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Background and Purpose Left ventricular (LV) diastolic dysfunction, developed in relation to myo-
cardial dysfunction and remodeling, is documented in 15%-25% of the population. However, its role 
in functional recovery and recurrent vascular events after acute ischemic stroke has not been thor-
oughly investigated. 
Methods In this retrospective observational study, we identified 2,827 ischemic stroke cases with 
adequate echocardiographic evaluations to assess LV diastolic dysfunction within 1 month after the 
index stroke. The peak transmitral filling velocity/mean mitral annular velocity during early diastole (E/
e’) was used to estimate LV diastolic dysfunction. We divided patients into 3 groups according to E/e’ 
as follows: <8, 8-15, and ≥15. Recurrent vascular events and functional recovery were prospectively 
collected at 3 months and 1 year.
Results Among included patients, E/e’ was 10.6±6.4: E/e’ <8 in 993 (35%), 8-15 in 1,444 (51%), and 
≥15 in 378 (13%) cases. Functional dependency or death (modified Rankin Scale score ≥2) and com-
posite vascular events were documented in 1,298 (46%) and 187 (7%) patients, respectively, at 3 
months. In multivariable analyses, ischemic stroke cases with E/e’ ≥15 had increased odds of func-
tional dependence or death at 3 months (adjusted OR [95% CI]: 1.73 [1.27-2.35]) or 1 year (1.47 [1.06-
2.06]) and vascular events within 1 year (1.65 [1.08-2.51]). Subgroups with normal ejection fraction or 
sinus rhythm exhibited a similar overall pattern and direction.
Conclusions LV diastolic dysfunction was associated with poor functional outcomes and composite 
vascular events up to 1 year.

Keywords Left ventricular diastolic dysfunction; Recurrent vascular event; Functional outcome; 
Acute ischemic stroke
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Introduction

A dysfunction in the diastolic relaxation of the cardiac left 
ventricle (LV), even in cases without typical symptoms of heart 
failure, is documented in 15% to 25% of the population, and its 
prevalence increases with age.1-3 Currently, LV diastolic dysfunc-
tion appears to be a result of myocardial dysfunction and remod-
eling driven by endothelial inflammation and oxidative stress.4 

The importance of LV diastolic dysfunction is clear because even 
after controlling for comorbidities, it has been associated with 
the development of heart failure, future cardiovascular events, 
and increased mortality, even in asymptomatic subjects.5-7 

For stroke physicians, LV diastolic dysfunction has important 
clinical implications. A major symptom of LV diastolic dysfunc-
tion is exercise intolerance;8 however, stroke survivors might not 
have enough exercise capacity when they have LV diastolic dys-
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function. Therefore, their exercise prescriptions must be modi-
fied. Additionally, the individual risk for recurrent stroke or vas-
cular events may be altered by the presence of asymptomatic LV 
diastolic dysfunction. However, its clinical implication has only 
been studied in relation to a potential source of cryptogenic 
stroke,9 although LV diastolic dysfunction could be evaluated by 
a routine cardiac echocardiography, which is widely available.10,11

In this context, we hypothesized that LV diastolic dysfunction 
would have deleterious effects on functional recovery and vas-
cular events after ischemic stroke. Thus, we attempted to address 
this question by analyzing approximately 3,000 consecutive 
ischemic stroke cases with prospectively collected outcome in-
formation.

Methods

Of 4,808 stroke patients admitted to the Seoul National Uni-
versity Bundang Hospital within 7 days after symptom onset be-
tween August 2007 and June 2013, we selected ischemic stroke 
cases whose ischemic lesions were documented by relevant neu-
roimaging studies (N=3,858) and subjects who underwent 
echocardiographic evaluation within 1 month from the index 
stroke (N=3,030). We excluded cases with inadequate echocar-
diographic data to evaluate the LV diastolic function (N=203). 
The analysis dataset consisted of 2,827 acute ischemic stroke 
patients with echocardiography data. This is a retrospective study 
undertaken for the quality improvement of stroke management, 
using a prospectively collected cohort. All participants in this 
study gave their informed consent. In addition, the study proto-
col conforms to the ethical guidelines of the 1975 Declaration of 
Helsinki as reflected in a priori approval by the institution’s hu-
man research committee. Finally, this study was approved by the 
Institutional Review Board at the Seoul National University Bun-
dang Hospital [IRB approval No. B-1501-284-102]. 

We collected baseline demographic data and clinical informa-
tion for all study participants, including age, sex, premorbid 
functional status, history of previous stroke, mechanism of isch-
emic stroke, National Institute of Health Stroke Scale (NIHSS) 
score, acute reperfusion treatment, medication at discharge, and 
cardiovascular risk factors. Cardiovascular risk factors included 
hypertension (previous use of antihypertensive medication, sys-
tolic blood pressure >140 mmHg, or diastolic pressure >90 
mmHg at discharge); diabetes mellitus (previous use of glucose-
lowering medication or hemoglobin A1c ≥6.5%); dyslipidemia 
(previous use of lipid-lowering medication, fasting low density 
lipoprotein cholesterol >160 mg/dL, or fasting total cholesterol 
>240 mg/dL); habitual smoking (current or past regular smok-
ing); and atrial fibrillation. We also obtained laboratory informa-

tion, including random glucose at presentation, hemoglobin, to-
tal cholesterol, and initial systolic and diastolic blood pressures.

A well-trained and experienced nurse (M-H. Y) prospectively 
collected the functional outcome status (modified Rankin Scale 
[mRS] scores) and vascular events after the index stroke through 
telephone interviews with the patients or their immediate care-
givers or at their routine clinic visit. Prospective outcomes were 
determined at 3 months and 1 year after the index stroke. The 
missing prospective outcomes were as follows: 15 mRS scores 
and 0 vascular events at 3 months, and 316 mRS scores and 275 
vascular events at 1 year.

In our institution, acute ischemic stroke patients undergo an 
echocardiographic evaluation to identify potential embolic 
sources and the coexistence of ischemic heart disease as part of 
the clinical routine, if the patients or their caregivers do not re-
fuse the examination due to any reasons such as personal eco-
nomic issues and poor cooperation. Echocardiographic data were 
extracted in a retrospective manner through the review of medi-
cal records. Experienced technicians and board-certified cardiol-
ogists, who were not aware of the study purposes or the patient 
outcomes, performed and interpreted transthoracic echocardio-
graphic evaluations in accordance with the published and rele-
vant current guidelines.12 In brief, LV dimensions, both at end-di-
astole and at systole, were measured at the standard parasternal 
short-axis view of the papillary muscle level or parasternal long-
axis view. The dimensions of the aortic root, sinotubular junction, 
and ascending thoracic aorta diameter were measured at the 
standard parasternal long-axis view. Peak early transmitral filling 
velocities during the early diastolic (E), late diastole (A) and de-
celeration time (DT) were imaged in the apical 4-chamber view 
at the tip of the mitral leaflets. A Tissue Doppler image was ap-
plied to the apical 4-chamber view to determine the mean early 
(e’) and late (a’) velocities at septal mitral annuli. The maximal 
left atrial (LA) volume was indexed to the body surface area to 
measure the LA volume index. 

The E/e’ ratio has been proposed as a surrogate for LA pressure 
and plays a prominent role for the assessment of diastolic func-
tion in the guidelines. Therefore, we used the E/e’ ratio as the 
primary grading system to estimate the LV diastolic functional 
status, classifying the E/e’ ratio as <8, 8-15, and ≥15.13 To vali-
date the results further, we also adopted another grading system 
and separated the patients into 4 groups in accordance with the 
current recommendations.13 Normal LV diastolic function was 
defined by the presence of an e’ ≥8 cm/s, E/A ratio 0.8-1.5, DT 
160-200 ms, and LA volume index <34. Grade I diastolic dys-
function represented an e’ <8 cm/s, E/e’ <8, E/A ratio <0.8, 
and DT >200 ms. An E/A ratio 0.8-1.5, e’ <8 cm/s, E/e’ 8-15, 
and DT 160-200 ms were defined as grade II diastolic dysfunc-
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tion (pseudo-normal pattern). The most severe form of LV dia-
stolic dysfunction (grade III) occurs with an E/e’ ≥15, E/A ratio 
≥2, and DT <160 ms. To classify the status of LV diastolic func-
tion in the cases with an E/A ratio 0.8-1.5 or DT 160-200 ms, 
which might be observed in both normal diastolic function and 
grade II diastolic dysfunction, other parameters such as e’, LA 
volume index, and E/e’ ratio were used to determine the grade of 
diastolic function. Because the peak A velocity is unmeasurable 
in atrial fibrillation patients, we did not apply the E/A ratio for 
the grading of LV diastolic dysfunction in these cases. However, 
e’, DT, and E/e’, which are not significantly influenced by atrial 
performance, were used as parameters to measure LV diastolic 
function. Normal LV diastolic function was defined by the pres-
ence of an e’ ≥8 cm/s and DT 160-200 ms. An E/e’ <8, e’<8 
cm/s, and DT >200 ms were defined as grade I diastolic dys-
function. For grade II dysfunction, the criteria were DT 160-200 
ms, e’ <8 cm/s, and E/e’ 8-15. The patients with grade III dys-
function had a DT <160 ms, e’ <8 cm/s, and E/e’ ≥15.

The categorical variables are presented as frequencies (per-
centages), and the continuous variables are presented as the 
means±standard deviations or medians [interquartile ranges], as 
appropriate. The baseline characteristics were compared using 
chi-squared tests for the categorical variables and t tests for the 
continuous variables. In the current analyses, functional depen-
dency or death (a mRS score of 2-6), recurrent strokes, and com-
posite vascular events, including recurrent stroke, myocardial in-
farction, and vascular death (any death directly attributed from 
vascular events), were designated as major outcome variables at 
3 months and 1 year after the index stroke. We constructed 
multivariable binary logistic regression models that included the 
major outcome variables as dependent variables and adjusted for 
age, sex, recanalization treatment, initial stroke severity, mecha-
nism of ischemic stroke, hypertension, diabetes, dyslipidemia, 
habitual smoking, atrial fibrillation, hemoglobin, glucose level at 
presentation, total cholesterol, and pre-morbid mRS score. We 
also analyzed the pre-specified ordinal logistic regression models 
that included the continuous scale of the mRS scores as depen-
dent variables. Thus, this analysis strategy appears to be more 
sensitive to the minor influence of predictor variables than clas-
sical binary logistics.14 Additionally, we performed additional 
multivariable binary logistic regression analyses in several sub-
groups as follows: those with preserved ejection fraction, those 
without atrial fibrillation, and those who underwent echocardio-
graphic evaluation after symptom onset. The balance of the 
baseline characteristics among the groups might not be ob-
tained, and age and initial stroke severity might influence func-
tional outcomes. Therefore, we divided the total cases into 4 
groups using the median values of age and initial NIHSS score. 

We performed a stratified analysis on the following subgroups: 
1) age <69 and NIHSS score <3; 2) age ≥69 and NIHSS score 
<3; 3) age <69 and NIHSS score ≥3; and 4) age ≥69 and NI-
HSS score ≥3. Each outcome index was analyzed using the 
available cases. We excluded from the analyses the cases whose 
clinical outcome information was unobtainable. Significance 
levels were set at a 2-tailed P value of <0.05. Statistical analy-
ses were performed using Stata 13 (StataCorp LP, College Sta-
tion, TX, USA). 

Results 

Of the 2,827 included subjects, 1,724 (61%) cases were male, 
and the mean age was 67±13 years old. The NIHSS score at 
presentation was 3 [1-6], and recanalization treatment was per-
formed in 383 (14%) cases. The prevalence of major vascular risk 
factors was 69% hypertension, 31% diabetes, 24% dyslipidemia, 
44% habitual smoking, and 15% atrial fibrillation. Among the 
included subjects, 2,651 (94%) cases had echocardiography per-
formed within 7 days from stroke onset. The mean time from 
stroke onset to echocardiography was 1.99 ±3.54 days. The 
mean E/e’ across all cases was 10.6±6.4; with an E/e’ <8 occur-
ring in 993 (35%) cases, 8-15 occurring in 1,444 (51%) cases, 
and ≥15 occurring in 378 (13%) cases. The echocardiographic 
grading of the LV diastolic dysfunction classified the cases into 
grade I in 41% (1,161), grade II in 12% (332), and grade III in 6% 
(181) of the included population. Echocardiographic profiles of 
the included subjects are as follows: 61.8±7.7% for ejection 
fraction, 66.64±25.52 cm/s for E, 78.38±20.62 cm/s for A, 
5.31±3.44 cm/s for e’, 9.48±2.38 cm/s for a’, 206.61±71.68 ms 
for DT, 38.80±19.97 mL/m2 for LA volume index, and 1.31±0.40 
for mean pulmonary artery systolic pressure; the end systolic and 
diastolic dimensions of LV were 29.54±5.86 and 46.56±5.65 
mm, respectively. A regional wall motion abnormality was ob-
served in 225 (8%) cases. Among the 936 (33%) cases who un-
derwent the transesophageal echocardiographic evaluation, 
there were 13 patients with thrombi and 44 patients with spon-
taneous echo contrast in their LA cavity or appendage (Supple-
mental Table 1). Functional dependency or death was docu-
mented in 1,298 (46%) cases at 3 months and 1,017 (41%) cases 
at 1 year. Recurrent stroke occurred in 171 (6%) cases at 3 
months and 215 (8%) cases at 1 year. The composite vascular 
events, including recurrent stroke, myocardial infarction, and 
vascular death, were documented in 187 (7%) cases at 3 months 
and 250 (10%) cases at 1 year. Compared with the patients with 
an E/e’ <8, the patients with an E/e’ ≥15 were more likely to be 
female, old, and exhibit more prevalent vascular risk factors and 
prominent neurological deficits (Table 1). The prevalence of func-
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Table 1. Baseline characteristics of study population via the E/e’ level

Variables
Level of E/e’

P for difference
<8 [N=993, 35%] 8-15 [N=1444, 51%] ≥15 [N=378, 13%]

Demographic information
   Male 685 (69%) 875 (61%) 159 (42%) <0.01
   Age 64±14 67±12 73±12 <0.01
Vascular risk factors
   Stroke 166 (17%) 257 (18%) 73 (19%) 0.51
   Hypertension 612 (62%) 1,043 (72%) 300 (79%) <0.01
   Diabetes 255 (26%) 472 (33%) 154 (41%) <0.01
   Hyperlipidemia 202 (20%) 372 (26%) 102 (27%) <0.01
   Atrial fibrillation 88 (9%) 229 (16%) 114 (30%) <0.01
   Habitual smoking 483 (49%) 634 (44%) 116 (31%) <0.01
   Coronary heart disease 56 (7%) 110 (8%) 60 (16%) <0.01
   Congestive heart failure 1 (0.1%) 6 (0.4%) 6 (1.6%) <0.01
Mechanism of ischemic stroke <0.01
   Large artery atherosclerosis 427 (43%) 578 (40%) 114 (30%)
   Small vessel occlusion 198 (20%) 273 (19%) 55 (15%)
   Cardioembolism 150 (15%) 313 (22%) 145 (38%)
   Other determined etiology 43 (4%) 43 (3%) 5 (1%)
   Undetermined etiology 175 (18%) 237 (16%) 59 (16%)
Stroke information
   mRS score 0 before index stroke 871 (88%) 1,259 (87%) 319 (84%) 0.25
   NIHSS at initial presentation 3 [1-6] 3 [1-6] 4 [2-9] <0.01
   Initial systolic blood pressure (mmHg) 154±26 155±27 155±28 0.92
   Initial random glucose (mg/dL) 141±67 144±64 151±68 0.02
   Hemoglobin (g/dL) 14±2 14±2 13±2 <0.01
   HbA1c (%) 6.3±1.3 6.4±1.3 6.5±1.4 <0.01
   Total cholesterol (mg/dL) 184±44 179±42 173±41 <0.01
   Hyperacute recanalization treatment 121 (12%) 188 (13%) 72 (19%) <0.01
Echocardiographic profile
   Ejection fraction (%) 62.6±6.5 62.2±7.2 59.0±10.7 <0.01
   Preserved ejection fraction (≥40%) 977 (99%) 1,416 (98%) 350 (94%) <0.01
   E (cm/s) 56.6±15.2 67.6±18.5 89.4±46.4 <0.01
   A (cm/s) 72.4±17.5 80.1±18.2 89.5±3.11 <0.01
   e’ (cm/s) 5.3±4.7 5.6±2.5 4.1±1.7 <0.01
   a' (cm/s) 10.8±2.6 9.3±2.0 7.7±2.0 <0.01
   Deceleration time (msec) 203.9±61.3 203.7±70.4 225.2±95.5 <0.01
   Left atrial volume index (mm/m2) 32.2±11.9 37.4±17.2 52.3±29.0 <0.01
   Left ventricular end systolic dimension (mm) 29.2±5.5 29.9±6.1 29.0±5.8 <0.01
   Left ventricular end diastolic dimension (mm) 46.6±5.5 46.7±5.7 46.0±5.8 0.11
   Mitral stenosis 0 (0%) 2 (0%) 16 (4%) <0.01
   Mitral regurgitation 455 (46%) 759 (53%) 242 (64%) <0.01
   Aortic stenosis 11 (1%) 24 (2%) 15 (4%) <0.01
   Aortic regurgitation 255 (26%) 442 (31%) 172 (46%) <0.01
   Hypertrophic cardiomyopathy 6 (1%) 15 (1%) 14 (4%) <0.01
Discharge medication
  Anti-diabetic agents 161 (20%) 346 (25%) 112 (31%) <0.01
  Anti-hypertensive agents 338 (41%) 749 (54%) 219 (60%) <0.01
  Anti-hyperlipidemic agents 608 (74%) 1,180 (85%) 304 (84%) <0.01
  Anti-platelet agents 851 (87%) 1,180 (83%) 276 (75%) <0.01
  Anticoagulant 122 (12%) 283 (20%) 107 (29%) <0.01

mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; composite vascular events include recurrent stroke, myocardial infarction and 
vascular death after the index stroke; E, peak early transmitral filling velocities during early diastole; A, peak early transmitral filling velocities during late dias-
tole; e’, mean early velocities at septal mitral annuli on Tissue Doppler image; a’, mean late velocities at septal mitral annuli on Tissue Doppler image.
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tional dependency or death showed significant differences ac-
cording to the level of E/e’ at both 3 months and 1 year. Howev-
er, there were statistical differences in the event outcomes only 
at 1 year after the index stroke (Table 2). Echocardiographic pro-
files also differed according to the E/e’ level. Ischemic stroke pa-
tients with a higher E/e’ ratio also exhibited prevalent vascular 
risk factors (Supplemental Table 2). The prevalence of clinical 

outcomes is demonstrated in Supplemental Table 3. The distribu-
tion of possible cardioembolic sources revealed by the trans-
esophageal echocardiographic evaluation is summarized in Sup-
plemental Table 1. 

The ischemic stroke cases with a baseline E/e’ ≥15 were sig-
nificantly associated with functional dependence or death (mRS 
score ≥2) at 3 months (adjusted OR [95% CI]: 1.73 [1.27-2.35]) 

Table 2. Clinical outcomes according to the E/e’ level

Variables
Level of E/e’

P for difference
<8 [N=993, 35%] 8-15 [N=1444, 51%] ≥15 [N=378, 13%]

Outcomes at 3 months after stroke*
   mRS score 2-6 433 (43%) 677 (45%) 254 (63%) <0.01
   Recurrent stroke 51 (5%) 99 (7%) 30 (7%) 0.13
   Composite vascular events 60 (6%) 104 (7%) 34 (8%) 0.21
Outcomes at 1 year after stroke†

   mRS score 2-6 353 (38%) 521 (40%) 201 (58%) <0.01
   Recurrent stroke 67 (7%) 116 (9%) 42 (12%) 0.03
   Composite vascular events 79 (8%) 129 (10%) 56 (16%) <0.01

mRS, modified Rankin Scale; composite vascular events include recurrent stroke, myocardial infarction and vascular death after the index stroke; E, peak early 
transmitral filling velocities during early diastole; e’, mean early velocities at septal mitral annuli on Tissue Doppler image.
*Outcomes at 3 months after stroke were based on 2,812 cases for the mRS score and 2,827 cases for recurrent stroke and composite vascular events; †Out-
comes at 1 year after stroke were based on 2,511 cases for the mRS score and 2,552 cases for recurrent stroke and composite vascular events.

Left ventricular diastolic dysfunction by E/e’

Outcome indices OR [95% CI]

At 3 months after the index storke
   Functional dependency or death <8 Reference

      (mRS score 2-6) 8-15 0.99 [0.81-1.21]
≥15 1.73 [1.27-2.35]

   Recurrent stroke <8 Reference

8-15 1.30 [0.90-1.88]
≥15 1.51 [0.90-2.53]

   Composite vascular events <8 Reference

8-15 1.15 [0.81-1.64]
≥15 1.33 [0.81-2.18]

At 1 year after the index stroke
   Functional dependency or death <8 Reference

      (mRS score 2-6) 8-15 0.94 [0.75-1.17]
≥15 1.47 [1.06-2.06]

   Recurrent stroke <8 Reference

8-15 1.20 [0.85-1.66]
≥15 1.52 [0.96-2.42]

   Composite vascular events <8 Reference

8-15 1.14 [0.83-1.55]
≥15 1.65 [1.08-2.51]

0	 0.5	 1.0	 1.5	 2.0	 2.5	 3.0	 3.5

Figure 1. Multivariable logistic regression analyses between left ventricular diastolic dysfunction (E/e’) and functional recovery and event outcomes. 
Composite vascular events include recurrent stroke, myocardial infarction, and vascular death after the index stroke.
OR, odds ratio; CI, confidence interval; mRS, modified Rankin Scale. 
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We performed several pre-specified sensitivity analyses to ad-
dress the robustness and uncertainty of the main analyses (Table 
3 and Supplemental Table 4). The ordinal logistic models consis-
tently indicated that the putative LV diastolic dysfunction was 
associated with functional dependency after ischemic stroke. To 
address the precarious methodology in the measurement of dia-
stolic dysfunction, we repeated the main analyses in the sub-
groups with a preserved ejection fraction or without atrial fibril-
lation. The overall pattern, direction, and strength of the associa-
tion between diastolic dysfunction and outcomes after stroke 
were also comparable in the subsequent analyses.

We further divided our subjects into 4 subgroups by their age 
(<69 and ≥69 years old) and neurological severity (NIHSS score 
<3 and ≥3). E/e’ 8-15 was not associated with poor clinical 
outcomes. We found that the overall direction of associations 
between E/e’ ≥15 and the clinical outcome indices were main-
tained throughout the subgroups, except for the group with age 
≥69 and NIHSS score ≥3 at 3 months, although this finding 
lost statistical significance due to a decreased number of sub-
jects (Supplemental Table 5).

Discussion

In our ischemic stroke population, more than half of the cases 
exhibited LV diastolic dysfunction, and approximately 10% of 
the patients exhibited profound dysfunction. LV diastolic dys-
function deteriorated the functional status of the patient over 
the course of stroke recovery and may have increased the risk of 
recurrent vascular events in ischemic stroke survivors.

Functional recovery at 3 months or 1 year after stroke was 
consistently hampered by the presence of LV diastolic dysfunc-
tion at baseline, both from the main dichotomous analyses and 
the additional shift analysis strategies. More than half of stroke 
survivors achieve functional independence 1 year after the index 
stroke.10 However, stroke survivors face several obvious barriers, 
including physical disabilities, which function against their ex-
pected recovery.15 Myocardial remodeling from endothelial in-
flammation and low nitric oxide bioavailability may cause de-
creased distensibility in the LV diastole period and interfere with 
the LV filling process with slow relaxation.16-18 In clinical aspects, 
in addition to low intensity of exercise, early supervised aerobic 
training and more intensive mobilization also have been exercise 
goals for functional recovery after stroke.19 Thus, LV diastolic 
dysfunction, even in asymptomatic cases, may impede exercise 
capacity,20 which is a vital requirement for functional recovery 
after stroke.21 

To prove the robustness of the documented association be-
tween LV diastolic dysfunction and outcomes after stroke, we 

Table 3. Sensitivity analyses via the E/e’ level

Analytic strategies
Marker of diastolic dysfunction

E/e’ OR [95% CI]

Ordinal logistic regression models (continuous scale of mRS score as a  
   dependent variable)
   mRS score at 3 months <8 Reference

8-15 1.00 [0.86-1.17]
≥15 1.58 [1.24-2.00]

   mRS score at 1 year <8 Reference
8-15 1.00 [0.84-1.18]
≥15 1.58 [1.22-2.04]

Subjects with preserved ejection fraction (N=2,751)
   �Functional dependency or death
      at 3 months (mRS score 2-6)

<8
8-15

Reference
0.98 [0.80-1.20]

≥15 1.69 [1.23-2.32]
   �Composite vascular events at 
      3 months

<8
8-15

Reference
1.16 [0.82-1.65]

≥15 1.33 [0.80-2.21]
   �Functional dependency or death
      at 1 year (mRS score 2-6)

<8
8-15

Reference
0.94 [0.75-1.17]

≥15 1.39 [0.99-1.97]
   �Composite vascular events at  

   1 year
<8 Reference
8-15 1.16 [0.84-1.59]
≥15 1.68 [1.08-2.60]

Subjects without atrial fibrillation (N=2,394)
   �Functional dependency or death
     at 3 months (mRS score 2-6)

<8
8-15

Reference
0.94 [0.76-1.17]

≥15 1.77 [1.26-2.50]
   �Composite vascular events at  

   3 months
<8
8-15

Reference
1.16 [0.80-1.69]

≥15 1.36 [0.78-2.39]
   �Functional dependency or death
      at 1 year (mRS score 2-6)

<8
8-15

Reference
0.89 [0.70-1.12]

≥15 1.37 [0.95-1.98]
   �Composite vascular events at  

   1 year
<8
8-15

Reference
1.10 [0.79-1.54]

≥15 1.88 [1.17-3.00]

Multivariable models were adjusted for age, sex, hyperacute recanalization 
treatment, mechanism of ischemic stroke, hypertension, diabetes, hyperlip-
idemia, habitual smoking, atrial fibrillation, hemoglobin, initial random glu-
cose, total cholesterol, NIHSS at initial presentation, and mRS score before 
the index stroke.
LV, left ventricle; OR, odds ratio; CI, confidence interval; mRS, modified 
Rankin Scale; composite vascular events include recurrent stroke, myocar-
dial infarction and vascular death after the index stroke.

and 1 year (1.47 [1.06-2.06]) compared with the cases with an 
E/e’ -<8 (Figure 1). An E/e’ ≥15 also indicated increased odds of 
recurrent vascular events until 1 year after stroke (1.65 [1.08-
2.51]); however, the associations with the 3-month event out-
comes failed to reach statistical significance. Grade III in echo-
cardiographic grading had similar associations with functional 
recovery, including poor functional outcomes at 3 months (1.68 
[1.13-2.49]) and 1 year (2.01 [1.31-3.07]). However, echocardio-
graphic grading was not associated with event outcomes (Sup-
plemental Table 4).
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performed several sensitivity analyses via the incorporation of an 
additional statistical model and cardiac subgroups. The overall 
pattern of the associations remained in the sensitivity analyses, 
such as a poor functional recovery from the advanced stages of 
LV diastolic dysfunction but increased event outcomes docu-
mented only in the extreme group of E/e’ values. LV diastolic 
dysfunction supposedly has a direct impact on recurrent events 
through impaired left atrial contractility and intracardiac stasis, 
both of which increase the possibility of thromboembolism.22

Several points should be clarified regarding our study. First, 
among various indicators, we mainly used E/e’ to evaluate LV di-
astolic dysfunction, with the echocardiographic grading system 
as a supplementary tool, both of which had only marginal corre-
lations (Supplemental Table 6). Because of the complex patho-
physiology of diastole,23 a gold standard indicator for diastolic 
dysfunction has not been devised. A current review article sup-
ports uniform integrative multiparametric grading of diastolic 
function as recommended by the updated guidelines, but estab-
lishment of a uniform grading system is considered to be a chal-
lenge.13,23,24 However, the key indices that are included for grad-
ing the diastolic function still yield discrepant information. 
Among the various echocardiographic markers representing dia-
stolic function, E/e’ has been proposed as a surrogate for LA 
pressure and plays a prominent role in the guidelines.13 In addi-
tion, E/e’ might be a feasible echocardiographic parameter for LV 
diastolic dysfunction even in the subjects with atrial fibrillation. 
Since the peak A velocity is unmeasurable in patients with atrial 
fibrillation, the value of the E/A ratio cannot be applied alone in 
these cases.13 Other parameters are usually considered as sup-
porting parameters of main parameters such as E/e’ and E/A. This 
result implies that a considerable amount of case mix exists in 
the LV diastolic dysfunction grading system and suggests that 
the development of more precise tools for investigating LV dia-
stolic dysfunction is necessary. Until any tangible and intuitive 
parameter for ischemic stroke patients is devised, stroke physi-
cians should be aware of this intricacy and maximally utilize the 
available echocardiographic parameters. Second, although all 
the echocardiographic findings were collected from all the pa-
tients who had been examined, 113 cases who underwent echo-
cardiographic evaluation before stroke onset were excluded from 
the study, and resting 715 cases did not have echocardiographic 
evaluation at baseline. The retrospective design of this study 
might produce selection bias. Third, we do not have detailed in-
formation regarding the pharmacological or rehabilitation inter-
ventions after discharge, which may confound the association 
between LV diastolic dysfunction and stroke outcomes. Fourth, 
since we included the patients who underwent echocardio-
graphic evaluation after the index stroke, there is the possibility 

of stroke-induced cardiac dysfunction such as myocytolysis or 
Takotsubo cardiomyopathy, which might be reversible. In addi-
tion, echocardiographic profiles at the acute stage of stroke 
might be different from late period due to various factors, e.g., 
fluid therapy, discontinuation of antihypertensive agents, and 
sympathetic activation. Although early diastolic LV wall or mitral 
annular velocity and LV filling flow propagation velocity might 
be relatively volume load-independent,25 a combination of other 
factors possibly influence the cardiac diastolic function. Thus, 
follow up echocardiography at a later stage would give more in-
formation on the association between LV diastolic dysfunction 
and clinical outcomes. Fifth, since the results of our study were 
derived from only an Asian population, validations in other eth-
nic groups might be necessary. Sixth, although initial stroke se-
verity and age were included in multivariable models as covari-
ates, the balance of baseline characteristics among the 3 groups 
might not be achieved. We performed additional stratified analy-
ses by using the median values of age and initial NIHSS score 
(Supplemental Table 5). However, the results showed statistical 
insignificance or a wide range in the confidence interval, which 
might be influenced by low event rates of each outcome variable 
or other cardiac function status. Seventh, besides the history of 
atrial fibrillation that we included as a covariate in multivariable 
analyses, we need to consider possible effects of other cardiac 
function variables on the clinical outcomes. 

Conclusions

From our study, we documented that LV diastolic dysfunction 
was associated with poor functional outcome and composite 
vascular events up to 1 year (independently of clinical variables 
including age and baseline NIHSS score). These findings suggest 
that echocardiographic evaluations for stroke cases, which are 
typically performed for etiologic work-ups, may provide poten-
tially important prognostic factors for patients and mechanistic 
insights into functional recovery and recurrence after stroke. In 
addition, exercise prescriptions and rehabilitation therapy might 
need modification depending on whether LV diastolic dysfunc-
tion is present or not. Further studies in stroke victims that ex-
amine recent advances in pharmacological or exercise interven-
tions to prevent functional deterioration or recurrent events are 
warranted.26,27
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