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Introduction

In patients with chronic heart failure (CHF), the activa-
tion of the sympathetic nervous system and the renin–
angiotensin–aldosterone system induces a hypercoagulable 
state, increased aggregation of thrombocytes, and reduced 
fibrinolysis [1, 2]. Moreover, CHF patients have endothe-
lial dysfunction, malfunction of cerebral autoregulation 
and rheological alterations consistent with flow abnormal-
ity via low cardiac output and aberrant flow through dilated 
cardiac chambers [3–5]. Thus, CHF is associated with an 
increased risk of thrombus formation [6] and is accom-
panied by a two to threefold increased risk of stroke [7]. 
In the clinical setting, stroke in CHF patients is associ-
ated with poor outcomes and higher mortality [7]. Current 
guidelines recommend anticoagulation for CHF patients 
with concomitant atrial fibrillation (AF) but not for those in 
sinus rhythm [8]. It is clinically relevant to stratify the risk 
of stroke in CHF patients in sinus rhythm.

The CHADS2 score and CHA2DS2-VASc score are 
proposed as a useful way to stratify the risk of ischemic 
stroke or transient ischemic attack (TIA) in patients with 
AF [9, 10]. These scores were reported to predict ischemic 
stroke in the absence of atrial fibrillation among patients 
with coronary heart disease [11]. However, it remains 
unclear whether the CHADS2 score could predict ischemic 
stroke or TIA in CHF patients without AF. Recently, the 
new stroke risk score has been proposed to identify CHF 
patients without AF who were at high risk of ischemic 
stroke from 2 large and contemporary HF trials, the con-
trolled rosuvastatin in multinational trial heart failure 
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(CORONA) and the Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Insufficienza cardiac-heart failure trial 
(GISSI-HF) [12]. This new “stroke risk score” included the 
following independent predictors of stroke: age, New York 
Heart Association (NYHA) functional class, diabetes mel-
litus with insulin, body mass index and prior stroke. The 
aim of the present study is to evaluate the prognostic power 
of the CHADS2 score for ischemic stroke or TIA in CHF 
patients without AF in comparison to CHA2DS2-VASc 
score and the new “stroke risk score”.

Methods

We retrospectively studied 127 consecutive stable CHF 
outpatients with a radionuclide left ventricular ejection 
fraction (LVEF) <40 % and without a history of AF, who 
had been enrolled in our previous prospective cohort study 
from October 1995 to October 1998. CHF was diagnosed 
by clinical signs and symptoms according to the Framing-
ham Heart Study criteria. These criteria require the pres-
ence of at least two major criteria or one major criterion in 
addition to two minor criteria [13] to confirm heart failure. 
To be included in the present study, all patients who had 
experienced at least one episode of decompensated heart 
failure were required to be stable for 3 months on conven-
tional therapy. Patients were excluded from the present 
study if they had significant renal (serum creatinine level 
>3.0  mg/dl) or hepatic dysfunction (aspartate transami-
nase or alanine transaminase >three times of upper normal 
limits). The mean patient age was 64 ±  12  years. Of the 
127 patients, 97 were men and 30 were women. CHF was 
due to ischemic heart disease in 76 patients and idiopathic 
dilated cardiomyopathy in 51. The average NYHA func-
tional class was 2.0 ±  0.7, with 25 % of patients catego-
rized as class I, 54 % of patients categorized as class II, and 
20 % categorized as class III. The mean radionuclide LVEF 
was 30 ± 7 %. All patients gave a written informed consent 
for their participation in this study, which was approved by 
the Osaka General Medical Center’s Review Committee.

At entry, we calculated the CHADS2 score, CHA2DS2-
VASc score and “stroke risk score” from baseline clinical 
characteristics. The CHADS2 score is derived from the 
sum of point values of individual stroke risk factors [CHF, 
hypertension, age ≥75, diabetes mellitus (1 point each), 
and prior stroke or TIA (2 points)]. The CHA2DS2-VASc 
score is derived from the sum of point values of individual 
stroke risk factors [CHF, hypertension, age 65–75, diabe-
tes mellitus, vascular disease and female sex (1 point each), 
and prior stroke or TIA and age 75 or older (2 points)]. 
Hypertension was defined by either self-report or systolic 
blood pressure ≥140 mmHg; blood pressure was measured 
in all participants in the sitting position after 5 min of rest. 

Diabetes mellitus was defined as self-reported diabetes, use 
of a diabetes medication, or hemoglobin A1c ≥6.5 %. Prior 
stroke and TIA were determined by self-report. Vascular 
disease included prior myocardial infarction, peripheral 
artery disease and aortic plaque in patients’ history.

The “stroke risk score” was obtained by 5 individual 
stroke risk factors (age, NYHA class, diabetes mellitus 
on insulin, body mass index and prior stroke), which were 
significant predictors of stroke in Cox multivariate propor-
tional hazard regression analysis among patients included 
in CORONA and GISSI-HF trials. The “stroke risk score” 
was calculated by multiplying age (per 10 years increase) 
by 3.31, BMI (per 5 kg/m2 increase up to 30) by −3.01 and 
then adding 4.72 in the case of NYHA III or IV, 6.26 when 
patients had diabetes mellitus treated with insulin and 5.91 
when patients had the prior stroke [12].

All patients underwent ECG-gated blood-pool scintigra-
phy with a conventional rotating gamma camera equipped 
with a low-energy, high-resolution, parallel-hole collimator. 
Patients were given 740 MBq of technetium-99 m-labeled 
human serum albumin (Nihon Medi-Physics, Nishinomiya, 
Japan). LVEF was calculated with a standard program [14]. 
In addition, all patients underwent echocardiography and 
24-h ambulatory electrocardiographic monitoring, and a 
venous blood sampling. In echocardiography, left ventricu-
lar end-diastolic dimension, left ventricular end-systolic 
dimension, and left atrial dimension were measured by 
standard techniques [15]. In 24-h ambulatory electrocardio-
graphic monitoring, ventricular arrhythmias were classified 
according to the Lown’s grade. Blood sampling for assess-
ment of serum creatinine, sodium, albumin levels, and 
plasma noradrenaline concentration, was drawn from an 
intravenous cannula after the patients had rested for more 
than 30  min in the supine position. Estimated glomerular 
filtration rate was calculated by the Modification of Diet in 
Renal Disease formula. Plasma norepinephrine concentra-
tion was determined in ethylenediaminetetraacetic acid-
plasma by high-performance liquid chromatography [16] at 
Shionogi Biomedical Laboratories (Osaka, Japan). A dupli-
cate determination in the laboratory showed a coefficient of 
variation of 0.4–5.5 %.

All study patients were followed in the heart failure unit 
of our hospital at least every 1 or 2 months. The primary 
endpoint of this study was the incidence of ischemic stroke 
or TIA, which was determined by the review of medical 
records performed by 2 independent and blinded physi-
cians. If the 2 physicians agreed on the outcome classifica-
tion, their classification was binding. In the event of a disa-
greement, a third blinded physician was consulted.

Stroke was defined as a new neurologic deficit not 
known to be secondary to brain trauma, tumor, infection, or 
other cause, based on the WHO MONICA criteria [17]. All 
stroke outcomes were subtyped as hemorrhagic, ischemic, 
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or procedure-related, based on physician diagnosis, which 
was confirmed by computed tomography or magnetic 
resonance imaging. Stroke outcomes in this study were 
restricted to patients with non-procedure-related ischemic 
strokes. TIA outcomes were based on the clinical judgment 
of the physicians who were blinded to the medical records, 
guided by the definition of TIA as a focal neurologic deficit 
(in the absence of head trauma) lasting more than 30 s and 
no longer than 24 h, with rapid evolution of the symptoms 
to the maximal level of deficit in less than 5 min and with 
subsequent complete resolution [11, 18].

The Student’s t test was used to compare differences 
in continuous variables, and the data were presented as 
mean ±  standard deviation, if the data was normally dis-
tributed. If the data was not normally distributed, Mann–
Whitney U test was used and the data were presented as 
median (interquartile range). The Fisher’s exact test was 
used to compare differences in categorical variables. One-
way analysis of variance followed by a post hoc Scheffé 
test was applied to find differences among low, intermedi-
ate, and high CHADS2 score groups. Cumulative rates of 
events were calculated using the Kaplan–Meier method. 
Comparison of event-free survival rates between groups 
was assessed with a 2-sided log-rank test. Receiver-operat-
ing characteristic (ROC) curves and areas under the curve 
(AUC) analysis was performed to further explore the dis-
criminatory ability of CHADS2 score, CHA2DS2-VASc 
score and “stroke risk score” for ischemic stroke or TIA. 
Cox proportional hazards regression models were used to 
identify patients at risk of ischemic stroke or TIA and to 
calculate the multivariate-adjusted hazard ratios (HRs) 
and 95 % confidence interval (CI) of the parameters. The 
C-index was used to measure how well the model discrimi-
nated between patients with high and low risk of ischemic 
stroke or TIA. A value of 0.5 for C-index indicates no dis-
crimination and a value equal to 1 indicates perfect discrim-
ination. All data were statistically analyzed using StatView 
version 5 (SAS Institute, Cary, North Carolina), except for 
ROC analysis and the measurement of C-index, which was 
analyzed using EZR version 1.03 (Saitama Medical Center, 
Jichi Medical University, Saitama, Japan) [19]. A p value 
<0.05 was considered statistically significant.

Results

At the baseline, there were 38, 51, 30, 2, 5, and 1 patients 
with a CHADS2 score of 1, 2, 3, 4, 5, and 6, respectively. 
The mean value of CHADS2 score and CHA2DS2-VASc 
score were 2.1 ± 1.0 and 3.7 ± 1.4, respectively. The mean 
“stroke risk score” was 4.8 (1.8–10.9). During a follow-up 
period of 8.4 ±  5.1  years (range 0–18), ischemic stroke 
or TIA was observed in 21 of 127 CHF patients (stroke in 

17 and TIA in 4 patients), which was confirmed by com-
puted tomography or magnetic resonance imaging in 86 % 
(18/21) of cases.

Baseline characteristics in CHF patients with and with-
out ischemic stroke or TIA are shown in Table 1. Patients 
with ischemic stroke or TIA had a significantly higher 
incidence of hypertension and diabetes mellitus, a greater 
CHADS2 score, CHA2DS2-VASc score and a higher medi-
cation rate with anticoagulation therapy than those without 
stroke or TIA, while there were no significant differences 
in baseline characteristics such as sex, age, NYHA class, 
“stroke risk score”, LVEF, anti-platelet or anti-heart fail-
ure drug therapy, or estimated glomerular filtration rate 
between them.

When we demonstrated the discriminatory ability for 
ischemic stroke or TIA, CHADS2 score had the highest 
AUC [0.805 (95 % CI 0.719–0.892)]. CHADS2 score was 
statistically superior to “stroke risk score” [AUC 0.598 
(95 % CI 0.465–0.731), p = 0.003] and tended to be supe-
rior to CHA2DS2-VASc score [AUC 0.739 (95 % CI 0.616–
0.863), p = 0.098] (Fig. 1).

Univariate Cox proportional hazard analysis showed that 
the CHADS2 score, CHA2DS2-VASc score, “stroke risk 
score”, age ≥75 years, prior stroke or TIA, diabetes mel-
litus and hypertension were significantly associated with 
stroke or TIA, while there were no significant association 
between stroke or TIA and the other components of 3 risk 
scores such as gender, age ≥65  years, vascular disease, 
NYHA class (III or IV) and BMI. Adjusted in the model 
with anticoagulation therapy, CHADS2 score (C-index 
0.794, 95  % CI 0.663–0.925) and CHA2DS2-VASc score 
(C-index 0.740, 95  % CI 0.605–0.875), but not “stroke 
risk score” (C-index 0.625, 95  % CI 0.488–0.762), were 
still significantly associated with ischemic stroke or TIA 
(Table 2).

According to CHADS2 score, the study patients were 
classified into three groups: low CHADS2 score (=1), 
intermediate CHADS2 score (=2), and high CHADS2 score 
(≥3) groups. Baseline characteristics in CHF patients with 
low, intermediate, and high CHADS2 scores are shown in 
Table 3. There were no significant differences in baseline 
characteristics such as age, NYHA class, LVEF, anticoag-
ulation or anti-platelet therapies or anti-heart failure drug 
therapy among the three groups, except for hypertension, 
diabetes mellitus, prior stroke, systolic blood pressure and 
renal function. The estimated glomerular filtration rate was 
significantly lower in the high CHADS2 score group than in 
the other 2 groups.

Ischemic stroke or TIA was observed in none of the 
38 patients in the low CHADS2 score group, 7 of 51 (1.6 
per 100 person-years) in the intermediate CHADS2 score 
group, and 14 of 38 (4.7 per 100 person-years) in the high 
CHADS2 score group. The higher the CHADS2 scores, 
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the more stroke or TIA occurred (high vs intermediate, 
p =  0.01; intermediate vs low, p =  0.01) (Fig.  2). Com-
pared to patients with an intermediate CHADS2 score, 
those with high CHADS2 scores had a significantly higher 
risk of stroke or TIA (adjusted HR, 3.2; 95 % CI 1.3–7.9).

Although no study patients had the diagnosis of AF at 
entry, 22 of 127 CHF patients (17 %) developed new non-
valvular AF documented by electrocardiography during 
the follow-up period; 6 of 38 patients (16  %) in the low 
CHADS2 score group, 10 of 51 (20  %) in the intermedi-
ate CHADS2 score group, and 6 of 38 (16 %) in the high 
CHADS2 score group. We continuously followed all study 

patients despite the development of AF. Even if we stopped 
following these 22 patients at the time of AF development, 
at multivariate analysis, CHADS2 score, but not CHA2DS2-
VASc score or “stroke risk score”, was significantly and 
independently associated with ischemic stroke or TIA 
(p = 0.006, C-index 0.776, 95 % CI 0.635–0.917).

When we divided all study patients into 2 groups accord-
ing to the presence of anti-coagulation therapy at baseline, 
ischemic stroke or TIA was observed in 8 of 73 patients 
without anti-coagulation therapy and 13 of 54 with that. 
In patients with anti-coagulation therapy, CHADS2 score, 
CHA2DS2-VASc score, diabetes mellitus, and hypertension 

Table 1   Baseline clinical and 
study characteristics in chronic 
heart failure patients with and 
without ischemic stroke or 
transient ischemic attack

Data is presented as the mean value SD or percentage of patients, except for stroke risk score (median 
value with interquartile range)

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, BMI body mass index, 
BP blood pressure, eGFR estimated glomerular filtration rate, LAD left atrial dimension, LVDd left ven-
tricular end-diastolic dimension, NYHA New York Heart Association, sCr serum creatinine

With stroke or TIA 
(n = 21)

Without stroke or TIA 
(n = 106)

p value

Age (years) 66 ± 10 64 ± 12 0.4111

Gender (male, %) 76 76 0.9825

NYHA class 1.8 ± 0.8 2.0 ± 0.7 0.1581

Ischemic origin (%) 71 58 0.2578

Hypertension (%) 76 29 <0.0001

Diabetes mellitus (%) 71 33 0.0009

Diabetes mellitus on insulin (%) 5 2 0.4320

BMI (kg/m2) 22.7 23.3 0.4391

Prior stroke (%) 24 6 0.0066

Current smoker (%) 24 24 0.9825

Heart rate (bpm) 71 ± 9 75 ± 12 0.1543

Systolic BP (mmHg) 133 ± 15 128 ± 18 0.2809

CHADS2 score 3.2 ± 1.2 1.9 ± 0.9 <0.0001

CHA2DS2-VASc score 4.9 ± 1.7 3.5 ± 1.2 <0.0001

“Stroke risk score” 7.8 (4.8–12.8) 4.8 (1.6–10.5) 0.1555

Medications (%)

 ACEI/ARB 95 80 0.0946

 Beta-blocker 76 72 0.7222

 Statins 43 40 0.7842

 Anti-coagulation therapy 62 39 0.0497

 Anti-platelet therapy 29 35 0.5788

 Antiarrhythmic drug (Ib/III) 24 26 0.7359

 LV ejection fraction (%) 30 ± 8 30 ± 7 0.7174

 LVDd (mm) 61 ± 6 63 ± 7 0.1867

 LAD (mm) 40 ± 6 41 ± 7 0.6284

 Lown’s grade 3.7 ± 1.4 3.3 ± 1.4 0.3104

Laboratory

 sCr (mg/dL) 0.898 ± 0.228 0.872 ± 0.257 0.6696

 eGFR (ml/min/1.73 m2) 64 ± 23 67 ± 19 0.6460

 Sodium (mEq/L) 139 ± 3 139 ± 3 0.5666

 Albumin (mg/dl) 3.9 ± 0.3 4.0 ± 0.4 0.3364

 Noradrenaline (pg/ml) 429 ± 273 429 ± 232 0.9929
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were significantly associated with stroke or TIA while the 
stroke risk score showed no significant association with 
stroke or TIA. In patients without anti-coagulation ther-
apy, only CHADS2 score was also significantly associated 

with stroke or TIA (p =  0.009, C-index 0.806, 95  % CI 
0.769–0.843).

Discussion

This study revealed that the CHADS2 score could also be 
useful in stratifying the risk for ischemic stroke or TIA in 
CHF patients without AF, and that the prognostic power of 
the prediction for ischemic stroke of CHADS2 score was 
greater than “stroke risk score”.

Some factors could cause the superiority of CHADS2 
score to the “stroke risk score”. First, this study had lower 
proportion of CHF patients with severe symptom (NYHA 
III or IV) and with diabetes mellitus treated with insulin 
than patients enrolled in CORONA and GISSI-HF, and so 
we could not reflect exactly the stroke risk in these patients. 
Secondly, patients had the lower medication rate of anti-
platelet therapy and higher medication rate of anticoagulant 
therapy in this study than those enrolled in CORONA and 
GISSI-HF. It might result in the difference in the mecha-
nism of stroke, atherothrombotic or cardioembolic, and 
might affect stroke risk in study patients. Finally, this 
study had quite long period of follow-up. Patients in this 
study might acquire increased stroke risk during the longer 
follow-up period, even when their stroke risk had been 
regarded as low at the entry.

Several mechanisms might explain the relationship 
between a high CHADS2 score and stroke in CHF patients 
without AF. Even in the absence of AF, CHF patients 
develop a hypercoagulable state and endothelial dysfunc-
tion [3–5]. Other components of the CHADS2 score such 
as hypertension, diabetes mellitus and prior stroke have 
an association with hypercoagulability and endothelial 
dysfunction [20–22]. Therefore, CHF patients with a high 
CHADS2 score have activated thrombus formation.

The components of the CHADS2 score such as CHF, 
hypertension and diabetes mellitus could contribute to left 
atrial remodeling, characterized by dilation and mechanical 
dysfunction of the left atrium [23, 24]. A dilated left atrium 
could result in blood stasis, and thus an increased risk of 
thromboembolism [25, 26], independent of cardiac rhythm, 
although there was no significant difference in left atrial 
dimension among low, intermediate high CHADS2 scores 
in the present study.

The use of antithrombotic treatments remains an impor-
tant question in the care of patients with CHF. In the pre-
sent study, the event rate in non-AF CHF parents with high 
CHADS2 scores (3–6) was comparable to the rate in AF 
patients with moderate-to-high CHADS2 scores (2–3), a 
population known to derive benefit from stroke preven-
tion therapies such as anticoagulation. Studies that have 
examined the role of anticoagulation therapy for reducing 

Fig. 1   Receiver operating characteristics (ROC) curves for CHADS2 
score, CHA2DS2-VASc score and “stroke risk score” in discriminat-
ing ischemic stroke or TIA, TIA transient ischemic attack

Table 2   Cox proportional hazard analysis for the identification of 
patients at risk of ischemic stroke or transient ischemic attack

BMI body mass index, NYHA New York Heart Association

p value HR (95 % CI)

CHADS2 score <0.0001 2.200 (1.637–2.958)

CHA2DS2-VASc score <0.0001 1.786 (1.358–2.350)

“Stroke risk score” 0.0458 1.079 (1.001–1.163)

Age ≥75 0.0389 3.049 (1.058–8.783)

Prior stroke 0.0050 4.335 (1.558–12.063)

Diabetes mellitus 0.0033 4.187 (1.609–10.896)

Hypertension 0.0020 4.903 (1.791–13.424)

Anti-coagulation therapy 0.0855 2.170 (0.897–5.249)

Vascular disease 0.5448 –

Age ≥65 0.4952 –

Age (numerical) 0.1652 –

Gender (female) 0.9228 –

NYHA class (III and IV) 0.8070 –

BMI 0.2485 –

Ischemic origin 0.3328 –

Models with anti-coagulation therapy

 CHADS2 score <0.0001 2.231 (1.526–3.262)

 Anti-coagulation therapy 0.1067 –

 CHA2DS2-VASc score <0.0001 1.836 (1.393–2.420)

 Anti-coagulation therapy 0.1925 –

 “Stroke risk score” 0.0776 1.071 (0.993–1.155)

 Anti-coagulation therapy 0.1337 –
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thromboembolic risk have been inconclusive [27]. The 
multicenter, randomized double-blind and placebo-con-
trolled Heart Failure Long-term Antithrombotic Study 
(HELAS) and the unblinded randomized Warfarin/Aspi-
rin Study in Heart failure (WASH) did not find a benefit 
with antithrombotic therapy [28]. Although the clinical 
outcome studies [the prospective randomized warfarin 
and anti-platelet therapy in chronic heart failure (WATCH) 
study and the multicenter, double-blinded and randomized 
warfarin versus aspirin in patients with reduced cardiac 
ejection fraction (WARCEF) study] suggested that war-
farin may reduce stroke risk compared with anti-platelet 
therapy [27, 29], the lack of a placebo group and lower-
than-projected enrollment prevents definitive conclusions 
from being made [29]. Thus, current evidence does not 
support the routine use of anticoagulation for preventing 

Table 3   Baseline clinical and study characteristics in chronic heart failure patients with low, intermediate and high CHADS2 score

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, BMI body mass index, BP blood pressure, eGFR estimated 
glomerular filtration rate, LAD left atrial dimension, LVDd left ventricular end-diastolic dimension, NYHA New York Heart Association, sCr 
serum creatinine

CHADS2 score Low (score = 1)  
(n = 38)

Intermediate (score = 2)  
(n = 51)

High (score = 3–6)  
(n = 38)

p value

Age (years) 61 ± 12 65 ± 12 66 ± 10 0.3407

Gender (male, %) 90 75 66 0.0492

NYHA class 1.9 ± 0.7 2.1 ± 0.7 1.8 ± 0.6 0.1275

Ischemic origin (%) 62 57 63 0.8059

Hypertension (%) 0 31 82 <0.0001

Diabetes mellitus (%) 0 43 74 <0.0001

Diabetes mellitus on insulin (%) 0 4 3 0.4825

BMI (kg/m2) 23.2 23.1 23.4 0.9842

Prior stroke (%) 0 0 29 <0.0001

Current smoker (%) 32 22 18 0.3667

Heart rate (bpm) 77 ± 13 74 ± 10 72 ± 11 0.2921

Systolic BP (mmHg) 120 ± 14 132 ± 17 135 ± 19 0.0010

Medications (%)

 ACEI/ARB 84 78 87 0.5723

 Beta-blocker 73 67 82 0.2955

 Statins 33 42 41 0.7940

 Anti-coagulation therapy 53 41 34 0.2619

 Anti-platelet therapy 37 29 37 0.6885

 Antiarrhythmic drug(Ib/III) 21 33 21 0.3092

 LV ejection fraction (%) 30 ± 7 30 ± 7 29 ± 8 0.1512

 LVDd (mm) 63 ± 6 62 ± 7 62 ± 8 0.8032

 LAD(mm) 39 ± 6 41 ± 6 42 ± 8 0.2325

 Lown’s grade 3.3 ± 1.4 3.4 ± 1.5 3.5 ± 1.4 0.6301

Laboratory

 sCr(mg/dL) 0.852 ± 0.283 0.841 ± 0.213 0.949 ± 0.259 0.0443

 eGFR(ml/min/1.73 m2) 72 ± 19 68 ± 20 58 ± 17 0.0046

 Sodium (mEq/L) 138 ± 3 139 ± 3 140 ± 3 0.2745

 Albumin (g/dl) 4.0 ± 0.4 4.1 ± 0.3 3.9 ± 0.3 0.4113

 Noradrenaline (pg/ml) 448 ± 255 432 ± 225 408 ± 246 0.6744

Fig. 2   Ischemic stroke- or TIA-free rate curves in CHF patients 
with low, intermediate, and high CHADS2 scores, Low CHADS2 
score = 1, intermediate = 2, and high = 3–6, CHF chronic heart fail-
ure, TIA transient ischemic attack
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thromboembolic events in CHF patients who remain in 
sinus rhythm [29].

There are some limitations to our study. First, the small 
and empirically chosen population sample size is a major 
limitation. Second, medications such as anticoagulation 
therapy at baseline and during the follow-up period, might 
affect the incidence of ischemic stroke. At baseline, the rate 
of anticoagulation therapy tended to decrease as CHADS2 
score increased with no significant difference. The inci-
dence of stroke or TIA was higher in patient with than 
without anticoagulation at baseline, although the statisti-
cal difference was not significant (24 vs 11 %, p =  0.08, 
adjusted HR 2.170 95  % CI 0.897–5.249). In the present 
study, anticoagulation therapy was performed more in CHF 
patients with than without ischemic origin (old myocardial 
infarction) [61  %(46/76) vs 16(8/51), p  <  0.0001], possi-
bly according to the usefulness of antithrombotic therapy in 
the secondary prevention of myocardial infarction [30]. So, 
the higher incidence of stroke or TIA in patients with anti-
coagulation therapy might be due to selection bias. During 
the follow-up period, an anticoagulation drug was newly 
administered in 13 of 73 patients without anticoagulation 
therapy at entry. There was no difference in the medication 
rate of anticoagulation at the last follow-up visit among 
low, intermediate, and high CHADS2 score groups (63, 49, 
and 47 %, respectively). Third, we evaluated the presence 
of AF according to past history and electrocardiography at 
entry. However, we could not eliminate the possibility that 
CHF patients with paroxysmal AF could be misclassified 
into the sinus rhythm group if they have no symptoms such 
as palpitations and no evidence of AF on baseline electro-
cardiography [31]. Such silent AF might have an influence 
on the incidence of ischemic stroke in our study. Fourth, 
we could not investigate the mechanism of ischemic stroke, 
whether atherothrombotic or cardioembolic. Thus, we 
could not clarify which mechanism was mainly associated 
with a high stroke risk in CHF patients with high CHADS2 
scores. Identifying the mechanism of ischemic stroke may 
be useful in determining appropriate stroke prevention ther-
apy in patients with CHF. Finally, we included only CHF 
patients with LVEF less than 40 %, and so our results could 
not be applied to CHF patients with preserved ejection 
fraction either.

In conclusion, we found that CHADS2 score could 
stratify the risk of ischemic stroke in CHF patients with 
the absence of AF, with greater prognostic power than the 
“stroke risk score”.

Compliance with ethical standards 

Conflict of interest  The authors have no financial conflicts of interest 
to disclose concerning the paper.

References

	 1.	 Caldwell JC, Mamas MA, Neyses L, Garratt CJ (2010) What are 
the thromboembolic risks of heart failure combined with chronic 
or paroxysmal AF? J Card Fail 16:340–347

	 2.	 Jug B, Vene N, Salobir BG, Sebestjen M, Sabovic M, Keber I 
(2009) Procoagulant state in heart failure with preserved left 
ventricular ejection fraction. Int Heart J 50:591–600

	 3.	 Chong A, Blann A, Patel J, Freestone B, Hughes E, Lip GY 
(2004) Endothelial dysfunction and damage in congestive heart 
failure. Circulation 110:1794–1798

	 4.	 Lip GY, Gibbs CR (1999) Does heart failure confer a hyper-
coagulable state? Virchow’s triad revisited. J Am Coll Cardiol 
33:1424–1426

	 5.	 Haeusler K, Laufs U, Endres M (2011) Chronic heart failure and 
ischemic stroke. Stroke 42:2977–2982

	 6.	 Sadanaga T, Kohsaka S, Mitamura H, Ogawa S (2011) Elevated 
B-type natriuretic peptide level as a marker of subsequent throm-
boembolic events in patients with atrial fibrillation. Heart Vessels 
26:530–535

	 7.	 Witt BJ, Brown RD, Jacobsen SJ, Weston SA, Ballman KV, 
Meverden RA, Roger VL (2006) Ischemic stroke after heart fail-
ure: a community-based study. Am Heart J 152:102–109

	 8.	 Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, 
Ganiats TG, Jessup M, Konstam MA, Michi K, Oates JA, Rahko 
PS, Silver MA, Stevenson LW, Yancy CW (2009) 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 col-
laboration with the international society for heart and lung trans-
plantation. Circulation 119:e391–e479

	 9.	 Suzuki S, Yamashita T, Okumura K, Atarashi T, Akao M, Ogawa 
H, Inoue H (2015) Incidence of ischemic stroke in Japanese 
patients with atrial fibrillation not receiving anticoagulation ther-
apy. Circ J 79:432–438

	10.	 Kishima H, Mine T, Kodani T, Masuyama T (2015) Prediction of 
left atrial thrombi in patients with atrial tachyarrhythmias during 
warfarin administration: retrospective study in Hyogo College of 
Medicine. Heart Vessels 30:331–337

	11.	 Welles CMD, Whooley M, Na B, Ganz P, Schiller NB, Tura-
khia MP (2011) The CHADS2 score predicts ischemic stroke in 
the absence of atrial fibrillation among patients with coronary 
heart disease: data from the heart and soul study. Am Heart J 
162:555–561

	12.	 Abdul-Rahim AH, Perez AC, Fulton RL, Jhund PS, Latini R, 
Tognoni G, Wikstrand J, Kjekshus J, Lip GY, Maggioni AP, 
Tavazzi L, Lees KR, McMurray;, JJInvestigators of the Con-
trolled Rosuvastatin Multinational Study in Heart Failure 
(CORONA), GISSI-Heart Failure (GISSI-HF) Committees 
and Investigators (2015) Risk of stroke in chronic heart failure 
patients without atrial fibrillation: analysis of the controlled 
rosuvastatin in multinational trial heart failure (CORONA) 
and the Gruppo Italiano per lo Studio della Sopravvivenza 
nell’Insufficienza cardiaca-heart failure (GISSI-HF) trials. Cir-
culation 131:1486–1494

	13.	 McKee PA, Castelli WP, McNamara PM, Kannel WB (1971) 
The natural history of congestive heart failure: the Framingham 
study. N Engl J Med 285:1441–1446

	14.	 Goris ML, McKillop JH, Brijandet PA (1981) A fully automated 
determination of the left ventricular region of interest in nuclear 
angiography. Cardiovasc Intervent Radiol 4:117–123

	15.	 Sahn DJ, Demaria A, Kissio J, Weyman A (1978) Recommen-
dation regarding quantification in M-mode echocardiography: 



200	 Heart Vessels (2017) 32:193–200

1 3

result of a survey of echocardiographic measurements. Circula-
tion 58:1072–1083

	16.	 Foti A, Kimura S, DeQuattro V, Lee D (1987) Liquid-chroma-
tographic measurement of catecholamines and metabolites in 
plasma and urine. Clin Chem 33:2209–2213

	17.	 Thorvaldsen P, Asplund K, Kuulasmaa K, Rajakangas AM, Sch-
roll M (1995) Stroke incidence, case fatality, and mortality in 
the WHO MONICA project. World Health Organization moni-
toring trends and determinants in cardiovascular disease. Stroke 
26:361–367

	18.	 Beer MH, Porter RS, Jones TV (2006) The merck manual, eight-
eenth edn. Merck & Co Inc, Kenilworth, pp 1423–1425

	19.	 Kanda Y (2013) Investigation of the freely available easy-to-use 
software “EZR” for medical statistics. Bone Marrow Transplant 
48:452–458

	20.	 Lip GY, Blann AD, Jones AF, Lip PL, Beevers DG (1997) Rela-
tion of endothelium, thrombogenesis, and hemorheology in sys-
temic hypertension to ethnicity and left ventricular hypertrophy. 
Am J Cardiol 80:1566–1571

	21.	 McClung JA, Naseer N, Saleem M, Rossi GP, Weiss MB, Abra-
ham NG, Kappas A (2005) Circulating endothelial cells are ele-
vated in patients with type 2 diabetes mellitus independently of 
HbA1c. Diabetologia 48:345–350

	22.	 Hamatani Y, Iguchi M, Nakamura M, Ohtani R, Yamashita Y, 
Takagi D, Unoki T, Ishii M, Masunaga N, Ogawa H, Hamatani 
M, Abe M, Akao M (2015) Incidence and predictors of ischemic 
stroke during hospitalization for congestive heart failure. Heart 
Vessels. doi:10.1007/s00380-015-0719-4

	23.	 Belen E, Ozal E, Pusuroglu H (2015) Association of the 
CHA2DS2-VASc score with left atrial spontaneous echo contrast: 
a cross-sectional study of patients with rheumatic mitral stenosis 
in sinus rhythm. Heart Vessels. doi:10.1007/s00380-015-0759-9

	24.	 Liu Y, Wang K, Su D, Cong T, Cheng Y, Zhang Y, Wu J, Sun Y, 
Shang Z, Liu J, Zhong L, Zou L, Chitian C, Zhang X, Jiang Y 
(2014) Noninvasive assessment of left atrial phasic function in 
patients with hypertension and diabetes using two-dimensional 

speckle tracking and volumetric parameters. Echocardiography 
31:727–735

	25.	 Kochi K, Kanehiro K, Mukada K, Hasada J, Kajihara S, Orihashi 
K, Sueda T, Matsuura Y (1999) Relationship between left atrial 
spontaneous echo contrast and the features of middle cerebral 
artery territory in nonvalvular atrial fibrillation. Heart Vessels 
14:149–153

	26.	 Katoh S, Honda S, Watanabe T, Suzuki S, Ishino M, Kitahara T, 
Funayama A, Netsu S, Sasaki T, Shishido T, Miyamoto T, Sada-
hiro M, Kubota I (2014) Atrial endothelial impairment through 
Toll-like receptor 4 signaling causes atrial thrombogenesis. Heart 
Vessels 29:263–272

	27.	 Homma S, Thompson J, Pullicino PM, Levin B, Freudenberger 
RS, Teerlink JR, Ammon SE, Graham S, Sacco RL, Mann DL, 
Mohr JP, Massie BM, Labovitz AJ, Anker SD, Lok DJ, Pon-
ikowski P, Estol CJ, Lip GY, Di Tullio MR, Sanford AR, Mejia 
V, Gabriel AP, del Valle ML, Buchsbaum R, Investigators 
WARCEF (2012) Warfarin and aspirin in patients with heart fail-
ure and sinus rhythm. N Engl J Med 366:1859–1869

	28.	 Cleland JG, Findlay I, Jafri S, Sutton G, Falk R, Bulpitt C, Pren-
tice C, Ford I, Trainer A, Poole-Wilson PA (2004) The Warfarin/
Aspirin Study in Heart failure (WASH): a randomized trial com-
paring antithrombotic strategies for patients with heart failure. 
Am Heart J 148:157–164

	29.	 Lip GY, Ponikowski P, Andreotti F, Anker SD, Filippatos G, 
Homma S, Morais J, Pullicino P, Rasmussen LH, Marin F, Lane 
DA, Task Force ESC (2012) Thrombo-embolism and antithrom-
botic therapy for heart failure in sinus rhythm. Eur J Heart Fail 
14:681–695

	30.	 Hurlen M, Abdelnoor M, Smith P, Erikssen J, Arnesen H (2002) 
Warfarin, aspirin, or both after myocardial infarction. N Engl J 
Med 347:969–974

	31.	 Samol A, Masin M, Gellner R, Otte B, Pavenstädt HJ, Ringel-
stein EB, Reinecke H, Waltenberger J, Kirchhof P (2013) Preva-
lence of unknown atrial fibrillation in patients with risk factors. 
Europace 15:657–662

http://dx.doi.org/10.1007/s00380-015-0719-4
http://dx.doi.org/10.1007/s00380-015-0759-9

	The CHADS2 score predicts ischemic stroke in chronic heart failure patients without atrial fibrillation: comparison to other stroke risk scores
	Abstract 
	Introduction
	Methods
	Results
	Discussion
	References




