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Abstract

Background: Patients with a history of mitral valve (MV) surgery can present with unique challenges during left atrial (LA)

ablation due to abnormal atrial substrate and descriptions of ablation in this cohort is limited. We aim to evaluate LA ablation

characteristics and outcomes in patients with a history of mitral valve surgery. Objective: We hypothesize that the success rate

for ablations of LA arrhythmias in patients with prior MV surgery will be inferior to patients without prior MV surgery due

to left atriopathy, presence of a MV prosthesis, and a higher burden of pre-ablation LA scar. Methods: In this single center,

retrospective study, we evaluated patients who had a history of MV surgery and underwent LA ablation between January 2013

and May 2019. We analyzed baseline patient characteristics, type of MV disease and surgery, available pre-ablation voltage

maps, and ablation outcomes. Results: We present a series of 20 patients who underwent a total of 30 LA ablation procedures.

All 20 patients underwent pulmonary vein isolation and 11 patients also underwent ablation for LA macro-reentrant flutters.

The majority of the patients (55%) were without recurrent documented arrhythmias at a mean follow-up of 22 months post-

ablation. Two patients had acutely unsuccessful ablation. Conclusions: Although LA ablation in patients with previous MV

surgery can be challenging due to abnormal atrial substrate and the presence of the valve prosthesis, the majority of patients

in our cohort experienced atrial arrhythmia free survival at a mean follow-up of 22 months.
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Abstract

Background:

Patients with a history of mitral valve (MV) surgery can present with unique challenges during left atrial
(LA) ablation due to abnormal atrial substrate and descriptions of ablation in this cohort is limited. We
aim to evaluate LA ablation characteristics and outcomes in patients with a history of mitral valve surgery.

Objective:

We hypothesize that the success rate for ablations of LA arrhythmias in patients with prior MV surgery will
be inferior to patients without prior MV surgery due to left atriopathy, presence of a MV prosthesis, and a
higher burden of pre-ablation LA scar.

Methods:

In this single center, retrospective study, we evaluated patients who had a history of MV surgery and
underwent LA ablation between January 2013 and May 2019. We analyzed baseline patient characteristics,
type of MV disease and surgery, available pre-ablation voltage maps, and ablation outcomes.

Results:

We present a series of 20 patients who underwent a total of 30 LA ablation procedures. All 20 patients
underwent pulmonary vein isolation and 11 patients also underwent ablation for LA macro-reentrant flutters.
The majority of the patients (55%) were without recurrent documented arrhythmias at a mean follow-up of
22 months post-ablation. Two patients had acutely unsuccessful ablation.

Conclusions:

Although LA ablation in patients with previous MV surgery can be challenging due to abnormal atrial
substrate and the presence of the valve prosthesis, the majority of patients in our cohort experienced atrial
arrhythmia free survival at a mean follow-up of 22 months.

Abbreviation List:

LA – Left atrial

MV – Mitral valve

PVI – Pulmonary vein isolation

MA – Mitral annular

Key Words:

Left atrial arrhythmia, left atrial scar, catheter ablation, mitral valve surgery, mitral valve disease, macro-
reentrant arrhythmia

Introduction:

2
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Catheter ablation has become an increasingly utilized treatment strategy for left atrial (LA) arrhythmias for
patients with complex cardiac disease. Recently published literature report a significant reduction in mean
atrial fibrillation (AF) burden following ablation for atrial arrhythmias with potential mortality benefits
in select patient populations.1, 2 This has been accomplished with an overall combined ablation related
major complication rate of death, pericardial effusion, phrenic nerve injury, pulmonary vein stenosis, and
atrial-esophageal fistula at < 5%.1-3

LA catheter ablation in patients with a history of severe mitral valve (MV) disease and previous mitral valve
surgery carries additional complexities and challenges compared to patients without a history of MV disease.
Patients with mitral valve disease have a propensity to develop LA remodeling and scar formation.4, 5 In
addition, patients that undergo surgical MV intervention may develop additional LA substrate from surgical
scar.6, 7 There are few reports detailing the safety and efficacy of catheter ablation for atrial arrhythmias
arising from the left atrium in this cohort.7-9

Mountantonakis et al. showed that catheter ablation for mitral annular flutter in patients with a history
of mitral valve surgery is feasible with acceptable rates of complications in a cohort of 21 patients.8 In
addition, Enriquez et al. demonstrated that right and LA tachycardias arising from varied locations can be
mapped and ablated with reasonable outcomes in this setting.7 Lang et al. and Bai et al. also demonstrated
that comparable success rates can be achieved for AF ablation procedures in patients with MV prosthesis
compared to patients without.9, 10 In our study, we examine ablation outcomes for all LA arrhythmias in
patients with a history of mitral valve surgery. In addition, we evaluate pre-ablation LA sinus voltage maps
in order to assess for any correlation between baseline scar burden and ablation outcomes. To the best of our
knowledge, there has not been a published report focusing on solely LA ablation outcomes in patients with
prior MV surgery. Furthermore, to the best of our knowledge, this is the first assessment of pre-ablation LA
scar burden in relation to success of LA arrhythmia ablation in patients with a history of mitral valve surgery.
We hypothesize that the success rate for ablations of LA arrhythmias in patients with prior MV surgery will
be inferior to patients without prior MV surgery due to left atriopathy, presence of a MV prosthesis, and a
higher burden of pre-ablation LA scar.

Methods:

In this single center, retrospective study, we evaluated patients that presented to the electrophysiology
laboratory at the University of Colorado Anschutz Medical Center. Patients were included in this study if
they were greater than 18 years of age, had a history of MV surgery and underwent a LA ablation procedure
between January 2013 and May 2019. Baseline characteristics of each patient was analyzed including age,
gender, type of MV disease and surgery, LV systolic function, type of documented arrhythmia, number of
ablations, and type of ablations performed. Three-dimension electroanatomic maps were generated using
the CARTO® advanced 3D mapping system (Biosense Webster, Diamond Bar, CA, USA). In patients that
possessed a pre-ablation LA high definition sinus rhythm voltage map, we assessed total endocardial surface
area, endocardial surface area of scar, and percent scar burden. Endocardial scar was defined as a bipolar
voltage of less than or equal to 0.1 mV. Ablation outcome analysis was performed including acute procedural
success, complications, presence and time to arrhythmia occurrence, and duration of freedom from recurrent
symptomatic arrhythmias.

Statistical Methods

Variables were analyzed using means, standard deviations, median values, and proportions where appropriate.
Categorical variables were analyzed with ?2 tests or Fisher’s exact test. Continuous variables were compared
using Student’s t-test. P values were significant at P [?]0.05 and were two sided. The study was approved
by the institutional review board at the University of Colorado Anschutz Medical Center.

Results:

Ablation Outcomes

Between January 2013 and May 2019, a total of 20 patients with a history of MV surgery underwent LA

3
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ablation for an atrial arrhythmia at the University of Colorado Anschutz Medical Center. The mean age of
the patients was 62 years with a range from 22 to 79 years. The majority of patients (80%) had preserved
LV systolic function. Severe non-rheumatic mitral valve regurgitation was the most frequent indication for
MV surgery (13 patients) followed by severe rheumatic mitral valve disease (5 patients). Two patients had
a history of MV surgery for congenital dysplastic mitral valve disease. Nine of the 20 patients received a
mechanical MV replacement, 7 received a bioprosthetic MV replacement, and 4 patients received MV repair.
Eighteen of the 20 patients had documented paroxysmal or persistent atrial fibrillation and 11 of the 20
patients had documented atypical flutter (Table 1).

A total of 30 left atrial ablation procedures were performed on the 20 patients in this cohort from January
2013 to May 2019. Six of the 20 patients underwent more than 1 ablation procedure and 1 of the patients
underwent 4 LA ablation procedures in that time frame. All 20 patients underwent pulmonary vein isolation.
Eleven patients received additional LA ablation lesions beyond standard pulmonary vein isolation. These
included 10 who received a MA ablation line, 7 who received ablation for other non-mitral annular macro-
reentrant LA flutters, and 3 patients who received additional ablation for a focal left atrial tachycardia. Acute
success, defined as inability to induce atrial fibrillation or atrial tachycardia at the end of the procedure, was
achieved in 18 of the 20 patients (Table 2). In one patient, MA flutter was refractory to ablation because
of the inability to generate adequate ablation lesions at the mechanical valve annulus due to impedance
spikes. In the second acutely unsuccessful patient, the ablation procedure had to be terminated abruptly
due to compromise of their mechanical MV prothesis which involved a catheter being entrapped in the valve
apparatus.

In long-term follow up, 11 of the 20 patients were free from documented symptomatic arrhythmia recurrence.
The mean arrhythmia free duration was 21.7 months with a range of 6 to 39 months (Table 2). In the 9
patients with arrhythmia recurrence, 5 patients experienced recurrence within 3 months of their last ablation
and all patients recurred within 1 year. In regard to type of MV surgery performed, four of the nine patients
with a mechanical mitral valve replacement were free from documented symptomatic arrhythmia recurrence
compared to five of the seven patients with a bioprosthetic mitral valve replacement and two of the four
patients that underwent mitral valve repair. Six of the patients has concomitant surgical ablation in the
left atrium during MV surgery. Of these six patients, two patients were free from documented symptomatic
arrhythmia recurrence.

Sinus Rhythm Voltage Map Analysis

In 13 of the 20 patients, a detailed pre-ablation sinus rhythm voltage map was obtained. In the remaining
7 patients, a pre-ablation voltage map was not available for analysis either because the patient presented
in an atrial tachycardia or a detailed LA voltage map was not performed prior to start of ablation. The
baseline demographics of these patients are detailed in Table 3. All sinus rhythm bipolar voltage points
were obtained prior to any endocardial catheter ablation and were obtained using a high-resolution mapping
catheter (Figure 1). An average of 1881 points were obtained per patient with a standard deviation of 1293
points. The mean left atrial endocardial surface area was 124 cm2 with a standard deviation of 46 cm2. The
mean endocardial scar (defined as bipolar voltage of less than or equal to 0.1 mV) area was 44 cm2, which
equated to a mean 29.3% scar burden with a standard deviation of 23.6% (Table 4).

In 8 of the 13 patients, the endocardial scar burden was less than the mean. The mean scar burden of these
8 patients was 12.7%. Of these 8 patients, 5 (63%) were free from recurrent arrhythmia after their index
ablation procedure with a mean follow up time of 20 months. The mean scar burden of the 5 patients above
the mean was 55%. Four of these 5 patients with a high burden of endocardial scar experienced recurrence
of arrhythmia within 3 months including 1 patient who experienced acutely unsuccessful ablation attempt
(Figure 2).

Discussion:

We present a retrospective series of 20 patients with a history of mitral valve surgery that underwent LA
catheter ablation for LA arrhythmias. Our analysis shows that LA ablation in patients with previous mitral
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valve surgeries can be performed with reasonable efficacy and relatively low complication rates. Overall, we
showed that 55% of our patients were free of documented symptomatic arrhythmias for a mean of almost
22 months. These findings add to earlier investigations by Mountantonakis et al. and Enriquez et al. which
showed that mapping and ablating left and right atrial arrhythmias in patients with a history of MV surgery
is feasible.7, 8

In addition, we were able to analyze pre-ablation sinus rhythm voltage maps in a subset of our cohort.
To the best of our knowledge, there are no universally accepted definitions regarding what value of atrial
bipolar voltage value best correlates with scar and how to quantify the burden of scar using a 3-dimensional
electroanatomic mapping software.5, 6 Thirteen of our 20 patients had a pre-ablation voltage map available
for analysis. There was significant heterogeneity in the abundance of LA scar in our 13 patients with a
pre-ablation sinus rhythm voltage map. The 8 patients that possessed relatively less LA scar burden had a
better long-term arrhythmia free survival rate (63%) versus the patients with relatively more baseline scar
burden (20%). It is unclear whether burden of left atrial scar should impact ablation approach however, it
may be used as a predictor of arrhythmia recurrence.

Patients with atriopathy from MV disease have a high propensity to develop LA arrhythmias. Prior studies
have shown that patients with MV disease have a 30-50% prevalence of atrial fibrillation.11 In addition,
the prevalence of LA arrhythmias appears to increase after MV surgery.12Lukac et al showed that patients
with prior MV surgery have an estimated 20-45% prevalence of atrial tachycardias and a greater than
50% prevalence of atrial fibrillation following MV surgery.12 Prior studies have shown mixed results from
concomitant surgical ablation at the time of mitral valve surgery in relation to prevalence of LA arrhythmias.
Gillinov et al found that concomitant surgical ablation during MV surgery improved the prevalence of atrial
fibrillation during a 6-12 month follow up (36% in patient who received surgical ablation vs 70% in those who
did not).11 However other studies have shown that the addition of surgical ablation at the time of MV surgery
can predispose patients to more LA arrhythmias.7, 13 Thus, continued investigation of the arrhythmogenic
properties of LA scar is important in understanding the etiology of LA arrhythmias in patients with prior
MV surgery.

Despite the high burden of LA arrhythmias in patients with prior MV surgery, many providers remain
hesitant to perform LA catheter ablation in this cohort due to potential complications involving the MV
protheses. Prior studies have demonstrated feasibility and safety of catheter-based radiofrequency ablation
of LA arrhythmias in patients with history of MV surgery, however these studies were performed in high
volume centers with experienced operators.7, 8, 14 Our study also demonstrates that reasonable outcomes
can be attained with catheter ablation of LA arrhythmias in patients with prior MV surgery. In our study,
although the overall major complication rate was low, we did experience one major complication involving
the entrapment of a high-density mapping catheter in a mechanical valve prosthesis. Given the potential
benefits of catheter ablation for LA arrhythmias in patients with prior MV surgery, careful planning and
appropriate selection of catheters is imperative to minimize unique complications associated with this patient
population.

Limitations

The major limitation to this study is the small cohort of patients presented. Overall, a small fraction of
patients undergoing catheter ablation in an electrophysiology lab will meet the inclusion criteria used in this
study. Furthermore, an even smaller number of patients will have a pre-ablation sinus rhythm voltage map
obtained during ablation of left atrial arrhythmias. A larger cohort, potentially multicenter would allow us
to make a more thorough analysis of ablation outcomes in this specific cohort. Another limitation is the
standardization of pre-ablation left atrial voltage maps. We selected pre-ablation left atrial voltage maps for
analysis if they contained a high density of bipolar voltage points in sinus rhythm. We assumed that maps
with a high density of points generated a good representation of the total LA endocardial surface area.

Future Directions

Further study is needed in this cohort of patients. Currently only small single-center studies have been
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published due to the complexity of this patient population. A multicenter analysis could provide better
estimations of success and complication rates that can be discussed with patients when deciding whether
to proceed with ablation. In addition, further pre-ablation scar analysis can help determine whether pre-
ablation scar burden predicts likelihood of arrhythmia recurrence. An important consideration in this cohort
is complications related to the mitral valve prosthesis. We report on 1 complication experienced in our cohort
however no complications were reported in prior studies cited in this paper. A more thorough assessment of
potential MV prosthesis complications through a larger multicenter study may help providers better discuss
the risks of the procedure with patients.

Conclusions:

Although left atrial ablation in patients with previous mitral valve surgery can be challenging due to abnormal
atrial substrate and the valve prosthesis, the majority of patients in our cohort experienced atrial arrhythmia
free survival at a mean follow up of 22 months. One patient experienced a major complication involving
their mechanical MV prosthesis. In addition, higher baseline pre-ablation endocardial scar burden defined as
bipolar voltage of < 0.1mV using a 3-dimensional electroanatomic mapping software led to inferior outcomes.
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Table 1: Baseline demographics of cohort of 20 patients
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Table 2: Ablation data for cohort of 20 patients
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Table 3: Baseline demographics of subset of 13 patients with available pre-ablation sinus
rhythm voltage map

Table 4: Left atrial endocardial scar data for the 13 patients with pre-ablation sinus rhythm
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voltage maps

Figure 1: Comparison of baseline sinus rhythm voltage maps in two patients.

A) Baseline sinus rhythm voltage map in a patient with a history of mitral valve repair for severe regurgitation
and no prior surgical ablation procedure. This patient had a 16% scar burden at baseline prior to ablation.
This patient had documented paroxysmal atrial fibrillation for which pulmonary vein isolation was performed
and had no recurrences at follow up. B) Baseline sinus rhythm voltage map in a patient with a history of
mechanical mitral valve replacement for a history of rheumatic valve disease. This patient had a 45% scar
burden at baseline prior to ablation. This patient had documented persistent atrial fibrillation and mitral
annular flutter. This patient received pulmonary vein and posterior wall isolation and a mitral annular line
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Figure 2: Ablation outcome in relation to burden of left atrial scar
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