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This study investigated whether cardiovascular magnetic resonance (CMR)-derived atrial strain parameters
are associated with new-onset cerebrovascular events in patients with reperfused ST-segment elevation
myocardial infarction (STEMI). In this retrospective analysis, CMR scans of 211 consecutive STEMI patients
(77% male; mean age 64.5 § 10.3 years) who underwent coronary revascularization were assessed. The pri-
mary endpoint was the occurrence of acute ischemic stroke or transient ischemic attack, collectively defined
as cerebrovascular events. Atrial strain was analyzed offline from standard cine steady-state free precession
sequences, focusing on left atrial (LA) reservoir, conduit, and booster strain. Over a median follow-up of 25
months (interquartile range 13−36), 23 patients (11%) experienced cerebrovascular events. In multivariable
Cox regression analysis, LA reservoir and conduit strain were independent predictors of these events,
irrespective of cardiovascular risk factors, LA volume, thrombus presence, and incident atrial fibrillation
(HR: 0.84; 95% CI: 0.77−0.91; p = 0.001 and HR: 0.74; 95% CI: 0.63−0.87; p = 0.001, respectively). In
conclusion, CMR-derived LA reservoir and conduit strain are independently associated with increased
risk of cerebrovascular events, and their integration into the clinical assessment of STEMI patients may
improve risk stratification.

© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Stroke remains a leading cause of morbidity and mortality
worldwide, representing a major burden within the spectrum of
cardiovascular diseases.1−4 As global life expectancy continues to
rise, the incidence of stroke is expected to increase significantly.1

Among the various risk factors for stroke, cardiac conditions
account for a substantial proportion.5,6 Acute myocardial infarction
(MI) is a well-established contributor to ischemic stroke risk.5 The
pathophysiological mechanisms linking MI to cerebrovascular
events include the development of left ventricular dysfunction and
heart failure, which may promote intracardiac thrombus formation
due to blood stasis in a dilated and hypocontractile ventricle.
Additionally, MI may contribute to stroke through endothelial dys-
function with impaired vasodilator release, hemoconcentration,
systemic inflammation, and activation of thrombin-related
pathways.7

Despite advances in stroke diagnostics, a significant number of
cases remain cryptogenic, with no clearly identifiable cause.3,8,9 A
more nuanced understanding of the interplay between cardiac dys-
function and cerebrovascular risk may therefore help uncover previ-
ously unrecognized mechanisms and guide improved preventive
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strategies. In this context, the left atrium (LA) has gained increasing
attention as a critical contributor to stroke pathogenesis.10−13 Struc-
tural and functional abnormalities of the LA have been identified as
independent predictors of both adverse cardiovascular outcomes and
increased stroke risk.10−12,14,15 However, the prognostic utility of LA
functional assessment, particularly through cardiovascular magnetic
resonance (CMR)-derived strain parameters, in the setting of reper-
fused ST-segment elevation myocardial infarction (STEMI) remains
underexplored.

This study aimed to investigate the association between CMR-
derived LA strain parameters and the occurrence of new-onset cere-
brovascular events in patients with STEMI.
Material and Method

Study population

In this retrospective, single-center study, all consecutive patients
with STEMI treated with percutaneous coronary intervention who
underwent CMR within 30 days of the event at the University Hospi-
tal of Cagliari, Italy, between March 3rd, 2017, and December 31st,
2023, were included.

STEMI was defined according to the ESC/ACCF/AHA/WHF consen-
sus document criteria, which include symptoms of acute myocardial
ischemia, persistent ST-segment elevation of at least 1.0 mm in two
Figure 1. Flowchart of th
or more contiguous ECG leads or new left bundle branch block, and
elevated cardiac enzyme levels.16

Exclusion criteria included: subjects < 18 years, poor CMR imag-
ing quality, previous myocardial infarction and/or cerebrovascular
events, pre-existing cardiomyopathy, history of atrial fibrillation, and
suspected or known prior irreversible myocardial damage.

Cardiovascular risk factors were collected from medical records.
Hypertension was defined as a systolic blood pressure of ≥140
mmHg or a diastolic blood pressure of ≥ 90 mmHg at rest on more
than two occasions, or the use of antihypertensive drugs.17 Smoking
status was defined as current smokers or never smokers. Ex-smokers,
defined as individuals who had quit smoking more than 6 months
prior to enrollment, were included in the nonsmoker category.
Hypercholesterolemia was defined as a plasma LDL cholesterol con-
centration ≥130 mg/dL (≥3.4 mmol/L) and/or non-HDL cholesterol
≥160 mg/dL (≥4.1 mmol/L).18 Cholesterol levels were measured
according to the standard in-house laboratory protocol. Diabetes sta-
tus was assessed using the World Health Organization criteria19 or an
established diagnosis of type 2 diabetes. Obesity was defined as a
BMI > 30, as defined by the World Health Organization criteria.20

Institutional Review Board approval for this retrospective, longi-
tudinal study was obtained from the Comitato Etico Azienda Ospeda-
liero Universitaria di Cagliari (NP/2023/1567), and patient consent
was waived due to the retrospective nature of the study.A flowchart
demonstrating the application of inclusion and exclusion criteria is
provided in Figure 1.
e patients enrolled.



Table 1
Baseline characteristics of patients with and without cerebrovascular events

Variables Event (n = 23) No event (n = 188) p- values

Sex (male), n (%) 21 (91%) 142 (75%) 0.090
Age (years) 67.39 § 8.37 64.04 § 10.51 0.170
Hypertension, n (%) 18 (78%) 97 (52%) 0.023
Dyslipidemia, n (%) 15 (65%) 69 (36%) 0.012
Smoke, n (%) 11 (48%) 83 (44%) 0.842
Obesity, n (%) 6 (26%) 29 (15%) 0.225
Diabetes, n (%) 11 (48%) 42 (22%) 0.010
Familiary for CAD, n (%) 3 (13%) 23 (12%) 0.959
Incident AF, n (%) 6 (26%) 7 (3%) 0.001
Infarct location
Anterior, n (%) 10 (43%) 113 (69%) 0.353
Nonanterior, n (%) 13 (57%) 75 (40%) 0.252

AF = atrial fibrillation.
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CMR acquisition

CMR was performed at 16.2 § 13.5 days after coronary revascular-
ization. Scans were acquired on a Philips Achieva dStream 1.5 T scan-
ner system (Philips Healthcare, Best, The Netherlands). Anterior coil
arrays were used. All cine-images were acquired using a balanced
steady-state free precession and retrospective gating during an expi-
ratory breath-hold manoeuvres (TE: 1.7mssec; TR: 3.4msec /flip-
angle: 45°, section thickness = 8 mm) in both long-axis (two-, three-
and four-chamber view) as well as short-axis plane with whole ven-
tricular coverage from left ventricle (LV) base to apex.

T2-short tau inversion recovery (T2-STIR) images were obtained
using triple inversion recovery T2-weighted pulse sequence (TR = 2
RR, TE � 70 msec; flip-angle: 45°, section thickness = 8 mm, FOV
300 £ 300 mm2) in long-axis (two-, three- and four-chamber view)
and short-axis plane with whole ventricular coverage from base to
apex.

LGE imaging was performed in both long- and short- axis slices 10
−12 min after contrast media injection (Gadovist, Bayer Healthcare)
with a dose of 0.15 ml per kg body weight using phase-sensitive
inversion recovery sequences (PSIR) (TE: 2.0 ms; TR: 3.4 ms; flip
angle: 20°, section thickness = 8 mm) with an inversion time deter-
mined using the Look-Locker technique.

CMR image postprocessing

We used the commercially available software system Circle CVI42
(CVI42, Circle Cardiovascular Imaging Inc., Calgary, Canada) for CMR-FT
data analysis. LV volumes and function were determined on short-
axis cine images by manually tracing contours. LV end-diastolic vol-
ume and end-systolic volume were obtained from the cine images.
The LV ejection fraction (EF) was calculated using the formula: (LV
end-diastolic volume − LV end-systolic volume) / LV end-diastolic
volume * 100%.

Offline CMR feature tracking analyses were performed to evaluate
peak global longitudinal strain, global radial strain, and global cir-
cumferential strain using a 16-segment, softwaregenerated 2D
model. Longitudinal strain data were derived from two-, three-, and
four-chamber long-axis views, while radial and circumferential strain
data were obtained from apical, midventricular, and basal short-axis
views in all patients. The epi‑ and endocardial borders were traced in
end-diastole on all images, after which an automatic computation
was initiated to outline the borders throughout the cardiac cycle. The
quality of tracking and contouring was visually validated and manu-
ally corrected as needed.

CMR feature tracking analyses of atrial deformation were also
conducted offline. The LA endocardial borders were manually traced
on long-axis views of the cine images when the atrium was at its
minimum volume. Specifically, the four-, three-, and two-chamber
views were used to derive LA longitudinal strain, excluding the LA
appendage and pulmonary veins. After manual segmentation, the
software automatically tracked the myocardial borders throughout
the entire cardiac cycle. CMR postprocessing was performed blinded
to event status. The quality of tracking and contouring was visually
validated and manually corrected by a radiologist with 3 years of
experience in cardiac imaging. The strain curve included three peaks:
reservoir, conduit, and booster strain.15

Study end points

All patients were followed up through clinical visits after the CMR
examinations, and hospital records were reviewed for clinical events.
The primary endpoint was a composite of adverse cerebrovascular
events, including transient ischemic attack and ischemic stroke.
Stroke was defined as an ischemic cerebral infarction resulting from
embolic or thrombotic occlusion of a major intracranial artery and
confirmed by imaging examinations.21 Transient ischemic attack was
defined as sudden-onset focal neurological signs or symptoms that
resolved within 24 hours.22 The incidence of atrial fibrillation during
follow-up was ascertained through standard 12-lead electrocardio-
grams performed at each follow-up visit.
Statistical analysis

Continuous variables were reported as mean§ standard deviation
(SD) or median and interquartile range as appropriate, while categor-
ical variables were expressed as frequencies and percentages. Com-
parisons of continuous variables were performed using Welch’s t-
test, and the normality of residuals was assessed using the Kolmo-
gorov−Smirnov test. Categorical variables were analyzed using the
chi-square test or Fisher’s exact test, as appropriate. Univariable Cox
proportional hazards (PH) regression was used to identify potential
predictors of cerebrovascular events. CMR variables that were statis-
tically significant (p <0.05) in the univariable analysis were further
assessed using multivariable Cox regression, adjusting for all varia-
bles that were statistically significant in the univariable models. Inci-
dent AF was treated as a time-dependent covariate. To assess
differences in event-free survival from cerebrovascular events,
Kaplan−Meier survival curves were generated based on LA reservoir
and conduit strain values. Patients were stratified according to the
cut-off values derived from ROC analysis. Subgroup comparisons
were performed using the log-rank test. The optimal cut-off values
for LA reservoir strain (<16%) and conduit strain (<8%) were identi-
fied through receiver operating characteristic (ROC) curve analysis
using Youden’s index, as shown in Supplementary Figure 1. All statis-
tical tests were two-sided, and a p-value < 0.05 was considered sta-
tistically significant. Statistical analyses were performed using JASP
Results

Patient population

During the inclusion period, a total of 211 patients with STEMI
(163 males [77%], mean age 64.5 § 10.3 years) were enrolled after
applying the inclusion and exclusion criteria (Figure 1). Baseline char-
acteristics of the study population are presented in Table 1. Over a
median follow-up of 25 months (interquartile range [13−36]), 23
patients (11%) experienced cerebrovascular events, including 17
acute ischemic strokes and 6 transient ischemic attacks. The remain-
ing 188 patients completed the follow-up period without events.

The mean age of the overall population was 64.5 § 10.33 years,
with 163 males and 48 females. No significant differences in age
(67.39 § 8.37 versus 64.04 § 10.51; p = 0.170) or sex (21 [91%] versus



Table 2
CMR characteristics of patients with and without cerebrovascular events

Variables Event (n = 23) No event (n = 188) p- values

Time CMR, days 17.4 § 12.9 16.1 § 13.6 0.32
LVEF, % 31.60 § 9.70 36.99 § 12.45 0.047
LVEDV/BSA, mL/m2 130.33 § 35.60 115.81 § 40.39 0.110
LVESV/BSA, mL/m2 91.66 § 34.27 81.66 § 35.96 0.578
LVSV/BSA, mL/m2 38.76 § 10.68 40.05 § 13.18 0.638
RVEF, % 48.01 § 14.36 53 § 12.15 0.070
RVEDV/BSA, mL/m2 69.10 § 28.57 65.85 § 20.52 0.502
RVESV/BSA, mL/m2 36.76 § 20.96 31.90 § 16.18 0.211
RVSV/BSA, mL/m2 32.39 § 12.37 33.83 § 10.93 0.567
GLS, % �7.33 § 4.68 �8.43 § 4.40 0.223
GCS, % �8.39 § 3.52 �9.89 § 4.36 0.118
GRS, % 12.50 § 6.08 14.86 § 8.29 0.271
LA volume, ml 69.45 § 13.27 61.17 § 17.61 0.031
Reservoir, % 8.52 § 3.80 20.85 § 9.80 0.001
Conduit, % 4.03 § 3.51 10.22 § 6.95 0.001
Booster, % 6.91 § 4.05 10.73 § 6.19 0.001
LGE extent, number of

segments
6.43 § 1.18 5.67 § 2.49 0.156

LV thrombus, n (%) 4 (17%) 23 (12%) 0.439

BSA = body surface area; EDV = end-diastolic volume; ESV = end-systolic volume;
GCS = global circumferential strain; GLS = global longitudinal strain; GRS = global
radial strain; LGE = late gadolinium enhancement; LV = left ventricle; RV = right ven-
tricle; SV = stroke volume.
Bold indicates statistically significant values.

Table 3
Univariable cox proportional hazards regression analysis of clinical and
CMR characteristics for the prediction of cerebrovascular events

Variables

Univariable

HR (95% CI) p values

Sex 0.31 (0.07�1.33) 0.116
Age 1.03 (0.99�1.07) 0.126
Hypertension 3.03 (1.11�8.12) 0.029
Dyslipidemia 3.02 (1.34�7.63) 0.009
Smoke 1.04 (0.45�2.35) 0.926
Obesity 1.72 (0.67�4.34) 0.258
Diabetes 2.88 (1.27�6.54) 0.011
Familiary for CAD 1.04 (0.30�3.50) 0.95
Infart location 1.38 (0.73�2.61) 0.317
Incident AF 6.47 (2.54�16.49) 0.001
Time CMR 0.98 (0.97�1.02) 0.361
LVEF, % 0.96 (0.93�1.01) 0.058
LVEDV/BSA, mL/m2 1.00 (0.99�1.01) 0.100
LVESV/BSA, mL/m2 1.00 (0.99�1.01) 0.571
LVSV/BSA, mL/m2 0.99 (0.95�1.02) 0.661
RVEF, % 0.97 (0.95�1.00) 0.081
RVEDV/BSA, mL/m2 1.00 (0.98�1.02) 0.495
RVESV/BSA, mL/m2 1.01 (0.99�1.03) 0.215
RVSV/BSA, mL/m2 0.98 (0.95�1.02) 0.569
GLS, % 1.05 (0.97�1.14) 0.192
GCS, % 1.07 (0.98�1.18) 0.111
GRS, % 0.96 (0.90�0.99) 0.226
LA volume 1.02 (1.00� 1.05) 0.025
Reservoir, % 0.80 (0.73�0.86) 0.001
Conduit, % 0.73 (0.63�0.84) 0.001
Booster, % 0.91 (0.85�0.97) 0.006
LV thrombus 1.54 (0.52�4.56) 0.433
LGE extent, number of segments 1.11 (0.94�1.32) 0.183

AF = atrial fibrillation; BSA = body surface area; EDV = end-diastolic
volume; ESV = end-systolic volume; GCS = global circumferential
strain; GLS = global longitudinal strain; GRS = global radial strain;
HR = hazard ratio; LGE = late gadolinium enhancement; LV = left ven-
tricle; SV = stroke volume; RV = right ventricle.
Bold indicates statistically significant values.
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142 [75%]; p = 0.090) were observed between patients who experi-
enced cerebrovascular events and those who did not.

However, patients who experienced cerebrovascular events had a
significantly higher prevalence of hypertension (18 [78%] versus 97
[52%]; p = 0.023), dyslipidemia (15 [65%] versus 69 [36%]; p = 0.012),
and diabetes mellitus (11 [48%] versus 42 [22%]; p = 0.010). No other
significant differences in cardiovascular risk factors were observed
between the two groups. AF occurred in 26% of STEMI patients who
experienced cerebrovascular events, compared to 3% of those who
did not (p = 0.001).

Among the CMR findings, patients with cerebrovascular events
had a significantly lower left ventricular ejection fraction (LVEF) com-
pared to those without events (31.60 § 9.70% versus 36.99 § 12.45%;
p = 0.047). No other significant differences were observed in left or
right ventricular volumes or function, nor in left ventricular myocar-
dial strain parameters.

Conversely, LA volume was significantly higher in patients who
experienced cerebrovascular events (69.45 § 13.27 mL versus
61.17 § 17.65 mL; p = 0.001), while atrial strain parameters were sig-
nificantly lower, including LA reservoir strain (8.52 § 3.80% versus
20.85 § 9.80%; p = 0.001), LA conduit strain (4.03 § 3.51% versus
10.22 § 6.95%; p = 0.001), and LA booster strain (6.91 § 4.05% versus
10.73 § 6.19%; p = 0.001). Table 2 and Figure 2.
Figure 2. Box plots comparing patients with and without cerebrovascular events. Patients w
conduit strain parameters.
Associations of ventricular and atrial strain measures with
cerebrovascular events

Clinical variables associated with cerebrovascular events, as iden-
tified by univariable Cox proportional hazards regression analysis,
are presented in Table 3. Univariable analysis demonstrated that
hypertension (HR 3.03; 95% CI: 1.11−8.12; p = 0.029), dyslipidemia
(HR 3.02; 95% CI: 1.34−7.63; p = 0.009), diabetes mellitus (HR 2.88;
95% CI: 1.27−6.54; p = 0.011), LA volume (HR: 1.02; 95% CI: 1.00
−1.03; p = 0.025), and incident atrial fibrillation (HR 6.47; 95% CI:
2.54−16.49; p = 0.001) were significantly associated with an
increased risk of cerebrovascular events during follow-up.
ho experienced cerebrovascular events showed more impaired left atrial reservoir and



Table 4
Multivariable cox proportional hazards regression analysis

Variables

Univariable Multivariable

HR (95% CI) p values HR (95% CI) p values

Reservoir, % 0.80 (0.73�0.86) 0.001 0.84 (0.77�0.91) 0.001
Conduit, % 0.73 (0.63�0.84) 0.001 0.74 (0.63�0.87) 0.001
Booster, % 0.91 (0.85�0.97) 0.006 0.93 (0.86�1.01) 0.064

All atrial strain parameters were adjusted for factors that were statistically signifi-
cant in the univariable analysis.
Bold indicates statistically significant values.
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In addition, lower values of left atrial (LA) strain parameters,
including LA reservoir strain (HR 0.80; 95% CI: 0.73−0.86; p = 0.001),
LA conduit strain (HR 0.73; 95% CI: 0.63−0.84; p = 0.001), and LA
booster strain (HR 0.91; 95% CI: 0.85−0.97; p = 0.006), were signifi-
cantly associated with a higher risk of cerebrovascular events.

On further multivariable analysis (Table 4) confirmed that both LA
reservoir strain (HR: 0.84; 95% CI: 0.77−0.91; p = 0.001) and LA con-
duit strain (HR: 0.74; 95% CI: 0.63−0.87; p = 0.001) remained statisti-
cally significant independent predictors of cerebrovascular events
after adjusting for hypertension, dyslipidemia, diabetes mellitus, LA
volume, and incident atrial fibrillation. Specifically, lower values of
LA reservoir and LA conduit strain were independently associated
with an increased risk of cerebrovascular events during follow-up.

Figure 3 depicts representative cases of STEMI patients with (A)
and without (B) cerebrovascular events, illustrating differences in left
atrial reservoir and conduit strain

When evaluating the Kaplan−Meier curves for event-free sur-
vival, patients with a left atrial (LA) reservoir strain >16% and LA con-
duit strain >8% showed significantly higher cerebrovascular event-
free survival compared to those with LA reservoir <16% and LA con-
Figure 3. Representative cases of STEMI patients with (A) and without (B)
duit <8% (log-rank: HR 12.52, 95% CI 2.9−37.3, p = 0.001; HR 13.27,
95% CI 3.07−38.7, p = 0.001). Figure 4.
Discussion

This study evaluated the prognostic impact of LA strain in patients
with STEMI. Our results indicate that both reservoir and conduit
strain parameters independently predict future cerebrovascular
events. Reduced reservoir and conduit strain were significantly asso-
ciated with the development of ischemic stroke, even after adjust-
ment for traditional cardiovascular risk factors and incident atrial
fibrillation.

The mechanisms linking LA dysfunction with stroke remain
incompletely understood, but several pathophysiological processes
may explain this association. The LA is an active cardiac chamber that
plays a central role in modulating LV filling through its three func-
tional phases: (1) acting as a reservoir for pulmonary venous return
during LV systole, (2) serving as a conduit for passive blood flow from
the pulmonary veins to the LV during early diastole, and (3) function-
ing as a booster pump through active contraction in late diastole to
enhance LV filling.15,23 Impairment of the reservoir and conduit
phases leads to abnormal flow dynamics and blood stasis within the
LA and LV, predisposing to thrombus formation.24 Recent evidence
has raised the possibility that the LA may serve as an independent
source of thromboembolic events, even in the absence of AF, suggest-
ing the role of atrial myopathy as a distinct pathological entity.25 In
line with previous research,12 the present study found that the asso-
ciation between impaired atrial strain and the risk of ischemic stroke
remained significant even after adjusting for incident AF. These find-
ings support the notion that reduced atrial strain may reflect under-
lying structural and functional atrial remodeling that predisposes to
cerebrovascular events, shown according to their atrial strain values.



Figure 4. Kaplan−Meier curves of event-free survival according to LA reservoir (A) and LA conduit (B) strain. Patients discharged with an LA reservoir >16% and LA conduit >8%
exhibited significantly higher survival free from cerebrovascular events compared to those with an LA reservoir ≤16% and LA conduit ≤8% (A: log-rank, HR 12.52; 95% CI 2.9−37.3;
p = 0.001; B: log-rank, HR 13.27; 95% CI 3.07−38.7; p = 0.001)
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thrombus formation and embolic events independently of arrhyth-
mia detection.

Moreover, myocardial infarction can promote atrial remodeling
and fibrosis, resulting in both mechanical and electrical dysfunction.
This structural substrate not only compromises LA contractility but
also increases the risk of arrhythmogenesis, further elevating stroke
risk.26,27

Khyl et al evaluated LA volume and functional remodeling after
acute myocardial infarction in a cohort of 160 patients with first-time
STEMI, demonstrating an increase in LA volume and its association
with adverse outcomes.28 However, LA strain may be a more sensi-
tive indicator of cerebrovascular risk than LA volumes. LA strain
assessment can detect atrial myopathy earlier than LA enlargement,
suggesting that volumetric changes occur at a more advanced stage
of atrial dysfunction.29

Our study supports these findings, demonstrating that LA strain is
a more sensitive marker than LA volume for identifying cerebrovas-
cular events in patients with STEMI.

Another plausible explanation is the presence of undiagnosed AF;
indeed, reduced LA strain has been associated with subclinical or par-
oxysmal AF, which may remain asymptomatic and is a well-recog-
nized cause of cardioembolic stroke.3,5,7

Clinical implications

Ischemic stroke is an infrequent but serious complication of acute
myocardial infarction, and in more than half of affected patients, the
underlying cause—such as atrial fibrillation or left ventricular throm-
bus—remains unidentified, with the event often classified as
cryptogenic.30

The findings of this study suggest that LA strain, specifically reser-
voir and conduit function, may serve as a valuable, noninvasive bio-
marker for identifying STEMI patients at higher risk of future
cerebrovascular events.

Incorporating LA strain assessment into routine CMR analysis
could enhance post-STEMI risk stratification and support closer clini-
cal monitoring. This approach may help identify cardioembolic risk
earlier and enable the implementation of preventive strategies,
including upstream therapies aimed at halting the progression of
thrombogenic cardiac dysfunction. Furthermore, early detection of
atrial dysfunction may facilitate targeted interventions to reduce
stroke risk in this vulnerable population. Prospective studies are
needed to validate these findings and establish clinically meaningful
thresholds for LA strain−guided management.
Limitations

This study has certain limitations. First, due to its retrospective
design, our study is subject to inherent biases, including potential
unmeasured confounding factors and the incomplete availability of
some clinically relevant data. Specifically, comprehensive echocar-
diographic information on diastolic function was not consistently
available for all patients. Second, the relatively modest sample size
and limited number of cerebrovascular events may have contributed
to wider confidence intervals and elevated HRs, increasing the risk of
overfitting in our multivariable models. While we employed careful
statistical adjustment for relevant confounders, this potential for
overfitting limits the strength of conclusions regarding the incremen-
tal prognostic value of atrial strain. Larger studies with more events
are needed to validate and strengthen these findings. Third, dedi-
cated LGE sequences for the left atrium were not acquired, as stan-
dard CMR protocols lack sufficient spatial resolution to reliably
characterize fibrosis in the thin atrial wall. In addition, strain rate
analysis was not performed. As a result, we were unable to assess the
relationship between atrial tissue remodeling, strain rate, and cere-
brovascular risk. Fourth, although we adjusted for clinically detected,
sustained AF during follow-up, we did not perform systematic pro-
longed cardiac rhythm monitoring; therefore, undetected transient
episodes of AF may partially account for the results. Fifth, the timing
of CMR varied across patients. This variability may have influenced
strain measurements, as these parameters can evolve during the
acute and subacute phases. In particular, strain values may improve
over time following revascularization, potentially affecting the
observed associations. Future studies with standardized imaging
time points are warranted to better capture the temporal dynamics
of postischemic myocardial changes.

Furthermore, the absence of an independent validation cohort
necessitates caution when generalizing these findings to a broader
population. While our study provides promising insights, prospective
trials involving larger patient populations are essential to confirm
and expand these results.
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Conclusion

LA reservoir and conduit strain parameters are independently
associated with a higher risk of cerebrovascular events. LA strain may
serve as an additional noncontrast CMR marker for risk stratification
in patients with STEMI. If confirmed in larger prospective multicenter
studies, these findings could help tailor treatment strategies and
improve risk stratification after STEMI.

Clinical perspective

Atrial strain may serve as a suitable noninvasive, noncontrast car-
diovascular magnetic resonance parameter for predicting cerebrovas-
cular complications in patients with STEMI.
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