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Abstract

Background: Emerging evidence suggests that atrial myopathy may be the underlying
pathophysiology that explains adverse cardiovascular outcomes in heart failure and atrial
fibrillation (AF). Lower left atrial (LA) function (strain) is a key biomarker of atrial myopathy, but
murine LA strain has not been described, thus limiting translational investigation. Therefore, the
objective of this study was to characterize LA function by speckle-tracking echocardiography in
mouse models of atrial myopathy.

Methods: We used three models of atrial myopathy in wildtype male and female C57BI16/J
mice: 1) aged to 16 months; 2) angiotensin 1 infusion (Angll); and 3) high-fat diet + L-NAME
(HFpEF). LA reservoir, conduit, and contractile strain were measured using speckle-tracking
echocardiography from a modified parasternal long-axis window. Left ventricular (LV) systolic
and diastolic function and global longitudinal strain were also measured. Transesophageal rapid
atrial pacing was used to induce AF.

Results: LA reservoir, conduit, and contractile strain were significantly reduced in aged, AnglI
and HFpEF mice compared to young controls. There were no sex-based interactions. LV diastolic
function and global longitudinal strain were lower in aged, Angll and HFpEF mice, but LV
ejection fraction was unchanged. AF inducibility was low in young mice (5%), moderately higher
in aged mice (20%), and high in Angll (75%) and HFpEF (83%) mice.

Conclusion: Using speckle-tracking echocardiography, we observed reduced LA function in
established mouse models of atrial myopathy with concurrent AF inducibility, thus providing the
field with a timely and clinically relevant platform for understanding the pathophysiology and
discovery of novel treatment targets for atrial myopathy.
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Introduction

The left atrium (LA) is a significant contributor to mechanical and electrical cardiac
function: 1) it serves as a reservoir for pulmonary venous return during ventricular systole;
2) it is a conduit for arterial blood during early ventricular diastolic filling; 3) it is a
contractile pump to augment late diastolic filling of the ventricle; and 4) it transmits
sinoatrial impulses for atrial systole.12 Hence, the emerging clinical entity of atrial
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myopathy, defined as “structural, architectural, contractile, or electrophysiological changes
affecting the atria with the potential to produce clinically relevant manifestations”, may be a
significant contributor to the heart failure (HF) exacerbations, ischemic stroke, and all-cause
mortality associated with HF and atrial fibrillation (AF).3- Increasing recognition of its
clinical significance has thus prompted further investigation into pathophysiology of atrial
myopathy.57

Murine models are essential preclinical platforms for the investigation of cardiovascular
pathophysiology and multiple models of atrial myopathy have been developed in mice
including: 1) aging mice to two years;29 2) infusion of high dose angiotensin 11 (Angll)
via osmotic minipumps for three weeks; 1911 3) ten weeks of 60% kcal high-fat diet feeding
and Mw-nitro-_-arginine methyl ester (L-NAME) supplied in the drinking water to induce
heart failure with preserved ejection fraction (HFpEF).12 Manifestations of atrial myopathy
in these models include increased atrial size, atrial fibrosis, and AF inducibility with rapid
atrial pacing. However, studies characterizing or utilizing these murine models of atrial
myopathy have not examined atrial function, a critical knowledge gap. Therefore, the aim
of this study was to measure LA function in mice by developing a novel application of
speckle-tracking echocardiography.

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Animal Models

This study was carried out with adherence to the NIH Guidelines on the Use of
Laboratory Animals, Animals in Research: Reporting In Vivo Experiments guidelines,!3
and all procedures were reviewed and approved by the Institutional Animal Care and Use
Committee at the University of Minnesota. Four groups of wildtype, male and female
C57BL/6J mice were randomly assigned and included in this study: 1) young mice (2-4
months old); 2) aged mice (16-17 months-old); 3) Angll mice (3 months old); 4) HFpEF
mice (4-5 months old). Aged mice were fed normal rodent chow ad /ibitum. Angll mice
underwent subcutaneous implantation of osmotic minipumps (Alzet model 1004), in the
upper back between the scapulae, under isoflurane anesthesia, at 8-10 weeks of age. AnglI
was infused at a rate of 2 ug/kg/min.1% HFpEF mice were maintained on a 60% kcal high
fat diet (Research Diets D12492) and 0.5g/L. L-NAME in the drinking water (pH increased
to 7.4 with sodium hydroxide) for 10 weeks, starting at 8-10 weeks of age.12 Systolic
blood pressure was measured by tail cuff (CODA, Kent Scientific). No enrolled mice were
excluded from this study.

Echocardiography

All echocardiograms were captured using an Vevo 2100 imaging system (Fujifilm, Toronto,
CA) equipped with an 18-38 mHz linear array transducer. Mice were sedated with a

nose cone delivering 0.5-2% inhaled isoflurane that was adjusted to maintain a heart rate
between 375-450 bpm. Time-gated 2D cine loops were acquired from parasternal long
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axis, parasternal short axis and apical four chamber views. The standard murine parasternal
long axis window demonstrating the left ventricular outflow tract was shifted slightly to
the left (i.e. modified parasternal long axis view) to reveal the LA. The sector width was
narrowed when capturing cine loops of the LA to optimize frame rates. Left ventricular
(LV) diastolic function was measured by obtaining E/A and E/e’ ratios using pulsed wave
Doppler and tissue Doppler, respectively, from the apical four chamber view. LV systolic
function was quantified by measuring LV ejection fraction by averaging ejection fraction
obtained from 2D edge-tracking (LV Trace) and Simpson’s method of disks.14 LV global
longitudinal strain was obtained using the VevoStrain speckle-tracking software package
from the parasternal long axis view.1® Right ventricular systolic pressure (RVSP) was
calculated based on the formula RVSP = -83.7 x (pulmonary artery acceleration time/
ejection time) + 64.5.16 Pulmonary artery acceleration time and ejection time were measured
from the parasternal short axis window using pulsed wave Doppler of the pulmonary trunk.
All echocardiographic measurements were performed by the same two operators; blinding
was not possible due to the differences in animal body mass.

Left Atrial Strain Measurement

LA strain was measured using vendor-dependent speckle-tracking software (MVevo Strain
within Vevo Lab version 5.7). The default period selection of R-R intervals was preserved to
calculate LA strain with an end-diastolic zero reference. A minimum of three periods were
selected. At the next screen, the Long Axis tool was selected (unchecking the Endo+Epi
box) and a continuous line was manually defined along the endocardial LA border between
the anterior and posterior mitral annulus while traversing the pulmonary veins. Based

on the manually defined line, the speckle-tracking algorithm then placed 49 total points
along this line, spread across six segments, and calculated global longitudinal strain. The
Time-to-Peak analysis tool was then used to display the average strain curve of all six
segments. LA reservoir strain was defined as the peak longitudinal strain of the averaged
curve. LA contractile strain was defined as the onset of atrial contraction until end diastole
and identified by the second smaller peak of the LA longitudinal strain curve. LA conduit
strain is then calculated as the difference between LA reservoir strain and LA contractile
strain. LA conduit and contractile strain have negative values but the absolute value is
reported in this study per American Society of Echocardiography recommendations. All
strain measurements were performed by a single operator blinded to the mouse group.
Intra-observer variability was assessed randomly in ten measurements and variability was
calculated using the individual standard deviation method.1 Relative intraobserver and
interobserver variability of LA reservoir strain was 6.54% and 8.78%, respectively.

Transesophageal Rapid Atrial Pacing

Mice were anesthetized with 2% inhaled isoflurane in O, flowing at 2 L/min. Two sets

of surface electrocardiographic leads were inserted subcutaneously (forelimbs and lower
abdomen). An 18-gauge angiocatheter was inserted into the esophagus to guide and protect
the pacing catheter. Then the pacing catheter (Millar EPR-800) was advanced into the
esophagus. LA capture was first confirmed by eight cycles of atrial burst pacing. After
confirmation of atrial capture, decremental pacing (starting at 40 millisecond cycle length
and decreasing 2 milliseconds after 50+3 cycles per decrement, initial pulse width of 5ms
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and decreasing by 1ms every 3 cycles) was performed to induce AF.19 AF inducibility was
defined as the presence of irregular R-R intervals without discernable P waves for a period
longer than 2 seconds. All pacing studies were conducted between 9:00 and 13:00 local
time.

Statistical Analysis

Results

Statistical analysis was performed using Prism v9 (GraphPad). Data were presented as mean
+ standard error of the mean (mean+SEM). We used a two-way ANOVA with Tukey’s
multiple comparisons post-test to test for an interaction between sex and each outcome
variable, however, we found no primary interaction between sex and any of the outcome
variables. Therefore, data for each outcome was tested separately for both sexes using a
one-way ANOVA with Tukey’s multiple comparisons test. We used Fisher’s exact test to
calculate Pvalues for AF inducibility. A Pvalue < 0.05 was considered significant.

Current methods of examining the LA are inadequate

The most widely adopted method for measuring the LA in mice using echocardiography

is adapted from the clinical method of measuring a linear anteroposterior LA dimension

in the parasternal long axis view (Figure 1A). However, the mouse heart has a more
counterclockwise rotation (in the short axis) compared to humans, and therefore the cardiac
structures imaged deep to the LV in the parasternal long axis view are not the LA but
actually the basal inferior RV and RA. Instead, by shifting the ultrasound probe laterally 2-3
mm, the overlaying LV outflow tract is bypassed and a more comprehensive view of the LA
can be visualized (Figure 1B, C). Although the current clinical convention of measuring LA
volume and LA strain is performed in the apical four chamber and two chamber windows,
this is not currently feasible in mice. This is because of the large size of the ultrasound probe
relative to the size of the mouse thorax, which limits the degree by which the ultrasound
probe can be rotated. This limits the ability to continuously capture the LA during both atrial
systole and atrial diastole for speckle-tracking (Figure 1D, E).

Measurement of LA function in mice by speckle-tracking echocardiography

LA function

To overcome these limitations, we devised a novel approach using the modified parasternal
long axis view (Figure 1C) to capture the LA clearly and continuously throughout the
cardiac cycle. Representative images and videos of the focused, modified parasternal long
axis view of a normal LA and dysfunctional LA are presented in Figure 2A, 2B, Video

1, and Video 2. Representative images of the R-R strain measurement gating, and speckle-
tracking analysis windows are presented in Figure 2C, 2D, and 2E. Representative strain
curves of a normal LA and dysfunctional LA are presented in Figure 2F and 2G.

LA reservoir strain (Figure 3A), LA conduit strain (Figure 3B), and LA contractile strain
(Figure 3C) were significantly reduced in aged, Angll and HFpEF mice compared to young
mice. LA stiffness index (Figure 3D), which integrates LA function with LV diastolic
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function ([E/e’]/[LA reservoir strain]),18 was significantly increased in aged, Angll and
HFpEF mice compared to young mice.

LV diastolic dysfunction, assessed by E/’e and E/A ratios, was evident in aged, Angl|

and HFpEF mice compared to young control mice. E/e’ was significantly increased and e’
was significantly decreased in all three groups compared to young mice (Figure 4A, 4B),
whereas E/A was increased only in HFpEF mice (Figure 4C). LV global longitudinal strain
was significantly reduced in aged, Angll and HFpEF mice compared to young mice (Figure
4D), although LV ejection fraction was similar in all groups (Figure 4E). Systolic blood
pressure was significantly increased in Angll (males only) and HFpEF mice (males and
females) but not aged mice, compared to young mice (Figure 4F). Right ventricular systolic
pressure was mildly, but significantly, increased in Angll and HFpEF mice (Figure 4G).
Finally, heart rates at the time of echocardiography (LV and LA parasternal long axis view)
were similar in all groups (Figure 4H).

AF inducibility

AF inducibility was assessed in all mice by transesophageal rapid atrial pacing. Figure 5A
displays a sample tracing that demonstrates the end of rapid atrial pacing, development of
AF (lack of discernable P waves and irregular R-R intervals) and the subsequent reversion
to sinus rhythm. After rapid atrial pacing, 20% of the aged males, 70% of Angll males, and
75% of HFpEF males developed AF, but none of the young males developed AF (Figure
5B). In females, 13% of the aged, 80% of Angll and 92% of HFpEF animals developed AF
after rapid atrial pacing and only 9% of the young females developed AF (Figure 5B).

Discussion

In summary, we have developed a novel application of speckle-tracking echocardiography
to measure LA function in mice. We demonstrated that compared to young mice, LA
reservoir, conduit, and contractile function were reduced in aged, Angll, and HFpEF mice.
LV diastolic and systolic dysfunction were also evident in aged, Angll, and HFpEF mice,
despite having a preserved LV ejection fraction. Interestingly, AF inducibility was higher in
Angll and HFpEF mice but not aged mice. This underscores the need to define LA function
in preclinical models as another measure of atrial myopathy in addition to AF inducibility
and atrial fibrosis.

Many previous studies have characterized the murine left atrium. Colazzo et a/. described
quantification of two-dimensional LA volume from the apical four chamber view

using Simpson’s rule and calculated phasic volumetric LA function.1® However, the
echocardiographic view of the orthogonal LA plane used to derive the second dimension
required for Simpson’s rule was undefined. Furthermore, the only cardiovascular pathology
examined was in mice subject to coronary artery ligation. Medrano and Granillo ef a/. later
examined LA volume in aged mice, by measuring LA size in the standard parasternal long
axis view in one plane and in the parasternal short axis view for the second plane.20:21
However, the investigators did not examine LA function nor other mouse models with
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LA pathology. Hence, our study advances the field by demonstrating the feasibility of
measuring murine LA function using speckle-tracking echocardiography and characterizing
LA dysfunction in multiple models of atrial myopathy.

A large body of clinical data supports the importance of lower LA strain as a biomarker

for atrial myopathy.22:23 The feasibility of using echocardiographic LA strain to evaluate
LA mechanical function was first demonstrated by Sirbu et a/. in healthy humans in
2006,24 and corroborated by Cameli and Wianna-Pinton er a/. in 2009.2526 Subsequent
studies demonstrated lower LA strain in patients with HF and AF.27-29 Because invasive
pressure-catheter characterization in HF and AF patients identified impaired LA mechanical
function,39:31 and histologic studies in HF and AF patients revealed significant atrial
fibrosis,32:33 LA strain has emerged as a key surrogate biomarker for the mechanical and
electrophysiological abnormalities of the LA in HF and AF patients that is now collectively
known as atrial myopathy.34 Despite this emerging recognition of the importance of LA
reservoir strain, the feasibility of obtaining this echocardiographic measure in mice has not
been established until now.

Clinical guidelines have yet to define a consensus normal range for LA strain in humans,
but the murine LA strain values in this study were comparably lower than studies in
humans. A meta-analysis by Pathan et a/in 2017 found that mean human LA reservoir
strain across 40 studies was 39.4% (95% Cl, 38.0%-40.8%),3° and a recent international,
multicenter, observational, World Alliance of Societies of Echocardiography study of
participants without previous cardiac disease found the mean human LA reservoir strain
was 42.1 + 10%.36 Whereas in this study, the mean murine LA reservoir strain was 22 +
1%. Furthermore, in a cohort of TOPCAT trial participants with HFpEF, mean LA reservoir
strain was 25.9 + 7.7%,37 whereas in this study, the mean murine LA reservoir strain in

the HFpEF group was 10 £ 1%. The mean LV global longitudinal strain in the young

mice of this study was also lower than normal LV global longitudinal strain values in
humans, but our mean values are comparable to other murine studies.1>38 Nevertheless,
because the mean LA reservoir strain values in the mouse groups with atrial myopathy
were approximately half of the value of young (normal) mice, the decrease in strain was
proportional to decreases seen in humans studies. Furthermore, Matsiukevich et al recently
characterized a murine model of HFpEF using combined angiotensin Il and phenylephrine
infusion and found a LV global longitudinal strain to LA reservoir strain ratio of 25%/40% =
0.63 in the untreated mice.3° The LV/LA ratio in our study was similar at 15%/22% = 0.68.
This concordance underscores the robustness of LA strain measurement in mice.

In addition to LA function, we also examined LV function to contextualize the interrelation
of the two chambers. The Angll and HFpEF mouse models have well-characterized
evidence of elevated LV filling pressures and confirmed by elevated mitral valve Doppler
measurements (E/e’, E/A) in our study. When the LA is exposed to elevated LV filling
pressure, LA filling pressure and wall tension also increase, leading to increased LA
stiffness and decreased LA compliance.? Because the LA is a thinner wall structure than the
LV, it is more susceptible to pressure overload and remodeling occurs earlier in the LA than
the LV.23 The LA stiffness index ([E/e’]/[LA reservoir strain]) was developed as a measure
to directly compare LA function with LV diastolic function.# In our study, all three animal
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models demonstrated increased LA stiffness index compared to young controls, indicating
the presence of LA dysfunction in addition to LV diastolic dysfunction. Notably, recent
clinical evidence has suggested that LA stiffness index is associated with adverse outcomes
in HFpEF patients and has better prognostic performance compared to LV filling pressure
measures.18

Although this study was not designed to investigate the pathophysiology of atrial myopathy
in the three presented models, mechanistic insights have been suggested in prior studies. In
Angll mice, the primary mechanism leading to atrial myopathy is most likely hypertension;
systolic blood pressures in Angll mice were approximately 30 mmHg higher than untreated
mice. In humans, increased arterial stiffness (a direct measure of hypertension) was
associated with decreased LA reservoir and conduit strain.40 Other mechanisms include
oxidation and pathological activation of Ca2*/calmodulin-dependent protein kinase 11,10
and direct activation of collagen deposition by cardiac fibroblasts.2 In HFpEF mice,
hypertension from L-NAME treatment is likely to be a primary mechanism for atrial
myopathy, although the increase of systolic blood pressures is less than in Angll mice.
Therefore, other mechanisms such as decreased AMP kinase activity and increased
inflammation from the high fat diet may be important secondary contributors to atrial
myopathy.124344 Consistent with other studies,*>46 the aged mice in our study did not
have hypertension, but aged mice have also been shown to have endothelial dysfunction and
increased atrial fibrosis.8-947 These are likely mechanisms that contribute to atrial myopathy
in aged mice.

AF inducibility was high in Angll and HFpEF mice, but lower in aged mice. Nevertheless,
the observed rate of AF inducibility in aged mice was consistent with other studies.?48
Potentially, the degree of atrial fibrosis in aged mice was insufficient to promote the
substrate to induce AF.3349 The total collagen content measured by hydroxyproline assay in
aged mice is approximately twice the content of young mice.® Fu et a/ compared multiple
mouse models with atrial fibrosis, including transverse aortic constriction, angiotensin 11
infusion, and liver kinase B knockout, and found AF inducibility only with extensive atrial
fibrosis (quadruple that of control).59 Thus, our rapid atrial pacing results further underscore
the need to characterize LA mechanical dysfunction (using LA reservoir strain) in mouse
models, because in the clinical spectrum of atrial myopathy and AF, atrial fibrosis, and

LA mechanical dysfunction usually precede the development of clinical AF.8 Focusing
preclinical investigation on mouse models with inducible AF may thus bias towards
targeting a phenotype that corresponds with permanent AF in humans, a late stage that

is less amenable to reverse (salutary) remodeling. Instead, using LA reservoir strain as

an experimental endpoint can inform conclusions of preclinical therapeutic studies, with
clinical relevance to atrial myopathy or subclinical AF, that ameliorate the development of
the abnormal atrial substrate that precipitates clinical AF.

First, we did not measure LA volume because physical limitations of currently available
ultrasound probes preclude acquisition of biplane two-dimensional LA sizes in the apical
views. Therefore, any estimation of LA volume based on single plane two-dimensional LA
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size relies on geometric assumptions that remain unvalidated. Instead, we have focused on
LA strain, because it is a better predictor of adverse cardiac events than LA volume.>!
Second, the current speckle-tracking algorithm is vendor-dependent and originally designed
for the LV. Broad adoption of LA strain measurement will likely require dedicated LA-
focused software. Third, there is more heterogeneity in LA strain curves than LV strain
curves. This is primarily due to using the modified long axis view which sometimes reveals
the left pulmonary vein, and speckle-tracking across this junction sometimes results in
strain curve heterogeneity. However, this remains the best echocardiographic view because
there are technical challenges to continuously visualizing the LA in apical views for speckle-
tracking. Fourth, we did not examine the LA histologically for fibrosis, a substrate for

AF inducibility, because this data has been demonstrated by other studies and the aim

of this study was to characterize the LA noninvasively. Fifth, isoflurane anesthesia was
required to sedate mice sufficiently to perform echocardiography measurements, and heart
rates below 400 may not be reflective of the normal physiologic state and therefore bias

LA and LV function measurements. However, both HFpEF and aged mice were obese, and
obesity increases the volume of distribution of lipophilic isoflurane and complicates the
rapid titration of isoflurane concentration.>2 The allowance of heart rates below 400 (down
to 375) was necessary for the feasibility of echocardiography in obese mice, although our
mean heart rate during echocardiography was approximately 425 (Figure 4H).

Overall, our study described a novel application of speckle-tracking echocardiography to
measure LA function in mouse models and demonstrated lower LA function in established
mouse models of atrial myopathy with concurrent AF inducibility. Establishment of this
method provides the field with a timely and clinically relevant model for understanding the
pathophysiology and discovery of novel treatment targets for atrial myopathy. Future studies
should examine longitudinal changes in LA function and AF inducibility to determine if LA
dysfunction is a precursor to AF to reveal mechanistic insights into the pathophysiology of
atrial myopathy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective

Accumulating clinical evidence suggests that atrial myopathy may be the underlying
pathophysiology that explains the adverse cardiovascular outcomes in heart failure and
atrial fibrillation. Impaired left atrial function identified by echocardiographic based
strain imaging has emerged as a key measure of atrial myopathy. Here, we address

an important knowledge gap by describing the quantification of left atrial function

in preclinical mouse models of atrial myopathy by speckle-tracking echocardiography.
Establishment of left atrial strain imaging in mice provides the field with a timely
platform to examine underlying pathophysiologic mechanisms and to develop novel
therapies for atrial myopathy.
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2-3mm

Figure 1. Current methods of examining the murine left atrium areinadequate
(A) Parasternal long axis view of the left ventricle (LV), LV outflow tract, and with partial

view of the right ventricle (RV) and right atrium (RA). This is where left atrial (LA) size

is commonly measured. (B) The modified parasternal long axis view, revealing the LA
proper, can be achieved by moving the ultrasound probe laterally to the left by 2-3 mm. (C)
Modified parasternal long axis view that displays the LA proper and one of three pulmonary
veins. (D) Apical four chamber view during atrial diastole displaying the LA and partially
obscured left atrial appendage (LAA). Optimization of the probe angle is difficult in this
probe position due to the size of the ultrasound probe compared to the mouse thorax. (E)
Apical four chamber view during atrial systole displaying a further obscured view of the
LA and LAA. The obscured view of the LA and LAA limits the ability to track speckles in
this echocardiographic window. Dotted lines in the figure indicate indeterminate anatomical
borders. Scale marks indicate 1 millimeter.
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[accuracy +/-7.953]

Figure 2. Measurement of LA function in mice by speckle-tracking echocar diogr aphy
(A) Representative image and Video 1 of a left atrium (LA) from a young mouse. (B)

Representative image and Video 2 of an LA from an Angll mouse. (C) In the software
package to measure strain the period selection is kept at the default R-R interval so that
LA reservoir strain is entirely positive through one cardiac cycle. (D) The long axis curve
tool is utilized to draw a line between the anterior and posterior mitral valve annulus. This
adapts the software, originally designed to measure LV strain, to calculate LA strain instead.
(E) The Time-to-Peak software package is selected, with the “Reverse Peak” box checked,
to calculate LA strain. The LA is divided automatically into six strain segments, but only
the black-colored average curve values are utilized. LA contractile strain can be identified
by the second peak following the P wave on ECG. LA conduit strain is calculated as the
difference between LA reservoir and contractile strain. (F) Representative LA strain curves
from a young mouse. (G) Representative LA strain curves from a HFpEF mouse.
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Figure 3. Left atrial function
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represents worse mechanical function. LA conduit and contractile strain are presented as
absolute values. Data in are mean=SEM and outcomes for each sex were analyzed by
one-way ANOVA with Tukey’s multiple comparisons test. A primary interaction P value <
0.05 was considered significant, and significant differences identified by the post-test are
indicated.
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ejection times. (G) Systolic blood pressure, collected by tail cuff. (H) Heart rate, measured

by ECG during echocardiography (parasternal long axis view). Data are mean+SEM
and outcomes for each sex were analyzed by one-way ANOVA with Tukey’s multiple

comparisons test. A primary interaction Pvalue < 0.05 was considered significant, and
significant differences identified by the post-test are indicated.
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Figure 5. Rapid transesophageal atrial pacing to induce atrial fibrillation
(A) Example surface ECG tracing of a mouse that underwent transesophageal rapid atrial

pacing to induce AF, followed by subsequent reversion to sinus rhythm (P wave denoted by
red arrows). (B) Percentage and number of mice with inducible AF by transesophageal rapid
atrial pacing among the mouse groups. P values were calculated by Fisher’s exact test.
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