Comparative Risks of Ischemic Stroke in Atrial Flutter versus
Atrial Fibrillation
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Introduction: The aim of this study was to compare the risk of ischemic stroke in
patients who have atrial fibrillation and patients who have atrial flutter. Methods:
Using inpatient and outpatient Medicare claims data from 2008 to 2014 for a 5%
sample of all beneficiaries 66 years of age or older, we identified patients diag-
nosed with atrial fibrillation and those diagnosed with atrial flutter. The primary
outcome was ischemic stroke. In the primary analysis, patients with atrial flutter
were censored upon converting to fibrillation; in a secondary analysis, they were
not. Survival statistics were used to compare incidence of stroke in patients with
flutter and patients with fibrillation. Cox proportional hazards analysis was used
to compare the associations of flutter and fibrillation with ischemic stroke after
adjustment for demographics and risk factors. Results: We identified 14,953 pa-
tients with flutter and 318,138 with fibrillation. During a mean follow-up period
of 2.8 (+2.3) years, we identified 18,900 ischemic strokes. The annual incidence of
ischemic stroke in patients with flutter was 1.38% (95% confidence interval [CI]
1.22%-1.57%) compared with 2.02% (95% CI 1.99%-2.05%) in patients with fibril-
lation. After adjustment for demographics and stroke risk factors, flutter was associated
with a lower risk of stroke compared with fibrillation (hazard ratio .69; 95% CI
.60-.79, P <.05). Within 1 year, 65.7% (95% CI 64.9%-66.4%) of patients with flutter
converted to fibrillation but remained at a lower risk of ischemic stroke (hazard
ratio .85; 95% CI .78-.92). Conclusions: Patients with atrial flutter faced a lower
risk of ischemic stroke than patients with atrial fibrillation. Key Words: Stroke—atrial
flutter—atrial fibrillation—arrhythmia.
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Atrial dysrhythmias are associated with an increased
risk of ischemic stroke. Atrial fibrillation is a common
cause of ischemic stroke and is the most common cause
of cardioembolic stroke.'” Patients with atrial fibrilla-
tion face a heightened stroke risk, and half of all ischemic
strokes in high-income countries are attributed to atrial
fibrillation.” A related and less prevalent atrial dysrhyth-
mia, atrial flutter, is also associated with an increased risk
of ischemic stroke.”® The magnitude of stroke risk in pa-
tients with atrial flutter as compared with fibrillation
remains unclear.

Stroke prevention guidelines recommend anticoagula-
tion for patients with either atrial fibrillation or flutter.”*
Previous studies have shown an increased risk of stroke
in patients with atrial flutter as compared with the general
population.** However, a head-to-head comparison of stroke
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risk in patients with fibrillation and patients with flutter
has not been performed. Given the uncertainty and po-
tential clinical implications, we used inpatient and
outpatient Medicare claims data to compare the rate of
stroke in patients with atrial flutter and patients with atrial
fibrillation.

Methods
Design

We performed a retrospective cohort study using ad-
ministrative claims data from 2008 to 2014 on a 5% sample
of Medicare beneficiaries. The Centers for Medicare and
Medicaid provides these deidentified data for research
purposes.” In the dataset, beneficiaries are given an anon-
ymous identification number that allows for longitudinal
tracking across all care settings while enrolled in Medi-
care. Administrative claims data such as these are useful
for population-based epidemiological studies of stroke risk
factors, especially risk factors that are relatively rare within
the population, such as atrial flutter.'”" The Weill Cornell
Medical Center Institutional Review Board approved our
analysis.

Patient Population

We limited our cohort to patients 66 years of age or
older to allow 1 year for patients to enter care as Medi-
care beneficiaries and for providers to document pre-
existing comorbidities. We only included beneficiaries with
continuous coverage in traditional fee-for-service Medi-
care (both Parts A and B) for at least 1 year (or until death,
if applicable).”” Our sample included patients with a di-
agnosis of either atrial fibrillation or atrial flutter. Atrial
flutter was defined by the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) code
427.32, and atrial fibrillation was defined by ICD-9-CM
diagnosis code 427.31. These ICD-9-CM codes have been
previously validated to have a positive predictive value
ranging from 70% to 96% when compared to expert
medical record review for the ascertainment of atrial fi-
brillation or flutter.”® Patients with a documented stroke
before or at the same time as their first diagnosis of atrial
fibrillation or flutter were excluded. In a sensitivity anal-
ysis, we limited our cohort to patients with atrial fibrillation
and atrial flutter diagnosed specifically by a cardiologist.

Measurements

Our primary outcome of interest was ischemic stroke,
identified using a previously validated ICD-9-CM diag-
nosis code algorithm with a sensitivity of 86%, specificity
of 95%, and positive predictive value of 90%." A diag-
nosis of ischemic stroke under this algorithm required
an inpatient claim for ICD-9-CM codes 433.x1, 434, or 436
in any hospital discharge diagnosis position in the absence
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of a concomitant code for rehabilitation (V57) or trau-
matic brain injury (800 to 804, 850 to 854)."

Additional covariates included were demographics and
traditional vascular risk factors. Patients’ age, sex, and
self-reported race were all determined from the Medi-
care denominator file. We used ICD-9-CM codes from all
visits preceding the index diagnosis of atrial fibrillation
or flutter to ascertain the following vascular risk factors:
hypertension, diabetes mellitus, coronary artery disease,
peripheral vascular disease, congestive heart failure, chronic
kidney disease, chronic obstructive pulmonary disease,
valvular heart disease, alcohol abuse, and tobacco use."
We used comorbidity data to calculate patients” CHA,DS,-
VASc scores and Charlson comorbidities.'*"” The Charlson
Comorbidity Index reflects a comprehensive set of base-
line comorbidities and predicts overall mortality."”
Additionally, ICD-9-CM codes were used to identify pa-
tients with prior bleeding."® To account for possible
differences in anticoagulation use, we performed sepa-
rate analyses in which we additionally adjusted our models
for the remaining comorbidities in the Charlson
Comorbidity Index and prior bleeding as these factors
may influence physicians’ decisions regarding
anticoagulation.

Statistical Analysis

Baseline characteristics were compared using the x? test
and the t test, when appropriate. We used descriptive sta-
tistics with binomial exact confidence intervals (CIs) to
calculate crude rates of ischemic stroke. Survival statis-
tics were used to determine the annual incidence of
ischemic stroke and Kaplan—-Meier curves were used to
present cumulative rates. Because we were interested in
understanding the risk of stroke while patients have atrial
flutter and not atrial fibrillation, we censored patients with
atrial flutter upon diagnosis of atrial fibrillation. However,
because flutter and fibrillation frequently co-occur,” we
performed a secondary analysis in which we did not censor
patients with flutter upon diagnosis of fibrillation. This
“intention-to-treat” analysis took into account the fact that
the natural history of flutter often involves the develop-
ment of fibrillation.

We also tested the hypothesis that the CHA,DS,-
VASc score would be associated with the time to conversion
from flutter to fibrillation. In a post hoc analysis, we
modeled the CHA,DS,-VASc scores as a step function
instead of a linear function. In all analyses, patients were
censored at the time of first ischemic stroke, death, ter-
mination of Medicare coverage, or December 31, 2015.
We used Cox proportional hazards models to compare
the risk of stroke between flutter and fibrillation while
adjusting for demographics and stroke risk factors. In an
alternative model, we simply adjusted for CHA,DS,-
VASc scores. All statistical analyses were performed using
Stata/MP (Version 14, StataCorp LLC, College Station,
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Table 1. Characteristics of patients with atrial fibrillation and patients with atrial flutter

Atrial flutter Atrial fibrillation

Characteristic* (N =14,953) (N =318,138)
Age, mean (SD), years 76.9 (7.7) 78.4 (8.0)
Female 5957 (39.8) 164,856 (51.8)
Race
White 13,243 (88.6) 290,426 (91.3)
Black 1134 (7.6) 15,580 (4.9)
Other 576 (3.9) 12,132 (3.8)
Hypertension 6409 (42.9) 158,582 (49.9)
Coronary heart disease 4432 (29.6) 92,038 (28.9)
Congestive heart failure 2488 (16.6) 62,867 (19.8)
Diabetes 2130 (14.2) 54,472 (17.1)
Valvular heart disease 1831 (12.3) 41,562 (13.1)
Chronic obstructive pulmonary disease 1432 (9.6) 35,406 (11.1)
Chronic kidney disease 974 (6.5) 22,120 (7.0)
Peripheral vascular disease 709 (4.7) 16,378 (5.2)
Tobacco use 436 (2.9) 9332 (2.9)
Alcohol abuse 380 (2.5) 7240 (2.3)
CHA,DS,-VASc score 3.0(1.2) 33 (1.3)

Abbreviations: SD, standard deviation.
P < .005 for all comparisons.

*Data are represented as number (%) unless otherwise specified.

TX). The threshold of statistical significance was set at
o =.05.

Results
Patient Characteristics

We identified 14,953 patients with atrial flutter and
318,138 with atrial fibrillation. The mean age of patients
with flutter was 76.9 years (+7.7 years) and that of pa-
tients with fibrillation was 78.4 years (8.0 years). Patients
with flutter were less often female (39.8% versus 51.8%);
were less likely to suffer from hypertension, diabetes, and
congestive heart failure; and had lower mean CHA,DS,-
VASc scores (3.0 +1.2 versus 3.3 +1.3). The prevalence of
other vascular risk factors was similar between patients
with flutter and fibrillation (Table 1).

During a mean follow-up period of 2.8 (+2.3) years,
18,900 patients were hospitalized for ischemic stroke. Isch-
emic strokes occurred in 236 patients with atrial flutter
and in 18,664 patients with atrial fibrillation. In the primary
analysis, in which patients with flutter were censored upon
the diagnosis of fibrillation, the annual incidence of isch-
emic stroke in patients with flutter was 1.38% (95% CI
1.22%-1.57%) versus 2.02% (95% CI 1.99%-2.05%) in pa-
tients with fibrillation (Fig 1). After adjustment for
demographics and vascular risk factors, atrial flutter was
associated with a lower risk of ischemic stroke than fi-
brillation (hazard ratio [HR] .69; 95% CI .61-.79) (Table 2).
In a sensitivity analysis limited to cases of atrial flutter
and fibrillation diagnosed by cardiologists only, flutter

was associated with a significantly lower risk of stroke
than fibrillation, although this association was some-
what attenuated (HR .84; 95% CI .75-.94). In an alternative
model adjusted for the CHA,DS,-VASc score, atrial flutter
was similarly associated with a lower risk of ischemic
stroke (HR .69; 95% CI .60-.78). Our results were un-
changed when we adjusted for the remaining comorbidities
in the Charlson Comorbidity Index and bleeding history
(Table 2).

By 1 year after their initial diagnosis of atrial flutter,
65.67% (95% CI 64.91%-66.43%) had received a diagno-
sis of atrial fibrillation. We found a significant but weak
association between the CHA,DS,-VASc score and the
time from flutter diagnosis until conversion to fibrilla-
tion (HR per 1-point increase, 1.02; 95% CI 1.005-1.03).
In a post hoc analysis in which we modeled the
CHA;DS,-VASc scores as a step function instead of a
linear function, it appeared that there was an increased
risk of conversion from flutter to fibrillation in those
with CHA,DS,-VASc scores of 5 or higher compared
with those with scores lower than 5 (HR 1.10; 95% CI
1.05-1.15).

In a secondary analysis in which patients with atrial
flutter were not censored upon diagnosis of atrial fibril-
lation, the annual incidence of stroke in patients with flutter
was 1.57% (95% CI 1.46%-1.70%) compared with the 2.02%
(95% CI 1.99%-2.05%) incidence in atrial fibrillation. In
this analysis, atrial flutter remained associated with a lower
adjusted risk of stroke, although the difference was at-
tenuated (HR .84; 95% CI .41-.92) (Table 2).
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Figure 1. Cumulative rates of ischemic stroke in pa-
tients with atrial flutter versus atrial fibrillation.
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Discussion

In a nationally representative sample of Medicare ben-
eficiaries, we found a lower risk of ischemic stroke in
patients with atrial flutter as compared with patients with
atrial fibrillation. The risk of risk associated with flutter
remained significantly lower regardless of whether we
censored patients at the time of fibrillation and in anal-
yses limited to diagnoses made by cardiologists only.

Table 2. Hazard ratios for ischemic stroke in atrial flutter as
compared with atrial fibrillation

Hazard ratio

Model (95% CI)

Primary analysis: Patients with atrial
flutter censored upon the diagnosis of
fibrillation
Adjusted for demographics and vascular

risk factors

Adjusted for CHA,DS,-VASc score
Adjusted for demographics, vascular
risk factors, remaining Charlson
comorbidities*, and prior bleeding

Secondary analysis: Patients with atrial
flutter not censored upon the diagnosis
of fibrillation
Adjusted for demographics and vascular

risk factors

Adjusted for CHA,DS,-VASc score
Adjusted for demographics, vascular
risk factors, remaining Charlson
comorbidities*, and prior bleeding

.69 (.61-.79)

.69 (.60-.78)
70 (.61-.79)

84 (41-.92)

.84 (.77-.90)
.85 (.79-.92)

Abbreviations: CI, confidence interval.
*Charlson Comorbidity Index quantifies patients’ overall mor-
bidity and mortality.

There are few comparative data on the risks of isch-
emic stroke in atrial flutter versus atrial fibrillation. In a
large observational study by Biblo et al, the risk of stroke
in patients with atrial flutter appeared lower than the risk
in patients with fibrillation, but the 2 conditions were not
directly compared, and the study was limited by its ex-
clusive use of inpatient claims data, which likely captured
nongeneralizable cases of flutter and fibrillation.”” Other
studies have reported that atrial flutter is associated with
an increased risk of stroke and that this risk may be equiv-
alent to the stroke risk in patients with atrial fibrillation,
but these studies included relatively few cases of atrial
flutter and thus may have lacked sufficient power to con-
clusively compare stroke risk in these closely related
dysrhythmias.”* In contrast to the prevailing clinical un-
derstanding, our results suggest that the risk of stroke
associated with atrial flutter is not equivalent to the risk
associated with atrial fibrillation.

Our findings are in parallel with studies of the burden
of atrial fibrillation and stroke risk. Although it was long
taught that the risk of stroke was similar regardless of
the burden of atrial fibrillation, recent studies have in-
dicated that the risk of stroke is higher in permanent rather
than paroxysmal atrial fibrillation.” In this context, our
study adds further evidence that specific features of atrial
dysrhythmias may reflect different degrees of associ-
ated stroke risk. From a mechanistic point of view, it
remains unclear to what degree atrial flutter and fibril-
lation cause varying rates of thromboembolism and to
what degree these different dysrhythmias reflect varying
degrees of severity of atrial cardiomyopathy, which in
turn causes thromboembolism.***

Regardless of any differences in pathophysiology and
thromboembolic risk between these 2 conditions, we found
that most patients with atrial flutter were soon diag-
nosed with atrial fibrillation, which is consistent with
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previous reports.””** When accounting for this high rate
of conversion, we found that the risk of stroke in flutter
became more similar, although still not equivalent, to stroke
risk in fibrillation. In the absence of clear predictors of
conversion from flutter to fibrillation, our findings gen-
erally support current guidelines that recommend
anticoagulation for patients with atrial flutter if it is ac-
companied by other stroke risk factors.”® If the temporal
evolution of these dysrhythmias could be robustly pre-
dicted, then more personalized use of anticoagulation may
be possible. Our results indicate that the CHA,DS,-
VASc score is not strongly associated with this temporal
evolution from flutter to fibrillation.

Our results should be considered in light of multiple
limitations. First, our reliance on administrative claims
data may have led to misclassification of both predic-
tors and outcomes. To minimize such misclassification,
we used outcome codes that have been previously
validated.”®'* Whereas diagnosis codes 427.3x allow
reliable ascertainment of atrial fibrillation and/or flutter
as an overall group of related dysrhythmias,” the
specificity of codes 427.31 and 427.32 for the individual
conditions is uncertain. Bias may be possible if clini-
cians systematically classified ambiguous dysrhythmias
in lower risk patients as atrial flutter and those in
higher risk patients as atrial fibrillation, but this seems
unlikely given the prevailing clinical teaching that these
2 conditions have similar stroke risk. Furthermore, we
found a lower risk of stroke in flutter versus fibrillation
even in sensitivity analyses that required diagnosis of
atrial fibrillation or atrial flutter specifically by a
cardiologist, which would be expected to increase the
accuracy of these diagnoses. Second, we lacked data on
anticoagulant medication use, but it is unlikely that our
results were explained by a higher rate of anticoagulant
therapy in atrial flutter versus fibrillation given current
guidelines and the prevailing understanding of stroke
risk in these 2 conditions.”® Third, the patients in our
cohort were at least 66 years old, so our findings may
not be generalized to younger patients.

Conclusions

Among a nationally representative cohort of elderly
Americans, patients with atrial flutter faced a lower risk
of ischemic stroke than patients with atrial fibrillation.
Strategies to identify patients with isolated atrial flutter
may allow for more personalized anticoagulation recom-
mendations, although it must be kept in mind that most
cases of atrial flutter soon evolve into atrial fibrillation.

References

1. Friberg L, Rosenqvist M, Lindgren A, et al. High
prevalence of atrial fibrillation among patients with
ischemic stroke. Stroke 2014;45:2599-2605.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Leyden JM, Kleinig TJ, Newbury J, et al. Adelaide stroke
incidence study: declining stroke rates but many
preventable cardioembolic strokes. Stroke 2013;44:1226-
1231.

. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as

an independent risk factor for stroke: the Framingham
Study. Stroke 1991;22:983-988.

. Lip GY, Lim HS. Atrial fibrillation and stroke prevention.

Lancet Neurol 2007;6:981-993.

. Granada J, Uribe W, Chyou PH, et al. Incidence and

predictors of atrial flutter in the general population. ]
Am Coll Cardiol 2000;36:2242-2246.

. Lanzarotti CJ, Olshansky B. Thromboembolism in chronic

atrial flutter: is the risk underestimated? ] Am Coll Cardiol
1997;30:1506-1511.

. January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/

HRS guideline for the management of patients with atrial
fibrillation: executive summary: a report of the American
College of Cardiology/American Heart Association Task
Force on practice guidelines and the Heart Rhythm
Society. Circulation 2014;130:2071-2104.

. Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC

guidelines for the management of atrial fibrillation
developed in collaboration with EACTS. Rev Esp Cardiol
(Engl Ed) 2017;70:50.

. Limited Data Set (LDS) files 2016. Available at: https://

www.cms.gov /Research-Statistics-Data-and-Systems /
Files-for-Order/LimitedDataSets/. Accessed January 11,
2017.

Yu AY, Holodinsky JK, Zerna C, et al. Use and utility
of administrative health data for stroke research and
surveillance. Stroke 2016;47:1946-1952.

Naccarelli GV, Varker H, Lin ], et al. Increasing prevalence
of atrial fibrillation and flutter in the United States. Am
J Cardiol 2009;104:1534-1539.

Walkey AJ, Hammill BG, Curtis LH, et al. Long-term
outcomes following development of new-onset atrial
fibrillation during sepsis. Chest 2014;146:1187-1195.
Jensen PN, Johnson K, Floyd J, et al. Identifying atrial
fibrillation from electronic medical data: a systematic
review. Pharmacoepidemiol Drug Saf 2012;21:141-147.
Tirschwell DL, Longstreth WT Jr, Becker K], et al.
Shortening the NIH Stroke scale for use in the prehospital
setting. Stroke 2002;33:2801-2806.

Writing Group Members, Mozaffarian D, Benjamin EJ,
et al. Heart disease and stroke statistics-2016 update: a
report from the American Heart Association. Circulation
2016;133:e38-e360.

Ntaios G, Lip GY, Makaritsis K, et al. CHADS(2),
CHA(2)S(2)DS(2)-VASc, and long-term stroke outcome
in patients without atrial fibrillation. Neurology
2013;80:1009-1017.

Charlson ME, Pompei P, Ales KL, et al. A new method
of classifying prognostic comorbidity in longitudinal
studies: development and validation. ] Chronic Dis
1987;40:373-383.

Singer DE, Chang Y, Borowsky LH, et al. A new risk
scheme to predict ischemic stroke and other
thromboembolism in atrial fibrillation: the ATRIA study
stroke risk score. ] Am Heart Assoc 2013;2:e000250.
Brembilla-Perrot B, Girerd N, Sellal JM, et al. Risk of atrial
fibrillation after atrial flutter ablation: impact of AF history,
gender, and antiarrhythmic drug medication. ] Cardiovasc
Electrophysiol 2014;25:813-820.

Biblo LA, Yuan Z, Quan K], et al. Risk of stroke in
patients with atrial flutter. Am J Cardiol 2001,87:346-349,
A349.


http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0010
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0010
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0010
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0015
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0015
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0015
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0015
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0020
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0020
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0020
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0025
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0025
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0030
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0030
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0030
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0035
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0035
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0035
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0040
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0040
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0040
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0040
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0040
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0040
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0045
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0045
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0045
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0045
https://www.cms.gov/Research-Statistics-Data-and-Systems/Files-for-Order/LimitedDataSets/
https://www.cms.gov/Research-Statistics-Data-and-Systems/Files-for-Order/LimitedDataSets/
https://www.cms.gov/Research-Statistics-Data-and-Systems/Files-for-Order/LimitedDataSets/
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0055
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0055
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0055
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0060
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0060
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0060
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0065
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0065
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0065
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0070
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0070
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0070
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0075
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0075
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0075
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0080
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0080
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0080
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0080
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0085
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0085
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0085
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0085
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0090
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0090
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0090
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0090
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0095
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0095
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0095
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0095
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0100
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0100
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0100
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0100
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0105
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0105
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0105

21.

22.

23.

24.

Wood KA, Eisenberg SJ, Kalman JM, et al. Risk of
thromboembolism in chronic atrial flutter. Am J Cardiol
1997;79:1043-1047.

Seidl K, Hauer B, Schwick NG, et al. Risk of
thromboembolic events in patients with atrial flutter. Am
J Cardiol 1998;82:580-583.

Rahman F, Wang N, Yin X, et al. Atrial flutter: clinical
risk factors and adverse outcomes in the Framingham
Heart Study. Heart Rhythm 2016;13:233-240.

Halligan SC, Gersh BJ, Brown RD Jr, et al. The natural
history of lone atrial flutter. Ann Intern Med
2004;140:265-268.

25.

26.

27.

M. AL-KAWAZ ET AL.

Vanassche T, Lauw MN, Eikelboom JW, et al. Risk of
ischaemic stroke according to pattern of atrial fibrillation:
analysis of 6563 aspirin-treated patients in ACTIVE-A and
AVERROES. Eur Heart ] 2015;36:281-287a.

Kamel H, Okin PM, Elkind MS, et al. Atrial fibrillation
and mechanisms of stroke: time for a new model. Stroke
2016;47:895-900.

Goldberger JJ, Arora R, Green D, et al. Evaluating the
atrial myopathy underlying atrial fibrillation: identifying
the arrhythmogenic and thrombogenic substrate.
Circulation 2015;132:278-291.


http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0110
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0110
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0110
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0115
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0115
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0115
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0120
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0120
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0120
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0125
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0125
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0125
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0130
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0130
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0130
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0130
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0135
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0135
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0135
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0140
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0140
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0140
http://refhub.elsevier.com/S1052-3057(17)30576-1/sr0140

	 Comparative Risks of Ischemic Stroke in Atrial Flutter versus Atrial Fibrillation
	 Methods
	 Design
	 Patient Population
	 Measurements
	 Statistical Analysis

	 Results
	 Patient Characteristics

	 Discussion
	 Conclusions
	 References


