Received: 3 March 2019 | Revised: 29 May 2019

Accepted: 16 June 2019

DOI: 10.1111/chd.12818

ORIGINAL ARTICLE

a‘m Congenital Heart Disease WILEY

Postoperative and short-term atrial tachyarrhythmia burdens
after transcatheter vs surgical pulmonary valve replacement
among congenital heart disease patients

Subeer K. Wadia MD, MSc!

| Gentian Lluri MD, PhD! | Jamil A. Aboulhosn MD? |

Hillel Laks MD? | Reshma M. Biniwale MD? | Glen S. Van Arsdell MD? | Daniel S. Levi MD® |
Morris M. Salem MD?® | Kevin M. Shannon MD!? | Jeremy P. Moore MD, MSc!?

Division of Cardiology, Ahmanson/UCLA
Adult Congenital Heart Disease Center,
Los Angeles, California

’Division of Cardiothoracic Surgery, UCLA
Mattel Children’s Hospital, Los Angeles,
California

SDivision of Pediatric Cardiology, Mattel
Children’s Hospital at UCLA, Los Angeles,
California

Correspondence

Jeremy P. Moore, MD, MSc, Division
of Cardiology, Ahmanson/UCLA Adult
Congenital Heart Disease Center, 100
Medical Plaza, Suite 760, Los Angeles,
CA 90095.

Email: JPMoore@mednet.ucla.edu

Abstract

Objective: We examined the atrial tachyarrhythmia (AT) burden among patients with
congenital heart disease (CHD) following transcatheter (TC-) or surgical (S-) pulmo-
nary valve replacement (PVR).

Design/Setting: This was a retrospective observational study of patients who under-
went PVR from 2010 to 2016 at UCLA Medical Center.

Patients: Patients of all ages who had prior surgical repair for CHD were included.
Patients with a history of congenitally corrected transposition of the great arteries,
underwent a hybrid PVR procedure, or had permanent atrial fibrillation (AF) without
a concomitant ablation were excluded.

Outcome Measures: The primary outcome was a time-to-event analysis of sustained
AT. Sustained ATs were defined as focal AT, intra-atrial reentrant tachycardia/atrial
flutter, or AF lasting at least 30 seconds or terminating with cardioversion or anti-
tachycardia pacing.

Results: Two hundred ninety-seven patients (TC-PVR, n = 168 and S-PVR, n = 129)
were included. During a median follow-up of 1.2 years, nine events occurred in
TC-PVR group (5%) vs 23 events in S-PVR group (18%). In the propensity adjusted
models, the following factors were associated with significant risk of AT after PVR:
history of AT, age at valve implantation, severe right atrial enlargement, and S-PVR. In
the secondary analysis, TC-PVR was associated with lower adjusted risk of AT events
in the postoperative epoch (first 30 days), adjusted IRR 0.31 (0.14-0.97), P = .03, but
similar risk in the short-term epoch, adjusted IRR 0.64 (0.14-2.94), P = .57.
Conclusion: There was an increased risk of AT in the first 30 days following S-PVR
compared to TC-PVR. Additional factors associated with risk of AT events after PVR
were a history of AT, age at valve implantation, and severe right atrial enlargement.
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1 | INTRODUCTION

Advances in early cardiac interventions and surgical techniques have
led to improved survival among patients with congenital heart dis-
ease (CHD).L2 As the number of CHD survivors into adulthood has
grown, the development of late sequelae, such atrial tachyarrhyth-
mias (ATs), have become more common.>” Atrial arrhythmias have
an estimated incident rate of 50% among adults with complex CHD
who survive to age 65, and are associated with a 50% increase in the
hazard for mortality compared to those without atrial arrhythmias.®
In addition, the presence of atrial arrhythmias among CHD patients
doubles the risk of stroke or heart failure and triples the risk of car-
diac reintervention.??

Despite the increasing burden of ATs in patients with CHD, the
ability to prevent or to alter the natural history remains less certain.
For example, among patients with right ventricular outflow tract
(RVOT) obstructions or significant pulmonary regurgitation (PR),
alleviation of the hemodynamic pathology with surgical pulmonary
valve replacement (S-PVR) has only been shown to reduce the risk
of recurrent ATs when paired with ablation.}°'? Without ablation,
there is a high risk of supraventricular tachycardia recurrence after
S-PVR (up to 66% at 7.5 years in one study®!). Furthermore, whether
S-PVR reduces the risk of developing arrhythmias among patients
without baseline atrial arrhythmias has not been well studied.

Over the past decade, transcatheter pulmonary valve replace-
ment (TC-PVR) has also emerged as an approach to treating RVOT
obstruction or PR,*® and has demonstrated comparable hemody-
namic and symptomatic outcomes relative to S-PVR.} To date,
no study has quantified the burden of postoperative or short-term
ATs following TC-PVR, especially relative to a surgical cohort. In this
study, we sought to compare postoperative and short-term atrial
arrhythmia burdens among contemporary cohort of patients with
CHD who undergo PVR (either TC-PVR or S-PVR). We hypothesized
that TC-PVR would be associated with a reduced burden of ATs.

2 | METHODS

2.1 | Study population

This was a single center, retrospective study design with an anal-
ysis of a previously collected database of consecutive patients
undergoing TC-PVR or S-PVR at UCLA Medical Center between
October 2010 through December 2016." The database included
patients during this period because TC-PVR became commercially
available in the United States in 2010. Data collection was per-
formed in 2017 and subsequent analysis of the data occurred in
2018. Patients of all ages who had prior surgical repair for CHD
were included. Patients who had a history of congenitally cor-
rected transposition of the great arteries, underwent a hybrid TC-
PVR procedure with surgical plication of the RVOT, and those who
had permanent atrial fibrillation (AF) without a concomitant ab-
lation (either radiofrequency ablation [RFA] or surgical MAZE) at
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time of valve implantation were excluded. The latter was excluded
since PVR without ablation was not expected to affect the under-
lying atrial tachyarrhythmia. Patients with congenitally corrected
transposition of the great arteries were not included because
these patients were most often diagnosed later in life relative to
other complex congenital heart disease patients and had other pri-
mary indications for surgery besides PVR, such as systemic atrio-
ventricular valvular regurgitation. For study purposes, the type
of valve replacement (TC-PVR vs S-PVR) was defined as the first
valve implanted after the onset of the study period.

2.2 | Data collection

After approval from the local Institutional Review Board, the elec-
tronic medical record was searched for baseline characteristics, in-
cluding cardiac and medical history, age at valve implant, symptoms,
medications, duration of follow-up, electrocardiographic measure-
ments, 2D echocardiographic findings, invasive hemodynamic data,
and indications for valve implantation. Patient charts were reviewed
for presence and type of atrial arrhythmias before and after valve
implantation, using inpatient telemetry records, electrocardiograms
(ECG), cardiopulmonary stress testing, ambulatory ECG monitoring,
and cardiac implantable electronic device (CIED) interrogations. The
Ahmanson/UCLA Congenital Heart Disease Program policy is for
all patients to receive continuous inpatient telemetry until the time
of their discharge from the hospital following either surgical or TC-
PVR. Routine ECG was assessed at each patient follow up visit. Per
institutional protocol, cardiopulmonary exercise stress testing was
performed annually and ambulatory ECG monitoring (Holter, event
monitors, or ZIO Patch) was performed if the patient had symptoms
of palpitations. Percentages of patients who had pre- and post-im-
plant arrhythmia evaluations beyond routine electrocardiograms
are provided are provided in the Supporting Information Appendix
S1. Baseline “Triedman” clinical arrhythmia scores were calculated
to further define the pre-PVR burden of AT.'® Patient CIEDs were
evaluated at a minimum of every 3 months with remote interroga-

tions, as well as annually at clinical visits.

2.3 | Outcomes

The primary outcome was the time to a composite of clinically sig-
nificant sustained AT. Sustained AT was defined as focal atrial tachy-
cardia, intra-atrial reentrant tachycardia/atrial flutter (IART/AFL), or
AF lasting at least 30 seconds in duration or terminating with car-
dioversion or antitachycardia pacing. Arrhythmia outcomes were
considered clinically significant if they led to a change in medica-
tions and/or led to an electrophysiologic procedure. After the initial
analysis in a time-to-event using the entire study period, secondary
analyses were done by subdividing the study period into periopera-
tive (within 30 days after valve implantation) and short-term epochs
(events occurring after the first 30 days). For the early epoch, events
which occurred in the first 30 days were censored.
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TABLE 1 Baseline characteristics

Characteristic
Age (years)
Sex (% male)
Follow-up (years)
Primary congenital diagnosis (n)
Tetralogy of Fallot
DORV?
Pulmonary stenosis
Truncus Arteriosus
Pulmonary atresia/IVS®
Aortic disease s/p Ross
Other
Pulmonary atresia
>3 Sternotomies (%)
Pre-implant CIED (n)
Age of repair (mo.)
Prior AT
Triedman clinical arrhythmia score 23 (n)
Anticoagulation
PR interval (ms)
Concomitant EP€ procedure
Baseline peak TR velocity (m/s)
Right atrial enlargement (% mod-sev)
TR grade (% mod-sev)
Mean RAPE (mm Hg)
Procedure indication
Regurgitation
Stenosis
Mixed
Other
Right ventricular outflow type
Conduit
Bioprosthesis

Native/patch

Distribution of implants over study period

2010-2011
2012-2013
2014-2015
2016

Double-outlet right ventricle.

PIntact ventricular septum.

‘Cardiac implantable electronic device.
dAtrial tachyarrhythmia.
®Electrophysiologic.

MTricuspid regurgitation.

ERight atrial pressure.
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Transcatheter (n = 168)

21.2(15.2-30.2)
61%
1.3(0.2-2.8)

87 (52%)
14 (8%)
14 (8%)
14 (8%)
11 (7%)
14 (8%)
14 (8%)
29%

41%

22 (13%)
12 (5-55)
14%

25 (15%)
6%

159

7%
3.2(2.9-3.9)
23%

18%

9 (7-11.5)

30%
33%
36%
1%

45%
36%
19%

27 (16%)
42 (24%)
63 (37%)
40 (23%)

Surgical (n = 129)
21.0(14.1-35.7)
54%
1.0(0.1-2.9)

83 (64%)
3 (2%)
19 (15%)
7 (5%)
5(4%)
5 (4%)
7 (5%)
12%

16%

17 (13%)

24 (8-72)
18%

21 (16%)
9%

158

13%

2.7 (2.5-3.6)
23%

18%

10 (8-13.5)

61%
15%
19%
5%

23%
3%
74%

26 (20%)
42 (32%)
45 (35%)
17 (13%)

Significance
0.91
0.21
0.95

0.03
0.03
0.08
0.33
0.31
0.12
0.20
<0.001
<0.001
0.94
0.06
0.25
0.92
0.39
0.97
0.08
0.006
0.47
0.59
0.10

<0.001
0.001
<0.001
0.02

<0.001
<0.001
<0.001

0.33
0.13
0.72
0.03
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2.4 | Statistical analysis

Baseline data are presented as median with interquartile ranges or
percentages with number, unless otherwise specified. Differences in
the distributions of baseline continuous variables between TC-PVR
and S-PVR groups were tested for significance (two-sided P < .05)
using Mann-Whitney U test, while differences in categorical varia-
bles were analyzed with Pearson’s Chi-square or Fisher’s exact tests,
as appropriate. Differences in the primary outcome of sustained AT
between TC-PVR and S-PVR groups were analyzed in a propensity
scored model adjusting for confounders with inverse probability
of treatment weighting (IPTW) in a Poisson regression model.'? In
this model, weights are derived from the propensity score and are
assigned to individual cases to create a sample in which the distri-
bution of the baseline covariates is independent of treatment assign-
ment. The propensity score’s ability to predict grouping was tested
with receiver operating characteristic curves. The list of variables
used in the propensity score, as well as the propensity score’s abil-
ity to predict grouping (ie, receiver operating characteristic curve
of the propensity score) are provided in the Supporting Information
Appendixes S2 and S3, respectively). Importantly, expected differ-
ences in duration of post-implant inpatient surveillance between
catheter-based and surgically implanted cohorts was included as
a variable in the propensity score. Results of statistical model are
expressed with adjusted incidence rate ratios (IRR) for the Poisson
regression models and are presented with 95% confidence intervals
(Cl). Kaplan-Meier curves were constructed to display time-to-event
figures. Independent predictors in the multivariate model were also
tested for multicollinearity (threshold VIF >3 for significance). The
analysis was performed on IBM SPSS Statistics 24 (IBM Corporation,
Armonk, NY).

3 | RESULTS

Two hundred ninety-seven patients (TC-PVR, n = 168 and S-PVR,
n = 129) were included in this study. Baseline comparison between
TC-PVR and S-PVR cohorts is provided in Table 1. Compared to TC-
PVR patients, SPVR patients had longer duration of postoperative
surveillance and a greater proportion were discharged on anticoagu-
lation, beta blockers, or antiarrhythmic medications (Table 2).

Over a combined follow-up of 516 patient years (median
1.2 years, IQR 0.1-2.9 years), 32 AT events occurred among the 297
patients included undergoing PVR (total burden 11%, Table 3). Of
these 32 events, 9 AT events occurred in TC-PVR group (5%) vs
23 AT events in S-PVR group (18%). In the IPTW adjusted Poisson
regression model (Table 4), the following factors were associated
with significant risk of atrial tachyarrhythmia after PVR: history of
atrial arrhythmia, age at valve implantation, severe right atrial en-
largement, and S-PVR. S-PVR patients were more likely to undergo
a concomitant supraventricular structural intervention (such as

atrial septal defect [ASD] closure or atrioventricular valve repair)
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TABLE 2 Postoperative comparison of transcatheter and
surgical pulmonary valve replacement patients

TPVR SPVR  Significance
Post-implant duration of surveil- 1 (1-11) 4 (2-44) <0.001
lance, days
Initiation of anticoagulation (%) 1% 5% 0.03
Initiation of beta blocker or anti- 4% 33% <0.001

arrhythmic at discharge (%)

compared to TC-PVR patients (26% vs 2%, respectively, P < .001,
description of interventions in Supporting Information Appendix
S4). In the secondary analysis, TC-PVR was associated with lower
adjusted risk of AT events in the postoperative epoch compared to
S-PVR pateints, adjusted IRR 0.31 (0.14-0.97) for TC-PVR vs S-PVR,
P = .03, but similar adjust risk in the short-term epoch, TC-PVR vs S-
PVR adjusted IRR 0.64 (0.14-2.94), P = .57 (Figure 1). Distributions of
valve implantation over the study period (between 2010 and 2016)
was similar between TC-PVR and S-PVR cohorts (Table 1) and no sig-
nificant era effect difference was noted in AT outcomes (Supporting
Information Appendix S5).

The following factors were not associated with atrial arrhythmias
in an exploratory analysis (P > .05): age at primary repair, indication
for PVR (ie, PR vs PS), pulmonary atresia, post-implant duration of
inpatient observation, implant location (native outflow vs conduit),
number of sternotomies, baseline peak tricuspid regurgitant (TR) ve-

locity, or mean right atrial pressure by catheterization.

4 | DISCUSSION

In this study evaluating the atrial tachyarrhythmia burden following
pulmonary valve replacement, there was a decreased risk of postop-
erative atrial tachyarrhythmias in the first 30 days following TC-PVR
when compared to S-PVR, particularly if additional supraventricu-
lar structural interventions are performed at time of PVR (such as
ASD or atrioventricular valve repair). The mechanism by which these
structural interventions lead to an increase in postoperative AT
events can only be hypothesized from the present study; however,
AT in this context is most likely related to local myocardial inflamma-
tion from the procedures themselves. Following confounder adjust-
ment, a history of atrial arrhythmia, age at valve implantation, and
severe right atrial enlargement were additional risk factors for atrial
tachyarrhythmia after PVR (either TC-PVR or S-PVR approaches).
This study adds to a growing body of evidence highlighting the
burden of atrial tachyarrhythmias among patients with CHD and
challenging the optimal timing for intervention on dysfunctional
RVOTs (either those with chronic regurgitant or obstructive/ste-
notic lesions). Chronic pulmonic regurgitation or right ventricular
outflow tract obstructions lead to increased RV volume/pressures

with subsequent tricuspid regurgitation.2>?! The consequent stress
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TABLE 3 Description of atrial tachyarrhythmia episodes

Group type (days) of termination
TC-PVR? Focal Atrial 1 Pace termination
Tachycardia
Focal Atrial 1 Self-limited/BB
Tachycardia
IART/AFL® 22 DCCV®
IART/AFL 91 DCCV
Atrial Fibrillation 128 DCCV
IART/AFL 146 RFAf
Atrial Fibrillation 167 Rate Control (BB)
Atrial Fibrillation 204 Amiodarone
IART/AFL 1022 Amiodarone and BB
S-PVR® Focal Atrial 1 Self-limited/BB
Tachycardia
Atrial Fibrillation 1 Self-limited/BB
Atrial Fibrillation Amiodarone and BB
Focal Atrial BB
Tachycardia
Focal Atrial 2 BB
Tachycardia
Atrial Fibrillation 2 Amiodarone
Focal Atrial 2 Self-limited/BB
Tachycardia
Atrial Fibrillation 2 Amiodarone
IART/AFL 2 DCCV
Atrial Fibrillation 3 Amiodarone
Focal Atrial 3 BB
Tachycardia
Atrial Fibrillation 3 DCCV
Atrial Fibrillation 18 Amiodarone
IART/AFL 18 DCCV
Atrial Fibrillation 26 DCCV
Focal Atrial 29 BB
Tachycardia
Atrial Fibrillation 95 Rate Control (BB)
IART/AFL 179 RFA
IART/AFL 183 RFA
IART/AFL 372 DCCV
IART/AFL 657 RFA
IART/AFL 913 RFA
Focal Atrial 1022 Flecainide and BB

Atrial arrhythmia

Tachycardia

Time since pulmonary valve replacement

Management changes or mode

#Transcatheter pulmonary valve replacement.

bSurgical pulmonary valve replacement.

‘Intra-atrial reentrant tachycardia/atrial flutter.

dBeta-blocker.

Direct current cardioversion (NOTE: All DCCV patients were placed on anticoagulation and anti-arrhythmic therapy).
fRadiofrequency Ablation.
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TABLE 4 Adjusted Poisson regression model using inverse
probability of treatment weighting with predictors for atrial
tachyarrhythmias

Characteristic Adjusted IRR (95% CI)  P-value
Surgical (vs Transcatheter) 3.06 (1.01-9.25) .04
History of atrial arrhythmia 5.42 (1.94-15.2) .001
Age at valve implantation 1.06 (1.04-1.09) <.001
(per year)
Severe right atrial enlargement 4.30(1.29-14.3) .02
(vs non-severe)
Tricuspid regurgitation 1.76 (0.93-3.31) .08

(per grade)
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on the right atrium may lead to the development of the arrhyth-
mogenic substrate, which is a recognized contributor to morbidity
and mortality in this patient population. In this study, the associa-
tion between older age and severe right atrial enlargement as inde-
pendent risk factors for atrial tachyarrhythmias after confounder
adjustment is intriguing though not surprising. It remains unknown
whether earlier interventions on right ventricular outflow tract le-
sions before atrial enlargement occurs might reduce the burden of
such arrhythmias. Most of the literature on the optimal timing of
PVR dates to an era before TC-PVR was an option. With growing
adoption and improved operator skills associated with transcath-
eter techniques, it remains less clear whether the timing for TC-

PVR should adhere to guidelines based on these older studies from
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a S5-PVR cohort.?2?® Future studies should seek to explore atrial
sizes and remodeling after transcatheter PVR in greater detail, and
whether atrial chamber dimensions might also contribute to guide
decision making for optimal timing of intervention to reduce the
burden of atrial arrhythmias.

From this study, in combination with previously published
data from our institution’s cohort, we determined that patients
who undergo transcatheter PVR have lower risks of postoper-
ative arrhythmias compared to a surgical approach, with similar
short-term risk. This study also identified that treatment of he-
modynamically significant regurgitant or stenotic lesion of the
RVOT with PVR does not negate the risk of atrial tachyarrhyth-
mias. After censoring events in the first 30 days, the combined
freedom from atrial tachyarrhythmias (after TC-PVR or S-PVR)
at 5 years was still 78%. Similar to previously published data on
a surgical cohort,??® 22% of patients still had an AT event by
5 years after PVR, suggesting that there may be other factors
implicated in the development of atrial arrhythmias in this pop-
ulation. Nevertheless, given the associated early benefits from
a transcatheter approach, including shorter hospital stay, faster
recovery, decreased morbidity/adverse events, reduced 30-day
readmission rates, and overall decrease in the arrhythmia bur-
den in the first 30 days after valve implantation,®!” TC-PVR
should be considered preferentially before S-PVR among eligi-
ble CHD patients, ideally at centers experienced to perform such

interventions.

4.1 | Study limitations

The following limitations are recognized in this study. This was a
retrospective observational study at a single center, advanced ter-
tiary care institution. Lack of randomization with patient selection
bias is inherent to the study design. While the use of a propensity
scored analysis might attempt to address this bias, it does not elimi-
nate it entirely. The effects of patient selection were evident in the
baseline characteristics with differences in primary diagnosis, RVOT
types, and the proportion of patients with regurgitant vs stenotic
lesions. S-PVR patients were also more likely to undergo concomi-
tant structural interventions (Supporting Information Appendix
S4), specifically tricuspid valve annuloplasty, which may impact the
postoperative AT burden. Nevertheless, the baseline differences be-
tween TC-PVR and S-PVR cohorts in this study are comparable to
current practice at other academic institutions.'® Due to the referral
basis for many patients, long-term follow up data was not available
in all patients. Additionally, the lack of standardized protocols are
inherent to the study design and were especially relevant with re-
gards to echocardiographic assessment of chamber sizes. Right atrial
enlargement may have been assessed qualitatively on some stud-
ies and therefore is subject to interobserver bias. Finally, the small
sample size in the secondary analysis may have contributed to Type
I statistical error (failure to reject null hypothesis) due to an under-

powered analysis.

5 | CONCLUSIONS

There was a decreased postoperative, but similar short-term, risk
of atrial tachyarrhythmia following TC-PVR compared to S-PVR pa-
tients. A history of atrial arrhythmia, older age at valve implantation,
severe right atrial enlargement, and S-PVR with concomitant struc-
tural interventions at time of PVR were positively associated with
post-implant AT. Future studies should seek to explore the optimal

timing of PVR to reduce the burden of arrhythmias.
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