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The contemporary population with ICD or 
CRT ‑D differs from the populations included in 
landmark trials (MADIT [Multicenter Automatic 
Defibrillator Implantation Trial],2 SCDHeFT [Sud‑
den Cardiac Death in Heart Failure Trial],3 and 
COMPANION [Comparison of Medical Therapy, 
Pacing, and Defibrillation in Heart Failure]).4 This 
is due to differences in current pharmacotherapy 
and a wider use of revascularization therapy, es‑
pecially in acute myocardial infarction. Moreover, 
consecutive patients in everyday practice may 
also differ from those included in clinical trials.

INTRODUCTION Although there are no con‑
troversies regarding implantable cardioverter‑
‑defibrillator (ICD) implantation for secondary 
prevention of sudden cardiac death, additional 
risk assessment is needed in patients referred 
for ICD or cardiac resynchronization therapy de‑
fibrillator (CRT ‑D) implantation as primary pre‑
vention. In the light of the DANISH trial (Danish 
ICD Study in Patients With Dilated Cardiomyopa‑
thy),1 a reduction in left ventricular ejection frac‑
tion (LVEF) does not appear to be a sufficiently 
sensitive and specific marker for identifying pa‑
tients at the highest risk of sudden cardiac death.1
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ABSTRACT

INTRODUCTION Additional risk assessment in patients with heart failure referred for implantable 
cardioverter ‑defibrillator (ICD) implantation as primary prevention is needed. A reduction in left ventricular 
ejection fraction (LVEF) seems to lack sufficient sensitivity and specificity to be used for identification 
of patients at the highest risk of sudden cardiac death.
OBJECTIVES The aim of this study was to identify short‑ and long ‑term predictors of appropriate im‑
plantable cardioverter ‑defibrillator therapy as well as predictors of long ‑term mortality in patients with 
an ICD or cardiac resynchronization therapy defibrillator (CRT ‑D).
PATIENTS AND METHODS  In this retrospective study, data from 457 patients who had an ICD or CRT ‑D 
implanted between 2011 and 2017 were analyzed.
RESULTS  During the median follow ‑up of 31 months (interquartile range, 17–52 months), 153 patients 
died (33.9%) and 140 had appropriate interventions (31%). In a multivariate Cox regression analysis, 
implantation for secondary prevention (hazard ratio [HR], 2.49; P <0.001), severe mitral valve disease 
(HR, 2.17; P <0.001), and previous myocardial infarction (HR, 1.68; P = 0.009) were predictors of ap‑
propriate intervention. Resynchronization therapy (HR, 0.59; P = 0.025) and severe mitral valve disease 
(HR, 2.42; P <0.001) were predictors of appropriate intervention in primary prevention. Body mass index, 
hemoglobin concentrations, LVEF, diabetes, and left atrial diameter were significant predictors of death.
CONCLUSIONS  Implantation of ICD or CRT ‑D as secondary prevention was a potent predictor of appropri‑
ate intervention, while resynchronization therapy and severe mitral regurgitation predicted ICD therapy 
in primary prevention. In patients with ICD or CRT‑D, independent predictors of mortality included: body 
mass index, hemoglobin concentrations, LVEF, diabetes, and left atrial diameter.
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end ‑diastolic diameters were measured. The LVEF 
was calculated using the biplane Simpson method 
in apical 2‑ and 4 ‑chamber views.11 Mitral valve 
disease was assessed using the European Associ‑
ation of Echocardiography recommendations.11 
It was defined as the presence of a prosthetic mi‑
tral valve, severe mitral regurgitation, or previ‑
ous surgical repair of severe mitral regurgitation.

Follow ‑up and device programming Patients were 
followed according to contemporary guidelines8: 
at the first visit 1 month after implantation and 
at least twice annually thereafter. The follow ‑up 
data were retrospectively analyzed up to the fi‑
nal visit. The follow ‑up was arbitrarily defined as 
“short ‑term” when lasting 12 months or less, and 
“long ‑term” when lasting longer than 12 months. 
The devices were programmed individually. For 
primary prevention, detection in the ventricular 
tachycardia (VT) zone was programmed typically 
as higher than 170 bpm, and in the ventricular fi‑
brillation (VF) zone, as 200 bpm or higher. For sec‑
ondary prevention, the VT zone was programmed 
as about 10 bpm below the clinical VT rate. During 
follow ‑up, we analyzed the rate of appropriate in‑
terventions, percentage of ventricular pacing, and, 
in the CRT ‑D group, percentage of biventricular 
pacing (≥98% was considered satisfactory). An ICD 
intervention was defined as appropriate if deliv‑
ered for VT or VF; all other episodes were consid‑
ered inappropriate. Only episodes with intracardi‑
ac electrograms available were considered. The ep‑
isodes were analyzed by an experienced physician. 
Doubtful cases were resolved by 2 electrophysiol‑
ogists. All ‑cause mortality was also assessed. All 
data were obtained by reviewing the medical re‑
cords, device checkups during follow ‑up, or by di‑
rect telephone contact.

Statistical analysis Continuous variables were 
presented as mean (SD) or median (interquartile 
range [IQR]), depending on the variable distribu‑
tion. Categorical variables were presented as fre‑
quencies. A univariate Cox regression analysis in‑
cluding all available parameters was performed. 
Then, a multivariate Cox regression analysis was 
performed to assess the independent significance 
of all parameters with a P value of less than 0.05 
in the univariate analysis. A log ‑rank test was 
used in an intervention ‑free survival analysis. 
For all calculations, 2 ‑tailed tests were used, and 
a P value of less than 0.05 was considered sig‑
nificant. Statistical analysis was performed with 
Statistica v. 12 (Statsoft Inc., Tulsa, Oklahoma, 
United States).

RESULTS A total of 457 patients were included in 
the study. The baseline characteristics of the pop‑
ulation are shown in TABLE 1. Data on survival were 
available for 451 patients, and on appropriate in‑
terventions, for 452 patients. During the median 
31 ‑month follow ‑up (interquartile range [IQR], 
17–52 months), 153 patients died (33.9%) and 
140 had appropriate interventions (31.0%).

Only one ‑third of patients implanted with 
an ICD or CRT ‑D receive appropriate therapies.5,6 
In some reports, this rate was as low as 1% per 
year in patients undergoing implantation for pri‑
mary prevention.7 The remaining patients do not 
benefit from ICD or CRT ‑D implantation but are 
at risk of complications, such as infections, de‑
vice or lead malfunctions, and inappropriate in‑
terventions. In everyday life, the most common 
difficulties are due to upper limb movement limi‑
tations or possible electromagnetic field interfer‑
ence. Therefore, further studies are needed to es‑
tablish the best treatment strategy for patients 
with heart failure and reduced LVEF in everyday 
clinical practice.

The aim of our study was to identify short‑ and 
long ‑term predictors of appropriate ICD thera‑
py in an unselected cohort of patients implant‑
ed with an ICD or CRT ‑D, particularly in prima‑
ry prevention. We also sought to identify pre‑
dictors of long ‑term mortality in these patients.

PATIENTS AND METHODS Study design and pa‑
tients This was a retrospective study based on 
data of consecutive patients implanted with 
an ICD or CRT ‑D in the Military Institute of Med‑
icine in Warsaw, Poland, between January 2011 
and December 2017. The devices were implant‑
ed according to contemporary guidelines.8,9 Nu‑
merous clinical factors were analyzed, including 
indications for implantation (primary or second‑
ary prevention), etiology of heart failure (isch‑
emic or nonischemic), New York Heart Associa‑
tion functional class at baseline, comorbidities (di‑
abetes, hypertension, pulmonary disease, stroke, 
and atrial fibrillation), as well as coronary inter‑
ventions (percutaneous coronary intervention, 
coronary artery bypass grafting) prior to implan‑
tation. We also compared baseline hemoglobin con‑
centrations and renal function (serum creatinine 
and estimated glomerular filtration rate [calculat‑
ed using the Modification of Diet in Renal Disease 
formula]),10 assessed at the time of implantation.

Echocardiography All patients underwent 
2 ‑dimensional echocardiography before device 
implantation. Echocardiography was performed 
using standard parasternal, apical, and subcos‑
tal views (2.5 ‑MHz transducer; VIVID S6 and 
S7, GE Medical Systems, Wauwatosa, Wisconsin, 
United States). The left atrial and left ventricular 

WHAT’S NEW?

We aimed to identify risk factors of cardiac events in patients with an implant‑
able cardioverter ‑defibrillator or cardiac resynchronization therapy defibrillator 
(ICD/CRT ‑D). We found that diabetes and increased left atrial diameter were 
associated with the risk of mortality, while higher body mass index, hemo‑
globin levels, and left ventricular ejection fraction had a protective effect. 
Secondary prevention and severe mitral valve disease had a significant effect 
on the incidence of appropriate ICD therapy. Patients with resynchronization 
therapy had lower odds of appropriate ICD intervention.
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Appropriate interventions: the whole study group  
One ‑year follow ‑up data were available for 394 
patients (87% of the whole group). The remain‑
ing 57 patients were lost to follow ‑up: 20 patients 
died without an ICD/CRT ‑D intervention within 
the first year of follow ‑up, 11 patients were fol‑
lowed in other centers, and 32 patients were lost 
to follow ‑up in the context of data on appropri‑
ate interventions (7%).

Appropriate ICD interventions in the first year 
after implantation were noted in 68 patients 
(17.3%). In the univariate Cox regression analy‑
sis, implantation for secondary prevention and 
severe mitral valve disease were significant pre‑
dictors of appropriate intervention in the 1 ‑year 
follow ‑up. In the multivariate Cox regression anal‑
ysis, implantation for secondary prevention (haz‑
ard ratio [HR], 2.64; 95% CI, 1.60–4.37; P <0.001) 
and severe mitral regurgitation (HR, 2.43; 95% 
CI, 1.38–4.26; P = 0.002) remained indepen‑
dent predictors of appropriate interventions in 
the 1 ‑year follow ‑up. When patients were divid‑
ed according to the year of implantation (years 
2011–2017), the number of appropriate interven‑
tions in the 1 ‑year follow ‑up in subsequent years 
ranged from 9% in patients implanted in 2014 to 
24% in patients implanted in 2011, without signif‑
icant differences between the results (P = 0.44). In 
the univariate Cox regression analysis (including 
all 452 patients and all available follow ‑up data), 
the significant predictors of appropriate inter‑
ventions were implantation for secondary pre‑
vention, severe mitral valve disease, and previ‑
ous myocardial infarction (TABLE 2). In the multi‑
variate Cox regression analysis, all 3 parameters 
remained predictors of appropriate intervention 
(HR, 2.49; 95% CI, 1.70–3.65; P <0.001; HR, 2.17; 
95% CI, 1.39–3.37; P <0.001; and HR, 1.68; 95% 
CI, 1.14–2.47; P = 0.009; respectively).

The Kaplan–Meier analysis showed an early 
dissociation of intervention ‑free curves of pa‑
tients with and without severe mitral valve dis‑
ease (FIGURE 1). Appropriate interventions with‑
in the first year of follow ‑up were noted in 4 of 
the 12 patients with a prosthetic mitral valve 
and 1 of the 4 patients after surgical repair of 
severe mitral regurgitation. On the other hand, 
none of the 8 patients with significant aortic 
valve disease or a prosthetic aortic valve under‑
went appropriate interventions within the first 
year of follow ‑up.

Appropriate interventions: the primary ‑prevention 
group A total of 374 patients were implant‑
ed with an ICD or CRT ‑D for primary preven‑
tion; 322 patients (86%) completed the 1 ‑year 
follow ‑up. During the first year after implanta‑
tion, 47 patients (14.6%) underwent appropriate 
interventions, as compared with 21 of the 70 pa‑
tients (30%) in the secondary ‑prevention group 
(P = 0.003). In the univariate Cox regression anal‑
ysis, resynchronization therapy (protective ef‑
fect) and severe mitral valve disease were signif‑
icant predictors of appropriate interventions in 

TABLE 1 Baseline characteristics of the study population (n = 457)

Parameter Value

Age, y, mean (SD) 66 (11)

Female sex, n (%) 89 (19.4)

Weight, kg, mean (SD) 81.88 (16.99)

CRT ‑D, n (%) 146 (31.9)

Primary prevention, n (%) 374 (81.8)

LVEF, %, median (IQR) 29 (25–33)

LVEF <25%, n (%) 125 (27.4)

NYHA class, median (IQR) 2 (2–3)

Ischemic etiology of heart failure, n (%) 330 (72.2)

Previous myocardial infarction, n (%) 301 (65.8)

Hypertension, n (%) 161 (67.9)

Diabetes, n (%) 156 (34.1)

Hemoglobin, mmol/l, mean (SD) 8.37 (1.05)

eGFR, ml/min/1.73 m2, mean (SD) 73.3 (23.2)

eGFR <60 ml/min/1.73 m2, n (%) 151 (33.1)

Severe mitral valve disease, n (%) 50 (11.2)

Left atrial diameter, mm, mean (SD) 43.6 (12.3)

Left ventricular diameter, mm, mean (SD) 58.7 (16.4)

Atrial fibrillation at baseline, n (%) 187 (41.0)

Abbreviations: CRT ‑D, cardiac resynchronization therapy defibrillator; eGFR, estimated 
glomerular filtration rate; IQR, interquartile range; LVEF, left ventricular ejection fraction; 
NYHA, New York Heart Association

TABLE 2 Appropriate interventions in the whole study group: the results of univariate 
Cox regression analysis

Parameter Univariate analysis

HR 95% CI P value

Agea 1.00 0.99–1.02 0.60

NYHA classb 0.88 0.67–1.16 0.36

Hemoglobinc 1.02 0.92–1.13 0.70

Left atrial diameterd 0.99 0.98–1.01 0.25

LVEFe 1.00 0.98–1.02 0.91

Left ventricular end ‑diastolic 
diameterd

0.99 0.98–1.01 0.33

Sex (women vs men) 0.88 0.57–1.34 0.54

Cardiac resynchronization 
therapy defibrillator

0.74 0.51–1.08 0.12

Secondary prevention 
implantation

2.26 3.29–1.55 <0.001

Myocardial infarction 1.66 1.13–2.43 0.001

Coronary artery disease 1.44 0.91–2.27 0.12

Hypertension 0.91 0.65–1.28 0.60

Diabetes 1.02 0.72–1.45 0.92

Kidney diseasef 1.10 0.76–1.60 0.60

Severe mitral valve disease 2.00 1.29–3.09 0.002

Pulmonary disease 1.04 0.67–1.60 0.86

Atrial fibrillation 1.22 0.87–1.71 0.25

a Per 1 ‑year increase;   b Per I ‑class increase;   c Per 0.1 ‑g/l increase;  
d Per 1 ‑mm increase;   e Per 1% increase;   f eGFR <60 ml/min/1.73 m2

Abbreviations: HR, hazard ratio; others, see TABLE 1
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CI, 0.17–0.75; P = 0.006 and HR, 3.04; 95% CI, 
1.60–5.80; P <0.001; respectively).

In the univariate Cox regression analysis includ‑
ing all patients in primary prevention and all avail‑
able follow ‑up data, significant predictors of ap‑
propriate interventions were similar to those for 
the 1 ‑year analysis and included resynchronization 
therapy, severe mitral valve disease, and previous 
myocardial infarction (TABLE 3). In the multivariate 
Cox regression analysis, only resynchronization 
therapy and severe mitral valve disease remained 
predictors of appropriate intervention (HR, 0.59; 
95% CI, 0.37–0.93; P = 0.03 and HR, 2.42; 95% CI, 
1.48–3.98; P <0.001; respectively).

Mortality The univariate Cox regression analy‑
sis including all patients and all available follow‑
‑up data revealed numerous significant predictors 
of mortality (TABLE 4). In the multivariate Cox re‑
gression analysis, 3 protective factors remained 
significant independent predictors of mortali‑
ty: higher body mass index (BMI), hemoglobin 
concentrations, and LVEF. Two risk factors were 
independent predictors of mortality: diabetes 
and increased left atrial anteroposterior diam‑
eter (TABLE 4).

DISCUSSION We aimed to identify clinical fac‑
tors predicting appropriate ICD interventions in 
an unselected real ‑life cohort of patients, espe‑
cially in those who underwent implantation for 
primary prevention. Wa also attempted to iden‑
tify clinical predictors of mortality in this cohort.

In the primary ‑prevention group, resynchro‑
nization therapy and severe mitral valve disease 

the 1 ‑year follow ‑up. In the multivariate Cox re‑
gression analysis, both parameters remained in‑
dependently associated with appropriate inter‑
ventions in the 1 ‑year follow ‑up (HR, 0.36; 95% 

FIGURE 1   
Kaplan–Meier 
intervention ‑free curves of 
patients with and without 
severe mitral regurgitation; 
P = 0.005 (log ‑rank test)

TABLE 3 Appropriate interventions in the primary ‑prevention group: the results of 
univariate Cox regression analysis

Parameter Univariate analysis

HR 95% CI P value

Agea 1.00 0.98–1.02 0.85

NYHA classb 0.93 0.66–1.31 0.67

Hemoglobinc 1.06 0.93–1.19 0.39

Left atrial diameterd 0.99 0.98–1.01 0.49

LVEFe 0.99 0.96–1.02 0.38

Left ventricular end‑
‑diastolic diameterd

1.00 0.99–1.01 0.78

Sex (women vs men) 0.93 0.57–1.53 0.78

CRT ‑D 0.61 0.39–0.95 0.03

Myocardial infarction 1.58 1.02–2.47 0.04

Coronary artery disease 1.51 0.87–2.61 0.14

Hypertension 0.87 0.58–1.30 0.50

Diabetes 1.17 0.79–1.75 0.43

Kidney diseasef 0.83 0.54–1.28 0.41

Severe mitral valve 
disease

2.24 1.38–3.64 0.001

Pulmonary disease 1.06 0.64–1.75 0.82

Atrial fibrillation 1.23 0.83–1.82 0.30

a Per 1 ‑year increase;   b Per I ‑class increase;   c Per 0.1 ‑g/l increase;  
d Per 1 ‑mm increase;   e Per 1% increase;   f eGFR <60 ml/min/1.73 m2

Abbreviations: see TABLES 1 and 2
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of worse outcome, independent of CRT ‑D implan‑
tation.17 Likewise, in an analysis of 76 patients af‑
ter cardiac resynchronization therapy, mitral re‑
gurgitation at baseline did not predict a poorer 
outcome, but its persistence after CRT ‑D implan‑
tation was associated with a greater incidence of 
tachyarrhythmia and worse clinical evolution.18

The impact of comorbidities on the mortality 
of patients with heart failure is well established. 
Numerous studies have reported that patients 
with diabetes were at higher risk of mortality, 
which was confirmed by our research.19 Anoth‑
er well ‑known risk factor for mortality in this 
population is anemia.20 Similarly, in our study, 
higher hemoglobin concentrations had a posi‑
tive effect on survival. The same association was 
observed for higher LVEF, which is in line with 
previous reports.21

Obesity is associated with shorter life expec‑
tancy, but, notably, obese patients with heart 
failure have a better prognosis—this phenome‑
non is known as the “obesity paradox.”22 In our 
study, patients with higher BMI had a reduced 
mortality risk.

Several studies have shown a negative influence 
of atrial volume and atrial diameter on mortali‑
ty in patients with heart failure. Current studies 
evaluate both right and left atrial size and vol‑
ume,23,24 but in our study, only standard mea‑
surements were available, so we calculated the left 
ventricular and left atrial diameters. We observed 
that left atrial enlargement was associated with 
a poorer outcome.

Strengths and limitations Our study group was 
well characterized and quite homogenous, and 
the follow ‑up was long and thorough. We evalu‑
ated a large number of parameters that are not 

(risk factor) were significant predictors of appro‑
priate intervention. The results were similar for 
the short ‑term (1 ‑year) and long ‑term follow ‑up. 
In the whole patient cohort, implantation for sec‑
ondary prevention and severe mitral valve disease 
were significant predictors of ICD interventions in 
the short‑ and long ‑term follow ‑up. In the long‑
‑term follow ‑up, previous myocardial infarction 
was also a predictor of ICD interventions.

Surprisingly, predictors of mortality were com‑
pletely different: BMI, hemoglobin concentration, 
LVEF, diabetes, and left atrial diameter. Our re‑
sults support previous observations that preven‑
tion of sudden cardiac death may not necessari‑
ly reduce all ‑cause mortality and does not solve 
all problems in patients with heart failure.12 All‑
‑cause mortality is strongly affected by comorbid‑
ities and natural course of heart failure.

The impact of resynchronization therapy on 
the prevalence of ventricular arrhythmia has been 
postulated previously and confirmed in subse‑
quent studies.13,14 In our study, resynchronization 
therapy was associated with a lower rate of ap‑
propriate interventions. The ICD implantation for 
secondary prevention was previously described 
in the literature as a risk factor for arrhythmic 
episodes, which is in line with our findings.7,15

The most interesting observation of our study 
is that severe mitral valve disease (major mitral 
regurgitation) was associated with a higher rate 
of appropriate ICD intervention. The mechanism 
of this association is not well understood, and lit‑
erature data are scarce. Patients with severe mi‑
tral regurgitation and heart failure are character‑
ized by high morbidity and mortality rates.16 In 
CARE ‑HF (Cardiac Resynchronization in Heart 
Failure Study), a higher degree of mitral regurgi‑
tation 3 months after enrollment was a predictor 

TABLE 4 All ‑cause mortality: the results of univariate and multivariate Cox regression analyses

Parameter Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Agea 1.03 1.01–1.04 <0.001 1.01 0.99–1.03 0.48

BMIb 0.95 0.92–0.99 0.007 0.94 0.90–0.98 0.004

LVEFc 0.95 0.93–0.97 <0.001 0.97 0.94–0.99 0.01

NYHA classd 1.61 1.23–2.10 <0.001 1.38 0.99–1.92 0.06

Hemoglobine 0.83 0.76–0.92 <0.001 0.86 0.77–0.97 0.02

Left atrial diameterf 1.03 1.01–1.06 0.002 1.04 1.01–1.06 0.002

Sex (women vs men) 1.00 0.67–1.50 0.99 – – –

CRT ‑D 0.81 0.56–1.17 0.27 – – –

Myocardial infarction 1.11 0.79–1.56 0.56 – – –

Hypertension 0.91 0.66–1.27 0.59 – – –

Diabetes 1.59 1.15–2.20 0.005 1.48 1.02–2.16 0.04

Kidney diseaseg 2.08 1.50–2.87 <0.001 1.45 0.95–2.22 0.08

Severe mitral valve disease 1.85 1.22–2.81 0.004 1.20 0.73–1.97 0.47

Pulmonary disease 1.57 1.09–2.28 0.02 1.31 0.86–2.00 0.22

a Per 1 ‑year increase;  b Per 0.1 ‑kg/m2 increase;  c Per 1% increase;  d Per I ‑class increase; 
e Per 0.1 ‑g/l increase;  f Per 1 ‑mm increase;  g eGFR <60 ml/min/1.73 m2

Abbreviations: BMI, body mass index; others, see TABLES 1, 2, and 3
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tion in Heart Failure) Trial. J Am Coll Cardiol. 2008; 52: 438‑445. 

18 Cabrera ‑Bueno F, Molina ‑Mora MJ, Alzueta J, et al. Persistence of sec‑
ondary mitral regurgitation and response to cardiac resynchronization thera‑
py. Eur J Echocardiogr. 2010; 11: 131‑137. 

19 Echouffo ‑Tcheugui JB, Masoudi FA, Bao H, et al. Diabetes mellitus 
and outcomes of cardiac resynchronization with implantable cardioverter‑
‑defibrillator therapy in older patients with heart failure. Circ Arrhythm Elec‑
trophysiol. 2016; 9: e004132. 

20 McCullough PA, Barnard D, Clare R, et al. Anemia and associated clin‑
ical outcomes in patients with heart failure due to reduced left ventricular 
systolic function. Clin Cardiol. 2013; 36: 611‑620. 

21 Curtis JP, Sokol SI, Wang Y, et al. The association of left ventricular 
ejection fraction. mortality. and cause of death in stable outpatients with 
heart failure. J Am Coll Cardiol. 2003; 42: 736‑742. 

22 Shah R, Gayat E, Januzzi JL Jr, et al. Body mass index and mortality in 
acutely decompensated heart failure across the world: a global obesity par‑
adox. J Am Coll Cardiol. 2014; 63: 778‑785. 

23 Ristow B, Ali S, Whooley MA, Schiller NB. Usefulness of left atrial vol‑
ume index to predict heart failure hospitalization and mortality in ambula‑
tory patients with coronary heart disease and comparison to left ventric‑
ular ejection fraction (from the Heart and Soul Study). Am J Cardiol. 2008; 
102: 70‑76. 

24 Ivanov A, Mohamed A, Asfour A, et al. Right atrial volume by cardio‑
vascular magnetic resonance predicts mortality in patients with heart failure 
with reduced ejection fraction. PLoS One. 2017; 12: e0173245. 

25 Moss AJ, Schuger C, Beck CA, et al. Reduction in inappropriate ther‑
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commonly assessed in large multicenter trials 
and registries. However, the study also has some 
limitations. First, this was a retrospective, single‑
‑center analysis. Second, the impact of medication 
use on the incidence of arrhythmias and mortali‑
ty was not analyzed, but during follow ‑up, efforts 
were made to treat patients according to current 
guidelines. Finally, ICD interventions, at least in 
part, depended on specific ICD programming, and 
arrhythmia detection algorithms vary between 
different ICD manufacturers. The programming 
guidelines changed during the follow ‑up as a re‑
sult of the MADIT ‑RIT trial (Multicenter Auto‑
matic Defibrillator Implantation Trial – Reduce 
Inappropriate Therapy),25 so the programmed pa‑
rameters in patients implanted in 2016 and 2017 
varied from those in patients implanted earlier.

Conclusions Implantation of ICD or CRT ‑D for 
secondary prevention was the most potent pre‑
dictor of appropriate ICD intervention. Among 
the numerous other clinical factors, resynchroni‑
zation therapy (protective effect) and severe mi‑
tral valve disease (risk factor) had a significant im‑
pact on the rate of appropriate ICD therapy. High‑
er BMI, hemoglobin levels, and LVEF had a pro‑
tective effect on survival, while diabetes and in‑
creased left atrial diameter were associated with 
mortality risk in the long ‑term follow ‑up. These 
findings may help identify a population at the 
highest risk of an arrhythmic event or death and 
to provide them with more tailored care.
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