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Aims To determine if markers of diastolic dysfunction are associated with atrial fibrillation (AF) development among pa-
tients with heart failure with preserved ejection fraction (HFpEF).

...................................................................................................................................................................................................
Methods
and results

We examined the association of several echocardiographic measures of diastolic dysfunction with incident AF in
573 patients (mean age = 68 ± 9.5 years; 48% men; 79% white) with HFpEF from the Treatment of Preserved
Cardiac Function Heart Failure With an Aldosterone Antagonist Trial (TOPCAT) who were free of baseline
AF. Echocardiograms were analysed at a core laboratory. Incident AF cases were identified by follow-up study elec-
trocardiograms and review of relevant medical records through May of 2013. Over a median follow-up of 3 years,
40 patients developed AF (incidence rate = 2.2 per 100 person years). Increasing values of the E/A ratio [per 0.1 in-
crease: hazard ratio (HR) = 1.11, 95% confidence interval (CI) = 1.06–1.17], left atrial volume (per 5 mL increase:
HR = 1.13, 95% CI = 1.03–1.23), and left atrial area (per 5 cm2 increase: HR = 1.51, 95% CI = 1.03–2.22) were asso-
ciated with greater risk of AF. The risk of AF decreased with increasing peak A wave velocities (per 10 cm/s in-
crease: HR = 0.83, 95% CI = 0.72–0.96). The risk of AF was not materially altered when peak A wave velocity was
further adjusted for left atrial volume (HR = 0.83, 95% CI = 0.71–0.96) and area (HR = 0.83, 95% CI = 0.71–0.96).
However, the associations of left atrial volume (HR = 1.10, 95% CI = 0.99–1.22) and area (HR = 1.48, 95%
CI = 0.96–2.28) were no longer significant when accounting for peak A wave velocity.

...................................................................................................................................................................................................
Conclusion Diastolic parameters of left atrial function possibly are more important markers of AF risk than left atrial dilation in

HFpEF.
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Introduction

Diastolic dysfunction and abnormal left ventricular relaxation, the
hallmarks of heart failure with preserved ejection fraction (HFpEF),
result in higher left atrial pressure and a subsequent need for effective
atrial contraction to maintain normal left ventricular filling.1 This com-
pensatory measure of the left atrium to augment normal ventricular
filling leads to left atrial dilation and dysfunction, providing the

necessary substrate for atrial fibrillation (AF) propagation. This is sup-
ported by reports that have linked diastolic dysfunction,2 and enlarge-
ment of the left atrium,2–4 with incident AF in community-based
cohorts.

Although the link between diastolic dysfunction and AF has been
shown, it is yet to be established if AF risk varies by the severity of
diastolic dysfunction in those with HFpEF. Such a finding could pro-
vide important prognostic information regarding AF risk in HFpEF,
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and identify a subgroup who possibly will benefit from aggressive
measures, such as volume control to reduce left atrial pressure.
Therefore, we examined the association of several echocardio-
graphic measures of diastolic dysfunction with incident AF in patients
with HFpEF from the Treatment of Preserved Cardiac Function
Heart Failure With an Aldosterone Antagonist Trial (TOPCAT).5

Methods

Study design and patients
TOPCAT was a multi-centre, international randomized, double blind,
placebo-control study to examine the efficacy of spironolactone in pa-
tients with HFpEF. The design, inclusion criteria, and baseline characteris-
tics of the trial have been published previously.6,7 Briefly, 3445 patients
with symptomatic HFpEF from 270 sites in 6 countries were enrolled be-
tween August 2006 and January 2012. The primary goal of the trial was to
determine if spironolactone was associated with a reduction in the com-
posite outcome of cardiovascular mortality, aborted cardiac arrest, or
heart failure hospitalization in patients with HFpEF (e.g. documented ejec-
tion fraction >_ 45%).

Echocardiographic measurements
A subset of patients enrolled in TOPCAT were consented to participate
in the echocardiographic substudy. For the 27 sites that participated in
this substudy, 1017 patients underwent detailed echocardiographic as-
sessment and 935 imaging studies were suitable for quantitative analysis.
Details of the design and baseline assessment of the echocardiographic
substudy, including intraobserver reproducibility for the quantitative
measures obtained, have been previously reported.8 Quantitative meas-
ures on all were performed according to the American Society of
Echocardiography (ASE) recommendations by dedicated analysts at the
core laboratory, blinded to clinical information and randomized treat-
ment assignment.9 Doppler data were available in 607 (65%) of the 935
available studies. Of the remaining 328 (35%) patients, all Doppler meas-
ures were missing in 181 (19%) and tissue Doppler were missing in an
additional 147 (16%) patients. We included TOPCAT patients with
good-quality echocardiograms who did not have evidence of baseline AF.

The following echocardiographic parameters were included in this
analysis: left ventricular mass, ejection fraction, left ventricular end-
diastolic volume, left ventricular end-systolic volume, E/A ratio, peak E
wave velocity, peak A wave velocity, diastolic dysfunction grade, left atrial
volume, left atrial width, and left atrial area.9 Manual tracings of left ven-
tricular endocardial borders were obtained at end-diastole and end-
systole in the apical views, and respective volumes were derived using the
modified biplane Simpson rule or Teicholz method, depending on image
quality.10 Left ventricular mass was computed by the ASE recommended
formula for linear dimensions and indexed to body surface area.9 Left
atrial volume, width, and area were obtained using the biplane area-
length method from apical views. Mitral inflow patterns (e.g. E/A ratio,
peak E wave velocity, and peak A wave velocity) were obtained by pulsed
wave Doppler from the apical 4-chamber view. Diastolic dysfunction
grade was defined as mild, moderate, and severe, as previously
described.7

Incident atrial fibrillation
Incident AF cases were identified by follow-up study electrocardiograms
and review of relevant medical records. An events adjudication committee
ascertained all incident cases. Paroxysmal, persistent, and permanent cases
were grouped together. Follow-up was complete through May of 2013.

Baseline characteristics
Patients who participated in TOPCAT underwent a detailed baseline visit
to obtain medical histories, and a physical examination was performed.7

Age, gender, race, and smoking were obtained by self-reported history.
Smoking was defined as the current use of cigarettes. Medical history for
the following diagnoses was obtained by self-report and medical record
review: diabetes, coronary heart disease, stroke, New York Heart
Association Class, and prior heart failure hospitalization. Systolic blood
pressure and body mass index were obtained by trained staff and labora-
tory data included serum creatinine. Medication data also were obtained
during the initial study visit and the following were included in this ana-
lysis: aspirin, beta blockers, angiotensin-converting enzyme inhibitors/
angiotensin II receptor blockers, and statins.

Statistics
Baseline characteristics were compared by incident AF. Categorical vari-
ables were reported as frequency and percentage, while continuous vari-
ables were recorded as mean ± standard deviation. Statistical significance
for categorical variables was tested using the Fisher’s exact test and for
continuous variables the Wilcoxon rank sum procedure was used. Cox
regression was used to examine the risk of AF associated with each echo-
cardiographic parameter. Multivariable models were constructed as fol-
lows: Model 1 was unadjusted; Model 2 adjusted for age, sex, race,
smoking, systolic blood pressure, diabetes, body mass index, angiotensin-
converting enzyme inhibitors/angiotensin II receptor blockers, beta
blockers, randomization group, New York Heart Association Class, cor-
onary heart disease, and region of enrolment (Americas vs. Russia/
Georgia). Region of enrolment (Americas vs. Russia/Georgia) was
included in our multivariable model due to differences in the baseline
characteristics and event rates observed between patients recruited from
both regions.11 A separate analysis was performed with region of enrol-
ment excluded to determine if our effect estimates were materially
altered by excluding this variable. To determine if the relationship be-
tween left atrial function (peak A wave velocity) was dependent on left
atrial size (left atrial volume/area), a sensitivity analysis was performed
with both measurements in the same model. Statistical significance was
defined as P < 0.05. SAS Version 9.4 (Cary, NC, USA) was used for all
analyses.

Results

A total of 573 patients (mean age = 68 ± 9.5 years; 48% men; 79%
white) were included in this analysis. The baseline characteristics
stratified by AF development are shown in Table 1. Patients who de-
veloped AF were older and less likely to be located in Russia/
Georgia.

Over a median follow-up of 3.0 years (25th–75th percentiles = 1.9,
4.5 years), 40 patients (6.9%) developed AF [incidence rate = 2.2 per
100 person years, 95% confidence interval (CI) = 1.6–3.0]. The multi-
variable risks of AF associated with each echocardiographic param-
eter are shown in Table 2. Increasing values of the E/A ratio [per 0.1
increase: hazard ration (HR) = 1.11, 95% CI = 1.06–1.17], left atrial
volume (per 5 mL increase: HR = 1.13, 95% CI = 1.03–1.23), and left
atrial area (per 5 cm2 increase: HR = 1.51, 95% CI = 1.03–2.22) were
associated with an increased risk of AF. The risk of AF was shown to
decrease with higher peak A wave velocities (per 10 cm/s increase:
HR = 0.83, 95% CI = 0.72–0.96). When we excluded region of enrol-
ment from our multivariable model, the results were not materially
altered (data not shown).
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..When peak A wave velocity was further adjusted for left atrial vol-
ume and area, the multivariable risk of AF was not materially altered
(Table 3). However, the associations of left atrial volume and area
with AF were no longer significant when accounting for peak A wave
velocity.

Discussion

In this analysis from TOCPAT, echocardiographic markers of dia-
stolic dysfunction and left atrial structure and function were associ-
ated with AF in patients with HFpEF. Overall, the findings of this
analysis suggest that diastolic parameters of left atrial function are
more important markers of AF risk than left atrial dilation in HFpEF.
Additionally, these data alert clinicians to a subset of HFpEF patients
who are high risk for AF development.

Several reports have examined the association between echocar-
diographic measurements of diastolic dysfunction and AF. An exam-
ination of 840 patients in Olmstead County, Minnesota >_ 65 years of
age with echocardiographic data demonstrated that diastolic dysfunc-
tion (e.g. restrictive, pseudonormal, and abnormal relaxation) and
increased left atrial volume were associated with incident AF.2 An
examination of 1655 patients also from Olmstead County, Minnesota
reported an increased risk of AF with higher levels of left atrial vol-
ume.3 Additionally, a report of 4480 participants from the
community-based Cardiovascular Health Study linked higher
Doppler E wave velocity and left atrial diameter with incident AF.4

The aforementioned reports clearly demonstrated that echocardio-
graphic measurements of diastolic dysfunction and left atrial enlarge-
ment are associated with an increased risk for AF. However, the
aforementioned studies were not limited to patients with HFpEF, and

were unable to explore the potential for these measurements to vary
in their prognostication of AF risk in this high-risk population. The cur-
rent analysis demonstrated that measures of diastolic dysfunction and
elevated left atrial pressure are associated with AF occurrence in
HFpEF. Presumably, the increased left atrial pressure results in left atrial
dilation, and prolonged exposure to high left atrial pressure results in
remodelling to provide the necessary substrate for AF development.12

Our findings also implicate left atrial function as an important predictor
of AF in HFpEF patients, as higher peak A wave velocities were protect-
ive for AF development. Furthermore, peak A wave velocity remained
a significant predictor of AF after accounting for left atrial volume and
area, suggesting that left atrial function is a more important marker of
AF risk than markers of left atrial dilation in patients with HFpEF.

Several reports have demonstrated that AF portends a poor prog-
nosis among patients who have HFpEF.13–15 An increased risk for
hospitalization for worsening heart failure, cardiovascular death, and
all-cause mortality has been reported in HFpEF patients who have
AF.13,14 Additionally, AF increases the risk of 30-day mortality after
admission for decompensated HFpEF.15 Therefore, the development
of strategies to reduce the occurrence of AF in HFpEF is of para-
mount importance for the practicing clinician. The findings in this ana-
lysis provide practitioners with important information regarding AF
risk in HFpEF. Possibly, aggressive strategies to reduce left ventricular
filling pressure and left atrial hypertension among HFpEF patients will
reduce the occurrence of AF, and decrease the likelihood of adverse
events. Also, careful attention to persons with HFpEF who report
clinical symptoms of AF (e.g. palpitations, rapid heart rate), especially
among those with worsening diastolic parameters, potentially will
warrant focused diagnostic efforts to identify AF events earlier to
provide therapies that are known to prolong survival (e.g. anticoagu-
lation). However, the clinical implications for our findings are

....................................................................................................................................................................................................................

Table 1 Baseline characteristics (N 5 573)

Characteristic Incident AF (n 5 40) No incident AF (n 5 533) P-valuea

Age, years 74 ± 8.9 67 ± 9.4 <0.001

Male (%) 24 (60) 252 (47) 0.14

White (%) 31 (78) 424 (79) 0.69

Current smoker (%) 2 (5) 59 (11) 0.30

Diabetes (%) 20 (50) 224 (424) 0.33

Coronary heart disease (%) 15 (38) 226 (42) 0.62

Stroke (%) 3 (8) 39 (7) 1.0

Systolic blood pressure, mean ± SD, mmHg 130 ± 16 130 ± 15 0.77

Body mass index, mean ± SD, kg/m2 33 ± 6.8 33 ± 7.6 0.41

Serum creatinine, mean ± SD, mg/dL 1.15 ± 0.30 1.10 ± 0.34 0.14

New York Heart Association Class III-IV (%) 15 (38) 183 (34) 0.73

Prior heart failure hospitalization (%) 24 (60) 373 (70) 0.21

Aspirin use (%) 28 (70) 390 (73) 0.71

Beta blockers (%) 33 (83) 432 (81) 1.0

ACEi/ARB (%) 31 (78) 443 (83) 0.39

Statin (%) 30 (75) 324 (61) 0.091

Spironolactone (%) 21 (53) 271 (51) 0.87

Russia/Georgia 5 (13) 197 (37) 0.0017

ACEi/ARB, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; AF, atrial fibrillation; HDL, high-density lipoprotein; SD, standard deviation.
aStatistical significance for continuous data was tested using the Wilcoxon rank sum and categorical data was tested using the Fisher’s exact test.

Atrial fibrillation and heart failure 727

Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..speculative and further research is needed before changes in clinical
practice are recommended.

The current study should be interpreted in the context of certain
limitations. Some of the echocardiograms obtained in TOPCAT
were clinical studies. Therefore, certain views or measures were
missing for some patients. Additionally, it is possible that cases of AF
were missed due to the time-dependent nature of certain events (e.g.
paroxysmal vs. chronic). We also attempted to account for baseline
differences in our multivariable models, but acknowledge the possi-
bility of residual confounding.

In conclusion, diastolic parameters of left atrial function possibly
are more important predictors of AF than left atrial dilation in HFpEF.
Prolonged exposure to elevated left atrial pressure possibly results in
the abnormal electrical remodelling necessary for AF development.
Further studies are needed to determine if these diastolic parameters
are able to be used to develop aggressive strategies to reduce the
likelihood of AF development among patients who have HFpEF.
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Table 3 Risk of atrial fibrillation associated with left atrial structure and function

Echo parameter Modela with left atrial

volume HR (95% CI)

P-value Modela with left atrial

area HR (95% CI)

P-value

Peak A wave velocity (per 10 cm/s increase) 0.83 (0.71–0.96) 0.012 0.83 (0.71–0.96) 0.012

Left atrial volume (per 5 mL increase) — — 1.10 (0.99–1.22) 0.060

Left atrial area (per 5 cm2 increase) 1.48 (0.96–2.28) 0.077 — —

CI, confidence interval; HR, hazard ratio.
aAdjusted for age, sex, race, smoking, systolic blood pressure, diabetes, body mass index, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, beta block-
ers, randomization group, New York Heart Association Class, coronary heart disease, region of enrolment (Americas vs. Russia/Georgia).

....................................................................................................................................................................................................................

Table 2 Risk of atrial fibrillation

Echo parameter n Events Model 1a HR

(95% CI)

P-value Model 2b HR

(95% CI)

P-value

Left ventricular mass (per 10 unit increase) 535 39 1.02 (0.98–1.07) 0.29 1.01 (0.96–1.07) 0.69

Ejection fraction (per 5 unit increase) 573 40 1.23 (0.98–1.54) 0.077 1.18 (0.94–1.49) 0.15

Left ventricular end-diastolic volume (per 5 mL increase) 529 37 0.96 (0.92–1.02) 0.17 0.97 (0.91–1.04) 0.41

Left ventricular end-systolic volume (per 5 mL increase) 529 37 0.92 (0.83–1.01) 0.078 0.93 (0.83–1.04) 0.20

E/A ratio (per 0.1 increase) 423 35 1.10 (1.05–1.14) <0.001 1.11 (1.06–1.17) <0.001

Peak E wave velocity (per 10 cm/s increase) 435 37 1.10 (0.99–1.21) 0.082 1.10 (0.98–1.24) 0.11

Peak A wave velocity (per 10 cm/s increase) 423 35 0.86 (0.74–0.99) 0.041 0.83 (0.72–0.96) 0.011

Diastolic dysfunction grade

Normal 69 5 Ref — Ref —

Mild 92 4 0.46 (0.16–2.27) 0.46 0.48 (0.11–2.12) 0.33

Moderate 140 12 1.04 (0.37–2.95) 0.95 0.95 (0.30–2.96) 0.93

Severe 25 6 4.12 (1.25–13.57) 0.020 3.19 (0.82–12.39) 0.094

Left atrial volume (per 5 mL increase) 505 36 1.15 (1.07–1.25) <0.001 1.13 (1.03–1.23) 0.0080

Left atrial width (per 1 cm increase) 535 39 1.86 (1.15–3.03) 0.012 1.52 (0.85–2.72) 0.16

Left atrial area (per 5 cm2 increase) 486 35 1.69 (1.21–2.37) 0.0022 1.51 (1.03–2.22) 0.035

CI, confidence interval; HR, hazard ratio.
aUnadjusted.
bAdjusted for age, sex, race, smoking, systolic blood pressure, diabetes, body mass index, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, beta block-
ers, randomization group, New York Heart Association Class, coronary heart disease, and region of enrolment (Americas vs. Russia/Georgia).
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