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Aims Measures of left atrial (LA) function are known to predict both ischaemic stroke and atrial fibrillation in specific patient
groups. The aim of this study was to investigate the value of LA reservoir strain for predicting ischaemic stroke in patients
undergoing coronary artery bypass grafting (CABG) and investigate whether the presence of postoperative atrial fibrillation
(POAF) modified this relationship.

Methods Patients undergoing isolated CABG were included. The primary endpoint was ischaemic stroke. The association between LA
and results reservoir strain and ischaemic stroke was investigated in uni- and multivariable Cox proportional hazards regression models
including adjustment for POAF.

We included 542 patients (mean age 67.3+8.9 years, 16.4% female). During a median follow-up period of 3.9 years, 21
patients (3.9%) experienced an ischaemic stroke. In total, 96 patients (17.7%) developed POAF during the index hospital-
ization. In a multivariable-adjusted Cox proportional hazards regression model, LA reservoir strain was significantly
associated with the development of ischaemic stroke [HR (hazard ratio) 1.09 (95% ClI 1.02-1.17) per 1% decrease,
P=0.011]. The presence of POAF did not modify this association (p for interaction = 0.07). The predictive value of
the LA reservoir strain persisted in multiple sensitivity analyses including restricting the analysis to patients with normal
left atrial volumes (LAV<34 ml/m?), patients without POAF, patients without prior stroke, and when excluding patients

who developed atrial fibrillation at any time during follow-up.

Conclusion LA reservoir strain was independently associated with ischaemic stroke in CABG patients. The predictive value of LA res-
ervoir strain was unaffected by the presence of POAF. Prospective studies are warranted to validate the potential usefulness
of LA reservoir strain to predict postoperative ischaemic stroke in the setting of CABG.
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Introduction

Patients undergoing coronary artery bypass grafting (CABG) face a
substantial risk of ischaemic stroke'—one of the leading causes of
death and disability with more than 77 million yearly cases world-
wide>? In recent years, multiple studies have sought to investigate
the aetiology of ischaemic stroke occurring in the absence of atrial
fibrillation (AF).*"® These contribute to the general evolving idea
that cardiogenic thromboembolism is multifactorial and that other
features of left atrial (LA) structure and function could play a central
role. Among CABG patients, the echocardiographic measure of LA
reservoir strain has been shown to predict postoperative atrial fibril-
lation (POAF), heart failure (HF), and cardiovascular (CV) death.”®
LA reservoir strain has also been proven predictive of ischaemic
stroke in other populations,g'10 but it is still unclear whether its pre-
dictive value is also present in CABG patients. Evidence is conflicting
with regards to the clinical significance of POAF, where multiple studies
have shown an association between POAF and ischaemic stroke in pa-
tients undergoing CABG,'""? whereas other recent studies find no as-
sociation between POAF and increased risk of thromboembolic
events."*® In addition, the impact of POAF on the relation between
LA reservoir strain and ischaemic stroke is unclear.

This study aimed to investigate the association between LA reservoir
strain and long-term ischaemic stroke in patients undergoing CABG
and to investigate whether the presence of POAF modified this
relationship.

N=96

Postoperaive years

ischaemic stroke ® Postoperative atrial fibrillation ® Coronary artery

Methods

Patient population

We conducted a retrospective cohort study of patients undergoing isolated
CABG surgery in the period of January 2006 through May 2011 at Gentofte
University Hospital.

Before surgery, extensive echocardiography including two-dimensional
speckle-tracking was performed. Only patients with available LA reservoir
strain measures were included. Patients were excluded if CABG was per-
formed as a rescue treatment. We also excluded patients with known at-
rial fibrillation and moderate to severe valvular disease.

Echocardiography

The echocardiographic examinations have performed a median of 14
(IQR [interquartile range]: 8-29) days before surgery using Vivid
Dimension (GE Healthcare, Horten, Norway) ultrasound systems with
3.5 MHz transducers. All images were stored in a digital image archive. All
conventional measures were later analysed using EchoPAC BT V.11.1.0,
GE Healthcare, and LA strain using EchoPAC BT V.2.02 GE Healthcare, ac-
cording to current guidelines by a single trained investigator blinded to
follow-up data.'® Conventional echocardiographic parameters were ob-
tained as previously described.”

LA reservoir strain

Since no specific software for LA strain measurements was available when
the echocardiographic analyses were performed, the measures were
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obtained using left ventricular (LV) dedicated software using R-R gating.
Using the views with the highest frame rate, six segments along the atrial
endocardial wall were semi-automatically traced in the apical four-chamber
and two-chamber views. Specific segments could be excluded or adjusted
by the analyzer if deemed inaccurate. Average atrial strain values were
used to calculate the LA strain parameters: LA reservoir strain, LA conduit
strain, and LA contraction strain.

Covariates

Information about comorbidity, laboratory results, and the occurrence of
POAF was obtained through a medical record review. POAF was defined
as documented AF of any duration detected via inpatient telemetry or
12-lead electrocardiogram occurring after CABG and before discharge
from the index hospitalization; the detection period lasted a median of 6
days (IQR =5-14). To estimate the EuroSCORE |, the official calculator
was used.

Outcome

The primary endpoint was ischaemic stroke. Endpoint data was obtained
from The Danish National Patient Registry.'

Statistics

Baseline characteristics were stratified according to the median LA reser-
voir strain value and presented and compared according to distribution.
We used logistic regression to assess the relationship between LA reservoir
strain and POAF. Uni- and multivariable Cox proportional hazards

Table 1 Baseline characteristics

regression models were constructed to investigate the association between
LA reservoir strain and the development of ischaemic stroke during follow-
up. The multivariable model included adjustment for EuroSCORE I, left
atrial volume index (LAVi), and prior stroke. To illustrate the continuous
association between LA reservoir strain and the risk of ischaemic stroke,
Poisson regression was used in a restricted cubic spline model. The number
of knots was chosen according to the lowest Akaike information criterion.
Cumulative incidence curves were constructed to display the risk of ischae-
mic stroke during the follow-up period according to the median LA reser-
voir strain value and the presence or absence of POAF. To assess the
robustness of our results, multiple sensitivity analyses were performed.
Stata/SE version 17.0 (StataCorp, College Station, TX, USA) was used to
perform all the statistical analyses. P-values of <0.05 were deemed statistic-
ally significant.

Results

Baseline characteristics

The study population consisted of 542 patients. Of these, 89 patients
(16.4%) were female and the mean age was 67.3 + 8.9 years. The group
with an LA reservoir strain below the median of 27.2% was older, more
likely to have diabetes, and had a higher average EuroSCORE Il. The
baseline characteristics are presented in Table 1.

During a median follow-up period of 3.7 years (IQR 2.7-4.8 years),
21 (3.9%) patients developed ischaemic stroke and during the index

All (n =542) LA strain < 27.2% (n=271) LA strain > 27.2% (n =271) P-value
Clinical
Age, mean (SD) 67.3 (8.88) 68.07 (9.08) 66.53 (8.62) 0.043
Female sex, n (%) 89 (16.4%) 45 (16.6%) 44 (16.2%) 0.91
EuroSCORE Il, median (IQR) 1.31 (0.93-1.9¢) 1.49 (1.05-2.43) 1.19 (0.88-1.67) <0.001
Hypertension, n (%) 364 (67.2%) 187 (69%) 177 (65.3%) 0.36
Heart rate, mean (SD) 69.59 (13.14) 69.44 (13.67) 69.73 (12.62) 0.80
Diabetes, n (%) 133 (24.5%) 78 (28.8%) 55 (20.3%) 0.022
BMI, mean (SD) 26.95 (3.74) 27.08 (3.66) 26.82 (3.82) 042
Smoking status, n (%) 0.85

Current 117 (21.6%) 56 (20.7%) 61 (22.5%)
Never 267 (49.3%) 134 (49.4%) 133 (49.1%)
Former 158 (29.2%) 81 (29.9%) 77 (28.4%)
Chronic obstructive lung disease, n (%) 34 (6.3%) 16 (5.9%) 18 (6.6%) 0.72
Prior AMI, n (%) 128 (23.7%) 72 (26.6%) 56 (20.7%) 0.11
Prior stroke, n (%) 52 (9.6%) 32 (11.8%) 20 (7.4%) 0.080
CABG indication, n (%) 0.096
Stable angina pectoris 271 (50%) 123 (45.4%) 148 (54.6%)
Acute coronary syndrome 271 (50%) 148 (54.6%) 123 (45.4%)
Biochemistry
C reactive protein (mg/L), median (IQR) 4(2-9) 5(2-10) 2 (2-8) 0.013
eGFR (mL/min/1.73m?), mean (SD) 71.86 (18.6) 69.91 (18.61) 73.82 (1842) 0.014
Echocardiography
GLS %, mean (SD) —13.48 (3.96) —12.51 (3.91) —14.46 (3.78) <0.001
LVEF biplane, mean (SD) 50.57 (11.02) 47.78 (12.2) 53.35(8.9) <0.001
E/e’, median (IQR) 10.07 (8.18-12.62) 10.72 (8.8-13.88) 9.45 (7.84-11.73) <0.001
LAVi (mL/m?), mean (SD) 23.66 (8.32) 259 (9.13) 2142 (6.74) <0.001

BMI, body mass index; AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate; GLS, global longitudinal strain; LVEF, left

ventricular ejection fraction; E/e’, ratio of early transmitral inflow velocity to early myocardial relaxation velocity; LAVi, left atrial volume index; SD, standard deviation.
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Figure 1 Risk of ischaemic stroke according to median LA reservoir
strain. Cumulative incidence curve illustrating the probability of ischae-
mic stroke during the follow-up period after CABG. HR and P-value
are obtained from the univariable Cox proportional hazards regres-
sion model. LA, Left atrial; CABG, Coronary artery bypass grafting.

hospitalization, 96 patients (17.7%) developed POAF. In univariable lo-
gistic regression, there was no association between LA reservoir strain
and POAF [OR 1.00 (95% ClI [confidence interval] 0.97-1.03) per 1%
decrease]. The risk of stroke according to the median LA reservoir
strain and the presence or absence of POAF is illustrated in Figures 1
and 2.

Usefulness of LA strain in risk
stratification

LA reservoir strain was significantly associated with ischaemic stroke in
univariable regression [HR 1.10 (95% CI 1.03-1.18, P =0.003) per 1%
decrease] and reservoir strain values below the median were associated
with more than a four-fold increased risk of ischaemic stroke [HR 4.66
(95% Cl 1.57-13.85, P =0.006]. In a multivariable model adjusted for
EuroSCORE I, LAVi, and prior stroke, LA reservoir strain remained
a significant predictor of ischaemic stroke [HR 1.09 (95% Cl 1.02—
1.17,P =0.011) per 1% absolute decrease]. Adding POAF as a covariate
did not alter the significance of LA reservoir strain in the model, and no
effect modification of POAF on the relationship between LA reservoir
strain and ischaemic stroke was found (P for interaction = 0.07).

The prognostic value of the LA reservoir strain was also investigated
according to different LA reservoir strain cutoffs (Table 2). Only a cutoff
value of <23% was significant in multivariable regression.

Adding LA reservoir strain to a base model of EuroSCORE I, LAVi,
and prior stroke increased the C-statistic compared to the base model
(0.737 vs. 0.704). None of the abnormal conventional measures evalu-
ated [LAVi> 34 mL/mZ, septal-lateral E/e” > 14, TR > 2,8 m/s, global
longitudinal strain (GLS) < 16%, and left ventricular ejection fraction
(LVEF) < 50%)] were associated with ischaemic stroke in multivariable
regression (Table 3).

The continuous relationship between LA reservoir strain and the risk
of ischaemic stroke is presented in restricted cubic spline modelling in
Figure 3.

Sensitivity analyses

The association between LA reservoir strain and ischaemic stroke per-
sisted in multiple sensitivity analyses including when restricting the

10
1

Cumulative incidence (%)
5
L

4
Years after CABG

—— LA reservoir strain >27.2%, no POAF —— LA reservoir strain >27.2%, POAF

—— LA reservoir strain <27.2%, no POAF LA reservoir strain <27.2%, POAF
Figure 2 Risk of ischaemic stroke according to median LA reservoir
strain and POAF. Cumulative incidence curve displaying the risk of is-
chaemic stroke according to high and low LA strain and the presence
or absence of POAF. LA, Left atrial, CABG, Coronary artery bypass
grafting; POAF, Postoperative atrial fibrillation.

analyses to patients with normal LAVi [adjusted HR per 1% decrease
in LA reservoir strain: 1.09 (95% CI 1.02-1.18)], patients without
POAF [adjusted HR per 1% decrease in LA reservoir strain: 1.13
(95% Cl 1.04-1.22)], patients without new-onset AF during the follow-
up period [adjusted HR per 1% decrease in LA reservoir strain 1.11
(95% CI 1.02-1.20)], and patients without prior stroke [adjusted HR
per 1% decrease in LA reservoir strain: 1.09 (95% Cl 1.02-1.17)]
(Figure 4).

Discussion

In this report, our two main findings were: (i) LA reservoir strain was an
independent predictor of ischaemic stroke in patients undergoing
CABG. (ii) Although POAF appeared in several patients, the presence
of this phenomenon did not modify the abovementioned relationship.

Comparison to previous studies

The predictive value of echocardiographic measures with regard to car-
diac events following CABG has been previously examined.”**" LV
hypertrophy has been linked to an increased risk of ischaemic stroke,
while LA reservoir strain and LA contraction strain have been shown
to predict HF and CV death.”

In previous studies, LAVi has been shown to be a significant predictor
of stroke.?? However, we found that this measure was not associated
with the development of ischaemic stroke in our study, whereas LA
reservoir strain provided robust prognostic value independent of
LAVi and in patients with normal LAVi.

How POAF affects the risk of subsequent stroke still seems to be un-
clear since conflicting results have been published in other studies.
Several studies have found no association between POAF and risk of
mortality and ischaemic stroke, even though it seems related to
late-onset AF and treatable with oral anticoagulation.*~"® These argu-
ments lean on that POAF may be seen as a prognostic confounder in a
surgical population and are a consequence of underlying disease. At the
same time, other studies find POAF to be an independent predictor of
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Table 2 Prognostic value of left atrial reservoir strain values in relation to ischaemic stroke

Univariable Multivariable Multivariable + POAF
HR P-value HR P-value HR P-value
LA reservoir strain < 23% 441 0.001 3.89 0.004 4.01 0.004
LA reservoir strain < 20% 2.87 0.023 227 0.100 2.30 0.095
LA reservoir strain < 18% 2.23 0.150 1.68 0.389 1.72 0.366
LA reservoir strain < 15% 3.52 0.093 2.67 0.205 272 0.198
LA, left atrial.

Table 3 Association between abnormal conventional echocardiographic measures and ischaemic stroke

Univariable

HR (95% CI) P-value
LA reservoir strain < 23% 441 0.001
LAVi > 34 mL/m’ 0.85 0.826
septal-lateral E/e” > 14 293 0.017
TR>28mls 1.57 0.301
GLS < 16% 7.77 0.045
LVEF < 50% 2.95 0.020

Multivariable Multivariable + POAF
HR (95% CI) P-value HR (95% CI) P-value
3.89 0.004 4.01 0.004
0.34 0.302 0.34 0.298
2.29 0.093 2.37 0.082
1.55 0.321 1.53 0.333
6.59 0.067 6.61 0.067
2.24 0.105 2.28 0.096

LA, left atrial; LAVi, left atrial volume index; E/e’, ratio of early transmitral inflow velocity to early myocardial relaxation velocity; TR, tricuspid regurgitation; GLS, global longitudinal strain;

LVEF, left ventricular ejection fraction.

cerebrovascular accidents following isolated CABG because of the in-
creased coagulation in relation to arrythmia and thereby higher occur-
rence of thromboembolic events.""'? In our results, we saw no
association between LA reservoir strain and POAF, which challenges
the common point of view that LA mechanics and AF are closely
linked.?® This suggests a persisting gap in knowledge of the association
between LA mechanics and POAF such that the underlying patho-
physiological mechanisms driving POAF may differ from other types
of AF.

Pathophysiological mechanisms

LA reservoir strain is a measure reflecting the compliance and function
of the LA. Several clinical conditions can cause changes in compliance
and atrial remodelling leading to impaired LA reservoir strain.”* An ex-
planation commonly used to describe the pathophysiological aetiology
of stroke due to AF has previously relied on the decreased flow velocity
of blood in the atrium. This would cause an extended stasis and thereby
thrombus formation and embolism contributing to the development
of an ischaemic stroke.”® However, AF potentially occurs as a co-
phenomenon to other CV abnormalities causing embolism in some
cases.

Today, the cause of stroke in patients with AF is partly consid-
ered to involve multiple thromboembolic factors. Rather than AF
in itself being the only reason for atrial thromboembolism, other
atrial abnormalities (structural/mechanical) could potentially be
underlying mechanisms of both AF and clot formation, the latter
of which also seems possible in the absence of evident atrial
arrhythmia.?®

Our results support this line of thought, as LA reservoir strain as
a marker of atrial mechanical dysfunction was associated with the
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Figure 3 Continuous relationship between LA reservoir strain and
ischaemic stroke. LA, Left atrial.

development of ischaemic stroke regardless of the presence of
POAF and even in patients without evident new-onset AF during
follow-up.

Additionally, non-cardioembolic subtypes of stroke are often related
to risk factors also associated with AF, which could impose substantial
diagnostic difficulties when distinguishing between the specific patho-
physiological mechanisms.?’
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Univariable model

Multivariable model

Multivariable model + postoperative atrial
fibrillation

Sensitivity analysis: normal left atrial volume

Sensitivity analysis: without postoperative atrial
fibrillation
Sensitivity analysis: excluding atrial fibrillation
during follow-up

Sensitivity analysis: without prior stroke

—_—— 1.10 (1.03-1.18) p= 0.003
2 1.09 (1.02-1.17) p= 0.011

* 1 1.09 (1.02-1.17) p= 0.011

. | 1.10 (1.02-1.18) p= 0.013

. 1.13 (1.04-1.22) p= 0.005

. 1.11 (1.02-1.20) p= 0.016

. 1.09 (1.02-1.17) p= 0.015
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Figure 4 Forest plot illustrating the association between LA reservoir strain and ischaemic stroke in uni- and multivariable Cox models. Hazard ratios
per 1% decrease in left atrial reservoir strain. The multivariable model is adjusted for EuroSCOREII, LAVi, and prior stroke. Sensitivity analyses were

performed using the multivariable model. LA, Left atrial.

Clinical implications

Currently, the decision to initiate anticoagulation to reduce the risk of
ischaemic stroke and other thromboembolic events following cardiac
surgery primarily relies on the presence of evident AF.2% Our results in-
dicate that the accuracy of this decision might be improved when also
considering a preoperative assessment of LA mechanics, e.g. LA reser-
voir strain. Whether identifying and subsequently initiating long-term
anticoagulation in a patient subgroup with impaired LA reservoir strain
before cardiac surgery could improve outcomes would need to be in-
vestigated in a randomized controlled trial.

Secondary analyses of the NAVIGATE-ESUS randomized clinical
trial, in which the effect of Rivaroxaban compared to Aspirin in patients
with ‘embolic stroke of undetermined source’ were investigated,
showed that patients with a LA diameter >4.6 cm could benefit from
anticoagulation (doi:10.1001/jamaneurol.2019.0617).%° The same hy-
pothesis is tested in the ARCADIA study, with the aim to test the
hypothesis that Apixaban is superior to Aspirin in subjects with
cryptogenic stroke and atrial cardiopathy for the prevention of recur-
rent stroke (doi:10.1177/1747493018799981).*° However, none of
these studies have included decreased LA strain as an inclusion
criterion.

Based on the findings of this retrospective post-hoc analysis, pro-
spective studies are warranted to validate the potential usefulness of
LA reservoir strain to predict postoperative ischaemic stroke and inci-
dental AF in the setting of CABG.

Limitations

The potential presence of residual confounding factors cannot be ex-
cluded. We adjusted for multiple confounders to test the association
between LA reservoir strain and ischaemic stroke with the risk of over-
fitting the Cox regression hazard models." At the same time, we had
relatively few primary outcome events (n =21) providing only limited
statistical power to adjust for confounders, however, we adjusted for
the EuroSCORE II, which contains information on several risk factors.
The EuroSCORE Il was developed to predict in-hospital mortality and
not ischaemic stroke, but most risk factors are shared between the two
outcomes. Since the study was performed specifically in patients under-
going isolated CABG, the findings cannot necessarily be extrapolated to
patients undergoing other types of cardiac surgery.

A limitation of this study is its retrospective nature and that the
cohort included patients who had CABG performed from January
2006 through May 2011 with a limited follow-up duration; however,
with 542 patients included, this remains one of the largest studies in
its field.

Unfortunately, our dataset did not allow us to investigate the associ-
ation between LA strain and subsequent non-postoperative AF during
long-term follow-up as a potential pathway to ischaemic stroke; how-
ever, the association between LA strain and incident AF has been
demonstrated in several prior studies including in patients with ischae-
mic heart disease.**>

An additional limitation was the lack of specific software for atrial
two-dimensional speckle tracking at the time of analysis.

Conclusions

Left atrial reservoir strain was significantly associated with the devel-
opment of ischaemic stroke in patients undergoing CABG. The pres-
ence of POAF did not alter this relationship. Based on the findings of
this retrospective post-hoc analysis, prospective studies are war-
ranted to validate the potential usefulness of LA reservoir strain
to predict postoperative ischaemic stroke and incidental AF in the
setting of CABG.
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