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ABSTRACT

Objectives: The mechanism by which mitral valve (MV) disease leads to atrial fibril-
lation (AF) remains poorly understood. Delayed-enhancement cardiac magnetic
resonance imaging (DE-MRI) has been used to assess left atrial (LA) fibrosis in pa-
tients with lone AF before catheter ablation; however, few studies have used DE-
MRI to assess MV-induced LA fibrosis in patients with or without AF undergoing
MV surgery.

Methods: Between March 2018 and September 2022, 38 subjects were enrolled; 15
age-matched controls, 14 patients with lone mitral regurgitation (MR), and 9 pa-
tients with MR and AF (MR þ AF). Indexed LA volume, total LA wall, and regional
LA posterior wall (LAPW) enhancement were defined by the DE-MRI. One-way anal-
ysis of variance was performed.

Results: LA volume and LA enhancement were associated (r¼ 0.451, P¼ .004). LA
volume differed significantly between controls (37.1 � 10.6 mL) and patients with
lone MR (71.0 � 35.9, P ¼ .020 and controls and patients with MR þ AF (99.3 �
47.4, P < .001). The difference in LA enhancement was significant between
MRþ AF (16.7� 9.6%) versus controls (8.3� 3.9%, P¼ .006) and MRþ AF versus
lone MR (8.0 � 4.8%, P ¼ .004). Similarly, the was significantly more LAPW
enhancement in the MR þ AF (17.5 � 8.7%) versus control (9.2 � 5.1%,
P ¼ .011) and MR þ AF versus lone MR (9.8 � 6.0%, P ¼ .020)

Conclusions: Patients with MRþ AF had significantly more total and LAPW fibrosis
compared with both controls and lone MR. Volume and delayed enhancement were
associated, but there was no difference between MR and MR þ AF. (JTCVS Open
2023;16:292-302)
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DE-MRI fibrosis maps of (A) control subject (B),
lone MR patient (C), MR þ AF patient.
CENTRAL MESSAGE

Patients with MRþ AF had
significantly more LA and regional
LAPW fibrosis compared to both
controls and loneMR.Volumeand
wall enhancement were associ-
ated with no difference between
MR and MRþ AF.
PERSPECTIVE
There is a paucity of data using noninvasive
delayed-enhancement magnetic resonance imag-
ing to identify and quantify fibrosis as the anatom-
ical substrate for AF in patients with degenerative
and calcific MV disease. Patients with MR-induced
AF have significantly more LA fibrosis, especially in
the LAPW, compared to both controls and lone
MR. Fibrosis levels may identify progression of
lone MR to MRþAF.

See Discussion on page 303.
Video clip is available online.

To view the AATS Annual Meeting Webcast, see the
URL next to the webcast thumbnail.
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VIDEO 1. The authors briefly discuss the study and their main conclu-

sions that fibrosis was most significant in patients with MR þ AF and

despite volume and enhancement being associated, there was no significant

difference in volume seen between patients with lone MR and MR þ AF.

Therefore, fibrosis detected by DE-MRI may be a marker for progression

of lone MR to MR þ AF. Video available at: https://www.jtcvs.org/

article/S2666-2736(23)00211-5/fulltext.

Abbreviations and Acronyms
AF ¼ atrial fibrillation
CMP-IV ¼ Cox maze IV procedure
DE-MRI ¼ delayed-enhancement magnetic

resonance imaging
LA ¼ left atrial
LAPW ¼ left atrial posterior wall
MR ¼ mitral regurgitation
MV ¼ mitral valve
NSR ¼ normal sinus rhythm

Yates et al Adult: Arrhythmias
Valvular heart disease is the most common etiology of
chronic atrial fibrillation (AF) in the world.1 Patients
referred for the surgical treatment of mitral valve (MV) dis-
ease are the most common group to have concomitant AF
ablation. Although there are surgical guidelines with class
1 evidence that recommend surgical ablation for symptom-
atic patients with MV undergoing cardiac surgery,2 the
mechanisms by which the MV disease leads to AF remain
poorly understood.

It has been hypothesized that atrial fibrosis in combina-
tion with volume overload is the pathological substrate
required to both initiate and sustain AF in patients with
MV disease. Several studies have used protein molecular
analysis on atrial tissue biopsies to demonstrate that patients
with degenerative MV disease and AF had more fibrosis
than those with MV disease in normal sinus rhythm
(NSR)3-6 and those with lone AF.7,8 Furthermore, one study
found more regional atrial fibrosis in the left atrial posterior
wall (LAPW) of patients with MV disease and AF than with
patients with MV disease in NSR.5 This finding is clinically
important because the LAPW region has been associated
with arrhythmogenesis and incomplete electrical isolation
of this area during ablation is a risk factor for atrial tachy-
arrhythmia recurrence.9-11

Despite much effort to understand whether AF is the
cause or consequence of fibrosis, it is still not well defined
how the arrhythmogenic substrate is developed in patients
with MV disease, and there are few noninvasive tests that
can be used to quantify the potential proarrhythmic sub-
strate. The present study used delayed-enhancement mag-
netic resonance imaging (DE-MRI), which has been
validated by histopathologic assessment, to quantify the de-
gree of left atrial (LA) fibrosis.12,13 DE-MRI involves an
intravenous administration of gadolinium contrast that is
taken up by the cardiac extracellular matrix and represents
the expansion of the extracellular matrix by the formation
of fibrosis.14,15 Numerous other studies in the catheter-
ablation literature, mostly in patients with lone AF, have
shown that DE-MRI enhancement is a marker of fibrosis.6-18
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The quantification of the fibrotic LA substrate using DE-
MRI has been well studied in the multicenter prospective
Association of Atrial Tissue Fibrosis Identified by Delayed
Enhancement MRI and Atrial Fibrillation Catheter Abla-
tion (DECAAF I) and Effect of MRI-Guided Fibrosis Abla-
tion Versus Conventional Catheter Ablation on Atrial
Arrhythmia Recurrence in Patients With Persistent Atrial
Fibrillation (DECAFF II) trials, which found that fibrosis
levels before and after catheter ablation in patients with
paroxysmal and persistent AF independently predicted
postablation AF recurrence and defined an optimal fibrosis
targeted approach to catheter ablation. Those patients with a
low level of fibrosis preablation had better postablation
rhythm outcomes than patients with a greater level of
fibrosis.17,18 However, this imaging modality has not been
used to identify a similar substrate in patients with MV dis-
ease. Therefore, this study used DE-MRI to investigate the
effects of degenerative and calcific mitral regurgitation
(MR) on LA DE-MRI enhancement (Video 1). It was hy-
pothesized that quantification of LA enhancement would
correlate with worsening pathology from control age-
matched patients to patients with lone MR, to patients
with MR with a history of AF (MR þ AF).
METHODS
Patients

This was a single-center prospective study with enrollment fromMarch

2018 to December 2022. The study was approved by the Washington Uni-

versity School of Medicine in St Louis Institutional Review Board

(#201801126, current approval date: October 11, 2022). Informed consent

and permission for release of information were obtained from all patients.

Control subjects did not undergo surgery, and inclusion criteria for control

subjects were the following: age 18 years of age or older, no history of AF

or heart disease, and a normal electrocardiogram. Inclusion criteria for pa-

tients withMR referred for MV surgery were a diagnosis of degenerative or

calcific MV disease with or without AF.

Those who had AF also underwent a concomitant Cox maze IV proced-

ure (CMP-IV) as previously described in the literature.19 LA appendage

management varied by patient, with closure achieved by amputation with

epicardial oversewing, epicardial placement of an AtriClip (AtriCure

Inc), or oversewing the appendage from the endocardium.
Control MR patient in S
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FIGURE 1. 3D LA fibrosis maps of (A) control subjects, (B) patients with lone

DE-MRI enhancement is depicted in blue, white, and yellow. Right (R) and left

LA, left atrial; RPV, right pulmonary vein; 3D, 3-dimensional; MR, mitral regu
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Exclusion criteria for controls included any history of previous

arrhythmia or cardiac surgery, catheter ablation, uncontrolled hypertension,

left ventricular ejection fraction<30%, pregnant or breastfeeding, contrain-

dications toMRI, current dialysis or acute kidney injury, or body mass index

>40. Exclusion criteria for patients with MR were the same except for prior

arrhythmia, history of failed catheter ablation and/or other concomitant valve

or cardiac procedures such as coronary artery bypass grafting, aortic or

tricuspid valve surgery.

Demographic data from controls were collected using a questionnaire.

All clinical characteristics of patients were defined by the adult cardiac So-

ciety of Thoracic Surgeons definitions except for LA volume, which was

defined byMRI report and duration of MR, which was defined the time dif-

ference between the date of surgery and the earliest preoperative transtho-

racic echocardiogram date, in years, which was obtained from chart review.

No subject or patient data were missing. Missing data were ascertained

through chart review, contact with patients, and referring physicians.

Each patient’s rhythm was captured by electrocardiography before imag-

ing. If applicable, the type of AF was defined by the current 2017 Heart

Rhythm Society guidelines.20 Longstanding persistent AF was defined as

continuous AF >1 year, persistent AF was defined as lasting beyond

7 days, and paroxysmal AF was defined as terminating spontaneously or

with intervention within 7 days.2

Cardiac MRI and Atrial Enhancement
Quantification

All subjects underwent a 3-Tesla (T) delayed gadolinium (0.2 mmol/kg)

enhancement MRI protocol, with patients undergoing the scan within

30 days of the elective surgery.17,18,21 DE-MRI defined the anatomy and

structure of the atria and pulmonary veins, and quantified the degree of

LA fibrosis. Total right atrial fibrosis data are provided, but only the total

and regional LA fibrosis analysis has been approved for clinical use. Com-

mercial software (MARREK Inc) approved by the Food and Drug Admin-

istration was used for image segmentation and processing to provide 3D

LA fibrosis maps and quantification reports, which included LA volume

measurements (Figure 1). Gadolinium-enhanced MR angiography was

used to delineate the endocardium.

DE-MRI images of the atriawere acquired approximately 20minutes after

contrast administration using a 3-dimensional electrocardiographic-gated,

respiratory-navigated, and inversion recovery–prepared gradient echo pulse

sequence. Inversion preparation was applied to every heartbeat, and fat satu-

ration was performed immediately before data acquisition. Data acquisition

was limited to 15% of the averaged cardiac cycle length and was performed

during LA diastole. The other scan parameters for DE-MRI of atria at the 3-T

scanner were an axial imaging volume with fields of view

¼ 400 3 400 3 150 mm, voxel size ¼ 1.25 3 1.25 3 2.5 mm, repetition

time¼ 3.1 milliseconds, echo time¼ 1.4 milliseconds, and flip angle of 14�.
inus rhythm MR patient in Atrial Fibrillation

C
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MR, and (C) patients with MRþAF. Healthy tissue is depicted in red, and

(L) pulmonary veins (PVs) labeled accordingly. LPV, Left pulmonary vein;

rgitation; AF, atrial fibrillation.



FIGURE 2. Map of the LA regions. The left atrial posterior wall (LAPW) defined summation of the regional enhancement percentage and wall volume of

the posterior wall (orange), right (R, blue) and left (L, purple) pulmonary vein (PVs) labeled accordingly. LA, Left atrial; RPV, right pulmonary vein.

Yates et al Adult: Arrhythmias
The left atrium 3-dimensional maps of the fibrosis scans derived from

the DE-MRI scans that were of good- or fair-quality scans were evaluated

and the extent of atrial wall enhancement was categorized using the Utah

classification for LA fibrosis staging as follows: Class 1 (<10%), Class 2

(10%-20%), Class 3 (20%-30%), and Class 4 (>30%).16-18 The LAPW

region enhancement was computed, which consisted of the left

pulmonary vein, right pulmonary vein, and posterior wall regions from

the fibrosis report (Figure 2). It is not possible to anatomically isolate

just the PVs from the cardiac MRI analysis.

Statistical Analysis
Data are reported as mean � standard deviation unless otherwise

stated. For continuous variables comparing 2 groups, a Student t test

was used to calculate significance. For continuous variables comparing

3 groups, the significance between the observed means was calculated

using a one-way analysis of variance test with Tukey post-hoc tests.

For categorical variables, a Fisher exact test was used to determine

significance unless otherwise stated. The software package used for

statistical analysis was IBM SPSS Statistics, Version 28.0.0.0 (IBM

Corp).

RESULTS
Clinical and Operative Characteristics

During the study period, 101 subjects were approached,
of whom 63 (63%) were enrolled into the study. Of those
63 subjects, 38 had good- or fair-quality DE-MRI scans
that were analyzed, which included 15 age-matched con-
trols, 14 patients with lone MR, and 9 patients with
MR þ AF (Figure E1). There were no differences in age,
sex, race, or baseline comorbidities between the groups
(Table 1).
The majority of patients who underwent concomitant

MV surgery and CMP-IV had a history of paroxysmal AF
(6/9, 67%), and the other 3 patients had a history of nonpar-
oxysmal AF (1 patient had persistent AF and 2 patients had
longstanding persistent AF). The mean AF duration of all
patients was 2.3 � 2.5 years.
Two patients had longstanding persistent atrial fibril-

lation, of whom one had an AF duration of 18 months
and Utah class 1 (<10% fibrosis of the total LA wall),
and the other had an AF duration of 21 months and
Utah class 4 fibrosis (>30% fibrosis of the total LA
wall) (Table E1). The only patient with persistent AF
had an AF duration of 6 months and Utah class 1
(Table E1). Of the 6 patients with paroxysmal AF, 2
had Utah class 3 (20%-30% fibrosis of the total LA
wall) with a duration of 84 months and 60 months. Of
the remaining 4 patients with paroxysmal AF, 3 had
Utah class 2 (10%-20% fibrosis of the total LA wall),
JTCVS Open c Volume 16, Number C 295



TABLE 1. Clinical characteristics

Characteristics (N ¼ 38) Controls (N ¼ 15) MR (N ¼ 14) MR þ AF (N ¼ 9) P value

Age, y 66.1 � 7.8 60.7 � 9.8 69.0 � 7.4 .127

Sex, n (%) .193

Male 5 (33) 9 (64) 7 (78)

Female 10 (57) 5 (36) 2 (22)

Race, n (%) 1.000

White 13 (86) 14 (100) 9 (100)

Black 1 (7) 0 (0) 0 (0)

Asian 1 (7) 0 (0) 0 (0)

BMI, n (%) 28.2 � 6.4 28.4 � 4.6 30.7 � 5.9 .767

HTN, n (%) 5 (33) 5 (36) 7 (78) .263

DM, n (%) 1 (7) 1 (7) 3 (33) .277

COPD (moderate/severe lung disease), n (%) 1 (7) 0 (0) 1 (11) .422

Previous CVA, n (%) 1 (7) 0 (0) 0 (0) 1.000

Previous MI, n (%) 0 (0) 0 (0) 1 (11) .105

PVD, n (%) 0 (0) 1 (7) 0 (0) 1.000

Smoking history, n (%) 0 (0) 4 (29) 1 (11) .073

P value from one-way analysis of variance for continuous variable and Fisher exact test for categorical variables significant if less than or equal to .05.MR, Mitral regurgitation;

AF, atrial fibrillation; BMI, body mass index; HTN, hypertension; DM; diabetes; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular disease; MI, myocardial

infarction; PVD, peripheral vascular disease.

TABLE 2. Mitral valve surgery and hemodynamic findings

Variables (N ¼ 23) MR (N ¼ 14) MR þ AF (N ¼ 9) P value

LA volume, mL/m2* 71.0 � 35.9 99.3 � 47.4 .117

LVEF, %y 65.8 � 7.5 58.9 � 15.5 .186

Adult: Arrhythmias Yates et al
with durations of 1 day, 4 months, and 20 months, and 1
patient had Utah class 1 with a duration of 2 months
(Table E1). The 1 patient with an AF duration of 1 day
was diagnosed preoperatively the day of surgery and pre-
sented in NSR the day of MRI scan.

During the MRI scan, all patients with lone MR were
in NSR. Of the patients with a history of AF, 4 were in
NSR and 5 were in AF. The majority of the patients
who underwent MV surgery had degenerative MV dis-
ease and underwent MV repair (Table 2). The severity
of MR and preoperative hemodynamic characteristics of
patients with lone MR and MR þ AF are detailed in
Table 2.
MV surgery, n (%)

Repair 13 (93) 8 (89)

Replacement 1 (7) 1 (11) 1.000

MR severity, n (%)

Grade 3 1 (7) 2 (22)

Grade 4 13 (93) 7 (78) .270

MR duration, yz 0.9 � 1.7 0.3 � 0.5 .352
DE-MRI Characteristics
Therewere significant differences in the LAvolume, total

LA wall enhancement, and regional LAPW enhancement
between the 3 groups (Table 3). Furthermore, the only pa-
tients with Utah class 3 or 4 enhancement were seen in
the MR þ AF group (Table 3).
TR severity, n (%) .142

Grade 3 14 (100) 7 (78)

Grade 4 0 (0) 2 (22)

MR, Mitral regurgitation; AF, atrial fibrillation; LA, left atrium; LVEF, left ventricular

ejection fraction; MV, mitral valve; TR, tricuspid regurgitation; MRI, magnetic reso-

nance imaging. *LAvolume fromMRI patient report. yLVEF is a Society of Thoracic

Surgeons–defined variable. P values for Student t test for continuous variables or

Fisher exact test for categorical variables are significant if less than or equal to .05.

zMR duration defined by the time difference between the date of surgery and the

earliest preoperative transthoracic echocardiogram date, in years, which was obtained

from chart review.
Indexed LAVolume
There was a significant difference in the indexed LAvol-

ume between control patients versus patients with MR
(37.1 � 10.6 mL vs 71.0 � 35.9 mL, P ¼ .020) and control
patients versus patients with MR þ AF (37.1 � 10.6 mL vs
99.3 � 47.4 mL, P<.001). However, there was no signifi-
cant difference between patients with MR and patients with
296 JTCVS Open c December 2023
MR þ AF (71.0 � 35.9 mL vs 99.3 � 47.4 mL, P ¼ .112,
Figure 3).

Total LAWall Enhancement
There was a significant difference in the total LA wall

enhancement between controls versus patients with
MR þ AF (8.3 � 3.9% vs 16.7 � 9.6%, P ¼ .006) and



TABLE 3. DE-MRI characteristics

MRI characteristics Controls (N ¼ 15) MR (N ¼ 14) MR þ AF (N ¼ 9) P value

LA volume, indexed, mL/m2 37.1 � 10.6 71.0 � 35.9 99.3 � 47.4 <.001

LAwall enhancement, % 8.3 � 3.9 8.0 � 4.8 16.7 � 9.6 .003

LAPW enhancement (5%) 9.2 � 5.1 9.8 � 6.0 17.5 � 8.7 .009

Utah class, n (%) .061

1 11 (73) 11 (79) 3 (33)

2 4 (27) 3 (21) 3 (33)

3 0 (0) 0 (0) 2 (23)

4 0 (0) 0 (0) 1 (11)

P values from one-way analysis of variances for continuous variables and Fisher exact test for categorical variables significant if less than or equal to .05. P values in bold are

statistically significant.MRI, Magnetic resonance imaging;MR, mitral regurgitation; AF, atrial fibrillation; LA, left atrium; LAPW, left atrial posterior wall;DE, delayed enhance-

ment.

Yates et al Adult: Arrhythmias
between patients with lone MR versus patients with
MR þ AF (8.0 � 4.8% vs 16.7 � 9.6%, P ¼ .004). There
was no difference in LA enhancement between controls and
patients with MR (8.3 � 3.9% vs 8.0 � 4.8%, P ¼ .985;
Figure 4, A).
LAPW Regional Enhancement
There was a significant difference in the regional LAPW

enhancement between control patients versus patients with
MR þ AF (9.2 � 5.1% vs 17.5 � 8.7%, P ¼ .011) and pa-
tients with lone MR versus patients with MR þ AF (9.8 �
6.0% vs 17.5 � 8.7%, P ¼ .020). However, there was no
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FIGURE 3. Total LA volume indexed between control patients, patients

with lone MR, and patients with MR þ AF. In the box and whiskers plot,

the lower and upper borders of the box represent the lower and upper quar-

tiles (25th percentile and 75th percentile). The middle horizontal line rep-

resents the median and the lower and upper whiskers represent the

minimum and maximum values of nonoutliers. Extra dots represent out-

liers. MR, Mitral regurgitation; AF, atrial fibrillation; LA, left atrial.
difference in LAPWenhancement between controls and pa-
tients with MR (9.2 � 5.1% vs 9.8 � 6.0%, P ¼ .974,
Figure 4, B).

LAWall Enhancement and Indexed LAVolume
Correlations
Among all 3 groups, the LAvolume correlated with total

LAwall enhancement (r ¼ 0.451, P ¼ .004; Figure E2, A).
However, there was no correlation seen between LAvolume
regional LAPW enhancement (r ¼ 0.263, P ¼ .111;
Figure E2, B).

DISCUSSION
This study used DE-MRI to quantify LA wall enhance-

ment, a surrogate for fibrosis, in patients with degenerative
or calcific MR, with or without a history of AF. Both the to-
tal LAwall enhancement and regional LAPWenhancement
were found to be significantly greater in patients with
MR þ AF compared with both controls and patients with
lone MR. Further studies will be needed to determine
whether duration and classification of AF is significant
and/or correlates with the degree and distribution of LA
wall fibrosis. However, there was no difference in total
LAwall enhancement or regional LAPW enhancement be-
tween controls and patients with lone MR. The study also
showed a positive correlation between LAvolume and total
LAwall enhancement. Despite this correlation and a signif-
icant increase in wall fibrosis detected between patients
with lone MR and patients with MR þ AF, there were no
significant differences in the LA volumes between these 2
groups. This suggests that atrial fibrosis in patients with
MR referred for surgery may be a more important preoper-
ative marker for patients who will develop AF, than simply
changes in LA volume alone.
Several studies have usedproteinmolecular analysis on atrial

tissue biopsies to show that patients with degenerativeMV dis-
ease andAF hadmore fibrosis than patientswithMVdisease in
NSR.4-6Our studyusednoninvasiveDE-MRI to showthat those
withMVdisease andAF hadmore fibrosis than thosewith lone
JTCVS Open c Volume 16, Number C 297
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MR using noninvasive DE-MRI. We have also shown that the
LAPW, a clinical important area for arrhythmogenesis for atrial
tachyarrhythmias, of patientswithMVdisease andAF is signif-
icantly more enhanced compared with those patients with MV
disease in NSR. Similarly in another study, histopathological
Age-matched subjects with degenerative or calcifi
studied from March 20

Patients with mitral regurgitation (MR) + AF had significant
compared to both controls and patients with lone MR, suggesting that

Control
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FIGURE 5. Study methods, results, and implications. LPV, Left pulmonary ve

atrial fibrillation; DE-MRI, delayed-enhancement magnetic resonance imaging

298 JTCVS Open c December 2023
assessment of the LAPW of those with MV disease and AF
had more remodeling than those patients with those with MV
disease in NSR.5 Overall, few have studied the clinical associ-
ation between the degree of atrial fibrosis in patients with and
without AF who had degenerative MR referred for surgery.
c mitral valve disease +/– atrial fibrillation (AF)
18-December 2022

ly more total left atrial (LA) fibrosis detected by DE-MRI
 fibrosis may be a marker for progression of lone MR to MR + AF.
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The atrial substrate resulting in arrhythmogenesis in these pa-
tients remains poorly defined.3,11,22,23

There remains controversy as to whether increasing LA
volume or worsening atrial fibrosis plays a more important
role in the development of AF in patients with degenerative
MV disease, as well as the best way to detect these changes.
Increases in LAvolume and surface areamay allow for a crit-
ical mass necessary to maintain AF,24 whereas increasing
fibrosis may impact the conduction properties of the atrial
myocardium and provide a more suitable substrate for AF.
DE-MRI is the best noninvasive tool to assess LA fibrosis,
has been validated by clinical histopathologic assessment
of atrial tissue, and allows for precise quantification of LA
volume.8,12,13 Currently, there are 2 comparable and estab-
lished methods used to quantify LA wall fibrosis with DE-
MRI.25 The first clinical method, used in our study and the
DECAAF trials, quantifies atrial wall fibrosis using a
threshold above a certain number of standard deviations,
from the mean signal intensity of the myocardium or LA
blood pool.18,26 The second method uses an image intensity
ratio of 1.2 as the threshold between healthy and fibrotic tis-
sue to normalize the signal intensity of the LA wall to the
blood signal intensity.27,28 It is important for clinicians to
know that although both methods are similar, they can result
in different fibrotic quantifications and fibrosis thresholds de-
pending on the method used, and therefore individual quan-
tification provided by the DE-MRI report may show
differences not shown based on these categorization.25 In
our study, the only patients with Utah class 3 or 4 were in
the patients with MR and AF. Although there was no signif-
icant difference in fibrosis detected based on the Utah classi-
fication (P¼ .065), if we directly compared the average total
LA wall and LAPW fibrosis from the individual subjects’
fibrosis reports, there were significant differences.

Clinically, DE-MRI has played a significant role in the diag-
nostic and prognostic risk stratification of ventricular remodel-
ing from ischemic disease and primary MR.29-31 Ventricular
fibrosis has been proven to be a substrate for reentrant
circuits and is predisposing factor for heart failure and
sudden cardiac death.32,33 In the last few decades, the use of
DE-MRI has been expanded to quantify LA fibrosis in
nonvalvular AF and has been used to associate both pre-
and postcatheter ablation fibrotic scarring to arrhythmia
recurrence.16-18,34,35 Furthermore, even fewer studies have
used DE-MRI to assess LA fibrosis in valvular AF.35 Identi-
fying these fibrotic patterns using DE-MRI would be valuable
in further defining the impact of both MV disease and AF on
the degree and distribution of atrial fibrosis.

Our goal was to use these data to help define the arrhythmo-
genic substrate responsible for AF in patients with MR and a
possible threshold of fibrosis that suggest a propensity for
future development of AF, and thus clinical recommendation
for prophylactic CMP-IV in selected patients. Moreover, the
distribution of fibrosis may guide selection of a biatrial versus
a left-sided atrial lesion set. Although the DE-MRI protocol is
only approved by the Food and Drug Administration for left
atrial fibrosis analysis, it would be interesting in future studies
to see whether there is any increase in right atrial fibrosis and
its distribution to help guide ablation strategies.
Future randomized clinical trials are needed to better un-

derstand and define the causal relationship AF induced by
degenerative and calcific MR and the development of atrial
fibrosis. The limitations of the study are the sample size is
small, and there is a heterogeneous clinical presentation of
patients with MV disease with and without AF. Despite
this, our study remains one of the first and largest in the liter-
ature to address this issue in these specific patients, and the
enrollment for this prospective cohort study was sufficient
to establish significant differences in wall enhancement and
volume changes between the groups.
CONCLUSIONS
In conclusion, the main finding in this study was that pa-

tients with MR and a history of AF in NSR or AF had signif-
icantly greater DE-MRI enhancement than control patients
and patients with lone MR in NSR (Figure 5). Moreover,
fibrosis was the more determinant factor in defining those
patients with AF. The DE-MRI enhancement correlated to
larger LA volume, and patients with MR þ AF did have a
trend toward a greater LA volume compared with patients
with lone MR. Future studies, with more enrollment, will
be needed to determine whether DE-MRI can be used to
determine the need for AF ablation in patients before the
onset of the arrhythmia based on a fibrotic threshold and/
or to help plan patient-specific ablation lesion sets for pa-
tients with MV disease and AF.

Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://www.aats.org/resources/delayed-
enhancement-cardiac-magnetic-resonance-imaging-can-qua
ntify-disease-progression-in-patients-with-mitral-valve-dise
ase-and-atrial-fibrillation.
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FIGURE E1. Consolidated Standards of Reporting Trials diagram. Study enrollment. DE-MRI, Delayed-enhancement magnetic resonance imaging;MR,

mitral regurgitation; AF, atrial fibrillation.
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FIGURE E2. A, Correlation between indexed LA cavitary volume and total LAwall enhancement and B, correlation between LA volume and left atrial

posterior wall (LAPW). LA, Left atrial.
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TABLE E1. Left atrial fibrosis by DE-MRI and Utah classification of fibrosis

Cohort Utah class 1 (<10%) Utah class 2 (10%-20%) Utah class 3 (20%-30%) Utah class 4 (>30%)

Controls 11 4 0 0

MR 11 3 0 0

MR þ AF in NSR

(AF type and duration, mo)

1 (pAF, 2) 2 (pAF, 20)

(pAF, 1 d)

1 (pAF, 84) 0

MR þ AF in AF

(AF type and duration, mo)

2 (1 LSPAF, 18)

(1 persistent, 6)

1 (pAF, 4) 1 (pAF, 60) 1 (LSPAF, 21)

Total, n 25 10 2 1

MR, Mitral regurgitation; AF, atrial fibrillation; NSR, normal sinus rhythm; pAF, paroxysmal atrial fibrillation; LSPAF, longstanding persistent atrial fibrillation; DE-MRI,

delayed-enhancement magnetic resonance imaging.
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