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Abstract

Background -—Atrial fibrillation (AF) may occur after an acute precipitant and subsequently
resolve. Management guidelines for AF in these settings are unclear, since the risk of recurrent AF
and related morbidity is poorly understood. We examined the relations between acute precipitants
of AF and long-term recurrence of AF in a clinical setting.

Methods -—From a multi-institutional longitudinal electronic medical record database, we
identified patients with newly diagnosed AF between 2000-14. We developed algorithms to
identify acute AF precipitants (surgery, sepsis, pneumonia, pneumothorax, respiratory failure,
myocardial infarction, thyrotoxicosis, alcohol, pericarditis, pulmonary embolism, and
myocarditis). We assessed risks of AF recurrence in individuals with and without a precipitant and
the relations between AF recurrence and heart failure, stroke, and mortality.

Results -—Among 10,723 patients with newly diagnosed AF (67.9 + 9.9 years, 41% women),
19% had an acute AF precipitant, the most common of which were cardiac surgery (22%),
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pneumonia (20%), and non-cardiothoracic surgery (15%). The cumulative incidence of AF
recurrence at 5 years was 41% among individuals with a precipitant compared to 52% in those
without a precipitant (adjusted hazard ratio [HR]: 0.75, 95% confidence interval [CI]: 0.69-0.81,
p<0.001). The lowest risk of recurrence among those with precipitants was postoperative AF (5-
year incidence 32% in cardiac surgery and 39% in non-cardiothoracic surgery). Regardless of the
presence of an initial precipitant, recurrent AF was associated with increased adjusted risks of
heart failure (HR: 2.74, 95% CI: 2.39-3.15, p<0.001), stroke (HR: 1.57, 95% CI: 1.30-1.90,
p<0.001) and mortality (HR: 2.96, 95% CI: 2.70-3.24, p<0.001).

Conclusions -—AF after an acute precipitant frequently recurs, although the risk of recurrence
is lower than among individuals without an acute precipitant. Recurrence is associated with
substantial long-term morbidity and mortality. Future studies should address surveillance and
management after newly diagnosed AF in the setting of an acute precipitant.
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Introduction

Atrial fibrillation (AF) is a common arrhythmia, with a lifetime risk exceeding 30% in
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individuals of European ancestry, and 20% in those of African ancestry.1~4 Newly-diagnosed
AF may be triggered by acute, potentially reversible precipitants, including surgery,
infection, acute myocardial infarction, and thyrotoxicosis, or it can occur in the absence of

an identifiable acute precipitant.>-11 Previous guidelines have classified AF occurring in the

context of an acute precipitant as secondary and potentially “self-limited” after treatment of

the underlying cause.1? Recent data suggest that risk of recurrent AF and related morbidity
may in fact be substantial, however these studies are small or include patients from prior
decades before advances in AF therapy.>-13-17

Studies show that clinicians often manage patients with AF in the setting of an acute

precipitant differently from those who develop AF without an identifiable precipitant.

Patients with an acute AF trigger are less likely to be prescribed anticoagulation for stroke

prophylaxis, even in the presence of elevated stroke risk.18-20 In one study, 10% of patients
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with “newly” detected AF at time of stroke had evidence of a prior episode of AF that
occurred in the setting of a transient precipitant, which was not carried forward in their
health records and for which they were not anticoagulated.? Almost half of patients with
newly-diagnosed AF during sepsis who later had an ischemic stroke did not receive another
AF diagnosis before the stroke.22 Thus, there is a critical need to understand the long-term
course of AF occurring in the setting of an acute precipitant, and to assess how recurrences
of AF are associated with morbidity and mortality.

We sought to ascertain acute triggers of newly diagnosed AF using a large and contemporary
longitudinal electronic health record (EHR) database. We quantified the frequency of acute
precipitants in patients with newly diagnosed AF and examined the risk of long-term AF
recurrence. We then examined the relations between recurrent AF and the risks of heart
failure, stroke, and mortality in patients with and without an acute precipitant.

Reasonable requests to access the data that support the findings of this study may be sent to
the corresponding author.

Study sample

We collected data from the Partners HealthCare EHR using the Research Patient Database
Query Tool, which contains longitudinal records of more than 6.5 million patients across 7
hospitals in Massachusetts. Details of the Partners HealthCare EHR have been previously
described.23:24 We assembled detailed longitudinal medical record information in a database
including 921,733 patients 30 to 90 years of age with at least one outpatient visit in each of
two consecutive calendar years between January 2000 and December 2014. The beginning
of the follow-up period began after this two-year window (Supplemental Figure 1).
Longitudinal follow-up data in this analysis were acquired through September 19, 2016. The
use of EHR data for research purposes was approved with a waiver of informed consent by
the Partners HealthCare Institutional Review Board.

We ascertained the presence of AF or atrial flutter using a previously described electronic
algorithm?223 comprised of diagnostic and procedure codes, text from electrocardiogram
(ECG) readings, and medication prescriptions. We defined ECGs as demonstrating a non-AF
rhythm when they did not meet our criteria for AF. The positive predictive value of the
algorithm using chart review as the gold standard was estimated to be =88%.23 Individuals
with AF identified in their longitudinal medical records prior to or during the two-year
calendar window were considered to have prevalent AF and were omitted from the analysis.
In total, we identified 26,806 patients with newly diagnosed AF during follow-up. We
eliminated patients in whom the first documented non-AF rhythm occurred greater than
three months after newly diagnosed AF, as we considered these patients to have sustained
AF (n=5,232). We also eliminated patients with sustained AF throughout the entire follow-
up period (n=1,832) since they were not at risk for recurrence. Individuals with death or last
follow-up within 30 days of a non-AF rhythm (n=2,901) were omitted, since we sought to
determine relations between precipitants and long-term recurrence and morbidity. We
eliminated patients with indeterminate patterns (only 1 ECG) after the start of person-time
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accrual (n=5,968). Individuals with indeterminate data had a median follow-up time of 1.0
[interquartile range [IQR]: 0.15, 2.9] years. Finally, we eliminated individuals with missing
follow-up data (n=150). Consequently, 10,723 individuals remained eligible for analysis
(Supplemental Figure 2).

Development of AF precipitant algorithms

The selection of candidate acute AF precipitants was informed by prior American Heart
Association/American College of Cardiology/Heart Rhythm Society guidelines.11:12
Precipitants included surgery (classified as cardiac, thoracic non-cardiac, and non-
cardiothoracic), acute myocardial infarction, sepsis, pneumonia, pulmonary embolism,
pneumothorax, respiratory failure due to other causes, acute alcohol consumption,
thyrotoxicosis, pericardial disease (pericarditis and tamponade), and myocarditis.

We developed electronic algorithms to identify whether patients had a precipitant. Algorithm
components included International Classification of Disease (ICD) -9 and -10 codes, Current
Procedural Terminology (CPT) codes, laboratory values, and free text extracted from
discharge summaries. In iterations of each algorithm, we reviewed charts for samples of 50
patients whom the algorithm identified as having the precipitant. We evaluated the positive
predictive values of each algorithm, and evaluated the mean absolute date discrepancy
between the algorithm-determined date and manually adjudicated date of precipitant
occurrence. We reviewed a test set of 650 charts (50 charts x 13 precipitants) after running
our initial algorithms. We then iteratively revised algorithm components to achieve a positive
predictive value of =80% for each precipitant. We subsequently determined sensitivity and
specificity of final algorithms by manually adjudicating 13 random independent samples in
the EHR database. The samples were assembled using a targeted sampling technique with 50
potential cases and 50 potential referents for each precipitant, and were reviewed in a
blinded fashion.2> Algorithms and test characteristics for identification of each precipitant
are summarized in Supplemental Tables 1-3.

After validation, we applied the acute precipitant algorithms to the sample of patients with
newly diagnosed AF to determine which cases of AF were associated with a precipitant. We
defined newly diagnosed AF as having occurred with a precipitant if at least one acute
precipitant had been documented within 30 days prior to the onset of AF. For cases with
multiple precipitants (n= 320, 15%), we assigned a primary precipitant according to the
following sequence: cardiac surgery, thoracic non-cardiac surgery, non-cardiothoracic
surgery, myocardial infarction, sepsis, pulmonary embolism, pneumonia, respiratory failure,
thyrotoxicosis, pneumothorax, myocarditis, pericarditis, alcohol intoxication. The
hierarchical sequence gave priority to the precipitant most likely to have the greatest impact
of triggering AF, as defined in a prior study.® We then randomly selected 100 independent
patient charts for which the presence of an identifiable AF precipitant was manually
validated. Sensitivity, specificity, and positive predictive value were 83%, 82%, and 92%,
respectively. We further examined pairwise agreement between two independent
adjudicators (E.Y.W, S.K.) using the Cohen’s x, which was 0.73.
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Ascertainment of recurrent AF, stroke, heart failure, and mortality

The primary outcome was AF recurrence. We defined recurrence as either the presence of an
ECG showing AF or atrial flutter following intercurrent non-AF rhythm or documentation of
a cardioversion. AF or flutter rhythms were abstracted from ECG readings using text search
methods.23 We identified ablations and cardioversions via CPT codes for respective
procedures.

Secondary outcomes included incident ischemic stroke, heart failure, and mortality after
newly diagnosed AF. Stroke and heart failure were defined using ICD codes on two or more
dates specifying each outcome (Supplemental Table 4). Stroke codes were informed by
previously published data.2® Stroke and heart failure algorithms have been validated
previously to have positive predictive values >85%. The date of last follow-up was defined
as the last date of a recorded ICD code in each patient chart, or death. Death was determined
via regular updates within the Research Patient Database Query Tool based on the hospital
register and Social Security Death Index.

Ascertainment of covariates

Demographic and vital status were obtained from the Research Patient Database Query Tool.
Additional covariates included admission status at AF diagnosis (i.e., inpatient, outpatient,
emergency department, not recorded), history of coronary heart disease, diabetes mellitus,
heart failure, myocardial infarction, hypertension, valvular disease, stroke or transient
ischemic attack, peripheral arterial disease, chronic kidney disease, smoking, and alcohol
use. Covariates were ascertained from the EHR using previously validated methods and had
sensitivities = 84% and specificities = 88% on chart review (Supplemental Table 4).
Covariates were considered prevalent at AF if they occurred at or before the time of AF
diagnosis.

Statistical analysis

We determined the cumulative risk of AF recurrence using the Kaplan Meier method. We
also accounted for death as a competing risk by using the Fine-Gray proportional
subdistribution hazards model.27-28 For individuals with first documented non-AF rhythm
within 30 days of AF, person-time began 30 days after non-AF rhythm (to account for
possible transitions in and out of AF in the setting of a precipitant); otherwise, person-time
began at the first documented non-AF rhythm. We censored person-time at ablation, last
billing code, or death. We verified the proportional hazards assumption by examining scaled
Schoenfeld residuals. Models were adjusted for established predictors of AF prevalent at
diagnosis, which were determined a priori.?® Covariates included age, sex, race (white vs
non-white), hypertension, diabetes, history of myocardial infarction, heart failure, valvular
disease, prior stroke or transient ischemic attack, peripheral artery disease, chronic
obstructive pulmonary disease, malignancy, tobacco use, and alcohol use. Effect estimates
were stratified by admission status at time of AF diagnosis (i.e., inpatient, outpatient,
emergency department, not-recorded).

In precipitant subgroup analyses, we stratified precipitants into broader categories including
acute infection (sepsis, pneumonia, pericarditis, myocarditis), and acute respiratory illness
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(respiratory failure and pneumothorax). We determined adjusted hazard ratios for AF
recurrence in the context of each precipitant using AF without any precipitant as the referent
category.

In secondary analyses we examined the relations between recurrent AF and stroke, heart
failure, and mortality by fitting Cox proportional hazards models in which we specified the
first recurrence of AF as a time-dependent covariate, with start of person-time determined as
above. We excluded individuals with the outcome of interest prevalent at the time of newly-
diagnosed AF or before the start of person-time (Supplemental Figures 3-4). Analyses of
heart failure, stroke, and death were censored at the last follow-up date. Models for
outcomes were adjusted for the aforementioned covariates as well as the presence of an AF
precipitant. We again verified the proportional hazards assumption in each model by
examining scaled Schoenfeld residuals. We performed a sensitivity analysis of AF
recurrence in the subset of patients who were inpatients at newly diagnosed AF.

A two-sided p value <0.05 was considered significant. Analyses were performed using R
version 3.4.0.30

Among the 10,723 individuals with newly diagnosed AF in our overall sample of 921,733
patients, the mean age was 67.9 + 9.9 years, 41% were women, and 86% were white. At
least one acute precipitant was identifiable in 2,089 (19%), of whom 320 (15%) had multiple
precipitants. The most commonly identified precipitants were cardiac surgery (n=459, 22%),
pneumonia (n=415, 20%), and non-cardiothoracic surgery (n=321, 15%) (Figure 1).31 At
onset of AF, patients with acute precipitants were more likely to be older and inpatients,
with a history of comorbidity, including hypertension, heart failure, myocardial infarction,
valvular heart disease, peripheral artery disease, stroke, diabetes mellitus, chronic lung
disease, and cancer. They were also more likely to have documentation of behaviors
associated with AF, including tobacco use and alcohol consumption (Table 1).32 The
cumulative incidences of death at 1, 5, and 10 years after newly-diagnosed AF were 3%, 9%,
and 13% in patients without an AF precipitant, and 6%, 17%, and 22% in those with an AF
precipitant. At least one week prior to AF diagnosis, a total of 1,863 (89%) of individuals
with an acute precipitant and 7,103 (82%) of individuals without an acute precipitant had
one or more ECGs confirming the absence of AF. The median follow-up time among all
patients after newly diagnosed AF was 2.5 [IQR: 0.8, 5.4] years.

In analyses of AF recurrence, the median number of ECGs in the follow-up period starting
30 days after a non-AF rhythm was 10 [IQR: 5, 21] in patients with AF and no precipitant,
with a median follow-up time of 3.2 [IQR: 1.5, 5.7] years, and 10 [IQR: 5, 22] ECGs in
individuals with AF and a precipitant, with a median follow-up time of 2.5 [IQR: 1.1, 4.9]
years. Kaplan-Meier curves for the cumulative risk of recurrent AF are shown in Figure 2.
Adjusting for the competing risk of death, the cumulative incidences of recurrent AF at 1, 5,
and 10 years after newly diagnosed AF were 26%, 52%, and 65% in individuals without a
precipitant, and 20%, 41%, and 55% in patients with a precipitant. Individuals with recurrent
AF had their first recurrence documented a mean of 1.7 years after the incident episode
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(median 0.9 [IQR: 0.2, 2.5]). In competing risks analyses with adjustment for clinical AF
risk factors, newly diagnosed AF with a precipitant was associated with a lower risk of
recurrence than AF without a precipitant (HR 0.75, 95% CI 0.69-0.81, p<0.001).

In our sensitivity analysis among the subset of individuals who were inpatients at time of
newly diagnosed AF, the cumulative incidence of AF recurrence and hazard ratios for
association between AF precipitants and AF recurrence were similar to the overall sample
(Supplemental Figures 5 and 6).

Factors prevalent at AF diagnosis associated with higher hazards of AF recurrence in
multivariable models included age (HR 1.01 per year, 95% CI 1.01-1.02, p<0.001), male sex
(HR 1.15, 95% CI 1.08-1.21, p<0.001), alcohol use (HR 1.20, 95% CI 1.07-1.36, p=0.003),
and heart failure (HR 1.30, 95% CI 1.22-1.39, p<0.001). In our multivariable adjusted
precipitant subgroup analysis, patients undergoing cardiac surgery (HR 0.56, 95% CI
0.46-0.67, p<0.001), non-cardiothoracic surgery (HR 0.74, 95% CI 0.62-0.89, p=0.001), and
those with acute infection (HR 0.82, 95% CI 0.72-0.94, p=0.005) as AF triggers were
significantly less likely to have an AF recurrence than those without a precipitant. Compared
to those without a precipitant, no other precipitant subgroup was associated with a
statistically significant difference in the rate of recurrence, although point estimates
indicated a reduced risk of AF recurrence across all precipitant categories (Figure 3). The
competing risk of death at 5 years was highest in the thoracic surgery, acute infection, and
pulmonary embolism categories (cumulative incidence of 28%, 23%, and 23%,
respectively).

Of patients at risk for recurrent AF in the sample of 10,723 patients, and without the relevant
outcome at baseline, the incidence of heart failure occurred at a rate of 4.1 events per 100
person-years (crude n = 995 events / 6,646 at risk), stroke at 1.4 events per 100 person-years
(crude n =520 events / 9,648 at risk), and mortality at 5.0 events per 100 person-years
(crude n = 2,072 events / 10,723 at risk). Recurrent AF was associated with an increased risk
of heart failure (HR 2.74, 95% CI 2.39-3.15, p<0.001), stroke (HR 1.57, 95% CI 1.30-1.90,
p<0.001), and mortality (HR 2.96, 95% CI 2.70-3.24, p<0.001) in time-varying models
adjusted for the presence of an acute precipitant (Table 2). Recurrent AF also was
significantly associated with heart failure, stroke, and mortality in analyses stratified by the
presence or absence of an initial AF precipitant (Supplemental Table 5).

Discussion

In a multi-institutional academic medical center sample comprising over 10,000 individuals
with initial resolution of newly diagnosed AF, we observed that 19% had newly diagnosed
AF occurring in the context of an acute precipitant. The most common precipitants were
cardiac surgery and pneumonia. AF recurrence rates were substantial after newly diagnosed
AF with and without an acute precipitant, with a 5-year cumulative incidence of 41% and
52%, respectively. Since reports indicate that providers are less likely to prescribe
anticoagulation to patients with newly-diagnosed AF in the setting of an acute precipitant on
the basis of commonly held assumptions that recurrent AF risk is low,18:21 our observation
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that AF recurrence is common among patients with AF occurring in the context of a
precipitant may have significant implications for clinical practice.

In 1,409 patients with newly-diagnosed AF followed between 1949 and 2012 from the
Framingham Heart Study, cumulative recurrence rates of AF were 42% and 59% at 5 years
in those with and without a precipitant, respectively.®> Our findings complement and extend
these observations by confirming that in a much larger and more contemporary sample
derived from an academic medical center, recurrence rates remain high. Given the large
sample size, our study enabled examination of recurrence rates stratified by acute
precipitants. Other studies also have observed substantial risks of AF recurrence, but have
largely focused on specific clinical settings such as cardiac surgery, myocardial infarction, or
sepsis.13:15:33-37 studies using large claims or administrative data have identified AF
precipitants via ICD-9 codes or Diagnosis-Related Group codes, without validation for
diagnosis or disease date accuracy.13-15:38 Our use of an EHR database enabled
ascertainment of patients with an extensive range of validated precipitants, and demonstrated
considerable long-term risks of recurrence across precipitants. We also extend previous
findings by demonstrating that recurrent AF is strongly associated with increased morbidity.

Our study provides several important contributions to the understanding of newly diagnosed
AF with an acute precipitant. First, our results counter the common assumption that newly-
diagnosed AF in the acute care setting is self-limiting and not associated with a high rate of
recurrence.12 Although AF may occur as a secondary process in this context, resolution of
the initial trigger does not preclude further episodes of AF. Recurrence after newly
diagnosed AF may occur due to a combination of traditional clinical risk factor
accumulation over time, predisposition to the arrhythmia, or perhaps a long-term impact of
the initial AF episode or precipitant itself. Furthermore, we submit that recurrent AF
episodes are underestimated in our analysis due to probable occurrence of additional
subclinical events and receipt of care outside the studied healthcare system. Therefore, our
findings underscore the potential need to follow-up for arrhythmia recurrence after newly
diagnosed AF in the context of an acute precipitant, particularly if the initial episode
resolves and discontinuation of thromboembolism prophylaxis is being considered. Given
the multitude of possible methods for surveillance of AF (e.g., pulse palpation, adhesive and
handheld electrocardiograms, smart watches, and implantable monitors), prospective
comparative and cost-effectiveness studies are warranted to determine the optimal mode of
follow-up.

Creating a distinction between newly diagnosed AF with and without an identifiable
precipitant may obscure the risk and adverse prognosis of recurrent AF. Although the causal
mechanisms linking AF to outcomes among individuals with an acute AF precipitant are not
fully elucidated, we observed that AF recurrence was consistently associated with heart
failure, ischemic stroke, and mortality. Given the high probability of AF recurrence
irrespective of a precipitant and the risk associated with recurrent AF, differentiating newly-
diagnosed AF with an acute precipitant from AF that develops without a precipitant may
adversely affect management choices, including therapeutic decision making regarding oral
anticoagulation 21, Although we observed that AF recurrence rates were lowest among those
with AF occurring in the context of cardiac and non-cardiothoracic surgery, our data suggest
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that reliance on a specific precipitant to discriminate prognosis for patients with AF should
be performed with caution until we can more accurately determine the mechanisms of
recurrent AF and morbidity, perform surveillance for recurrent AF, or definitively identify
subsets of patients without risk for recurrent AF and morbidity.

Limitations

Our results must be interpreted in the context of our study design. In adjusted analyses, we
were unable to include certain important potential confounding variables, such as height,
weight, and ejection fraction. We were unable to ascertain longitudinal anti-arrhythmic and
anticoagulation exposure, which may influence analyses of recurrence and morbidity. Our
sample consisted primarily of white patients, limiting generalizability of our outcomes to
other races/ethnicities. There are inherent biases of disease ascertainment and
misclassification within the EHR. For instance, we could not ascertain conditions
documented solely in episodes of care outside the studied healthcare system. Reliance solely
on AF episodes captured by ECG or leading to cardioversion likely leads to underestimation
of recurrent AF, as episodes may be asymptomatic or undetected, both prior to and following
AF diagnosis. Furthermore, AF recurrence may have been more likely to be recorded in
patients with poorer health, who returned to the hospital in the setting of a subsequent
illness. Individuals with AF precipitants on average were likely in poorer health at baseline
than those without, and there may be residual confounding from factors not included in our
multivariable models and sensitivity analyses. We also acknowledge that there is likely
differential follow up depending upon the acute precipitant diagnosis. For instance,
individuals with cancer or cardiac surgery may be more closely followed than individuals
after pneumonia; caution should be exercised in comparing the recurrence rate by
precipitant. In addition, we did not assess the duration of initial AF episodes, which may
impact outcomes. We were also unable to assess severity of exposure within each precipitant
subgroup, and we did not examine whether recurrence occurred in the setting of a
subsequent precipitant. Finally, we cannot establish a causal relation between recurrent AF
and outcomes after AF.

Conclusions and future research

In conclusion, our findings in a multicenter healthcare system challenge the perception that
AF occurring with an acute precipitant is a transiently occurring phenomenon with little risk
of AF recurrence and associated morbidity. Future studies are needed to identify the
mechanisms of stroke, heart failure, and mortality after initial resolution of AF occurring
with precipitants. Further investigation should be performed to define markers of higher and
lower risk for AF recurrence after an acute precipitant. Studies using continuous cardiac
rhythm monitoring are warranted to prospectively and precisely examine the rates, timing,
and clinical associations between recurrent AF and long-term outcomes. Precipitant-specific
comparative effectiveness trials of anticoagulation should address strategies to risk-stratify
and reduce morbidity and mortality in patients with newly diagnosed AF in the setting of
acute precipitants.
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What is known:

. Newly diagnosed atrial fibrillation may be triggered by acute, potentially
reversible precipitants, including surgery, infection, acute myocardial
infarction.

. Previous guidelines have classified atrial fibrillation occurring in the context

of an acute precipitant as self-limited. Recent data suggest that the risk of
recurrent atrial fibrillation may in fact be substantial.

What the study adds:

. In a multi-institutional health system, new-onset atrial fibrillation occurring in
the setting of an acute precipitant recurred in about 40% of individuals by 5
years. Recurrence varied by precipitant.

. Recurrent atrial fibrillation was associated with increased risks of heart
failure, stroke, and mortality whether or not an acute precipitant was present.

. Prospective studies are warranted to identify optimal methods of cardiac
rhythm surveillance and treatment following new-onset AF occurring in the
context of an acute precipitant.
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Figure 1.
Distribution of precipitants in 2,089 patients with newly diagnosed atrial fibrillation and an

acute precipitant. Since precipitants may coexist, the figure displays both the number of
individuals with AF with a precipitant as well as the number of individuals with AF with
overlapping precipitants. The side plot shows overall number of individuals with each
precipitant. The main plot demonstrates the number of individuals with only one precipitant
type (illustrated by individual bubbles), as well as number of individuals with multiple
concurrent precipitants (intersection sets are denoted by connected bubbles).
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Figure 2.
Unadjusted cumulative risk of atrial fibrillation recurrence. Unadjusted curves displaying

cumulative risk of recurrent AF, generated using Kaplan-Meier method. Panel A) overall
risk of recurrent AF among individuals with and without acute precipitants. Panel B) overall
risk of recurrent AF among individuals with infection, cardiac surgery, and non-
cardiothoracic surgery, as compared to no precipitant. These three precipitants were selected
for display because the risk of recurrent AF was significantly reduced as compared to the
referent group without precipitants in multivariable adjusted models. Individuals with other
AF precipitants excluded from this plot for clarity. CT = cardiothoracic.
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Multivariable-adjusted association between acute atrial fibrillation precipitants and atrial
fibrillation recurrence. Multivariable models taking the competing risk of death into account
and adjusted for age, sex, race, hypertension, diabetes mellitus, myocardial infarction, heart
failure, valvular disease, stroke/transient ischemic attack, peripheral artery disease, chronic

lung disease, cancer, tobacco use, alcohol use, and stratified by admission status at AF
diagnosis. Green bars signify statistically significant lower risk of association with AF

recurrence, comparing to newly diagnosed AF without a precipitant. Data are number of AF
cases with acute precipitant and subdistribution hazard ratio (95% confidence interval). AF =

Atrial fibrillation.
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Table 1.

Baseline characteristics of 10,723 patients with newly diagnosed atrial fibrillation in the presence and absence
of an identifiable precipitant.

Precipitant Absent (n=8,634)  Precipitant Present (n=2,089)  p-value

Demographic Characteristics

Age (years) 66.9+9.8 67.0+9.7 0.69
Male 4,997 (58%) 1,276 (61%) 0.008
White 7425 (86%) 1775 (85%) 0.24
Admission status at time of first-detected AF <0.001
Inpatient 3,603 (42%) 1,634 (78%)
Outpatient 3,866 (45%) 269 (13%)
Outpatient-Emergency 45 (0.005%) 2(0.001%)
Not recorded 1,120 (13%) 184 (0.09%)

Comorbid Conditions

Hypertension 6,471 (75%) 1,689 (81%) <0.001
Heart failure 2,632 (30%) 885 (42%) <0.001
Myocardial infarction 1,909 (30%) 766 (43%) <0.001
Valvular heart disease 1,061 (12%) 455 (22%) <0.001
Peripheral artery disease 1,430 (17%) 519 (25%) <0.001
Stroke/transient ischemic attack 1,265 (15%) 375 (18%) <0.001
Diabetes mellitus 2,440 (28%) 748 (36%) <0.001
Chronic lung disease 2,389 (28%) 844 (40%) <0.001
Cancer 2,281 (26%) 773 (37%) <0.001
CHA,DS,-VASC score * 302 4] 412, 5] <0.001

Health-Related Behaviors

Tobacco use 1,999 (23%) 695 (33%) <0.001
Alcohol use 395 (5%) 230 (11%) <0.001

Characteristics displayed as n (%), mean + SD, or median [25th, 75th percentile]

Characteristics are determined at the date of newly diagnosed AF.
*
Calculated by assigning 1 point to the presence of heart failure, hypertension, diabetes, vascular disease (prior myocardial infarction, peripheral

artery disease, or aortic atherosclerosis), female sex, or age between 65 and 74, and 2 points to age greater than 75 years or history of stroke/
transient ischemic attack.
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Table 2.

Incidence of outcomes and association with atrial fibrillation recurrence.

N outcomes / N at risk” | Incidence (per 100 person-years) | Hazard ratio (95% CI) T p-value

Heart Failure 995/6,646 41 2.74 (2.39-3.15) <0.001
Ischemic Stroke 520/9,648 14 1.57 (1.30-1.90) <0.001
All-cause death 2,072/10,723 5.0 2.96 (2.70-3.24) <0.001

*

N patients at risk for recurrent AF in the sample of 10,723 patients, and without the relevant outcome at baseline

fHazard ratio for association of AF recurrence with outcome. Referent category is individuals without AF recurrence

Covariates were ascertained at the date of newly-diagnosed AF; Models are adjusted for the presence of a precipitant at the date of newly-
diagnosed AF, age, sex, race, hypertension, diabetes mellitus, myocardial infarction, heart failure, valvular disease, stroke/transient ischemic attack,
peripheral artery disease, chronic lung disease, malignancy, tobacco use, alcohol use, and stratified by admission status at newly-diagnosed AF.
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