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Electrical cardioversion (ECV) is recommended for rhythm control in patients with atrial
arrhythmia; yet, ECV use and outcomes in contemporary practice are unknown. We
reviewed all nonemergent ECVs for atrial arrhythmias at a tertiary care center (2010 to 2013),
stratifying patients by transesophageal echocardiography (TEE) use before ECV and
comparing demographics, history, vitals, and laboratory studies. Outcomes included post-
procedural success and complications and repeat cardioversion, rehospitalization, and death
within 30 days. Overall, 1,017 patients underwent ECV, 760 (75%) for atrial fibrillation and
240 (24%) for atrial flutter; 633 underwent TEE before ECV and 384 did not. TEE recipients
were more likely to be inpatients (74% vs 44%, p <0.001), have higher mean CHADS2 scores
(2.6 vs 2.4, p[ 0.03), and lower mean international normalized ratios (1.2 vs 2.1, p <0.001).
Overall, 89 patients (8.8%) did not achieve sinus rhythm and 14 experienced procedural
complications (1.4%). Within 30 days, 80 patients (7.9%) underwent repeat ECV, 113 (11%)
were rehospitalized, and 14 (1.4%) died. Although ECV success was more common in
patients who underwent TEE before ECV (77% vs 68%, p[ 0.01), there were no differences
in 30-day death or rehospitalization rates (11.1% vs 13.0%, p [ 0.37). In multivariate
analyses, higher pre-ECV heart rate was associated with increased rehospitalization or death
(adjusted hazard ratio 1.15/10 beats/min, 95% confidence interval 1.07 to 1.24, p <0.001),
whereas TEE use was associated with lower rates (adjusted hazard ratio 0.58, 95% confidence
interval 0.39 to 0.86, p[ 0.007). In conclusion, failures, complications, and rehospitalization
after nonemergent ECV are common and associated more with patient condition than
procedural characteristics. TEE use was associated with better clinical outcomes. � 2015
Elsevier Inc. All rights reserved. (Am J Cardiol 2015;115:1407e1414)

In hopes of better understanding electrical cardioversion
(ECV) use and outcomes, we sought to (1) describe a
contemporary cohort of patients undergoing nonemergent
cardioversion at a major tertiary care hospital, with or without
preprocedural transesophageal echocardiography (TEE); (2)
explore the outcomes in patients undergoing cardioversion;
and (3) identify factors associated with adverse outcomes
after cardioversion.

Methods

We included consecutive patients who underwent non-
emergent ECV at Duke University Medical Center from
January 2010 to March 2013. Both inpatient and outpatient

procedures were included, as long as they occurred in the
cardioversion “suite,” which is a unified location for all
nonemergent ECVs at our institution. (Pharmacologic car-
dioversions are not performed in this setting.) For patients
with multiple cardioversions during the study period, the first
procedure was included in the analysis as the index event.
To identify nonemergent cardioversions unrelated to
invasive cardiac procedures or catastrophic protracted
hospitalizations, several exclusion criteria were used. Car-
dioversions performed in the electrophysiology laboratories
and those for ventricular arrhythmias were not included.
Additionally, to provide more clinically relevant insights, we
excluded patients with cardiac surgery or catheter ablation for
atrial fibrillation (AF) within 90 days before cardioversion,
those with metastatic cancer, and inpatients with hospitali-
zations for >14 days before cardioversion.

Baseline demographics, medical history, laboratory re-
sults, administrative data, and clinical outcomes were derived
from the electronic health record and based on clinical
diagnosis, including both laboratory and billing systems,
through the Decision Support Repository at Duke University.
Risk scores for stroke in patients with AF (Congestive heart
failure, Hypertension, Age �75 years, Diabetes mellitus,
Stroke or TIA or thromboembolism [CHADS2] and
Congestive heart failure, Hypertension, Age �75 years,
Diabetes mellitus, Stroke or TIA or thromboembolism,
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Vascular disease, Age 65e74 years, Sex category
[CHA2DS2-VASc]) were calculated using previously
described methods.1,2 Periprocedural data on the cardiover-
sion procedure and immediate outcomes were analyzed from
the clinical cardioversion procedure log, which is a database
that includes preprocedural vital signs and rhythm, inpatient
status, anesthesia details, cardioversion approach, post-
cardioversion vital signs and rhythm, and immediate com-
plications. The procedure log is part of the medical
documentation and record for each patient undergoing ECV
at Duke University. Detailed ambulatory and inpatient
medication use were not available.

Patient outcomes included immediate periprocedural
complications, failed cardioversion, repeat cardioversion,
thromboembolic events, rehospitalization (with cause), or
death within 30 days. Periprocedural complications were
derived from the procedure log and defined as bradycardia
requiring treatment (medical or electrical), cardiac arrest,
hypotension requiring treatment, significant hypoxia,
or additional arrhythmia requiring treatment (e.g., ventric-
ular tachycardia, ventricular fibrillation). Failed cardiover-
sion was defined as any periprocedural complication
(as mentioned previously) or a postcardioversion rhythm of
AF, atrial flutter, atrial tachycardia, or low atrial rhythm. All
repeat hospitalizations and death within the DukeUniversity
Health System were captured through the Decision Support
Repository, which is an electronic clearinghouse for clinical
data within the health system. Cause of hospitalizations and
deaths was identified through primary review of the medical
record with categorization of events using the primary

clinical diagnosis for the hospitalization and cause of death
in the death summaries. To identify factors associated with
adverse clinical outcomes, we used the composite end point
of rehospitalization or deathwithin 30 days of the procedure.

To capture TEEs most likely to be performed in antici-
pation of cardioversion, we stratified baseline and proce-
dural characteristics by the use of TEE within 7 days before
cardioversion. Distribution of TEE timing was assessed to
confirm the validity of this approach. Categorical variables
are described as number and percentage and compared using
Pearson chi-square tests; continuous variables are described
as median and twenty-fifth to seventy-fifth percentiles and
compared using Wilcoxon rank sum tests.

Immediate postcardioversion characteristics and cardio-
version success are described and compared by TEE use,
CHADS2 scores, and CHA2DS2-VASc scores using similar
chi-square tests. Thirty-day rehospitalization or death was
evaluated with KaplaneMeier curves and log-rank tests by
these same key variables.

Multivariable Cox proportional hazards regression was
used to identify and describe factors associated with death or
rehospitalization within 30 days in this patient cohort.Models
were derived using backward selection, with a stay criterion
of p <0.10. Candidate variables for selection included
baseline patient characteristics, medical history, preproce-
dural vital signs, preprocedural rhythm, use of preprocedural
TEE, inpatient status, and cardioversion shock mechanism.
All candidate variables were assessed for linearity and
proportional hazards assumptions. There were no relevant
proportional hazards violations; linearity was addressed

Figure 1. Study cohort. The figure displays the derivation of the study cohort.
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