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Abstract
Prognostic stratification of acute ischemic stroke (AIS) patients without atrial fibrillation (AF) remains a challenge. Two-
dimensional speckle tracking echocardiography (2D-STE) has recently been introduced for dynamic evaluation of left atrial 
function. However only few data are actually available regarding the application of 2D-STE in AIS patients. The aim of 
our study was to assess the prognostic role of global left atrial peak strain (GLAPS), measured by 2D-STE, in AIS patients 
without AF history. Eighty-five AIS patients (mean age 74.1 ± 12.1 years, 49 males) with normal sinus rhythm on ECG and 
without AF history were enrolled in the prospective study. All patients underwent a complete echocardiographic study with 
2D-STE. At 1 year follow-up, we evaluated the occurrence of a composite endpoint of all-cause mortality plus cardiovascu-
lar re-hospitalizations. GLAPS was markedly reduced in AIS patients (15.71 ± 4.70%), without any statistically significant 
difference between the stroke subtypes. At 1-year follow-up, 14 deaths and 17 hospital readmissions were detected in AIS 
subjects. On a multivariate Cox model, variables independently associated with the occurrence of the composite endpoint 
were the “Rankin in” Scale (HR 1.69, p = 0.001), GFR (HR 0.98, p = 0.03) and the GLAPS value (HR 0.78, p < 0.0001). A 
GLAPS value ≤ 15.5% predicted the composite endpoint with sensitivity of 100% and specificity of 80%. A GLAPS value 
≤ 15.5% reflects a more advanced atrial cardiomyopathy and might provide a reliable and useful prognostic risk stratifica-
tion of AIS patients without AF history.
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Introduction

Stroke is the third leading cause of death after cardiovascular 
diseases and cancer, and is the major cause of long-term dis-
ability in Europe and in the United States, with a consider-
able socio-economic impact worldwide [1].

It occurs more frequently in older people, and the risk of 
stroke increases with age. The stroke mortality rate ranges 
between 15 and 40% at 1 year [2]. Additionally, early after 
stroke one-third to one-half of the patients are partially or 
totally dependent in activities of daily living [3].

The prognostic stratification of acute ischemic stroke 
(AIS) patients remains a challenge. Echocardiography is the 
most commonly used tool for the cardiovascular evaluation 
of these patients. Although several studies [4–8] adopted 
volumetric assessment of left atrium for correlation with or 
prediction of adverse cardiovascular events, only few authors 
[9, 10] have demonstrated that left atrial (LA) enlargement 
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is independently associated with new neurological events 
and with all-cause mortality in patients with first-ever AIS.

Since the majority of AIS patients are frail with multiple 
comorbidities, it is complex obtaining an echocardiographic 
risk assessment based only on the traditional morphologi-
cal echocardiographic parameters. In fact, the coexistent 
increase in LA size remains a nonspecific marker, difficult 
to interpret in patients with concomitant comorbidities, such 
as hypertension, valvular disease and diastolic dysfunction.

Two-dimensional speckle tracking echocardiography 
(2D-STE) has recently been introduced to evaluate dynamic 
LA function [11]. Impaired global LA peak strain (GLAPS) 
may suggest reduced LA compliance and might provide a 
better insight into LA function.

However, currently very few data are available regard-
ing the application of this technique in AIS patients [12], 
especially with no evidence of atrial fibrillation (AF) [13].

The aim of our study was to evaluate the prognostic value 
of GLAPS in AIS patients without AF history, for predicting 
the occurrence of death and cardiovascular re-hospitaliza-
tions in the medium and short-term follow-up.

Materials and methods

We performed a prospective single-center observational 
study, carried out on 85 AIS patients (mean age 74.1 ± 12.1 
years, 49 males), hospitalized in the Neurology Department 
at San Giuseppe MultiMedica Hospital (Milan, Italy) from 
October 2016 to February 2017.

According to the World Health Organization criteria [14], 
acute stroke was defined as “rapidly developing clinical 
signs of focal (or global) disturbance of cerebral function, 
with symptoms lasting 24 h or longer or leading to death, 
with no apparent cause other than of vascular origin”.

The following patients’ data were collected from hospital 
charts: age, gender, BSA, incidence of coronary risk fac-
tors (i.e. cigarette smoking, hypertension, type 2 diabetes 
mellitus and dyslipidemia), history of coronary artery dis-
ease (prior myocardial infarction and/or percutaneous coro-
nary intervention and/or coronary artery bypass graft) and/
or of cerebrovascular events [prior stroke and/or transient 
ischemic attacks (TIAs)], electrocardiographic data, long-
term medical treatment and blood tests, such as hemoglobin, 
serum creatinine and lipid profile.

Hypertension criteria included the use of antihypertensive 
drugs, persistent systolic blood pressure (SBP) ≥ 140 mmHg, 
or diastolic blood pressure (DBP) ≥ 90 mmHg.

Type 2 diabetes mellitus was defined by the use of antidia-
betic medications or fasting plasma glucose levels ≥ 126 mg/
dl confirmed by several tests done on different days (fasting 
was defined as no caloric intake for at least 8 h).

Diagnostic criteria for dyslipidemia were the following: 
serum total cholesterol ≥ 200 mg/dl, serum HDL-cholesterol 
≤ 40 mg/dl and triglycerides ≥ 150 mg/dl.

Glomerular filtration rate (GFR) was estimated through the 
Modification of Diet in Renal Disease (MDRD) equation.

Exclusion criteria were the following: history of AF (also 
excluded by a continuous telemetry monitoring during hos-
pitalization), hemorrhagic stroke and patients with transient 
neurological symptoms and without acute ischemic lesions 
on brain magnetic resonance imaging (MRI), classified as TIA 
patients. The latter were excluded from the study on the basis 
of the negative results of the latest-generation brain MRI, able 
to detect even very small ischemic lesions. Thus, we selected 
and examined a more homogenous patient population (AIS 
patients). Patients with poor echocardiographic images unsuit-
able for LA size measurement were also excluded.

During hospitalization all patients underwent accurate 
anamnesis, complete physical and neurological examina-
tion comprehensive of computed tomography (CT), brain 
MRI scans, blood analysis, ultrasound evaluation of carotid 
arteries, a 12-lead electrocardiogram (ECG) and an echocar-
diographic study with pulsed-wave tissue Doppler imaging 
(PW-TDI) and 2D-STE.

The primary endpoint of our study was a composite end-
point of all-cause mortality plus cardiovascular re-hospital-
izations. The latter were defined as hospital re-admissions 
for surgical procedures or adverse cardiovascular events such 
as recurrence of stroke/TIA, arrhythmias associated with 
hemodynamic instability, heart failure, acute coronary syn-
dromes and/or major bleedings.

The annual follow-up consisted of a clinical visit together 
with telephone interview and re-evaluation of the patients’ 
clinical charts in order to detect the above-mentioned 
endpoint.

All procedures performed in the present study were in 
accordance with the ethical standards of the Institutional 
Research Committee and with the 1964 Helsinki Declara-
tion and its later amendments or comparable ethical stand-
ards. A written and informed consent was obtained from 
all individual participants and/or their relatives included in 
the study and the protocol was approved by the local Ethics 
Committee. No extramural funding was used to support this 
work. The authors are solely responsible for the structure 
and direction of the study, investigations and analyses, draft-
ing and editing of the paper.

Patient evaluation

Clinical measures

The cardioembolic risk of each patient was assessed by the 
CHA2DS2-VASc (congestive heart failure, hypertension, 
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age ≥ 75 years [doubled], diabetes, stroke/TIA/thromboem-
bolism [doubled], vascular disease [prior myocardial infarc-
tion, peripheral artery disease, or aortic plaque], age 65–74 
years, sex category [female]) Risk Score [15].

The subtypes of ischemic stroke were classified accord-
ing to the TOAST criteria: (1) large-artery atherosclerosis 
(LAA), (2) small vessel occlusion (SVO), (3) cardioem-
bolism (CE), (4) stroke of other determined etiology, and 
(5) stroke of undetermined etiology [16]. Additionally, all 
patients underwent complete neurological examination, and 
the modified Rankin Scale (mRS) [17–19] was used to meas-
ure the degree of disability or dependence at three specific 
moments: before the hospital admission, at the Neurology 
Department admission (Rankin “in” Scale) and at the hos-
pital discharge. The mRS is a 7-level ordered categorical 
scale describing levels of patient functional independence 
following a stroke, with scores ranging from 0 (fully inde-
pendent) to 6 (dead).

Standard echocardiographic measurements

Transthoracic echocardiography was performed in all 
patients by the same cardiologist (A.S.), by using the port-
able Philips Sparq ultrasound machine with a 2.5 mHz 
transducer.

All measurements were performed according to the Rec-
ommendations of the American Society of Echocardiogra-
phy and the European Association of Cardiovascular Imag-
ing [20, 21].

The following echo M-mode and 2D parameters were 
recorded: left ventricular (LV) end-diastolic and end-sys-
tolic diameters indexed, ventricular septal thickness and 
LV posterior wall thickness, from the parasternal long-axis 
2-dimensional guided M-mode examination; relative wall 
thickness (RWT), calculated with the formula RWT = 2 pos-
terior wall thickness/LV internal diameter at end-diastole; 
LV mass indexed (LVMi), calculated by the Devereux’s for-
mula; LV end-diastolic and end-systolic volumes indexed 
(LVEDVi and LVESVi respectively); LV ejection fraction 
(LVEF) by the modified biplane Simpson’s method; LA 
anteroposterior diameter in parasternal short axis view 
at the aortic valve level; LA longitudinal diameter in api-
cal four-chamber view; LA end-systolic volume indexed 
(LAVi) measured from biplane method of disks (modified 
Simpson’s rule) using apical four-chamber and apical two-
chamber views at ventricular end-systole; right ventricular 
(RV) inflow tract, measured in a RV focused apical view; 
longitudinal systolic function of RV, measured by tricuspid 
annular plane systolic excursion from four-chamber view 
[22] and finally inferior vena cava (IVC) diameter by a sub-
costal longitudinal view.

Doppler measurements included: transmitral flow veloci-
ties by pulsed wave (PW) Doppler technique, i.e. velocities 

of early (E) and late (A) filling wave (the latter due to atrial 
contraction) and the E/A ratio; early diastolic myocardial 
relaxation velocities, assessed by PW-TDI, placing the sam-
ple volume in the ventricular myocardium immediately adja-
cent to the medial (e′ sep) and lateral (e′ lat) mitral annulus 
in order to calculate the average E/e′ ratio, as an index of 
the LV filling pressures (LVFP); tricuspid regurgitation was 
searched and assessed in parasternal RV inflow, paraster-
nal short-axis, and apical or subcostal four-chamber views, 
in order to achieve an optimized continuous-wave Doppler 
echocardiographic sampling of tricuspid regurgitation peak 
velocity (TRV), which was used to estimate the RV-to-right 
atrial systolic pressure gradient calculated with the modified 
Bernoulli equation (4 × [TRV]2) [23]. Right atrial pressure, 
estimated by both IVC diameter and its inspiratory collapse, 
was added to that calculated value, to estimate the systolic 
pulmonary artery pressure.

The echocardiographic grading of valvular regurgitation 
was assessed by standard color Doppler criteria, the aortic 
valve area by the continuity equation [24] and the transval-
vular gradients by the simplified Bernoulli equation [25].

Speckle tracking echocardiography

Two-dimensional STE was performed immediately after 
conventional echocardiography, during the same examina-
tion, by using the Philips QLAB 10.3.1 ultrasound software. 
All acquired images were then analyzed offline by the same 
cardiologist (A.S.). To calculate LA strain, we employed 
the same software that is used for the analysis of ventricular 
function. At first, we manually traced the atrial endocardium 
by using three reference points, the first one placed at the 
medial mitral annulus, the second one at the lateral mitral 
annulus and the third one at the atrial roof. The epicardial 
surface was automatically calculated, and after manu-
ally reducing the region of interest to the atrial thickness, 
to include only the atrial wall, the software automatically 
divided the atrial wall into six segments. We repeated these 
steps from each of the two apical views: four-chamber (six 
segments) and two-chamber (six segments) using a 12-seg-
ments model (“biplane method”); the apical three-chamber 
view was excluded. Then, the system processed the data and 
after finishing tracing and auto processing of the two views, 
the global LA strain and Bull’s eye report was obtained.

Once the longitudinal atrial strain curves were obtained, 
the following measurements were performed: positive global 
atrial strain (GSA +), during the reservoir phase, plotted as 
a positive curve at the aortic valve closure; negative global 
atrial strain (GSA −), during the LA systole, plotted as a 
negative curve with a peak after the P wave on ECG; peak 
to peak strain (TGSA): the sum of the two peaks; time to 
peak positive strain (TPPS): the time interval from the 
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beginning of P wave to the time of the peak of the positive 
strain (Fig. 1a).

GLAPS value was calculated from the sum of the values 
of GSA +, during the reservoir phase, obtained in each of 
the two apical echocardiographic views, divided by the total 
number of segments (12).

From the 2D atrial strain, strain rate (SR) curves were 
derived, which permitted the measurement of atrial SR 
during the three phases: the first positive global strain rate 
(GSR +), from the beginning of ventricular systole; global 
early-diastolic strain rate (GSRE); global late-diastolic strain 
rate (GSRL); time to peak positive strain rate (TPPSR +), 
measured from the beginning of P-wave to the peak of the 
first positive SR (Fig. 1b).

Finally, we calculated: GLAPS/LAVI ratio and two echo-
cardiographic indices of LA stiffness, i.e. E/GLAPS ratio 
and E/e′/GLAPS ratio.

Ultrasound assessment of carotid arteries

All patients underwent carotid ultrasound imaging. Grading 
of carotid stenosis was primarily based on morphological 
information. In addition to the degree of narrowing, plaque 
thickness, plaque length, and residual lumen diameter were 
reported. Velocity measurements in stenosis (peak sys-
tolic velocity and carotid ratio) were used to differentiate a 
moderate from a severe (> 70%) stenosis, according to the 
North American Symptomatic Carotid Endarterectomy Trial 
(NASCET) criteria [26].

Statistical analysis

For all patients, continuous data were summarized as 
mean ± standard deviation (SD), while categorical data 
were given as frequency and percentage. The non-parametric 

Fig. 1   a Example of measurement of longitudinal LA strain by two-
dimensional speckle tracking echocardiography, obtained from the 
apical four-chamber view in a stroke patient enrolled in the study. 
Longitudinal strain curves of the six atrial segments are depicted with 
different colors. The dotted line indicates the average atrial longitu-
dinal strain. Positive curves indicate the atrial strain of the reservoir 
during ventricular systole, which coincides with aortic valve closure. 
GSA + (%): positive global atrial strain (yellow arrow from the posi-
tive peak of the dotted line to the red line). Negative curves repre-
sent atrial strain during the LA systole with a peak after the P wave 
of the ECG. GSA − (%): negative global atrial strain (yellow arrow 
from the negative peak of the dotted line to the red line). TPPS (ms), 
time to peak positive strain, the time interval from the beginning of 
P wave to the time of peak positive strain (green arrow). AVC aortic 
valve closure, LA left atrial. b Left atrial longitudinal SR. The dotted 

line indicates the average SR. Positive curves, indicate atrial length-
ening (relaxation) during the periods of isovolumic contraction, ven-
tricular ejection and isovolumic relaxation (reservoir SR). GSR + (%), 
the first positive global strain rate, from the beginning of ventricular 
systole (yellow arrow from the positive peak of the dotted line to the 
red line). Negative curves indicate atrial SR during rapid ventricular 
filling (E) and atrial systolic SR (A), which is seen after the P wave of 
the ECG. GSRE (%), global early-diastolic strain rate (yellow arrow 
from the first negative peak of the dotted line to the red line). GSRL 
(%), global late-diastolic strain rate (yellow arrow from the second 
negative peak of the dotted line to the red line). TPPSR + (ms), time 
to peak positive strain rate, measured from the beginning of P-wave 
to the peak of the first positive strain rate (green arrow). AVC aortic 
valve closure, SR strain rate
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Wilcoxon test was used to estimate the difference between 
the means, since Kolmogorov–Smirnov test showed a not 
normally distribution for all continuous variables, while cat-
egorical variables were compared using the Chi square test 
or the Fisher’s exact test, as appropriate.

Furthermore, the following analyses were performed. 
Investigated outcome was a composite endpoint of all-cause 
mortality plus cardiovascular re-hospitalizations, herein 
called major adverse cardiovascular events (MACE). Uni-
variate Cox regression was performed to evaluate the effect 
of the clinical, Doppler-echocardiographic and 2D-STE vari-
ables on the occurrence of MACE at 1-year follow-up. Cor-
respondent hazard ratios (HR) with 95% confidence intervals 
(CI) were calculated. Furthermore, the most clinically rel-
evant variables were then evaluated in an overall multivari-
ate Cox proportional hazard model to test their effect on the 
occurrence of MACE.

The correlation between GLAPS score and conventional 
clinical parameters was assessed by Spearman Correlation 
Coefficient.

The receiver operating characteristics (ROC) curve was 
drawn for GLAPS value in predicting MACE and the best 
cut-off for GLAPS was found by maximizing the sum of 
sensitivity (SE) and specificity (SP). Area under the ROC 
curve (AUC) was calculated.

Finally, survival curves were drawn to evaluate whether 
there was a difference between strata of GLAPS comparing 
values lower vs greater than the best cut-off. The comparison 
of the survival curves of the two groups was assessed by 
using the log-rank test.

Values of p < 0.05 were considered statistically 
significant.

Statistical analysis was performed using the SAS software 
(SAS version 9.4, Cary, N.C., USA) and R (R version 3.4.4), 
with Hmisc and pROC libraries (Hmisc and pROC libraries: 
http://cran.r-proje​ct.org/).

Results

Stroke patients enrolled in the study showed a duration of 
hospital stay of 5 ± 2 days, at continuous ECG monitor-
ing. The main demographic and clinical characteristics of 
the study population are reported in Table 1. As expected, 
hypertension, dyslipidemia and type 2 diabetes mellitus were 
the most common cardiovascular risk factors. The thrombo-
embolic risk score resulted being very high in AIS patients, 
suggesting a considerable burden of atherosclerosis; fur-
thermore, a moderate-to-severe neurological disability was 
detected in these patients at hospital admission.

Table 2 lists the basal conventional echocardiographic 
data obtained among AIS patients. As compared to refer-
ence range values [20, 27], the RWT and the LVMi were 

markedly increased in AIS patients, while, the LVEF 
was generally found within the normal range. Moreo-
ver, the linear and volumetric measurements of LA size 
were significantly increased in AIS patients if compared 
with normal ranges; impaired diastolic function was quite 
common; we detected an impaired relaxation pattern of 
LV diastolic filling (grade 1 diastolic dysfunction) with 
echocardiographic signs of increased LVFP (average E/e′ 
ratio > 13).

Table 3 shows the most important functional param-
eters of the global LA systolic strain, echocardiographi-
cally obtained from the two apical views (four-chamber and 
two-chamber views) in the whole patient population. As 
compared to the accepted reference values [28, 29], GSA+, 
TGSA and GSR + values were significantly decreased in AIS 
patients in both the echocardiographic apical views. Conse-
quently, the GLAPS value and the GLAPS/LAVi ratio were 
also markedly reduced, whereas, the E/GLAPS ratio and the 

Table 1   The main demographic and clinical characteristics of the 
study population

Data are expressed as mean ± SD or as a count and percentage
Ace-i/ARBs tp therapy with angiotensin-converting-enzyme (ACE)-
inhibitors or Angiotensin II receptor blockers (ARBs); AIS patients 
acute ischemic stroke patients; BSA body surface area; CHA2DS2-
VASc Score congestive heart failure (included left ventricular dys-
function), hypertension, aged 75 or more, diabetes, stroke/TIA/
thromboembolism, vascular disease (prior myocardial infarction, 
peripheral artery disease or aortic plaque), aged 65–74, sex category: 
female; GFR glomerular filtration rate; IHD ischemic heart disease; 
Pts patients; Rankin “in” Score modified Rankin Scale, measured at 
the admission to the Neurology Department; SD standard deviation; 
Tp therapy

Clinical parameters AIS patients (n = 85)

Age (years) 74.1 ± 12.1
Males (%) 49 (57.7)
BSA (m2) 1.8 ± 0.2
GFR (ml/min/m2) 75.3 ± 22.1
Smokers (%) 14 (16.5)
Type 2 diabetes mellitus (%) 22 (25.9)
Hypertension (%) 66 (77.7)
Dyslipidemia (%) 45 (52.9)
Prior stroke (%) 20 (23.5)
> 40% carotid artery stenosis (%) 26 (30.6)
History of IHD (%) 25 (29.4)
CHA2DS2-VASc Risk Score 5.4 ± 1.4
Rankin “in” Scale 3.0 ± 1.6
Ace-i/ARBs tp (n, %) 64 (75.3)
Beta-blocker tp (n, %) 33 (38.8)
Diuretic tp (n, %) 10 (11.8)
Statin tp (n, %) 55 (64.7)
Antiplatelet tp (n, %) 77 (90.6)
Anticoagulant tp (n, %) 11 (12.9)

http://cran.r-project.org/
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E/e′/GLAPS ratio were significantly increased, suggesting a 
pathologic LA chamber stiffness.

Moreover, the GLAPS value resulted being reduced in the 
whole population of stroke patients regardless of the stroke 
subtypes (p = 0.81 for CE stroke vs. LAA stroke, p = 0.27 
for CE stroke vs. SVO stroke and p = 0.06 for LAA stroke 
vs. SVO stroke).

Finally, Spearman correlation coefficients showed 
a significant negative correlation between GLAPS and 

both Rankin “in” Scale (Rho − 0.31, p = 0.004) and 
CHA2DS2-VASc Risk Score (Rho − 0.44, p < 0.0001).

Predictors of outcome in stroke patients

At 1 year follow-up (330 ± 60 days), 14 deaths and 17 hos-
pital readmissions for cardiovascular causes were detected 
in the whole population of AIS patients. Eight patients 
underwent surgical procedures, such as carotid endarter-
ectomy (three patients) and cardiac surgery (five patients), 
while nine patients were hospitalized because of recur-
rent stroke (three patients), heart failure (four patients), 
arrhythmias associated with hemodynamic instability (one 
patient) and major bleeding (one patient).

At the univariate Cox analysis (Table 4), the variables 
associated with the occurrence of MACE at 1-year follow-
up, were age, GFR, the Rankin “in” Scale, SVO stroke, 
Ace-i/ARBs therapy (as clinical variables) and LVEF, 
LAVI, average E/e′ ratio and GLAPS (as morphological 
and functional echo variables) with HR ranging from 0.39 
to 1.59. At the multivariate analysis, GLAPS, GFR and 
Rankin “in” Scale confirmed their significance with HR 
(95% CI) of 0.78 (0.70–0.86), 0.98 (0.95–0.99) and 1.69 
(1.25–2.29), respectively. Age and LAVi were no more 
significant.

The ROC curve analysis highlighted that a GLAPS 
value ≤ 15.5% predicted the occurrence of MACE at 
1-year follow-up with sensitivity of 100% and specificity 
of 80%. AUC was 0.8981.

The Kaplan–Meier survival curves for the two strata of 
the GLAPS value (> vs. ≤ 15.5%) are depicted in Fig. 2. 
Log-Rank test for the differences between the two curves 
showed a significant p value < 0.0001.

Table 2   Basal conventional 
echocardiographic data of all 
study population

Data are expressed as mean ± SD
AIS pts acute ischemic stroke patients; LA left atrial; LA A-P diam left atrial anteroposterior diameter; 
LAVI left atrial volume indexed; LV left ventricular; LVEDVI left ventricular end-diastolic volume indexed; 
LVEF left ventricular ejection fraction; LVMI left ventricular mass indexed; Pts patients; RWT​ relative wall 
thickness
a Data expressed as mean ± SD (95% confidence interval) and referred to subjects aged > 60 years

Echo-parameters Reference range in women Reference range in men AIS pts (n = 85)

RWT​ 0.22–0.42 0.24–0.42 0.5 ± 0.1
LVMi (g/m2) 43–95 49–115 107.4 ± 27.3
LVEDVi (ml/m2) 29–61 34–74 42.9 ± 14.0
LVEF (%) 54–74 52–72 59.4 ± 10.8
LA A-P diam (mm) 2.7–3.8 3.0–4.0 43.2 ± 5.5
LAVi (ml/m2) 16–34 16–34 39.7 ± 13.7
E/A ratio 0.99 ± 0.31 (0.53–1.80)a 0.96 ± 0.27 (0.53–1.80)a 0.9 ± 0.4
Average E/e′ ratio 8.6 ± 2.2 (4.6–13.5)a 8.4 ± 2.2 (4.6–13.5)a 14.1 ± 5.7

Table 3   The main left atrial functional parameters obtained in AIS 
patients

Data are expressed as mean ± SD
AIS patients acute ischemic stroke patients; GLAPS global left atrial 
peak strain; LAVI left atrial volume indexed; GSA + positive global 
atrial strain; GSR + the first positive global strain rate; Pts patients; 
STE speckle tracking echocardiography; TGSA the sum of the peak 
positive and of the peak negative strain; TPPS time to peak positive 
strain; TPPSR time to peak positive strain rate; 4C four-chamber api-
cal view; 2C two-chamber apical view

STE variables AIS patients (n = 85)

GSA + (%) 4C 15.69 ± 5.40
GSA + (%) 2C 15.64 ± 5.03
TGSA (%) 4C 20.54 ± 6.57
TGSA (%) 2C 20.45 ± 6.14
TPPS (s) 4C 1.26 ± 0.18
TPPS (s) 2C 1.28 ± 0.19
GSR + (1/s) 4C 0.98 ± 0.31
GSR + (1/s) 2C 1.00 ± 0.32
TPPSR (s) 4C 1.06 ± 0.19
TPPSR (s) 2C 1.08 ± 0.18
GLAPS (%) 15.71 ± 4.70
GLAPS/LAVI (%/ml/m2) 0.45 ± 0.21
E/GLAPS (m/s) 5.51 ± 2.73
E/e′/GLAPS 1.07 ± 0.93
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Discussion

Extensive studies have highlighted the strong correlation 
between LA enlargement (assessed by echocardiography) 
and the incidence of adverse cardiovascular events [4–8].

For instance, the Atherosclerosis Risk in Communities 
(ARIC) Study fully described how the LA size affects both 
LA and LV functions, resulting a strong predictor of cardio-
vascular death, all-cause mortality and morbidity [4]. Fur-
thermore, Framingham Heart Study (FHS) [5] demonstrated 
that LA size was a powerful predictor of stroke in males and 
death in both sexes, after adjusting for cardiovascular risk 
factors.

Several theories have been proposed to explain the mech-
anism underlying the correlation between LA size and the 
subsequent morbidity [5, 30].

One potential explanation is that blood stasis and throm-
bus formation might occur more often as the size of the 
LA increases [5]. Indeed, elevated intra-atrial pressure not 
only leads to LA enlargement but also to a decrease in LA 
flow velocity enhancing thrombus formation and possible 
embolic stroke [5, 31].

Moreover, LA enlargement is one of the main risk factors 
for the development of AF, which is a well-known risk factor 
for both embolic stroke and mortality [5, 31].

Additionally, LA enlargement represents a marker of 
structural heart disease, hypertension, or LV hypertrophy 
and it is thereby associated with a higher incidence of stroke 
and mortality [4].

Left atrial enlargement reflects the atrial remodeling pro-
cess occurring secondary to pressure and/or volume over-
load [32].

Table 4   Univariate and 
multivariate Cox proportional 
hazard ratio models

Significant p values are in bold
ACE-i/ARBs tp therapy with angiotensin-converting-enzyme (ACE)-inhibitors or Angiotensin II receptor 
blockers (ARBs); BSA body surface area; CE cardio-embolic; CHA2DS2-VASc Score congestive heart fail-
ure (included left ventricular dysfunction), hypertension, aged 75 or more, diabetes, stroke/TIA/thrombo-
embolism, vascular disease (prior myocardial infarction, peripheral artery disease or aortic plaque), aged 
65–74, sex category: female; GFR glomerular filtration rate; GLAPS global left atrial peak strain; IHD 
ischemic heart disease; LAA large artery atherosclerosis; LAVI left atrial volume indexed; LVEF left ven-
tricular ejection fraction; LVMI left ventricular mass indexed; Rankin “in” Score modified Rankin Scale, 
measured at the admission to the Neurology Department; SVO small vessel occlusion; Tp therapy

Variables Univariate Cox regression model Multivariate Cox regression 
model

HR 95% CI p Value HR 95% CI p Value

Age 1.05 1.01–1.09 0.01 0.96 0.92–1.00 0.07
Male sex 1.03 0.51–2.11 0.93
BSA 0.33 0.05–2.25 0.26
GFR 0.97 0.95–0.98 < 0.0001 0.98 0.95–0.99 0.03
Smokers 0.71 0.25–2.02 0.51
Diabetes mellitus 1.61 0.76–3.43 0.22
Hypertension 1.34 0.55–3.26 0.52
Dyslipidemia 0.72 0.35–1.46 0.36
Prior stroke 1.06 0.47–2.37 0.89
History of IHD 0.67 0.29–1.57 0.36
CHA2DS2-VASc Risk Score 1.26 0.96–1.65 0.10
Rankin “in” Scale 1.59 1.22–2.07 0.001 1.69 1.25–2.29 0.001
CE stroke 1.56 0.72–3.39 0.26
SVO stroke 0.39 0.18–0.85 0.02
LAA stroke 2.00 0.98–4.08 0.06
AC E-i/ARBs tp 0.45 0.22–0.95 0.03
Beta-blocker tp 1.20 0.59–2.46 0.61
Statin tp 0.59 0.29–1.20 0.14
LVMi 1.01 0.99–1.02 0.12
LVEF 0.96 0.93–0.98 0.001
Average E/e′ ratio 1.11 1.05–1.17 0.0003
LAVi 1.03 1.01–1.05 0.01 1.02 0.99–1.05 0.06
GLAPS 0.78 0.72–0.84 < 0.0001 0.78 0.70–0.86 < 0.0001
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Hypertension [33], type 2 diabetes mellitus [34], hyper-
lipidemia [33] and ischemic heart disease [33] accelerate the 
LA remodeling process, through earlier development and 
more severe diastolic dysfunction, worsened by neurohor-
monal path activation as well as by development of atrial 
myopathy secondary to oxidative stress and lipoapoptosis 
[35]. LA remodeling may also arise as a consequence of 
increased arterial stiffness especially in elderly individuals 
[36].

Kamel et al. [37] demonstrated that aging and systemic 
vascular risk factors cause an abnormal atrial tissue sub-
strate, or atrial cardiomyopathy, that can result in thrombo-
embolism before AF develops.

Left atrial enlargement is usually associated with LA 
dysfunction, early detected by LA functional parameters, 
evaluated by 2D-STE. The latter, such as GLAPS, are a more 
direct measure of the intrinsic properties of the myocardium, 
while conventional morphological parameters, such as 
LAVi, just represent an indirect estimation of LA function.

GLAPS reflects the LA reservoir function. It’s a rapid and 
simple measure that may elucidate the role of atrial func-
tion in several pathophysiological conditions, such as: mitral 
valve disease, supraventricular arrhythmias, hypertension, 
coronary heart disease, heart failure, atrial stunning and 
cardiomyopathy.

Currently, normal reference ranges for atrial function 
using speckle-tracking echocardiography are based on few 

studies, and remain to be established. Miglioranza et al. 
[28], i.e., identified normal average values of 19.7% for 
biplane GLAPS, while a recent meta-analysis of 40 studies 
[29] revealed a normal reference range for reservoir strain 
of 39% (95% CI 38–41%).

Several studies [12, 38, 39] described the reduced LA 
strain as a marker for identification of AF patients at high 
embolic risk. Moreover, it has been demonstrated a clear 
correlation between an impaired LA strain and the amount 
of LA wall fibrosis, as assessed by delayed-enhancement 
MRI [40]. Left atrial strain is inversely proportional to 
LA fibrosis, regardless of the presence or absence of AF 
[40–42] and a significant decrease in GLAPS value reflects 
a more advanced LA pathological remodeling [43, 44].

Few researchers, however, investigated LA functional 
parameters in AIS patients with no history of AF [13].

The present study was prospectively conducted on 85 
AIS patients, without documented AF. They presented 
moderate disability, high thromboembolic risk score and a 
high incidence of the main cardiovascular risk factors, i.e. 
hypertension, dyslipidemia, type 2 diabetes mellitus, and 
several comorbidities (Table 1). GLAPS was found signifi-
cantly impaired in each of the three subtypes of ischemic 
stroke, with no significant differences between subtypes. 
Consistent with previous studies [12, 38, 39], our find-
ings confirmed that a reduced GLAPS value might identify 
patients at high cardio-embolic risk and with moderate-to-
severe neurological disability.

We recognized that the main pathognomonic factors 
responsible for accelerating the LA remodeling process in 
AIS patients were aging, cardiovascular risk factors and 
comorbidities (i.e. chronic kidney disease). The patho-
physiological process is characterized by the chamber’s 
dilatation, fibrosis and stiffening, and, hence, impaired 
GLAPS value. Left atrial fibrosis, in turn, reduces LA 
compliance during the LA reservoir phase, leading to 
blood flow stasis in LA and LAA, dramatically augment-
ing the incidence of death and hospital readmissions for 
cardiovascular diseases at the 1-year follow-up.

Our findings suggest that the LA morpho-functional 
dysfunction is directly proportional to severity of clinical 
presentation and to patient’s atherosclerotic burden.

The two-dimensional-STE allows a rapid and reli-
able prognostic stratification of AIS patients; a GLAPS 
value ≤ 15.5%, assessed by 2D-STE, might quickly reveal 
the AIS patients with high degree of hemodynamic 
impairment.

The potential clinical implications of our findings could 
be that in a stroke patient without AF history, a reduced 
GLAPS value could strengthen the indication for loop 
recorder implantation (to detect possible atrial arrhythmias) 
and/or for anticoagulation therapy (particularly in CE stroke 
patients) due to severe atrial cardiomyopathy.

Fig. 2   Kaplan–Meier survival curves for the two strata of GLAPS 
value in stroke patients. A GLAPS value ≤ 15.5% was associated with 
significantly reduced event-free survival rates at 1-year follow-up, 
in patients with AIS. Dotted line represents event-free survival for 
patients with GLAPS > 15%. Straight line represents event-free sur-
vival for patients with GLAPS ≤ 15.5%. GLAPS global left atrial peak 
strain, MACE major adverse cardiovascular events
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The left atrium should be assessed by integrating the 
2D-STE (for LA functional evaluation) and 2D-conven-
tional echocardiography (for LA morphological measure-
ments) together with clinical evaluation of thromboem-
bolic risk by CHA2DS2-Vasc Risk Score.

The present study presented the advantage of prospec-
tively selecting enough number of AIS patients in approxi-
mately 4 months.

LA longitudinal speckle tracking suffers from the same 
limitations of the conventional speckle tracking, such as 
the intervendor variability, the dependence on good image 
quality (all kinds of ultrasound noise reduce the track-
ing quality) and the temporal stability of tracking patterns 
[45]. Although we used the same software employed for 
the ventricular STE-analysis, it was able to clearly define 
LA deformation throughout the cardiac cycle and to obtain 
a rapid assessment of LA functional parameters.

Researchers have not reached an agreement concern-
ing the method of choice for LA tracking modalities; 
some prefer using only the apical 4C-view [46], others 
the biplane method [47], others the triplane method [11]. 
Moreover, there is no consensus concerning the decision 
whether including or not the LA roof, since its motion 
is limited by the attachment of the four pulmonary veins 
[48]. Additionally, some researchers do not consider the 
strain of interatrial septum (consisting of fibromuscular 
tissue), paying attention only to the LA lateral wall [49].

Conclusions

LA strain and LA volume provide complementary infor-
mation about the structural changes taking place in the 
left atrium.

Our data underline that a significantly reduced GLAPS 
value, compared to the traditional echo-parameters, 
might have an independent prognostic value. In particu-
lar, GLAPS values ≤ 15.5%, assessed by 2D-STE, suggest 
higher burden of cardiovascular disease and greater sever-
ity of atrial cardiomyopathy, regardless the stroke subtype 
and AF. This functional parameter seems to allow an addi-
tional quick and reliable prognostic risk stratification of 
the AIS patients with no evidence of AF in the medium 
and short-term follow-up. On the other hand, some con-
ventional clinical parameters, like a more severe neuro-
logical and renal impairment, maintained their prognostic 
strength.

In conclusion, larger-scale prospective studies are nec-
essary to identify the GLAPS cut-off value who can better 
stratify the patients with a higher risk of cerebrovascular 
accidents.
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