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Abstract

Background: Catheter ablation (ABL) for non-valvular AF (NVAF) is recommended for symptomatic patients refractory to medical therapy
and its success is related to the duration of the arrhythmia prior to intervention.Our aim was to assess the early utilization and the factors
that prompted ABL in patients hospitalized for new onset NVAF.

Methods: Using de-identified administrative discharge records for hospitalizations and emergency department (ED) visits, we determined
the patients who had a first-time (since 1991) health record diagnosis of AF between2005 - 2011. We linked ambulatory surgery encounters
for ABL based on ICD 9 code occurring within two years of initial hospitalization. After excluding other cardiac arrhythmias, atrio-ventricular
nodal ablation or pacemaker/defibrillator placement and cardiac valve disease, bivariate comparisons were made with those who did not
undergo ABL.

Results: During the study period,3,440 of 424,592 patients (0.81%) hospitalized for new onset NVAF underwent ABL. Parameters
significantly (p<0.001) associated with ABL compared to non-ABL patients included: principal diagnosis of AF (55% vs 25%), age 35-64 yrs
(46.1% vs. 22.4%), male (58.9% vs. 48.2%), private insurance (46.6% vs. 21.1%), Caucasian (81.0% vs.71.6%), lower frequency of ED visit
< 6 months before index AF hospitalization (10.7% vs. 15.9%), lower severity of illness(SOI) at time of AF diagnosis (16.5% vs. 35.6%) anda
lower prevalence of major comorbidities (p< 0.001).

Conclusions: Ablation has low utilization for treatment of new onset NVAF within two years of diagnosis. Earlier utilization of ABL may

reduce health care burden related to NVAF and requires further evaluation.

Introduction

'The current age-adjusted incidence of atrial fibrillation (AF) is13.4
per 1000 person-yearsiYand the prevalence of AF is projected to be
over 10 million in the United States by 2050.”'These patients are at
risk for several morbidities requiring recurrent hospitalization, thus
contributing to a huge economic burden from direct and indirect
costs. B Medical management of non-valvular (NV)AF for rhythm
control has moderate success,with median time to recurrence ranging
from 74 - 487 days, reflecting frequent relapses within first two years.
(611" The natural history of AF typically progresses from paroxysmal
episodes (PAF) triggered by premature atrial complexes from
pulmonary veins or non pulmonary vein locations such as superior
vena cava and posterior wall of left atrium, to persistent AF (PeAF)
due to rotors, and substrate remodeling.!!"*3These patients present
frequently with symptoms, however some patients area symptomatic
with persistent AF of unknown duration. The mean duration of PAF
is approximately 1.7 yrs before progressing to PeAF as noted in data
from tertiary care centers.!'¥
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Clinical trials have shown superiority of ABL over medical therapy
when used as second line intervention, and equivalent as first line
treatment.!'"1"% The reported frequency of maintaining sinus rhythm

after ABL at one year varies approximately from 60-80%,1¢} 7). [19)

20with PAF requiring less extensive ablation compared to PeAF,
achieving greater success in maintaining sinus rhythm,???land
resulting in fewer procedure related adverse events. *'The defined
success of ABL (non-recurrence of AF > 30 sec) is dependent on the
type of AF prior to intervention®” and the overall duration of AF.l%
Evidence reflects superior control of AF when ABL is performed
early in the course of the disease and is there fore recommended for
those who are refractory or intolerant to therapy with at least one
drug 25271

Our aim was to determine the frequency and predictors of early
catheter ablation (< 2 years) in California by a case control study of
new onset AF. We hypothesized that hospitalization or emergency
department visits represent severely symptomatic AF and may reflect
a population with increased likelihood of referral for ABL.
Methods And Materials

This case control study was approved by the State of California
Committee for the Protection of Human Subjects, and by the UC
Davis institutional review board. The database utilized constituted
patient discharge information from hospitalizations (PDD),

emergency department (ED) and ambulatory surgery (AS) encounters
from California non-federal hospitals.After linking the PDD, ED
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and AS databases, we identifiedthe patients hospitalized with a
diagnosis of AF (427.31)between Jan 1, 2005 to Dec 31, 2011, and
then excluded all the cases with any prior discharge diagnosis of AF,
back to 1990. Among these cases that had an incident hospitalization
with a diagnosis of AF after Jan 1 2005, we identified all those who
underwent an endovascular ablation (ICD-9-CM = 37.34) between
Jan 1, 2005- Dec 31, 2011. We excluded all patients that also had
a diagnosis of atrial flutter (427.32), supraventricular tachycardia
(427.0), ventricular tachycardia (427.1), underwent an open surgical
ablation (only procedure =37.34) and all cases that had pacemaker
implant (37.80-37.87) coupled with a diagnosis of sino-atrial node
dysfunction (427.81) or atrio-ventricular block (426.0-426.1). Rural
and urban hospitals were defined based on recommendations by
Office of Statewide Health Planning and Development (OSHPD)
with areas under 250 persons/ square mile considered as rural.
Comorbidities were defined using the Elixhauser comorbidity index

Baseline characteristics of patients admitted for first time diagnosis
BEL 3 H of Non valvular atrial fibrillation (NVAF) 2005-2011 in non federal
hospitals in California

Characteristics Total Percent
population
All Patients with new AF in 2005 though 2011 424,592 100.0
New AF prin DX (427.31) 106,942 25.2
New AF any secondary diagnosis (427.31) 317,650 74.8
Patient Age 18-34 6,335 1.5
35-49 21,640 51
50-64 74,212 17.5
65-79 155,568 36.6
80 or older 166,837 39.3
Patient sex Male 209,371 49.3
Female 215,221 50.7
Payer source (index admission) Medicare 293,791 69.2
Medicaid 20,782 4.9
Private, incl. HMO 90,337 21.3
Self-pay 10,561 25
No charge 8,463 2.0
Other 658 0.2
Race/ethnicity (index admission)  White 304,451 717
Hispanic 51,114 12.0
Black 21,000 4.9
Asian/Pacific Islander 31,500 74
Other 16,527 3.9
Inpatient admission within 6 months preceding new AF admission 56,017 13.2
ED visit within 6 month of new AF admission 67,502 15.9
Outpatient admission within 6 months preceding new AF 32,834 7.7
admission
Rural location (index admission Urban 400,317 94.3
hospital)
Rural 24,275 5.7
Admission year 2005 63,164 149
2006 60,787 14.3
Admission year 2007 58,625 13.8
2008 59,275 14.0
2009 59,010 13.9
2010 61,292 14.4
2011 62,439 14.7

AF- Atrial fibrillation
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(Healthcare Cost and Utilization Project V3.7), which identifies
29 major comorbidities based on ICD-9-CM codes listed as being

present at the time of first admission with AF.?8 Patients with valve

disease were excluded and the remainder were considered to have
NVAF. Patients with dementia, human immunodeficiency disease,
alcohol abuse, active cancer or psychosis were also excluded. We
reviewed approximately 200 hospitalization records to verify the
accuracy of the inclusions and exclusions.

All patient refined (APR)-DRGs are measures to assess patient
characteristics for resource utilization as an all payer alternative to
Medicare system (MS)-DRG and has four levels of severity.We
applied this previously described measure called “the severity-of-
illness (SOI)” utilizing a software (APR-DRG version 24; 3M) at
the time of the hospital admission (minor, moderate, severe and
extreme).?3UMany of the co-morbidities defined by this algorithm
are known risk factors associated with AF.

We compared demographic and clinical characteristics of cases
that underwent ABL within two years to controls who never
underwent ablation during the study period. Predictors undergoing
ABL were analyzed using a proportional hazard model that included
demographic variables, clinical variables, SOI, insurance status,
and intercurrent hospitalization with a principal diagnosis of AF
as a time dependent covariate. SAS version 9.3 was used for all
statistical analyses. Continuous variables were expressed as mean +
SD. Categorical variables were presented as percentages. Uni-variate
analysis was performed with a X* test for nominal variables and
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Fisher’s exact test was applied for outcomes fewer than 5 events per
cell. Analysis was performed using multivariable proportional hazard
modeling to predict outcomes. A p-value < 0.05 was considered
significant.

Results

Among the total adult population in California (28,068,224),
424,492cases had a first-time hospitalization with a diagnosis of
NVAF between 2005-2011, averaging 60,000 admissions per year.
[Figure 1]Of these cases, 106,942 patients (25.2%) were admitted for
a principal diagnosis of NVAF and 317,650patients (74.8%) had a
secondary diagnosis of NVAF. The majority of these patients (75.9%)
were >65 yrs old; the number of males (2.39/1000) and females
(2.38/ 1000) were comparable.The payer source for the majority
of the cases, was medicare (69%)and approximately one fifth had
private insurance. [ Table 1] There was a slight decrease in the number
of cases with a first time admission for NVAF from 60,484 in 2005 to
56,829 in 2009; in 2011, there was an increase to 62,439.[Figure 1A]
Most patients were hospitalized in an urban facility (94.3%). Two-
thirds of the patients were admitted with moderate or major severity
of illness, while a third were either EDadmissions or mild severity
of illness. Approximately 60% the patients had hypertension (HTN);
diabetes mellitus (DM), heart failure (HF),chronic obstructive
pulmonary disease (COPD), obesity were relatively frequent. [Table
2]'The prevalence of AFwas higher among Caucasians compared to
other races/ethnic groups.[Figure 2]

ABL was performed < 2 years from the first hospitalization/ ED
visit in 3440 (0.81%) of the total number of cases admitted during
the study period.[Table 3] The number of ablations peaked at 564
(0.95%) in this population in 2008, followed by a decline [Figure
1B] (p<0.0001). ABL was more likely to be performed in cases

Table 2:

Co morbidities n %

Comorbidities associated with new diagnosis of Non valvular Atrial
Fibrillation

Discharge severity ED Case 98,478 23.2
Minor 43,355 10.2
Moderate 132,453 31.2
Major 115,209 271
Extreme 35,097 83
Congestive heart failure 105,645 249
Valvular disease 40,071 9.4
Pulmonary circulation disease 20,283 4.8
Peripheral vascular disease 38,312 9.0
Paralysis/Other neurological disorders 45,540 10.7
Chronic pulmonary disease 92,533 21.8
Diabetes 109,886 25.9
Hypertension 254,573 60.0
Renal failure 56,342 13.3
Liver disease 8,629 2.0
Rheumatoid arthritis/collagen vas 11,981 28
Coagulopthy 17,387 4.1
Obesity 50,225 11.8
Deficiency Anemias 88,903 20.9
Depression 33,786 8.0
Coronary artery disease 54,968 129

ED- Emergency department
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Figure 2A: Gender variation is ablation for non valvular atrial fibrillation
ll (NVAF) among all patients admitted with new onset NVAF
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Figure 2B: Racial distribution of hospitalization or emergency department
g ll visits for NVAF in non federal hospitals in California (2010)

admitted specifically for NVAF (1.8%) as opposed those that had to
a secondary diagnosis of NVAF(0.49%) (p<0001). Males were more
likely to undergo ABL (1%) compared to females (0.7%, p<0.001)
and Caucasians (0.92%) more than other ethnicities (p<0.001).There
were no differences in rural vs urban ABL.Patients with private
insurance (1.8%) were more likely to have ABL than those with
Medicare (0.5%, p<0.001) or other insurance, although a majority
of the patients were > 65 yrs and had Medicare coverage.[Table 3]

Risk-adjusted predictors included: admission for principal diagnosis
of NVAF (HR=2.1), younger age (HR= 3.9); age (50-64 vs >80);
male (HR=1.2), private insurance (HR=1.8vs. Medicaid); Caucasian
(HR= 2.1 vs. Hispanic), mild severity of illness (HR=1.4). There
was less coronary artery disease, peripheral vascular disease, stroke/
neurological disorders, DM, HTN, HF, renal failure, and COPD,
but no difference in obesity between ABL and non ABL groups.
[Table 4]

Discussion

The prevalence of AF is high, Blprimarily attributable to its
association with aging, HT'N, DM,HE, sleep apnea, pulmonary
diseases and obesity.*357 World wide admissions for AF have
increased from 35 to 110/10,000 population between 1996-2006,
likely due to the augmented prevalence of these risk factors.!?!
However, because of the presence of asymptomatic episodes of AF,
the exact prevalence is unknown.B¥ ¥ n this study, we attempted
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Table 3: Results: Predictors of early ablation for non -valvular atrial
il fibrillation (NVAF)

Ablation (n=3440)(%) No ablation(n=421152(%) p value
Principal Diagnosis of NVAF 249 1.8 <0.0001
Secondary Diagnosis of NVAF ~ 75.1 0.5 <0.0001
Patient age (yrs) <0.0001
18-34 1.45 1.5
35-49 1.86 5.0
50-64 1.69 17.3
65-79 0.80 36.6
80 or older 0.27 39.5
Male 49.2 0.97 <0.0001
Female 50.8 0.66
Payer source <0.0001
Medicare 453 69.4
Medicaid 3.4 4.9
Private 46.6 21.1
Race <0.0001
White 716 0.92
Hispanic 12.1 0.54
Black 5.0 0.38
Asian/Pacific Islander 74 0.51
Other 39 0.83
Discharge Severity <0.0001
ED case 23.1 11
Minor 101 1.76
Moderate 31.2 0.77
Major 27.2 0.42
Extreme 83 0.25
Co Morbidities:
Heart failure 154 25.0 <0.001
Coronary artery disease 8.8 13.0 <0.001
Peripheral vascular disease 3.4 9.1 <0.001
Prior stroke/neuro disorders 3.7 10.8 <0.001
Pulmonary disease 14.8 219 <0.001
Obesity 113 11.8 ns
Diabetes 15.8 26.0 <0.001
Hypertension 49.6 60.0 <0.001
Renal Failure 4.8 13.3 <0.001

to determine if these epidemiologic data correlate with an increase
in hospitalizations/ ED visits for AF in California. We found that
the average admissions for AF have been ~ 60,000/ year without a
significant change between 2005-2011,[Figure 1A], although this
could reflect improved ambulatory care of AF patients.

Similar to previously described associations,in our large study from
a California multiethnic population, two-thirds of the patients were
over 65 yrs of age, with a third each in the age groups 65-79 yrs and >
80 yrs. AF has been reported to have an increased frequency in males
although there are more women with this arrhythmia due to their
longer life expectancy.®3# By contrast,in our NVAF population, we
found equal prevalence of women and men among those hospitalized
for NVAF, which is likely due to a higher association of valvular heart
disease among women in the afore mentioned study.**'As has been
previously described, there was also a Caucasian preponderance of
NVAF in our cohort.*Two- thirds of our patients were admitted

with moderate or major illnesses, while a third were either ED
admissions or had mild severity of illness, confirming the widely
known association of AF to acute ailments.

Due to lack of a specific ICD-9 code, we excluded other
arrhythmias and considered ABL as specific for AF when associated
in the principal position at the time of hospitalization. We also
excluded patients with implantable cardiac devices to avoid those
who could have AV node ablation. We decided on an approximate
interval of two years as “ early” for these patients to have received
follow-up care and to have declared themselves in need of invasive
management based on natural progression of NVAF and clinical
trials of medical management previously described.[”: 14 [43]

Several studies have shown that the outcomes of ABL are superior
with shorter duration of AF. #*IHowever, despite these salutary
results and advances in ABL technology, this procedure is performed
in < 1% of patients within two years after the initial hospitalization
in our population and includes racial and gender disparities. The
Caucasian preponderance could at least partially reflect income and
insurance status, however, these variables were adjusted for in the
statistical analysis. The majority of California’s population resides in
urban areas with medical centers in all major cities providing ABL
for NVAF, which is reflected by most of our population. In a study
from a national inpatient sample of patients with AF, (NIS) by Patel
et al, about 2.9% of patients underwent ABL, with a significant
increase in ABL through a twelve year study period.”) However this
study sample does not represent new onset AF. The results are also
weighted, as NIS represents a stratified random sample and does not
include all patients, in contrast to our study in which we were able to
account for all first time diagnosis of NVAF admissions. Our finding
of alow ABL rate is concordant with regional variations in ABL that
were noted among the US hospitals by Patel et al. In contrast to their
investigation, we found that ABL was more frequent in patients with
private insurance than Medicare. Consistent with the study by Bhave
et al ¥lof Medicare population, male Caucasians were more likely to
undergo ABL in our group, even though one third of our patients
were <65 yrs. In their study, although the majority was treated by
cardiologists, only about 15% consulted an electrophysiologist and
about 1% underwent ABL, which is similar to that of our cohort.
Most patients were managed by rate control with about a third also
receiving anticoagulation in their study.**'This finding supported by
low ABL rates in our study suggests that rhythm control of AF by
intervention is not widely recognized as a potential treatment.

At the present time, failure of AF ABL is defined as recurrence
of >30 sec of monitored AF., which is challenging to identify.?”:
BOQutcomes of clinical significance such as mortality, stroke or
hospitalization for AF, have not been clearly documented.The Heart
Rhythm Society recommends against ABL as an indication to prevent
stroke; it favors using the CHADS,VASC risk scorefor prophylactic
anticoagulation. ®YThese factors may contribute to underutilization
of ABL in the relatively early phase of the natural history of AF,
when ABL is most effective. AF burden demonstrated in our study
from California is disproportionately high compared to the number
of trained electrophysiologists nationwide during the same period!*?
and may indicate lack of access to care. The physician reimbursement
for AF ABL is also poor for the complexity and duration of the
procedure, compared to simple ablations, which could contribute to
diminished interest in this beneficial procedure.

This study is a retrospective investigation with the inherent
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LELIGY:H Predictors of ablation of patients hospitalized for atrial fibrillation ‘

Ablation (n=3440) No ablation (n=421152) p value
Heart failure (%) 15.4 25 <0.001
Coronary artery disease 8.8 13 <0.001
Peripheral vascular disease 34 9.1 <0.001
Prior stroke/neuro disorders 3.7 10.8 <0.001
Pulmonary disease 14.8 21.9 <0.001
Obesity 11.3 11.8 Ns
Diabetes 15.8 26 <0.001
Hypertension 49.6 60 <0.001
Renal failure 4.8 13.3 <0.001

limitations of that method. We did not capture outpatient visits that
could have led to ABL, and therefore our results reflect only the
data pertaining to patients hospitalized with a first time diagnosis of
NVAF. Any prior ablation outside California, if not coded at index
hospitalization would not be identified from this method. There is
also no ICD 9 code specific for AF ABL; therefore our method of
analysis may have missed capturing this procedure. There also may
have been missed diagnoses by the coders, but the validity of the
data is supported by periodic audits performed for billing purposes in
most of hospitals in this study.We have also reviewed sample charts
to ensure accuracy of exclusion and inclusion criteria. Although the
purpose of our study was to determine early ablation (within two
years of first hospitalization/ ED visit), patients may have undergone
ABL later than that interval.

Conclusions

Our investigation suggests limited acceptance of ABL within two
years of first hospitalization for NVAF in a multi-ethnic population
and may reflect the need for greater awareness, improved education
and access to care including ABL, as well as enhanced definition of
clinical outcomes of this intervention.

Conflict Of Interests

None.

Disclosures
None.

References

1. Schnabel Renate B, YinXiaoyan, GonaPhilimon, LarsonMartin G, BeiserAlexa S,
McManusDavid D, Newton-ChehChristopher, LubitzSteven A, MagnaniJared
W, EllinorPatrick T, SeshadriSudha, WolfPhilip A, VasanRamachandran S,
BenjaminEmelia ], LevyDaniel. 50 year trends in atrial fibrillation prevalence,
incidence, risk factors, and mortality in the Framingham Heart Study: a cohort
study. Lancet. 2015;386 (9989):154-62

2. Miyasaka Yoko, BarnesMarion E, GershBernard ], ChaStephen S, BaileyKent
R, AbhayaratnaWalter P, SewardJames B, TsangTeresa S M. Secular trends in
incidence of atrial fibrillation in Olmsted County, Minnesota, 1980 to 2000,
and implications on the projections for future prevalence. Circulation. 2006;114
(2):119-25

3. Wu Eric Q, BirnbaumHoward G, MarevaMilena, TuttleEdward, CastorAdam
R, JackmanWarren, RuskinJeremy. Economic burden and co-morbidities of
atrial fibrillation in a privately insured population. Curr Med Res Opin. 2005;21
(10):1693-9

4. Turakhia Mintu P, ShafrinJason, BognarKatalin, GoldmanDana P, MendysPhilip
M, AbdulsattarYounos, WiederkehrDaniel, TrocioJeffrey. Economic Burden of
Undiagnosed Nonvalvular Atrial Fibrillation in the United States. Am. J. Cardiol.
2015;116 (5):733-9

5. January Craig T, WannL Samuel, AlpertJoseph S, CalkinsHugh, CigarroaJoaquin

E, ClevelandJoseph C, ContiJamie B, EllinorPatrick T, EzekowitzMichael
D, FieldMichael E, MurrayKatherine T, SaccoRalph L, StevensonWilliam
G, TchouPatrick J, TracyCynthia M, YancyClyde W. 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. 20145130 (23):2071-104

6. Roy Denis, TalajicMario, NattelStanley, WyseD George, DorianPaul, LeeKerry
L, BourassaMartial G, Arnold] Malcolm O, BuxtonAlfred E, CammA
John, ConnollyStuart ], DubucMarc, DucharmeAnique, GuerraPeter G,
HohnloserStefan H, Lambertfean, Le O’HaraGilles,
PedersenOle Dyg, RouleauJean-Lucien, SinghBramah N, StevensonLynne
Warner, StevensonWilliam G, ThibaultBernard, WaldoAlbert L. Rhythm control
versus rate control for atrial fibrillation and heart failure. N. Engl. J. Med. 2008;358
(25):2667-77

7. Singh BN, SinghSN, RedaD], TangXC, LopezB, HarrisCL, FletcherRD,
SharmaSC, AtwoodJE, JacobsonAK. Amiodarone versus sotalol for atrial
fibrillation. N Engl ] Med. 2005;352:1861-1872

8. Pandit Sandeep V, BerenfeldOmer, AnumonwoJustus M B, ZaritskiRoman M,
KnellerJames, NattelStanley, JalifeJosé. Ionic determinants of functional reentry

HeuzeyJean-Yves,

in a 2-D model of human atrial cells during simulated chronic atrial fibrillation.
Biophys. J. 2005;88 (6):3806-21

9. Jais P, HaissaguerreM, ShahD C, ChouairiS, Gencelll, HociniM, Clémenty].
A focal source of atrial fibrillation treated by discrete radiofrequency ablation.
Circulation. 1997;95 (3):572-6

10. Wijffels M C, KirchhofC ], DorlandR, AllessieM A. Atrial fibrillation begets
atrial fibrillation. A study in awake chronically instrumented goats. Circulation.
1995;92 (7):1954-68

11. Hayashi =~ Kentaro, = FukunagaMasato, AnYoshimori,
NagashimaMichio, HiroshimaKenichi, MakiharaYu,
YamashitaKennosuke, AndoKenji, IwabuchiMasashi, GoyaMasahiko. Impact

YamajiKyohei,
OheMasatsugu,

of Catheter Ablation for Paroxysmal Atrial Fibrillation in Patients With Sick
Sinus Syndrome - Important Role of Non-Pulmonary Vein Foci. Circ. J. 2016;80
(4):887-94

12. Mohanty Sanghamitra, MohantyPrasant, Di BiaseLuigi, TrivediChintan,
MorrisEli Hamilton, GianniCarola, SantangeliPasquale, BaiRong, Sanchez]avier
E, HranitzkyPatrick, GallinghouseG Joseph, Al-AhmadAmin, HortonRodney P,
HongoRichard, BeheirySalwa, ElayiClaude S, LakkireddyDhanunjaya, Madhu
ReddyYaruva, Viles GonzalezJuan F, Burkhardt] David, NataleAndrea. Long-
term follow-up of patients with paroxysmal atrial fibrillation and severe left atrial
scarring: comparison between pulmonary vein antrum isolation only or pulmonary
vein isolation combined with either scar homogenization or trigger ablation.
Europace. 2016; ():—

13. Takigawa Masateru, TakahashiAtsushi, ~KuwaharaTaishi, ~OkuboKenji,
TakahashiYoshihide, NakashimaEmiko, WatariYuji, YamaoKazuya, NakajimaJun,
TakagiKatsumasa, KimuraShigeki, HikitaHiroyuki, HiraoKenzo, IsobeMitsuaki.
Impact of Non-Pulmonary Vein Foci on the Outcome of the Second Session of
Catheter Ablation for Paroxysmal Atrial Fibrillation. ]. Cardiovasc. Electrophysiol.
2015;26 (7):739-46

14. Hussein Ayman A, SalibaWalid I, BarakatAmr, BassiounyMohammed,
Chamsi-PashaMohammed, Al-BawardyRasha, HakimAli, TarakjiKhaldoun,
BaranowskiBryan, CantillonDaniel, DresingThomas, TchouPatrick, MartinDavid
O, VarmaNiraj, BhargavaMandeep, CallahanThomas, NiebauerMark,
KanjMohamed, ChungMina, NataleAndrea, LindsayBruce D, WazniOussama
M. Radiofrequency Ablation of Persistent Atrial Fibrillation: Diagnosis-to-
Ablation Time, Markers of Pathways of Atrial Remodeling, and Outcomes. Circ
Arrhythm Electrophysiol. 2016;9 (1):—

15. Walfridsson H, WalfridssonU, Nielsen] Cosedis, JohannessenA, RaatikainenP,

www.jafib.com June-July 20171 Volume 101 Issue 1




6 Journal of Atrial Fibrillation Original Research

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

JanzonM, LevinL A, AronssonM, HindricksG, KongstadO, PehrsonS, EnglundA,
Hartikainen], MortensenL. S, HansenP S. Radiofrequency ablation as initial
therapy in paroxysmal atrial fibrillation: results on health-related quality of life
and symptom burden. The MANTRA-PAF trial. Europace. 2015;17 (2):215-21

Wazni Oussama M, MarroucheNassir F, MartinDavid O, VermaAtul,
BhargavaMandeep, SalibaWalid, BashDianna, SchweikertRobert,
BrachmannJohannes, GuntherJens, GutlebenKlaus, PisanoEnnio,
PotenzaDominico, FanelliRaffacle, RavieleAntonio, ThemistoclakisSakis,

RossilloAntonio, BonsoAldo, NataleAndrea. Radiofrequency ablation vs
antiarrhythmic drugs as first-line treatment of symptomatic atrial fibrillation: a
randomized trial. JAMA. 2005;293 (21):2634-40

Pappone  Carlo,  AugelloGiuseppe, ~ SalaSimone,  GugliottaFilippo,
VicedominiGabriele, ~GullettaSimone, PaglinoGabriele, MazzonePatrizio,
SoraNicoleta, Gereisslsabelle, SantagostinoAndreina, LiVolsiLaura,

PapponeNicola, RadinovicAndrea, MangusoFrancesco, SantinelliVincenzo. A
randomized trial of circumferential pulmonary vein ablation versus antiarrhythmic
drug therapy in paroxysmal atrial fibrillation: the APAF Study. J. Am. Coll.
Cardiol. 2006;48 (11):2340-7

Stabile Giuseppe, BertagliaEmanuele, SenatoreGaetano, De SimoneAntonio,
ZoppoFranco, DonniciGiovanni, TurcoPietro, PascottoPietro, FazzariMassimo,
VitaleDino Franco. Catheter ablation treatment in patients with drug-refractory
atrial fibrillation: a prospective, multi-centre, randomized, controlled study
(Catheter Ablation For The Cure Of Atrial Fibrillation Study). Eur. Heart J.
2006527 (2):216-21

Jais Pierre, CauchemezBruno, MacleLaurent, DaoudEmile, KhairyPaul,
SubbiahRajesh, HociniMéleze, ExtramianaFabrice, SacherFréderic,
BordacharPierre,  KleinGeorge, WeerasooriyaRukshen,  ClémentyJacques,

HaissaguerreMichel. Catheter ablation versus antiarrhythmic drugs for atrial
fibrillation: the A4 study. Circulation. 2008;118 (24):2498-505

Pappone Carlo, VicedominiGabriele, AugelloGiuseppe, MangusoFrancesco,
SavianoMassimo, BaldiMario, PetrettaAndrea, GiannelliLuigi, CalovicZarko,
GulutaVladimir, Tavazziluigi, SantinelliVincenzo. Radiofrequency catheter
ablation and antiarrhythmic drug therapy: a prospective, randomized, 4-year
follow-up trial: the APAF study. Circ Arrhythm Electrophysiol. 2011;4 (6):808—
14

Takahashi  Yoshihide, O’NeillMark D, HociniM¢éléze,
JonssonAnders, JaisPierre, SandersPrashanthan, RostockThomas, RotterMartin,
SacherFrédéric,  LafliteStephane,

HaissaguerreMichel. Effects of stepwise ablation of chronic atrial fibrillation

ReantPatricia,

RoudautRaymond,  ClémentyJacques,
on atrial electrical and mechanical properties. J. Am. Coll. Cardiol. 2007;49
(12):1306-14

Bhargava Mandeep, Di BiaseLuigi, MohantyPrasant, PrasadSubramanyam,
MartinDavid O, Williams-AndrewsMichelle, WazniOussama M, Burkhardt]
David, E, KhaykinYaariv, VermaAtul,
BeheirySalwa, HongoRichard, RossilloAntonio, RavieleAntonio, BonsoAldo,
ThemistoclakisSakis, SalibaWalid I, SchweikertRobert A,
NataleAndrea. Impact of type of atrial fibrillation and repeat catheter ablation on

CummingsJennifer HaoSteven,

StewartKelly,

long-term freedom from atrial fibrillation: results from a multicenter study. Heart
Rhythm. 2009;6 (10):1403-12

Zhao R-C, HanW, Han], YuJ, GuoJ, FuJ-L, LiZ, ZhaoR-Z. Observation of the
efficacy of radiofrequency catheter ablation on patients with different forms of
atrial fibrillation. Eur Rev Med Pharmacol Sci. 2016520 (19):4141-4147

Oral  Hakan, VeerareddySrikar, ~GoodEric, HallBurr,
TamirisaKamala, Han]Jihn, FortinoJackie, ChughAman, BogunFrank, PelosiFrank,

CheungPeter,

MoradyFred. Prevalence of asymptomatic recurrences of atrial fibrillation after
successful radiofrequency catheter ablation. J. Cardiovasc. Electrophysiol. 2004;15
(8):920-4

Cappato Riccardo, CalkinsHugh, ChenShih-Ann, DaviesWyn, IesakaYoshito,

26.

KalmanJonathan, KimYou-Ho, KleinGeorge, NataleAndrea, PackerDouglas,
SkanesAllan, AmbrogiFederico, BiganzoliElia. Updated worldwide survey on the
methods, efficacy, and safety of catheter ablation for human atrial fibrillation. Circ
Arrhythm Electrophysiol. 2010;3 (1):32-8

Uma N, DanielsenBeate, Andersonlvan, AmsterdamEzra,
PezeshkianNayereh, YangYingbo, WhiteRichard H. Risk predictors of stroke and
mortality after ablation for atrial fibrillation: the California experience 2005-2009.
Heart Rhythm. 2014;11 (11):1898-903

Srivatsa

27. January Craig T, WannL Samuel, AlpertJoseph S, CalkinsHugh, CigarroaJoaquin

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39

40.

E, ClevelandJoseph C, ContiJamie B, EllinorPatrick T, EzekowitzMichael
D, FieldMichael E, MurrayKatherine T, SaccoRalph L, StevensonWilliam
G, TchouPatrick J, TracyCynthia M, YancyClyde W. 2014 AHA/ACC/HRS
guideline for the management of patients with atrial fibrillation: a report of the
American College of Cardiology/American Heart Association Task Force on
Practice Guidelines and the Heart Rhythm Society. ]. Am. Coll. Cardiol. 2014;64
(21):e1-76

Steiner Claudia, ElixhauserAnne, SchnaierJenny. The healthcare cost and
utilization project: an overview. Eff Clin Pract. 2002;5 (3):143-51

Romano P S, ChanB K. Risk-adjusting acute myocardial infarction mortality: are
APR-DRG:s the right tool?. Health Serv Res. 2000;34 (7):1469-89

White Richard H, GeraghtyEstella Marie, BrunsonAnn, MurinSusan, WunTed,
SpencerFred, RomanoPatrick S. High variation between hospitals in vena cava
filter use for venous thromboembolism. JAMA Intern Med. 2013;173 (7):506-12
Zlotnik Alexander, CuchiMiguel Alfaro, Pérez PérezMaria Carmen. Lifting the
weight of a diagnosis-related groups family change: a comparison between refined
and non-refined DRG systems for top-down cost accounting and efficiency
indicators. HIM J. 2015;44 (2):12-9

Go A S, HylekE M, PhillipsK A, ChangY, HenaultLL E, Selby] V, SingerD E.
Prevalence of diagnosed atrial fibrillation in adults: national implications for
rhythm management and stroke prevention: the AnTicoagulation and Risk
Factors in Atrial Fibrillation (ATRIA) Study. JAMA. 2001;285 (18):2370-5
Benjamin E J, LevyD, VaziriS M, D’AgostinoR B, BelangerA J, WolfP A.
Independent risk factors for atrial fibrillation in a population-based cohort. The
Framingham Heart Study. JAMA. 1994;271 (11):840—4

Feinberg W M, Blackshear] L, LaupacisA, KronmalR, HartR G. Prevalence,
age distribution, and gender of patients with atrial fibrillation. Analysis and
implications. Arch. Intern. Med. 1995;155 (5):469-73

Krahn A D, Manfreda], TateR B, MathewsonF A, CuddyT E.The natural history
of atrial fibrillation: incidence, risk factors, and prognosis in the Manitoba Follow-
Up Study. Am. J. Med. 1995;98 (5):476-84

Tsang Teresa S M, PettyGeorge W, BarnesMarion E, O’FallonW Michael,
BaileyKent R, WiebersDavid O, SicksJoRean D, ChristiansonTeresa ] H,
SewardJames B, GershBernard ]. The prevalence of atrial fibrillation in incident
stroke cases and matched population controls in Rochester, Minnesota: changes
over three decades. J. Am. Coll. Cardiol. 2003;42 (1):93-100

Gami Apoor S, HodgeDave O, HergesRegina M, OlsonEric J, Nykodyml]iri,
KaraTomas, SomersVirend K. Obstructive sleep apnea, obesity, and the risk of
incident atrial fibrillation. J. Am. Coll. Cardiol. 2007;49 (5):565-71

Albina Gastén, De LucaJulidn, CondeDiego, GinigerAlberto. Atrial fibrillation:
an observational study with outpatients. Pacing Clin Electrophysiol. 2014;37
(11):1485-91

. Simantirakis E N, PapakonstantinouP E, ChlouverakisG I, KanoupakisE M,

MavrakisH E, KallergisE M, ArkolakiE G, VardasP E. Asymptomatic versus
symptomatic episodes in patients with paroxysmal atrial fibrillation via long-term
monitoring with implantable loop recorders. Int. J. Cardiol. 2017;231 ():125-130
Romanov Alexander, MartinekMartin, PirerfellnerHelmut, ChenShaojie, De
MelisMirko, GrazhdankinIgor, PonomarevDmitry, LosikDenis, StrelnikovArtem,
ShabanovVitaliy, KaraskovAlexander, PokushalovEvgeny. Incidence of atrial

www.jafib.com June-July 20171 Volume 101 Issue 1




7 Journal of Atrial Fibrillation Original Research

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

fibrillation detected by continuous rhythm monitoring after acute myocardial
infarction in patients with preserved left ventricular ejection fraction: results of
the ARREST study. Europace. 2017; ():—

Stewart S, HartC L, HoleD ], McMurray] J. Population prevalence, incidence,
and predictors of atrial fibrillation in the Renfrew/Paisley study. Heart. 2001;86
(5):516-21

Alonso  Alvaro, AgarwalSunil K, SolimanElsayed Z, AmbroseMarietta,
ChamberlainAlanna M, PrineasRonald ], FolsomAaron R. Incidence of atrial
fibrillation in whites and African-Americans: the Atherosclerosis Risk in
Communities (ARIC) study. Am. Heart J. 2009;158 (1):111-7

Bhave Prashant D, LuXin, GirotraSaket, KamelHooman, Vaughan SarrazinMary
S. Race- and sex-related differences in care for patients newly diagnosed with
atrial fibrillation. Heart Rhythm. 2015;12 (7):1406-12

Scherr  Daniel, KhairyPaul, MiyazakiShinsuke, Aurillac-LavignolleValerie,
PascalePatrizio, WiltonStephen B, RamoulKhaled, KomatsuYuki, RotenLaurent,
JadidiAmir, LintonNick, PedersenMichala, DalyMatthew, O’NeillMark,
KnechtSebastien, WeerasooriyaRukshen, RostockThomas, ManningerMartin,
CochetHubert, ShahAshok J, YeimSunthareth, DenisArnaud, DervalNicolas,
HociniMeleze, SacherFrederic, HaissaguerreMichel, JaisPierre. Five-year
outcome of catheter ablation of persistent atrial fibrillation using termination of
atrial fibrillation as a procedural endpoint. Circ Arrhythm Electrophysiol. 2015;8
(1):18-24

Pathak Rajeev K, MiddeldorpMelissa E, LauDennis H, MehtaAbhinav
B, MahajanRajiv, TwomeyDarragh, AlasadyMuayad, HanleyLorraine,
AnticNicholas A, McEvoyR Doug, KalmanJonathan M, AbhayaratnaWalter P,
SandersPrashanthan. Aggressive risk factor reduction study for atrial fibrillation
and implications for the outcome of ablation: the ARREST-AF cohort study. J.
Am. Coll. Cardiol. 2014;64 (21):2222-31

Matsuo  Seiichiro, LelloucheNicolas, WrightMatthew, BevilacquaMichela,
KnechtSébastien, NaultIsabelle, LimKang-Teng, ArantesLeonardo, O’NeillMark
D, PlatonovPyotr G, CarlsonJonas, SacherFrederic, HociniM¢éleze, JaisPierre,
HaissaguerreMichel. Clinical predictors of termination and clinical outcome of
catheter ablation for persistent atrial fibrillation. J. Am. Coll. Cardiol. 2009;54
(9):788-95

Walters Tomos E, NisbetAshley, MorrisGwilym M, TanGabriel, MearnsMegan,
TeoEliza, LewisNigel, NgAiVee, GouldPaul, LeeGeoffrey, JosephStephen,
MortonJoseph B, ZentnerDominica, SandersPrashanthan, KistlerPeter M,
KalmanJonathan M. Progression of atrial remodeling in patients with high-
burden atrial fibrillation: Implications for early ablative intervention. Heart
Rhythm. 2016;13 (2):331-9

Takigawa  Masateru, TakahashiAtsushi, KuwaharaTaishi, ~OkuboKenji,
TakahashiYoshihide, WatariYuji, TakagiKatsumasa, FujinoTadashi,
KimuraShigeki, HikitaHiroyuki, TomitaMakoto, HiraoKenzo, IsobeMitsuaki.
Long-term follow-up after catheter ablation of paroxysmal atrial fibrillation:
the incidence of recurrence and progression of atrial fibrillation. Circ Arrhythm
Electrophysiol. 20147 (2):267-73

Patel Nileshkumar, DeshmukhAbhishek, ThakkarBadal, CoffeyJames O,
AgnihotriKanishk, PatelAchint, AinaniNitesh, NalluriNikhil, PatelNilay,
PatelNish, PatelNeil, BadhekaApurva O, KowalskiMarcin, HendelRobert,
Viles-GonzalezJuan, NoseworthyPeter A, AsirvathamSamuel, LoKaming,
MyerburgRobert J, MitraniRaul D. Gender, Race, and Health Insurance Status
in Patients Undergoing Catheter Ablation for Atrial Fibrillation. Am. J. Cardiol.
20165117 (7):1117-26

Verma Atul, ChampagneJean, SappJohn, EssebagVidal, NovakPaul, SkanesAllan,
MorilloCarlos A, KhaykinYaariv, BirnieDavid. Discerning the incidence of
symptomatic and asymptomatic episodes of atrial fibrillation before and after
catheter ablation (DISCERN AF): a prospective, multicenter study. JAMA Intern
Med. 2013;173 (2):149-56

51. Lip G Y H. Recommendations for thromboprophylaxis in the 2012 focused

update of the ESC guidelines on atrial fibrillation: a commentary. J. Thromb.
Haemost. 2013;11 (4):615-26

52. Deering Thomas F, ClairWalter K, DelaughterM Craig, FisherWestby G,

GarlitskiAnn C, WilkoffBruce L, GillisAnne M. A Heart Rhythm Society
Electrophysiology Workforce study: current survey analysis of physician workforce
trends. Heart Rhythm. 2010;7 (9):1346-55

www.jafib.com June-July 20171 Volume 101 Issue 1




