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BACKGROUND: Atrial fibrillation (AF) commonly occurs in the setting of acute conditions. We aimed to identify the acute condi-
tions associated with secondary AF (AF precipitants) including pneumonia/sepsis, pneumothorax, respiratory failure, myocar-
ditis, pericarditis, alcohol intoxication, thyrotoxicosis, cardiothoracic surgery, other surgery in patients with newly diagnosed
AF and determine their association with subsequent oral anticoagulant use.

METHODS AND RESULTS: We assembled a cohort of patients in the UMass Memorial Healthcare system with a new diagnosis of
AF with and without AF precipitants. We used combinations of International Classification of Diseases, Tenth Revision (ICD-10)
codes, Current Procedural Terminology codes, laboratory values, imaging reports, and physician notes including discharge
summary texts to identify AF precipitants. We then manually reviewed the individual charts to validate presence of AF precipi-
tants. The study sample consisted of 185 patients with and 172 patients without AF precipitants. Pneumonia/sepsis, myocar-
dial infarction, respiratory failure, and cardiothoracic surgery were the most common precipitants identified. In multivariable
analyses adjusting for age, sex, patient comorbidities, left atrial enlargement, left ventricular ejection fraction, and antiplatelet
use, patients with AF precipitants were less likely to receive subsequent anticoagulation therapy at 30 days after the initial AF
diagnosis (odds ratio, 0.31; 95% Cl, 0.19-0.52). The association was persistent after excluding men with CHA,DS,-VASc score
<2 and women with CHA,DS,-VASc score <3.

CONCLUSIONS: Our study highlights lower usage of oral anticoagulant in secondary AF in contemporary clinical practice.
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with 12 million projected by 2030.! AF is an im-

portant ischemic stroke risk factor, increasing the
risk 5-fold and accounting for 1 in 4 ischemic strokes.?
The presence of AF at the time of ischemic stroke is
associated with increased stroke severity, mortality,
and risk of recurrence.® Nevertheless, in a national out-
patient registry of patients with AF, only 60% received
any oral anticoagulant (OAC).*

Approximately one-third of new AF cases occur
in the setting of acute, “reversible” causes® (here-
after referred to as secondary AF). Acute conditions
associated with secondary AF include pulmonary

Over 5 million Americans have atrial fibrillation (AF),

embolism, sepsis, acute coronary syndrome, myocar-
ditis, pericarditis, thyrotoxicosis, cardiothoracic sur-
gery, and alcohol intoxication (hereafter referred to as
AF precipitants).>~" AF occurring in the setting of acute
conditions was previously thought to be a self-limited
event that is potentially curable with elimination of the
underlying cause. However, there is now a consider-
able body of evidence demonstrating that the AF will
likely recur even after elimination of the inciting event.>”
Importantly, secondary AF is associated with ele-
vated risk of stroke,®” and the risk may be similar to
the stroke risk in AF without precipitants.® In a major
departure from previous guidelines,® the 2014 US AF
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guidelines stated that patients with secondary AF re-
quire long-term follow-up to evaluate for recurrence.
The guidelines also highlighted knowledge gaps in
long-term outcomes and the role of OAC in secondary
AF8 An assessment of current OAC utilization in rela-
tion to presence of AF precipitants is a critical, initial
step to understanding current prescribing patterns and
potential targets for future intervention.

In the current study, we assembled a sample of
patients with new-onset AF with and without AF pre-
cipitants using previously developed electronic health
record (EHR) algorithm® and manual validation. We
then measured the association between presence of
secondary precipitants and subsequent OAC use.

METHODS

The authors declare that all supporting data are avail-
able within the article and its online supplementary file.

Study Sample

We assembled a sample of patients from within the
UMass Memorial Healthcare (UMMHC) system with a
new diagnosis of AF occurring between April 1, 2018,
and December 31, 2019. UMass Memorial Healthcare
serves central Massachusetts and has a catchment
area of over 1 million lives. We chose the start date of
the study period to allow a 6-month lead-in period after
the Epic Systems EHR went live at UMass Memorial
Healthcare. The lead-in period was necessary to allow
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providers to enter preexisting diagnoses into the pa-
tients’ records. Patients were eligible if we detected the
International Classification of Diseases, Tenth Revision
(ICD-10) code 148 for AF or identified AF as a text string
(“A. Fib,” “atrial fibrillation,” “afib,” “atrial flutter,” “A. Fib”)
in the ECG report, echocardiogram report, or clinician
notes (ie, history and physical, progress notes, dis-
charge summaries, emergency room provider notes).
We designated the date associated with first AF diag-
nosis code or text string of AF as the index date. We
validated the index date by manual chart review and
excluded those who had AF before the index encoun-
ter or did not have AF. We also excluded patients with
valvular AF (ie, mitral stenosis, rheumatic heart disease
of the aortic or mitral valve, and any prosthetic valve),
those with incomplete information on demographics or
body mass index, those who died within 30 days of AF
onset, and those already on anticoagulation therapy
at the time of the AF diagnosis. Furthermore, we ex-
cluded patients who were diagnosed with definite or
possible left ventricular (LV) thrombus or pulmonary
embolism at the time of AF diagnosis, as they would
have been prescribed an OAC independent of AF. The
Figure illustrates patient selection process for the study
sample.

Outcome

We ascertained OAC use within 30 days after the AF
diagnosis by manually reviewing the medication list,
physician notes, and discharge summaries.

ICD-10 code 148

857 patients with new-onset AF identified by

EXCLUDE:

+ Previous diagnosis or history of AF
(n=232)

417 patients with new-onset AF after
manual validation

+ No valid AF diagnosis (n=207)
* No information on BMI (n=1)

EXCLUDE:

+ Valve replacement (n=7)

» Receiving anticoagulation therapy
at the time of AF diagnosis (n=36)

364 patients with new-onset AF

* Intracardiac thrombus (n=3) and
pulmonary embolism (n=7) within
30 days of the AF diagnosis

EXCLUDE:

+ 7 patients who died within 30 days
of AF onset

171 patients without a
secondary precipitant

186 patients with a
secondary precipitant

Figure 1.

Flow diagram of study sample selection.

AF indicates atrial fibrillation; BMI, body mass index; and ICD-10, International Classification of Diseases,

10th Revision.
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Independent Variable

We determined presence of an AF precipitant at the
time of the AF diagnosis using the EHR algorithms de-
veloped by Wang et al.® The algorithms use combina-
tions ICD-10 codes, Current Procedural Terminology
codes, laboratory values, imaging reports, and phy-
sician notes including discharge summary texts.® We
searched for presence of the following AF precipitants:
pneumothorax, other respiratory disease or failure,
sepsis (including pneumonia), myocardial infarction
(MI), myocarditis, pericarditis, thyrotoxicosis, cardio-
thoracic surgery, other surgery, and alcohol intoxica-
tion. If any of the algorithms above identified an AF
precipitant, we assigned AF as associated with an AF
precipitant if it occurred 30 days before, including day
of AF diagnosis. We then manually reviewed the patient
charts for the entire AF sample to validate presence of
an AF precipitant associated with new-onset AF. We
assessed performance of the Wang et al algorithms in
our UMass sample.

Covariates: Demographics, Patient
Conditions, Echocardiographic Data, and
Medication Use

We identified baseline medical comorbidities from the
problem list and associated /CD-70 codes in the EHR
for each patient from the encounter associated with
the index date. If the information was missing from the
index encounter, we used the next closest encounter
before the index encounter. We calculated CHA,DS,-
VASc score by adding 1 point for congestive heart
failure, hypertension, age >65 years, diabetes, vascu-
lar disease, and female sex, and 2 points for history of
stroke or transient ischemic attack and age >75 years.
We obtained left atrial (LA) size and LV ejection frac-
tion from echocardiogram reports obtained within
1 year before and 30 days after the first AF diagnosis.
We assigned LA size indexed to body surface area
(mL/m?) available as structural data to define LA en-
largement (>34 mL/m?)."® When LA size was not avail-
able, we searched the summary finding for mention of
LA enlargement (ie, “mildly,” “moderately,” “severely”
enlarged). We also collected information about LV
ejection fraction. When there was a range of ejection
fraction reported (eg, 50%-55%), we used the mid-
point of the range. (eg, 52.5%). Finally, we determined
antiplatelet use within 12 months before the AF diag-
nosis through electronic capture of the medication list
of the most proximal encounter preceding the index
date. Selection of the most proximal encounter be-
fore AF diagnosis to define antiplatelet use enabled
us to distinguish patients starting or discontinuing an-
tiplatelet use during the index encounter from those
with prior use."

” o«
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Statistical Analysis

We compared the baseline characteristics between pa-
tients with and without an AF precipitant using the t test
for continuous variables and the chi-square test for the
categorical variables. We calculated sensitivity, speci-
ficity, positive predictive value, and negative predictive
value for the AF precipitant algorithms. To determine
association between presence of an AF precipitant and
initiation of OAC, we constructed 3 multivariable logistic
regression models adjusting for (1) age and sex; (2) vari-
ables in model 1 plus body mass index, comorbidities
(heart failure, diabetes, hypertension, stroke/transient
ischemic attack, coronary artery disease, valvular dis-
ease, peripheral vascular disease, anemia, and chronic
kidney disease); and (3) variables in model 2 plus LV
ejection fraction, LA enlargement, and antiplatelet use.
In exploratory analyses, we performed subgroup analy-
ses to determine associations between the individual AF
precipitants and initiation of an OAC. For these analy-
ses, we permitted patients to contribute to >1 precipitant
type. In addition, we performed exploratory analyses ex-
cluding men with CHA,DS,-VASc score <2 and women
with CHA,DS,-VASc score <3 and patients with new
diagnosis of AF in the setting of MI.

All analyses were conducted using SAS, ver-
sion 9.4 (SAS Institute, Cary, NC). The University of
Massachusetts Medical School Institutional Review
Board approved the conduct of our study.

RESULTS

Identification of Study Sample and AF
Precipitants

Of 857 patients with a new ICD-70 code for AF, 417
patients had a valid AF diagnosis and complete data
on body mass index after manual validation (Figure).
Our final sample consisted of 357 patients, 185 (52%)
of whom were diagnosed with at least 1 AF precipitant
associated with new-onset AF. Of the 185 patients with
a precipitant, 54 (29%) patients experienced >2 pre-
cipitants. Respiratory failure, sepsis (including pneu-
monia), Ml, and cardiothoracic surgery were the most
common precipitants identified (Table S1).

The electronic algorithms by Wang et al® to identify at
least 1 AF precipitant had the following diagnostic per-
formance in UMass EHR—89% (95% ClI, 84-93) pos-
itive predictive value, 83% (78-87) negative predictive
value, 82% (77-88) sensitivity, and 90% (83-93) speci-
ficity. Algorithm performance varied considerably for in-
dividual precipitants (Table S1). Because we permitted
assignment of >1 precipitant per patient, the resultant
sensitivity of each discrete precipitant was less than
that for the composite definition of any one precipitant.
Concomitantly, the range of specificity was higher for the
individual precipitants compared with the composite.
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Demographics, Patient Conditions,
Echocardiographic Data, and Medication
Use

The overall mean age of the sample was 69 years
(+14.9), 44% were women, and 93% were White
(Table 1). Approximately two-thirds of patients with
new-onset AF were evaluated by a cardiologist in ei-
ther an inpatient or outpatient setting within 30 days
of the AF diagnosis. Patients with precipitants had
greater prevalence of heart failure (31.4% versus
21.5%; P=0.04) and coronary artery disease (33.5%
versus 22.1%; P=0.02), and higher mean CHA,DS,-
VASc score (3.8 versus 3.2; P=0.003). Among patients
with an echocardiogram available (n=280, 78% of the
sample), patients with precipitants were less likely to
have normal LV ejection fraction compared with those
without (73% versus 84%; P=0.03). There was no sig-
nificant difference in LA size (n=279) between the 2
groups. Finally, there was no significant difference in
antiplatelet use between the 2 patient groups.

Initiation of OAC for Patients With New-
Onset AF

Patients with AF precipitants were less likely to receive
OACs for new-onset AF compared with patients without
precipitants (40.5% versus 61.1%; P<0.001). In Table 2
we report adjusted association between presence of
an AF precipitant and initiation of an OAC among pa-
tients with new-onset AF. After adjusting for age, sex,
and patient conditions (model 2), we observed that
presence of any AF precipitant was significantly asso-
ciated with lower odds of OAC use. The association
persisted even after adjusting for LV ejection fraction,
presence of LA enlargement, and antiplatelet use at
the time of AF diagnosis (model 3). Of the individual
precipitants, we found that sepsis, respiratory failure,
and noncardiothoracic surgery were associated with
lower odds of OAC use.

When we excluded patients in whom the benefit of
stroke prophylaxis is less clear (men with CHA,DS,-
VASc score <2 and women with CHA,DS,-VASc score
<3), the association remained the same (=274 for the
sample, 155 with a secondary precipitant; odds ratio,
0.34, 95% CI, 0.19-0.60). In addition, when we ex-
cluded new-onset AF in the setting of MI, in whom the
latest US guideline now recommends stroke prophy-
laxis,' there was even lower odds of OAC prescription
(n=328 for the sample, 153 with a secondary precipi-
tant; odds ratio, 0.27; 95% ClI, 0.15-0.59).

DISCUSSION

Consistent with the prior studies by Lubitz et al'' and
Gundlund et al,"® we report that patients with new-onset
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Table 1. Baseline Characteristics of AF Patients With and
Without Secondary Precipitants
Patients
Patients with |without
precipitant  |precipitant
frequency frequency
Characteristics (% of 185) (% of 172) |P value

Demographics

Age at AF diagnosis, y

>75 77 (41.6) 60 (34.9) 0.14

65-74 56 (30.3) 47 (27.3)

<65 52 (28.1) 65 (37.8)

Mean 70.7+£13.7 68.0+16.1  |0.10
Female sex 82 (44.3) 74 (43.0) 0.80
Non-White race or Hispanic 11 (6.2 13 (7.8) 0.54
ethnicity

Patient conditions
Body mass index, kg/m?

<18.5 2(1.1) 2(1.2) 0.90

18.5-24.9 40 (21.6) 32 (18.6)

25-29.9 63 (34.1) 58 (33.7)

>30 80 (43.2) 80 (46.5)
Congestive heart failure 59 (31.9) 37 (21.5) 0.08
Hypertension 146 (78.9) 130 (75.6) ]0.45
Diabetes 59 (31.9) 49 (28.5) 0.48
Stroke/TIA or other systemic 37 (20.0) 28 (16.3) 0.36
embolism
Coronary artery disease 62 (33.5) 38 (22.1) 0.02
Valvular disease 14 (7.6) 17 (9.9) 0.44
Peripheral vascular disease 25 (13.5) 17 (9.9) 0.29
Anemia 21 (11.4) 13 (7.6) 0.22
Chronic kidney disease*

Stages 1-3 158 (91.3) 124 (93.9) |0.39

Stages 4-5 15 (8.7) 8 (6.1)
CHA,DS,-VASc score

Mean 3.8+2.0 3.2+2.0 0.002

>2 for men and >3 for women  |155 (83.8) 119 (69.2)  |0.001
Smoking history 122 (66.0) 104 (60.8) ]0.32

Echographic data (n=280)
LV ejection fraction >50% (n=277) 115 (73.3)

101 (84.2) |0.03

LA enlargement (n=279) 73 (46.2) 63 (52.1) 0.33
Other characteristics
Antiplatelet use (n=260) 81 (43.8) 67 (39.0) 0.53
Anticoagulant use after AF 75 (40.5) 105 (61.1) <0.001
diagnosis
Warfarin 23(30.7) 16 (15.2) 0.01
DOAC 52 (69.3) 89 (84.8)
Cardiology consultation® 117 (63.2) 117 (68.0) 0.34

Values are n (%) or mean+SD. AF indicates atrial fibrillation; DOAC, direct
oral anticoagulant; LA, left atrial; LV, left ventricular; and TIA, transient
ischemic attack.

*Stage determined by calculating creatinine clearance using the
Cockeroft-Gault formula.

fCardiology consultation includes patients for whom a cardiologist served
as the primary physician or as a consultant.
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Table 2. Association Between Presence of a Secondary Precipitant and Initiation of OAC

Multivariable models
Model 1—age and sex Model 2—model 1+patient conditions* Model 3—model 2+other factors’
OR (95% ClI) OR (95% ClI) OR (95% CI)

Secondary precipitant (n=185) 0.42 (0.28-0.65) 0.39 (0.25-0.62) 0.31 (0.19-0.52)

Sepsis® (1=64) 0.51 (0.29-0.89) 0.45 (0.25-0.82) 0.46 (0.25-0.85)

Myocardial infarction (n=32) 1.29 (0.62-2.68) 1.41 (0.65-3.06) 1.23 (0.53-2.88)

Respiratory failure (n=56) 0.52 (0.29-0.95) 0.45 (0.24-0.85) 0.41 (0.21-0.80)

Cardiothoracic surgery (n=23) 0.73 (0.31-1.71) 0.76 (0.30-1.94) 0.69 (0.26-1.87)

Other surgery (n=25) 0.44 (0.18-1.04) 0.39 (0.16-0.98) 0.37 (0.14-0.96)

Other precipitants! (»=40) 0.71 (0.36-1.38) 0.74 (0.37-1.49) 0.67 (0.32-1.39)

OAC indicates oral anticoagulant; and OR, odds ratio.

*Patient conditions include heart failure, hypertension, diabetes, stroke/transient ischemic attack, coronary artery disease, valvular disease, peripheral

vascular disease, anemia, and chronic kidney disease.

TOther factors include left ventricular ejection fraction, left atrial enlargement, and antiplatelet use.

Sincludes pneumonia.

IWe combined myocarditis, pericarditis, alcohol intoxication, pneumothorax, and thyrotoxicosis into a single category due to their small sample sizes. See

Table S1 for the sample size for each secondary precipitant.

AF with AF precipitants are less likely to receive OAC
compared with those without a precipitant. The rela-
tive lack of OAC prescription for patients with AF in the
context of AF precipitants persisted after adjustment
for multiple factors that predict risk of stroke including
CHA,DS,-VASc score. Of the individual precipitants,
noncardiac illnesses including sepsis, respiratory fail-
ure, and noncardiothoracic surgery were significantly
associated with lower odds of OAC use. Exclusion of
men with CHA,DS,-VASc score <2 and women with
CHA,DS,-VASc score <3 and patients with Ml did not
change the association. Our work as well as those of
others''® suggest that AF occurring in the setting of
acute precipitants is perceived to be transient by clini-
cians and therefore does not require long-term OAC.

However, the 2014 US AF guidelines state that
“sparse data support the notion that patients with AF
that occurs in the setting of 1 of these potentially ‘re-
versible’ conditions are, in fact, cured of AF ... " We
now have data from both prospective and retrospective
observational studies showing that at least 40% of the
cases of AF associated with AF precipitants recur during
longitudinal follow-up.5"° Given that about one-third of
new AF cases occur in the setting of AF precipitants,®
the results from the current study highlight the urgent
need to determine the optimal stroke prophylaxis strat-
egy in secondary AF through randomized trials.

Our work distinguishes itself from the other stud-
ies'"13in the level of clinical detail and manual validation
of AF and presence of AF precipitants. In addition, we
adjusted for patient conditions that influence the risk
of stroke and bleeding and adjusted for factors that
were not available in the prior studies. These included
LV ejection fraction and LA size, echocardiographic
features that are associated with increased risk of de-
veloping AF'* The echocardiographic information can

J Am Heart Assoc. 2021;10:e021746. DOI: 10.1161/JAHA.121.021746

help clinicians decide if new-onset AF with AF precip-
itants is preexisting or if it will likely to recur even after
removal of the precipitant. Given that evidence shows
patients with AF treated by cardiologists are more likely
to receive guideline-concordant care for AF® we also
adjusted for involvement of a cardiologist in the pa-
tients’ care.

We acknowledge several limitations of our findings.
Our study is from a single center. Prescription patterns
may differ in different health care settings or other parts
of the United States. Our sample size was small, and
therefore we could not firmly establish the association
of individual precipitants with OAC prescription. We
also did not have information on duration of the new-
onset AF, which could have been associated with OAC
use. Further, we did not have information on echocar-
diograms and antiplatelet use for everyone. We also
did not measure the use of OACs after 30 days of new-
onset AF. In some cases, providers may investigate the
burden of AF using ambulatory cardiac rhythm moni-
tors before prescribing OAC. In the current study, we
did not investigate clinical outcomes associated with
OAC in secondary AF. Finally, as is the case in obser-
vational study design, there is the possibility of residual
confounding by an unmeasured factor. Nevertheless,
the strength of the association demonstrated in our
study confirms a significantly lower prescription of OAC
in patients with newly diagnosed with AF in the setting
of an acute precipitant. Given the risk of AF recurrence
during longitudinal follow-up in secondary AF? future
studies on optimal strategy to manage these patients
is warranted.

In conclusion, our study highlights feasibility of
using EHR algorithms to identify secondary AF and
underscores lower usage of OAC in secondary AF in
contemporary clinical practice.
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SUPPLEMENTAL MATERIAL



Table S1. Performance of the Mass General Brigham EHR algorithms for identification of

secondary precipitants in UMass EHR

Phenotype Number of PPV, % NPV, % | Sensitivity, | Specificity,
secondary (95% CI) (95% Cl) | % (95% CI) | % (95% CI)
precipitants
Secondary Precipitants* 185 89.0 82.7 82.7 89.0
(84.0,92.5) [(77.7,86.8)| (76.5,87.9) | (83.3,93.2)
Sepsist 64 87.2 92.6 64.1 98.0
Myocarditis 0 0 100.0 - 99.4
MI 32 61.0 97.8 78.1 95.1
Pericarditis 5 66.7 99.2 40.0 99.7
Alcohol intoxication 15 56.3 98.2 60.0 98.0
Respiratory failure 56 89.2 92.8 58.9 98.7
Pneumothorax 11 - 96.9 0 100.0
Thyrotoxicosis 10 100.0 99.4 80.0 100.0
Cardiothoracic surgery 23 100.0 97.7 65.2 100.0
Other surgery 25 69.2 97.9 72.0 97.6

EHR-= electronic health record, Ml=myocardial infarction, NPV = negative predictive value, PPV= positive

predictive value

*There were 185 individuals who had at least one secondary precipitant; for the individual precipitants, we
permitted patients to contribute to more than one precipitant type. The total of the individual precipitants is

therefore large than 185.
fIncludes pneumonia
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