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BACKGROUND: The prognostic role of left ventricular global longitudinal strain (LV-GLS) in acute ischemic stroke (AIS) remains
unexplored despite its established value in cardiovascular conditions. We aimed to investigate the prognostic value of LV-GLS
in patients with AIS.

METHODS: In this prospective cohort study, 698 patients with AIS (mean age, 67.6+13.8years; 60.2% men) underwent transtho-
racic echocardiography using speckle-tracking to measure LV-GLS within 7 days of admission. The primary end points included
all-cause death and recurrent ischemic stroke, with a 3-month modified Rankin Scale score >3 considered a poor outcome.

RESULTS: Over a median follow-up of 593days, the primary end point occurred in 65 patients (9.3%), with significant differ-
ences in LV-GLS between those reaching the end point (16.3%) and the others (19.1%; P<0.001). Cox regression demon-
strated LV-GLS as a statistically significant predictor of outcomes (adjusted hazard ratio, 0.81 [95% ClI, 0.74-0.89]; P<0.001).
Additional analyses showed that LV-GLS enhanced predictive performance for the primary end point, indicated by improve-
ments in global x? and continuous net reclassification index analyses (0.25 [95% Cl, 0.01-0.42]; P=0.044). Subgroup analysis
revealed the prognostic relevance of LV-GLS irrespective of atrial fibrillation status. In predicting a poor functional outcome,
LV-GLS also provided incremental value over traditional risk factors and the initial National Institutes of Health Stroke Scale
score (continuous net reclassification index, 0.27 [95% ClI, 0.09-0.45]; P=0.004).

CONCLUSIONS: LV-GLS is a robust predictor of cardiocerebrovascular outcomes in AlS and offers incremental prognostic value
beyond traditional risk factors. Incorporating LV-GLS into AIS management may help identify high-risk patients and guide
intensive monitoring strategies.
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lobally, stroke is the second-leading cause of  decade, stroke-related death has been steadily de-
death and the third most common cause of  clining; however, health care expenditures associated
combined death and disability.! Over the past with stroke have continued to increase."? Recurrence
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CLINICAL PERSPECTIVE
What Is New?

This is the first large-scale prospective cohort
study to investigate the prognostic value of left
ventricular global longitudinal strain (LV-GLS) in
patients with acute ischemic stroke.

e Impaired LV-GLS was independently associ-
ated with increased risk of all-cause death and
recurrent ischemic stroke, regardless of atrial
fibrillation status; LV-GLS provided incremental
prognostic value beyond conventional param-
eters, including left ventricular ejection fraction
and stroke severity indices.

What Are the Clinical Implications?

e Incorporating LV-GLS measurements in pa-
tients with acute ischemic stroke may help
identify individuals at a higher risk of adverse
outcomes who may benefit from closer follow-
up and intensive management; LV-GLS as-
sessment enables the detection of subclinical
cardiac dysfunction, offering a more sensitive
prognostic tool than ejection fraction in guiding
poststroke care strategies.

Nonstandard Abbreviations and Acronyms

AIS acute ischemic stroke

LV-GLS left ventricular global longitudinal
strain

mRS modified Rankin Scale

NIHSS National Institutes of Health Stroke
Scale

TOAST Trial of ORG 10172 in Acute Stroke
Treatment

of ischemic stroke adversely affects patient progno-
sis and increases the mortality rate.3 Previous studies
have identified several clinical factors contributing to
the occurrence and recurrence of ischemic stroke, in-
cluding stroke subtype, age, hypertension, atrial fibril-
lation (AF), heart failure (HF), and diabetes.>*

HF is also a risk factor for stroke and is associated
with stroke recurrence and death.>® Left ventricular (LV)
global longitudinal strain (LV-GLS), a measure of myo-
cardial deformation along the long axis of the left ven-
tricle, is assessed using the speckle-tracking method.
It is a sensitive measure of myocardial fiber shortening
and has become a reliable parameter for evaluating
subtle systolic dysfunction.” In patients with acute HF,
LV-GLS is frequently reduced regardless of the LV ejec-
tion fraction (LVEF), the traditional measure of LV systolic
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function. LV-GLS has also been shown to be a superior
prognostic marker for death than LVEF.® Furthermore,
in severe mitral regurgitation and severe aortic stenosis,
LV-GLS has proven useful as a predictor of postoper-
ative outcomes and a tool for identifying patients who
may benefit from early surgical intervention.®'© Recent
research has demonstrated that LV-GLS can effec-
tively predict incident strokes in patients who are stroke
naive."" However, to date, no study has evaluated the
prognostic implications of LV-GLS in patients with acute
ischemic stroke (AIS) about subsequent cardiovascu-
lar outcomes. In this study, we aimed to investigate the
prognostic utility of LV-GLS, a novel marker of subclini-
cal LV dysfunction, in patients with AIS.

METHODS

Data Availability Statement

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Participants

This prospective observational cohort study was
conducted at Yongin Severance Hospital, a referral
hospital (URL: https:/trialsearch.who.int; unique iden-
tifier: KCT0O005780). Eligible participants were patients
with AIS hospitalized within 7 days of onset between
January 2021 and June 2024, who underwent tran-
sthoracic echocardiography within 1week of admis-
sion. During the study period, 768 patients with acute
stroke underwent transthoracic echocardiography
during hospitalization. Of these, 44 patients who un-
derwent transthoracic echocardiography >7 days after
admission and 5 diagnosed with transient ischemic at-
tack were excluded during the screening. Of the 719
patients who provided consent and were enrolled, 21
were subsequently excluded on the basis of the assess-
ment of neurologists who deemed them unsuitable for
inclusion in the study. Thus, 698 patients were included
in the final analysis (Figure S1). The enrolled patients un-
derwent follow-up assessments at 6months and 1year
after discharge, followed by annual follow-up. If an out-
patient visit occurred within 3months before or after the
scheduled annual follow-up, the visit date was used as
a substitute. For patients with irregular outpatient visits,
follow-up evaluations were conducted via telephone in-
terviews. All patients were tracked through outpatient
visits or telephone calls. Patients who could not be con-
tacted were censored at their last outpatient visit or their
most recent successful telephone call. This study was
approved by the institutional review board of our hos-
pital (No. 9-2020-0150). Written informed consent was
obtained from all participants or their legal guardians
before inclusion in the study.
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Data Collection

Demographic data; medical, social, and medica-
tion history; and laboratory findings were collected.
Information on whether intravenous thrombolysis was
administered or endovascular thrombectomy was per-
formed was also gathered. Blood pressure and heart
rate measurements obtained before transthoracic
echocardiography were used. When such measure-
ments were unavailable, vital signs recorded on the
morning of the same day were used. Initial stroke se-
verity was assessed using the National Institutes of
Health Stroke Scale (NIHSS) score at admission. The
presence of AF was determined on the basis of find-
ings from electrocardiography or 24-hour Holter moni-
toring performed during hospitalization. The modified
Rankin Scale (mRS) was evaluated at discharge and
3months after discharge.

Standard 2-dimensional echocardiographic param-
eters were obtained at rest using Vivid E9/E95 systems
(GE Healthcare, Chicago, IL) and were measured in ac-
cordance with the guidelines of the American Society
of Echocardiography.”? LVEF was measured using the
biplane Simpson’s disc summation method. According
to the latest guidelines, a cutoff of >50% for LVEF was
used for the analysis.'®

LV-GLS Measurement

LV-GLS was measured using speckle-tracking echo-
cardiography in accordance with the guidelines.™ The
measurements were performed offline at a core labora-
tory using a vendor-independent postprocessing soft-
ware (TomTec Arena TTA 2.51 Ultrasound Workspace;
TOMTEC Imaging Systems GmbH, Munich, Germany),
with the operators blinded to clinical data. Briefly,
endocardial borders of the left ventricle were manu-
ally delineated on end-systolic frames in the apical
4-chamber, 2-chamber, and 3-chamber views during
the LV-GLS measurement. End-systole was defined as
the cardiac cycle point with the smallest LV volume.
The software tracked speckles along the endocardial
border and within the myocardium throughout the car-
diac cycle. The LV-GLS was calculated as the aver-
age of the global longitudinal strain values obtained
from the apical views. As LV-GLS represents myocar-
dial shortening, it is expressed as a negative value. To
avoid confusion and facilitate comparison, absolute
values are used throughout the article, with lower val-
ues consistently described as indicating “reduced” or
“impaired” LV systolic function.

Outcomes

The primary end point was a composite of all-cause
death and hospitalization due to recurrent ischemic
stroke. The secondary outcomes included individ-
ual events of all-cause death and recurrent ischemic
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stroke. The index date was defined as the date of the
first hospitalization due to AlS. Recurrent stroke was
defined as a new hospitalization for ischemic stroke
symptoms after the index event, accompanied by
brain magnetic resonance imaging findings consistent
with the new symptoms. Patients were followed until
the occurrence of the primary composite end point
or August 31, 2024, whichever came first. In addition,
an mRS score of >3 (loss of functional independence)
at 3months was considered a poor functional out-
come. Outcomes were assessed through physician
interviews, review of medical records, and follow-up
telephone interviews conducted by a trained clinical
research nurse in a blinded manner.

Statistical Analysis
The participants were categorized into 2 groups based
on the primary end point. Continuous variables are
reported as mean+SD or median (interquartile range),
depending on the data distribution. Categorical vari-
ables are summarized as numbers (percentages) and
were compared using either the x? test or Fisher’s
exact test, as appropriate. To assess the ability to dis-
criminate between patients with and without the pri-
mary end point, receiver operating characteristic curve
analysis was performed for the primary end point. Area
under the curve (AUC) comparisons between the mod-
els were conducted using the DeLong method. The
Youden index was used to determine the optimal cutoff
value for LV-GLS."®

Cumulative incidence curves for the outcomes
were generated for survival analysis. Differences be-
tween groups were assessed using the log-rank test.
Missing data were imputed using the missForest algo-
rithm.'® To evaluate the incremental prognostic value
of LV-GLS, sequential Cox regression models were
constructed: model 1 (including LV-GLS, age, and
sex), model 2 (model 1 with the addition of clinical
variables), and model 3 (model 2 with the inclusion of
laboratory variables). The incremental contribution of
LV-GLS in predicting the primary end point was as-
sessed through changes in global x? values from the
likelihood ratio test, which was applied sequentially
across models incorporating demographic variables
(model A), clinical variables (model B), laboratory data
(model C), and LV-GLS (model D). To measure the im-
provement in prediction performance with the addition
of LV-GLS, we calculated the continuous net reclassi-
fication index between the models. Several logistic re-
gression models were constructed to predict an mRS
score of >3 at 3months, and their predictive perfor-
mance was compared using AUCs. The incremental
value of LV-GLS was further evaluated with the con-
tinuous net reclassification index. Subgroup analyses
were prespecified to evaluate the consistency of the
association between LV-GLS and outcomes across
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clinically relevant subgroups, including age (<65 ver-
sus >B5years), sex, history of hypertension, diabetes,
AF, initial NIHSS score (<5 versus >5), and LVEF (<50%
versus >50%). All statistical analyses were performed
using R software version 4.2.2 (R Development Core
Team, Vienna, Austria). A 2-sided P value of <0.05 was
considered statistically significant.

RESULTS

Baseline Characteristics and
Echocardiographic Parameters of the
Study Participants

Among the 698 patients (mean age, 67.6+13.8 years),
420 (60.2%) were men, 417 (59.7%) had hyperten-
sion, and 186 (26.6%) had diabetes. During a me-
dian follow-up of 593 (interquartile range, 226-906)
days, the primary composite end point was observed
in 65 cases (9.3%): 28 cases of all-cause death and
44 cases of recurrent ischemic stroke. Three patients
experienced both recurrent ischemic stroke and all-
cause death. For these cases, the initial event of
hospitalization due to stroke was considered in the
primary end point analysis. The baseline characteris-
tics stratified by LV-GLS <18% versus >18% are pre-
sented in Table 1. Overall, patients with LV-GLS <18%
were older; had more severe strokes; underwent en-
dovascular thrombectomy more frequently; and had
higher rates of hypertension, AF, and coronary artery
disease than those with LV-GLS >18%. Among the
laboratory findings, the LV-GLS <18% group exhibited
lower estimated glomerular filtration rate, higher lev-
els of C-reactive protein and NT-proBNP (N-terminal
pro-B-type natriuretic peptide). The median interval
between hospital admission and echocardiogra-
phy was 2 (interquartile range, 1-3) days. The mean
LVEF, a conventional indicator of systolic function,
was 61.2+7.6%, and patients with LV-GLS <18% had
lower LVEF compared with those with LV-GLS >18%
(Table 1).

Predictive Performance of LV-GLS for the
Primary End Point

The mean LV-GLS was 18.8+2.9%. Patients who
reached the primary end point had a more impaired
LV-GLS than those who did not (16.3+3.3 versus
19.1+£2.7%; P<0.001). When constructing the receiver
operating characteristic curve for the primary end
point (Figure 1), the AUC for LV-GLS (0.753 [95% ClI,
0.689-0.818]) was higher than that for the mRS score
at discharge (0.563 [95% Cl, 0.483-0.643]) or the initial
NIHSS score (0.579 [95% Cl, 0.497-0.661]; all P for dif-
ference <0.001). Based on the Youden’s index, an LV-
GLS of 18% was the optimal cutoff, and the sensitivity
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and specificity at the cutoff were 64.6% and 71.2%,
respectively. In the Kaplan—Meier curves for the pri-
mary end point, patients with an LV-GLS <18% had a
significantly higher incidence of the primary end point
than those with an LV-GLS >18% (log-rank P<0.001;
Figure 2A). Furthermore, the LV-GLS <18% group had
higher rates of all-cause death and recurrent ischemic
stroke than those of the LV-GLS >18% group (all log-
rank P<0.001; Figure 2B and 2C). In contrast, no sig-
nificant difference was observed in the incidence of the
primary end point between the patient groups based
on an LVEF threshold of 50% (log-rank P=0.700;
Figure 2D).

Prognostic Significance and Incremental
Prognostic Value of LV-GLS

Univariable and multivariable Cox regression analyses
were performed for the primary end point (Table 2).
In the univariable Cox regression analysis, higher LV-
GLS, as a continuous variable, was identified as a sig-
nificant prognostic marker for the primary end point.
A spline regression curve revealed an inverse relation-
ship between the risk of the primary end point and LV-
GLS (Figure S2). This finding remained consistent in
the multivariable Cox regression model, adjusting for
demographic, clinical, and laboratory variables (ad-
justed hazard ratio per 1% increase of LV-GLS: 0.81
[95% CI, 0.74-0.89] Table 2).

To evaluate the incremental value of LV-GLS, several
Cox models were constructed, and the improvement
in global chi-square values was assessed. Compared
with model A, which included age at enrollment and
sex, model B, which incorporated the initial NIHSS
score and mRS score at discharge, demonstrated
superior predictive power for the primary end point.
Although model C, which included additional clinical
and laboratory variables, showed only a numerical
improvement in global x? values (P=0.072). However,
model D, which incorporated LV-GLS, exhibited incre-
mental value in predicting the primary end point com-
pared with the other models. In the continuous net
reclassification index analysis to assess the improve-
ment in prediction performance with the addition of LV-
GLS, model D, which included LV-GLS, demonstrated
better performance in predicting the primary end point
than model C (P=0.044; Figure 3).

LV-GLS as a Predictor of Functional
Outcome at 3Months

Among the study participants, additional functional
outcome analyses were conducted for 657 patients
(94.1%) whose 3-month mRS data were available.
Among these, 150 patients (22.8%) had a poor out-
come at 3months (MRS score >3), and their LV-GLS



9202 ‘Tz Afenuer uo Aq Biosfeuinofeye//:dny wouy pspeojumoq

Kim et al

Table 1. Baseline Characteristics of Study Participants

Usefulness of LV-GLS in Acute Ischemic Stroke

LV-GLS >18% LV-GLS <18% Total population
(n=474) (n=224) (n=698) P value
Demographics
Age, y 66.4+13.3 70.2+14.5 67.6+13.8 0.001
Male sex 286 (60.3) 134 (59.8) 420 (60.2) 0.962
Body mass index, kg/m? 24.3+3.3 24.6+3.5 24.4+3.4 0.332
Systolic blood pressure, mmHg 140.0+£20.9 142.2+24.4 140.7+221 0.252
Diastolic blood pressure, mmHg 82.6+13.7 86.4+15.7 83.8+14.5 0.002
Initial NIHSS score 3.56+4.0 6.4+6.7 4.4+5.2 <0.001
Comorbidities
Hypertension 268 (56.5) 149 (66.5) 417 (59.7) 0.015
Diabetes 128 (27.0) 58 (25.9) 186 (26.6) 0.827
Chronic kidney disease 16 (3.4) 15 (6.7) 31 (4.4) 0.073
Coronary artery disease 25 (5.3) 32 (14.3) 57 (8.2) <0.001
Previous stroke 78 (16.5) 34 (15.2) 112 (16.0) 0.750
AF 31 (6.5) 62 (27.7) 93 (13.3) <0.001
Current smoker 120 (25.3) 52 (23.2) 172 (24.6) 0.612
Medication history
Antiplatelets 111 (23.4) 58 (26.0) 169 (24.2) 0.516
Renin-angiotensin—aldosterone system inhibitor 143 (30.2) 94 (42.0) 237 (34.0) 0.008
{8 blocker 44 (9.9) 48 (21.4) 92 (13.2) <0.001
Calcium channel blocker 144 (30.4) 81 (36.2) 225 (32.2) 0.150
Anticoagulants 11 (2.3) 16 (7.1) 27 (3.9) 0.004
Laboratory findings
Hemoglobin, g/dL 13.6+1.7 13.4+2.2 13.6+1.9 0.246
Estimated glomerular filtration rate, mL/min per 1.73 m? 87.7+20.7 79.8+23.8 85.2+22.0 <0.001
Triglyceride, mg/dL 123.6+£92.9 129.9+1441 125.6+111.6 0.554
High-density lipoprotein cholesterol, mg/dL 47.4+13.9 455+138.2 46.8+13.7 0.090
Low-density lipoprotein cholesterol, mg/dL 110.8+16.1 110.5+13.5 110.7+15.3 0.797
C-reactive protein, mg/dL 3.8+10.4 10.1£28.1 5.8+18.3 0.001
Troponin T, pg/mL 11.4+£11.0 53.2+304.4 24.9+173.6 0.053
NT-proBNP, pg/mL 267.8+648.6 1622.4+3863.6 708.4+2350.4 <0.001
LVEF, % 63.9+4.6 55.4+£9.4 61.2+7.6 <0.001
Intravenous thrombolysis 29 (6.1) 24 (10.7) 53 (7.6) 0.047
Endovascular thrombectomy 28 (5.9) 39 (17.4) 67 (9.6) <0.001
mRS score at discharge 1.7£1.4 2.3+1.6 1.9+1.5 <0.001

Data are presented as n (%) or mean+SD.

AF indicates atrial fibrillation; LVEF, left ventricular ejection fraction; LV-GLS, left ventricular global longitudinal strain; mRS, modified Rankin Scale; NIHSS,
National Institutes of Health Stroke Scale; and NT-proBNP, N-terminal pro-B-type natriuretic peptide.

values were significantly lower than those in the group
with an mRS score of <3 (17.8+3.1% versus 19.2+2.8%,
P<0.001; Figure S3). Several binary logistic regression
models were constructed to predict an mRS score
of >3 at 3months, and their AUCs were calculated.
Compared with model 1/, which included demographic,
clinical, and laboratory variables, model 2’, which ad-
ditionally incorporated the initial NIHSS score, dem-
onstrated superior performance in predicting an mRS
score of >3 at 3months (P<0.001). No significant differ-
ence in the AUC was observed when comparing the
performance of models 2’ and 3’ (addition of LV-GLS;

J Am Heart Assoc. 2025;14:e042800. DOI: 10.1161/JAHA.125.042800

P=0.184); however, the continuous net reclassification
index (0.268 [95% ClI, 0.087-0.449]) highlighted the
improvement in predictive performance with LV-GLS
(Table 3 and Figure S4).

Subgroup Analyses

Subgroup analyses showed that the association be-
tween lower LV-GLS and increased risk of the primary
composite end point was consistent across a wide
range of clinical subgroups, including age, sex, hyper-
tension, diabetes, coronary artery disease, AF, chronic
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Figure 1. Receiver operating characteristic curves of LV-
GLS, initial NIHSS score, and mRS score at discharge for the
primary end point.

AUC indicates area under the curve; LV-GLS, left ventricular
global longitudinal strain; mRS, modified Rankin Scale; and
NIHSS, National Institutes of Health Stroke Scale.

kidney disease, stroke severity (using an NIHSS cutoff
score of 5), and stroke classification. While statistical
significance was not reached in the coronary artery
disease subgroup, likely due to the limited sample
size, the direction of association remained uniform.
Importantly, no significant interactions were observed
in any subgroup, indicating that the prognostic value
of LV-GLS was consistent regardless of baseline char-
acteristics (Figure 4). When stratified by the TOAST
(Trial of ORG 10172 in Acute Stroke Treatment) stroke
classification, LV-GLS demonstrated a consistent as-
sociation with the primary composite end point across
subgroups. Although statistical significance was not
observed for all stroke subtypes, the direction of asso-
ciation remained uniform, and no significant interaction
was found (Table S1).

DISCUSSION

In this study, we evaluated the prognostic utility of LV-
GLS in patients with AIS. The findings suggest that
impaired LV-GLS was significantly associated with a
higher incidence of all-cause death and recurrent is-
chemic stroke, regardless of AF status. LV-GLS was
also closely associated with functional independence
at 3months. Moreover, LV-GLS demonstrated incre-
mental value over conventional measures, such as
LVEF, NIHSS score, and mRS score at discharge, in
predicting the primary end point (death and recurrent
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ischemic stroke). These results collectively highlight the
value of assessing subclinical LV systolic function, as
determined by LV-GLS, in optimizing risk stratification
and guiding management strategies for patients with
AlIS.

HF is a major risk factor for AIS, and the prognosis is
known to be worse when AIS and HF coexist.'”'® LVEF
is the most widely used parameter for assessing sys-
tolic function in echocardiography. Patients with AlS,
comorbid HF, and reduced LVEF have more than dou-
ble the risk of in-hospital and overall death compared
with those without HF.'®2% One of the current clinical
classifications of HF, HF with reduced ejection fraction,
applies to patients with an LVEF <40%. Numerous
studies and therapeutic strategies have focused on
this patient population. Consequently, several stud-
ies investigating AIS have used an LVEF <40% as the
cutoff to define LV systolic dysfunction.'®?? However,
recent AIS registries have suggested that the propor-
tion of patients with reduced LVEF is relatively low.
One cohort reported that only 3.7% of patients had
an LVEF <40%, and another cohort indicated that only
4.5% had an LVEF <55%.23%% Previous studies have
indicated that an LVEF <40% itself has limited prog-
nostic value, with significant associations with stroke
observed only in cases of severe HF, wherein patients
have LVEFs <15%.%° While a severely reduced LVEF
increases the likelihood of LV thrombus formation and
subsequent cerebral embolism, a mildly reduced LVEF
may not share these stroke mechanisms, leading to a
weaker predictive power for stroke risk."" Furthermore,
in the current study, the LVEF did not significantly differ
between the group that reached the primary end point
and the group that did not.

LV-GLS has the advantage of directly measuring
myocardial deformation, enabling earlier detection of
myocardial dysfunction in subclinical states compared
with LVEF, which is derived from the geometric de-
formation of the endocardium.” In a large-scale study
involving 4312 patients hospitalized with acute HF,
LV-GLS demonstrated a superior predictive value for
death compared with LVEF, as evidenced by a higher
c-statistic and a more pronounced inverse relationship
between cardiac function and death in a restricted
cubic spline analysis.® Although LVEF and LV-GLS
showed a moderate correlation, LV-GLS values varied
widely for a given LVEF. Notably, in patients with myo-
cardial disease severe enough to require hospitaliza-
tion due to HF, including those with HF with preserved
ejection fraction and an LVEF >50%, the average LV-
GLS was significantly reduced to 15.2%. Global lon-
gitudinal strain has also been suggested to facilitate
the detection of subclinical myocardial dysfunction in
valvular heart diseases.?32%27 \WWhen myocardial dys-
function becomes overt due to chronic volume over-
load, postoperative outcomes deteriorate, with an
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Figure 2. Cumulative incidence curves of the primary end point according to LV-GLS of 18% (A), cumulative incidence
of all-cause death (B), and recurrent ischemic stroke (C) according to LV-GLS of 18%, and cumulative incidence of the

primary end point according to LVEF of 50% (D).

LVEF indicates left ventricular ejection fraction; and LV-GLS, left ventricular global longitudinal strain.

associated increase in death. Experimental studies
have demonstrated a strong correlation between LV-
GLS and myocardial fibrosis.?® This correlation high-
lights the ability of LV-GLS to detect subtle systolic
dysfunction caused by myocardial fibrosis earlier than
LVEF, supporting its role in determining the optimal
timing for surgery. Importantly, a prospective cardiac
magnetic resonance imaging study in patients with
AIS demonstrated a significant association between
reduced LV-GLS and the presence of myocardial fi-
brosis, as indicated by late gadolinium enhancement.?®

Table 2. Cox Regression Analysis With Sequential
Adjustments for LV-GLS to Predict the Primary End Point

Model HR (95% ClI) P value
LV-GLS* (unadjusted) 0.81(0.77-0.87) <0.001
Model 1 (adjusted for age, sex) 0.82 (0.77-0.88) <0.001
Model 2 (model 1+clinical 0.81 (0.75-0.89) <0.001
variables')

Model 3 (model 2+laboratory 0.81 (0.74-0.89) <0.001
variables®)

HR, hazard ratio; and LV-GLS, left ventricular global longitudinal strain.

*Per 1% increase.

fHypertension, diabetes, chronic kidney disease, coronary artery disease,
history of previous stroke, atrial fibrillation, initial National Institutes of Health
Stroke Scale score, and modified Rankin Scale score at discharge.

*Hemoglobin, glomerular filtration rate, C-reactive protein, and N-terminal
pro-B-type natriuretic peptide.

This finding, along with findings from a recent meta-
analysis, underscores the prognostic value of LV-GLS
across diverse cardiovascular populations and sup-
ports our results showing that impaired LV-GLS re-
flects underlying myocardial disease and is associated
with adverse outcomes in patients with AIS.30
According to earlier guidelines, the normal reference
value for LV-GLS was <20%'?; however, recent cohort
studies suggest a lower threshold of <16%.”%" In the
present study, the mean LV-GLS in the primary end
point group was 16.3%, with a cutoff of 18%, slightly
higher than the current reference standard. A previous
small-scale study involving 29 patients with AIS re-
ported a mean LV-GLS of 18.8% on day 10 of hospital-
ization.®? Similarly, in a large cohort of 900 patients with
AIS, the mean LVEF was 65.7%, exceeding the normal
reference range of 50% to 55%.22 This augmented car-
diac function compared with established normal ref-
erences may be attributed to enhanced sympathetic
activity, which serves as a compensatory mechanism
to improve perfusion in ischemic regions during the
acute ischemic stage.3® Despite this neurohumoral
activation, we found that patients with myocardial
disease who failed to achieve compensatory hyper-
contraction during AlS experienced worse outcomes
after discharge. These findings align with the con-
cept of stroke—heart syndrome, which encompasses

J Am Heart Assoc. 2025;14:e042800. DOI: 10.1161/JAHA.125.042800 7
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Model A: Demographic variables
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Model B: Model A + neurological assessment variables
(initial NIHSS, mRS at discharge)

Model C: Model B + clinical, laboratory variables and LVEF
(HTN, DM, CKD, coronary a. disease, previous
stroke history, AF, hemoglobin, eGFR, CRP,
NT-proBNP, LVEF)

Model D: Model C + LV-GLS <18%

Figure 3. Incremental value of the LV-GLS over demographic, clinical, and laboratory variables for predicting the primary
end point by (A) improvement of global x2 changes in sequential Cox analysis and (B) continuous net reclassification index.
Model A: age and sex; model B: model A+initial NIHSS, mRS at discharge; model C: model B+clinical and laboratory variables*;
model D: model C+LV-GLS. AF indicates atrial fibrillation CKD, chronic kidney disease; CRP, C-reactive protein; DM, diabetes;
eGFR, estimated glomerular filtration rate; HTN, hypertension; LVEF, left ventricular ejection fraction; LV-GLS, left ventricular global
longitudinal strain; MRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NRI, net reclassification index;
and NT-proBNP, N-terminal pro-B-type natriuretic peptide. *Hypertension, diabetes, chronic kidney disease, coronary artery
disease, history of previous stroke, atrial fibrillation, hemoglobin, glomerular filtration rate, C-reactive protein, NT-proBNP, left

ventricular ejection fraction.

a spectrum of cardiac abnormalities triggered by
acute brain injury, including subclinical dysfunction.3*
Recognizing this LV-GLS—-detected dysfunction as a
manifestation of the broader stroke—heart syndrome
underscores the importance of intensive monitoring
and proactive follow-up in patients with AIS, with the
ultimate goal of improving long-term outcomes.

From a translational perspective, patients with AIS
with significantly impaired LV-GLS may benefit from a
more tailored management strategy. For example, pa-
tients whose LV-GLS falls below the established cutoff
could be scheduled for short-term follow-up visits to
monitor clinical status, assess medication adherence,

and undergo more frequent imaging or laboratory eval-
uations. This approach is analogous to current practice
in the cardio-oncology field, where HF medications
are initiated even in asymptomatic patients when a
significant decline in LV-GLS is observed during che-
motherapy. Similarly, in selected patients with AIS with
impaired LV-GLS, initiating HF therapy may be con-
sidered, particularly when accompanied by other risk
factors or signs of subclinical dysfunction. These strat-
egies highlight the potential of LV-GLS as a prognostic
tool and marker guiding individualized management in
AIS care. Although LV-GLS assessment is not yet rou-
tinely incorporated into clinical care for patients with

Table 3. Incremental Value of LV-GLS Compared With Traditional Variables for Predicting the 3-Month mRS Score >3

Area under the curve

Continuous net reclassification index

95% ClI

P value for difference

95% ClI P value for difference

Model 1" (demographic, clinical, and
laboratory variables®)

0.714 (0.666-0.763)

Model 2 (model 1'+initial NIHSS) 0.797 (0.756-0.838)

<0.0017

0.687 (0.513-0.861)" <0.0017

Model 3" (model 2’ +LV-GLS) 0.806 (0.766—-0.845)

0.184% 0.268 (0.087-0.449) 0.004*

LV-GLS indicates left ventricular global longitudinal strain; MRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.
*Age, sex, hypertension, diabetes, chronic kidney disease, coronary artery disease, previous stroke, atrial fibrillation, hemoglobin, C-reactive protein, N-

terminal pro-B-type natriuretic peptide.
fComparison with model 1" and model 2".
*Comparison between model 2’ and model 3.

J Am Heart Assoc. 2025;14:e042800. DOI: 10.1161/JAHA.125.042800
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Subgroup No. of patients (%) Hazard Ratio (95% ClI) P for interaction
Age, y 0.113
270 335 (48.0) & 0.81 [0.75-0.88]
<70 363 (52.0) —8— 0.83[0.73-0.93]
Sex 0.077
Men 420 (60.2) —a— 0.83[0.76-0.91]
Women 278 (39.8) —8— 0.80 [0.73-0.87]
Hypertension 0.114
Yes 497(59.7) . 0.78 [0.72-0.84]
No 281(40.3) —8— 0.89[0.79-0.99]
Diabetes 0.419
Yes 186 (26.6) —a— 0.83[0.76-0.92]
No 512 (73.4) —— 0.80[0.73-0.87]
Coronary artery disease 0.467
Yes 57 (8.2) —a— 0.94[0.79-1.13]
No 641(91.8) & 0.77[0.71-0.83]
Atrial fibrillation 0.545
Yes 93 (13.3) —8— 0.86 [0.76-0.97]
No 605 (86.7) 8 0.79 [0.73-0.86]
Chronic kidney disease 0.284
Yes 31(4.4) —a— 0.78 [0.63-0.96]
No 667 (95.6) 8- 0.83[0.77-0.89]
NIHSS 0.891
25 260 (37.2) —a— 0.84[0.77-0.91]
<5 438 (62.8) . 0.79[0.71-0.87]
Stroke classification 0.911
Cardioembolic 178 (25.5) —a— 0.84[0.76-0.92]
Noncardioembolic 520 (74.5) —a— 0.80[0.72-0.87]
(I) 0?5 1 1!5

Figure 4. Subgroup analyses of the association between LV-GLS and the primary composite end point.
LV-GLS indicates left ventricular global longitudinal strain; and NIHSS, National Institutes of Health Stroke Scale.

AIS, the prognostic insights offered by this parame-
ter may serve as the basis for future risk-stratification
models. This represents an important translational op-
portunity, where echocardiographic data could guide
clinical decision making and potentially shape future
guideline recommendations.

This study is significant as the first prospective in-
vestigation to evaluate the impact of cardiac function
on outcomes in patients with AIS. Furthermore, this
is the largest prospective study to date in terms of
LV-GLS measurements in hospitalized patients with
AIS. The collaboration between cardiologists and
neurologists in prospectively collecting research data
ensured high accuracy in critical variables, including
the NIHSS, mRS, and LV-GLS. Another strength of
this study is the demonstration of the utility of LV-GLS
in a subgroup of patients without AF. However, this
study has certain limitations. First, it was a single-
center study involving a homogeneous ethnic popu-
lation, which may limit its generalizability. While this
design provides internal consistency, it may restrict
the applicability of our findings to broader clinical set-
tings. External validation in multicenter, multiethnic
cohorts is warranted. Second, the LV-GLS cutoff has

J Am Heart Assoc. 2025;14:e042800. DOI: 10.1161/JAHA.125.042800

not been externally validated. Nevertheless, Cox re-
gression analysis addressed this limitation by analyz-
ing LV-GLS as a continuous variable. Third, the study
predominantly enrolled patients with relatively mild
stroke, as reflected by an average initial NIHSS score
of 4.4, Finally, the study is limited by the lack of dis-
cussion on potential strategies to improve outcomes
based on the findings. Further research is warranted
to address these limitations.

CONCLUSIONS

LV-GLS is an independent predictor of all-cause death
and recurrent ischemic stroke in patients with AIS,
demonstrating incremental prognostic value beyond
established risk factors. Evaluating LV-GLS in this
population may facilitate the identification of high-risk
individuals who would benefit from intensive monitor-
ing, ultimately contributing to the prevention of future
cardiocerebrovascular events.
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