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Aims: The aim of the study was to determine the effect of left ventricular 
ejection fraction on clinical outcomes of acute ischemic stroke patients. 
Study Design: This study design was a prospective cohort observational 
study. Place and Duration of Study: This study was conducted at Stroke Unit, 
Neurology Ward, and Cardiology Ward at the Dr.  Sardjito Hospital, Yogyakarta, 
Indonesia, between July and December 2016. Materials and Methods: Hospitalized 
acute ischemic stroke patients were recruited, with sample was taken by consecutive 
sampling until reaching amount fulfilling inclusion criterion was 62 persons. In this 
study, clinical outcomes were measured by National Institutes of Health Stroke 
Scale  (NIHSS) scores as well as dependent variables and left ventricular ejection 
fraction as independent variables. Logistic regression analyses were performed to 
discover any potential independent variable that can influence the left ventricular 
ejection fraction role at the clinical outcomes with NIHSS scores. Results: Multivariate 
analyses revealed that several variables were significantly interacted with the 
influence of left ventricular ejection fraction at the clinical outcomes with NIHSS 
scores. These variables were the left ventricular ejection fraction  <48%  (95% 
confidence interval  [CI]: 0.691–0.925; P  =  0.001), left ventricular ejection 
fraction  +  low high‑density lipoprotein  (HDL)  (95% CI: 0.73–0.949; P = 0,001), 
left ventricular ejection fraction  +  diabetes mellitus  (DM)  (95% CI: 0.799–0.962; 
P  =  0,001), and left ventricular ejection fraction  +  low HDL  +  DM  (95% CI: 
0.841–0.98; P  =  0,001). Conclusion: The influence of the lower left ventricular 
ejection fraction to clinical outcome of ischemic stroke patients has a worsening of 
neurological deficit outcome by considering the combination of several independent 
variables including the DM and low HDL.
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this association include the formation of thrombus, 
endothelial dysfunction, rheological factors, and 
cerebral autoregulation malfunctions. According to some 
epidemiological data, 10%–24% of all stroke patients 
have a history of heart failure. Heart failure not only 
increases the risk of stroke but also increases mortality 
and morbidity in stroke patients.[3]

Original Article

Introduction

S troke has mild‑to‑severe clinical manifestations 
and is a major cause of disability and death in 

developing countries. If neoplasms are not included, 
then stroke is ranked second as the cause of death in 
the world after ischemic heart disease.[1] Various scoring 
scales have been used to measure the neurological 
deficits of stroke patients. National Institutes of Health 
Stroke Scale  (NIHSS) is a quantitative measure that is 
often used to measure the degree of stroke disability.[2]

One of the risk factors associated with ischemic stroke 
is heart failure. Some of the mechanisms underlying 
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Heart failure is a complex clinical syndrome 
characterized by impaired function and ventricular 
structure, so it cannot meet the needs of the body’s 
metabolism. This syndrome can be caused by disruption 
of the pericardium, myocardium, endocardium, or large 
blood vessels, but it is mostly caused by left ventricular 
myocardial dysfunction.[4] Reduced ejection fraction 
provides objective documentation of left ventricular 
dysfunction. This is an early form of heart failure that 
will show changes in the cardial structure on noninvasive 
examination by echocardiography examination. Ejection 
fraction is the percentage of the final volume of left 
ventricular emptying and describes left ventricular 
systolic function.

Normal values of ejection fraction between 50% and 
70% and almost half of the patients with ejection 
fraction  ≤30 indicate clinical syndrome of heart 
failure.[5] Ejection fraction >50% is still considered 
normal, 41%–50% as mildly reduced, 31%–40% as 
moderately reduced, whereas ≤30% as severely reduced. 
From a study, it was reported that systolic dysfunction 
occurs if the ejection fraction is <50%.[6]

Research by Byun et al., it was reported that there was a 
significant relationship between the low ejection fraction 
and the outcome of cardioembolic stroke.[7] Nevertheless, 
in Indonesia, there has been no study linking between 
ejection fraction as an early sign of cardiac dysfunction 
with clinical outcome of acute ischemic stroke patients.

Based on these considerations, this study aims to 
determine the effect of left ventricular ejection fraction 
on clinical outcomes of patients with acute ischemic 
stroke.

Materials and Methods
The study was conducted from July to December 
2016, in the Stroke Unit  Ward, Neurology Ward, and 
Cardiology Ward of Dr.  Sardjito Hospital, Yogyakarta. 
Amount of 62 patients were recruited by consecutive 
sampling.

This study is a prospective cohort study to see the effect 
of left ventricular ejection fraction on clinical outcomes 
of patients with acute ischemic stroke. In this study, 
clinical outcome was determined by NIHSS score as 
dependent variable and left ventricular ejection fraction 
as independent variable.

The inclusion criteria were acute ischemic stroke 
patients with onset of  ≤72  h who were willing to 
participate in this study by signing an inform consent to 
participate in the study, whereas the exclusion criteria 
were patients with heart valve disease, history of atrial 
fibrillation, systemic infection and/or sepsis, history of 

previous stroke, history of chronic disease, autoimmune, 
and malignancy.

Variables dependent on this study were clinical outcomes 
with NIHSS scores. The NIHSS reliability test between 
residents in the neurology department had k  =  0.86.[8] 
Differences in NIHSS assessment are considered to be 
significant when the difference of 2 points or more, if 
the score is higher in the 2nd  calculation, it has a worse 
predictor.

The main independent variables in this study were 
left ventricular ejection fraction. Other independent 
variables studied include age, gender, history of heart 
disease, smoking history, infarct location, hypertension, 
hypercholesterolemia, diabetes mellitus  (DM), and 
Glasgow Coma Scale (GCS).

Data analysis in this research is done in three stages    is 
descriptive, bivariate, and multivariate. Descriptive as 
the first stage is used to determine the characteristics 
of the subject such as clinical outcome of stroke, left 
ventricle ejection fraction, age, gender, history of heart 
disease, smoking history, infarct location, hypertension, 
hypercholesterolemia, DM, and GCS. Data are presented 
by calculating the mean and proportion between the two 
groups. Statistical analysis with categorical comparative 
bivariate was not paired using one‑way ANOVA test 
and P value. Logistic regression analysis was performed 
to evaluate the association between several potential 
independent variables and clinical outcome.

This study has received a recommendation from the 
Biomedical Research Ethics Committee in humans, 
Faculty of Medicine, Universitas Gadjah Mada. Every 
patient and family involved as a research subject is 
given an explanation and is asked for approval by 
signing informed consent.

Results
The basic characteristics of research subjects are 
obtained through descriptive analysis. This study 
found 62  patients with acute ischemic stroke who meet 
eligibility criteria in Dr. Sardjito Hospital.

The presence of past history of heart disease in each 
patient was assessed. Positive past history of heart 
disease was found in 43 patients (69,35%), whereas 19 
patients (30,65%) were free of heart disease history. 
The number of subjects who smoked regularly was 20 
(32,26%), as ex smokers was 7 (11,29%) and without 
any smoking history was 35 (56,45%). The average score 
of NIHSS at the beginning of entry was 5.66 ± 4.24 with 
the lowest score 0 and the highest 23, whereas the mean 
score of NIHSS evaluation increased to 6.35  ±  5.55 
with the lowest value 0 and the highest 25. There 
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were 44 patients (70.97%) without worsening clinical 
outcomes and 8  patients  (29.03%) with worsening 
clinical outcomes.   The area of infarction lesion  ≥2  cm 
was 41.94% with cortical lesion 32.26% and noncortical 
67.74%. The average GCS at entry is 14.76 ± 0.74 with 
the lowest value of 11 and the highest 15. At the time 
of admission, the mean systolic blood pressure was 
145  mmHg with the lowest value of 100  mmHg and 
the highest was 210 mmHg, whereas the mean diastolic 
blood pressure was 83 mmHg with the lowest score of 
56 mmHg and the highest was 130 mmHg [Table 1].

Average total cholesterol was 181  mg/dl with the 
lowest 77  mg/dl and highest of 391  mg/dl. The mean 
triglyceride level was 147  mg/dl with the lowest 
53 mg/dl and the highest was 728 mg/dl [Table 2].

In bivariate analysis, the main variables of left 
ventricular ejection fraction to clinical outcomes of 
ischemic stroke patients showed significant differences 
between the deterioration and without deterioration 
groups. Left ventricular ejection fraction in patients 
with deterioration was 37.5  (18%–76%) compared with 
patients without deterioration was 56.5 (34%–76%) with 
P = 0.001.

The result of bivariate analysis of age variable on the 
deterioration of neurological deficit did not found 
a significant difference between patient age and 
deterioration of neurological deficit  (P  =  0.911). In the 
gender variable, there was no significant difference to 
the deterioration of the neurological deficit (P = 0.263).

The result of bivariate analysis of the history of heart 
disease variables on the deterioration of the neurological 
deficit was found to be a significant difference to the 
deterioration of the neurological deficit with Relative 
Risk (RR) = 5.037  (95% confidence interval  [CI]: 
1.027–24.708; P = 0.033). In the history of hypertension, 
there was no significant difference to the deterioration of 
neurological deficit with RR = 0.75 (95% CI: 0.23–2.449; 
P  =  0.633). Systolic and diastolic blood pressure 
variables showed no difference in mean systolic blood 
pressure and median diastolic blood pressure (P = 0.361 
and P = 0.285).

The result of bivariate analysis for other laboratory 
parameters such as history of DM variables found a 
significant difference to the deterioration of neurological 
deficit with RR = 8 (95% CI: 2.001–31.988; P = 0.003). 
Random blood sugar variables were found to have 
a median difference  (P  =  0.007). In the variable of 
dyslipidemia, there was no significant difference to 
the deterioration of neurologic deficit. Variables of 
high‑density lipoprotein  (HDL), low‑density lipoprotein, 
total cholesterol, or triglycerides did not show any 

significant difference to the deterioration of neurological 
deficit (P = 0.14, P = 0.835, P = 0.207, and P = 0.63).

The result of bivariate analysis of variables on smoking 
history was no significant difference to the deterioration 
of neurological deficit with RR  =  1.775  (95% CI: 
0.151–3.567; P  =  0.252). Furthermore, in the variables 

Table 1: Basic characteristics of the study
Variable Mean±SD Min‑max Total Percentage
Age (years) 65.42±8.79 36‑82
>65 years 32 51.61
≤65 years 30 48.39

Gender    
Male 31 50
Female 31 50

Education    
General School 26 41.94
Junior High 
School

16 25.81

High School 17 27.42
Bachelor’s degree 2 3.23

History of heart 
disease

43 69.35

Smoking status
Not smokers 35 56.45
Ex‑smokers 7 11.29
Smokers 20 32.26

NIHSS 1 5.66±4.24 0‑23
NIHSS 2 6.35±5.55 0‑25
Clinical Outcomes
Nodeterioration 44 70.97
Deterioration 18 29.03

Infarc location    
Cortical 20 32.26
Non cortical 42 67.74

Glasgow coma scale 14,76±0.74 11‑15
Onset of disease 
(hours)

19.45±19.67 1‑72

Systolic blood 
pressure

145.45±23.93 100‑210

Diastolic blood 
pressure

83.17±14.08 56‑130

Recent Blood 
glucose

153.45±69.09 54‑482

High density 
lipoprotein

42.69±12.38 11‑67

Low density 
lipoprotein

122.37±39.39 42‑228

Total cholesterol 181.61±56.05 77‑391
Triglycerides 147.79±120.54 53‑728
Ejection fraction 52.05±14.5 18‑76
Infection during 
treatment
Pneumonia 10 16.13
Urinary tract 
infection

8 12.9
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of the lesion location, there was no significant difference 
to the deterioration of the neurological deficit with 
RR = 2 (95% CI: 0.562–7.119; P = 0.28).

In this study, to determine the limitation of left 
ventricular ejection fraction, the analysis of receiver 
operating characteristic  (ROC) was used. The value 
of AUC  (area under the ROC curve) is obtained 
from 100% ROC method and P  =  0.001; statistically, 
100% AUC is powerful. To determine the right value 
of fraction ejection to be used in obtaining right 
sensitivity, specificity, and good predictive value, so it 
was continued with the determination of sensitivity and 
specificity curve cutting point. Sensitivity and specificity 
cutting point was obtained in subject number 12 with 
ejection fraction value was 48%.

From cross‑tabulation test of the relationship between 
left ventricular ejection fraction with clinical outcomes 
of ischemic stroke patients, it was obtained that 
patient with left ventricular ejection fraction  <48% 
more had deterioration was 57.14%, compared with 

the left ventricular ejection fraction  >48% as many as 
5.88%  (P  =  0.001; RR  =  21.33). In this study, it could 
be concluded that there was a relationship between left 
ventricular ejection fraction  <48% with deterioration 
clinical outcomes in ischemic stroke patients. Ischemic 
stroke patient with ejection fraction <48% had 21  times 
greater risk to get clinical deterioration.

There were several variable that potent affected clinical 
outcome of stroke patient called confounding factors. 
Variables with P  <  0.25 were included in multivariate 
model which would be interacted to know whether 
those variables also affecting the study result. Those 
variables were age  <65  years, history of heart disease, 
hypercholesterolemia, low HDL, and DM.

To find out whether these variables affected the clinical 
outcomes of ischemic stroke patient, then it was tested 
with logistic regression test [Table 3].

The final results of the logistic regression test yield a 
P  <  0.05; the final variables that affect the clinical 

Table 2: Variable bivariate analysis on clinical outcome
Variable Deterioration Without deterioration RR (95% CI) (min‑max) P

n % n %
Age (years) 65.22±7.75 65.5±9.27   0.911
>65 years 7 38.89 25 56.82 0.484 (0,158‑1,482) 0.2**
≤65 years 11 61.11 19 43.18

Gender
Male 11 61.11 20 45.45 1.886 (5,768‑0,616) 0.263
Female 7 38.89 24 54.55

History of heart disease
Yes 16 88.89 27 61.36 5.037 (1,027‑24,708) 0.033*
Not 2 11.11 17 38.64

History of smoking
Yes 11 61.11 24 54.55 1.775 (0.151‑3,567) 0.252
Not 7 38.89 20 45.45

Infarc location
Cortical 4 22.22 16 36.36 2 (0,562‑7,119) 0.28
Non cortical 14 77.78 28 63.64

Hypertension 12 66.67 32 72.73 0.75 (0.23‑2,449) 0.633
Hipercholesterolemia 8 44.44 11 25 2.4 (0,757‑7,604) 0.132**
Low HDL 10 45.45 17 38.64 1.985 (0,654‑6,025) 0.223**
High LDL 13 59.09 30 68.18 1.213 (0,361‑4.072) 0.754
Diabetes mellitus 8 44.44 4 9.09 8 (2.001‑31,988) 0.003*
GCS <15 2 11.11 6 13.64 0.792 (0.144‑4,349) 0.576
Glasgow coma scale 15 (13‑15) 15 (11‑15) 0.77
Systolic BP 141.05±25.42 147.23±23.38 0.361
Diastolic BP 80.17±14.85 84.41±13.74 0.285
Recent blood glucose 175 (96‑482) 125 (54‑285) 0.007*
HDL 39.06±12.76 44.18±12.05 0.14
LDL 120.72±45.01 123.05±37.4 0.835
Total cholesterol 195.72±73.19 175.84±47.13 0.207
Triglycerides 130 (66‑728) 113 (53‑561) 0.63
Ejection fraction 37.5 (18‑76) 59.5 (34‑76) 0.001*
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outcomes of ischemic stroke patients are the fraction 
ejection  <48%, low HDL, and DM. The final variables 
that affect the clinical outcomes of ischemic stroke 
patients are the fraction ejection <48%, low HDL, and 
DM, with P value 0.001, 0.082, and 0.006 respectively.

To find out how great the effect of low HDL variable 
and DM affected clinical outcomes of ischemic stroke 
besides left ventricular ejection fraction variable  <48%, 
it was tested with under curve area test.

Based on Table 4, the influence of left ventricular ejection 
fraction, low HDL, and DM, it is obtained that ischemic 
stroke patient with ejection fraction decline  <48% has 
deterioration clinical outcomes that were 80.8% with 
P  <  0.001. Patient with reduction in left ventricular 
ejection fraction  <48% and low HDL has deterioration 
clinical outcomes that were 84% with P < 0.001. Patient 
with reduction in left ventricular ejection fraction  <48% 
and DM has deterioration clinical outcomes that were 
88% with P  =  0.001. Patient with reduction in left 
ventricular ejection fraction <48%, low HDL, and DM has 
deterioration clinical outcomes were 91% with P = 0.001.

Discussion
In this study, it was obtained the relationship between 
the left ventricle ejection fraction with clinical outcomes 
of ischemic stroke patients with the RR  =  21.33  (95% 
CI: 4.253–107.021; P =  0.001). Left ventricular ejection 
fraction in patients who experienced deterioration 
had clinical outcomes lower; it was 37.5  (18%–76%) 
compared to patients who did not experience a 
deterioration of clinical outcomes of 56.5  (34%–76%) 
with P = 0.001. This was similar to study of Milionis et al. 
with a sample of 2439 subjects which mention that the 
low left ventricular ejection fraction affected significantly 
on functional status which was measured using minimal 

residual disease and the mortality of the 7th  day after 
onset  (odds ratio  [OR] = 0.46 and OR  =  2.89).[9] Study 
of 135 acute ischemic stroke patients by Rojek et  al. 
mentioned that the left ventricular ejection fraction was 
higher in patients with better outcomes  (54.3  ±  7.9  vs. 
49.9 ± 9.8%; P = 0.005), and outcome measurement was 
conducted with NIHSS in the 10th day. Patients with low 
left ventricular ejection fraction were associated with 
decreased autoregulation function of the brain, and brain 
structure change had occurred. This abnormality condition 
did not give manifestation before the onset of a stroke.[10] 
Study of Byun et al.[7] mentioned that the ejection fraction 
is a strong predictor of acute ischemic stroke patient in 
90  days  (OR  =  0.94). Other study by Cuadrado‑Godia 
et al. with 540 subjects mentioned that heart failure with 
low ejection fraction as an independent predictor for 
worse clinical outcomes measured by modified Rankin 
Scale in the 90th day  (OR = 3.01 and P = 0.008).[11] This 
is mentioned because there are companion’s conditions 
in patients with low ejection fraction such as coronary 
heart disease, hypertension, and valvular heart disease so 
that gave impact on the increasing arteriosclerosis and 
endothelial dysfunction. Left ventricular ejection fraction 
was found with other factors such as age, incoming 
NIHSS, brain natriuretic peptide level, coronary heart 
disease, and atrial fibrillation, and they were statistically 
significant as predictor stroke outcomes.

Patient with declining ejection fraction had high left 
ventricular filling pressure that led to decrease in the 
stroke volume. Reduced ejection fraction has shown 
to have a role in causing decreased of brain blood 
vessels reactivity which subsequently leads to cerebral 
hypoperfusion. Several studies had discussed about 
heart failure as outcome predictor in ischemic stroke 
patient. One of the studies proved heart failure as 
independent predictor toward bad functional prognosis 
postischemic stroke.[12] Another study stated that stroke 
risk significantly increased in the initial phase of heart 
failure diagnosis.[13] In addition, another study mentioned 
that there was a significant relationship between low 
ejection fraction with cardioembolic stroke outcomes.[7]

Left ventricular ejection fraction was a determinant 
factor for clinical outcomes in ischemic stroke patients. 
Left ventricular ejection fraction in ischemic stroke 
patient with deterioration was lower than ischemic 
stroke patient without deterioration. Limits on low or 
normal ejection fraction of the left ventricle depended 
on the existing population. However, the clinician gave 
the left ventricular ejection fraction a low limit <50%.

On the DM history variable, it is obtained significant 
difference toward a deterioration of neurological deficit 
with RR  =  8  (95% CI: 2.001–31.988; P  =  0.003). By 

Table 3: Logistic regression variables which affect 
clinical outcomes

Variables P RR 95%CI (min‑max)
Ejection fraction <48% 0.001 0.021 0.002‑0,208
Low HDL 0.082 0.244 0.05‑1,195
Diabetes mellitus 0.006 0.037 0.003‑0,387

Table 4: Area under curve of the variables thataffect 
clinical outcomes

Variable P AUC 95% CI
Left ventricular ejection fraction <48% 0.001 80.8% 0.691‑0.925
Left ventricular ejection fraction + 
Low HDL

0.001 84% 0.73‑0.949

Left ventricular ejection fraction + DM 0.001 88% 0.799‑0.962
Left ventricular ejection fraction + 
Low HDL + DM

0.001 91% 0.841‑0.98
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random blood sugar variable, it is obtained difference in 
median value  (P  =  0.007). This is similar to the study 
of Weimar et  al. which get a significant difference in 
DM history  (P  =  0.002) with neurological deterioration 
which is assessed with NIHSS on 48–72  h after 
onset.[14] Ryu et  al. also get a significant difference of 
DM history  (P  =  0.003) and the difference in average 
glucose level in mmol/L  (7.6  ±  2.8 compared to 
6.7 ± 2.5; P = 0.008) and a deterioration which is rated 
from an increase in NIHSS score ≥2 in 3 weeks.

This is contrast with study results from Nacu et  al. 
which do not get DM history difference  (P  =  0.81) or 
difference in median glucose levels  (P  =  0.74) toward 
a neurological deterioration which is rated from an 
increase in NIHSS score  ≥4 in 9  h since first onset.[15] 
A study by Lok and Gulach finds that DM history is not 
significantly take effect into ischemic stroke patients’ 
mortality  (P  =  0.132).[16] Tokgoz et al. also found there 
were no difference in mortality based on history of 
DM.    but obtained that the median glucose levels are 
significantly higher in ischemic stroke patients who had 
died (137.5 compared with 113.0; P = 0.001).[17]

Hyperglycemia condition was found on the majority of 
acute ischemic stroke patients in initial phase and there 
were much studies support the theory that increased 
glucose may deteriorate the prognosis. The theory 
was mentioned that tissue acidosis which was causing 
anaerobic glycolysis, damaging the blood–brain barrier, 
resulting in cerebral edema, and increasing hemorrhage 
transformation.[18] Advanced study using MR 
spectroscopy showed that hyperglycemia in patients with 
impaired perfusion‑diffusion was related to depletion in 
the recovery process of the tissue, the larger infarct size, 
and worse functional outcome.[19]

Conclusion
Ischemic stroke patients with low ejection fraction 
value have a deterioration neurological deficit compared 
with patients with normal ejection fraction. Thus, left 
ventricular ejection fraction examination is recommended 
for ischemic stroke patient because it affects the clinical 
outcomes.
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