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Background: Outpatient management of atrial fibrillation can be a safe alternative to inpatient admission after
emergency department (ED) visits. We aim to describe trends and predictors of hospital admission for atrial fi-
brillation and determine the variation in admission among US hospitals.
Methods:We analyzed ED visits and hospital admissions for adult patients with a principal diagnosis of atrial fi-
brillation or atrial flutter in the Nationwide Emergency Department Sample 2006 to 2011. We identified patient
and hospital characteristics associatedwith admission using hierarchical multivariate logistic regression.We an-

alyzed admission rates overall and for patients at low risk of thromboembolic complications (CHA2DS2-VASc
score 0). We compared hospital-level variance with residual variance to estimate the intraclass correlation in
models with and without hospital characteristics.
Results: From 2006 to 2011, annual ED visits for atrial fibrillation and atrial flutter increased by 30.9% and admis-
sion rates decreased from69.7% to 67.4% (P= .02). Admissionwas associatedwith setting (metropolitan teaching
vs nonmetropolitan, odds ratio=1.93 [1.62-2.29]) and region (Northeast vsWest, odds ratio=2.09 [1.67-2.60]).
Among patients with 0 CHA2DS2-VASc score, the national average admission rate was 46.4%. The intraclass corre-
lation was 20.7% adjusting for patient characteristics and hospital clustering, and 19.2% after additionally
adjusting for hospital variables.
Conclusions: From 2006 to 2011, ED visits for atrial fibrillation in the United States increased by almost a third,
with a minimal change in ED admission rates. One-fifth of variation in admission rates is due to hospital site
and not explained by hospital characteristics. Hospital-specific practice patternsmay identify opportunities to in-
crease outpatient management.

© 2016 Elsevier Inc. All rights reserved.
1. Background

Atrial fibrillation (AF) is the most common clinically significant car-
diac arrhythmia, affecting 1% of the adult US population,with increasing
incidence with age [1]. The condition affects 9% of those older than 80
years, representing an increasing public health problem for the growing
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elderly population [2]. National health expenditures for the care of AF
total $26 billion, most of which is attributed to more frequent inpatient
hospitalization [3,4]. There is growing evidence to suggest that outpa-
tient management is a safe and effective alternative to hospital admis-
sion for the management of many patients with acute AF or atrial
flutter (AF/AFL) [5-9]. Protocols for early rhythm control, clinical deci-
sion rules to guide the decision to initiate antithrombotic therapy, and
low molecular weight heparin and direct oral anticoagulants have re-
duced the need for acute inpatient hospitalization [10-14].

Atrial fibrillation is a frequent cause of emergency department (ED)
visits and hospital admission. In 2004, there were 2.7 million ED visits
for AF, representing a doubling in the population-adjusted rate of ED
visits comparedwith 1993 [15]. Over the sameperiod, the rate of ED ad-
mission for AF nationwide remained stable at 64%, varying from 48% to
76% across regions in the United States [15].

It is unclear whether the growing evidence in support of outpatient
management of AF has translated to clinical practice in the United
States. Prior studies have demonstrated significant regional variation
rs of admission after ED visits for atrial fibrillation: 2006 to 2011, Am J
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in ED admission rates for AF, as well as variation within hospitals by
physician specialty; however, the proportion of variation attributable
to hospitals is unknown [16,17]. We used national data on ED visits to
describe trends in admission after ED visits for AF, identify patient and
hospital characteristics that predict hospital admission for AF, describe
trends in admission for patients at low risk of thromboembolic events,
and determine the variation in ED admission rates for AF/AFL among
US hospitals.

2. Methods

We conducted a cross-sectional analysis of the Nationwide Emer-
gency Department Sample (NEDS) using multiple variable hierarchical
logistic regressions to identify predictors of admission after ED visits
for AF/AFL.

2.1. Data source

The NEDS is an approximate 20-percent stratified sample of
hospital-based EDs in the United States. It is a component of the
Healthcare Cost and Utilization Project of the Agency for Healthcare Re-
search and Quality [18]. The NEDS contains data from billing records of
26 to 29 million ED visits per year from about 950 annually selected
hospitals; details available in NEDS include patient demographics, visit
disposition (home, transfer to another facility, admitted to hospital, or
died), and up to 15 diagnoses from the final location (ie, from the hos-
pital bill if admitted or from the ED bill), and hospital characteristics.
By incorporating sampling weights provided in NEDS, we were able to
generate national estimates for ED utilization at both hospital- and
visit-level in the United States.

2.2. Study population

We included ED visits by adult patients who had an International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) code for AF (427.31) or AFL (427.32) as the principal diagnosis.
We include AFL because the acute management of AFL is similar to
that of AF, and risk-based guidelines for antithrombotic therapy in AFL
are the same as those for AF [19,20]. We excluded patients under age
18 because AF and AFL are rare in this population, and the safety and
efficacy of outpatient treatment of AF and AFL for these patients have
not been well studied. In sensitivity analyses, we included ED visits
where AF and AFL were a secondary diagnosis and where the principal
diagnosis was thought to be AF/AFL-related, for example, “palpitations”
(Appendix A).

We excluded patientswho had a disposition of neither discharge nor
admission (left against medical advice, “not admitted, destination un-
known,” who died in the ED; overall 0.9%) or presented with concomi-
tant acute myocardial infarction, respiratory failure, sepsis, or shock
because of the higher likelihood of hospital admission for such critically
ill patients (Appendix B) [21]. We excluded hospitals with b10 cases
(8.2% of hospitals; 0.3% of visits) because low hospital volumes result
in unstable estimates of ED admission rates.

2.3. Study outcome and variables

The outcome of interestwas hospital admission after an ED visit. We
classified patients as admitted if theywere hospitalized or transferred to
another short-stay hospital, because the decision to transfer a patient
represents a similar higher use of resources rather than discharging
the patient to outpatient management. Patients were classified as
discharged if their disposition was “routine ED discharge,” “transfer to
skilled nursing or intermediate care facility,” “home health care,” or
“discharge or transfer to court or law enforcement.” In sensitivity anal-
ysis, we tested how hospital variation changed when transfers to short-
stay hospitals were excluded as admissions (Appendix G and H).
Please cite this article as: LinMP, et al, Hospital-level variation and predicto
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2.4. Patient variables

Patient predictors included age, sex, insurance status (private, Medi-
care, Medicaid, self-pay/no charge, and other), median household in-
come (national quartile within the patient's home ZIP code), and
comorbid illness using the index described by Elixhauser et al [22] and
with the addition of Clinical Classifications Software (CCS) codes for cor-
onary artery disease (CCS 101), structural or valvular heart disease (CCS
96, 97, and 213), and other arrhythmia or conduction disorder (CCS 105
and 106, excluding AF and AFL), whichwere coded as dummy variables.
We defined low-risk patients as those with CHA2DS2-VASc scores of 0
(age less than 65, male, no history of CHF, diabetes mellitus, hyperten-
sion, stroke, transient ischemic attack, or thromboembolic disease) as
such patients have a low risk of embolic stroke, little net benefit for an-
tithrombotic therapy and low likelihood of having abnormal diagnostic
testing [23,24].
2.5. Hospital variables

Hospital characteristics included each hospital's ED volume (less
than 20 000; 20 000 to 50 000; greater than 50 000 annual visits), teach-
ing status and setting (metropolitan teaching, metropolitan nonteach-
ing, nonmetropolitan), and geographic region (Northeast, Midwest,
South, West).
2.6. Statistical analysis

National estimates of ED visits and admission rates for AF and AFL
were estimated accounting for NEDS' complex sampling design and
samplingweights. Trend in admission rates from2006 to 2011was test-
ed by logistic regression modeling with year as independent variable.

To account for increased correlation of probability of admission
among patients presenting to the same hospital ED, we used hierarchi-
cal multivariate logistic regression to assess the associations of patient
and hospital characteristics with admission rates and hospital variation
in admission. As hospital identifiers are not linked across years, we lim-
ited our analysis of hospital predictors to the 2011 NEDS dataset to pre-
vent underestimating hospital variance due to overestimating the
number of hospitals. As suggested by theHealthcare Cost andUtilization
Project, sampling weights were not used in multilevel modeling [25].

To account for different patientmix across hospitals, risk-standardized
admission rate (RSAR) is used to describe hospital variations. To calcu-
late RSAR, we calculated the ratio of predicted to expected admissions
for each hospital (RSAR ratio) and multiplied by the crude national ad-
mission rate. A hospital's predicted admissions were the sum of admis-
sion probabilities for all patients in the hospital, assuming this hospital
had a specific hospital effect on admission. Expected admissions were
the sum of admission probabilities for the same patient mix if the hos-
pital had experienced a national average hospital effect on admission.
The 95% confidence intervals (CIs) of RSAR ratios were estimated by
bootstrapping 1000 times. In each round of bootstrap, we sampled
864hospitalswith replacement andfit a hierarchicalmodel using all pa-
tients within each sampled hospital. Then, we generated a hospital spe-
cific effect by sampling from the distribution of random intercepts
obtained from the model and calculated the ratio for each hospital.
The 95% CI of RSAR for each hospital was then determined by identify-
ing the 2.5th and 97.5th percentiles of the estimates obtained from
the 1000 analyses.

Finally, we compared hospital factor variance with residual variance
to estimate intraclass correlation and determine the amount of variation
explained by hospital-specific effects on admission probability. We ap-
plied this to models with and without adjustment for hospital charac-
teristics. All analyses were performed in SAS 9.3 (SAS; Cary, NC). The
study was exempt from Institutional Review Board review.
rs of admission after ED visits for atrial fibrillation: 2006 to 2011, Am J
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Table 1
Patient and hospital characteristics for AF and AFL ED visits 2011

N %

Mean age (SD) 122 338 69.3 (0.04)
Female 62 441 51.1
Insurance

Medicare 77 234 63.3
Medicaid 5 357 4.4
Private insurance 31 881 26.1
Self-pay/no charge 4915 4.0
Other 2720 2.2

Income
First quartile 28 951 24.2
Second quartile 30 259 25.3
Third quartile 30 993 25.9
Fourth quartile 29 499 24.6

Region
Northeast 22 303 18.2
Midwest 24 832 20.3
South 51 420 42.0
West 23 783 19.4

Teach_UR
Metropolitan, nonteaching 56 649 46.3
Metropolitan, teaching 44 234 36.2
Nonmetropolitan 21 455 17.5

Volume
b20 000 14 329 11.7
20 000-49 999 46 272 37.8
≥50 000 61 737 50.5

* National quartile of the median household income of the patient's home ZIP code.
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3. Results

From 2006 to 2011, the mean admission rate was 69.9% (95% CI,
69.3%-70.5%). Emergency department visits for AF and AFL increased
from 434 382 in 2006 (or 1.45 visits per 1000) to 568 561 in 2011 (or
1.82 visits per 1000), representing a 30.9% increase over 6 years (Pb
.01; Fig. 1 and Appendix C). Adjusting for population, this represents
an increase from 1.45 ED visits per 1000 in 2006 to 1.82 visits per
1000 in 2011 [26]. Emergency department admission rates varied be-
tween 2006 and 2011, but overall decreased from 69.7% to 67.4% (P=
.02 for trend).

In 2011, there were 568 561 ED visits for AF/AFL. Mean patient age
was 69 years. Most of ED visits for AF/AFL were among female patients
(51.1%) and thosewithMedicare insurance (63.4%); a plurality occurred
at metropolitan teaching hospitals (46.3%) and was in the Southern re-
gion of the United States (42.1%) (Table 1).

Patient sociodemographic and clinical factors had varying effects on
likelihood of ED admission (Table 2). Increased age was associatedwith
increased likelihood of admission. Female sex was associated with de-
creased likelihood of admission. All but one of the conditions in the
modified Elixhauser comorbidity index (presence of ulcer, odds ratio
(OR), 4.56with 95% CI, 0.68-30.33)were associatedwith increased like-
lihood of admission (Appendix D). Patients classified as self-pay or
other nonprivate insurance types (eg, worker's compensation) were
more likely to be admitted compared with patients with Medicare. In-
come was not significantly associated with ED admission.

In 2006, there were 46 650 ED visits for AF/AFL among patients with
a low thromboembolic risk (CHA2DS2-VASc score of 0), with an admis-
sion rate of 47.1%. In 2011, therewere 49 675 ED visits for AF/AFL by pa-
tients with low risk for thromboembolic complications and 44.1% were
admitted (Table 3). This represents a 6.5% increase in ED visits among
low-risk patients from 2006 to 2011, without a significant change in ad-
mission rates over time (P= .05 for trend).
3.1. Hospital variation

Among hospital characteristics, teaching status and region, but not
annual ED visit volume, were independently associated with higher
admission rates (Table 2). In particular, ED visits for AF/AFL presenting
to metropolitan teaching and metropolitan nonteaching hospitals had
1.59 (95% CI, 1.36-1.87) and 1.43 (95% CI, 1.15-1.78) times greater like-
lihood of ED admission compared with nonmetropolitan hospitals, re-
spectively. Emergency department visits in the Northeast (OR, 2.16;
95% CI, 1.73-2.69), Midwest (OR, 1.42; 95% CI, 1.18-1.72), and South
(OR, 1.53; 95% CI, 1.28-1.83) were associated with increased likelihood
of admission compared with the West. After adjusting for patient and
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Fig. 1.National trend in ED volume and admission rate for AF and AFL, NEDS 2006 to 2011.
*Emergency department visits increased by 30.9% (Pb .01). Emergency department
admissions decreased from 69.7% to 67.4% (P= .02 for trend). See Appendix C for values.

Please cite this article as: LinMP, et al, Hospital-level variation and predicto
Emerg Med (2016), http://dx.doi.org/10.1016/j.ajem.2016.07.023
hospital-level variables, ED volume was not associated with hospital
admission.

Among 816 hospitals with ≥10 ED visits, the median hospital RSAR
was 67.6% (5th%, 36.0; 25th%, 56.0; 75th%, 75.7; 95th%, 85.0). The low-
est RSARwas observed in theWestern regionwith anRSAR of 62.3% (in-
terquartile range [IQR], 47.5-72.5) and the highest RSAR was observed
in the Northeast at 73.1% (IQR, 64.6-78.0). Other RSARs were 67.5%
(IQR, 55.9-74.5) in the Midwest and 67.2% (IQR, 58.0-76.4) in the
South (Fig. 2). The greatest variation in hospital RSARs was in the
Western region, as evidenced by the wide IQR.

The residual intraclass correlation coefficient (ICC) for variance in ED
admission rate by hospital site was 20.7% after adjusting for patient
characteristics and hospital clustering. After additionally adjusting for
hospital variables, the residual ICC was 19.2%, indicating that nearly
one-fifth of variation in ED admission rates is attributable to an
institution-specific effect, whereas hospital characteristics explained
only a small part of the variation.

3.2. Sensitivity analysis

We performed sensitivity analysis to evaluate the potential effect of
including ED visits for which AF/AFL was listed as a secondary diagnosis
and the principal diagnosis was thought to be AF/AFL-related, for exam-
ple, “dizziness” or “palpitations” (Appendix A). Comparingmodels with
and without these visits, we find that 782 hospitals (90.5%) have the
same classification group; 26 hospitals (3%) move from an average ad-
mission rate to below average and 21 hospitals (2.4%)move from an av-
erage admission rate to above average (Appendix E). No hospitals
moved from above to below average or vice versa. Therewas strong cor-
relation of RSARs between models excluding and including these ED
visits (Pearson and Spearman correlation coefficients of 0.977 and
0.973, respectively; Appendix F).

We performed sensitivity analysis to determine whether transfer
classification explained hospital variation in admission rates by rerun-
ning the model excluding all transfers, instead of classifying “transfer
to short stay facility” as admission (Appendix G). Excluding transfer did
not affect the classification of most of hospitals by admission group. Five
hundred thirty six hospitals (62%) have the same classification group;
rs of admission after ED visits for atrial fibrillation: 2006 to 2011, Am J
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Table 2
Patient and hospital level predictors of ED admission rates for AF and AFL 2011

ED visits (N) Admission rate (%) OR (95% CI)

Bivariate Multivariate

Age
10-year increase 1.20 (1.19-1.21) 1.06 (1.04-1.07)

Sex
Male 59 870 65.2 0.88 (0.86-0.91) 1.07 (1.03-1.10)
Female 62 441 67.8 Reference Reference

Insurance
Medicare 77 234 70.1 Reference Reference
Medicaid 5357 72.5 0.94 (0.88-1.01) 0.99 (0.91-1.08)
Private insurance 31 881 57.2 0.59 (0.57-0.60) 1.04 (0.99-1.08)
Self-pay/no charge 4915 64.9 0.72 (0.67-0.77) 1.12 (1.03-1.22)
Other 2720 65.1 0.79 (0.72-0.86) 1.17 (1.05-1.29)

Income
First quartile 28 951 69.1 1.33 (1.27-1.40) 1.06 (1.00-1.13)
Second quartile 30 259 65.0 1.22 (1.17-1.28) 1.04 (0.99-1.10)
Third quartile 30 993 65.6 1.11 (1.06-1.16) 1.00 (0.95-1.05)
Fourth quartile 29 499 66.6 Reference Reference

Hospital region
Northeast 22 303 74.6 2.09 (1.67-2.60) 2.16 (1.73-2.69)
Midwest 24 832 68.2 1.27 (1.05-1.54) 1.42 (1.18-1.72)
South 51 420 66.7 1.60 (1.34-1.91) 1.53 (1.28-1.83)
West 23 783 56.6 Reference Reference

Teaching status and location
Metropolitan, nonteaching 56 649 68.8 1.85 (1.61-2.13) 1.59 (1.36-1.87)
Metropolitan, teaching 44 234 67.2 1.93 (1.62-2.29) 1.43 (1.15-1.78)
Nonmetropolitan 21 455 58.9 Reference Reference

Total ED visits
b20 000 14 329 59.2 Reference Reference
20 000-49 999 46 272 69.2 1.89 (1.64-2.19) 1.05 (0.90-1.24)
≥50 000 61 737 66.2 1.85 (1.57-2.17) 0.84 (0.68-1.04)

*Bivariate and multivariate models include predictors from the Elixhauser comorbidity index, shown in Appendix A.
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61 hospitals (7.1%) move from an average admission rate to below aver-
age and 93 hospitals (10.8%) move from an average admission rate to
above average. Three hospitals (0.3%) moved from above average admis-
sion rate to below average admission and no hospitalsmoved frombelow
average to above average. The observed change in classification in the
sensitivity analysis excluding transfers as admissions predominantly re-
sulted in lower RSARs amonghospitalswith fewer ED visits and increased
RSARs among hospitals withmore ED visits (Appendix H). Of note, in the
multivariate model, hospital variation persists after adjusting for ED vol-
ume, and ED volume is not a significant predictor of hospital admission
(Table 2). The correlation between RSAR in models excluding trans-
fers compared with classifying transfers as admissions had Pearson
and Spearman correlation coefficients of 0.71 and 0.76, respectively
(Appendix H).

4. Discussion

To determine the role of patient and hospital characteristics in hos-
pital admission after ED visits for AF/AFL, we analyzed a large US all-
payer hospital claims dataset. Emergency department visits for AF/AFL
increased from 2006 to 2011, whereas ED admission rates have experi-
enced a small decrease. Our findings are consistentwith and build upon
prior studies identifying hospital region and the presence of patient-
Table 3
ED admission rate for AF and AFL among patients with 0 CHA2DS2-VASc score.

Year National estimate
of ED visits

ED visits (N) Admitted (n) Weighted
rate

2006 46 650 9513 4534 47.1
2007 45 396 9457 4655 48.8
2008 48 317 10 592 4862 45.0
2009 46 090 10 039 4666 46.0
2010 48 511 10 406 5012 47.6
2011 49 675 10 716 4737 44.1
Overall 47 440 10 121 4744 46.4

Please cite this article as: LinMP, et al, Hospital-level variation and predicto
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level comorbidities as strong predictors of admission, while furthering
existing evidence by examining hospital-level effects [16,27]. In addi-
tion to region,metropolitan teaching statuswas an independent predic-
tor of increased ED admission. However, these hospital-level predictors
accounted for a relatively small proportion of the observed variation;
after adjusting for both patient and hospital characteristics, one-fifth
of variation in likelihood of admission after an ED visit for AF/AFL de-
pends on the hospital a patient visits.

Metropolitan teaching and metropolitan nonteaching hospitals
were associated with increased likelihood of ED admission, consistent
with prior national studies on variation in ED and hospital admission
rates across multiple conditions [16,28,29,30]. Higher admission rates
at urban teaching facilitiesmay be related to casemix and socioeconom-
ic factors not fully captured by standard comorbidity indices or admin-
istrative data or may be due to less efficient practice patterns described
at teaching facilities [31]. The same factors that account for increased
admission rates among patients with AF at metropolitan teaching hos-
pitals may also explain the higher readmission rates observed at
safety-net hospitals, which are more likely to be penalized by the Cen-
ters for Medicare and Medicaid Services Hospital Readmission Reduc-
tion Program [32].

Significant regional variation exists in admission patterns for AF and
AFL, consistent with prior studies examining variation in utilization of
admission 95% CI Lower 95% CI Upper Test for trend in admission
rate (P value)

45.1 49.2
46.6 50.9
42.8 47.2
43.7 48.4
45.4 49.9
41.9 46.2
45.5 47.3 P= .05

rs of admission after ED visits for atrial fibrillation: 2006 to 2011, Am J
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Fig. 2. Risk-standardized admission rate for AF and AFL by region. *Each symbol represents 10 hospitals. Metropolitan teaching hospitals indicated by red triangles. Metropolitan
nonteaching hospitals indicated by green solid circles. Nonmetropolitan, nonteaching hospitals indicated by blue circles.
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hospital services for AF/AFL and other conditions [16,33]. Higher ED ad-
mission rates for AF and AFL in these areas may be driven by higher
inpatient-based and specialist-oriented patterns of care, greater bed
availability, and physician supply, which have been identified as drivers
of variation in Medicare expenditures [34]. The observed regional vari-
ation may account for national variation in ED admission rates, as evi-
denced by the differing distribution and shape of regional turnip plots
(Fig. 2). However, these hospital predictors accounted for only a small
proportion of the observed variation.

After adjusting for hospital and patient-level characteristics, we ob-
served that around one-fifth of the variance in ED admission rates (ICC
of 19.2%) was attributed to individual hospital effects, suggesting that
which hospital's ED a patient presents to accounts for an important
source of variation in admission. Unmeasured hospital or physician
level factors such as institution-specific practice patterns related to phy-
sician risk tolerance may explain this residual variation. Prior studies
have shown that rate control, followed by admission for anticoagulation
and rhythm control or discharge with rate control, is the preferred ap-
proach among US emergency physicians [35]. Emergency physicians
may be concerned that outpatient discharge is associated with greater
risk of undiagnosed near-term stroke or other serious underlying pa-
thology such as concurrent acute myocardial ischemia, diagnosed in
up to 5% of patients admitted for AF [36]. Hospitals that have adopted
clinical pathways promoting ED cardioversion and discharge with out-
patient follow-up may have lower admission rates [37]. For example,
Please cite this article as: LinMP, et al, Hospital-level variation and predicto
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in Canada, where greater emphasis is placed on outpatient pathways,
ED admission rates for patients with recent-onset AF ranged from 10%
to 27% at academic medical centers [5,38]. Variation in admission of pa-
tients who are at low risk of thromboembolic complications may also
account for the unexplained residual variation.

Nearly half of low-risk patients (CHA2DS2-VASc score of 0) were ad-
mitted with minimal decrease in admission rates from 2010 (when the
CHA2DS2-VASc risk stratification tool was published) to 2011. Before
the widespread use of direct anticoagulants and low-molecular-weight
heparin, patients with AF/AFL were admitted to initiate anticoagulation
with IV heparin therapy. However, patients with CHA2DS2-VASc scores
of 0 are at low risk for associated cardiovascular and thromboembolic
events and are unlikely to benefit from antithrombotic therapy
[4,8,9,14,24,25]. Although a proportion of these patients may have
been admitted for other reasons (eg, evaluation for underlying cause of
arrhythmia, including acute coronary syndrome or pulmonary embo-
lism), the lack of change in admission rates over time suggests practice
patterns have been slow to incorporate risk stratification pathways
such as CHA2DS2-VASc scores. Further, the mean admission rate of
46.4% among these low-risk patients in 2011 is over 70% higher than
the admission rate for all patients presenting with acute AF to Canadian
EDs, consistentwith prior comparisons, suggesting that there is potential
to safely increase outpatient management of acute AF [38,39].

Although outpatient management of AF and AFL has been demon-
strated to be a safe and effective alternative to inpatient hospitalization,
rs of admission after ED visits for atrial fibrillation: 2006 to 2011, Am J
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there is no evidence to indicatewhat is an “optimal” or “appropriate” ED
admission rate for AF/AFL. However, the minimal change in ED admis-
sion rates despite increasing numbers of ED visits raise several policy
implications. First, these data make the case for developing measures
of variation in hospital admission and integrating into Medicare's Hos-
pital Value-Based Purchasing program, which currently focuses on hos-
pital 30-day readmission. Avoidable initial hospitalizations for AF/AFL
represent an opportunity to reduce cost and avoid patient harm. As pa-
tients presentingwith acute AF/AFL are older and havemultiple comor-
bid conditions than those unaffected by AF/AFL, they are more likely to
experience adverse events related to inpatient hospitalization [40].
Prior research has demonstrated that higher all-cause admission is the
strongest predictor of readmission for acute myocardial infarction, con-
gestive heart failure, and pneumonia [41]. Among patients admitted for
AF/AFL, up to 25% are readmitted within 30 days [42]. Reducing varia-
tion and increasing outpatient management of acute fibrillation and
flutter—particularly among patients at lowest risk of thromboembolic
events—have the potential to prevent morbidity and cost associated
with potentially avoidable hospital admission and readmission.

Our findings suggest a need for additional research to identify insti-
tutional practices that account for widespread variation in admission
rates for AF/AFL. Further research is needed to determine if variation
in ED admission rates is associated with quality and patient outcomes.
It would be particularly interesting to examine institutionswith low ad-
mission rates and high performance on short-term outcome metrics to
identify potential best practices. For example, shared decision-making
regarding initiation of anticoagulation therapy in AF improves decision
quality and better reflects patient preferences; the application of novel
risk stratification tools for AF/AF to guide the decision to admit or dis-
charge a patient who visits the ED for AF/AFL could have a similar effect
[43,44].

4.1. Limitations

Our findings are subject to several limitations. Atrial fibrillation or
flutter encompasses a broad clinical spectrumand theNEDS administra-
tive dataset does not include clinical data regarding patients' hemody-
namic status or severity at the time of initial ED presentation, such as
their vital signs, which would contribute to the decision to admit. How-
ever, we risk adjustedwith the Elixhauser score, awell validated predic-
tor of inhospital mortality and there is a broad range of clinical severity
across all institutions [11]. Second, the CHA2DS2-VASc score was pub-
lished 2010 as a prediction tool for annual risk for thromboembolic dis-
ease and need for oral anticoagulation and incorporated into guidelines
for management of AF/AFL in 2014. Although not originally intended as
a risk stratification tool to assess need for hospitalization, other studies
have demonstrated the association of elevated CHA2DS2-VASc score
with increased likelihood of hospitalization and mortality [45,46]. By
defining low-risk patients as those with CHA2DS2-VASc score of 0, we
are excluding female patients, which may limit the generalizability of
this secondary analysis. Third, administrative data are subject to mis-
classification of the diagnosis of AF/AFL or ED disposition, as well as sec-
ondary diagnoses included in the Elixhauser risk adjustment. Prior
studies on the reliability of ICD-9 codes for AF andAFL have demonstrat-
ed high sensitivity (73%), specificity (99%), and positive predictive value
(95%) [47]. The sensitivity analyses examining ED visits for which AF
and AFL were listed as secondary and where the principal diagnosis
was thought to be AF/AFL-related did not find materially different re-
sults. Fourth, NEDS provides visit-level data without data on revisits or
outcomes; therefore, we were unable to ascertain whether variation
in admission was associated with 30-daymortality or whether patients
returned to the ED after discharge, suggesting that they should have
been admitted at the initial ED visit. Some patients may have accounted
for multiple visits within the sample, but these account for a small pro-
portion of the overall visit total. We were further unable to determine
ED visits related to recent hospital discharges or revisits for the same
Please cite this article as: LinMP, et al, Hospital-level variation and predicto
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condition, which may be associated with admission. Further, NEDS in-
cludes only ED visits; therefore, our analysis is limited to patients admit-
ted to the hospital through the ED. Patients who are admitted directly to
the hospital (eg, from a clinic) are not analyzed. Although observation is
an increasingly used pathway for themanagement of conditions that do
not necessarily warrant inpatient admission, the NEDS does not sepa-
rately classify observation care after an ED visit because observation is
an outpatient level of care [48-50]. This likely had little effect on results,
as in 2011 and preceding years, observation care made up a small pro-
portion of hospitalizations and AF/AFL was not frequent observation di-
agnoses [51].
5. Conclusion

From 2006 to 2011, ED visits for AF and AFL increased whereas ad-
mission rates decreased slightly; however, nearly half of low-risk
patients (CHA2DS2-VASc score 0) continue to be admitted, with no
change over time. Emergency department admission rates for AF and
AFL are strongly associated with metropolitan teaching status and geo-
graphic region.However, hospital predictors explained only a small pro-
portion of the wide variation; after adjusting for these characteristics,
the specific hospital ED that a patient visits explains around a fifth of
the variation in the likelihood of admission. As outpatient management
of AF and AFL can be safe and less expensive than hospital admission,
further research to better characterize if patient outcomes are associat-
ed with institutional variation in ED admission rates and whether strat-
egies to reduce such variation could improve the value of acute medical
care for patients with AF and AFL.
Appendix A-H. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ajem.2016.07.023.
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