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A B S T R A C T

Background: The impact of acute heart failure following acute ischemic stroke on short-term cardiovascular 
outcomes remains unclear. This study investigated the association between acute heart failure and cardiovas
cular outcomes within 90 days after acute ischemic stroke.
Method and results: We retrospectively analyzed 1658 patients with acute ischemic stroke. In-hospital heart 
failure was defined as heart failure diagnosed on admission or within seven days of hospitalization. The primary 
outcome was a composite of major adverse cardiovascular events within 90 days of acute ischemic stroke. 
Secondary outcomes included a composite of fatal or nonfatal heart failure and all-cause mortality. Logistic 
regression analyses were used to identify predictors of these outcomes. Eighty-two patients with acute ischemic 
stroke (4.9 %) developed acute heart failure. Major adverse cardiovascular events occurred in 120 patients (7 %) 
within 90 days. In-hospital heart failure was an independent predictor of major adverse cardiovascular events 
(odds ratio [OR] 2.25, 95 % confidence interval [CI] 1.11–4.53, p = 0.023) and fatal or nonfatal heart failure (OR 
4.72, 95 % CI 1.96–11.35, p = 0.001) within 90 days. However, it was not a significant predictor of all-cause 
mortality (OR 1.90, 95 % CI 0.94–3.84, p = 0.075).
Conclusions: In-hospital heart failure was a significant predictor of major adverse cardiovascular events and fatal 
or nonfatal heart failure within 90 days after acute ischemic stroke.

1. Introduction

Acute ischemic stroke and heart disease share vascular risk factors, 
reflecting a bidirectional relationship [1,2]. After acute ischemic stroke, 
dysregulation of the brain-heart axis can occur, involving immunolog
ical, hormonal, and autonomic responses [3–5]. This stroke-induced 
cardiac dysregulation may manifest as “stroke-heart syndrome,” char
acterized by various cardiac disorders [6–8].

During the acute phase of ischemic stroke, up to 20 % of patients 

experience adverse cardiovascular events, including heart failure (HF) 
[9,10]. HF develops in 6.4 % of patients within four weeks of acute 
ischemic stroke and is associated with an approximately 1.8-fold in
crease in major adverse cardiovascular events (MACE) over a 5-year 
period [10]. However, the impact of acute HF following an initial 
acute ischemic stroke on short-term MACE remains poorly understood.

The global burden of HF is increasing due to population aging, 
leading to concerns about an “HF pandemic” [11,12]. This tendency 
may also influence the context of acute ischemic stroke, where HF can 
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impact outcomes and healthcare costs. Understanding the relationship 
between acute HF and short-term MACE in stroke patients is crucial for 
optimizing management strategies and potentially reducing post-stroke 
complications.

This study aimed to investigate whether acute HF in patients with 
acute ischemic stroke was associated with an increased risk of MACE 
within the first 90 days after the index event.

2. Materials and methods

2.1. Participants

We retrospectively reviewed consecutive patients with acute 
ischemic stroke admitted to our hospital within seven days of symptom 
onset between January 2017 and August 2023. Neurologists collected 
data on patient characteristics, including age, sex, premorbid modified 
Rankin Scale score, past medical history, and vascular risk factors. 
Physical examinations were conducted in the emergency department, 
and stroke severity was assessed using the National Institutes of Health 
Stroke Scale (NIHSS) score. Blood tests, including brain natriuretic 
peptide and D-dimer levels, were performed upon admission. Magnetic 
resonance imaging was routinely performed to evaluate ischemic lesions 
unless contraindicated. The patients underwent chest radiography, 
electrocardiography, and carotid duplex ultrasonography on the day of 
admission. Transthoracic echocardiography was performed within two 
days of admission, and continuous electrocardiographic monitoring was 
maintained throughout hospitalization. Patients who died within seven 
days of stroke onset and those with missing data were excluded from the 
study. The clinical stroke subtype was determined prior to discharge 
using the Trial of Org 10,172 in Acute Stroke Treatment (TOAST) clas
sification [13]. The study was conducted in accordance with the 
Declaration of Helsinki and approved by our institution’s ethics com
mittee, with a waiver for written informed consent.

2.2. Definition of HF

In this study, acute HF was defined according to international 
guidelines as the rapid onset or exacerbation of HF symptoms (e.g., 
shortness of breath, orthopnea, ankle swelling, and fatigue), potentially 
accompanied by signs (e.g., elevated jugular venous pressure, pulmo
nary crackles, and peripheral edema) due to structural or functional 
abnormalities [14,15]. HF was subcategorized according to ejection 
fraction (EF): 

• HF with reduced EF (HFrEF): left ventricular EF ≤40 %;
• HF with preserved EF (HFpEF): left ventricular EF ≥50 %;
• HF with mid-range EF (HFmrEF): left ventricular EF >40 % and < 50 

% [16].

While the primary focus of the diagnostic approach of HFpEF was on 
E/e’ ≥ 15, we also considered elevated B-type natriuretic peptides and 
left atrial volume index >34 mL/m2 and tricuspid regurgitation velocity 
> 2.8 m/s in patients where these measurements were available. 
Furthermore, we included patients with EF > 50 % and HF symptoms 
due to valvular disease in the HFpEF group [17–19]. This definition 
encompasses both de novo HF and acute decompensation of chronic HF. 
Cardiologists were consulted to confirm HF diagnosis and formulate 
therapeutic plans. In-hospital HF was defined as HF present on admis
sion or occurring within seven days of admission. HF developed after 
discharge was defined as any condition requiring rehospitalization for 
HF management.

2.3. Imaging assessment

Acute ischemic lesions were assessed by calculating the Alberta 
Stroke Program Early CT Score (ASPECTS) based on diffusion-weighted 

imaging or computed tomography. Transthoracic echocardiography was 
performed to assess cardiac abnormalities. The left atrial diameter was 
measured using the parasternal long-axis view, and the left ventricular 
EF was evaluated using the modified Simpson’s method from apical two- 
and four-chamber views. The ratio of early transmitral flow velocity (E) 
to early diastolic tissue Doppler imaging velocity (e’) were measured 
from the apical four-chamber view. An EF below 35 % was considered 
significant in this study. The degrees of mitral, aortic, and tricuspid 
regurgitation or stenosis were also assessed. Left ventricular hypertro
phy was defined as a wall thickness of ≥11 mm. Any wall motion ab
normalities or thrombus formation in the left ventricle or atrium were 
included as variables in the analysis.

2.4. Outcome parameters

Functional outcomes were assessed 90 days after stroke onset using 
the modified Rankin Scale score in both patients with the in-hospital HF 
and control groups. The primary outcome was a composite of MACE, 
including nonfatal ischemic stroke, nonfatal acute coronary syndrome, 
nonfatal HF, and cardiovascular death. Cardiovascular death was 
defined as fatal stroke, acute coronary syndrome, HF, or other cardio
vascular causes [20]. Secondary outcomes included all-cause mortality 
and a composite of fatal or nonfatal HF. These outcomes were assessed at 
an outpatient clinic or by telephone 90 days after the index stroke. No 
patients were lost to follow-up during the 90-day period.

2.5. Statistical analysis

Baseline clinical, imaging, and laboratory findings, as well as stroke 
subtypes, were compared between the in-hospital HF and control 
groups. We compared the incidence rates of each MACE component 
between the in-hospital HF and the control groups. Additionally, a 
comparison of MACE excluding fatal or nonfatal HF between the two 
groups has been conducted. To examine potential differences in out
comes based on the timing of HF onset, a comparative analysis was 
conducted between three subgroups: (1) patients with HF on admission, 
(2) those who developed HF after admission, and (3) those with HF both 
on admission and after initial improvement. Predictors of MACE, fatal or 
nonfatal HF, and all-cause mortality within 90 days after the index 
stroke were identified using a multivariate logistic regression model that 
included variables significant in the univariate analyses (p < 0.05). To 
prevent overfitting, variables previously identified as outcome pre
dictors were included in multivariate models. Furthermore, a multi
variate regression analysis was conducted using categorical variables in 
a sensitivity analysis to identify predictors of MACE. Numerical vari
ables were converted to categorical variables, with thresholds deter
mined through receiver operating characteristic curve analyses. The 
Kaplan–Meier method with a log-rank test was used to estimate the 
cumulative probability of MACE and fatal or nonfatal HF in the in- 
hospital HF and control groups. The association between MACE and 
individual ASPECTS regions in the affected hemisphere was assessed 
using univariate and multivariate regression analyses. To mitigate the 
potential confounding effect of infarct size, we conducted a sub-analysis 
focusing on patients with anterior circulation stroke. Additionally, we 
excluded patients with small vessel disease and those with large infarct 
(ASPECTS ≤5) from the analyses. All analyses were performed using 
JMP software (version 17.2.0) (SAS Institute Inc., Cary, NC, USA). The 
Mann–Whitney U test was used for continuous variables, and Fisher’s 
exact test was used for categorical variables. Statistical significance was 
set at p < 0.05.

3. Results

A Total of 1698 patients were examined. The excluded patients were 
as follows: 20 patients who died within seven days of stroke onset, 14 
patients with missing echocardiography data, and six patients with 
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missing blood test data. Of the 1658 patients with acute ischemic stroke, 
82 (4.9 %) developed acute HF (56 on admission, 38 during hospitali
zation). Despite temporary symptom relief, 12 patients with HF on 
admission experienced a recurrence within seven days of admission. The 
median HF onset occurred three days post-admission (interquartile 
range [IQR] 2–6). Patients who developed in-hospital HF had prolonged 
hospitalizations (18 vs. 15 days, p = 0.011) and exhibited poor func
tional outcomes (median modified Rankin scale score, 4 vs. 2, p <
0.001). Of the patients in the in-hospital HF group, 15 (18 %) experi
enced HF recurrence within 90 days of the index stroke. Nonfatal 
ischemic stroke, nonfatal acute coronary syndrome, nonfatal HF, and 
cardiovascular death occurred in 39, 6, 16, and 64 patients, respectively. 
Detailed causes of death are provided in Supplemental Table 1. Owing to 
contraindications to magnetic resonance imaging, 131 (8 %) patients 
underwent computed tomography.

A comparison of the in-hospital HF and control groups is presented in 
Table 1. The results of the comparative analysis between HF subgroups 
in the in-hospital group are presented in Supplemental Table 2. Patients 
who experienced recurrent HF were more likely to have atrial fibrilla
tion (9 out of 12 patients, 75 %). The in-hospital HF group included 24 
patients (29 %) with HFrEF, 11 (13 %) with HFmrEF, and 47 (58 %) with 
HFpEF.

The incidence rates for MACE, each MACE component, and MACE 
excluding fatal or nonfatal HF are presented in Fig. 1. In-hospital HF was 
associated with nonfatal HF and overall MACE at 90 days (p = 0.001 and 
p < 0.001, respectively). MACE excluding fatal or nonfatal HF also 
showed a trend towards higher occurrence in the in-hospital HF group 
compared to the control group (p = 0.043). Table 2 indicates predictive 
variables for MACE. In the multivariate logistic regression model, in- 
hospital HF was an independent predictor of MACE at 90 days (OR 
2.25, 95 % CI 1.12–4.53, p = 0.023). The sensitivity analysis demon
strated that in-hospital HF remained an independent predictor of MACE 
at 90 days (OR 2.00, 95 % CI 1.02–3.91, p = 0.042) (Supplemental 
Table 2). Kaplan–Meier analysis revealed an early difference in MACE 
between the in-hospital HF and control groups, which persisted 
throughout the 90-day study period (log-rank test, p < 0.001; Fig. 2).

Within 90 days of the index stroke, 38 patients with acute ischemic 
stroke (2.3 %) experienced HF. Among them, 22 patients (58 %) suffered 
fatal HF. Supplemental Table 3 presents the univariate models identi
fying predictors of fatal or nonfatal heart failure within 90 days of the 
index stroke. In-hospital HF was an independent predictor of fatal or 
nonfatal HF within 90 days (OR 4.72, 95 % CI 1.96–11.35, p = 0.001) 
(Table 3). Kaplan–Meier analysis showed that the incidence of fatal or 
nonfatal HF was consistently higher in the in-hospital HF group 
compared to the control group (log-rank test, p < 0.001; Fig. 3).

All-cause mortality rate was 8 % (134 patients). Predictors of all- 
cause mortality in acute ischemic stroke patients were assessed using 
univariate and multivariate logistic regression models, shown in Sup
plemental Tables 4 and Table 4, respectively. In-hospital HF was not 
significantly associated with all-cause mortality (OR 1.90, 95 % CI 
0.94–3.84, p = 0.075).

Since ASPECTS predicted MACE at 90 days, a sub-analysis was 
conducted to examine the association between individual ASPECTS re
gions and MACE occurrence. The analysis included 972 patients with 
anterior circulation stroke, excluding those with small vessel disease and 
ASPECTS ≤5. Among these patients, 52 experienced MACE within 90 
days. Multivariate logistic regression model, incorporating all ASPECTS 
regions, revealed that the involvement of the insular cortex region was 
associated with MACE at 90 days. (OR 2.48, 95 % CI 1.20–5.15, p =
0.014) (Table 5).

4. Discussion

The incidence of short-term MACE was 2.2 times higher in patients 
who developed HF concurrently with or shortly after the onset of acute 
ischemic stroke compared to patients without HF. The incidence of fatal 

Table 1 
Baseline characteristics of patients in the in-hospital HF and control groups.

In-hospital HF 
group

Control group P value

N = 82 N = 1576

Male/Female 30/52 901/675 0.001
Age 84 (76–90) 77 (69–84) <0.001
Premorbid modified 

Rankin scale ≤2
67 (82) 1320 (84) 0.645

Vascular risk factors
Hypertension 68 (83) 1262 (80) 0.669
Diabetes 23 (28) 386 (24) 0.511
Hypercholesterolemia 25 (30) 564 (36) 0.347
Atrial fibrillation 39 (48) 387 (25) <0.001
Smoking 9 (11) 328 (21) 0.034

Past medical history
Ischemic stroke 19 (23) 336 (21) 0.680
Coronary heart 
disease 11 (13) 133 (8) 0.154

HF 39 (48) 110 (7) <0.001
NIHSS score on 
admission

15 (7–22) 5 (2–14) <0.001

Imaging findings
ASPECTS 9 (6–10) 10 (9,10) <0.001

ASPECTS region
Caudate nucleus 14 (17) 137 (9) 0.015
Lentiform 15 (18) 324 (21) 0.676
Insular cortex 37 (45) 316 (20) <0.001
Internal capsule 5 (6) 103 (7) 1.000
M1 17 (21) 208 (13) 0.067
M2 25 (30) 208 (13) 0.001
M3 12 (15) 99 (6) 0.010
M4 8 (10) 123 (8) 0.526
M5 29 (35) 301 (19) 0.001
M6 16 (20) 106 (7) 0.001

Transthoracic 
echocardiography
Left atrial diameter, 
mm

39 (35–44) 37 (32–42) 0.001

Ejection fraction<35 
% 22 (27) 15 (1) <0.001

E/e’ 18.3 (14.3–26.8) 13.0 (10.1–17.0) <0.001
Mitral regurgitation 54 (66) 414 (26) <0.001
Aortic regurgitation 36 (44) 312 (20) <0.001
Tricuspid 
regurgitation

48 (59) 397 (25) <0.001

Aortic stenosis 9 (11) 99 (6) 0.105
Left ventricular 
hypertrophy 13 (16) 271 (17) 0.881

Left ventricular 
contraction 
abnormality

36 (44) 209 (13) <0.001

Intracardiac 
thrombus

2 (2) 19 (1) 0.279

Laboratory findings on 
admission
Brain natriuretic 
peptide, pg/mL 596 (373–1068) 92 (34–247) <0.001

D-dimer, μg/mL 2.0 (1.3–3.5) 1.0 (0.6–2.1) <0.001
Intravenous 
thrombolysis

30 (37) 353 (22) 0.005

Mechanical 
Thrombectomy

21 (26) 317 (20) 0.260

Stroke subtypes
Cardioembolism 68 (83) 545 (36) <0.001
Large artery 
atherosclerosis 5 (6) 276 (18) 0.006

Small vessel occlusion 1 (1) 234 (15) <0.001
Stroke of other 
determined etiology

2 (2) 65 (4) 0.770

Stroke of 
undetermined 
etiology

6 (7) 451 (29) <0.001

Incomplete 
evaluation

0 (0) 5 (1) 1.000

HF: heart failure; NIHSS: National Institutes of Health Stroke Scale; ASPECTS: 
Alberta Stroke Program Early CT Score.
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or nonfatal heart failure within 90 days after the index stroke was 4.7 
times higher in patients who developed in-hospital HF compared to 
those without.

Although preexisting chronic HF has been identified as a predictor of 
poor outcomes in acute ischemic stroke [21,22], our study found that 
only clinically active HF concomitant with acute ischemic stroke was 
associated with MACE at 90 days. This finding was independent of a 
history of HF. Patients with acute HF show increased sympathetic ner
vous system activity, likely due to impaired regulation of sympathetic 
hyperactivity resulting from abnormal reflexes in the arterial and car
diopulmonary baroreceptors [23]. This increase in sympathetic activity 

may elevate blood noradrenaline levels, which may have deleterious 
effects on the heart [23]. In our sub-analysis, we found that the insular 
cortex region was associated with MACE at 90 days. This may be due to 
an increased sympathetic outflow observed in patients with lesions in 
this region [24]. The coexistence of HF and ischemic stroke could syn
ergistically exacerbate sympathetic nervous system overactivity, 
contributing to myocardial damage in patients with both conditions. 
This exacerbation may influence the incidence of short-term cardio
vascular death and HF in patients with acute ischemic stroke compli
cated by acute HF.

Acute HF was observed in approximately 5 % of patients with acute 

Fig. 1. Comparison of the 90-day outcomes, including MACE, nonfatal ischemic stroke, nonfatal acute coronary syndrome, nonfatal heart failure, cardiovascular 
death, and MACE without fatal or nonfatal heart failure between the in-hospital HF and the control group. 
MACE: adverse cardiovascular events; HF: heart failure.

Table 2 
Predictors of major adverse cardiovascular events following acute ischemic stroke.

Unadjusted OR (95 % CI) P value Adjusted OR* (95 % CI) P value

Female 2.26 (1.54–3.32) <0.001 1.36 (0.88–2.13) 0.179
Age 1.07 (1.05–1.09) <0.001 1.04 (1.01–1.06) 0.002
Premorbid modified Rankin scale ≤2 0.59 (0.38–0.91) 0.017 1.33 (0.79–2.28) 0.284
Vascular risk factors

Hypertension 1.18 (0.72–1.91) 0.614
Diabetes 0.83 (0.53–1.31) 0.429
Hypercholesterolemia 0.53 (0.34–0.82) 0.004 0.69 (0.43–1.12) 0.129
Atrial fibrillation 2.21 (1.51–3.23) <0.001 0.98 (0.56–1.70) 0.941
Smoking 0.23 (0.10–0.49) 0.001 0.39 (0.15–0.94) 0.036

Past medical history
Ischemic stroke 1.02 (0.65–1.60) 0.944
Coronary heart disease 1.30 (0.71–2.38) 0.387
HF 2.66 (1.63–4.34) <0.001 0.95 (0.51–1.75) 0.858
NIHSS score on admission 1.09 (1.07–1.11) <0.001 1.03 (0.99–1.07) 0.055

Imaging findings
ASPECTS 0.72 (0.67–0.77) <0.001 0.80 (0.73–0.88) <0.001

Transthoracic echocardiography
Left atrial diameter, mm 1.03 (1.00–1.05) 0.019
Ejection fraction <35 % 3.81 (1.70–8.54) 0.001 3.53 (1.25–9.93) 0.017
E/e’ 1.06 (1.03–1.08) <0.001 1.01 (0.98–1.04) 0.706
Left ventricular hypertrophy 0.79 (0.46–1.33) 0.372
Left ventricular contraction abnormality 1.58 (0.99–2.51) 0.054
Intracardiac thrombus 0.64 (0.08–4.79) 0.662

Laboratory findings on admission
Brain natriuretic peptide, pg/mL 1.00 (1.00–1.00) 0.001 1.00 (0.99–1.00) 0.662
D-dimer, μg/mL 1.01 (0.99–1.03) 0.253
Intravenous thrombolysis 0.96 (0.62–1.50) 0.871
Mechanical Thrombectomy 1.75 (1.16–2.65) 0.007 0.86 (0.52–1.41) 0.551

Stroke subtypes
Cardioembolism 3.10 (2.11–4.55) <0.001 0.96 (0.53–1.73) 0.895
Large artery atherosclerosis 0.86 (0.51–1.44) 0.555
Small vessel occlusion 0.30 (0.13–0.69) 0.005
Stroke of other determined etiology 0.19 (0.03–1.36) 0.098
Stroke of undetermined etiology 0.50 (0.31–0.82) 0.006
Incomplete evaluation N/A
In-hospital HF 5.53 (3.26–9.39) <0.001 2.25 (1.12–4.53) 0.023

OR: odds ratio; CI: confidence interval; NIHSS: National Institutes of Health Stroke Scale; ASPECTS: Alberta Stroke Program Early CT Score; HF: heart failure.
* Adjusted for sex, age, premorbid modified Rankin Scale score ≤ 2, hypercholesterolemia, atrial fibrillation, smoking, history of heart failure, NIHSS score on 

admission, ASPECTS, ejection fraction ≤35 %, E/e’, brain natriuretic peptide, cardioembolism, mechanical thrombectomy, and in-hospital HF.
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ischemic stroke, with 18 % experiencing recurrent HF within 90 days. 
Kaplan–Meier analysis demonstrated the difference in the incidence of 
fatal or nonfatal HF between the in-hospital HF and control groups from 
the early phase of this study. Cardiac complications after acute ischemic 
stroke tended to develop during the acute phase [9]. In a population- 
based cohort study, patients with acute ischemic stroke and no preex
isting cardiovascular comorbidities exhibited up to a 25-fold higher 
incidence of MACE compared to patients without acute ischemic stroke 
[25]. Cardiac damage may result from a disruption in the hormonal 
pathway, autonomic nervous system dysfunction, or inflammatory re
sponses provoked by an ischemic stroke, potentially resulting in fatality 
or the occurrence of cardiovascular events, including heart failure 
[26,27]. In-hospital HF was associated with MACE at 90 days, partially 
driven by recurrent HF. Early detection and appropriate management of 
acute HF in patients with acute ischemic stroke is crucial to potentially 
improve outcomes and socioeconomic burden of recurrent HF.

In patients with acute ischemic stroke, the presence of concomitant 

HF at the time of the index stroke was associated with a 1.9-fold 
increased risk of short-term all-cause mortality compared with pa
tients without acute HF. However, this finding was not statistically 
significant. This may be partly owing to cancer-related deaths, which 
were the second most common cause of all-cause mortality. In this study, 
elevated D-dimer levels, which are significantly associated with cancer- 
related stroke [28], were also associated with all-cause mortality.

4.1. Limitations

This study has several limitations. The single-center design may limit 
the generalizability of the findings to other healthcare settings. The 
study did not collect data on medications taken before and after the 
index stroke, which could influence HF development, particularly if HF 
medications were discontinued. Delayed diagnosis of HF in patients with 
altered consciousness may have lead to adverse outcomes. Additionally, 
the assessment of HF symptoms was inadequate in patients with 
impaired consciousness or aphasia, preventing analysis of the relation
ship between NYHA classification and outcomes. The small sample size 
for each HF subtype limited our ability to detect significant differences 
in outcomes. Similarly, the sub-analysis examining the association be
tween specific ASPECTS regions and MACE occurrence was performed 
on a limited sample size, potentially affecting the generalizability of 
these findings. Additionally, we did not measure troponin T levels, 
which could have provided insights into cardiac injury. Future multi
center studies with large sample sizes, comprehensive medication data, 
and long-term follow-up are necessary to address these limitations and 
future clarity the prognostic impact of HF subtypes in patients with 
acute ischemic stroke.

5. Conclusions

In-hospital HF was a predictor of MACE and HF within 90 days of an 
acute ischemic stroke but not of all-cause mortality. These findings 
underscore the importance of vigilant monitoring for HF in acute stroke 
patients, particularly in the first few days after stroke onset. The early 
detection and prompt management of HF may potentially improve 
outcomes in this patient population. Prospective multicenter studies are 
warranted to validate these findings and develop optimal management 

Fig. 2. The 90-day cumulative probability of major adverse cardiovascular 
events in the in-hospital HF and control groups. 
HF: heart failure.

Table 3 
Predictors of fatal or nonfatal HF between 7 days after and up to 90 days after the 
index stroke.

Adjusted OR* (95 % CI) P value

Age 1.10 (1.05–1.15) <0.001
Atrial fibrillation 1.90 (0.94–3.83) 0.074
History of HF 1.36 (0.60–3.10) 0.465
Ejection fraction <35 % 4.90 (1.38–17.40) 0.014
E/e’ 1.03 (0.99–1.07) 0.181
Brain natriuretic peptide, pg/mL 1.00 (0.99–1.00) 0.706
In-hospital HF 4.72 (1.96–11.35) 0.001

OR: odds ratio; CI: confidence interval; HF: heart failure.
* The variables were adjusted for age, atrial fibrillation, history of heart fail

ure, ejection fraction <35 %, E/e’, brain natriuretic peptide, and in-hospital HF, 
in accordance with the results of the univariate models and previous reports.

Fig. 3. The 90-day cumulative probability of fatal or nonfatal HF in the in- 
hospital HF and control groups. 
HF: heart failure.

Table 4 
Predictors of all-cause mortality between 7 days after and up to 90 days after the 
index stroke.

Adjusted OR* (95 % CI) P value

Female 1.02 (0.66–1.57) 0.942
Age 1.02 (0.99–1.04) 0.073
Premorbid modified Rankin scale ≤2 0.71 (0.44–1.13) 0.147
Hypertension 0.50 (0.31–0.79) 0.004
Hypercholesterolemia 0.57 (0.35–0.94) 0.022
Atrial fibrillation 1.10 (0.64–1.89) 0.719
Smoking 0.19 (0.06–0.54) 0.001
History of HF 1.17 (0.64–2.16) 0.601
NIHSS score on admission 1.07 (1.04–1.10) <0.001
ASPECTS 0.88 (0.81–0.96) 0.003
E/e’ 1.00 (0.98–1.03) 0.734
Brain natriuretic peptide, pg/mL 1.00 (0.99–1.00) 0.147
D-dimer, μg/mL 1.03 (1.01–1.05) 0.001
Cardioembolism 1.17 (0.64–2.16) 0.608
Intravenous thrombolysis 0.42 (0.25–0.72) 0.001
In-hospital HF 1.90 (0.94–3.84) 0.075

OR: odds ratio; CI: confidence interval; NIHSS: National Institutes of Health 
Stroke Scale; ASPECTS: Alberta Stroke Program Early CT Score; HF: heart 
failure.

* The variables were adjusted for sex, age, premorbid modified Rankin Scale 
score ≤ 2, hypertension, hypercholesterolemia, atrial fibrillation, smoking, 
history of heart failure, NIHSS score on admission, ASPECTS, E/e’, brain natri
uretic peptide, D-dimer, cardioembolism, and in-hospital HF, in accordance with 
the results of the univariate models and previous reports.
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[19] B. Pieske, C. Tschöpe, R.A. De Boer, A.G. Fraser, S.D. Anker, E. Donal, et al., How to 
diagnose heart failure with preserved ejection fraction: the HFA–PEFF diagnostic 
algorithm: a consensus recommendation from the heart failure association (HFA) 
of the European Society of Cardiology (ESC), Eur. Heart J. 40 (2019) 3297–3317.

[20] K.A. Hicks, K.W. Mahaffey, R. Mehran, S.E. Nissen, S.D. Wiviott, B. Dunn, et al., 
Cardiovascular and stroke endpoint definitions for clinical trials, Circulation 137 
(2018) (2017) 961–972.

Table 5 
Univariate and multivariate models of ASPECTS regions for predicting major adverse cardiovascular events after acute ischemic stroke.

Unadjusted OR (95 % CI) P value Adjusted OR* (95 % CI) P value

ASPECTS region
Caudate nucleus 3.50 (2.21–5.55) <0.001 0.86 (0.22–3.31) 0.821
Lentiform 1.82 (1.21–2.74) 0.004 0.92 (0.37–2.44) 0.924
Insular cortex 4.58 (3.13–6.70) <0.001 2.48 (1.20–5.15) 0.014
Internal capsule 1.67 (0.89–3.14) 0.112 1.84 (0.41–8.29) 0.425
M1 4.53 (3.03–6.76) <0.001 0.97 (0.38–2.47) 0.948
M2 4.88 (3.28–7.25) <0.001 1.58 (0.68–3.69) 0.291
M3 5.33 (3.31–8.60) <0.001 0.98 (0.25–3.80) 0.979
M4 6.51 (4.18–10.13) <0.001 1.50 (0.37–6.11) 0.569
M5 4.52 (3.09–6.62) <0.001 1.39 (0.67–2.91) 0.380
M6 5.54 (3.50–8.78) <0.001 0.77 (0.16–3.71) 0.744

OR: odds ratio; CI: confidence interval; ASPECTS: Alberta Stroke Program Early CT Score. *Adjusted for all ASPECTS regions.

Y. Tateishi et al.                                                                                                                                                                                                                                 Journal of the Neurological Sciences 471 (2025) 123443 

6 

Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

http://www.editage.com
https://doi.org/10.1016/j.jns.2025.123443
https://doi.org/10.1016/j.jns.2025.123443
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0005
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0005
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0010
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0010
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0010
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0015
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0015
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0020
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0020
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0020
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0025
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0025
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0025
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0030
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0030
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0030
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0035
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0035
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0035
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0040
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0040
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0040
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0045
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0045
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0045
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0050
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0050
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0050
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0055
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0055
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0055
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0060
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0060
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0060
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0065
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0065
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0065
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0065
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0070
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0070
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0070
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0075
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0075
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0075
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0075
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0080
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0080
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0080
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0080
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0085
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0085
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0085
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0090
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0090
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0090
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0095
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0095
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0095
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0095
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0100
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0100
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0100


[21] T.A. Pana, D.J. McLernon, M.A. Mamas, J.H. Bettencourt-Silva, A.K. Metcalf, J. 
F. Potter, et al., Individual and combined impact of heart failure and atrial 
fibrillation on ischemic stroke outcomes, Stroke 50 (2019) 1838–1845.

[22] S. Takahashi, K. Ishizuka, T. Hoshino, T. Mizuno, A. Nishimura, S. Toi, et al., Long- 
term outcome in patients with acute ischemic stroke and heart failure, Circ. J. 87 
(2023) 401–408.

[23] J.S. Floras, Sympathetic nervous system activation in human heart failure, J. Am. 
Coll. Cardiol. 54 (2009) 375–385.

[24] T. Krause, K. Werner, J.B. Fiebach, K. Villringer, S.K. Piper, K.G. Haeusler, et al., 
Stroke in right dorsal anterior insular cortex is related to myocardial injury, Ann. 
Neurol. 81 (2017) 502–511.

[25] L.A. Sposato, M. Lam, B. Allen, L. Richard, S.Z. Shariff, G. Saposnik, First-ever 
ischemic stroke and increased risk of incident heart disease in older adults, 
Neurology 94 (2020) e1559–e1570.

[26] Z. Chen, P. Venkat, D. Seyfried, M. Chopp, T. Yan, J. Chen, Brain–heart interaction, 
Circ. Res. 121 (2017) 451–468.

[27] D. Battaglini, C. Robba, A. Lopes Da Silva, C. Dos Santos Samary, P. Leme Silva, 
F. Dal Pizzol, et al., Brain-heart interaction after acute ischemic stroke, Crit. Care 
24 (2020) 1–12.

[28] Y. Gon, M. Sakaguchi, J. Takasugi, T. Kawano, H. Kanki, A. Watanabe, et al., 
Plasma D-dimer levels and ischaemic lesions in multiple vascular regions can 
predict occult cancer in patients with cryptogenic stroke, Eur. J. Neurol. 24 (2017) 
503–508.

Y. Tateishi et al.                                                                                                                                                                                                                                 Journal of the Neurological Sciences 471 (2025) 123443 

7 

Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0105
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0105
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0105
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0110
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0110
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0110
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0115
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0115
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0120
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0120
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0120
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0125
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0125
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0125
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0130
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0130
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0135
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0135
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0135
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0140
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0140
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0140
http://refhub.elsevier.com/S0022-510X(25)00060-7/rf0140

	Acute heart failure as a predictor of short-term cardiovascular outcomes in patients with acute ischemic stroke
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Definition of HF
	2.3 Imaging assessment
	2.4 Outcome parameters
	2.5 Statistical analysis

	3 Results
	4 Discussion
	4.1 Limitations

	5 Conclusions
	Funding statement
	IRB Information
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	Data availability
	References


