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Abstract: Background: CHADS2 (congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, previous 
stroke/TIA) score has been validated as a risk stratification score to predict stroke in patients with atrial fibrillation 
(AF). The objective of this analysis was to assess whether patient risk factors, in particular CHADS2 score, identified 
patients at risk of mortality. Methods: 821 patients with an implantable cardioverter defibrillator were prospectively 
followed-up in 11 cardiology centers. Patients were grouped in 3 groups according to pre-specified risk classes: low 
(CHADS2 = 0), moderate (CHADS2 = 1, 2), and high (CHADS2 = 3-6). Information on clinical status and events, 
were collected during scheduled and unscheduled follow-up visits. Deaths were retrieved from medical records, or 
through the Regional Office of Vital Statistics. Results: Over a mean follow-up of 44±26 months, 135 deaths oc-
curred in the overall population: 6 (7.7%) in the low-risk population, 69 (13.8%) in moderate-risk patients and 60 
(24.6%) in high-risk patients. Kaplan-Meier estimated of patient survival were significantly different in 3 patients 
groups (93.0%, 90.1%, 78.5% in low, moderate and high risk patients respectively, at 4 years P<0.001). A sub-anal-
ysis on patients without history of AF showed similar results. Multivariate regression analysis adjusted for baseline 
characteristics confirmed the high risk status (HR 1.88, 95% CI 1.27-2.80; P = 0.002) as an independent predictor 
of mortality adjusted for the baseline characteristics. Conclusions: In our multicenter research, the long-term mor-
tality was higher in patients with high CHADS2 score than in those with lower risk score regardless the presence of 
history of AF. CHADS2 score could be considered a toll to predict all causes mortality.
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Introduction

CHADS2 score (congestive heart failure, hyper-
tension, age ≥75 years, type 2 diabetes, and 
previous stroke or transient ischemic attack 
(TIA) [doubled]) is a well validated tool to  
stratify the risk for stroke, thromboembolism, 
and related mortality in patients with Atrial 
Fibrillation (AF) or Atrial flutter [1-6]. Moreover, 
CHADS2 score is predictive of first cardiova- 
scular (CV) hospitalization in patients with AF 

and may be helpful to identify poor prognosis  
in patients with acute myocardial infarction [5, 
7]. In heart failure (HF) patients with severe left 
ventricular systolic dysfunction, who are candi-
dates for cardiac resynchronization therapy 
together with an implantable defibrillator (CRT-
D), pre-implant CHADS2 score is associated 
with a higher mid-term risk of HF hospitaliza-
tions and of the combined endpoint of hospital-
izations for HF or mortality [8]. The aim of the 
present research was to investigate if CHADS2 
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score could predict long term mortality in the 
general population with implantable cardiac 
defibrillator (ICD). We also aimed to evaluate 
the relative prognostic weight of individual com-
ponents of CHADS2 score in terms of mortality 
prediction.

Materials and methods

This is a multicenter prospective observation- 
al nationwide analysis involving 11 cardiology 
Italian centers mainly distributed in northeast 
regions of the country. The prospective collec-
tion of data has been performed in the frame-
work of Medtronic ClinicalService® project, a 
national cardiovascular data repository and 
medical care project aiming to describe and 
improve the use of cardiac implantable elec-
tronic device (CIED) in Italian clinical practice. 
Since 2013, all the participating centers have 
prospectively collected clinical and device diag-
nostics data from patients with Medtronic ICD. 
All consecutive patients who received an ICD  
or a CRT-D, according to guidelines for CRT  
or treatment of ventricular arrhythmias, were 
included in the analysis [8-10]. The project was 
approved by each site’s Institutional Review 
Board and Local Ethics Committee and con-
forms to the principles outlined in the Decla- 
ration of Helsinki. Each patient included in the 
ClinicalService® project provided informed con-
sent for data collection and analysis.

Follow-up and event collection

Patients’ baseline demographic data, clinical 
characteristics and pharmacological treatment 
were collected at the time of device implan-
tation. The CHADS2 score was calculated at 
implant; all patients were then re-classified in 
three pre-specified risk-groups, according to 
the score: CHADS2 scale 0: low risk, 1-2-: mod-
erate, 3, 4, 5, 6: high risk.

All patients were remotely followed using the 
Medtronic CareLink® Network [11]. Device data 
of each patient were automatically transmitted 
every 3 months and an in-clinic visit was per-
formed annually. Each follow-up, both remote 
and in-person, included the device interroga-
tion, the analysis of technical and diagnostic 
data, and the collection of critical adverse 
events and ICD therapies.

In case of a missed follow up (either a sched-
uled remote or in-hospital visit), the patient or 

his/her family was contacted by phone; after 
two unsuccessful phone contact attempts, in- 
formation on patients’ life status was collected 
from the Hospital general Database or from the 
Regional Office of Vital Statistics. No patient 
was lost to follow-up. The main objective of this 
analysis was to evaluate long-term mortality, 
other clinical outcomes and to correlate these 
endpoints with the CHADS2 risk score status at 
baseline.

Statistical analysis

Continuous data were reported as mean ± 
standard deviation for normally distributed vari-
ables, or median with 25th-75th percentile in 
the case of skewed distribution. Normality of 
distribution was assessed by means of the 
Kolmogorov-Smirnov test. Absolute and rela-
tive frequencies were reported for categorical 
variables. The rate of events (number of deaths, 
number of episodes treated with shock thera-
py) was computed per 100 person-years and 
reported separately for each group, together 
with their 95% confidence intervals. Rates were 
compared by means of either a mixed Poisson 
model or a negative binomial regression model 
(if overdispersion was present). Incidence Rate 
Ratio (IRR) were reported as results of the com-
parison, together with their 95% confidence 
intervals and p-value.

The analyses of time-to-the-first event were 
described by means of Kaplan-Meier curves 
and compared between the groups by means 
of the log-rank test. Univariate Cox Regression 
has been used to identify univariate predictors 
of all-cause death among major baseline char-
acteristics; all of the variables with a univariate 
P<0.15 have been subsequently tested in a 
multivariate Cox regression to identify inde-
pendent predictors of the death. Proportionality 
of hazards has always been tested and assured. 
Results of the Cox regression are reported as 
hazard ratio (HR) together with 95% confidence 
interval (CI). CHADS2 risk score has been test-
ed both as a unique score and split in all his 
contributing factors to avoid collinearity and to 
test, in particular, which of them influenced 
mortality. A backward selection method has 
been used to identify significant CHADS2 con-
tributing factors.

All tests were 2-sided and a 2-tailed P value 
<.05 was considered statistically significant. 
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Stata 12.1 (Stata Corp) was used for comput- 
ation.

Results

Eight hundred-twenty-one consecutive pati- 
ents were included in the analysis, and follow- 
ed up in this analysis. Baseline patient charac-
teristics of patients are described in Table 1. 
Briefly, mean age was 67±11 years and mean 
New York Heart Association (NYHA) functional 
class was 2.2±0.7. Out of 821 patients, 629 
(76.6%)% had history of HF, and 406 (49.4%) 
had an ischemic etiology of cardiomyopathy. 
The mean ejection fraction (EF) calculated at 
baseline 2D echocardiogram was 32.3±11.2%. 
309 (37.6%) of the whole population had his- 
tory of atrial tachyarrhythmia. Value of CHADS2 
score at baseline for the studied population  
is shown in Table 2, 78 (9.5%) patients had a 
CHADS2 score = 0, while 499 (60.8%) had a 
CHADS2 score equal to 1 or 2. Out of 821 
patients, only 319 (38.9%) took oral anticoagu-
lant therapy (OAC). In particular, the patients 
receiving OAC were 34.7% in the low risk group, 
35.4% in the moderate group and 46.7% in the 
high risk status group. Considering patients 
with history of AF, 67.8% received OAC, while 
only 21.4% of patients without AF received OAC 
(P<0.001).

Clinical outcomes

The mean follow-up was 44.3±26.5 months 
with a total follow-up of 3028 patient-years. 
During follow-up, 135 patients died with an 
annual incidence rate of death equal to 4.5 
(95% CI, 3.7-5.3) for 100 patient/year. In 
details, 6 (7.7%) patients died in the low, 69 
(13.8%) in the moderate and 60 (24.6%) in the 
high CHADS2 risk status.

Survival from all-cause mortality is shown in 
Figure 1.

Unadjusted patient survival was significantly 
lower in the high risk status patients. The cumu-
lative 4-year survival probability was 78.5% in 
the high risk group as compared with 90.1% 
and 93.0% in the moderate and low risk group 
(P<0.001).

Variables associated with increased all-cause 
mortality on univariate analysis were: male sex, 
advancing age, NYHA functional class, isch-

Table 1. Baseline characteristics of the popula-
tion of patients
Variable N (%)
Male 660 (80.4%)
Age, yrs 67±11
NYHA class 2.2±0.7
Heart failure 629 (76.6%)
History of ventricular arrhythmias 365 (44.5%)
History of atrial arrhythmias 309 (37.6%)
Ischemic cardiopathy 406 (49.4%)
Dilatative cardiomyopathy 523 (63.8%)
Hypertension 506 (61.6%)
Diabetes 187 (22.8%)
Chronic kidney disease 66 (8.2%)
Chronic obstructive pulmonary disease 51 (6.2%)
Left Ventricular Ejection Fraction 32.3±11.2
Left Ventricular end-diastolic diameter 67.6±15.1
Indication for ICD
    Primary 591 (72.0%)
    Secondary 230 (28.0%)
Device
    Single chamber ICD 121 (14.7%)
    Dual chamber ICD 223 (27.2%)
    Cardiac Resynchronization ICD 477 (58.1%)
Drugs therapy
    Oral anticoagulants 319 (38.9%)
    Antiplatelet 370 (45.1%)
    Antiarrhythmic 146 (17.8%)
    Digitalis 182 (22.2%)
    Diuretics 627 (76.4%)
    Beta-blockers 624 (76.1%)
    ACE inhibitors 536 (65.4%)
NYHA: New York Heart Association. ICD: Implantable Cardio-
verter Defibrillator.

Table 2. CHADS2 score and the number of 
patients in the risk status groups according to 
CHADS2
CHADS2 score (N = 821) n (%)
Low risk Score = 0 78 (9.5%)
Intermediate risk 499 (60.8%)

Score = 1 179 (21.8%)
Score = 2 320 (39.0%)

High risk 244 (29.7%)
Score = 3 188 (22.9%)
Score = 4 45 (5.5%)
Score = 5 11 (1.3%)
Score = 6 0 (0 %)

CHADS2: congestive heart failure, hypertension, age ≥75 
years, diabetes mellitus, previous stroke/TIA.
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emic cardiomyopathy, chronic kidney disease 
(CKD), a history of atrial arrhythmias, HF, and 
CHADS2 ≥3 (Table 3). Multivariate model an- 
alysis confirmed ischemic cardiopathy, dilated 
cardiomyopathy, CKD, and high risk status 
(CHADS2 ≥3, HR 1.88, 95% CI 1.27-2.80; P = 
0.002) as independent predictors of mortality 
adjusted for baseline characteristics.

Considering the cohort of patients without his-
tory of atrial arrhythmias at implant, 3 (5.1%) 
patients in the low risk status died, 34 (10.2%) 
in the moderate and 30 (21.9%) in the high  
risk status. The annual incidence rate for 100 
patient/years was 1.50 (95% CI, 0.31-4.39), 
2.56 (95% CI, 1.77-3.58), 6.70 (95% CI 4.52-
9.56) respectively in the low, moderate and 
high risk status group. The incidence rate ratio 
(IRR) is non-significant for low vs moderate risk 
group, while IRR = 4.46 (95% CI, 1.39-22.82) 
for low vs high (P = 0.004) and IRR = 2.62 (95% 
CI, 1.55-4.40) for moderate vs high (P<0.001). 
Survival from all-cause mortality is shown in 
Figure 2.

Unadjusted patient survival was significantly 
lower in the high risk status patients. The 4-year 
survival probability was 78.1% in the high risk 
group as compared with 92.8% in the moderate 
and 98.0% in the low risk group (P<0.001). In 
the overall population, the annual incidence 
rate of episodes treated with at least one shock 

To investigate which individual components of 
the CHADS2 score (Congestive heart failure, 
Hypertension, Age >75, Diabetes mellitus and 
prior Stroke or TIA) predicted all-cause mortali-
ty, a backward sequential multivariate model 
has been fitted using the variables in Table 3 
plus the CHADS2 score. The backward selec-
tion started from the full model and sequen-
tially dropped the less significant variable at 
each step. The procedure stopped when no 
more variable could be dropped and the final 
model was reached. The results are shown in 
Table 4: the variables that were sequentially 
dropped from the model were Diabetes, TIA/
Stroke, NYHA functional class, arterial hyper-
tension, and gender. Consequently, the analy-
sis indicated age >75 years, congestive HF, as 
well as ischemic cardiopathy, dilated cardiomy-
opathy, CKD as independent predictors of all-
cause mortality. Results of backward selection 
confirmed what was obtained with the multi-
variate model showed in Table 3.

Discussion

Main findings

Our research is the first multicenter analysis 
aimed to establish whether CHADS2 score 
could be used to predict all-cause mortality in 
patients implanted with an ICD.

Figure 1. Kaplan-Meier Survival by different CHADS2 risk status (High Risk, 
Intermediate risk and low risk). In the unadjusted Kaplan-Meier analysis, 
patients with low and intermediate risk have diminished all-cause survival 
at 48 months compared with those at high risk (93.0% vs 90.1% vs 78.5%, 
respectively).

was 0.32 (95% CI 0.26-0.39) 
for 100 patient/years. In par-
ticular, the annual incidence 
rate for 100 patient/years 
was 0.14 (95% CI, 0.10-0.19), 
0.22 (95% CI, 0.20-0.24), 
0.35 (95% CI, 0.31-0.40) res- 
pectively in the low, moderate 
and high risk status group. 
The IRR was equal to 1.60 
(95% CI, 1.14-2.30) for low vs 
moderate risk group (P = 
0.004), while IRR was 2.57 
(95% CI, 1.82-3.72) for low vs 
High (P<0.001) and IRR = 
1.60 (95% CI, 1.37-1.87) for 
moderate vs High (P<0.001). 
Out of 821 patients, 238 
(29.0%) had at least an epi-
sode of clinically relevant AF 
during the follow-up.

CHADS2 variables
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The main result of this research was that hig- 
her CHADS2 scores (CHADS2 = 3, 4, 5) were 
associated with higher risk of long-term all 
cause mortality. Moreover, similar results were 

thromboembolism, and related mortality in 
patients with AF or Atrial flutter [1-4]. The cur-
rent evidence suggests that the prevalence of 
both symptomatic and silent AF is considerable 

Table 3. Variables associated with increased all-cause mortality on univariate analysis
Factor HR 95% CI P-value HR 95% CI P-value
Gender (Male) 2.08 1.19-3.61 0.010 1.45 0.80-2.64 0.222
Secondary Prevention 1.04 0.71-1.51 0.838
NYHA 1.37 1.06-1.76 0.015 1.23 0.91-1.67 0.175
VT/VF History (yes) 0.84 0.60-1.19 0.325
AT/AF History (yes) 1.83 1.30-2.57 0.001 *
Ischemic Cardiomyopathy (yes) 1.48 1.05-2.08 0.026 1.69 1.10-2.59 0.017
Dilated Cardiomyopathy (yes) 1.42 0.97-2.07 0.074 1.70 1.08-2.66 0.021
Chronic Kidney Disease (yes) 4.23 2.73-6.53 <0.001 3.26 2.03-5.24 <0.001
COPD (yes) 1.27 0.69-2.38 0.442
Heart failure (yes) 2.32 1.39-3.86 0.001
Hypertension (yes) 1.03 0.73-1.46 0.860
Age ≥75 2.80 2.00-3.94  <0.001
Diabetes (yes) 1.35 0.92-1.96 0.122
TIA or Ictus (yes) 1.24 0.55-2.81 0.607
CHADS2 ≥3 (High risk) 2.52 1.79-3.55 <0.001 1.88 1.27-2.80 0.002
Device (CRT) 1.23 0.85-1.75 0.259
NYHA: New York Heart Association. VT: ventricular Tachycardia. VF: ventricular fibrillation. AT: atrial tachycardia. AF: atrial 
fibrillation. COPD: Chronic obstructive pulmonary disease. TIA: transitory ischemic attack. CHADS2: congestive heart failure, 
hypertension, age ≥75 years, diabetes mellitus, previous stroke/TIA. *AT/AF History does not respect the assumption of pro-
portionality of hazards in the multivariate model; therefore it has been decided to drop it out from the model and to repeat the 
analysis stratifying according to this variable. See “Clinical outcomes” section for the result of the analysis on patients without 
AT/AF history.

Figure 2. Kaplan-Meier survival curve in the population without atrial ar-
rhythmias by different CHADS2 risk status (High Risk, Intermediate risk and 
low risk). In the unadjusted Kaplan-Meier analysis, patients with no AF his-
tory and with low and intermediate risk have diminished all-cause survival 
at 48 months compared with those at high risk (98.0% vs 92.8% vs 78.1%, 
respectively). AF: atrial fibrillation.  

obtained in the ICD population 
with no history of AF at the 
time of ICD implantation. Mul- 
tivariate analysis showed that 
mortality depended on the 
risk status of patients.

Long-term clinical outcomes, 
such as death and arrhythmic 
profile were found to be worse 
in patients with a high risks 
status versus those with low 
or moderate risk status.

Finally, and in line with current 
knowledge, CKD confirmed to 
be a strong predictor of all-
cause mortality.

CHADS2 and implantable 
devices

Many studies have been dem-
onstrated the utility of CHAD- 
S2 risk score stratification in 
assessing the risk for stroke, 
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Table 4. Backward multivariate analysis

Full model

Dropped  
variable 
from full 
model

First step

Dropped 
variable 

at 1st 
step

Second step

Dropped 
variable 

at 2nd 
step

Third step

Dropped 
variable 
at 3rd 
step

Fourth step

Dropped 
variable 

at 4th 
step

Final model HR (95% CI) P-value

Gender (Male) Gender (Male) Gender (Male) Gender (Male) Gender (Male) 0.213

NYHA NYHA NYHA 0.675

Ischemic Cardiopathy (yes) Ischemic  
Cardiopathy 
(yes)

Ischemic  
Cardiopathy 
(yes)

Ischemic  
Cardiopathy 
(yes)

Ischemic  
Cardiopathy 
(yes)

Ischemic  
Cardiopathy 
(yes)

1.82 (1.19-2.79) 0.005

Dilated Cardiomyopathy (yes) Dilated  
Cardiomyopathy 
(yes)

Dilated  
Cardiomyopathy 
(yes)

Dilated  
Cardiomyopathy 
(yes)

Dilated  
Cardiomyopathy 
(yes)

Dilated  
Cardiomyopathy 
(yes)

1.69 (1.07-2.68) 0.024

Chronic Kidney Disease (yes) Chronic  
Kidney Disease 
(yes)

Chronic Kidney  
Disease (yes)

Chronic Kidney 
Disease (yes)

Chronic Kidney  
Disease (yes)

Chronic  
Kidney  
Disease (yes)

3.88 (2.44-6.17) <0.001

Heart failure (yes) Heart failure 
(yes)

Heart failure 
(yes)

Heart failure 
(yes)

Heart failure 
(yes)

Heart failure 
(yes)

1.68 (0.92-3.06) 0.088

Hypertension (yes) Hypertension 
(yes)

Hypertension 
(yes)

Hypertension 
(yes)

0.636

Age ≥75 Age ≥75 Age ≥75 Age ≥75 Age ≥75 Age ≥75 2.51 (1.72-3.68) <0.001

Diabetes (yes) 0.965

TIA or Stroke (yes) TIA or Stroke 
(yes)

0.965

NYHA: New York Heart Association. TIA: transitory ischemic attack.
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among patients with implanted devices, and 
that AF is positively correlated with the risk of 
thromboembolism [12]. For this reason patients 
implanted with a cardiac device could benefit 
from the use of CHADS2 score risk.

The TRENDS trial was designed to evaluate the 
relationship between comprehensive AF bur-
den detected by CIEDs and thromboembolic 
(TE) risk, and to determine if there was a thresh-
old value of AF burden that increased TE risk. 
The annualized TE rate in the overall study pop-
ulation of the trial was remarkably low at 1.2%. 
Nevertheless, the TE rate of 2.4% per year was 
more than 2 times higher for the high burden 
group [13]. The mean CHADS2 score in the 
TRENDS study group was 2.2, very similar com-
pared to our population. In 2009, Botto et al 
evaluated a combination of the duration of 
device-detected atrial arrhythmia episodes and 
CHADS2 score to predict TE events. Five hun-
dred and sixty-eight patients with pacemakers 
and a history of symptomatic AF were enrolled. 
In the patients with intermediate CHADS2 score 
(1 and 2), the combined risk markers (AT/AF 
duration and CHADS2 score) had a significant 
value in predicting TE [14].

So far only one study has so far evaluated the 
mortality risk using CHADS2 status in CRT-D 
candidates. Perini et al enrolled 559 consecu-
tive HF patients who were candidates to CRT- 
D, and grouped them in three pre-specified  
risk classes: low (CHADS2/CHA2DS2-VASc 1- 
2), moderate (CHADS2/CHA2DS2-VASc 3-4), 
and high (CHADS2 5-6/CHA2DS2-VASc 5-8). At 
a median follow up of 30 months, event-free 
survival analysis showed a significant differ-
ence according to baseline CHADS2: Kaplan-
Meier survival analysis showed a significant 
higher number of events for patients with  
higher CHADS2 score (CHADS2 log-rank test 
P<0.004; P<0.001) [8].

Our results confirm and complete the findings 
by Perini et al: not only ICD patients in high risk 
status based on CHADS2 classification had a 
lower survival respect to those in low or moder-
ate risk status, but they have a great annual 
incidence rate of episodes treated with at least 
a shock. However, it is, important to underline 
some methodological differences between the 
two analysis: a) the data evaluated by Perini et 
al were gathered from patients implanted only 
with CRT ICD, whereas our project involved 

patients implanted also with single/dual or CRT 
defibrillators, b) in our research high risk status 
according to CHADS2 is (HR = 1.88, 95% CI 
1.27-2.80; P = 0.002) an independent predic-
tors of mortality; c) we evaluated the increased 
risk of mortality for high risk patients also in 
patients with no history of AF. Recently, Zhou at 
al conducted a systematic meta-analysis to 
evaluate the utility of the CHADS2 score for the 
prediction of ischemic stroke or TIA and death 
in patients with coronary artery disease (CAD) 
with and without AF [15]. Including more than 
29000 patients, the meta-analysis showed 
that the CHADS2 score is strongly predictive  
of death in patients with CAD, regardless of  
the presence or absence of AF. In patients of 
CHADS2 score ≥2, the risk of death is more 
than doubled, and it is greater in patients with-
out than with AF [15]. In our population, the half 
of patients had CAD history, confirming Zhou et 
al results. In our analysis among the CHADS2 
score risk factors, like HF and age were found 
to be independent predictors of all-cause mor-
tality. Particularly, HF may contribute to both 
left atrial remodeling [16, 17], potentially res- 
ulting in blood stasis and an increased risk  
of thromboembolism independent of AF [18] 
Additionally HF may also be associated with a 
worse prognosis especially for patients with 
reduced left EF [19].

CHADS2 score and patients with no history of 
AF

Kondo et al retrospectively studied 127 con-
secutive patients with stable in Chronic heart 
failure (CHF), left ventricular ejection fraction 
(LVEF) <40% and no history of AF and showed 
that CHADS2 score was predictive of ischemic 
stroke [20]. Moreover, recently Biffi et al have 
demonstrated the diagnostic capability of 
CHADS2 ≥2 in predicting AF recurrence in the 
follow-up in a population indicated to single 
chamber defibrillators. Interestingly, CHADS2 
score independently predicted new-onset  
AT/AF occurrence in patients without atrial 
arrhythmias history or pacing/resynchroniza-
tion therapy indications [21]. In the Heart and 
Soul Study CHADS2, in the absence of a history 
of AT/AF, was associated to an increased risk of 
ischemic stroke [22]. Chan et al found that 
CHA2DS2-VASc and CHADS2 predict cardiovas-
cular death among 579 high-risk cardiovascu-
lar outpatients without AF [23].
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CHADS2 seems to have prognostic value also 
in ischemic cardiopathy irrespective of the 
presence of AF. Higher CHADS2 score has been 
found to be correlated with incidence of major 
adverse cardiovascular events (MACE) after 
acute myocardial infarction [7]. Dy et al found 
that CHADS2 score provided an efficient risk 
model to predict of MACE and overall mortality 
in patients with coronary artery disease under-
gone coronary bypass surgery [24]. In the 
CARISMA sub-study, the authors found that in 
the post-myocardial infarction setting CHADS2 
score could identify population at high risk  
of cardiac arrhythmias, including ventricular 
tachycardia [25]. In patients with acute coro-
nary syndrome CHADS2 score seems to be a 
simple and reliable tool to identify those at  
high risk of stroke and death even without AF. 
Finally, a recent meta-analysis suggests that 
CHADS2 score may predict mortality in a popu-
lation with coronary artery disease irrespective 
of presence of AF [26]. Overall these studies 
taken together seem to suggest a possible role 
of CHADS2 score to predict cardiovascular 
events and death in a population without AF 
[15]. In our research a high CHADS2 score 
increased risk of total mortality of 4 times.

Clinical implications

At the best of our knowledge our data provide 
new insights on the association between 
CHADS2 score and all-cause mortality in ICD/
CRT-D recipients. The complex management of 
ICD/CRT-D patients could benefit from remote 
monitoring, periodic in clinic visits and assess-
ment of clinical history however, to improve  
efficiency, the frequency of the visits may be 
adjusted based on the risk status of each 
patient. The complex management of ICD/
CRT-D patients could benefit from remote mon-
itoring, periodic in clinic visits and assessment 
of clinical history however, to improve efficien-
cy, the frequency of the visits may be adjusted 
based on the risk status of each patient.

We can argue why a score traditionally used for 
stratifying stroke risk in AF seems to be a reli-
able and simple tool for prediction of mortality 
in patients suffering from different heart dis-
ease without AF. The most powerful predictors 
among individual components of CHADS 2 
seem to be age >75 years and congestive HF: 
advance age intrinsically implicates a reduction 
of residual survival, and congestive HF, includ-

ing mostly patients with reduced EF, reasonably 
is a clinical condition intrinsically determining 
an adverse prognosis per se.

Assuming these simple statements and the 
unproved exclusion of any other confounder or 
unmeasured variable, a reasonable interpreta-
tion of the role of CHADS2 score in determining 
cumulative survival in different clinical con-
texts, could be that the variable included in this 
score have a prognostic implication indepen-
dently of the presence of AF.

Finally, in a pure hypothesis generating per-
spective and in the light of continuous research 
of the best cost effective therapy, we could con-
sider CHADS2 score as a potential tool to 
improve prognostic stratification of CRT candi-
dates patients. A high CHADS2 score, that 
seems to be associated with an increased risk 
of overall mortality, may justify the additional 
value of defibrillation therapy to resynchroniza-
tion therapy.

Limitations

The present results were obtained from a  
retrospective analysis of prospectively collect-
ed data. In our analysis there is a limited num-
ber of patients with CHADS2 score = 0 and 6. 
Moreover, this is an observational research  
and therefore all intrinsic limitations associat-
ed with this type of research should be consid-
ered, especially the lack of a control population 
without ICD or CRT. Nevertheless, the use of 
remote monitoring strengthens the follow up. 
The ventricular episodes detected by ICD/CRTD 
were not classified as appropriate or not appro-
priate. Therefore, the number of episodes with 
at least a shock could be affected by a certain 
percentage of inappropriate shocks. Finally,  
the heterogeneity of the population, including 
patients with single/dual chamber ICD as well 
as with a CRT-D may be a potential limitation.

Conclusions

In a population of ICD and CRT-D patients 
CHADS2 score could be considered a risk strat-
ification tool for all causes mortality. The long-
term mortality of patients with high risk 
CHADS2 score differed from those of patients 
with lower risk factor regardless the presence 
of the history of AF.
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