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CrossMark

Study objective: Recent-onset atrial fibrillation and flutter are the most common arrhythmias managed in the
emergency department (ED). We evaluate the management and 30-day outcomes for recent-onset atrial fibrillation and
flutter patients in Canadian EDs, where cardioversion is commonly practiced.

Methods: We conducted a prospective cohort study in 6 academic hospital EDs and enrolled patients who had atrial fibrillation
and flutter onset within 48 hours. Patients were followed for 30 days by health records review and telephone. Adverse events
included death, stroke, acute coronary syndrome, heart failure, subsequent admission, or ED electrocardioversion.

Results: We enrolled 1,091 patients with mean age 63.9 years, atrial fibrillation 84.7%, atrial flutter 15.3%, hospital
admission 9.0%, and converted to sinus rhythm 80.1%. Although 10.5% of recent-onset atrial fibrillation and flutter patients
had adverse events within 30 days, there were no related deaths and 1 stroke (0.1%). Adjusted odds ratios for factors
associated with adverse event were hours from onset (1.03/hour; 95% confidence interval [CI] 1.01 to 1.05), history of
stroke or transient ischemic attack (2.09; 95% ClI 1.01 to 4.36), and pulmonary congestion on chest radiograph (7.37; 95%
Cl 2.40 to 22.64). Patients who left the ED in sinus rhythm were much less likely to experience an adverse event (P<.001).

Conclusion: Although most recent-onset atrial fibrillation and flutter patients were treated aggressively in the ED, there
were few 30-day serious outcomes. Physicians underprescribed oral anticoagulants. Potential risk factors for adverse
events include longer duration from arrhythmia onset, previous stroke or transient ischemic attack, pulmonary

congestion on chest radiograph, and not being in sinus rhythm at discharge. An ED strategy of sinus rhythm restoration

and discharge in most patients is effective and safe. [Ann Emerg Med. 2017;69:562-571.]
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INTRODUCTION

Background

Atrial fibrillation is characterized by disorganized atrial
electrical depolarization leading to an irregular and rapid
pulse rate. In the emergency department (ED), physicians
often manage patients with either recent-onset or
permanent (chronic) atrial fibrillation." In the case of
permanent atrial fibrillation, cardioversion has previously
failed or clinical judgment has led to a decision not to
pursue cardioversion, with ED care focusing on rate
control.” When atrial fibrillation terminates spontaneously
within 7 days of recognized onset, it is designated

paroxysmal; when sustained beyond 7 days, atrial
fibrillation is designated persistent. Atrial flutter is an
arrthythmia with similar pathophysiology that is
characterized by rapid, regular atrial depolarizations at a
characteristic rate of approximately 300 beats/min and
presents with various degrees of atrioventricular block.
Atrial flutter is less common than atrial fibrillation but has
similar management issues in the ED, and most patients
with atrial flutter also have episodes of atrial fibrillation.
Our focus is on symptomatic patients with recent-onset
atrial fibrillation and flutter, ie, those with episodes of atrial
fibrillation or atrial flutter (first detected, recurrent
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Editor’s Capsule Summary

What is already known on this topic

Recent-onset atrial fibrillation and flutter are
commonly treated in the emergency department

(ED).

What question this study addressed
What happens to patients with these 2 rhythms in a
setting in which ED cardioversion attempts (electrical
and pharmacologic) are common?

What this study adds to our knowledge
In a 1,091-subject cohort from 6 Canadian EDs,
80.1% converted to sinus rhythm. Adverse effects in

the next 30 days included only 1 stroke and no
deaths.

How this is relevant to clinical practice

ED cardioversion of these patients often succeeds
without harm, buttressing the argument for
embracing this practice.

paroxysmal, or recurrent persistent) in which the onset is
less than 48 hours and cardioversion is an option. Recent-
onset atrial fibrillation and flutter are the most common
acute arrhythmia cases requiring care in the ED.””

Importance

Variation in practice within EDs has been well described
and reflects a lack of high-quality evidence to guide the acute
management of recent-onset atrial fibrillation and flutter.®”
Standard textbooks and guidelines fail to offer clear evidence-
based direction for physicians treating recent-onset atrial
fibrillation and flutter.”'” Particularly controversial is the
issue of using rhythm control or rate control.'”'® The large
Atrial Fibrillation Follow-up Investigation of Rhythm
Management and AF-CHF trials compared rate and rhythm
control for patients with mostly recurrent, persistent atrial
fibrillation but did not explore the optimal management for
ED recent-onset atrial fibrillation and flutter patients
presenting within 48 hours of onset. 171811y the United States,
patients are often admitted to the hospital under the
cardiology service or discharged home after rate control
only."” In Canada, emergency physicians are much more
likely to follow an aggressive antiarrhythmia treatment
approach using pharmacologic cardioversion or
electrocardioversion.”®” They perceive that this strategy has
significant benefits for patients: immediate return to normal
activities without the need for hospital admission or need for
treatment with rate control and oral anticoagulant drugs. Two

sites have described several cohorts of patients successfully
treated with rhythm control, with good results. !> Other
ED studies of rhythm control for recent-onset atrial
fibrillation and flutter have been small or did not include both
pharmacologic and electrocardioversion as an option.'”***/
Goals of This Investigation

We are not aware of previous studies that prospectively
followed recent-onset atrial fibrillation and flutter patients
after ED disposition. We sought to fill this knowledge gap
about the outcomes and adverse events that might occur in
such patients after a sentinel ED visit, regardless of initial
management or disposition. In particular, our goal was to
describe ED management and then follow patients
prospectively for 30 days to determine clinical outcomes, use
of health care resources, use of oral anticoagulants, and adverse
events. Finally, we wished to evaluate potential risk factors for
these adverse events to better understand how to prevent them.

MATERIALS AND METHODS

Study Design and Setting
We conducted a prospective cohort study in 6 Canadian
academic hospital EDs.

Selection of Participants

We attempted to enroll consecutive patients
presenting with an episode of recent-onset atrial
fibrillation and flutter, in which symptoms required
urgent management and in which pharmacologic or
electrocardioversion was an option. Specifically, we
included patients with a clear history of onset within 48
hours, or a clear history of onset within 7 days and who
had received adequate anticoagulation, or a clear history
of onset within 7 days and no left atrial thrombus on
transesophageal echocardiography. We did not exclude
patients who required admission or who converted
spontaneously to sinus rhythm before treatment.

We excluded patients who had been previously
enrolled, with permanent or persistent atrial fibrillation,
or whose primary presentation was for another condition
such as (1) acute coronary syndrome presenting with
chest pain and acute ischemic changes on ECG; (2)
congestive heart failure with severe shortness of breath
requiring immediate intravenous diuretic, nitrates, or
bilevel positive airway pressure; (3) pneumonia with
temperature greater than 38.5°C (101.3°F), respiratory
symptoms, and receiving antibiotics in the ED; (4)
pulmonary embolism presenting with chest pain or
shortness of breath; and (5) sepsis with infection and 2 or
more systemic inflammatory response syndrome criteria.
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Patients were identified prospectively in the ED and
then followed by telephone interviews.

Patients gave consent to participate in the study, as
approved by the respective hospital research ethics boards.

Methods of Measurement and Data Collection and
Processing

The sources of data were the ED health record
(including nursing and physician notes), hospital electronic
records (clinical, laboratory, and imaging), ED enrollment
form, clinic records, self-administered patient
questionnaire, follow-up telephone interviews, and
provincial coroners’ records. We collected extensive
demographic and clinical patient data, details of ED
treatment, outcomes, and disposition. The chest
radiography interpretations were those of certified
radiologists who had no knowledge of the study protocol.
We then followed patients for 30 days to determine
subsequent ED and physician visits, investigations and
prescriptions, and need for cardioversion or admission. Site
study staff were individually trained and monitored by a
central study coordinator who reviewed source documents
for the accuracy of the data submitted.

Outcome Measures

We were particularly interested in the occurrence of
serious adverse events and their relationship with atrial
fibrillation or atrial flutter. We created a composite
outcome, serious event, that included the following within
30 days: death, stroke, acute coronary syndrome, heart
failure, subsequent hospital admission related to atrial
fibrillation or atrial flutter, and subsequent need for ED
electrocardioversion.

Primary Data Analysis

Management, ED clinical outcomes, 30-day outcomes,
and health care resource use were presented descriptively as
appropriate for continuous, ordinal, and categorical
outcomes. We classified the following as adverse events:
death, stroke, acute coronary syndrome, acute heart failure,
subsequent hospital admission related to atrial fibrillation or
atrial flutter, and subsequent need for ED
electrocardioversion. We evaluated the univariate association
of 20 clinical and demographic factors with adverse events,
using # tests, Mann-Whitney U tests, and x2 tests for
continuous, ordinal, and categorical variables, respectively.
We then conducted multivariate logistic regression analyses
to identify independent predictors associated with adverse
events. Model building proceeded with backward
elimination selection P<0.1. The following independent
variables were tested in the multivariate models: age,

CHADS?2 score, previous stroke, atrial fibrillation versus
atrial flutter, hours since onset of atrial fibrillation and flutter,
ischemia on ECG, congestion on chest radiograph, pulse rate
atdisposition from ED, and rhythm at disposition with mode
of conversion (spontaneous, pharmacologic, or electrical).
We estimated that approximately 1,000 patients would yield
at least 100 adverse events, allowing us to evaluate at least 10
predictor variables in the multivariate modeling.

RESULTS

Characteristics of Study Subjects

We enrolled 1,091 of 1,120 eligible patients between
June 2010 and May 2012 at 6 hospital sites (Figure).
Twenty-nine patients were missed, usually after hours, but
we could detect no bias in patient selection. By review of
electronic health and coroners’ records, we were able to
ascertain the outcomes of all patients.

These recent-onset atrial fibrillation and flutter patients
were younger than typical permanent atrial fibrillation
patients, with a mean age of 63.9 years (Table 1), although
17.2% were aged 80 years or older. On arrival to the ED,
84.7% of patients were in atrial fibrillation and 15.3% in
atrial flutter, the mean duration of symptoms was 7.7
hours, and 65.0% had previous episodes of recent-onset
atrial fibrillation and flutter. Of 630 patients (57.8%) with
a CHADS?2 score of 1 or more, only 202 (32.1%) were
receiving warfarin. Although 73.6% of patients had
troponin levels and 29.9% had thyroid-stimulating
hormone levels measured, only 3 underwent
transesophageal echocardiography while in the ED.

Main Results

Patients were most likely to be primarily treated with
electrocardioversion or pharmacologic cardioversion
(72.8%), with intravenous procainamide being by far the
most common drug used (Table 2). Electrocardioversion
(97.9%) and sedation (98.3%) were almost always provided
by the emergency physician. Heparin was rarely administered

Potential RAFF Patients Seen
N=3,267

Patients Not Eligible N=2,147
- onset unclear N=733
- previous visit N=692
- primary complaint non-RAFF N=144
- permanent RAFF N=152
- no longer in RAFF when seen by MD N=411
- not available for follow-up N=15

Patients Eligible
N=1,120

Patients Missed
N=29

Final Study Cohort
N=1,091

Figure. Study flow of recent-onset atrial fibrillation and flutter
patients. RAFF, Recent-onset atrial fibrillation and flutter.
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Table 1. Baseline characteristics for 1,091 recent-onset atrial

fibrillation and flutter patients.

Characteristic Patients
Age, mean (SD), y 63.9 (15.2)
Range 19-103
Men (%) 649 (59.5)
Hospital (%)
Kingston General Hospital, Kingston, ON 152 (13.9)
Ottawa Hospital-Civic Campus, Ottawa, ON 296 (27.1)
Ottawa Hospital-General Campus, Ottawa, ON 182 (16.7)
University of Alberta Hospital, Edmonton, AB 132 (12.1)
Foothills Medical Centre, Calgary, AB 261 (23.9)
Mount Sinai Hospital, Toronto, ON 8 (6.2)
Initial rhythm (%)
Atrial fibrillation 924 (84.7)
Atrial flutter 167 (15.3)
Duration of arrhythmia, mean (SD)
Hours (less than 48 h), N=1,052 7 (9.6)
Range 1.0-48
Days (between 3 and 7 days), N=39* 4.0 (1.8)
Range 2-7
Main presenting symptom (%)
Palpitations 852 (78.1)
Chest pain 127 (11.6)
Shortness of breath 44 (4.0)
Dizziness 37 (3.4)
Weakness 11 (1.0)
Syncope 12 (1.1)
Other 8 (0.7)
Initial vital signs, mean (SD)
Pulse rate 120 (29)

Systolic blood pressure
Oxygen saturation %

Canadian Triage and Acuity Scale Level, median (IQR)"

Previous atrial fibrillation (%)
Electrocardioversion
Pharmacologic cardioversion
Ablation
CHADS2 criteria (%)
>75y
Stroke/transient ischemic attack
Hypertension
Diabetes mellitus
Congestive heart failure
CHADS?2 score, median (IQR)*
Score >1
Receiving warfarin, N=630
Other medical history (%)
Coronary artery disease
Valvular heart disease
Pacemaker/ICD
COPD/asthma
Current medications (%)
(3-Blockers
Acetylsalicylic acid
Warfarin
Calcium-channel blocker
Sotalol
Clopidogrel
Amiodarone
Propafenone
Digoxin
Procainamide

Table 1. Continued.

Characteristic Patients

Investigations

ECG shows ischemic changes (%) 26 (2.4)
Initial ECG-calculated pulse rate, median, range 125 (45-213)
Chest radiograph shows CHF (%) 24 (2.2)
International normalized ratio (%) 853 (78.2)
Level, mean, N=853 1.4
Troponin level (%) 803 (73.6)
Above 99th percentile (%), N=803 680 (84.7)
TSH (%) 327 (30.0)
Below reference value (%), N=326 9 (2.8)
C-reactive protein (%) 4 (0.4)
Level, mean, mg/L 1.6
Echocardiography (%)
Transesophageal 3(0.3)
Transthoracic 4 (0.4)
Left atrial clot 0
Significant valvulopathy 1(0.2)
Other conditions identified in ED (%)
Congestive heart failure 19 (1.7)
Acute coronary syndrome 12 (1.1)

ICD, Implantable cardioverter defibrillator; COPD, chronic obstructive pulmonary
disease; TSH, thyroid-stimulating hormone.

*Patients fully anticoagulated or negative transesophageal echocardiogram result.
TCanadian Triage and Acuity Scale ranges from 1 (critical) to 5 (not urgent).

*The CHADS2 score ranges from O to 6.

in the ED (4.6%). Adverse events with cardioversion were
uncommon and usually transient (Table 3).

Only 9.0% of patients were admitted and only 19.9%
were not in sinus rthythm at discharge (Table 4). Although
physician follow-up was routinely recommended, rarely was
an outpatient echocardiogram ordered (8.2%) or oral
anticoagulants prescribed (4.8%).

We successfully followed patients for 30 days and noted that
27.9% returned to the ED and 15.4% returned for an issue
directly related to atrial fibrillation or atrial flutter (T'able 5). By
30 days, 50.7% of patients had consulted a physician and only
small numbers of patients had received prescriptions for
warfarin (4.5%) or novel oral anticoagulants (4.1%). We
estimate that by 30 days, only 49.3% of patients with
CHADS?2 score of 1 or more were receiving oral anticoagulants.

Opverall, 10.5% of patients had experienced an adverse
event, but there were no deaths related to atrial fibrillation
or atrial flutter and there was 1 stroke (ischemic) (Table 6).
Four patients died because of renal and heart failure, cancer
(2), and respiratory failure. The patient who had a stroke
was an 81-year-old woman who was receiving warfarin with
international normalized ratio 2.3 and who spontaneously
converted to normal sinus rhythm while in the ED 23 days
before. Within 30 days, 6.5% of patients required
electrocardioversion in the ED (versus 0.9% in a clinic) and
3.2% of patients had returned and required admission for
atrial fibrillation or atrial flutter. There was variation among

Volume 69, No. 5 : May 2017

Annals of Emergency Medicine 565



Outcomes for Patients With Atrial Fibrillation and Flutter Stiell et al

Table 2. Proportions of recent-onset atrial fibrillation and flutter Table 2. Continued.

patients receiving treatments in the ED. Patients

Patients Treatment (N=1,091)

Treatment (N=1,091) Antithrombotic therapy given in ED (%)

First attempted treatment (%) Heparin 50 (4.6)
Observe only 102 (9.4) IV unfractionated 15 (1.4)
Rate control only 194 (17.8) SC low molecular weight 35 (3.3)
Rhythm drug first 368 (33.7) Warfarin* 40 (3.7)
Electrocardioversion first 427 (39.1) Acetylsalicylic acid 95 (8.7)

Second attempted treatment (%), N=167 Clopidogrel 8(0.7)
Rhythm dru.g X 23 (13.8) *No novel oral anticoagulants were used in the ED during the study period.
Electrocardioversion 144 (86.2)

IV rate control drugs in ED (%) 438 (40.2)

Metoprolol 285 (65.1) X X X
Total dose administered, mean, mg 9 sites in treatment strategies and outcomes (Table E1,

Pulse rate 1 h post, mean 102 available online at http://www.annemergmed.com).

Diltiazem o 141322 We found many variables strongly associated with adverse
Total dose administered, mean, mg 21 . . . K
Pulse rate 1 h post, mean o7 events on univariate analysis (Table 7). Further analysis by

Other medications (%) 12 (2.7) multivariate techniques revealed 3 patient-related variables
g_lgoxml | g Eg-g; and 1 management-related variable that were independently

Isoprolo . . . .
Sota?ol 2(0.5) associated with adverse events (Figure E1 and Table E2,
Atenolol 1(0.2) available online at http://www.annemergmed.com).
Carvedilol 1(0:2) Increasing risk for adverse event were hours from onset of
L lol 1 (0.2 . . . .
E::fg;f 1 Eg 2; atrial fibrillation and flutter (odds ratio 1.03/hour; 95%

IV adenosine administered (%) 34 (3.1) COnﬁanCC interva_l [CI] 1.01 to 105), history Of Stroke or

Rhythm control drugs in ED (%) 391 (35.8) transient ischemic attack (TTA) (2.09; 95% CI 1.01 to 4.36),

Procainamide IV 832(84.9)  3nd pulmonary congestion on chest radiograph as reported

Amiodarone IV 37 (9.5) . .

Propafenone PO 11 (2.8) by radiologists (7.37; 95% CI 2.40 to 22.64). In regard to

Vernakalant IV 4 (1.0) discharge rhythm, patients who left the ED in sinus rhythm

°“F‘Ie’ ",‘e_‘;'ca:c')ms 2 %3 were much less likely to experience an adverse event

ecainiae . . . .

Dronedarone PO 2(05) (P<.001), with th(?se converted pharmacologically having

Ibutilide IV 1(0.3) the lowest odds ratio (0.23; 95% CI 0.08 to 0.64). For the
Successful conversion 204(52.2)  overall model, Hosmer and Lemeshow goodness-of-fit

I i 9 . .

Electrocardioversion attempted (%) 571 (52.3) P value was .84 and the ¢ statistic was 0.680.

Successful conversion 514 (90.0)

Max energy, mean, Joules 148.0

No. of shocks administered, mean 1.4 LIMITATIONS

Pad position, N=56 We recognize that this observational cohort study had
Anterolateral 4 (7.1) .9 . . .
Anteroposterior 52 (92.9)  several limitations, including the fact that not all eligible

Physician performing cardioversion, N=571 patients were enrolled in the Study. However, only 29 patients
Emergency physician 559 (97.9) (2.6%) were missed and this low number is unlikely
Cardiology 12 (2.1) b b . . lecti bi W,

Sedation given by, N=571 to contribute substantive patient selection bias. We
Emergency physician 561 (98.3) acknowledge that we did not have follow-up ECG tracings for
Anesthesia 9(16) the majority of patients but are confident that patients with a
Sedation used, N=571 £ atrial fibillati d flute 1d h b
Propofol 549 (96.1) recurrence of atri rillation and flutter would have been
Fentanyl 316 (55.3) identified by a return visit to the ED. We were able to
Midazolam 23 (4.0) ascertain survival status on all patients. We could not model
Other N _ 3460 correlates of death and stroke alone because of the rarity of
Second electrocardioversion required after recurrence 11 (1.9)

Consultations in ED (%) these events. Consequently, we chose to define adverse events
Cardiology 216 (19.8) as a composite of clinically relevant outcomes. Strengths of
Internal medicine 21(19) the study include detailed prospective follow-up, a large
Anesthesia 5 (0.5)

cohort from multiple sites, and detailed data collection.
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Table 3. Adverse events occurring before ED disposition for
(N=1,091) recent-onset atrial fibrillation and flutter patients.

Adverse Events (%) Patients
If rhythm control drugs administered, N=391 42 (10.7)*
Hypotension 24 (6.1)
Drug infusion stopped 15 (3.8)
Bradycardia 12 (3.1)
Other 6 (1.5)
Ventricular tachycardia 4 (1.0)
Atrial tachyarrhythmia 3(0.8)
Heart block 0
Torsades de pointes 0
Syncope 0
Supraventricular tachycardia 0
If electrocardioversion attempted, N=571 19 (3.3)
Transient hypoxia 19 (3.3
Aspiration 0
Stroke 0
Death 0

*Patients may have had more than 1 adverse event.

DISCUSSION

We believe this to be the largest multicenter prospective
study to evaluate the outcomes of recent-onset atrial
fibrillation and flutter patients managed in the ED. Our
study found that such patients are younger than those

Table 4. ED disposition for 1,091 recent-onset atrial fibrillation
and flutter patients.

Disposition Details (%) Patients, N=1,091

Disposition
Discharged home 993 (91.0)
Scheduled return to ED next day, N=993 21 (2.1)
Admitted 98 (9.0)
Converted to sinus rhythm before ED (80.1)
discharge, N=1,089*
Electrical 513 (47.1)
Drug 204 (18.7)
Spontaneous 155 (14.2)
Not converted 217 (19.9)
Pulse rate before discharge, mean, beats/min 76
ED length of stay, hours, median (IQR), h 5.0 (4)
Outpatient follow-up recommended N=993"
Cardiology 630 (63.4)
Family physician 413 (41.6)
Internal medicine 9 (2.9)
Echocardiogram 1 (8.2)
New prescriptions at discharge, N=993
Acetylsalicylic acid 115 (11.6)
Metoprolol 62 (6.2)
Warfarin® 48 (4.8)
Other cardiac medication 41 (4.1)
Diltiazem 21 (2.1)
Low molecular weight heparin 12 (1.2)
Clopidogrel 1(0.1)

*The mode of achieving discharge rhythm was unknown for 2 patients.
Tpatients may have had more than 1.
*No novel oral anticoagulants were used in ED during the study period.

reported as having permanent or persistent atrial
fibrillation. In our Canadian sites, the majority of patients
were safely treated with restoration of sinus rhythm by
pharmacologic cardioversion with intravenous
procainamide or electrocardioversion and sedation provided
by the emergency physician. Adverse events with
cardioversion were uncommon and most patients were
discharged in sinus rhythm. Prescription of oral
anticoagulants in the ED was surprisingly low, considering
that more than 50% of patients had a CHADS2 score of 1
or more and only 25% were currently receiving warfarin.
Approximately 10% of patients experienced an adverse
event within 30 days of the ED visit, with no deaths related
to atrial fibrillation or atrial flutter and 1 stroke. The key
findings of this study are the identification of potential risk
factors for subsequent adverse events. Patient-related risk
factors are longer time from onset of arrhythmia, history of
stroke or TIA, and pulmonary congestion on chest
radiograph. We also identified an important treatment risk
factor, with patients who left the ED in sinus rhythm being
much less likely to experience an adverse event. The lowest
odds ratio was for patients converted pharmacologically.
These potential risk factors should be carefully considered
by physicians managing recent-onset atrial fibrillation and
flutter in the ED.

We are aware of no prospective studies that were able
to link specific ED management strategies with patient
outcomes in a focused population of recent-onset atrial
fibrillation and flutter patients. We identified 13 studies of
ED recent-onset atrial fibrillation and flutter management
involving restoration of sinus rhythm by drugs or
electrocardioversion. These studies used a variety of
methodologies (health records review, 21222728
prospective cohort,””? and randomized trial'”?
and only 2 prospectively followed patients outside the
hospital. Decker et al'” followed 153 US patients for up
to 6 months and found relatively few adverse events.
Bellone et al”” followed 247 Ttalian patients but reported
rhythm only at 60 days. Scheuermeyer et al*>*
conducted several retrospective Canadian health records
reviews to evaluate outcomes of recent-onset atrial
fibrillation and flutter patients at 30 days and 1 year and
also found relatively few adverse events. They also
identified underuse of oral anticoagulants by emergency
In another retrospective study, Atzema

/1,25,35)

physicians.”
et al’” noted the low physician follow-up rate within 7
days of an ED visit. None of these studies attempted to
SN 36
identify risk factors for adverse events. Atzema et al
identified a number of factors associated with mortality in
a large database study of nonspecific atrial fibrillation
patients with a very low ED cardioversion rate (15%).
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Table 5. Clinical outcomes of 1,091 recent-onset atrial fibrillation
and flutter patients after 30 days.

Table 6. Adverse events occurring within 30 days for 1,091
recent-onset atrial fibrillation and flutter patients.

Patients
Outcome (N=1,091)
Return ED visit (%) 304 (27.9)
Related to AF/AFL 168 (15.4)

No. of visits, mean, N=168 1.5

Days post ED, mean (SD), N=168 10.7 (8.3)
Outpatient visits (%)
Cardiology follow-up 278 (25.5)

No. of visits, mean 1.2
Days post ED, mean (SD) 14.9 (9.0)
Internal medicine 55 (5.0)
No. of visits, mean 1.4
Days post ED, mean (SD) 9.8 (7.8)
Family physician 269 (24.7)
No. of visits, mean, N=264 1.5

Days post ED, mean (SD), N=269 9.2 (8.0)
Hospital admission (%) 42 (3.9)
Related to atrial-fibrillation/flutter 35 (3.2)
Days post ED, mean (SD), N=42 11.6 (8.0)
Length of stay, mean days (SD), N=39 6.9 (9.9)
Electrocardioversion (%) 71 (6.5)
Days post ED, mean (SD) 12.5 (8.6)
In ED 61 (5.6)
In clinic 10 (0.9)
Successfully cardioverted (%), N=71 62 (87.3)
Electrocardiography (%) 401 (36.8)
Days post ED, mean (SD) 15.1 (9.0)
Rhythm, N=374
Normal sinus 296 (79.1)
Atrial fibrillation 66 (17.7)
Atrial flutter 12 (3.2)
Pulse rate, mean, N=338 73.2
Other arrhythmia, N=1,091
AV block 1(0.1)
Ventricular tachycardia 2 (0.2)
Supraventricular tachycardia 3(0.3)
Echocardiography (%) 324 (29.7)
Transthoracic 280 (86.4)
Transesophageal echocardiography 20 (6.2)
Results of echocardiography, N=265
Left atrial clot 0
Significant valvulopathy 48 (18.1)
Left atrial enlargement 76 (28.7)
Left ventricular hypertrophy 14 (5.3)
New medications prescribed (%)* 265 (24.3)
B3-Blocker 89 (8.2)
Calcium-channel blocker 31 (2.8)
Antiarrhythmic 86 (7.9)
Digoxin 18 (1.6)
Warfarin 49 (4.5)
Novel oral anticoagulant 45 (4.1)
Acetylsalicylic acid 30 (2.8)
Clopidogrel 6 (0.6)

AF, Atrial fibrillation; AFL, atrial flutter.
*Some patients were prescribed more than 1 drug.

Barrett et al’’ created a predictive model aid for adverse
events, but the findings are not applicable to the Canadian
setting in that 85% of patients were admitted and there
were no data on ED management strategies.

Adverse Events, N Patients, N=1,091

Total adverse events* 117 (10.7)

Death related to AF/AFL 0
Deaths not related to AF/AFL 4
Stroke 1(0.1)
Days post ED 23
Acute coronary syndrome 6 (0.6)
Days post ED, mean (SD) 12.5 (11.6)
Acute heart failure 11 (1.0
Days post ED, mean (SD) 12.9 (9.1
Subsequent electrocardioversion in ED

Days post ED, mean (SD) 13.8 (8.6
Subsequent hospital admission for AF/AFL
Days post ED, mean (SD)

*Patients may have had more than 1 adverse event.

There are few data on the incidence of stroke after an
ED visit for atrial fibrillation.”® Airaksinen et al’” reported
a 7-year review of patients who were successfully
cardioverted from atrial fibrillation with onset less than 48
hours, in a cardiology clinic, and who had neither long-
term oral anticoagulation nor periprocedural heparin
therapy.zo Of 5,116 successful cardioversions in 2,481
patients, 0.7% of patients developed thromboembolic
events within 30 days (median 2 days). Noted risk factors
were similar to those from the CHADS2 score.

This study reveals some variation in management
among sites but confirms the safety and effectiveness of
an aggressive pharmacologic or electrocardioversion
strategy in the ED, with few patients requiring admission.
We encourage physicians to seriously consider rhythm
control rather than rate control in the ED because this
strategy immediately returns patients to their normal state
and daily activities and avoids the burden of
hospitalization.

Although patient outcomes were very good, we were
concerned about the infrequent prescription of oral
anticoagulants by emergency physicians for the many
patients with a CHADS2 score of 1 or more. This is
contrary to recommendations of the Canadian
Cardiovascular Society.””*" The main purpose of
anticoagulation for at-risk recent-onset atrial fibrillation
and flutter patients is to reduce their long-term risk of
stroke, not just in the immediate postcardioversion period.
The current recommendations include prescription of oral
anticoagulants (warfarin or novel oral anticoagulants) to
recent-onset atrial fibrillation and flutter patients who are
aged 65 or older or have 1 or more CHADS?2 risk factors.
Less than half of patients with a CHADS?2 score of 1 or

more were receiving oral anticoagulants 30 days after the
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Table 7. Comparison of characteristics and ED management for patients with and without adverse events within 30 days (N=1,091).

Characteristic

Adverse Event, N=117 No Adverse Event, N=974

Age, mean (SD), y
>80
Men (%)
Initial rhythm (%)
Atrial fibrillation
Atrial flutter
Duration of arrhythmia
Hours, mean (SD) (less than 48 h), N=111:941
Range
Days, mean (SD) (between 3 and 7 days), N=6:33
Range
Time from onset (%), h
<12
>12
>24
>36
CTAS level, mean
Previous atrial fibrillation (%)
Electrocardioversion
Pharmacologic cardioversion
CHADS2 score, mean
>1
Troponin level >99th percentile (N=82:721)
Chest radiograph shows pulmonary congestion (%)(N=57:330)
IV rate control drugs in ED (%)
Rhythm control drugs in ED (%)
Electrocardioversion attempted (%)
Antithrombosis therapy in ED (%)
Disposition: discharged home (%)
Mode of conversion before disposition (%)
Electrical
Spontaneous
Not converted
Drug
First attempted treatment
Rate control only
Observe only
Pharmacologic cardioversion first
Electrocardioversion first
Second attempted treatment, N=16:151
Pharmacologic cardioversion
Electrocardioversion
Pulse rate before discharge, mean (SD), beats/min

CTAS, Canadian Triage and Acuity Scale.

66.2 (14.6) 63.7 (15.3)
26 (22.2) 162 (16.6)
73 (62.4) 576 (59.1)
89 (76.1) 835 (85.7)
28 (23.9) 139 (14.3)

10.9 (12.9) 7.3 (9.1)
1.0-48.0 1.0-48.0
5.0 (2.1) 3.9 (1.7)
2.0-7.0 2.0-7.0

3 (70.9) 781 (80.2)
4 (29.1) 193 (19.8)
8 (15.4) 6 (8.8)
9 (7.7) 27 (2.8)
2.16 2.20
86 (73.5) 623 (64.0)
56 (65.1) 205 (47.4)
21 (24.4) 180 (28 9)
1
77 (65.8) 553 (5 8)
61 (74.4) 619 (85.9)
10 (8.6) 4 (1.4)
49 (41.9) 389 (39.9)
25 (21.4) 366 (37.6)
70 (59.8) 501 (51.4)
19 (16.2) 146 (15.0)
99 (84.6) 894 (91.8)
63 (53.8) 450 (46.3)
14 (12.0) 141 (14.5)
33 (28.2) 184 (18.9)
7 (6.0) 197 (20.3)
28 (23.9) 166 (17.0)
10 (8.6) 2 (9.5)
23 (19.7) 345 (35.4)
56 (47.9) 371 (38.1)
2 (12.5) 21 (13.9)
14 (87.5) 130 (86.1)
80 (23.7) 75 (17.8)

sentinel ED visit. We believe that this therapy should be
initiated in the ED because many patients have trouble
accessing early follow-up care and because many primary
care physicians may not be familiar with these recent
guidelines./'2 Cleatly, all recent-onset atrial fibrillation and
flutter patients must have their CHADS?2 factors and
bleeding risk evaluated in the ED.

Our findings provide additional tools to physicians who
manage recent-onset atrial fibrillation and flutter and who
should recognize additional risk of adverse events for
patients whose presentation is delayed, have had previous
stroke or TIA, or have evidence of active heart failure. We

suggest early follow-up for these patients. Our findings
suggest that patients fare better when they leave the ED in
sinus rhythm, and this should provide further evidence for
physicians who have been reluctant to cardiovert. We
recognize that our recommendations are not the result of a
randomized trial comparing rate versus rhythm control for
recent-onset atrial fibrillation and flutter. Cardioversion is
now so widely used in Canadian EDs that it would be
difficult, if not impossible, to enroll a large enough sample
size to test for superiority with clinical outcomes.

Much research is still required to determine the safest
and most effective management strategies for recent-onset
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atrial fibrillation and flutter patients. For example, there is
clinical equipoise in Canada about whether rhythm control
in the ED should commence with pharmacologic or
electrocardioversion. We recommend further evaluation of
the effect of recent-onset atrial fibrillation and flutter risk-
stratification and cardioversion for all patients in the ED.
This multicenter prospective study found that although
most recent-onset atrial fibrillation and flutter patients were
treated aggressively in the ED, there were few serious
outcomes within 30 days. Physicians underprescribed oral
anticoagulants. We identified potential patient-specific risk
factors for adverse events, including longer duration from
onset of arrhythmia, previous stroke or TIA, and congestion
on chest radiograph. We also identified that patients who left
the ED in sinus rhythm were much less likely to experience
an adverse event, with the lowest risk being for those
converted pharmacologically. We encourage consideration
of these risk factors and use of cardioversion for most recent-
onset atrial fibrillation and flutter patients in the ED.

The authors acknowledge the research staff at participating
hospitals for their contributions toward patient enrollment and
Jollow-up, as well as data collection: Connor Sheehan, BAH,
Ellias Horner, BAH, and Linda Brown, RN (The Ottawa
Hospital, Civic and General Campus, Ottawa, Ontario); Jane
Reid, RN, Nicholas Martin, MD, Gauri Ghate, MD, Carla
Graham, RN, and Catherine Bobek, MD (Kingston General
Hospital, Kingston, Ontario); Michelle Loftus, RN, and
Genevieve Blanchard, RN (Mount Sinai Hospital, Toronto,
Ontario); Debbie Boyko, RN, Mira Singh, MA, Gemma
Percival, RN, and Jennifer Goede, RN (University of Alberta
Hospital, Edmonton, Alberta); Renee Vilneff, RN, Allan
Kostyniuk, BA, Hachem Nasri, MD, Fareen Zaver, MD,
Rebecca Machacek, RN candidate, Stevie Anderson, RN
candidate, and Carly More, RN candidate (Foothills Medical
Center, Calgary, Alberta); acknowledge the significant
contributions of the research staff ar The Ottawa Hospital
Research Institute for coordinating this study: Maureen Lowe,
RN (study coordinator), Angela Marcantonio (ethics
coordinator), and My-Linh Tran and Sheryl Domingo (data
management); and acknowledge the emergency physicians and
ED nurses at all participating sites for assisting research teams
with data collection and identifying potential patients.

Supervising editor: Donald M. Yealy, MD

Author affiliations: From the Department of Emergency Medicine
(Stiell, Perry, Eagles), Clinical Epidemiology Program, Ottawa
Hospital Research Institute (Stiell, Clement, Perry, Eagles,
Brinkhurst), University of Ottawa Heart Institute (Birnie, Wells),
University of Ottawa School of Epidemiology, Public Health and
Preventive Medicine (Wells), University of Ottawa, Ottawa, Ontario,

Canada; the Division of Emergency Medicine, Schwartz/Reisman
Emergency Medicine Institute (Borgundvaag), the Division of
Cardiology (Dorian), University of Toronto, Toronto, Ontario,
Canada; the Department of Emergency Medicine and Kingston
General Hospital Research Institute (Brison), the Department of
Medicine (Redfearn), Queen’s University, Kingston, Ontario,
Canada; the Department of Emergency Medicine, Cumming School
of Medicine, University of Calgary, Calgary, Alberta, Canada (Lang);
the Libin Cardiovascular Institute/University of Calgary, Cumming
School of Medicine, Calgary, Alberta, Canada (Wyse); and the
Department of Emergency Medicine and School for Public Health,
University of Alberta and Alberta Health Services, Edmonton,
Alberta, Canada (Rowe).

Author contributions: IGS conceived the idea, prepared the article,
and secured research funding. CMC coordinated the study and
collected data. GAW provided statistical assistance. JB collected
study data. BHR, RJB, DGW, DB, PD, EL, JJP, BB, DE, and DR
assisted with study design and supervised the recruitment of
patients and management of data. All authors supervised in the
conduct of the trial and data collection, drafted the article, or
contributed to its revision, and approved the final version. IGS had
full access to all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the data analysis.
IGS takes responsibility for the paper as a whole.

Funding and support: By Annals policy, all authors are required to
disclose any and all commercial, financial, and other relationships
in any way related to the subject of this article as per ICMJE conflict
of interest guidelines (see www.icmje.org). The authors have stated
that no such relationships exist. The authors received peer-
reviewed funding from the Heart and Stroke Foundation of Ontario
(NA 7083). Dr. Stiell holds a Distinguished Professorship and
Clinical Research Chair from the University of Ottawa. Dr. Rowe is
supported by Canadian Institutes of Health Research as a Tier |
Canada Research Chair in Evidence-based Emergency Medicine
through the Government of Canada (Ottawa, Ontario, Canada). Dr.
Perry holds a Clinical Research Chair from the University of Ottawa.

Publication dates: Received for publication July 18, 2016.
Revision received October 5, 2016. Accepted for publication
October 12, 2016. Available online January 19, 2017.

All authors attest to meeting the four ICMJE.org authorship criteria:
(1) Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for the
work; AND (2) Drafting the work or revising it critically for important
intellectual content; AND (3) Final approval of the version to be
published; AND (4) Agreement to be accountable for all aspects of
the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and
resolved.

REFERENCES

1. Heilbron B, Klein GJ, Talajic M, et al. 2004 Canadian Cardiovascular
Society consensus conference: atrial fibrillation—management of atrial
fibrillation in the emergency department and following acute
myocardial infarction. Can J Cardiol. 2005;21(Suppl B):61B-66B.

2. Skanes AC, Dorian P. 2004 Canadian Cardiovascular Society consensus
conference: atrial fibrillation—etiology and initial investigation of atrial
fibrillation. Can J Cardiol. 2005;21(Suppl B):11B-14B.

570 Annals of Emergency Medicine

Volume 69, No. 5 : May 2017


http://www.icmje.org/
http://ICMJE.org
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref1
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref1
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref1
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref1
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref1
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref2
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref2
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref2
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref2

Stiell et al

Outcomes for Patients With Atrial Fibrillation and Flutter

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Connors S, Dorian P. Management of supraventricular tachycardia in

the emergency department. Can J Cardiol. 1997;13(Suppl A):19A-24A.

. Michael JA, Stiell IG, Agarwal S, et al. Cardioversion of paroxysmal

atrial fibrillation in the emergency department. Ann Emerg Med.
1999;33:379-387.

. Redfearn DP, Furgan MA, Enriquez A, et al. Emergency department

re-presentation for atrial fibrillation and atrial flutter. Can J Cardiol.
2016;32:344-348.

. Borgundvaag B, Ovens H. Cardioversion of uncomplicated paroxysmal

atrial fibrillation: a survey of practice by Canadian emergency
physicians. CJEM. 2004;6:155-160.

. Stiell IG, Clement CM, Brison RJ, et al. Variation in management of

recent-onset atrial fibrillation and flutter among academic hospital
emergency departments. Ann Emerg Med. 2011;57:13-21.

. Rogenstein C, Kelly AM, Mason S, et al. An international view of how

recent-onset atrial fibrillation is treated in the emergency department.
Acad Emerg Med. 2012;19:1255-1260.

. Marx JA, Hockberger RS, Walls R. Rosen’s Emergency Medicine:

Concepts and Clinical Practice, 7th ed. St. Louis, MO: Mosby; 2009.
Fuster V, Ryden LE, Cannom DS, et al. 2011 ACCF/AHA/HRS focused
updates incorporated into the ACC/AHA/ESC 2006 guidelines for the
management of patients with atrial fibrillation: a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines developed in
partnership with the European Society of Cardiology and in
collaboration with the European Heart Rhythm Association and the
Heart Rhythm Society. J Am Coll Cardiol. 2011;57:€101-e198.

Camm AJ, Kirchhof P, Lip GY, et al. Guidelines for the management of atrial
fibrillation: the Task Force for the Management of Atrial Fibrillation of the
European Society of Cardiology (ESC). Eur Heart J. 2010;31:2369-2429.
Camm AJ, Lip GY, De Caterina R, et al. 2012 Focused update of the
ESC guidelines for the management of atrial fibrillation: an update of
the 2010 ESC guidelines for the management of atrial fibrillation.
Developed with the special contribution of the European Heart Rhythm
Association. Eur Heart J. 2012;33:2719-2747.

Wyse DG, Simpson CS. 2004 Canadian Cardiovascular Society
consensus conference: atrial fibrillation—rate control versus rhythm
control: decision making. Can J Cardiol. 2005;21(Suppl! B):15B-18B.
Fuster V, Ryden LE, Cannom DS, et al. ACC/AHA/ESC 2006 guidelines
for the management of patients with atrial fibrillation. J Am Coll
Cardiol. 2006;48:149-246.

Page RL. Newly diagnosed atrial fibrillation. N Engl J Med.
2004;351:2408-2416.

Hiatt WR, Lincoff M, Harrington RA. Acute pharmacological conversion
of atrial fibrillation to sinus rhythm. Is short-term symptomatic therapy
worth it? a report from the December 2007 meeting of the
Cardiovascular and Renal Drugs Advisory Committee of the Food and
Drug Administration. Circulation. 2008;117:2956-2957.

Wyse DG, Waldo AL, DiMarco JP, et al; for the Atrial Fibrillation Follow-
up Investigation of Rhythm Management (AFFIRM) Investigators.

A comparison of rate control and rhythm control in patients with atrial
fibrillation. N Engl J Med. 2002;347:1825-1833.

Roy D, Talajic M, Nattel S, et al. Rhythm control versus rate control for
atrial fibrillation and heart failure. N Engl J Med. 2008;358:2667-2677.
Decker WW, Smars PA, Vaidyanathan L, et al. A prospective,
randomized trial of an emergency department observation unit for
acute onset atrial fibrillation. Ann Emerg Med. 2008;52:322-328.
Stiell IG, Healey JS, Cairns JA. Safety of urgent cardioversion for
patients with recent-onset atrial fibrillation and flutter. Can J Cardiol.
2015;31:239-241.

Stiell 1G, Clement CM, Perry JJ, et al. An aggressive protocol for rapid
management and discharge of emergency department patients with
recent-onset episodes of atrial fibrillation and flutter. CJEM.
2010;12:181-191.

Scheuermeyer FX, Grafstein E, Stenstrom R, et al. Thirty-day
outcomes of emergency department patients undergoing electrical

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

cardioversion for atrial fibrillation or flutter. Acad Emerg Med.
2010;17:408-415.

Scheuermeyer FX, Grafstein E, Heilbron B, et al. Emergency
department management and 1-year outcomes of patients with atrial
flutter. Ann Emerg Med. 2011;57:564-571.

Joseph AP, Ward MR. A prospective, randomized controlled trial comparing
the efficacy and safety of sotalol, amiodarone and digoxin for the reversion
of new-onset atrial fibrillation. Ann Emerg Med. 2000;36:1-9.
Domanovits H, Schillinger M, Thoennissen J, et al. Termination of
recent-onset atrial fibrillation/flutter in the emergency department: a
sequential approach with intravenous ibutilide and external electrical
cardioversion. Resuscitation. 2000;45:181-187.

Taylor DM, Aggarwall A, Carter M, et al. Management of new onset
atrial fibrillation in previously well patients less than 60 years of age.
Emerg Med Australas. 2005;17:4-10.

Burton JH, Vinson DR, Drummond K, et al. Electrical cardioversion of
emergency department patients with atrial fibrillation. Ann Emerg Med.
2004;44:20-30.

Jacoby JL, Cesta M, Heller MB, et al. Synchronized emergency
department cardioversion of atrial dysrhythmias saves time, money
and resources. J Emerg Med. 2005;28:27-30.

del Arco C, Martin A, Laguna P, et al; for the Spanish Atrial Fibrillation
in Emergency Medicince Study Group. Analysis of current
management of atrial fibrillation in the acute setting: GEFAUR-1 study.
Ann Emerg Med. 2005;46:424-430.

Conti A, del Taglia B, Mariannnini Y, et al. Management of patients with
acute atrial fibrillation in the ED. Am J Emerg Med. 2010;28:903-910.
Cristoni L, Tampieri A, Mucci F, et al. Cardioversion of acute atrial
fibrillation in the short observation unit: comparison of a protocol
focused on electrical cardioversion with simple antiarrhythmic
treatment. Emerg Med J. 2011;28:932-937.

Vinson DR, Hoehn T, Graber DJ, et al. Managing emergency department
patients with recent-onset atrial fibrillation. J Emerg Med. 2010.
Bellone A, Etteri M, Vettorello M, et al. Cardioversion of acute atrial
fibrillation in the emergency department: a prospective randomised
trial. Emerg Med J. 2012;29:188-191.

Scheuermeyer FX, Innes G, Pourvali R, et al. Missed opportunities for
appropriate anticoagulation among emergency department patients
with uncomplicated atrial fibrillation or flutter. Ann Emerg Med.
2013;62:557-565.

Atzema CL, Yu B, Ivers N, et al. Incident atrial fibrillation in the
emergency department in Ontario: a population-based retrospective
cohort study of follow-up care. CMAJ Open. 2015;3:E182-E191.
Atzema CL, Dorian P, Fang J, et al. A clinical decision instrument for
30-day death after an emergency department visit for atrial fibrillation:
the Atrial Fibrillation in the Emergency Room (AFTER) study. Ann
Emerg Med. 2015;66:658-668.

Barrett TW, Storrow AB, Jenkins CA, et al. The AFFORD clinical decision
aid to identify emergency department patients with atrial fibrillation at
low risk for 30-day adverse events. Am J Cardiol. 2015;115:763-770.
Atzema CL, Dorian P, lvers NM, et al. Evaluating early repeat
emergency department use in patients with atrial fibrillation: a
population-based analysis. Am Heart J. 2013;165:939-948.
Airaksinen KE, Gronberg T, Nuotio |, et al. Thromboembolic
complications after cardioversion of acute atrial fibrillation: the FinCV
(Finnish Cardioversion) study. J Am Coll Cardiol. 2013;62:1187-1192.
Stiell I, Macle L. Canadian Cardiovascular Society atrial fibrillation
guidelines 2010: management of recent-onset atrial fibrillation and
flutter in the emergency department. Can J Cardiol. 2011;27:38-46.
Verma A, Cairns JA, Mitchell LB, et al. 2014 Focused update of the
Canadian Cardiovascular Society guidelines for the management of
atrial fibrillation. Can J Cardiol. 2014;30:1114-1130.

Atzema CL, Austin PC, Chong AS, et al. The long-term use of warfarin
among atrial fibrillation patients discharged from an emergency
department with a warfarin prescription. Ann Emerg Med.
2015;66:347-354.

Volume 69, NO. 5 :

May 2017

Annals of Emergency Medicine 571


http://refhub.elsevier.com/S0196-0644(16)31243-4/sref3
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref3
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref4
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref4
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref4
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref5
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref5
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref5
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref6
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref6
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref6
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref7
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref7
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref7
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref8
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref8
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref8
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref9
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref9
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref10
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref10
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref10
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref10
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref10
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref10
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref10
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref10
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref11
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref11
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref11
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref12
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref12
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref12
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref12
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref12
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref13
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref13
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref13
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref13
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref14
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref14
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref14
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref15
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref15
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref16
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref16
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref16
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref16
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref16
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref17
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref17
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref17
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref17
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref18
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref18
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref19
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref19
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref19
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref20
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref20
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref20
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref21
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref21
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref21
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref21
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref22
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref22
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref22
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref22
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref23
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref23
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref23
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref24
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref24
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref24
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref25
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref25
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref25
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref25
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref26
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref26
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref26
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref27
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref27
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref27
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref28
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref28
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref28
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref29
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref29
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref29
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref29
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref30
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref30
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref31
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref31
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref31
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref31
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref32
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref32
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref33
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref33
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref33
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref34
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref34
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref34
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref34
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref35
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref35
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref35
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref36
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref36
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref36
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref36
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref37
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref37
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref37
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref38
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref38
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref38
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref39
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref39
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref39
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref40
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref40
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref40
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref41
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref41
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref41
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref42
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref42
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref42
http://refhub.elsevier.com/S0196-0644(16)31243-4/sref42

Outcomes for Patients With Atrial Fibrillation and Flutter Stiell et al
1.03
Hours from onset/hour '—2‘09
Past hx TIA/stroke —
7.37
CXR pulmonary congestion —_—
Mode Converted vs. Not Converted
Spontaneous —0'7.8__.
Drug 0.23
1.24
Electrical —_—
0.1 1 10
Figure E1. Adjusted odds ratios with 95% Cls for factors
associated with 30-day adverse events. Hosmer and
Lemeshow goodness-of-fit P value .84; ¢ statistic=0.680.
Table E1. Comparison of treatments and outcomes by hospital.
Kingston Ottawa Ottawa University Foothills
General Hospital-Civic Hospital-General of Alberta Medical Mount Sinai
Total Hospital, Campus, Campus, Hospital, Centre, Hospital,
Characteristic N N=152 N=296 N=182 N=132 N=261 N=68
First attempted treatment, %
Rate only 194 27.0 8.5 16.5 19.7 23.0 17.7
Observe only 102 12.5 7.4 5.5 15.9 9.6 74
Rhythm drug first 368 44.1 47.6 50.0 7.6 10.7 45.6
Electrical first 427 16.5 36.5 28.0 56.8 56.7 29.4
Second attempted treatment, %
Rhythm drug 23 0.0 5.8 10.0 70.0 36.8 12.5
Electrical 144 100.0 94.2 90.0 30.0 63.2 87.5
Mode of conversion, N=1,089, %
Electrical 513 29.6 53.6 42.9 52.3 53.5 35.3
Drug 204 24.3 24.4 275 6.1 6.9 27.9
Spontaneous 155 19.7 8.5 17.0 18.9 13.9 11.8
Not converted 217 26.3 13.6 12.6 22.7 25.8 25.0
Admitted, % 1,091 9.9 3.7 4.4 11.4 11.5 27.9
Adverse event, % 117 7.2 10.1 71 15.2 13.0 13.2
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Table E2. Independent predictors of serious adverse events as determined by stepwise logistic regression analysis for 1,091 recent-onset
atrial fibrillation and flutter patients.

Variable B8 P Value Odds Ratio 95% ClI
Duration since onset of arrhythmia per hour .03 .006 1.03 1.01-1.05
History of stroke or transient ischemic attack .74 .048 2.09 1.01-4.36
Chest radiograph shows congestion 2.00 <.001 7.37 2.40-22.64
Converted to sinus rhythm .004

Spontaneous -.24 .55 0.78 0.35-1.74
Drug -1.49 .005 0.23 0.08-0.64
Electrical 21 A7 1.24 0.69-2.23
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