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Left atrial expansion index is associated with
recurrent stroke
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ABSTRACT

Objective: Although left atrial (LA) expansion index is associated with cardiovascular prognosis, whether it affects recurrent strokes is still
unknown.

Methods: This study enrolled 176 patients hospitalized with first ischemic stroke. Their stroke subtypes were classified as cardioembolic stroke
(CE), noncardioembolic stroke (NCE), embolic stroke of undetermined source (ESUS), or transient ischemic attack. The LA expansion index was
calculated as (Vol,,—Volyi,) x 100%/Vol ;.. where Vol,,,, was defined as maximal LA volume and Vol;, as minimal LA volume. The study
endpoint was recurrent ischemic stroke.

Results: Over a five-year (mean 4.9 years) follow-up period, 21 (11.9%) participants reached the study endpoint, including 10 with CE, five with
NCE, and six with ESUS. The LA expansion index was lower in the event groups compared with the non-event group. For predicting recurrent
stroke, LA expansion index <62.5% (76% sensitivity and 68% specificity) was superior to LA volume and E/e’. Kaplan-Meier curves revealed that
the five-year cumulative recurrent stroke rate in patients with LA expansion index <62.5% was 23.9%, which was significantly higher than the
five-year cumulative recurrent stroke rate of 4.6% in patients with LA expansion index >62.5% (log rank p<0.001). The LA expansion index was
a significant independent predictor of recurrent stroke (hazard ratio=0.873; 95% confidence interval: 0.790-0.973 per 10% increase in LA expan-
sion index; p=0.009).

Conclusion: The LA expansion index is useful for predicting recurrent stroke.

Keywords: Left atrial expansion index, recurrent stroke, atrial fibrillation

Cite this article as: Hsiao SH. Left atrial expansion index is associated with recurrent stroke. Anatol J Cardiol 2021, 25: 484-90.

Introduction stroke, moderate-to-severe LA enlargement was also an inde-

pendent marker of recurrent CE and ESUS in a multiethnic
Stroke is characterized by high morbidity and a high recur- c_ohort(8). As an outcome predictor, LA function _outperforms LA
diameter and LA volume (9, 10). The LA expansion index has a
logarithmic correlation with left ventricular (LV) filling pressure

ker of cardi lar di d ischemic stroke (1-4). Left and is a useful outcome predictor in patients with cardiovascu-
marker of cardiovascuiar disease and ISchemic stroke e lar disease (11). In addition, the occurrence of AF in the general

atrial dilation with atrial fibrosis is also associated with the pres- population and in high-risk patients post bypass is associated
ence and persistence of atrial fibrillation (AF) (5, 6). Left atrial \yith |ow LA expansion index (12, 13). In this study, we tested our
volume is a predictor of stroke regardless of AF, and a high LA hypothesis that similar to LA volume, the LA expansion index in
volume is linked to cardioembolic stroke (CE) and embolic stroke  patients with stroke can be used to identify those at high risk for
with undetermined source (ESUS) (7). For predicting recurrent  recurrent stroke after a first stroke event.

rence rate, therefore posing a significant burden on healthcare.
Population-based studies reveal that left atrial (LA) dilation is a
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HIGHLIGHTS

e Left atrial (LA) expansion index is useful for identifying
patients at high risk for recurrent stroke after the first
stroke event.

e LA expansion index <62.5% is superior to LA volume
and E/e’ for predicting recurrent stroke.

e Five-year recurrent stroke rate in patients with LA
expansion index <62.5% is 23.9%, which is significantly
higher than 4.6% in patients with LA expansion index
>62.5%.

Methods

Study population

This prospective study recruited 176 patients with a history
of a first embolic stroke event. Stroke subtype was prospec-
tively assigned by the attending neurologist on the basis of
consensus criteria for embolic stroke with undetermined source
(14). Accordingly, ischemic stroke was divided into three sub-
types: CE, noncardioembolic stroke (NCE), and ESUS. For isch-
emic strokes with multiple possible causes, the subtype was
determined according to the consensus of the attending neu-
rologists. Transient ischemic attack (TIA) was diagnosed if these
clinical signs recovered rapidly with no indicatioin of brain
infarction on neuro-imaging. The 176 patients with stroke includ-
ed 51 with CE, 36 with NCE, 53 with ESUS, and 36 with TIA. At
enrollment, creatinine clearance (CCr) was estimated by the
Cockroft-Gault equation, and renal dysfunction was defined as
CCr <60 mL/(min x 1.73 m2) (15). The endpoint of this study was
recurrent ischemic stroke. The study protocol was approved by
the Institutional Review Board of Kaohsiung Veterans General
Hospital. All participants gave written informed consent before
participating in the study.

Echocardiographic measurements

Pulsed-wave tissue Doppler was performed in apical view,
and a pulsed-wave Doppler sample volume was placed at the
level of the mitral annulus over the septal and lateral borders.
The average early-diastolic velocity (e’) of the septal and lateral
mitral annuli was used to estimate LV filling pressure by E/e’
method. An E/e’ >15 was interpreted as increased LV filling pres-
sure (16). All LA volume measurements were calculated by
biplane area-length method in apical four- and two-chamber
views (17). The LA volume was measured at two points, immedi-
ately before mitral valve opening (maximal LA volume or Vol ,,y)
and at mitral valve closure (minimal LA volume or Vol;,). The LA
expansion index was calculated as (Vol,,,—Volyi,) x 100%/Vol-
min- For patients with AF, LA expansion index was calculated as
the average of measurements in five consecutive beats (11). In
all the patients, LA volume was indexed to the body surface
area. An indexed Vol larger than 34 mL/m2 was defined as LA
enlargement (18).

Clinical follow-up

Participants were followed up at the cardiovascular clinic
every three months. The mean duration of follow-up was 4.9
years, and the study endpoint was occurrence of a recurrent
ischemic stroke. All patients with recurrent stroke underwent
standard ischemic stroke evaluations at index hospitalization,
including biochemical studies, neuroimaging (computed tomog-
raphy/magnetic resonance imaging, carotid ultrasound, and
transcranial Doppler ultrasound), 12-lead electrocardiogram,
transthoracic (or transesophageal) echocardiography, and Holt-
er study (minimum 24 hours). Recurrent stroke subtype was
prospectively assigned by the attending neurologist according
to consensus criteria for ESUS (14).

Detection of new atrial fibrillation and heart failure

A resting ECG was obtained at every visit throughout the
follow-up period. Participants were encouraged to visit the out-
patient clinic for any feeling of palpitation or irregular heartbheat.
At every unscheduled visit for palpitation or irregular heartbeat,
resting and 24-hour Holter ECGs were performed to detect AF
Medical assistants reviewed medical records once every three
months. Newly diagnosed AF and heart failure (HF) were record-
ed. Diagnoses of AF were confirmed by the participating cardi-
ologists (Hsiao SH). An HF was defined as a hospital stay of at
least one night for treatment of a clinical syndrome with at least
two of the following symptoms: paroxysmal nocturnal dyspnea,
orthopnea, elevated jugular venous pressure, pulmonary rales, a
third heart sound, pulmonary edema on chest radiography, or
low cardiac output with inadequate peripheral perfusion.

Interobserver variability

In the first 50 patients who enrolled, images were acquired
by two independent sonographers using the same imaging pro-
tocol. Each acquisition was analyzed by two different observers.
The LA expansion index was also measured by two independent
observers. Interobserver variability was calculated as the abso-
lute difference between the values obtained by the two observ-
ers divided by the mean. Interobserver variability of LA expan-
sion index was 4.1+4.9%.

Statistical analysis

The Statistical Package for Social Sciences software was
used for all statistical analyses. Baseline characteristics and
echocardiographic parameters were analyzed according to the
presence or absence of recurrent ischemic stroke. All continu-
ous variables were presented as means + standard deviation
(SD). The Shapiro—-Wilk test was applied to test normal distribu-
tion of study population. Data reported as mean + SD were
compared with the independent samples t test, clinical charac-
teristics were compared using the Mann—Whitney U test for
continuous variables, and clinical characteristics were com-
pared using the chi-squared analysis of categorical variables. A
pvalue of <0.05 was considered statistically significant. Analyses
of five-year cumulative recurrent ischemic strokes were per-
formed according to the quartile of LA expansion index. Nested
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repeated analyses of variance were applied to assess the differ-
ence of LA expansion index between recurrent and no recurrent
stroke according to the presence of AF or not. The area under
receiver operating characteristic (ROC) curve (AUC) was used to
evaluate the sensitivity and specificity of recurrent ischemic
stroke predictors. The C-statistic was calculated to compare
E/e’, maximal indexed LA volume, and LA expansion index in
terms of accuracy in predicting recurrent strokes. Kaplan-Meier
curves depicted the cumulative recurrent stroke rate according
to LA expansion index. Cox proportional hazards regression
models were used to analyze outcomes according to time-to-
event data and to analyze associations between recurrent isch-
emic strokes and LA expansion index while controlling for
baseline characteristics and echocardiographic parameters
showing significant (p<0.05) associations with events. Otherwise,
Cox proportional hazards regression models were also used to
analyze the prognostic impact of LA expansion index after
excluding patients with AF.

Results

Table 1 lists the basic characteristics of the participants
according to recurrent ischemic stroke events. Over a mean
follow-up time of 4.9 years, 21 (11.9%) participants reached the
study endpoint of recurrent ischemic stroke. In the 21 patients
with recurrent ischemic stroke, 10 (47.6%) had CE, five (23.8%)
had NCE, and six (28.6%) had ESUS. Male sex, diabetes, AF, and
HF were more common in the recurrent stroke group than in the
non-recurrent stroke group. Regarding echocardiographic
parameters, the recurrent stroke group had larger minimal
indexed LA volumes and lower LA expansion indices than the
non- recurrent stroke group. The recurrent stroke group had
more frequent AF, which resulted in a higher rate of prescrip-
tions for non-vitamin K antagonist oral anticoagulant. Table 2
shows LA expansion index according to recurrent stroke and AF.
Patients with recurrent stroke and AF had the lowest of LA
expansion index. During the follow-up period, LA expansion
indices went progressively downhill. Patients with recurrent
stroke went more downbhill than those without recurrent stroke,
particularly in those with AF

The ROC curves in Figure 1 show that LA expansion index
was a significantly better predictor of recurrent stroke than
maximal indexed LA volume and E/e’ (all p<0.0001). The best
cutoff was LA expansion index <62.5% (sensitivity 76%, specific-
ity 68%, and AUC 0.775). The Kaplan-Meier curves in Figure 2
indicate that the five-year cumulative recurrent stroke rate was
23.9% in patients with LA expansion <62.5%, but only 4.6% in
patients with LA expansion index >62.5% (p<0.001). Figure 3
depicts the inverse relationship between recurrent stroke and
the quartile of LA expansion index. In the lowest quartile of LA
expansion index (15%-53%), five-year cumulative recurrent
stroke rate reached 27.3%.

According to univariate analyses, significant predictors of
recurrent stroke included age, AF, and LA expansion index. Table
3 shows that the independent predictors identified in multiple

Table 1. Baseline characteristics and echocardiographic
parameters according to recurrent stroke events

No recurrent  Recurrent

Variables stroke n=155 stroke n=21 P-value
Age (years) 68+14 7349 0.118
Male sex (%) 104 (67.1%) 18 (85.7%) 0.012
Hypertension (%) 123 (79.4%) 17 (81.0%) 0.783
Diabetes (%) 49 (31.6%) 10 (47.6%) 0.012
Current tobacco use (%) 65 (41.9%) 9(42.9%) 0.766
Renal dysfunction (%) 36 (23.2%) 6 (28.6%) 0.107
Atrial fibrillation (%) 28 (18.1%) 8(38.1%) 0.001
Heart failure (%) 20 (12.9%) 5(23.8%) 0.013
Total cholesterol (mg/dL) 186+43 179+38 0.535
LDL-cholesterol (mg/dL) 105+34 105+34 0.976
CHA,DS,-VASc score 4.9+2.9 5.1£2.7 0.315
NIHSS during stroke 9.0+6.9 9.3+8.3 0.426
LVEF (%) 55+10 5111 0.147
E/e' 11.9£3.1 11.8+3.1 0.915
Maximal indexed LAV 36+14 42+20 0.062
(mL/m2)
Minimal indexed LAV 2110 31+19 0.002
(mL/m?)
LA expansion index (%) 75+27 40+20 <0.0001
First stroke type 0.011

Cardioembolic 43 (27.7%) 8(38.1%)

Noncardioembolic 32 (20.6%) 4(19.0%)

ESUS 47 (30.3%) 6 (28.6%)

TIA 33(21.3%) 3(14.3%)
Recurrent stroke type

Cardioembolic 10 (47.6%)

Noncardioembolic 5(23.8%)

ESUS 6 (28.6%)

TIA 0(0%)
Medications

Aspirin 126 (81.3%) 18 (85.7%) 0.523

Clopidogrel 108 (69.7%) 13 (61.9%) 0.364

NOAC 30 (19.4%) 9(42.9%)  <0.0001

Statin 121 (78.1%) 17 (81.0%) 0.546

E/e’ - peak early-diastolic mitral inflow/ peak early-diastolic mitral annular velocity;
ESUS - embolic stroke of undetermined source; LA - left atrial; LAV - left atrial volume;
LDL - low-density lipoprotein; LVEF - left ventricular ejection fraction; NIHSS - National
Institute of Health Stroke Scale; NOAC - non-vitamin K antagonist oral anticoagulant; TIA
- transient ischemic attack

Cox regression analyses were AF and LA expansion index. A
10% increase in LA expansion index was associated with a 13%
decrease in the five-year recurrent stroke rate [Hazard ratio
(HR) 0.873; p=0.009; 95% confidence interval (Cl): 0.790-0.973].
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Figure 1. The receiver operating characteristic curves for left atrial
expansion index, maximal indexed LA volume, and E/e’ for predicting
five-year cumulative recurrent stroke; LA expansion index vs. maximal
indexed LA volume, P<0.001; LA expansion index vs. E/e’, P<0.001;
maximal indexed LA volume vs. E/e’, P 0.402

Table 4 shows multiple Cox regression analyses after excluding
AF, and LA expansion index remains a significant predictor of
recurrent stroke (HR 0.892; p=0.041; 95% Cl: 0.801-0.988).

Discussion

The main finding of this study is that LA expansion index is
associated with recurrent stroke events. An inverse relationship
was observed between LA expansion index and the cumulative
risk of a recurrent stroke within five years. Although maximal
indexed LA volume is also useful for predicting stroke recur-
rence (maximal indexed LA volume >32.5 mL/m2 had sensitivity
67%, specificity 54%, and AUC 0.594), LA expansion index was a
significantly better predictor than maximal indexed LA volume
(AUC 0.775 vs. 0.594, p<0.001). According to Yaghi et al. (8),
moderate-to-severe LA enlargement is an independent risk fac-
tor for recurrent CE and ESUS but is not a risk factor for total

Table 2. Left atrial expansion indices according to recurrent stroke and atrial fibrillation
No recurrent stroke Recurrent stroke P-value of no AF P-value of AF
between no recurrent bhetween no recurrent
Variable No AF AF P-value No AF AF P-value and recurrent stroke  and recurrent stroke
LA expansion index 76+28% 70+27% 0.478 42+23% 33+16% 0.096 <0.001 <0.001
at enrollment
LA expansion index 75+24% 67+24% 0.286 38+18% 25+15% 0.011 <0.001 <0.001
at end*
*11 patients died during follow-up period
LA - left atrial; AF - atrial fibrillation
1.0 100.0—
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0.0 0.2 0.4 0.6 0.8 1.0
1- Specificity Figure 2. Kaplan-Meier curves according to LA expansion index > or

<62.5%

recurrent ischemic stroke. Mild LA enlargement is not associ-
ated with recurrent ischemic stroke. A limitation of the study by
Yaghi et al. (8) was that the LA diameter measurement was not
standardized, and accurately determining the edge-to-edge
diameter in parasternal long-axis view was problematic. Another
limitation was that LA size was estimated by qualitative assess-
ment when accurate measurements were not possible.
Therefore, the result should be interpreted cautiously. In anoth-
er study in China, LA diameter indexed to height or body surface
area revealed that it was an independent predictor of recur-
rence of either CE or cryptogenic stroke and also an indepen-
dent predictor of recurrence of all ischemic strokes (19). In
patients with stroke and with nonvalvular AF, the LA diameter is
also associated with recurrent stroke risk (20). Similar to previ-
ous studies, LA expansion index, which is a parameter of LA
function, is better than LA volume in predicting recurrent stroke.

The association between LA function and recurrent CE is
intuitive as LA dysfunction promotes thrombus formation,
which causes embolic events. Left atrial fibrosis plays an inte-
gral role in the thrombogenesis of the LA substrate, which
leads to recurrent CE regardless of AFE Thus, LA expansion
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Table 3. Univariate and multiple Cox regression analyses of recurrent stroke

Univariate analysis

Hazard ratio

Multiple Cox regression analysis
Hazard ratio

Variables (95% confidence interval) P-value (95% confidence interval) P-value
Age (years) 1.028 (1.001-1.056) per 1 year 0.046 0.999 (0.963-1.036) per 1 year 0.950
increase increase
Sex (female) 0.463 (0.253-1.142) 0.209 0.564 (0.473-1.112) 0.367
Diabetes 1.763 (0.946-3.288) 0.096 2.003 (0.792-5.069) 0.142
Hypertension 1.033 (0.554-1.925) 0.819 1.198 (0.416-3.449) 0.738
Atrial fibrillation 2.256 (1.318-5.034) 0.006 2.360 (0.725-7.684) 0.154
Heart failure 1.903 (0.935-3.872) 0.086 1.578 (0.964-2.978) 0.142
Left atrial expansion index (%)  0.842 (0.754-0.940) per 10% increase 0.002 0.873 (0.790-0.973) per 10% increase  0.009

Table 4. Univariate and multiple Cox regression analyses of recurrent stroke after excluding atrial fibrillation

Univariate analysis

Hazard ratio

Multiple Cox regression analysis

Hazard ratio

per 10% increase

Variables (95% confidence interval) P-value (95% confidence interval) P-value
Age (years) 1.021 (1.001-1.042) 0.049 1.010 (0.989-1.041) 0.485
per 1year increase per 1yearincrease
Gender (female) 0.581 (0.166—2.040) 0.397 0.459 (0.125-1.687) 0.241
Diabetes 2.189 (0.815-5.879) 0.120 1.762 (0.578-5.371) 0.319
Hypertension 1.295 (0.450-3.727) 0.632 0.968 (0.303-30.90) 0.956
Heart failure 1.287 (0.370-5.224) 0.820 1.074 (0.295-4.327) 0.765
Left atrial expansion index (%) 0.856 (0.776—0.986) 0.026 0.892 (0.801-0.988) 0.041

per 10% increase

30

— — %) )
5 » = 0
] | | |

5-Year Cumulative Rrecurrent Stroke Rate (%)

n
]

<

144-97% 96-73% 72-54%

LA expansion index (%)

53-15%

Figure 3. The five-year cumulative rate of recurrent stroke by quartile of
left atrial expansion index

index became a significant predictor of recurrent CE. Studies
of thrombi collected during intracranial mechanical recanali-
zation in patients with stroke and with large-vessel occlusion
indicate that ESUS is usually cardioembolic (21). Recent
reports that ESUS correlates with atrial fibrosis in patients
without AF also help to explain why the LA expansion index
has a high predictive power for recurrent ESUS (22). In terms
of NCE, its causes such as intracranial, extracranial or aortic
atheroma, hypertension, diabetes, hypercholesterolemia, and
aging cause atherosclerosis and increased arterial stiffness
and are associated with high vascular resistance and ven-
tricular diastolic dysfunction (23). Over time, the long-term
impact of cardiovascular risk factors on arterial stiffness
causes LA dysfunction and induces atrial fibrosis, which also
causes a poor LA expansion index (6, 8). Therefore, LA expan-
sion index, a marker of atrial fibrosis, is a useful parameter for
predicting recurrent ischemic stroke regardless of subtype.
Progressive atrial fibrosis results in atrial stiffness and reduc-
tion of LA expansion index and is also a significant cause of AF
(5, 6). In multiple Cox regression analyses of this study, both LA
expansion index and AF, which indicate atrial fibrosis, are
associated significantly with recurrent stroke. However, LA
expansion index remains an independent predictor after
excluding patients with AF (Table 4).
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Study limitations

This study had several limitations that merit discussion.
Although this study had a five-year follow-up period, the event
rate was relatively low. Therefore, it is unknown whether LA
expansion index could be used to identify recurrent stroke sub-
types. Furthermore, this study only investigated one cohort
treated at a single center. Further large-scale multicenter stud-
ies are needed for getting adequate statistical power. A more
detailed study is needed to provide precise data for arterial
stiffness, atrial fibrosis, and the causal relationship between LA
expansion index and recurrent stroke. Finally, other echocardio-
graphic measures of LA function, including segmental atrial
function, strain, strain rate, and atrial response to exercise were
not examined. The predictive power among LA expansion index,
strain rate/strain, and speckle tracking could not be compared.

Conclusion

The LA expansion index is useful for assessing recurrent
stroke risk. As a predictor of recurrent stroke, LA expansion
index is better than LA volume. A 10% increase in LA expansion
index was associated with a 13% decrease in the five-year
recurrent stroke rate.
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