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Background: In the acute phase of stroke, some patients develop cardiac events. It
could be fatal in their clinical courses. We aimed to investigate acute heart failure
after stroke onset and stratify the patients by establishing a predictive model.
Methods: This single-center, observational study included stroke patients diag-
nosed at the Department of Neurology and Neurosurgery from January 2013 to
December 2014. Baseline characteristics and clinical findings on admission were
analyzed for acute heart failure after stroke. We assessed risk factors using multi-
variable logistic regression, and set a risk score to evaluate the association with
poor outcomes. Results: Of 532 stroke patients, 27 (5%) developed acute heart fail-
ure within the 7 days after admission. We identified 4 risk factors for acute heart
failure after stroke: atrial fibrillation (odds ratio [OR], 5.9; 95% confidence interval
[CI], 2.5-14.0; P < .001), history of cardiac disease (OR, 3.6; 95% CI, 1.3-9.1;
P =.01), Glasgow Coma Scale score < 8 (OR, 4.5; 95% CI, 1.7-12.0; P =.003), and
serum albumin < 35 g/L (OR, 3.4; 95% CI, 1.4-8.4; P =.008). Furthermore in-hospital
mortality rate was higher (37% [n=10/27] versus 9.9% [n=50/505], P=.001) in
patients with poststroke heart failure. Higher predictive scores were associated with
increased mortality. Conclusions: Acute heart failure can develop in the early phase of
stroke and lead to poor outcomes. It is foreseeable and preventable by stratifying and
monitoring high-risk patients.
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Introduction stroke are thought to affect the onset of cardiac events.””

Some stroke patients develop cardiovascular events such
as heart failure (HF), myocardial infarction, and arrhyth-
mias."™ Patients with stroke have a risk of heart disorders
because of those mutual underlying conditions, eg, systemic
arteriosclerosis, diabetes mellitus, and hypertension. In addi-

Takotsubo cardiomyopathy is the 1 example.” The sequence
of events in stroke can be life-threatening. About 2%-6% of
patients die from cardiac causes in the early stage of ische-
mic stroke.’ Therefore, it is desirable to identify the triggers
of stroke-related cardiac events to predict the occurrence in

high-risk patients, and to prevent their development with
pretreatment and intervention.

tion, neurohormonal changes and increased sympathetic
nervous activity caused by the acute stress response after
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Although some studies have shown the risk of cardiac
adverse events after stroke, the timing of the onset of the
events are not set and consistent. Literatures reporting HF
caused in the acute stage of stroke are limited. The aim of
this study is to focus on the development of acute heart
failure (AHF) in the early phase of stroke, especially
within 7 days after stroke onset and investigate its risk
factors and the association with outcomes by using the
findings on admission. We also attempted to stratify the
risk of poststroke HF by establishing a predictive model
and a simple scoring system.

Methods
Study Design and Patient Population

This study is a single-center, retrospective study that
enrolled patients diagnosed with ischemic stroke, intrace-
rebral hemorrhage at the Department of Neurology and
Neurosurgery in our hospital from January 2013 to
December 2014. The eligible patients were over 20 years
of age. Computed tomography and/or magnetic reso-
nance image findings were interpreted by 2 radiologists,
then clinical diagnoses were made by trained neurologists
or neurosurgeons. Transient ischemic attack, traumatic
intracranial bleeding, and hemorrhage caused by tumor
were excluded. Patients who had been transferred to other
hospitals before assessment and sustained cardiopulmo-
nary arrest or received do-not-treat/do-not-resuscitate
orders on arrival were also excluded.

We divided these subjects into 2 cohorts based on the pres-
ence or absence of AHF and retrospectively reviewed their
clinical characteristics. The St. Luke's International Hospital
Research Ethics Committee (Tokyo, Japan) approved the
study protocol.

Definition of Poststroke Acute Heart Failure

Patients with AHF have the typical symptoms, eg breath-
lessness at rest or during exertion, peripheral edema, disten-
tion of the jugular veins, and pulmonary rales. They are
confirmed by the objective evidence of cardiac dysfunction
such as hypoxemia, tachycardia, oliguria, cardiomegaly,
and pulmonary edema in chest X-ray.'"”'" Diagnosis of HF
was made by such symptoms and physical examination
findings based on the Framingham Diagnostic criteria (the
diagnosis requires the concurrent presence of either 2 major,
or 1 major and 2 minor criteria as provided in the supple-
mentary file)."* Patients who met the criteria and received
an intervention such as use of some diuretics, cardiac moni-
toring, or admission to the cardiac care unit were considered
to be in a state of HF. We solely targeted HF within 7 days
after stroke onset.

Demographic and Clinical Characteristics

Demographic information collected from medical
records included age, sex, body mass index (BMI), and
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past medical history including hypertension, hyperlipid-
emia, diabetes mellitus, atrial fibrillation, and cardiac dis-
ease (coronary artery disease, cardiomyopathy, chronic
HF, and valvular heart disease). The severity of the
patients with cardiac disease was graded by New York
Heart Association functional classification (severity
assessment scale of HF classifying patients in 1 of 4 cate-
gories as provided in the supplementary file. Class I indi-
cates no symptoms, Class II indicates mild symptom,
Class III indicates marked symptom, and Class IV indi-
cates severe symptoms.)."” Among 50 patients with car-
diac disease, 43 patients were classified as Class I,
4 patients were classified as II, 2 patients were classified
as III, and 1 patient was classified as IV.

Baseline clinical data retrieved from admission records
included types of stroke (ischemic or hemorrhagic stroke),
etiology of ischemic stroke, presence or absence of the treat-
ment with tissue plasminogen activator (t-PA) and/or endo-
vascular  thrombectomy, locations of intracerebral
hemorrhage, blood pressure, heart rate, and Glasgow Coma
Scale (GCS; scoring system to describe the level of conscious-
ness from 3 to 15, with 3-8 points suggesting severe brain
injury, 9-12 suggesting moderate brain injury, and 13-15
suggesting mild brain injury) score on arrival.”'* We
dichotomized the GCS score at 8 to evaluate the influence of
a severe consciousness disturbance. Initial laboratory param-
eters included serum albumin, white blood cell count,
C-reactive protein (CRP), aspartate transaminase, alanine
transaminase, blood urea nitrogen, estimated glomerular
filtration rate, activated partial thromboplastin time, and
prothrombin time-international normalized ratio (PT-INR).
In adults, the normal reference range of human serum albu-
min is commonly reported to be 3.5-5 g/L.">'® Therefore,
serum albumin was dichotomized at 35 g/L to define and
evaluate hypoalbuminemia.

Outcome Measures

Outcome was assessed using length of hospital stay and
all-cause mortality during hospital stay. Short-term mor-
tality was examined because we focused on acute effects
induced by stroke.

Statistical Analysis

Statistical analysis was performed with SPSS (version
22.0; IBM, Armonk, New York). Variables were expressed
as mean =+ standard deviation, median (interquartile range:
25th-75th percentile), or number of patients (%), as appropri-
ate. Pearson's X? test or Fisher's exact test were used for dif-
ferences in proportions of categorical variables. We
evaluated the normality of data with the Shapiro-Wilk test,
and homogeneity of variance with the Leven test, then used
Student's f test for independent continuous variables and
the Mann-Whitney U test for non-normally distributed vari-
ables. To investigate a simple predictive model for the onset
of AHF after stroke, we selected not a proportional hazards
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model but a logistic regression model for multivariable anal-
ysis. Parameters with P < .05 in the univariate analysis were
incorporated into the multivariable analysis using a step-
wise forward method. The odds ratio (OR) and 95% confi-
dence interval were calculated for each variable. We
evaluated the goodness-of-fit of the predictive model by
assessing calibration with the Hosmer-Lemeshow test and
discrimination with the area under the receiver operating
characteristic curve. Differences were considered statistically
significant at P < .05 and P values were two-sided.

Results

Prevalence of Acute Heart Failure and Patient
Characteristics

Of 551 patients with stroke, 532 were identified for inclu-
sion in this study. Five patients were excluded based on the
cardiopulmonary arrest or do-not-resuscitate orders on
arrival, and 14 were excluded because of hospital transfer.
AHF was diagnosed in 27 (5%) patients (Fig 1), primarily in
the first 3 days after admission (Fig 2). Table 1 shows base-
line demographic data and previous history. Among all
patients, 321 (60.3%) were men, and the mean age was 70
years + 14 years. Baseline characteristics were similar
between the 2 groups except that patients with AHF had a
higher prevalence of atrial fibrillation and history of cardiac
disease (56% [n=15/27] versus 14.5% [n=73/505]; P < .001
and 33.3% [n=9/27] versus 8.1% [n=27/505]; P < .001,
respectively). The severity of the symptoms in the patients
with cardiac disease did not affect the onset of poststroke
HF, comparing the incidence rate of HF between patients in

New York Heart Association Class I and Class II or more
(16.3% [n=7/43] versus 28.6% [n=2/7]; P = .595).

Clinical parameters in patients with and without AHF
are also shown in Table 1. Although there was a signifi-
cant difference in ischemic stroke due to cardiac embolism
(P < .001), it would be influenced by the correlation with
atrial fibrillation. The number of patients with severe con-
sciousness disturbance (GCS < 8) was significantly larger
in the AHF group than in the non-AHF group (30%
[n=8/27] versus 13.7% [n=69/505]; P =.042). On arrival,
the heart rate was faster in patients with AHF (median 96,
interquartile range 73-108 versus 79, 69-93; P = .015). Base-
line laboratory data on admission documented an associa-
tion between AHF and serum albumin <35 g/L (P =.001),
CRP (P < .001), and PT-INR (P =.016).

Risk Factors for Acute Heart Failure

Based on the results of univariate analysis, we chose
7 variables, including atrial fibrillation, history of cardiac
disease, GCS score < 8, heart rate, serum albumin
< 35 g/L, CRP, and PT-INR, as candidates for models of
multivariable analysis. The variable of Cardiac embolism
was eliminated, because it could interact with the variable
of atrial fibrillation in terms of the multicollinearity. Logis-
tic regression analysis with stepwise forward method
demonstrated that atrial fibrillation (OR, 5.9; 95% CI, 2.5-
14.0; P < .001), history of cardiac disease (OR, 3.6; 95% CI,
1.3-9.6; P =.01), GCS score < 8 (OR, 4.5; 95% CI, 1.7-12.0;
P =.003), and serum albumin < 35 g/L (OR, 3.4; 95% CI,
1.4-8.4; P = .008) were independent predictive risk factors
for AHF after stroke (Table 2). This predictive model

Registered patients with stroke
January 2013-December 2014

n = 551
a R
Patients under CPA on arrival
= n=5
\ S
é A
—> Patients transferred to other hospitals
n=14
v \ S
Study population
n=2532
Stroke patients with AHF Stroke patients without AHF
n=27 n = 505

Figure 1. Flow chart of patient allocation. Abbreviations: AHF: acute heart failure; CPA: cardiopulmonary arrest.
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Figure 2. Development of acute heart failure according to days after stroke onset.

adequately fit the original data with the Hosmer-
Lemeshow test (P =.80). We then assigned each item a
value of 1 or 2 based on standardized coefficients (Atrial
fibrillation =2, the others=1) and gave each patient a
score ranging from 0 to 5 according to the combination of
risk factors. As seen in Table 3, the proportion with AHF
increases from 1.3% (n=4/314) up to 57.1% (n=4/7)
with an increase in the risk score. The receiver operating
characteristic curve derived from the risk score is shown
in Figure 3. The area under the curve for prediction of
AHF after stroke derived from the risk score was .806
(95% CI, .713-.899), indicating good accuracy. A cutoff of
1 predicts poststroke AHF with a sensitivity of 85.2 % and
specificity of 38.6%.

Outcomes

The length of hospital stay for patients with AHF was sig-
nificantly longer than for patients without AHF (median 25
days, interquartile range 12-37 versus 16, 8-29; P =.029). The
evaluation of all-cause in-hospital mortality revealed that
37% (n=10/27) of patients with AHF versus 9.9% (n=>50/
505) of patients without AHF had died, resulting in an
approximately five-fold increase in the OR (OR, 5.4; 95% CI,
2.3-12.3; P < .001). The in-hospital mortality rate ranged
from 1.3% up to 42.9% in response to an increase in the risk
score derived from the predictors and there was a remark-
able increase in mortality rate from 1.3% to 33.9% with an
increase in risk score from 0 to 1 (Table 3).

Discussion

Some studies examining the HF after stroke have not set
the timing of the onset of HF, so it could occur because of the
other mechanisms except the impact of stroke. This is the first
study analyzing predictive factors for HF in the early stage of

stroke, especially within 7 days after onset. As the previous
studies have shown, we reaffirmed atrial fibrillation and his-
tory of cardiac disease as the risk factors of poststroke HF.””
In addition, we newly identified another 2 predictive factors:
severe consciousness disturbance on arrival, and hypoalbu-
minemia. With this predictive model, we can simply forecast
poststroke HF from the patient state on admission without
some detailed and time-consuming cardiac examinations.

It is obvious that past medical history of cardiac disease
and preexisting atrial fibrillation predispose to AHF,
based on established evidence.'”'”'¥ These 2 clinical
states induce cardiac fragility and contribute to lower tol-
erance for specific stress reactions such as a catecholamine
surge and increase in neuroendocrine hormones that are
seen in stroke patients. Such physiological changes can
cause myocardial injury within a few days after stroke
onset.'” Brain natriuretic peptide (BNP) is a vasoactive
peptide hormone with natriuretic, diuretic, and vasodila-
tor activity, and is a biomarker of HF. It is secreted from
both cerebral and cardiac sources in the acute phase of
stroke.”” Elevated concentrations of BNP in response to
severe stroke can directly stimulate autonomic cardiovas-
cular control and cause hemodynamic derangement.”’
Moreover, the association between poor improvement in
the GCS score and elevation of BNP in stroke patients has
also been reported.”” We assume that the relationship
between low GCS score on admission and poststroke HF
in our study is explained by the high concentration of
BNP, as a reflection of severe brain injury. Our research
also indicates that hypoalbuminemia contributes to the
onset of HF. Serum albumin maintains the circulatory sys-
tem through multiple mechanisms including a colloid
oncotic effect, antioxidant and anti-inflammatory proper-
ties, and binding capacity for endogenous proteins.'”*’
Hence, hypoalbuminemia could cause myocardial edema
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Table 1. Baseline demographic and clinical characteristics of stroke patients
Variables Total (n =532) AHF (n=27) non-AHF (n = 505) P value
Demographic variables
Age*,y 70 + 14 74 + 14 69 + 14 .077
Male sex' 321 (60.3) 14 (51.9) 307 (60.8) 420
BMI, kg/m2 23.0 (20.2-25.5) 23.4(18.4-27.5) 23.0 (20.2-25.5) 491
Past medical history
HypertensionT 275 (51.7) 11 (40.8) 264 (52.3) 323
Hyperlipidemia"' 133 (25.0) 4 (14.8) 129 (25.5) 259
Diabetes mellitus’ 121 (22.7) 8 (30) 113 (22.3) 479
Atrial fibrillation' 88 (16.5) 15 (56) 73 (14.5) <.001
History of cardiac disease' 50(9.4) 9(33.3) 41 (8.1) <.001
Type and etiology of stroke
Ischemic stroke' 338 (63.5) 21 (77.8) 317 (62.8) 151
Large-artery atherosclerosis 127 (23.9) 3(11.1) 124 (24.6) .162
Cardiac embolism 96 (18.0) 17 (63.0) 79 (15.6) <.001
Lacunar infarctions 88 (16.6) 1 (3.7 87 (17.2) .066
Unknown or other etiology 27 (5.1) 0(0) 27 (5.3) .387
t-PA and/or mehanical thrombectomy 12 (2.2) 1 (3.7 11 (2.2) 468
Hemorrhagic stroke' 194 (36.5) 6(22.2) 188 (37.2) 151
Subcortical area 36 (6.8) 0(0) 36 (7.1) 244
Putamen 75 (14.1) 2(7.4) 73 (14.5) 405
Thalamus 47 (8.8) 13.7) 46 (9.1) 498
Caudate 5(9) 0(0) 5(.01) 1.0
Cerebral ventricule 1(2) 0(0) 101 1.0
Brain stem 20 (3.8) 3(11.1) 17 (3.3) .075
Cerebellum 10 (1.9) 0(0) 10 (.02) 1.0
Admission status
GCS score < 8' 77 (14.5) 8 (30) 69 (13.7) .042
Systolic BPY, mmHg 163 (143-187) 150 (132-189) 163 (143-187) 406
Diastolic BP, mmHg 90 (76-106) 90 (68-101) 90 (76-107) 317
Heart rate’, bpm 79 (69-94) 96 (73-108) 79 (69-93) .015
Laboratory data on admission
Serum albumin < 35 g/LT 72 (13.6) 10 (37.0) 62 (12.2) .001
White blood cell’, 10*/pL 7.1(5.5-9.4) 7.6 (5.6-9.5) 7.1(5.5-9.4) 373
C-reactive proteing, mg/L 1.0 (4-4.1) 4.9 (1.1-27) 9(4-34) <.001
ASTY, U/L 23 (19-30) 24.0 (18-36) 23 (19-30) 746
ALT', U/L 18 (14-27) 16 (13-24) 18 (14-27) 572
BUNY, mmol/L 5.66 (4.51-7.35) 7.21 (4.71-8.60) 5.64 (4.48-7.21) .106
eGFR', mL/min/1.73 m? 73.0 (57.1-91.3) 63.2 (51.0-91.3) 73.8 (58.4-91.3) .203
APTT! s 27.0 (24.9-29.4) 27.2 (24.6-32.7) 26.9 (24.9-29.2) 332
PT-INR* 91 (.86-.97) .97 (.88-1.08) 91 (.86-.96) .016
In-hospital measures
Length of stayé, d 17 (8-29) 25 (12-37) 16 (8-29) .029
All-cause death' 60 (11.3) 10 (37) 50(9.9) .001

Abbreviations: AHF, acute heart failure; ALT, alanine transaminase; aPTT, activated partial thromboplastin time; AST, aspartate transam-
inase; BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; GCS, Glasgow
Coma Scale; PT-INR, prothrombin time-international normalized ratio; t-PA, tissue plasminogen activator.

*Mean =+ SD.
n (%).
fMedian (interquartile range; 25th-75th percentile).

and aggravate oxidative stress after stroke, resulting in
cardiac dysfunction.

The incidence rate of HF was lower than that of cardiac
adverse events in previous studies (5% versus 17%-
19%).”” This is presumably because we restricted the date
of occurrence of AHF to within the first 7 days. On the

other hand, as in previous studies suggesting that serious
cardiac events occur on days 2 and 3 after stroke,”** most
cases of AHF were observed in the first 3 days after
admission in our study. It is plausible to infer that this
period coincides with the peak of catecholamine release
and neuroendocrine activation.
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Table 2. Predictive factors for poststroke heart failure

Variables Multivariable analysis

B coefficient OR (95% CT) P value
Atrial fibrillation 1.8 5.9 (2.5-14.0) <.001
History of cardiac disease 1.3 3.6 (1.3-9.6) .01
GCS score < 8 1.5 4.5 (1.7-12.0) .003
Serum albumin < 35 g/L 1.2 3.4(1.4-8.4) .008

Abbreviations: GCS, Glasgow Coma Scale; OR, odds ratio; CI, confidence interval.

Table 3. Poststroke heart failure and in-hospital death according to risk score

Risk score Patients (n = 505) Poststroke HF (n =27) In-hospital death (n = 60)
0 314 4(1.3%) 4(1.3%)

1 112 6 (5.3%) 38 (33.9%)

2 63 4(6.3%) 10 (15.9%)

3 36 9 (25%) 5 (13.8%)

4or5 7 4 (57%) 3 (42.9%)

Abbreviation: HF, heart failure.

1.0
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o
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Figure 3. Receiver operating curve for prediction of poststroke heart failure
based on risk scores. Area under the curve is .806 (95% confidence interval,
.713-.899).

We also identified the association of HF with poor out-
come in stroke patients. In-hospital mortality in patients
with poststroke HF was high. To prevent poor outcomes,
screening of high-risk patients is required. The risk score
of the predictive model indicates high sensitivity at lower
cut-off points, making it useful for screening. If patients
have 1 risk factor, we can stratify those at risk for post-
stroke HF with 85.2% sensitivity.

There are some limitations in our study. This study is a
retrospective design with inherent limitations leading to
potential ascertainment bias. Although we adopted the crite-
ria of the Framingham study for the definition of AHF,

clinical ascertainment were left to the discretion of each clini-
cian. Hence, we could have introduced a quantitative evalu-
ator of cardiac function such as ejection fraction using
echocardiography, but we could not adopt it because of the
data deficiency. Furthermore, we did not consider iatrogenic
influences. Operative interventions may exert some effect on
stress reactions. Osmotic agents such as mannitol and hyper-
tonic saline are commonly used in stroke to treat brain
edema and increased intracranial pressure, however, the
hypertonic load predisposes to development of congestive
HF.” Finally, the risk score is thought to be useful for
screening of poststroke HF, but should be validated in a fur-
ther prospective cohort study before clinical application.

Conclusions

In summary, severe stroke patients with cardiac comor-
bidities and hypoalbuminemia occasionally proceed to AHF
within a few days after stroke onset. Poststroke HF possibly
lengthens hospital stay and increases in-hospital mortality.
In consideration of these consequences, we should stratify
high-risk patients and use preemptive interventions in the
early stage of stroke to avoid poor outcomes.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/
10.1016/j.jstrokecerebrovasdis.2019.02.030.
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