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Abstract

Few data exist on direct current cardioversion (DCCV) in adult patients with congenital heart
disease (CHD). This is a retrospective case-control study of 279 adults with CHD and 279 adults
without CHD (control group) who had elective DCCV for atrial arrhythmias at Mayo Clinic, 2001
to 2013. Control patients were matched by gender and arrhythmia type. The objective was to
compare DCCYV procedural failure (failure to terminate the presenting arrhythmia) and arrhythmia
recurrence (AR). In the CHD group (mean age 55 — 20 years; men 166 [59%]), the most common
diagnosis was Fontan palliation (61; 22%). Trans-esophageal echocardiography was performed
before DCCV in 216 patients (77%); 162 (58%) had atrial flutter, and 117 (42%) had atrial
fibrillation. Procedural failure and AR between the case and the control groups were more
common in the CHD group (14% vs 7%, p = 0.01) and (83% vs 66% at 60 months, p = 0.001)
respectively. There were no deaths or thromboembolic complications. The multivariable risk
factors for procedural failure were Fontan palliation and spontaneous echocardiographic contrast;
the risk factors for AR were Fontan palliation and atrial fibrillation. When patients with Fontan
palliation were excluded from the analysis, the outcome of DCCV (failure and recurrence rates)
was similar for the CHD and non-CHD groups despite the age difference between the cohorts. In
conclusion, the present study showed that DCCV outcomes were similar for CHD and non-CHD
patients, with the exception of patients with Fontan palliation.

Atrial arrhythmia is common in adult patients with congenital heart disease (CHD), and the
prevalence varies with lesion complexity and age of the patient.1=3 It is associated with a
higher risk of heart failure, ventricular dysfunction, and thromboembolic complications.1—*
Restoration and maintenance of the sinus rhythm is therefore important to prevent these
complications.® There are limited data on the outcomes of elective direct current
cardioversion (DCCV) in adults with CHD.5.7 A previous study® from our institution,
involving a small cohort with limited follow-up, showed that DCCYV is safe and effective in
terminating atrial arrhythmia in this population. The present study involved a large cohort
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with a longer follow-up and compared outcomes after DCCV in patients with CHD and
patients without CHD in the same period.

For this retrospective review of data from the Mayo Clinic Cardioversion Unit in Rochester,
Minnesota, all adults (age >18 years) with CHD who had DCCV for atrial arrhythmia from
January 2001 through December 2013 were identified. A control group was selected from
patients without a history of CHD who had DCCV within the same period. The cases (CHD
patients) and the controls (“non-CHD” patients) were matched 1:1 by gender, type of atrial
arrhythmia at the time of DCCV, and date of DCCV (within 3 months). The groups were not
matched by age because the CHD patients were much younger than the non-CHD patients.
The Mayo Clinic Institutional Review Board approved this study.

Clinical notes, electrocardiograms before and after DCCV, Holter monitor records, and
echocardiograms were reviewed. Atrial arrhythmias were defined as atrial flutter and atrial
fibrillation. All electrocardiograms were reviewed manually. Ectopic atrial tachycardia was
grouped with atrial flutter because of the difficulty in differentiating between them with
surface electrocardiography.

The primary study outcomes were the rates of procedural failure, procedural complications,
and arrhythmia recurrence for the 2 groups. The secondary outcome was identification of the
predictors of procedural failure and arrhythmia recurrence in the CHD group.

Our definitions were similar to those used previously.8 Procedural failure was defined as
failure to terminate the presenting atrial arrhythmia or recurrence of the same arrhythmia
while the patient was still in the cardioversion suite. Procedural complications were a
tachyarrhythmia that began immediately after DCCV, esophageal injury related to intubation
for transesophageal echocardiography, death, or thromboembolism (stroke, transient
ischemic attack, or pulmonary embolism) within 30 days after DCCV. Arrhythmia
recurrence was defined as a documented atrial arrhythmia (confirmed with
electrocardiography, Holter monitoring, or device interrogation) that occurred after the
patient left the cardioversion suite. Arrhythmia recurrence was identified through chart
review.

All patients received anticoagulation with unfractionated heparin or warfarin, and the
therapeutic adequacy of anticoagulation was determined from the international normalized
ratio (=2.0) or partial thromboplastin time assay (=55 seconds) performed within 24 hours
before DCCV. As in a previous study,® TEE was performed immediately before DCCV in
the setting of complex CHD or if any international normalized ratio within 4 weeks before
DCCV was less than 2.0 for patients receiving long-term warfarin therapy.

All DCCVs were performed electively in the Mayo Clinic Cardioversion Unit as previously
described.® The standard DCCV protocol, described previously,8 included the use of
defibrillator pads to the right of the sternum and over the left scapula. Synchronized DCCV
began at 75 J and was increased to 150, 300, and 360 J as needed. Successful DCCV was
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confirmed with a 12-lead electrocardiogram. For atrial arrhythmia that recurred within 5
minutes, the previously successful level of joules was delivered in another shock.

All statistical analyses were performed with JMP version 10.0 software (SAS Institute Inc.,
Cary, North Carolina). Categorical variables were expressed as number of patients
(percentage of sample), and continuous variables were expressed as mean + SD or median
(interquartile range) for skewed data. Categorical variables were compared with the chi-
square 2-sided test or Fisher’s exact test; continuous variables were compared with a 2-sided
unpaired Student ¢test or Wilcoxon rank sum test, as appropriate. Predictors of procedural
failure and arrhythmia recurrence were identified with univariable and multivariable Cox
proportional hazards models. Hazard ratio (HR) and 95% confidence interval (CI) were used
to express the risk associated with each variable. The Kaplan-Meier method was used to
calculate arrhythmia recurrence rates, which were compared with the log-rank test. p Values
were 2-sided, and p values less than 0.05 were considered significant.

During the study period, 281 patients with CHD were scheduled for DCCV. Left atrial
thrombi were identified from 2 of 216 TEES (0.9%), necessitating cancellation of the DCCV.
A total of 279 patients with CHD underwent DCCV (mean age 55 + 20 years; 166 [59%]
were men). Table 1 shows a comparison of the cohort characteristics of the case and control
groups, and Table 2 shows DCCV outcomes for the individual CHD lesions.

Cardioversion was successful in 241 patients with CHD (86%). The average number of
DCCV shocks was 1.8 per attempt (range 1 to 5). Compared with the non-CHD group, the
CHD group had a significantly higher procedural failure rate (14% vs 7%, p = 0.01). The
rate of procedural failure varied by CHD diagnosis; the highest rates were for patients with
non-Fontan single ventricle (38%) or Fontan physiology (30%; Table 2). However, if
patients with Fontan palliation were excluded, the procedural failure rate among patients
with the other CHD diagnoses was comparable with that of the non-CHD group (9% vs 7%,
p =0.26).

The multivariable predictors of procedural failure were Fontan palliation (HR, 4.24; 95% ClI,
1.22 t0 8.23; p = 0.001) and the presence of spontaneous echocardiographic contrast in the
atria (HR, 2.41; 95% Cl, 1.25 to 4.32; p = 0.03; Table 3).

Procedural complications occurred in 5 patients (2%): minor skin burn in 4 and ventricular
fibrillation requiring defibrillation in 1. No patient died or had thromboembolic
complications within 30 days after DCCV. The occurrence of procedural complications
between the CHD group and the control group was not significantly different (2% vs 3%, p
= 0.27). Postcardioversion bradycardia occurred in 21 patients in the CHD group, and 6 of
those patients required temporary pacing; 16 of the 21 (76%) had Fontan palliation.

In the CHD group, 51 patients died (18% all-cause mortality) during follow-up; the causes
of death were peri-operative in 21 patients, endocarditis in 4, heart failure in 2, sepsis in 3,
malignancy in 8, and unknown causes in 13.
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In the analysis for arrhythmia recurrence, we considered the time of last electrocardiogram
or Holter monitor recording documented in the medical records as the last follow-up to
avoid the confounding effect of underreporting for patients lost to follow-up. Patients with
unsuccessful DCCV were excluded from the analysis of arrhythmia recurrence.

Arrhythmia recurred in 184 of 241 patients with CHD (76%) during a follow-up of 49 + 23
months, and 129 of those 184 patients (70%) required a second DCCV. By comparison,
arrhythmia recurred in 136 of 259 non-CHD patients (53%) during a follow-up of 46 + 19
months, and 61 of those 136 patients (45%) required a second DCCV. The arrhythmia
recurrence rate was higher in the CHD group than in the non-CHD group (83% vs 66% at 60
months, p = 0.001). When patients with Fontan palliation were excluded, the arrhythmia
recurrence rate was not significantly different between the CHD and non-CHD groups (75%
Vs 66% at 60 months, p = 0.14; Figure 1). The multivariable predictors of arrhythmia
recurrence were the presence of Fontan physiology (HR, 2.16; 95% Cl, 1.24 to 4.35; p
<0.001) and history of atrial fibrillation (HR, 1.71; 95% CI, 1.18 to 3.61; p = 0.03; Table 4).

Discussion

The main finding was that the rate of DCCV failure was higher among CHD patients than
among non-CHD patients. DCCV was unsuccessful in terminating the presenting arrhythmia
in 14% of the CHD group compared with 7% of the non-CHD group. Some of the patients
included in the present study have been previously described.®:8

Variation in the rate of DCCV failure within the CHD group was based on a specific CHD
diagnosis: patients with the highest failure rates had Fontan physiology (failure rate 30%) or
non-Fontan single-ventricle physiology (failure rate 38%). A previous study by Ammash et
al® reviewed DCCV outcomes among 63 patients with CHD and reported a procedural
failure rate of 6%. The failure rate of 14% in the present study is higher, and we speculate
that the observed difference in outcome might be due to differences in the spectrum of CHD
diagnoses in the 2 studies. The cardioversion protocol was similar in both study periods.

Fontan physiology was one of the multivariable risk factors for DCCV failure. The
procedural failure rate among the 61 patients with Fontan palliation in this cohort was 30%.
In a study of 86 patients with Fontan palliation who underwent 152 DCCVs, Egbe et al®
reported a 27% DCCV failure rate, a finding that is concordant with the results of the
present study. These studies suggest that atrial arrhythmias in patients with Fontan
physiology respond differently to DCCV than atrial arrhythmias in patients with other CHD
diagnoses and biventricular circulation. In support of this postulation, we observed that if
patients with Fontan palliation were excluded from the CHD cohort, there was no difference
in the DCCV failure rate between the CHD and the non-CHD groups (9% vs 7%, p = 0.26).

The other multivariable predictor of DCCV failure was the presence of spontaneous
echocardiographic contrast. Previous studies have identified spontaneous echocardiographic
contrast as a marker of electromechanical atrial dysfunction and a risk factor for arrhythmia
recurrence after DCCV.%11 We speculate that spontaneous echocardiographic contrast may
identify patients with more advanced atrial dysfunction and hence a poor response to DCCV.
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Antiarrhythmic drug (AAD) therapy is an alternative or adjunct to DCCV for restoring sinus
rhythm in patients with atrial arrhythmia. In a multicenter study of 92 adults with CHD, 35
patients underwent DCCV and 34 received oral AAD without DCCV.’ Sinus rhythm was
restored in 89% of the DCCV group and in 88% of the oral AAD group. The success rate of
AAD without DCCYV for terminating atrial arrhythmia has been reported as 70% for sotalol
and dofetilide in several case series.12-14 The present study suggests that DCCV is
comparable with and may be superior to AAD conversion rates reported for acute treatment
of atrial arrhythmia.

Thromboembolic complication is a main concern after DCCV for atrial arrhythmia.1> The
absence of thromboembolic complications in the present study may be attributed to
appropriate anticoagulation at DCCV and the liberal use of TEE (77%) for excluding
thrombi before DCCV. Although postcardioversion bradycardia was not considered a
procedural complication in this study, patients with Fontan palliation accounted for 76% of
all cases of post-cardioversion bradycardia. Providers performing cardioversion in patients
with Fontan palliation must be aware of this and must be prepared to initiate pacing if
required.

The arrhythmia recurrence rate was higher among CHD patients than among non-CHD
patients (83% vs 66% at 60 months, p = 0.001), but this difference was eliminated when
patients with Fontan palliation were excluded from analysis (75% vs 66% at 60 months, p =
0.14). Fontan physiology and atrial fibrillation were risk factors for recurrence on
multivariable analysis. Catheter ablation is an effective therapy for arrhythmia recurrent in
patients with CHD.16

Ammash et al® reported that 60% of the CHD group had arrhythmia recurrence within 18
months after DCCV, a recurrence rate comparable with that for the non-CHD group in that
study. The risk factors for arrhythmia recurrence were atrial fibrillation and spontaneous
echocardiographic contrast. A study by Koyak et al’ reported a 55% arrhythmia recurrence
rate within 3 years after DCCV and that the use of class 111 AADs was protective against
arrhythmia recurrence. In contrast, the use of AADs was not a risk factor for procedural
failure or arrhythmia recurrence in the present study.

Fontan physiology was associated with the highest rates of procedural failure and arrhythmia
recurrence. With the exclusion of patients with Fontan palliation from the analysis, the
outcomes of DCCV (failure and recurrence rates) were similar between the CHD and non-
CHD groups. This highlights the uniqueness of Fontan physiology and the heterogeneity of
the CHD population.

This retrospective review of outcomes among patients who underwent DCCV at a single
referral center was prone to selection bias. Because we relied on electrocardiographic and
Holter monitor documentation in the medical records to determine arrhythmia recurrence
outcome, we may have underestimated the recurrence rate.
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Kaplan-Meier curves for arrhythmia recurrence. The risk of arrhythmia recurrence at 5 years
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was significantly higher for patients with CHD than for patients without CHD (A). When
patients with Fontan palliation were excluded (excl Fontan), the risk of arrhythmia
recurrence was not different between patients with CHD and patients without CHD (B).
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Table 1
Baseline characteristics of case and control groups
Characteristics Congenital Heart Disease
Yes No P
Age (years) 55+20 72+14 <.001
Male 166 (59%) 166 (59%) .99
Follow-up after DCCV (months) 49+23 46+19 .63
Time since initial arrhythmia (years) 11.5+4.3 6.6+2.1 <.001
Prior catheter ablation 51 (18%) 22 (8%) .02
Prior maze procedure 36 (13%) 7 (3%) .04
Prior DCCV 84 (30%) 50 (18%) .02
Atrial arrhythmia
Atrial flutter 162 (58%) 162 (58%) .99
Atrial fibrillation 117 (42%) 117 (42%) .99
AAD class use at time of DCCV
Class | 26 (9%) 43 (15%) .03
Class II 91 (33%) 139 (50%)  <.001
Class 111 106 (38%) 63 (23%)  <.001
Class IV 65 (23%) 71 (25%) .14
Digoxin 31 (11%) 12 (4%) .06
DCCV
Patients requiring >1 shock 41 (15%) 38 (14%) .16
Energy, median (IQR), Joules 88 (75-150) 81 (75-150) .28
Arrhythmia onset within 48 h 125 (45%) 116 (42%) .09
Inpatient 238 (85%) 127 (46%)  <.001
TEE guidance 216 (77%) 145 (52%) .02
Failed cardioversion 38 (14%) 20 (7%) .01
Procedural complications 5 (2%) 7 (3%) .36
Anticoagulation or antiplatelet therapy
Warfarin 97 (35%) 103 (37%) .08
Antiplatelet agent 123 (44%) 201 (72%)  <.001
Unfractionated heparin 138 (49%) 141 (51%) .24
Low-molecular-weight heparin 21 (8%) 23 (8%) A1
NOAC 3 (1%) 31(11%)  .001
Echocardiography
LV (systemic) ejection fraction <35% 50 (18%) 35 (13%) .03

Spontaneous echocardiographic contrast 70 (25%) 83 (30%) 22

AAD = antiarrhythmic drug; DCCV = direct current cardioversion; IQR = interquartile range; LV = left ventricle; NOAC = novel oral
anticoagulants; TEE = transesophageal echocardiogram.
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Diagnosis All (N=279)  Procedural Failure (n=38) Arrhythmia Recurrence
Present (n=118) Absent (n=123)
Fontan physiology 61 18 (30%) 39 (64%) 4 (7%)
Eisenmenger syndrome 9 2 (22%) 5 (56%) 2 (22%)
Non-Fontan single-ventricle physiology 8 3 (38%) 3 (38%) 2 (25%)
Secundum atrial septal defect 27 0 9 (33%) 18 (67%)
Sinus venosus atrial septal defect 12 0 4 (33%) 8 (67%)
Atrial septal defect—unrepaired 4 0 4 (100%) 0
Ventricular septal defect 6 0 1(17%) 5 (83%)
Partial atrioventricular canal 13 1 (8%) 7 (54%) 5 (38%)
Complete atrioventricular canal 4 0 3 (75%) 1(25%)
TOF/DORV 43 5 (12%) 14 (33%) 24 (56%)
Pulmonary atresia 10 2 (20%) 3 (30%) 5 (50%)
Ebstein anomaly 32 5 (16%) 11 (34%) 16 (50%)
Systemic outflow obstruction 14 0 3 (21%) 11 (79%)
Prior atrial switch operation * 12 2 (17%) 6 (50%) 4(33%)
L- transposition of great arteries 19 0 5 (26%) 14 (74%)
Anomalous pulmonary venous return 3 0 0 3 (100%)
Truncus arteriosus 2 0 1 (50%) 1 (50%)

DCCV = direct current cardioversion; DORV = double outlet right ventricle; TOF = tetralogy of Fallot.

*
Patients with complete transposition of great arteries.
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Table 3
Predictors of procedural failure
Variable Univariable Multivariable
HR (95% Cl) P HR (95% Cl) P

Age (per decade increase) 1.24 (0.67-3.26) 41

Class | agents* 0.87 (0.34-3.13) .39

Class I11 agents 0.63(0.27-0.91) .01 0.82 (0.45-1.49) .11
Digoxin 1.32(0.61-4.23) .47

Cardioversion within 48 h after arrhythmia onset 1.22 (0.65-3.25) 17

Prior cardioversion 1.83(0.243-2.86) .21

Fontan physiology 4.33 (2.22-7.24) <.001 4.24(1.22-8.23) .001
Non-Fontan single-ventricle physiology 6.34 (0.28-12.06) <.001 2.42(0.92-4.11) .06
Prior Mustard procedure 1.75 (0.53-4.74) 41

Functional class Il or IV 3.43(0.89-15.32) .29

Atrial fibrillation 4.37 (2.65-6.29) .01 1.88 (0.42-2.87) .09
Spontaneous echocardiographic contrast 2.64 (1.12-3.98) .01 241 (1.25-4.32) .03
Moderate-severe right atrial enlargement 2.06 (0.31-5.63) .29

Moderate-severe left atrial enlargement 1.75 (0.53-4.74) 41

Moderate-severe systemic ventricular dysfunction 1.34 (0.28-4.12) .39

Moderate-severe nonsystemic ventricular dysfunction  2.43 (0.30-4.63) 31

Agents* = antiarrhythmic drug; HR = hazard ratio.
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Table 4
Predictors of arrhythmia recurrence
Univariable Multivariable
Variable
HR(@5% Cl) P HR(95% CI) P
Age (per decade increase) 2.43(0.24-3.4) .16
Class | agents* (>3 months after cardioversion) 0.73 (0.64-1.29) .39
Class I11 agents (>3 months after cardioversion) 0.96 (0.31-3.63) .43
Digoxin (>3 months after cardioversion) 1.75(0.53-3.71) .19
Fontan physiology 3.86 (1.32-6.88) <.001 2.16 (1.24-4.35) <.001
Non-Fontan single-ventricle physiology 1.44(0.73-3.65) .19
Prior Mustard procedure 2.16 (1.18-4.54) .02 1.76 (0.64-2.19) .17
Functional class Il or IV 2.43(0.89-6.11) .48
Atrial fibrillation 3.12(1.65-5.32) .01 1.71(1.18-3.61) .03
Spontaneous echocardiographic contrast 1.31(0.72-1.98) .15
Moderate-severe right atrial enlargement 1.42 (0.63-2.44) .15
Moderate-severe left atrial enlargement 1.01(0.22-4.12) .71
Moderate-severe systemic ventricular dysfunction 2.66 (1.53-3.34) .001 1.96 (0.84-3.44) .42
Moderate-severe nonsystemic ventricular dysfunction  1.75(0.53-4.74) 41

Agents* = antiarrhythmic drug; HR = hazard ratio.
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