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Abstract

Implantable cardioverter-defibrillator (ICD) in heart failure with reduced ejec-
tion fraction (EF) patients reduces risk for sudden cardiac death (SCD). Pre-
vious data suggest that the benefit of ICD therapy in real life may be lower
than expected from the results of controlled studies and only about one-third
of ICD patients receive appropriate therapies. Nevertheless, all ICD patients
are at risk of perioperative complications and inappropriate shocks. We re-
trospectively studied 613 patients undergoing ICD for primary prevention in
2002-2015; we excluded inherited arrhythmogenic syndromes. Patients un-
derwent 12-leads ECG, echocardiography, laboratory tests and quality of life
questionnaire. We evaluated comorbidities, appropriate therapies, complica-
tions and all-cause mortality. Consecutive patients (age 67 + 10 years, 81%
males, 59% ischaemic aetiology) were followed for 51 + 31 months. 198 pa-
tients (32%) received appropriate ICD therapy, 93 (15%) had inappropriate
shocks, 53 (8%) had at least one complication (electrode dysfunction, infec-
tion and pocket related) and 191 (33%) died. Multivariate analysis showed
atrial fibrillation (OR = 1.8, CI = 1.27 - 2.53; p < 0.01), diabetes (OR = 1.8, CI
= 1.27 - 2.53; p = 0.041) and vasculopathy (OR = 1.8, CI = 1.27 - 2.53; p =
0.031) as predictors of appropriate therapy. Logistic regression, considering
atrial fibrillation, diabetes, vasculopathy, EF, NYHA class, left atrial diameter
and natremia, identified SCD low risk group (probability < 0.1258). Ventricu-
lar arrhythmias necessitating ICD therapy are common, but complications
and inappropriate therapies are frequent. Many parameters should be consi-
dered for a better selection of ICD candidates, to reduce ineffective implants.
Our multifactorial score may eventually reduce about 10% ICD implantation.
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1. Introduction

Heart failure with reduced ejection fraction is associated with an increased risk
of sudden cardiac death (SCD). Implantable cardioverter-defibrillators (ICD)
have reduced mortality and become the standard of care for these patients, as
recommended by current international guidelines [1] [2]. In a pooled analysis of
10 different studies on primary preventive defibrillators in patients with heart
failure, all-cause mortality with ICD therapy was reduced about by 7.9% com-
pared with optimal medical treatment only [3]. All ICD patients are at an in-
creased risk of perioperative complications, inappropriate shocks, and secondary
arrhythmias [4]. The reported complication rates vary in different studies, but in
a recent review of 11 well-known randomized ICD studies, the overall lead dis-
lodgement rate was 1.8% [5]. A much higher complication rate was reported in a
real-life survey of 440 ICD patients in Germany, where 31% of the patients expe-
rienced some type of complication [6].

Previous studies have tried to identify predictors of appropriate ICD thera-
pies, including atrial fibrillation (AF) [7] [8], renal dysfunction [9], advanced
New York Heart Association (NYHA) class [10], age [10], gender [11] [12] and
parameters of electrical instability or arrhythmic substrate [13]. However, all
those trials included different patient populations, so it is very difficult to draw
conclusions for clinical decision. The aim of this study was to investigate, in real-
life, the net benefit of primary preventive defibrillators as regards the incidence
of appropriate ICD therapies, inappropriate shocks, complications, and identify
clinical parameters and comorbidities associated with appropriated ICD thera-

pies for a better selection of ICD candidates.

2. Materials and Methods

We scrutinized 875 consecutive patients undergoing ICD implantation from
June 2002 to May 2015 in Cardiology Department (Novara); we excluded pa-
tients with a history of previous sustained ventricular arrhythmias and cardiac
arrest (209 patients), arrhytmogenic syndrome as Brugada and Long QT syn-
dromes, arrhythmogenic right ventricular dysplasia and hypertrophic cardi-
omyopathy (53 patients). We enrolled 613 consecutive patients receiving an ICD
for primary prevention of SCD; all patients underwent ICD implantation ac-
cording to current international guidelines [1] [2], defined as LVEF < 35%,
NYHA class II-IV, optimal medical therapy, life expectancy > 1-year; cardiac re-
synchronization therapy was performed if indicated. We evaluated in ischemic
and non ischemic cardiomyopathy appropriate and inappropriate ICD therapies

(Figure 1). All patients underwent before the ICD implantation 12-leads elec-
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[ 875 ICD implantation J

Exclusion Criteria:
209 secondary prevention
53 arrhythmogenic syndrome

Inclusion Criteria:
613 primary prevention

360 ischemic 253 non-ischemic
cardiomyopathy cardiomyopathy

113 appropriate 247 inappropriate 85 appropriate 168 inappropriate
therapy therapy therapy therapy

Figure 1. Study design and appropriate therapy in ischemic and non ischemic cardi-
omyopathy.

trocardiography, transthoracic echocardiography, laboratory test and evaluation
of quality of life and NYHA class.

Transthoracic echocardiography data were acquired using the available system
(Vivid-7 and Vivid-9 General Electric Vingmed, Milwaukee, USA). Left ventri-
cular end-diastolic and end-systolic volumes were assessed from the apical two-
and four-chamber images, and left ventricle ejection fraction (LV-EF) was cal-
culated according to the monoplane or biplane Simpson method; diastolic func-
tion, left ventricle and left atrial M-mode parameters, color-Doppler parameter
were evaluated according to guidelines [14] [15] [16].

Quality of life and NYHA class were evaluated by questionnaire (Kansas [17]
and Minnesota living with heart failure questionnaire [18]) and functional test (6
minutes walking test [19]).

All patients’ medical records were scrutinized in order to verify the data from
the ICD registry regarding indications and to evaluate the patients’ morbidity
before implantations. Cardiovascular risk factors and comorbidities (hyperten-
sion, diabetes, renal disfunction, anemia, pulmonary disease) were considered
according to international cut offs. Atrial fibrillation was defined as any known
episode of atrial fibrillation and classified as paroxysmal, persistent and perma-
nent. All patients received antibiotic prophylaxis before the ICD implantation.
ICDs were programmed according to the attendant physician’s preferences, and
all patients had antitachycardia pacing (ATP) programmed before shock thera-
py. The ventricular tachycardia (VT) zones were normally programmed from
150/160 to 180/190 beats per minutes, and the ventricular fibrillation (VF) zone >
180/190 beats per minute. In the medical records we evaluated the presence of
appropriate therapies such as ATPs or shocks. If an arrhythmia episode required
ICD discharge after unsuccessful ATP therapy, it was classified as shock treat-
ment in the analyses. The therapy was classified as appropriate or inappropriate

according to the attending physician’s medical notes. Appropriate therapy was
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defined as ventricular arrhythmias correctly sensed and treated by the devices.
All complications related to defibrillator therapy were analyzed. We investigated
both procedure-related complications and remote complications such as elec-
trode problems, infections, and inappropriate therapies. Electrode problems
were defined as unacceptably high pacing thresholds, low sensing amplitude, or
diaphragmatic stimulation that could not be resolved with electronic re-pro-
gramming. During follow up all cause mortality and cardiovascular mortality
were considered.

Continuous variables are reported as mean + standard deviation and categor-
ical variables as frequencies. Continuous variables were compared using Stu-
dent’s t-test and ANOVA, while categorical variables were compared using y*
test and Fisher’s exact test. To determine the predictive factors of device therapy,
univariate and multivariate analyses were performed. Variables with a P-value of
<0.1 in univariate analysis were then included in the multivariate regression
analysis for the determination of odds ratio (OR) and its 95% confidence inter-
val (CI). A P-value of <0.05 was considered statistically significant. Survival and
event-free rates from ICD intervention were calculated and depicted with the
Kaplan-Meier method. All these analyses were performed using SPSS v20.0
(SPSS Inc., Chicago, IL, USA). Logistic regression, using Akaike Information
Criterion [20], and ROC curves were performed using R 3.3.0 (R Development
Core Team).

3. Results

Patient data at baseline are summarized in Table 1. Patients had a mean age of
67.4 = 10.1 years, 80.9% male, 19.1% female, with LV-EF of 26% + 8.4%, conges-
tive heart failure of NYHA II (52.2%), due to ischemic aetiology (n = 360,
58.7%), valvular aetiology (n = 57, 9.3%) or idiopathic cardiomyopathy (n = 196,
32%); atrial fibrillation (n = 271, 44.2%) and cardiac resynchronization therapy
(n = 300, 48.9%) were common. Mean follow up was 50.7 £ 31.5 months, 41
(6.7%) patients were lost at follow up and 4 (0.7%) underwent heart transplanta-
tion. There were no significant differences in comorbidities between male and
female.

During follow-up 198 patients (32%) received appropriate ICD therapy, 93
patients (15%) had inappropriate shocks, 53 patients (8%) had at least one com-
plication (electrode dysfunction, infection and pocket related) and 191 patients
(33%) died. The annual rate of patients who received their first appropriate ICD
interventions was 7.5%. The median time to first appropriate therapy after ICD
implantation was 24 months (range 1 - 107). Differences in baseline characteris-
tic between patients with and without appropriate ICD therapy are listed in Ta-
ble 2.

In patients who received appropriate therapy were present significantly lower
level of sodium (137.8 + 3.7ml vs 138.9 + 3.5 ml; p < 0.01) and atrial fibrillation
(n =107, 54% vs n = 164, 39.5%; p = 0.001). Indeed, among echo parameters,
they had significantly reduced ejection fraction (25% * 6.5 vs 26.5 £ 9.1; p =
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Table 1. Baseline characteristics before implantation.

Baseline
Age and gender
Mean age (years) 67.4 +10.1
Male (%) 496 (80.9)
Aetiology
Ischemic (%) 360 (58.7)
Previously AMI (%) 313 (51.1)
Previous coronary bypass surgery (%) 181 (29.5)
Valvular aetiology (%) 57 (9.3)
Idiopathic cardiomyopathy (%) 196 (32)
Atrial fibrillation (%) 271 (44.2)
Functional class
NYHA II (%) 354 (57.7)
NYHA III (%) 242 (39.5)
NYHA IV (%) 17 (2.8)
ECG and Echo parameters
QRS > 120 msec (%) 319 (52)
Left bundle-branch block (%) 292 (47.6)
CRT-D (%) 300 (48.9)
Mean LVEF (%) 26.0 £ 8.4
LV end diastolic volume (ml) 189.3 £59.3
LV end systolic volume (ml) 141.6 £51.4
LV end diastolic diameter (mm) 67.1+8.4
LV end systolic diameter (mm) 54.8+9.2
LA diameter (mm) 475+7.7
Comorbility
Hypertension (%) 404 (65.9)
Diabetes (%) 163 (26.6)
Pulmonary disease (%) 138 (22.5)
Kidney disease (%) 133 (21.7)
Creatinine (mg/dl) 1.3+0.6
Na (mEq/1) 138.5+3.6
K (mEq/1) 4.1+04
Anemia (%) 122 (19.9)
Haemoglobin (g/dl) 133£1.6
Vasculopathy (%) 135 (22)
Beta-blocker therapy (%) 489 (79.8)
Amiodarone (%) 168 (27.4)

K2
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Table 2. Difference in baseline characteristic between patients with and without appro-
priate ICD therapy.

Appropriate ~ Without appropriate

therapy therapy P-value
(n = 198) (n = 415)

Mean age (years) 66.84 £ 9.6 67.6 £10.3 0.369
Male (%) 168 (84.8) 328 (79.0) 0.087
Hypertension (%) 125 (63.1) 279 (67.2) 0.317
Diabetes (%) 43 (21.7) 120 (28.9) 0.059
Pulmonary disease (%) 49 (24.7) 89 (21.4) 0.360
Kidney disease (%) 35(17.7) 98 (23.6) 0.095
K (mEq/L) 41404 41+04 0.775
Na (mEq/L) 137.8 +3.7 1389 +3.5 0.001
Anemia (%) 32 (16.2) 90 (21.7) 0.109
Vasculopathy (%) 52 (26.3) 83 (20.0) 0.080
Ischemic aetiology (%) 113 (57.1) 247 (59.5) 0.565
Previously AMI (%) 98 (49.5) 215 (51.8) 0.592
Previous coronary bypass surgery (%) 65 (32.8) 116 (28.0) 0.216
Atrial fibrillation (%) 107 (54.0) 164 (39.5) 0.001
NYHA III-IV (%) 79 (39.9) 180 (43.4) 0.415
QRS > 120 msec (%) 106 (53.5) 213 (51.3) 0.609
Left bundle-branch block (%) 97 (49.0) 195 (47.0) 0.643
CRT-D (%) 93 (47.0) 207 (49.9) 0.500
Mean LVEF (%) 25.0 £ 6.5 265+9.1 0.035
LV end diastolic volume (ml) 195.1 £59.0 186.6 £ 59.3 0.096
LV end systolic volume (ml) 147.4 £ 50.2 138.8 +51.7 0.051
LV end diastolic diameter (mm) 67.6 + 9.1 66.8 + 8.1 0.240
LV end systolic diameter (mm) 56.1 £9.5 54.1 £9.0 0.015
LA diameter (mm) 48.7 £ 8.0 469 +7.5 0.007
Beta-blocker therapy (%) 155 (78.3) 334 (80.5) 0.526
Amiodarone (%) 57 (28.8) 111 (26.7) 0.596

0.035), higher LV end systolic volume and diameter (respectively 147.4 + 50.2
mm vs 138.8 + 51.7 mm; p = 0.051 and 56.1 £ 9.5 mm vs 54.1 £ 9.0mm; p =
0.015) and higher left atrial diameter (48.7 = 8.0 mm vs 46.9 £ 7.5 mm; p =
0.007).

A stepwise multivariate analysis was performed and 3 significant factors were
correlated to appropriate therapy: atrial fibrillation (OR = 1.8, CI = 1.27 - 2.53; p
< 0.01), diabetes (OR = 1.8, CI = 1.27 - 2.53; p = 0.041) and vasculopathy (OR =
1.8, CI =1.27 - 2.53; p=0.031).

Finally, we tried to identify a predictive score of appropriate therapy based on
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clinical parameters. We used logistic regression, including all variables as cova-
riates and we screened all possible models including almost one of these. We
found 220 models and to determine the best we used Akaike Information Crite-
rion. The best model considered seven parameters that were strongly associated
with appropriate therapy (atrial fibrillation, diabetes, vasculopathy, LVEF, NYHA
class, left atrial diameter and natremia) and identified a difference in SCD risk
probability statistically significant between patients with (APP+) and without
(APP-) appropriate therapy. Probability < 0.1872 corresponded to 5th percentile
of group receiving appropriate therapy; using this cut-off we identified a popula-
tion at low risk of ICD treatment (only 10/102 patients; of these 10 patient 8 re-
ceived only one ATP therapy and 2 patients received only one shock on sus-
tained TV). Probability < 0.1258 corresponded to lower value of group receiving
appropriate therapy; using this cut-off we identified patients who never received
appropriate therapy (65 patients) (Figure 2).

The total number of patients who had complications, including inappropriate
shock, during follow-up was 138 (22.5%). Of these, 93 patients (15.2%) received
inappropriate shock, in most cases on sopraventricular tachiarrhythmia (preva-
lent atrial fibrillation); 53 patients (8.6%) had complications that required rein-
tervention (electrode dysfunction, infection and pocket related). The types of
complications are listed in Table 3; in summary the most common problems
were inappropriate shocks (n = 93, 15.2%) and dislocation or dysfunction of the
ICD electrode (n = 33, 5.4%).

Forty one of 613 patients (6.7%) were lost during follow up; 191 of 572 pa-
tients (33.4%) died during follow-up. 73 of 191 patients (38.2%) received an ap-
propriate therapy on a ventricular arrhythmia. The median time from first ap-
propriate therapy to death was 20 months (range 1 - 105).

Cardiovascular mortality was observed in 68 patients (11.9%), 87 patients
(15.2%) died for non cardiovascular reasons and we had no data about 36 pa-

tients (6.3%). All causes mortality are presented in Figure 3.

L3
S

2

5

APP+
APP-

Probability

0.2

0.1872
0.1258

=
<
S

0 1
Patients without (APP-) and with (APP+) appropriate therapy

Figure 2. SCD risk in patients with (APP+) and without (APP-) appropriate therapy.
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Figure 3. All causes mortality.

Table 3. Device-related complication including inappropriate shocks.

Types of complications Patients (%)
Electrode dysfunction 33 (5.4)
Pocket-related (decubitus, hematoma) 9(1.4)
Infection 11 (1.8)
Inappropriate shocks 93 (15.2)

Total number of patients with one or more complications 138 (22.5)
(including inappropriate shocks) ’

4. Discussion

Our study in a real-life cohort of primary prophylactic ICD-treated patients de-
monstrates that 8% of our patients annually receive presumably life-saving
treatment for ventricular arrhythmias. This is almost the same proportion of pa-
tients as seen in the MADIT II [21], DEFINITE [22], and SCD-Heft [23] studies.
The follow-up time in our study was also relatively long and complication rates
increased over time. In our population, 22.5% of patients population had com-
plications, including 15.2% of patients that received inappropriate therapies,
principally caused by supraventricular arrhythmia. The main reason for inap-
propriate therapy in our study, as in many others [12] [24] [25], was atrial fibril-
lation. Better knowledge and more ‘conservative’ programming (i.e. higher VT
zones with longer detection intervals and more ATP therapy attempts before
shock therapy) may have contributed to the reduced number of unnecessary
shocks [26]. However, no complications in our study were lethal and there was
no association between complications and increased mortality.

This study demonstrates that baseline characteristics of ICD recipients can be
useful for identifying patients at high risk for appropriate therapies and that
these parameters are different according to their type of cardiomyopathy. Atrial
fibrillation, NYHA class III-IV, comorbidities such as vasculopathy and diabetes,
hyponatremia, may be interpreted as an epiphenomenon or as a surrogate of
advanced heart fajlure that leads to more ICD therapies. Other previously de-
scribed predictors for ICD therapies were not confirmed by our findings, as ren-
al dysfunction [9], age [10] and gender [11] [12]. This could be explained by the
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fact that we included a homogenous population and optimal medical therapy
prior to reference in our tertiary centre. Renal dysfunction, obesity and ad-
vanced age were not as prevalent in our study population as in other studies and
thus failed to reach a significant predictive value.

Our logistic regression using seven clinical parameters-atrial fibrillation, di-
abetes, vasculopathy, NYHA class, left atrial diameter, ejection fraction, natre-
mia-identified a population with a higher risk of appropriate therapy.

Using a cut off of probability < 0.1872 we identified a population at low SCD
risk: only 9.8% patient had appropriate ICD therapy during the follow-up (about
2.45% per year) and the ICD treatment was only on sustained VT (in most cases
only one ATP was necessary). Excluding these population we could have avoided
ICD implantation in about 15% that is a significant number on a large scale.
Only few patients under this threshold received appropriate therapy, but only on
one episode of VT.

If we considered a less tighten cut off including all patient that received ap-
propriate therapy, we were sure not to lose any patient because of SCD: a proba-
bility <0.1258 identifies a subgroup at a very low risk (without any ICD therapy)
and so we should potentially reduce implantation of 10%. It is an easy score be-
cause it is based on clinical features that are routinely evaluated before implanta-
tion. Obviously, before extended clinical implementation, it could be important
to test this score on a larger population to confirm accuracy and reproducibility.
These findings reveal the most important predictors of ICD therapies in a real-

world experience and are valuable for their ease use in clinical practice.

5. Limitations

This is not a randomized clinical trial but a retrospective study based on the de-
tailed analysis of medical records from patients with primary preventive ICD
treatment in a long period of follow up. However, during the last 10 years, there
were not so many change in primary prevention indications and pharmacologi-
cal treatment. This is a single-centre study with the limitations of a post hoc
analysis. However, we included consecutive enrolled patients with regular and

thorough device interrogations to obtain a comprehensive dataset.

6. Conclusion

In our real-life population of primary prevention ICD patients ventricular arr-
hythmias necessitating ICD therapy are common (8% annually), but complica-
tions are frequent (4% annually). Comorbidities, echo parameters, laboratory
tests and functional class should be taken into consideration for a better selec-
tion of population candidate to ICD therapy, to reduce ineffective implantation.
Our proposed score may eventually reduce from 10% to 15% future ICD im-

plantation.
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