure: results from the Resynchronization
Reverses Remodeling in Systolic Left Ventricular Dysfunction (REVERSE) study. Circulation.
2012;126(7):822-9.

473.  Varma N, O'Donnell D, Bassiouny M, et al. Programming Cardiac Resynchronization
Therapy for Electrical Synchrony: Reaching Beyond Left Bundle Branch Block and Left
Ventricular Activation Delay. Journal of the American Heart Association. 2018;7(3).

474.  Zanon F, Baracca E, Pastore G, et al. Multipoint pacing by a left ventricular quadripolar
lead improves the acute hemodynamic response to CRT compared with conventional
biventricular pacing at any site. Heart rhythm. 2015;12(5):975-81.

475.  Kashani A, Barold SS. Significance of QRS complex duration in patients with heart
failure. Journal of the American College of Cardiology. 2005;46(12):2183-92.

476. De Pooter J, El Haddad M, Timmers L, et al. Different Methods to Measure QRS
Duration in CRT Patients: Impact on the Predictive Value of QRS Duration Parameters. Annals
of noninvasive electrocardiology : the official journal of the International Society for Holter
and Noninvasive Electrocardiology, Inc. 2016;21(3):305-15.



