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Abstract
Objective—To describe the trend in atrial fibrillation (AF) treatment strategies in newly
diagnosed AF patients between 1999 and 2008.

Methods—The study was a retrospective cohort study of commercial health plans claims data.
Newly diagnosed adult AF patients with ≥1 claim for an AF-related intervention within 12 months
of diagnosis were identified. Based on initial treatment, patients were classified into
pharmacotherapy or nonpharmacotherapy groups. Pharmacotherapy group was subcategorized
into rate-control or rhythm-control groups. Linear regression to assess linear trend and
multinomial logistic regression to evaluate factors associated with treatment choice were
conducted.

Results—Three thousand ninety-four newly diagnosed AF patients were identified. Eighty
percent of these patients were initiated on pharmacotherapy with the majority (84%) receiving
rate-control medications only. Relative distribution of the 3 treatment groups remained similar
over the study period. However, within the rate-control group, the use of beta blockers increased
significantly (P < .001). Treatment with nonpharmacotherapy over rate-control medications was
higher in males but lower in patients aged ≥80 (relative risk ratio [RRR]: 1.67, 95% confidence
interval [CI]: 1.27–2.20 and RRR: 0.48, 95% CI: 0.30–0.77, respectively). Having stroke and
congestive heart failure significantly affected the treatment choice between nonpharmacotherapy
and rate-control medications.

Conclusion—Medication therapy, especially rate-control strategies, remains the preferred initial
therapy of choice.
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Introduction
Atrial fibrillation (AF) is the most prevalent form of cardiac arrhythmia.1–3 AF is marked by
disorganization in the electrical activity of the cardiac system. As a result, the heart starts
beating at a much faster rate (about 200 beats/min); the rhythm of contraction and relaxation
of different chambers of the heart also gets compromised.4

Increasing trend in the prevalence of AF patients in the United States has been reported,
with 12 million US population predicted to be affected by 2050.5 Incidence of AF increases
with age; in people younger than 55 years, the prevalence of AF is only 0.1% but increases
to 9% by the age of 80.1 The mean age of patients with AF is 66.8 in men and 74.6 in
women.5 AF is associated with significant health care cost. A 2005 study estimated the
treatment cost of AF to be $6.65 billion and approximately 350,000 hospitalizations are
attributed to AF annually.6

AF management is broadly divided into rate control which aims to control ventricular rate
while letting the AF to continue and rhythm control which aims to restore and maintain
sinus rhythm. Rate control is generally achieved by medications such as beta blockers,
calcium channel blockers, and digoxin, which are the traditionally used pharmacological
agents for controlling ventricular rate. Rhythm control can be achieved either by
medications such as type IA, IC, and III antiarrhythmic drugs or by nonpharmacotherapies
such as electrical cardioversion, radiofrequency catheter ablation (RFCA), or Cox-Maze
procedure.

Previous studies that examined the utilization of treatment options for the management of
AF either focused on pharmacotherapy only or did not compare the utilization of
pharmacological and nonpharmacological strategies together and are generally dated.2,7–9

Limited information is available on the recent utilization of different strategies, especially
ablation techniques which have greatly evolved over the last few decades.1,10,11

In this study, we examined the recent trend in utilization of the initial pharmacological or
nonpharmacological treatment received by newly diagnosed AF patients in a nationally
representative sample of commercial health plans enrollees.

Methods
Data Source

This study employed a retrospective cohort study design. Data were from a 10% random
sample of the PharMetrics Patient-Centric Database (IMS LifeLink™ Health Plan Claims
data obtained from PharMetrics, Inc., Watertown, MA) between January 1, 1998 and
December 31, 2009. The PharMetrics database is derived from the commercial health plan
information of over 98 managed care plans across the United States and contains fully
adjudicated medical and prescription claims for over 61 million unique patients.

Atrial Fibrillation Patient Selection
The study cohort consisted of newly diagnosed AF patients between January 1999 and
December 2008, identified using the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) code of 427.31. Patients were required to have
at least 2 claims (≥30 days apart but <365 days apart) with a primary diagnosis of AF. Also,
one of these claims was required to be an outpatient medical claim. The index date was
defined as the date of the first claim with a diagnosis of AF during the study period. Selected
patients (1) were aged 18 or above on the index date of AF diagnosis, (2) had 12 months of
continuous plan enrollment and pharmacy benefits prior to the index date, and (3) had at
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least 1 medical or pharmacy claim for an AF-related intervention within 12 months after the
index date. Patients were also required to have continuous enrollment and pharmacy benefits
prior to the first AF intervention. Patients were excluded if they had any pharmacy claims
for rate-control or rhythm-control medications or medical claims for AF-related
nonpharmacological treatment during the 12 months prior to the index date (Figure A1).
Patients were also excluded if they had any diagnosis for ventricular arrhythmia during the 1
year before and 1 year after the index diagnosis.

Treatment Group
Based on the initial treatment received, patients were classified into pharmacotherapy or
nonpharmacotherapy treatment groups. Pharmacotherapy group was further categorized into
rate-control (beta blocker, calcium channel blocker, or digoxin) and rhythm-control (type
IA, IC, and III anti-arrhythmic drugs) groups. The rhythm-control group consisted of
patients on anti-arrhythmic drugs with or without concurrent use of rate-control medication/
medications. Medications were identified via generic product identifier (GPI) codes, which
are therapeutic classes maintained by MediSpan that define pharmaceutically equivalent
drug products. The rate-control medications identified in our database included (beta
blocker) acebutolol, atenolol bisoprolol, metoprolol, nadolol, nebivolol, pindolol,
propranolol; (calcium channel blocker) diltiazem, verapamil; and digoxin.9,12 The rhythm-
control medications included amiodarone, disopyramide, dofetilide, flecainide,
procainamide, propafenone, quinidine, and sotalol. The nonpharmacotherapy group included
patients who underwent the RFCA, Cox-Maze procedure, or electrical cardioversion as the
initial treatment. These procedures were identified using the Current Procedural
Terminology (CPT) codes or ICD-9 procedure code. The specific procedure codes used are
included in the Appendix (Tables A2 and A3).

Data Analysis
Proportions of patients in each treatment group were calculated by calendar year. Each
patient was counted only once in the calendar year of the index diagnosis date. Trends in the
utilization of different treatment strategies were analyzed using linear regression models. In
addition, we compared patient demographic characteristics (age and gender), geographic
region, and AF-related comorbidities (stroke, hypertension, myocardial infarction [MI],
diabetes, congestive heart failure [CHF] identified during the 12 months prior to the first AF
diagnosis)12,13 across the 3 treatment groups using chi-square test for categorical variables
and analysis of variance (ANOVA) for continuous variable. Multivariate multinomial logit
regression analysis was applied to determine the factors associated with the choice of the
initial treatment of AF. All analysis was conducted using SAS 9.2. A P value of <.05 was
considered statistically significant.

Human Subject Protection
This study has been approved by Internal Review Board at the University of Arkansas for
Medical Sciences as an exempt study.

Results
From 1999 to 2008, we identified 3094 newly diagnosed adult AF patients who received
AF-related interventions within 1 year of the initial AF diagnosis and satisfied other
inclusion and exclusion criteria. Most of the newly diagnosed AF patients underwent
pharmacotherapy as the initial treatment compared with nonpharmacotherapy (79.57% vs
20.43%). Of the patients who initiated on pharmacotherapy for AF, the majority (83.99%)
received rate-control medications only. The time to the initial treatment varied between
pharmacotherapy and nonpharmacotherapy treatment groups. Nonpharmacotherapy was
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initiated at a median time of 51 (interquartile range [IQR]: 114) days compared with
approximately 112 (IQR: 187) days in patients initiated on pharmacotherapy.

The relative distribution of the 3 types of treatments did not vary significantly during the
study period (Figure A2). However, within the rate-control group, use of beta blockers
increased significantly from 40% in 1999 to 68% in 2008, with an estimated annual increase
of 2.8% over the study period (P < .001; Figure 1). This is accompanied by a significant
decrease in the use of digoxin as the initial treatment with an annual decrease of 3.5% a year
(Figure 1). For initial nonpharmacotherapy, cardioversion was the most common procedure
which was performed in about 85% of the patients in this group; RFCAs accounted for the
remaining 15% of the patients. The Maze procedure was only observed since 2006 and
increased gradually to about 5%of patients receiving nonpharmacotherapy as the initial
treatment in 2008 (Figure A3). The relative distribution of these procedures remained steady
over time.

Table 1 reports the demographic and clinical characteristics of patients by treatment groups.
The majority of patients were males (60%). The average age of the patients was 66 (±14.1)
at the initial AF diagnosis and more than 80% of them were older than 54 years (Table 1).
Patients undergoing nonpharmacotherapy or rhythm-control treatment were significantly (P
< .001) younger (63.5 ± 12.6 years and 63.7 ± 14.3 years, respectively) compared with rate-
control pharmacotherapy patients (67.2 ± 14.4 years). Nonpharmacotherapy as the initial
treatment is more common in patient with CHF (P = .0062) but less among patients with
stroke (P = .0116; Table 1).

Table 2 reported the adjusted relative risk ratios (RRRs) from the multivariate multinomial
regression exploring the potential patient demographic and clinical factors associated with
the initial treatment choice received. Compared with the eastern region, patients in other
regions were approximately twice as likely to receive rhythm-control therapy over rate-
control treatment. On the other hand, nonpharmacotherapy was favored over rate control in
patients who were male or with a history of CHF. But having a history of stroke decreased
the likelihood of receiving nonpharmacotherapy as the initial treatment over rate-control
medications. Also, compared with patients aged 18 to 54, patients 80 years or older were
more likely to be treated with rate-control medications than with nonpharmacotherapy.

Discussion
In this retrospective cohort study, we examined the trends in the use of different treatment
options for newly diagnosed AF patients between 1999 and 2008. Medication use was the
preferred initial strategy for AF management than nonpharmacotherapies. Although no
significant changes in the trend were observed in the relative utilization of the 3 broad
treatment options, within-class variation were significant for rate-control medication group
with significant increases in the use of beta blockers over time.

We found rate-control medications were used most frequently as the initial therapy in the
newly diagnosed AF patients in our analysis. This finding is consistent with the current
guideline recommendations.14 The landmark clinical trials published around 2000 found no
statistically significant difference between rate-control and rhythm-control medications in
improving AF-related symptoms and survival rates; but rhythm-control medications had
higher risk of adverse events.15

However, we did not find a significant increase over time in the overall rate-control
medication use as the initial treatment. This finding is contrary to a study using the Canadian
registry of new-onset AF patients, which found an increasing trend in the rate-control
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medication use compared with the rhythm-control medications from approximately 35% in
1999 to approximately 52% by 2007.12 Consistent with this Canadian study, we found a
decline in the use of digoxin, which may be attributable to the evidence on its inefficacy to
control ventricular rate.12 The updated 2006 American Heart Association guideline also
recommended against the use of digoxin.14 This decrease in digoxin use was offset by a
significant increase in the use of beta blockers, which has proven effectiveness in AF
management.12

Interestingly, among users of nonpharmacotherapies, a decrease in the relative use of
electrical cardioversion accompanied by an increase in RFCA procedures were observed
between 1999 and 2003, after which the pattern slightly reversed and remained stable
afterward (Figure A3). However, these changes in the relative proportion of
nonpharmacotherapies were not statistically significant, which could be a result of small
sample size. Future studies using larger databases are needed to further investigate this issue.

Our study showed that nonpharmacotherapy and rhythm-control strategy were used more
frequently in comparatively younger population, with a diminishing preference in older
population. Male patients were more likely to receive nonpharmacotherapy than rate-control
medications. These results are consistent with other studies that found higher utilization of
these nonpharmacotherapies in younger patients and in male patient population.16 For
instance, a study of Medicare enrollees in the fiscal years 2001 to 2006 reported that RFCA
was performed more in males than in females, and the majority of patients were younger
than 75 years with decreased use associated with increasing age.3 Another study investigated
the trends in characteristics of patients undergoing catheter ablation over a 7-year period
from 1999 to 2005 and found that on average, 77% patients undergoing catheter ablation
were male and were comparatively younger (55 ± 11 years) than nonablated patients (67 ±
11 years).17 Study by Dagre et al also reported that women undergo electrical cardioversion
or catheter ablation less frequently compared to men.18 Such a gender difference may be
attributable to lower referral rate against undergoing invasive treatment of women.17 The
gender difference in the initial choice of therapy especially involving nonpharmacotherapies
calls for further research.

We found differences across regions in the choice of initial therapy. Compared with patients
in the eastern region, those in the Midwest, West, or South were significantly more likely to
receive rhythm-control medications over rate-control medications as the initial treatment.
Similar regional difference was found in another study.9 Such regional difference may
reflect the difference in disease prevalence as cardiovascular diseases are more prevalent in
the Midwest and South,19 and a previous study has found that cardiologists are more likely
to prescribe rhythm-control medications than primary care physicians.9

Hypertension was the most common comorbidity (23.7%) associated with the study
population followed by MI (13.8%), CHF (9.4%), and diabetes (8.5%), whereas stroke
(4.4%) was the least common of the comorbidities that were studied. Similar results were
seen in the study by Harley et al where hypertension was found to be the most prevalent
comorbid condition (50.4%) and stroke was among the least common comorbid condition
(4.6%).13 We found initial treatment choices were affected by the presence of stroke and
CHF. Stroke patients were less likely to undergo nonpharmacotherapy than rate-control
medications, but patients with CHF were more likely to receive nonpharmacotherapy than
rate-control medication. Electrical cardioversion is a commonly used procedure to restore
normal sinus rhythm in heart failure patients particularly those with marginal left ventricular
function.20 However, conversion success may depend on the degree of heart failure
treatment; pretreatment with medications such as beta blockers increased conversion success
but amiodar-one did not affect conversion success.20 Results from the Atrial Fibrillation and
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Congestive Heart Failure (AF-CHF) trial suggested rate control should be considered as a
primary approach for patients with AF and heart failure.21

Limitations
The PharMetrics claims data are representative of commercially insured population and
therefore, results of this study may not generalize to other noncommercial populations. As a
general limitation of claim database, newly diagnosed AF patients were identified by the
first medical encounter and may not be the initial presentation of AF, given that many AF
patients has minimal or no associated symptoms and may not be seeking medical attention at
the earliest onset of the disease. No inpatient pharmacy claims were available in the
PharMetrics database. Therefore, medications initiated during inpatient visits were not
counted. Also, the ICD-9-CM procedure codes and CPT codes used to identify
nonpharmacotherapy treatment are not specific to AF; apart from AF, these procedures may
also be performed to treat other type of cardiac arrhythmia and therefore, we may have
overidentified patients who underwent nonpharmacotherapy as the initial treatment for
newly diagnosed AF. However, there are no validated codes for AF-related procedures. We
excluded patients with ventricular arrhythmias and required at least 2 claims with AF as the
primary diagnosis, which granted greater ascertainment of identifying true AF patients
undergoing intervention for AF management but may have erred on being less sensitive.

Conclusion
The overall initial management of AF did not change over the study period. The medication
therapy, as opposed to nonpharmacotherapy options, was the preferred choice for the initial
management of AF patients. Greater use of ventricular rate-control strategy as the initial
therapy compared with other treatment strategies as seen in this study is consistent with the
current literature and guideline recommendation. The finding that nonpharmacotherapies
were not the preferred initial therapy of choice may be due to the reluctance of patients to go
for invasive procedures. Nonpharmacotherapies were more prevalent among younger
patients. Gender and regional differences in the choice of the initial treatment were found in
this study as well as in the previous literature, which warrants further study.
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Appendix A

Figure A1.
Study time line.

Figure A2.
Trend in the choice of initial treatment strategies for newly diagnosed atrial fibrillation:
1999 to 2008.
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Figure A3.
Nonpharmacotherapy used as initial treatment of newly diagnosed atrial fibrillation: 1999 to
2008.

Table A1

List of Diagnostic Codes Used for Identifying Comorbid Conditions11,22

S no. Code ICD/CPT Description

1 433.xx-436.xx, 437.0, 437.1 ICD-9-CM Stroke or intracranial event

2 401.xx, 362.11, 402.xx, 404.xx, 437.2 ICD-9-CM Hypertension

3 250.xx ICD-9-CM Diabetes

4 410.xx-414.xx ICD-9-CM Ischemic heart disease (including myocardial
infarction)

5 428.0 ICD-9-CM Congestive heart failure

Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; CPT, Current
Procedural Terminology.

Table A2

List of Procedure Codes for Catheter Ablation1,11

S. no. Code ICD/CPT Description

1 93650 CPT Intracardiac catheter ablation of atrioventricular node function,
atrioventricular conduction for creation of complete heart block, with or
without temporary pacemaker placement

2 93651 CPT Intracardiac catheter ablation of arrhythmogenic focus; for treatment of
supraventricular tachycardia by ablation of fast or slow atrioventricular
pathways, accessory atrioventricular connections or other atrial foci, singly or
in combination

3 37.34 ICD procedure code Catheter ablation of lesion or tissues of heart

Abbreviations: ICD, International Classification of Diseases; CPT, Current Procedural Terminology.
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Table A3

List of Procedure Code for Maze Procedure and Cardioversion23–25

S. no. Code CPT Description

1 33255 CPT Operative tissue ablation and reconstruction of atria, extensive (eg, Maze procedure); without
cardiopulmonary bypass

2 33256 CPT Operative tissue ablation and reconstruction of atria, extensive (eg, Maze procedure); with
cardiopulmonary bypass

3 33254 CPT Operative tissue ablation and reconstruction of atria, limited (eg, modified Maze procedure)

4 33266 CPT Endoscopy, surgical; operative tissue ablation and reconstruction of atria, extensive (eg,
Maze procedure), without cardiopulmonary bypass

5 33265 CPT Endoscopy, surgical; operative tissue ablation and reconstruction of atria, limited (eg,
modified Maze procedure), without cardiopulmonary bypass

6 33258 CPT Operative tissue ablation and reconstruction of atria, performed at the time of other cardiac
procedure/procedures, extensive (eg, Maze procedure), without cardiopulmonary bypass

7 33259 CPT Operative tissue ablation and reconstruction of atria, performed at the time of other cardiac
procedure/procedures, extensive (eg, Maze procedure), with cardiopulmonary bypass

8 33257 CPT Operative tissue ablation and reconstruction of atria, performed at the time of other cardiac
procedure/procedures, limited (eg, modified Maze procedure)

9 92960 CPT Cardioversion

10 92961 CPT Cardioversion

Abbreviations: CPT, Current Procedural Terminology.
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Figure 1.
Rate-control medications used as initial treatment of newly diagnosed artial fibrillation
patients: 1999 to 2008.
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Table 2

Results of Multinomial Logistic Regression Model

Rhythm control versus rate control Nonpharmacotherapy versus rate control

RRR 95% CI RRR 95% CI

Gender (Ref: Female)

 Male 1.15 0.84–1.58 1.67 1.27–2.20

Age group (Ref: 18–54)

 55–64 1.36 0.89–2.10 1.27 0.89–1.80

 65–79 0.95 0.61–1.48 0.97 0.68–1.38

 ≥80 0.72 0.42–1.23 0.48 0.30–0.77

Region (Ref: East)

 Mid-west 1.82 1.09–3.04 1.39 0.97–2.00

 South 2.08 1.25–3.46 0.94 0.64–1.39

 West 1.96 1.09–3.52 1.45 0.94–2.24

Comorbidity

 Stroke 1.04 0.61–1.77 0.47 0.27–0.84

 Hypertension 0.85 0.63–1.17 0.80 0.62–1.04

 Diabetes 0.87 0.56–1.37 1.18 0.84–1.66

 MI 1.14 0.79–1.63 1.23 0.92–1.65

 CHF 1.09 0.72–1.67 1.72 1.25–2.37

Index year of AF diagnosis (Ref: 1999)

 2000 0.83 0.16–4.33 1.03 0.20–5.32

 2001 0.49 0.11–2.13 0.40 0.09–1.92

 2002 0.56 0.13–2.40 1.35 0.32–5.62

 2003 0.76 0.16–3.53 1.44 0.32–6.50

 2004 0.72 0.17–3.01 1.52 0.37–6.27

 2005 0.79 0.19–3.20 1.74 0.43–7.08

 2006 0.71 0.18–2.81 1.33 0.33–5.36

 2007 0.59 0.15–2.36 1.56 0.39–6.22

 2008 0.62 0.16–2.43 1.24 0.31–4.91

Abbreviations: CHF, congestive heart failure; MI, myocardial infarction; RRR, relative risk ratio; CI, confidence interval; AF, atrial fibrillation.
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