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Background: Atrial fibrillation (AF) is often detected for the
first time in patients who are hospitalized for another reason.
Long-term risks for AF recurrence in these patients are unclear.

Objective: To estimate risk for AF recurrence in patients with
new-onset AF during a hospitalization for noncardiac surgery or
medical illness compared with a matched population without AF.

Design: Matched cohort study. (ClinicalTrials.gov: NCT03221777)
Setting: Three academic hospitals in Hamilton, Ontario, Canada.

Participants: The study enrolled patients hospitalized for non-
cardiac surgery or medical illness who had transient new-onset
AF. For each participant, an age- and sex-matched control par-
ticipant with no history of AF from the same hospital ward was
recruited. All participants left the hospital in sinus rhythm.

Measurements: 14-day electrocardiographic (ECG) monitor
at 1 and 6 months and telephone assessment at 1, 6, and
12 months. The primary outcome was AF lasting at least
30 seconds on the monitor or captured by ECG 12-lead during
routine care at 12 months.

Results: Among 139 participants with transient new-onset
AF (70 patients with medical illness and 69 surgical patients)
and 139 matched control participants, the mean age was
71 years (SD, 10), the mean CHA,DS,-VASc score was 3.0(SD,
1.5), and 59% were male. The median duration of AF during

the index hospitalization was 15.8 hours (IQR, 6.4 to 49.6 hours).
After 1 year, recurrent AF was detected in 33.1% (95% Cl,
25.3% to 40.9%) of participants in the transient new-onset AF
group and 5.0% (Cl, 1.4% to 8.7%) of matched control partici-
pants; after adjustment for the number of ECG monitors worn
and for baseline clinical differences, the adjusted relative risk
was 6.6 (Cl, 3.2 to 13.7). After exclusion of participants who had
electrical or pharmacologic cardioversion during the index hos-
pitalization (n = 40) and their matched control participants and
limiting to AF events detected by the patch ECG monitor, recur-
rent AF was detected in 32.3% (Cl, 23.1% to 41.5%) of partici-
pants with transient new-onset AF and 3.0% (Cl, 0% to 6.4%) of
matched control participants.

Limitations: Generalizability is limited, and the study was
underpowered to evaluate subgroups and clinical predictors.

Conclusion: Among patients who have transient new-onset
AF during a hospitalization for noncardiac surgery or medi-
cal illness, approximately 1 in 3 will have recurrent AF within
1 year.
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Atrial fibrillation (AF) is the most common arrhythmia,
affecting millions of patients worldwide (1). It is associ-
ated with increased risk for stroke, heart failure, and death
(2). Clinical practice guidelines recommend a structured
approach to risk assessment for patients with AF, including
management of risk factors and oral anticoagulation for
patients who are at risk for stroke (3-5). However, it remains
uncertain whether long-term anticoagulation is necessary
when AF occurs in the setting of a reversible physiologic
stressor, such as surgery or medical illness (6-12).

Atrial fibrillation occurring transiently with stress (AFOTS)
refers to AF that is detected for the first time in patients who
are hospitalized for another medical or surgical illness (10).
The effect of AFOTS on patients’ long-term stroke risk is
uncertain. If surgery or medical illness is a reversible cause of
AF, patients with AFOTS should not have increased long-
term stroke risk and their postdischarge risk for AF should
be similar to that of the general population with similar AF

risk factors. Alternatively, AFOTS may represent paroxysmal
AF that is detected for the first time by in-hospital monitoring
or may identify persons with a propensity to develop clinical
AF (3). In these instances, AFOTS would be associated with
increased risk for stroke and with a risk for postdischarge
AF that is higher than among age-matched control patients
without AF and similar to the risk in patients with estab-
lished paroxysmal AF (10, 13). This distinction is important
because patients with paroxysmal AF benefit from several
evidence-based therapies, including oral anticoagulation,
to reduce their risk for stroke. Capturing recurrent episodes
of AF after hospital discharge in patients with AFOTS may
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Figure 1. Study flow diagram.
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help identify those who can benefit from these therapies.
Several published studies have shown higher risk for AF
recurrence and worse clinical outcomes in patients with
AFOTS (7, 8, 14-18). However, the risk for AF recurrence
in patients with transient new-onset AF that is concurrent
with another iliness has not been systematically assessed
in a prospective study using continuous electrocardio-
graphic (ECG) monitors.

This study aimed to estimate the risk for AF recurrence
after hospital discharge among patients with transient new-
onset AF during a hospitalization for noncardiac surgery or
medical illness and to compare it with the risk for AF
detected in a matched population with no history of AF.

METHODS
Study Design

The rationale and design of the Atrial Fibrillation
Occurring Transiently with Stress (AFOTS) study have been
described previously (19). We systematically screened inten-
sive care units, surgical wards, and medical wards at 3 aca-
demic hospitals in Hamilton, Ontario, Canada, for patients
with no history of AF who had AF detected during hospi-
talization for a noncardiac reason. Patients who returned
to sinus rhythm (either spontaneously or via electrical or
pharmacologic cardioversion) before hospital discharge
were approached for participation in the study. For each
"exposed” patient with AF who wore a study patch, we
screened their hospital ward for a matched “control”
patient of the same sex and within 10 years in age. We
enrolled one cohort of participants with noncardiac sur-
gery as their primary reason for hospitalization and a
second cohort with medical illness as their primary rea-
son for hospitalization.

Candidacy for oral anticoagulation based on the
Canadian Cardiovascular Society guidelines (a CHADS,
score =1 or age =65 years) was an inclusion criterion for
all participants (3). The main exclusion criteria were a
documented history of AF before hospitalization; pres-
ence of an implanted pacemaker or defibrillator; or an
admission diagnosis of stroke, myocardial infarction,
heart failure, pericarditis, or arrhythmia.
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Participants were followed systematically for 1 year.
The 3 scheduled telephone assessments occurred at 1,
6, and 12 months. During these assessments, study per-
sonnel interviewed participants; reviewed their medical
records; and collected data on medications, new occur-
rence of AF (outside the study protocol), death, stroke,
bleeding, embolism, and hospitalization for heart failure
or myocardial infarction. Study personnel sought source
documents for all events. At the 1- and 6-month assess-
ments, participants were asked to wear a continuous ECG
patch monitor (Zio XT [iRhythm Technologies]) for 14 days
(20-23). Participants who were unable or unwilling to
wear the study patch underwent all other follow-up
procedures. The Hamilton Integrated Research Ethics
Board and Health Canada approved the study protocol.
All participants provided written informed consent.

Outcomes

The primary outcome was detection of AF lasting at
least 30 seconds on the study device or another continuous
ECG monitor during routine clinical care, or AF detected
on a 12-lead ECG performed as part of routine clinical
care. Physicians who were blinded to the patient's history
(including exposed vs. control status) adjudicated all AF
events. We chose 30 seconds of AF as the primary end
point and evaluated several other episode durations. The
minimum duration of AF that corresponds to elevated risk
for stroke is not known. We chose a 30-second threshold
because it has been used in contemporary AF studies and
in stroke prevention guidelines (4, 24-26).

Secondary outcomes included time to AF recur-
rence; daily and total AF burden (defined as time in AF
divided by the total analyzable time of the study monitor
and expressed as a percentage); total duration of all AF
episodes; and longest AF episode; and other adverse
events, including death, stroke, bleeding, embolism, and
hospitalization for heart failure or myocardial infarction
occurring within 12 months after enrollment. We also
documented use of oral anticoagulation.
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Statistical Analysis

We prespecified a statistical analysis plan before
unblinding study data. The statistical analysis plan was
revised at the recommendation of the journal's editorial
staff, and the results presented in this article are the results
from the revised analyses.

For our sample size calculation, we estimated that
40% of participants with transient new-onset AF during
hospitalization would have AF detected during follow-
up, compared with 20% of control participants (8, 27,
28). This required 69 exposed patients and matched
control patients in the noncardiac surgery cohort and an
equal number in the medical illness cohort to detect an
effect with 80% power at the 5% significance level using
a 2-tailed McNemar x? test, resulting in a total of 276
participants.

For our primary analysis, we compared the incidence
of the primary end points between the participants with
transient new-onset AF during their index hospitalization
and matched control patients who wore at least 1 ECG
patch monitor. We used PROC GENMOD in SAS and
specified a binomial distribution with logit link and a stra-
tum variable to account for matching pairs to estimate
relative risks (RRs) (29, 30). We performed unadjusted
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analyses and, in our primary sample, conducted analyses
adjusted for the number of patches worn; age; B-blocker
use at discharge; history of heart failure; and history of cor-
onary artery disease, peripheral artery disease, or known
aortic plagque. We hypothesized that exposed participants
who had transient new-onset AF detected in the hospital
would have higher risk for AF captured during follow-up
than matched control patients with no history of AF. In sec-
ondary analyses, we compared the proportion of partici-
pants who had the primary outcome in the individual
noncardiac surgery and medical illness cohorts, testing for
differences in the RRs using an interaction test. We per-
formed the following subgroup analyses: 1) among partici-
pants who wore only 1 patch, 2) among participants who
wore both patches, 3) in the overall population while
limiting to AF events detected by the patch ECG moni-
tor, 4) excluding participants who had electrical or pharma-
cologic cardioversion during the index hospitalization (and
their matched controls) and including AF events detected
by patch ECG monitor or in clinical follow-up, and 5)
excluding participants who had electrical or pharmacologic
cardioversion during the index hospitalization (and their
matched controls) and limiting to AF events detected by
the patch ECG monitor.

Table 1. Baseline Characteristics of Participants

Characteristic

Transient New-Onset AF During

Matched Control Standardized Mean

Index Hospitalization (n = 139) Participants (n = 139) Difference
Noncardiac surgery
Patients, n 69 69 -
Emergency surgery, n (%) 25(36.2) 17 (24.6) -
Elective surgery, n (%) 44 (63.8) 52(75.4) -
Medical illness
Patients, n 70 70 -
Infectious admission diagnosis, n (%) 37 (52.9) 32 (45.7) -
Noninfectious admission diagnosis, n (%) 33(47.1) 38(54.3) -
Mean age (SD), y 71.7 (10.6) 70.9(9.3) 0.09
Female, n (%) 57 (41.0) 57 (41.0) 0.00
White race, n (%) 136 (97.8) 130 (93.5) 0.21
Median body mass index (IQR), kg/m2 27.7 (23.8-31.3) 26.7 (24.0-30.4) 0.13
Median left atrial diameter (IQR), mm* 37 (29.0-42.0) 36 (32.0-42.0) 0.21
Mean ejection fraction (SD), % 57 (9.8) 60 (7.9) 0.37
Received vasopressors or inotropes, n (%) 21(15.1) 12 (8.6) 0.20
Median peak high-sensitivity troponin | level (IQR), ng/Lt 40 (15.0-188.5) 10 (5.0-30.0) 0.26
Positive blood culture result, n (%) 31(22.3) 16(11.5) 0.29
Sleep apnea, n (%) 28(20.1) 21(15.1) 0.13
Median CHA,DS,-VASc score (IQR) 3(2.0-4.0) 3(2.0-4.0) 0.02
Heart failure/left ventricular dysfunction, n (%) 14(10.1) 6(4.3) 0.22
Hypertension, n (%) 94 (67.6) 101 (72.7) 0.11
Diabetes mellitus, n (%) 37 (26.6) 50(36.0) 0.20
Prior stroke, TIA, or systemic embolism, n (%) 14 (10.1) 16 (11.5) 0.05
Coronary artery disease, n (%) 25(18.0) 35(25.2) 0.18
Peripheral artery disease or aortic plaque, n (%) 16(11.5) 7 (5.0) 0.24
Medications at hospital discharge, n (%)
B-Blocker 87 (64.4) 45 (34.1) 0.64
Amiodarone or flecainide 17 (12.6) 0(0.0) 0.54
Aspirin 43(31.9) 62 (47.0) 0.31
Oral anticoagulant 67 (48.2) 12 (8.6) 0.99
Warfarin 9(6.7) 2(1.5) 0.26
Dabigatran 4(3.0) 0(0.0) Not estimable
Apixaban 38(28.1) 4(3.0) 0.74
Rivaroxaban 15(11.1) 4(3.0) 0.32
Edoxaban 1(0.7) 2(1.5) 0.07

AF = atrial fibrillation; TIA = transient ischemic attack.
* Data were available for 155 participants.
1 Data were available for 147 participants.
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Table 2. Characteristics of Qualifying AF Episodes in
Participants With Transient New-Onset AF During Index
Hospitalization (n = 139)

Characteristic Value
Median duration of longest AF episode (IQR), h* 15.8 (6.4-49.6)
Patient was on telemetry in hospital, n (%) 130 (93.5)
Mean heart rate when AF was detected (SD), 129.0(30.2)
beats/mint
Location of patient when first AF episode was
detected, n (%)
Emergency department 16(11.5)
Intensive care unit 27 (19.4)
Ward 58(41.7)
Step-down unit 38(27.3)
Symptomatic AF, n (%)
Yes 33(23.7)
No 82 (59.0)
Unknown 24(17.3)
Method of cardioversion, n (%)t
Spontaneous 93 (69.9)
Electrical 6(4.5)
Pharmacologic§ 34 (25.6)

AF = atrial fibrillation.

* Data were available for 136 participants. For participants who were
not on telemetry at the time of conversion to sinus rhythm, we assumed
that conversion occurred at the time point halfway between their last
electrocardiogram showing AF and their first electrocardiogram showing
sinus rhythm.

T Data were available for 131 participants.

1 Data were available for 133 participants.

§ Defined as receipt of =1 dose of a class | or Ill antiarrhythmic drug.

In a sensitivity analysis, we accounted for differences
in rates of wearing the second patch by assuming that
missing participants would have had the same risk for AF
detection as exposed participants. In 2 additional sensitivity
analyses to address participants who were discharged on an
antiarrhythmic medication, we alternately excluded them or
assumed they all had AF recurrence.

We prespecified subgroups of exposed participants
with transient new-onset AF during the index hospitaliza-
tion who we expected to have higher risks for the primary
outcome: older age (highest tertile), larger left atrial size
(highest tertile), in-hospital cardioversion (pharmacologic
or electrical), and thoracic versus other surgery. We also
hypothesized that we would observe higher risk for AF
among patients with a CHA,DS,-VASc score of 4 to 9 ver-
sus those with a score of 0 to 3, those with a history of
hypertension, those with a longer duration of the index in-
hospital AF episode (by quartiles), and those with a lower
peak troponin level (dichotomized at the median). We
report unadjusted AF risks in these subgroups and RRs
adjusted for the number of patches worn; age; B-blocker
use at discharge; history of heart failure; and history of
coronary artery disease, peripheral artery disease, or
known aortic plaque.

All statistical analyses were performed using SAS,
version 9.4 (SAS Institute), and figures were created using
R, version 4.1.1 (R Foundation for Statistical Computing).

Role of the Funding Source

This study was funded exclusively by peer-reviewed
grants. The granting bodies provided input on the design
through peer review but had no direct role in the conduct
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or analysis of the study or the decision to submit the manu-
script for publication.

RESuULTS

Study Population

Figure 1 describes participant flow in the study. Baseline
characteristics (captured at hospital discharge) are shown
in Tables 1 and 2 and in Supplement Table 1 (available at
Annals.org), including admission diagnosis or type of non-
cardiac surgery, medical history, clinical parameters, char-
acteristics of the index AF episode, and medications. There
were important differences in characteristics between the
groups, including mean ejection fraction, peak concentra-
tions of high-sensitivity troponin level, and rate of positive
blood culture results. There were also important differen-
ces in rates of prescription of B-blockers, oral anticoagu-
lants, and aspirin at discharge.

We enrolled a total of 336 participants. Consistent
with the analysis plan, the results in this article focus on
the 278 matched noncardiac surgery and medical iliness
pairs who wore at least 1 patch. An additional 56 partici-
pants with transient new-onset AF were enrolled in the
study but were subsequently unable or unwilling to wear
a study patch; all but 1 were followed through the dura-
tion of the study, and 2 other participants were unable to
be matched. Supplement Figure 1 and Supplement
Tables 2 to 5 (available at Annals.org) describe baseline
characteristics and primary results for these participants
who did not wear at least 1 ECG patch. There were no
appreciable differences between these participants and
those who completed the study.

AF Detected in Follow-up

After 1 year of follow-up, AF was detected in 33.1%
(95% Cl, 25.3% to 40.9%) of participants with transient
new-onset AF during initial hospitalization and 5.0% (Cl,
1.4% to 8.7%) of matched control participants. After
adjustment for the number of ECG monitoring measure-
ments and for baseline clinical characteristics, the RR was
6.6 (Cl, 3.2 to 13.7). Unadjusted results were consistent
in the noncardiac surgery and medical illness subpopula-
tions (Figure 2, left). The AF risks were 32.3% (Cl, 23.1%
to 41.5%) and 3.0% (Cl, 0% to 6.4%) for exposed and
control patients, respectively, when the analysis was lim-
ited to patch-detected AF events and participants who
had electrical or pharmacologic cardioversion during the
index hospitalization (and the matched control partici-
pants) were excluded (Figure 2, right). Results were con-
sistent in subgroup analyses (Supplement Figure 2 and
Supplement Tables 6 to 8, available at Annals.org).

Duration and Burden of AF, Method of AF
Detection, and Correlates of Recurrence

Table 3 compares the durations of AF in follow-up
between participants with transient new-onset AF during
the index hospitalization and matched control partici-
pants. A higher proportion of participants with AF dur-
ing the index hospitalization had episodes of any given
length, whereas the longest episodes and total AF dura-
tion were similar between groups.
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Figure 2. Proportion of study participants with AF detected in follow-up.
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Left. Analyses that included AF events detected by patch ECG monitor or in clinical follow-up. Unadjusted relative risks were 6.6 (95% Cl, 3.2 to 13.4) for
the overall population, 5.2 (Cl, 2.3 to 12.4) for the noncardiac surgery subpopulation, and 10.0 (Cl, 2.8 to 36.0) for the medical illness subpopulation
(P =0.59 for the test for difference between the noncardiac surgery and medical illness subpopulations). The adjusted relative risk for the overall popu-
lation was 6.6 (Cl, 3.2 to 13.7). Right. Analyses that excluded participants who had electrical or pharmacologic cardioversion during the index hospitali-
zation (and their matched control participants) and that were limited to AF events detected by the patch ECG monitor. The unadjusted relative risk for
the overall population was 10.1 (Cl, 3.6 to 31.9). Adjusted analyses were adjusted for number of patches worn; age; B-blocker use at discharge; history
of heart failure; and history of coronary artery disease, peripheral artery disease, or known aortic plaque. Cardioversion was defined as electrical cardio-
version or pharmacologic cardioversion (receipt of =1 dose of a class | or Ill antiarrhythmic drug). Exact proportions are presented in Supplement
Tables 7 and 8 (available at Annals.org). AF = atrial fibrillation; ECG = electrocardiographic.

Of the 46 participants with transient new-onset AF
during the initial hospitalization who had AF detected
during follow-up, 32 (69.6%) had AF detected by the
ECG patch monitor only, 8 (17.7%) had AF detected by
both the patch monitor and usual clinical follow-up, and
6(13.0%) had AF detected by clinical follow-up only.

The unadjusted risks and adjusted RRs of AF recur-

Table 3. Duration of AF Detected by Patch ECG Monitor
During Follow-up*

Variable Transient New- Matched

Onset AF During Control

. o . X Index Participants
rence in prespecified subgroups of patients with tran- Hospitalization  (n — 139)
sient new-onset AF during the index hospitalization are (n=139)
shown’ in Figure 3. Compared wi'th the Iowes’F ter‘tile.o1c Longest single AF episode
left atrial volume, the highest tertile was associated with >30's 40 (28.8) 4(2.9)
a substantially higher adjusted RR for AF detection in fol- =5 min 34 (24.5) 4(2.9)
low-up in our primary subsample. =5h 21(15.1) 3(2.2)
P P Y P 224 h 12(8.6) 1(0.7)

. . . Median duration (IQR), h 7.93(1.82-45.00)  9.83 (3.46-65.53

Clinical Events and Use of Oral Anticoagulation S ( : ( )
During follow-up, 11 participants who had transient Total AF duration during follow-up

new-onset AF during their initial hospitalization had a visit 230s 40(28.8) 4(2.9)
to the emergency department, and 12 had a repeated hos- =9 il o ls2) i)

ARG : . S >5h 25 (18.0) 3(2.2)
pitalization; 113 saw their family physician, and 55 saw a 224 h 13(9.4) 10.7)
specialist for AF management. One participant had a 100% of monitoring time 5(3.6) 1(0.7)
stroke, 2 had a systemic embolism, 3 had heart failure Median duration (IQR), ht 8.98(2.05-59.22)  9.83 (3.46-65.53)

events, 3 had a myocardial infarction, é had a bleeding
event, and 11 died. Among matched control participants,
5 had a visit to the emergency department and 6 had a

Annals.org

AF = atrial fibrillation; ECG = electrocardiographic.
* Data are numbers (percentages) unless otherwise indicated.
T Includes only participants who had AF detected in follow-up.
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Figure 3. Predictors of AF recurrence in patients with transient new-onset AF detected during an initial hospitalization.
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1.36 (0.76-2.43)
1.44 (0.80-2.58)

1.00
.67 (1.11-19.66)
7.00 (1.76-27.90)

1.00
0.80 (0.45-1.42)

1.00

1.19 (0.73-1.92)
1.00

0.82 (0.50-1.32)

1.00
1.01 (0.50-2.01)
0.82 (0.38-1.75)
1.19 (0.61-2.31)

1.00
0.49 (0.29-0.82)

1.00
1.58 (0.83-3.02)
Unadjusted RR
(95% ClI)

1.00
1.51(0.73-3.12)
3 (0.85-3.54)

1.00
3.00 (0.67-13.34)
5.52 (1.38-22.07)

1.00
0.49 (0.19-1.27)

1.00
1.45 (0.82-2.55)
1.00
0.98 (0.53-1.81)
1.00
1.13 (0.
0.89 (0.34-2.32)
1.57 (0.71-3.48)

1.00
0.28 (0.13-0.63)

1.00
1.82 (0.85-3.91)

=Unadjusted ¢Adjusted
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H

[144)] f*

tt
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Adjusted RR
(95% CI)

.00
72-2.35)

1
0 (0.
9 (0.82-2.71)

1.3
1.4

1.00
2.77 (0.91-8.45)
3.90 (1.37-11.08)

1.00
0.77 (0.41-1.45)

1.00

1.26 (0.77-2.06)
1.00

0.91 (0.55-1.50)

1.00
0.96 (0.47-1.97)
0.82 (0.38-1.73)
1.16 (0.60-2.24)

1.00
0.44 (0.25-0.76)

1.00
1.83 (0.96-3.58)
Adjusted RR
(95% CI)

1.00
1.53 (0.74-3.16)
1.73 (0.83-3.60)

1.00
0.58 (0.22-1.56)

1.00

1.51 (0.85-2.67)
1.00

1.01 (0.54-1.88)

1.00

0.47-2.68)
0.34-2.28)
0.63-3.21)

1.12 (

0.88 (

1.42 (
1.00

0.30 (0.14-0.63)

1.00
1.95 (0.90-4.24)

Adjusted analyses were adjusted for B-blocker use at discharge and the CHA2DS2-VASc score; hypertension, age, and heart failure were omitted from
the CHA2DS2-VASc score in the respective analyses. Cardioversion was defined as electrical cardioversion or pharmacologic cardioversion (receipt of =1
dose of a class | or Il antiarrhythmic drug). Reference groups are denoted with an RR of 1.00. AF = atrial fibrillation; NE = not estimable; RR = relative risk.
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repeated hospitalization; 107 saw their family physician,
and 10 saw a specialist for AF management (after a new
diagnosis of AF during follow-up). One participant had a
stroke, 1 had a heart failure event, 4 had a bleeding event,
and 7 died.

The proportion of participants with new-onset AF dur-
ing their initial hospitalization who were taking oral anticoa-
gulants was 47.1% at 6 months and 49.2% at 12 months.
This included 73% of participants with AF detected during
follow-up and 39% who did not have AF detected during
follow-up.

DiscussioN

Our study found that among patients who have new-
onset transient AF detected during a hospitalization for
noncardiac surgery or medical illness and are discharged
in sinus rhythm, approximately 1 in 3 have AF detected
in the year after hospital discharge. This risk for AF recur-
rence was approximately 7 times higher than in matched
control participants. Our results were consistent when
we limited the analysis to participants who had electrical
or pharmacologic cardioversion during the index hospi-
talization and to AF events detected by the patch ECG
monitor, as well as across the subpopulations of partici-
pants who were hospitalized for noncardiac surgery or
medical illness. These results may mean that an important
subset of patients with transient new-onset AF detected
during a hospitalization for another reason have paroxys-
mal AF that can be detected through systematic clinical
follow-up.

We previously conducted systematic reviews search-
ing for studies that reported on the rate of AF recurrence
after an episode of new-onset AF detected during hospi-
talization for noncardiac surgery or medical illness (31,
32). Two studies reported the rate of AF recurrence in
patients with medical illness. A retrospective study using
administrative data documented an AF recurrence rate
of 44% in the first year after discharge from a hospitaliza-
tion for sepsis (16). The Framingham Heart Study reported
a rate of AF recurrence of 44% within the first 5 years after
hospitalization in a heterogeneous group of medical and
surgical patients (8). Rates of AF recurrence for noncardiac
surgery patients ranged from 0% to 37.3% (31). Included
studies were limited by retrospective designs, nonsyste-
matic ECG monitoring, or lack of a control group. A retro-
spective study using administrative data found an AF
recurrence rate of 37% at 1 year after discharge from a hos-
pitalization for noncardiac surgery (7). A single-group pro-
spective study of patients with new-onset AF during an
admission for cancer surgery found that 24 of 77 partici-
pants (31%) had AF documented on an event recorder that
was worn for a median of 19 days (IQR, 12 to 30 days) (33).
The risk for AF recurrence in our study (33.1%) is similar to
the risks in these studies.

This study has important implications for manage-
ment of patients who have a first presentation of AF that
is concurrent with a reversible physiologic stressor. An
AF recurrence risk of 33.1% at 1 year is neither low enough
to conclude that transient new-onset AF in the setting of
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another illness is benign nor high enough that all such tran-
sient new-onset AF can be assumed to be paroxysmal AF.
Instead, these results call for risk stratification and follow-up
in these patients. Among the characteristics we studied,
only increased left atrial size was associated with a substan-
tially higher risk for detection of AF recurrence in follow-up.
This finding is consistent with findings in other AF popula-
tions and merits further study (34, 35).

Participants with recurrent AF in the study had a me-
dian total AF burden of 9.0 hours (IOR, 2.1 to 59.2 hours).
This far exceeds the cutoff of 6 minutes that was estab-
lished as being associated with stroke using simulated
AF screening in patients with implanted continuous mon-
itors (36). Moreover, this AF burden is similar to those
seen before ablation in contemporary randomized trials
(37, 38). These results suggest that the patients in our
study who had AF detected in follow-up are similar to con-
temporary patients with AF for whom evidence-based thera-
pies, including oral anticoagulation, are warranted.

Although this study included well-characterized exposed
and control groups, enrolled patients discharged in sinus
rhythm, and systematically captured postdischarge inci-
dence using continuous monitoring, it also has impor-
tant limitations. This was a relatively small observational
study that is subject to bias and residual confounding.
The results might not be generalizable to health care
settings nor to the entirety of the heterogeneous popu-
lation we enrolled. The study was not powered to evalu-
ate subgroups and clinical predictors of AF recurrence.
Finally, ECG monitoring was limited to a total of 28 days
at the 1- and 6-month visits; thus, we may have under-
estimated the true incidence of AF recurrence at 1 year after
hospitalization.

This study did not assess the efficacy of oral anticoa-
gulation for stroke prevention in the study population.
A randomized trial testing oral anticoagulation versus
no anticoagulation in noncardiac surgery patients with
new-onset postoperative AF is ongoing (ASPIRE-AF
[Anticoagulation for Stroke Prevention In Patients With
Recent Episodes of Perioperative AF After Noncardiac
Surgery]; NCT03968393). A similar randomized study in
patients with medical illness may be warranted.

Among patients who experience new-onset AF during
a hospitalization for noncardiac surgery or medical illness
and are discharged in sinus rhythm, approximately 1 in 3
will have AF in the year after hospital discharge when
assessed systematically. The risk for having AF detected
is markedly higher than in matched control participants.
Future studies are required to assess the efficacy of oral
anticoagulation for stroke prevention in this population.

From Division of Cardiology, Department of Medicine,
McMaster University; Department of Health Research Methods,
Evidence, and Impact, McMaster University; and Population
Health Research Institute, Hamilton, Ontario, Canada (W.F.M.,
SJ.C, D.C, JAW, PJ.D., JS.H.); Population Health Research
Institute, Hamilton, Ontario, Canada (M.E.V., AS.R, NR.L, AJ.G,,
C.R.), Department of Health Research Methods, Evidence, and
Impact, McMaster University, and Population Health Research
Institute, Hamilton, Ontario, Canada (P.A.M.); Population Health

Annals of Internal Medicine ¢ Vol.176 No.10 ¢ October 2023 1305

Downloaded from https://annals.org by American College of Physicians on 10/31/2023.


http://www.annals.org

ORIGINAL RESEARCH

Research Institute, and Michael G. DeGroote School of Medicine,
McMaster University, Hamilton, Ontario, Canada (A.P.L.); Division
of Cardiology, Department of Medicine, McMaster University,
Hamilton, Ontario, Canada (J.G.A.); Division of Cardiology,
Department of Medicine, McMaster University, and Population
Health Research Institute, Hamilton, Ontario, Canada (K.J.U., J.D.R.);
Division of Cardiology, Department of Medicine, McMaster
University; Department of Health Research Methods, Evidence,
and Impact, McMaster University; Population Health Research
Institute; and Division of Critical Care, Department of Medicine,
McMaster University, Hamilton, Ontario, Canada (E.P.B.); and
Department of Health Research Methods, Evidence, and Impact,
McMaster University; Population Health Research Institute;
Michael G. DeGroote School of Medicine, McMaster University;
Division of Critical Care, Department of Medicine, McMaster
University; and Division of Cardiac Surgery, Department of
Surgery, McMaster University, Hamilton, Ontario, Canada (R.P.W.).

Financial Support: This study was funded by peer-reviewed
research grants from the Canadian Cardiovascular Society
(CCS) Bayer Resident Vascular Award, the CCS Atrial Fibrillation
Awards, the Heart and Stroke Foundation of Canada, and the
Canadian Stroke Prevention Intervention Network (C-SPIN).
Dr. Mclntyre received peer-reviewed salary awards to work on
this study from C-SPIN, the Canadian Institutes of Health
Research, and the McMaster Cooper Foundation.

Disclosures: Disclosures can be viewed at www.acponline.org/
authors/icmje/ConflictOfInterestForms.do?msNum=M23-1411.

Reproducible Research Statement: Study protocol: The previ-
ously published design and rationale paper is available in refer-
ence 19. Statistical code: Available from Dr. Mclntyre (e-mail,
William.Mcintyre@phri.ca). Data set: Available upon written rea-
sonable request, subject to approval of the proposed use of the
data by a review committee.

Corresponding Author: William F. Mcintyre, MD, PhD, 237
Barton Street East, Hamilton, ON, L8L 2X2, Canada; e-mail,
William.Mcintyre@phri.ca.

Author contributions are available at Annals.org.

References

1. Krijthe BP, Kunst A, Benjamin EJ, et al. Projections on the num-
ber of individuals with atrial fibrillation in the European Union, from
2000 to 2060. Eur Heart J. 2013;34:2746-2751. [PMID: 23900699]
doi:10.1093/eurheartj/eht280

2. Odutayo A, Wong CX, Hsiao AJ, et al. Atrial fibrillation and risks
of cardiovascular disease, renal disease, and death: systematic
review and meta-analysis. BMJ. 2016;354:14482. [PMID: 27599725]
doi:10.1136/bm;.i4482

3. Andrade JG, Aguilar M, Atzema C, et al; Members of the
Secondary Panel. The 2020 Canadian Cardiovascular Society/
Canadian Heart Rhythm Society comprehensive guidelines for the
management of atrial fibrillation. Can J Cardiol. 2020;36:1847-1948.
[PMID: 33191198] doi:10.1016/j.cjca.2020.09.001

4. Hindricks G, Potpara T, Dagres N, et al; ESC Scientific Document
Group. 2020 ESC guidelines for the diagnosis and management of
atrial fibrillation developed in collaboration with the European

1306 Annals of Internal Medicine ¢ Vol.176 No.10 ¢ October 2023

AF Recurrence After Detection of AF During Hospitalization for Other Reasons

Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J.
2021;42:373-498. [PMID: 32860505] doi:10.1093/eurheartj/ehaaé12

5. January CT, Wann LS, Calkins H, et al; Writing Group Members.
2019 AHA/ACC/HRS focused update of the 2014 AHA/ACC/HRS
guideline for the management of patients with atrial fibrillation: a
report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines and the Heart
Rhythm Society. Heart Rhythm. 2019;16:€66-e93. [PMID: 30703530]
doi:10.1016/j.hrthm.2019.01.024

6. Fauchier L, Clementy N, Bisson A, et al. Prognosis in patients
with atrial fibrillation and a presumed “temporary cause” in a com-
munity-based cohort study. Clin Res Cardiol. 2017;106:202-210.
[PMID: 27695988] doi:10.1007/s00392-016-1040-7

7. Gialdini G, Nearing K, Bhave PD, et al. Perioperative atrial fibrilla-
tion and the long-term risk of ischemic stroke. JAMA. 2014;312:616-
622.[PMID: 25117130] doi:10.1001/jama.2014.9143

8. Lubitz SA, Yin X, Rienstra M, et al. Long-term outcomes of sec-
ondary atrial fibrillation in the community: the Framingham Heart
Study. Circulation. 2015;131:1648-1655. [PMID: 25769640] doi:10.1161/
CIRCULATIONAHA.114.014058

9. Walkey AJ, Wiener RS, Ghobrial JM, et al. Incident stroke and
mortality associated with new-onset atrial fibrillation in patients hos-
pitalized with severe sepsis. JAMA. 2011;306:2248-2254. [PMID:
22081378]doi:10.1001/jama.2011.1615

10. McIntyre WF, Connolly SJ, Healey JS. Atrial fibrillation occur-
ring transiently with stress. Curr Opin Cardiol. 2018;33:58-65.
[PMID: 29049042] doi:10.1097/HCO.0000000000000475

11. McIntyre WF, Um KJ, Alhazzani W, et al. Association of vaso-
pressin plus catecholamine vasopressors vs catecholamines alone
with atrial fibrillation in patients with distributive shock: a systematic
review and meta-analysis. JAMA. 2018;319:1889-1900. [PMID:
29801010] doi:10.1001/jama.2018.4528

12. Walkey AJ, Myers LC, Thai KK, et al. Practice patterns and out-
comes associated with anticoagulation use following sepsis hospi-
talizations with new-onset atrial fibrillation. Circ Cardiovasc Qual
Outcomes. 2023;16:e009494. [PMID: 36852680] doi:10.1161/
CIRCOUTCOMES.122.009494

13. McIntyre WF, Healey J. Stroke prevention for patients with atrial
fibrillation: beyond the guidelines. J Atr Fibrillation. 2017;9:1475.
[PMID: 29250283] doi:10.4022/jafib.1475

14. Hyun J, Cho MS, Nam GB, et al. Natural course of new-onset post-
operative atrial fibrillation after noncardiac surgery. J Am Heart Assoc.
2021;10:e018548. [PMID: 33739130] doi:10.1161/JAHA.120.018548

15. Wang EY, Hulme OL, Khurshid S, et al. Initial precipitants and re-
currence of atrial fibrillation. Circ Arrhythm Electrophysiol. 2020;13:
e007716.[PMID: 32078361] doi:10.1161/CIRCEP.119.007716

16. Walkey AJ, Hammill BG, Curtis LH, et al. Long-term outcomes fol-
lowing development of new-onset atrial fibrillation during sepsis.
Chest. 2014;146:1187-1195. [PMID: 24723004] doi:10.1378/chest.14-
0003

17. Butt JH, Olesen JB, Havers-Borgersen E, et al. Risk of throm-
boembolism associated with atrial fibrillation following noncardiac
surgery. J Am Coll Cardiol. 2018;72:2027-2036. [PMID: 30336826]
doi:10.1016/j.jacc.2018.07.088

18. Gundlund A, Olesen JB, Butt JH, et al. One-year outcomes in
atrial fibrillation presenting during infections: a nationwide registry-
based study. Eur Heart J. 2020;41:1112-1119. [PMID: 31848584]
doi:10.1093/eurheartj/ehz873

19. McIntyre WF, Mendoza PA, Belley-Cote EP, et al. Design and
rationale of the Atrial Fibrillation Occurring Transiently with Stress
(AFQOTS) follow-up cohort study. Clin Cardiol. 2018;41:1273-1280.
[PMID: 30125047] doi:10.1002/clc.23053

20. Higgins SL. A novel patch for heart rhythm monitoring: is the
Holter monitor obsolete? Future Cardiol. 2013;9:325-333. [PMID:
23668739]doi:10.2217/fca.13.13

21. Barrett PM, Komatireddy R, Haaser S, et al. Comparison of
24-hour Holter monitoring with 14-day novel adhesive patch

Annals.org

Downloaded from https://annals.org by American College of Physicians on 10/31/2023.


http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M23-1411
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M23-1411
mailto:William.Mcintyre@phri.ca
mailto:William.Mcintyre@phri.ca
http://www.annals.org
https://doi.org/10.1093/eurheartj/eht280
https://doi.org/10.1136/bmj.i4482
https://doi.org/10.1016/j.cjca.2020.09.001
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1016/j.hrthm.2019.01.024
https://doi.org/10.1007/s00392-016-1040-7
https://doi.org/10.1001/jama.2014.9143
https://doi.org/10.1161/CIRCULATIONAHA.114.014058
https://doi.org/10.1161/CIRCULATIONAHA.114.014058
https://doi.org/10.1001/jama.2011.1615
https://doi.org/10.1097/HCO.0000000000000475
https://doi.org/10.1001/jama.2018.4528
https://doi.org/10.1161/CIRCOUTCOMES.122.009494
https://doi.org/10.1161/CIRCOUTCOMES.122.009494
https://doi.org/10.4022/jafib.1475
https://doi.org/10.1161/JAHA.120.018548
https://doi.org/10.1161/CIRCEP.119.007716
https://doi.org/10.1378/chest.14-0003
https://doi.org/10.1378/chest.14-0003
https://doi.org/10.1016/j.jacc.2018.07.088
https://doi.org/10.1093/eurheartj/ehz873
https://doi.org/10.1002/clc.23053
https://doi.org/10.2217/fca.13.13
http://www.annals.org

AF Recurrence After Detection of AF During Hospitalization for Other Reasons

electrocardiographic monitoring. Am J Med. 2014;127:95.e11-95.
e17.[PMID: 24384108] doi:10.1016/j.amjmed.2013.10.003

22. Schreiber D, Sattar A, Drigalla D, et al. Ambulatory cardiac
monitoring for discharged emergency department patients with
possible cardiac arrhythmias. West J Emerg Med. 2014;15:194-
198.[PMID: 24672611] doi:10.5811/westjem.2013.11.18973

23. Turakhia MP, Hoang DD, Zimetbaum P, et al. Diagnostic utility
of a novel leadless arrhythmia monitoring device. Am J Cardiol.
2013;112:520-524. [PMID: 23672988] doi:10.1016/j.amjcard.2013.
04.017

24. Verma A, Ha ACT, Kirchhof P, et al. The Optimal Anti-Coagulation
for Enhanced-Risk Patients Post-Catheter Ablation for Atrial Fibrillation
(OCEAN) trial. Am Heart J. 2018;197:124-132. [PMID: 29447772]
doi:10.1016/j.ahj.2017.12.007

25. Gladstone DJ, Wachter R, Schmalstieg-Bahr K, et al; SCREEN-AF
Investigators and Coordinators. Screening for atrial fibrillation in the
older population: a randomized clinical trial. JAMA Cardiol. 2021;6:558-
567.[PMID: 33625468] doi:10.1001/jamacardio.2021.0038

26. Gladstone DJ, Spring M, Dorian P, et al; EMBRACE Investigators
and Coordinators. Atrial fibrillation in patients with cryptogenic stroke.
N Engl J Med. 2014;370:2467-2477. [PMID: 24963566] doi:10.1056/
NEJMoa1311376

27. Cheung CC, Kerr CR, Krahn AD. Comparing 14-day adhesive
patch with 24-h Holter monitoring. Future Cardiol. 2014;10:319-
322.[PMID: 24976467]doi:10.2217/fca.14.24

28. Seet RCS, Friedman PA, Rabinstein AA. Prolonged rhythm moni-
toring for the detection of occult paroxysmal atrial fibrillation in ische-
mic stroke of unknown cause. Circulation. 2011;124:477-486. [PMID:
21788600] doi:10.1161/CIRCULATIONAHA.111.029801

29. Alexander MT, Kufera JA. Butting heads on matched cohort
analysis using SAS® software. Presented at NESUG 2007, Baltimore,
Maryland, 11-14 November 2007.

30. Lachin JM. Biostatistical Methods: The Assessment of Relative
Risks. 2nd ed. Wiley; 2011.

Annals.org

ORIGINAL RESEARCH

31. MclIntyre WF, Vadakken ME, Rai AS, et al. Incidence and recur-
rence of new-onset atrial fibrillation detected during hospitalization
for non-cardiac surgery: a systematic review and meta-analysis. Can
J Anaesth. 2021;68:1045-1056. [PMID: 33624255] doi:10.1007/
$12630-021-01944-0

32. McIntyre WF, Um KJ, Cheung CC, et al. Atrial fibrillation
detected initially during acute medical iliness: a systematic review.
Eur Heart J Acute Cardiovasc Care. 2019;8:130-141. [PMID:
30403364]doi:10.1177/2048872618799748

33. Higuchi S, Kabeya Y, Matsushita K, et al. Perioperative atrial fi-
brillation in noncardiac surgeries for malignancies and one-year re-
currence. Can J Cardiol. 2019;35:1449-1456. [PMID: 31679617]
doi:10.1016/j.cjca.2019.07.008

34. Healey JS, Alings M, Ha A, et al; ASSERT-II Investigators. Subclinical
atrial fibrillation in older patients. Circulation. 2017;136:1276-1283.
[PMID: 28778946] doi:10.1161/CIRCULATIONAHA.117.028845

35. Goldberger JJ, Arora R, Green D, et al. Evaluating the atrial my-
opathy underlying atrial fibrillation: identifying the arrhythmogenic
and thrombogenic substrate. Circulation. 2015;132:278-291. [PMID:
26216085] doi:10.1161/CIRCULATIONAHA.115.016795

36. McIntyre WF, Wang J, Benz AP, et al. Estimated incidence of
previously undetected atrial fibrillation on a 14-day continuous elec-
trocardiographic monitor and associated risk of stroke. Europace.
2022;24:1058-1064. [PMID: 35061877] doi:10.1093/europace/
euab324

37. Rade JG, Champagne J, Dubuc M, et al; CIRCA-DOSE Study
Investigators. Cryoballoon or radiofrequency ablation for atrial fi-
brillation assessed by continuous monitoring: a randomized clinical
trial. Circulation. 2019;140:1779-1788. [PMID: 31630538] doi:10.1161/
CIRCULATIONAHA.119.042622

38. Poole JE, Bahnson TD, Monahan KH, et al; CABANA
Investigators and ECG Rhythm Core Lab. Recurrence of atrial
fibrillation after catheter ablation or antiarrhythmic drug ther-
apy in the CABANA trial. J Am Coll Cardiol. 2020;75:3105-3118. [PMID:
32586583] doi:10.1016/}.jacc.2020.04.065

Annals of Internal Medicine ¢ Vol.176 No.10 ¢ October 2023 1307

Downloaded from https://annals.org by American College of Physicians on 10/31/2023.


https://doi.org/10.1016/j.amjmed.2013.10.003
https://doi.org/10.5811/westjem.2013.11.18973
https://doi.org/10.1016/j.amjcard.2013.04.017
https://doi.org/10.1016/j.amjcard.2013.04.017
https://doi.org/10.1016/j.ahj.2017.12.007
https://doi.org/10.1001/jamacardio.2021.0038
https://doi.org/10.1056/NEJMoa1311376
https://doi.org/10.1056/NEJMoa1311376
https://doi.org/10.2217/fca.14.24
https://doi.org/10.1161/CIRCULATIONAHA.111.029801
https://doi.org/10.1007/s12630-021-01944-0
https://doi.org/10.1007/s12630-021-01944-0
https://doi.org/10.1177/2048872618799748
https://doi.org/10.1016/j.cjca.2019.07.008
https://doi.org/10.1161/CIRCULATIONAHA.117.028845
https://doi.org/10.1161/CIRCULATIONAHA.115.016795
https://doi.org/10.1093/europace/euab324
https://doi.org/10.1093/europace/euab324
https://doi.org/10.1161/CIRCULATIONAHA.119.042622
https://doi.org/10.1161/CIRCULATIONAHA.119.042622
https://doi.org/10.1016/j.jacc.2020.04.065
http://www.annals.org

Author Contributions: Conception and design: W.F. Mcintyre,
S.J. Connolly, E.P. Belley-Coté, R.P. Whitlock, J.S. Healey.
Analysis and interpretation of the data: W.F. McIntyre, A.J.
Grinvalds, C. Ramasundarahettige, J.D. Roberts, D. Conen, J.A.
Wong, E.P. Belley-Coté, R.P. Whitlock, J.S. Healey.

Drafting of the article: W.F. Mcintyre, C. Ramasundarahettige,
K.J. Um, J.A. Wong, R.P. Whitlock.

Critical revision for important intellectual content: W.F.
Mclntyre, J.D. Roberts, D. Conen, J.A. Wong, P.J. Devereaux, E.
P. Belley-Coté, R.P. Whitlock, J.S. Healey.

Final approval of the article: W.F. Mclntyre, M.E. Vadakken, S.J.
Connolly, P.A. Mendoza, AP. Lengyel, AS. Rai, N.R.
Latendresse, A.J. Grinvalds, C. Ramasundarahettige, J.G.
Acosta, KJ. Um, J.D. Roberts, D. Conen, J.A. Wong, P.J.
Devereaux, E.P. Belley-C6té, R.P. Whitlock, J.S. Healey.
Provision of study materials or patients: W.F. McIntyre, K.J. Um,
J.A. Wong.

Statistical expertise: S.J. Connolly, C. Ramasundarahettige.
Obtaining of funding: W.F. MclIntyre, J.S. Healey.
Administrative, technical, or logistic support: W.F. McIntyre, M.
E. Vadakken, P.A. Mendoza, A.S. Rai, N.R. Latendresse, A.J.
Grinvalds, J.G. Acosta, K.J. Um, J.A. Wong, J.S. Healey.
Collection and assembly of data: W.F. McIntyre, M.E. Vadakken,
P.A. Mendoza, A.P. Lengyel, AS. Rai, N.R. Latendresse, A.J.
Grinvalds, J.G. Acosta, K.J. Um, R.P. Whitlock, J.S. Healey.

Annals.org

Annals of Internal Medicine * Vol.176 No.10 ¢ October 2023

Downloaded from https://annals.org by American College of Physicians on 10/31/2023.


http://www.annals.org

