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Introduction
Postoperative atrial fibrillation (POAF) after noncardiac sur-
gery comprises approximately 13% of all new atrial fibrilla-
tion (AF) diagnoses in the community and has been
associated with increased risk of subsequent stroke and tran-
sient ischemic attack compared to patients without a history of
AF.1–3 However, the management of POAF after noncardiac
surgery, including the indications and approaches to
ambulatory rhythm monitoring and oral anticoagulation
(OAC) for stroke prophylaxis, remains uncertain. Recent
data have also demonstrated that AF tends to recur in about
one-third of patients with POAFwithin the first year of the in-
dex POAF episode.4 Patients at risk for recurrent AF during
follow-up are most likely to benefit from OAC. However,
there are currently no established approaches to predicting
subsequent AF after the initial POAF episode in patients un-
dergoing noncardiac surgery.

The CHARGE-AF (Cohorts for Heart and Aging
Research in Genomic Epidemiology–Atrial Fibrillation)
risk model was developed to predict incident AF based on
clinical information using community-based cohorts from
the United States and Europe.5 Furthermore, a recently devel-
oped artificial intelligence–enhanced electrocardiography
(AI-ECG) model using deep-learning convolutional neural
network methodology has been shown to predict subclinical
AF from the standard 12-lead ECG.6 However, the perfor-
mance of CHARGE-AF or the AI-ECG model in predicting
subsequent AF after initial POAF episode has not been estab-
lished.
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The purpose of this study was to assess whether among
patients with POAF associated with noncardiac surgery, a
clinical risk score designed to predict AF (CHARGE-AF)
and an AI-ECG model designed to identify the signature of
AF on the sinus rhythm ECG would be able to classify risk
for subsequent AF. Additionally, it was hypothesized that a
combined approach of AI-ECG with the CHARGE-AF
model would be able to determine those most at risk
compared to either independent scoring system.
Methods
The cohort originated from a Rochester Epidemiology
Project study of 452 patients with POAF ,30 days after
noncardiac surgery (2000–2013). Approximately one-
quarter of patients underwent orthopedic surgeries, and
another quarter underwent gastrointestinal surgeries, fol-
lowed by thoracic/pulmonary (excluding large vessel) in
21%, urogenital in 6.9%, neurosurgical in 6.4%, and other
in 16.7%.1 In the current analysis, 340 patients with POAF
who had at least 1 standard, digitally stored, 10-second, 12-
lead ECG in sinus rhythm within 30 days before the surgery
date, who survived �30 days after the surgery, and who
granted Minnesota research authorization for use of their
medical records for research were included. The previously
developed AI-ECG model for AF prediction was applied to
each patient’s sinus rhythm ECG closest to the surgical
date.6 In addition, each individual’s CHARGE-AF score pre-
dicting the 5-year risk of AF was calculated. Variables
included age, race, height, weight, systolic and diastolic
blood pressures, current smoker, antihypertensive medica-
tions, diabetes, history of myocardial infarction and history
of heart failure. Thirty-two subjects had missing data for at
least 1 of the variables and were excluded from the analyses,
resulting in a cohort of 308 patients. Patients were followed
from the date of POAF until subsequent AF (manually vali-
dated based on ECG documentation at least 30 days after the
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KEY FINDINGS

� Patients with postoperative atrial fibrillation (POAF) af-
ter noncardiac surgery are at risk for recurrent subse-
quent atrial fibrillation (AF). However, uncertainty
exists regarding the optimal utilization of anticoagula-
tion and rhythm monitoring strategies in patients with
POAF.

� In this analysis, the top tertiles of both the CHARGE-AF
(Cohorts for Heart and Aging Research in Genomic
Epidemiology–Atrial Fibrillation) score and an AF artifi-
cial intelligence–enhanced electrocardiography (AI-
ECG) model, a deep-learning model previously devel-
oped to predict subclinical AF from the standard 12-
lead ECG, were associated with higher incidences of
subsequent AF compared to the other tertiles.

� However, both scoring systems, each alone and com-
bined, demonstrated only modest discriminating value
for prediction of subsequent AF after POAF.
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occurrence of POAF), death, last follow-up, or December 31,
2018, whichever occurred first. Kaplan-Meier curves for time
to subsequent AF were presented for tertiles of the
CHARGE-AF and AI-ECG scores. C-statistics were calcu-
lated for predicting subsequent AF from Cox models with
the AI-ECG score, the CHARGE-AF score, and both scores
together as predictors. The research reported here adhered to
the Helsinki Declaration (as revised in 2013).
Results
During a median [interquartile range] follow-up of 2.8 [0.7–
5.7] years, 156 patients with POAF had subsequent AF at
least 30 days after their POAF episode. The risk of subse-
quent AF differed by tertiles of CHARGE-AF score
A B

Figure 1 Time to subsequent atrial fibrillation by tertiles of CHARGE-AF score (A
after noncardiac surgery. AF5 atrial fibrillation; AI-ECG5 artificial intelligence–e
Research in Genomic Epidemiology–Atrial Fibrillation.
(Figure 1A) and by tertiles of AI-ECG score (Figure 1B).
Event rates for subsequent AF after POAF for tertiles of
the CHARGE-AF score and AI-ECG score are given in
Table 1. The rate of subsequent AF was 87.16 per 1000
person-years for tertile 1 of CHARGE-AF score and
increased to 198.51 per 1000 person-years for tertile 3. For
AI-ECG score, the corresponding rates were 90.93 and
226.00 per 1000 person-years for tertiles 1 and 3, respec-
tively. The C-statistics for predicting subsequent AF were
similar for the CHARGE-AF score (0.59) and the AI-ECG
score (0.59) (Figure 2). With the combined AI-
ECG1CHARGE-AF model, the C-statistic was 0.61. There
was no difference between CHARGE-AF vs CHARGE-
AF1AI-ECG (P 5 .53) or AI-ECG vs CHARGE-AF1AI-
ECG (P 5 .19) models. Results for CHARGE-AF were not
different when treating each of the score’s components as a
separate variable in the prognostic analysis.
Discussion
Uncertainties in POAF management after noncardiac surgery
remain. Distinguishing POAF patients who are at greatest
risk for recurrent AF from those having an isolated POAF
episode triggered by perioperative stress is important in guid-
ing management decisions such as OAC and intensity of
rhythm monitoring. A tool to discriminate between isolated
one-off POAF from POAF with a high likelihood of recur-
rence does not exist. In this analysis, the top tertiles of both
the AI-ECG and CHARGE-AF scores were associated with
higher incidences of subsequent AF compared to the other
tertiles. However, AI-ECG did not improve the prediction
of subsequent AF after POAF above and beyond the
CHARGE-AF score. Both scoring systems alone and in com-
bination showed, at best, modest discriminating value. This is
in contrast to incident AF occurring in the community outside
of the perioperative setting in which both CHARGE-AF and
) andAI-ECG score (B) among patients with atrial fibrillation within 30 days
nhanced electrocardiography; CHARGE-AF5 Cohorts for Heart and Aging



Figure 2 C-statistics for prediction of subsequent atrial fibrillation among
patients with atrial fibrillation within 30 days after noncardiac surgery. CI5
confidence interval; other abbreviation as in Figure 1.
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AI-ECG have shown superior discrimination predictive per-
formances.5–7

In the paradigm of AI modeling, we previously demon-
strated that the AI-ECG algorithm that was originally devel-
oped for prediction of AF in all-comers resulted in lower
performance when tested for the prediction of POAF.8 Simi-
larly, CHARGE-AF was developed in the outpatient setting
and has not been previously validated in inpatients or for
POAF specifically. These data highlight that the distinct path-
ophysiology of POAF may not be encapsulated in the param-
eters of otherwise well-performing models for AF prediction.
Extrapolation of model performance to settings different
from those in which a model was developed should be
done with caution.

Furthermore, the results of this analysis suggest that a gen-
eral AI-ECG model may not be well suited in every clinical
scenario and that a dedicated scoring system (AI-ECG, clin-
ical risk factor–based, or combined) is needed to identify
those at highest risk of developing subsequent AF after
POAF. Analysis of preoperative ECGs in sinus rhythm in
conjunction with immediate postoperative ECGs in AF or si-
nus rhythmmight further improve the performance of AI pre-
dictive modeling. Of note, AI-ECG may have the advantage
of easy acquisition and repeatability as an objective measure
of the dynamic AF risk at multiple time points before and/or
after surgery. These practical issues of predictive modeling
for POAF after noncardiac surgery require evaluation in pro-
spective implementation studies.
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