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Trends in Catheter Ablation for Atrial Fibrillation in the United States
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BACKGROUND: There are few data on the use of catheter ablation for atrial fibrillation (AF) in the United States. We analyzed
data from the National Hospital Discharge Survey (NHDS) to examine trends in the rate of catheter ablation for hospitalized

patients with AF over a 15-year period.

0BJECTIVE: To examine rates of catheter ablation in patients with AF over time.

DESIGN: All adult patients in the NHDS with an International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) code for AF from the years 1990 to 2005 were identified and assessed for the presence of a cardiac catheter
ablation procedure code. Clinical characteristics associated with ablation were identified and multivariable logistic regression

used to determine trends in the rate of ablation therapy over time.

RESULTS: We identified 269,471 adults with AE The rate of catheter ablation in AF patients increased from 0.06% in 1990 to
0.79% in 2005 (P < 0.001 for trend). Compared to those not undergoing ablation, ablated patients were younger (mean age
66 versus 76 years; P < 0.001), more likely to be male (57% versus 43%; P < 0.001), have private insurance (22% versus 11%;
P < 0.001), and have a none of the following stroke risk factors: congestive heart failure, hypertension, age >75 years,
diabetes mellitus, or stroke/transient ischemic attack (37% versus 16%; P < 0.001). Catheter ablation in AF patients increased
by 15% per year over the time period (95% confidence interval [CI], 13%-16%) and across all age groups, including in
patients age >80 years (0.0% in 1990 and 0.26% in 2005; P < 0.001 for trend).

CONCLUSIONS: The rate of catheter ablation in patients with AF is increasing significantly over time, even in the oldest
patients. Journal of Hospital Medicine 2009;4:E1-E5. © 2009 Society of Hospital Medicine.
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Atrial fibrillation (AF), the most common clinically signifi-
cant cardiac arrhythmia, affects over 2.3 million people in
the United States.! AF is associated with an increased risk of
stroke and heart failure and independently increases the
risk of all cause mortality.>® As such, AF confers a stagger-
ing healthcare cost burden.”® Pharmacologic treatments to
restore sinus rhythm in patients with AF are associated with
a considerable relapse rate’'" and the development of non-
pharmacologic treatments for AE such as catheter ablation
procedures,'>* may be significantly more successful in
restoring and maintaining sinus rhythm.'>'® Despite rela-
tively poor results from early catheter ablation techniques,
the practice has evolved and boasts short-term success rates
as high as 73% to 91% depending on the specific type of
procedure.'’

In light of the success of ablative therapy, this approach,
which was once used primarily in younger patients with
structurally intact hearts, has been expanded to include
more medically complex patients, including elderly patients,
those with cardiomyopathy, and those with implanted devi-
ces.'®'® At the same time, catheter ablation is not without
complications, with major complications observed in up to

6% of cases,'® and significant costs.** Moreover, while the
most optimistic randomized control data demonstrate the
ability of catheter ablation to prevent the recurrence of AF
at 1 year,'*?»?? long-term outcome data are lacking, partic-
ularly in patients older than 65 years or those with heart
failure.'"?3

The encouraging results supporting catheter ablation
continue to stimulate the utilization of catheter ablation
practices and spur innovations in ablation techniques.?* The
American College of Cardiology/American Heart Associa-
tion/European Society of Cardiology consensus guidelines
recommend consideration of ablative therapy in many
instances of AE'” AF is primarily a disease of older adults®
and although most studies have focused on younger individ-
uals,®® it is possible that increasing numbers of older
patients are receiving ablation therapy.'® Although single
center studies are available,'® there are few data about the
characteristics of patients undergoing ablative therapy on a
national level. In order to better understand the current use
of catheter ablation treatment for AF we analyzed data from
the National Hospital Discharge Survey (NHDS) to explore
trends in patient characteristics and rates of ablation
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procedures in hospitalized patients with AF from the years
1990 to 2005.

Methods

The NHDS is a nationally representative study of hospital-
ized patients conducted annually by the National Center for
Health Statistics,”” which collects data from approximately
270,000 inpatient records using a representative sample of
about 500 short-stay nonfederal hospitals in the United
States. Data for each patient are obtained for age, sex, hos-
pital geographic region (Northeast, Midwest, South, West),
and hospital bed size, as well as up to 7 diagnostic codes
and 4 procedural codes using the International Classifica-
tion of Diseases, 9th Revision, Clinical Modification (ICD-9-
CM). Of note, data on race/ethnicity were not consistently
coded in the NHDS and are therefore not included in this
analysis.

We searched for all patients age 18 years or older who
had an ICD-9-CM diagnosis of AF (427.31). Of these
patients, we then identified those who had a procedure
code for nonsurgical ablation of lesions or tissues of the
heart via peripherally-inserted catheter or an endovascular
approach (37.34). We also searched for specific ICD-9-CM-
coded diagnoses corresponding to higher stroke risk accord-
ing to the (CHADS,) risk index,?® where 1 point is assigned
for congestive heart failure, hypertension, age >75 years, or
diabetes mellitus, and 2 points for prior stroke or transient
ischemic attack. We calculated a CHADS, score for each
patient.

Statistical Analysis

Ablation rates were calculated as the number of patients
with a diagnosis of AF and a code for catheter ablation di-
vided by all patients with AE The change in ablation rate
over time was determined using simple logistic regression.
Differences in ablation rates by patient and hospital charac-
teristics were tested using chi-square tests for categorical
variables and ¢-tests for continuous variables. All variables
that were tested in univariate analysis (age, sex, insurance
status, year of procedure, hospital region, hospital bed-size,
and CHADS, score) were forced into the final multivariable
model examining predictors of ablation. The fit of the final
model was tested using the Hosmer-Lemeshow test for
goodness-of-fit. Nationally representative estimates were
calculated from the sample weights provided by the NHDS
to account for the complex sampling design of the survey.
All analyses were conducted using SAS Version 9.1 (SAS
Institute, Inc., Cary, NC).

Results

From 1990 to 2005, we identified 269,471 hospitalizations in
the NHDS with a diagnosis of AE of which 1,144 (0.42%)
had a procedure code for catheter ablation. When extrapo-
lated to national estimates, this corresponds to 32 million
hospitalizations of patients with AF in the United States
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FIGURE 1. Overall rate of catheter ablation procedures in
269,471 hospitalizations of patients with atrial fibrillation
from 1990 to 2005.

during the time period, of which 133,003 underwent abla-
tion. The proportion of patients with AF who had ablation
increased significantly over time, from 0.06% in 1990 to
0.79% in 2005 (P < 0.001 for trend; Figure 1).

On univariate analysis, people with AF undergoing abla-
tion were on average younger and more likely to be male
than those who did not have ablation (Table 1). The rate of
catheter ablation was higher in patients younger than 50
years (1.75%) compared to 0.55% in patients aged 50 to 79
years, and 0.16% in patients aged 80 years or older. How-
ever, ablation rates increased significantly in all age groups
over time, with no one age group increasing at a signifi-
cantly faster rate than the others (P value for interaction
between age categories and hospitalization year = 0.7; Fig-
ure 2). People undergoing ablation tended to have lower
CHADS, stroke risk scores and fewer risk factors for stroke,
including heart failure, coronary artery disease, and diabetes
mellitus (Table 1).

People who underwent ablation were more likely to have
private insurance as their primary source of payment and
less likely to have Medicare (Table 1). Ablation rates were
higher among patients with AF hospitalized in the Western
and Southern regions of the United States (0.52% and
0.53%, respectively), compared to rates in the Midwest
(0.30%) and Northeast (0.40%). Hospital bed-size was signif-
icantly related to the frequency of ablation, with the overall
rate of ablation in patients with AF being 0.04% in hospitals
with 6 to 99 beds compared to 1.37% in hospitals with at
least 500 beds (P < 0.001). Length of stay was shorter in
patients with ablations compared to patients without abla-
tion therapy, and patients with ablation were more likely to
be discharged home (Table 1). The inpatient mortality rate
in patients undergoing ablation was quite low (0.96%).

In multivariate analysis, the likelihood of ablation ther-
apy in a hospitalized patient with AF increased by 15% per
year (95% confidence interval [CI], 13%-16%) over the time
period, adjusted for clinical and hospital characteristics. The
likelihood of ablation decreased with older age (adjusted



TABLE 1. Characteristics of 269,471 Hospitalizations with
Atrial Fibrillation, Stratified by Catheter Ablation
Procedure During Hospitalization

Ablation No Ablation P

Characteristic (n=1,144) (n = 268,327) Value
Age (years), mean (95% CI) 66.0 (65.2-66.8)  75.9 (75.8-75.9)  <0.001
Male (%) 56.6 434 <0.001
Insurance (%) <0.001

Private 22.1 10.9

Medicare 56.5 78.2

Medicaid 2.2 25

Self-pay 0.7 1.2

Other/unknown 185 7.2
Region (%) <0.001

West 14.5 11.8

Midwest 234 31.6

Northeast 23.7 25.4

South 39.3 31.2
Hospital bed size (%) <0.001

6-99 1.2 12.7

100-199 6.6 22.3

200-299 174 23.8

300-499 35.5 29.3

500+ 39.3 12.0
CHADS, score, mean (95% CI) 1.0 (0.9-1.0) 1.5 (1.5-1.5) <0.001
CHADS, = 0 (%) 36.5 15.7 <0.001
Comorbid conditions

Heart failure (%) 26.8 38.2 <0.001

Coronary artery disease (%) 254 32.7 <0.001

Hypertension (%) 30.8 29.2 0.24

Diabetes mellitus (%) 11.4 14.5 0.003
Length of stay (days), mean (95% CI) 5.1 (4.7-5.5) 74 (7.3-74) <0.001
Discharge status (%) <0.001

Home 88.8 58.7

Short-term skilled facility 0.8 4.06

Long-term skilled facility 4.0 183

Inpatient death 1.0 6.7

Alive but status unknown 5.0 109

Abbreviation: CI, confidence interval.

odds ratio [aOR], 0.7 [95% CI, 0.6-0.7] for each decade of
age over 50 years) and for each 1-point increase in CHADS,
score (aOR, 0.7 [95% CI, 0.7-0.8]). Ablation was significantly
more likely to be performed in hospitals with larger bed-
sizes (aOR, 27.4 [95% CI, 16.1-46.6] comparing bed-size of
500+ to bed-size of 6 to 99) and in patients with private in-
surance (aOR, 1.4 [95% CI, 1.2-1.6]; Table 2). The goodness-
of-fit of the model was appropriate, with a nonsignificant
Hosmer-Lemeshow test P value of 0.13.

To account for the possibility that the ablation procedure
was not specifically for AE we performed a subgroup analysis
that excluded all patients who also had diagnostic codes for
supraventricular or ventricular tachycardias (427.0, 427.1,
427.2, and 427.4), or atrial flutter (427.32). Of the 269,471 hos-
pitalizations with AE 23,069 (8.6%) had a code for an arrhyth-
mia in addition to AE When we excluded patients with other
arrhythmias, we identified 691 patients who underwent abla-
tion and who only had a diagnosis of AE An analysis of this
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FIGURE 2. The rate of catheter ablation procedures in
269,471 hospitalizations of patients with atrial fibrillation
from 1990 to 2005, stratified by patient age.

TABLE 2. Multivariable Adjusted Predictors of Catheter
Ablation in Hospitalized Patients with Atrial Fibrillation

Adjusted Odds Ratio (95 % CI)

Subset*
(n = 246,402)

All Patients

Characteristic (n = 269,471)

Age (per decade over 50 years) 0.67 (0.64-0.71) 0.69 (0.64-0.74)

Male 1.0 (0.91-1.2) 0.88 (0.75-1.0)
Insurance
Private Ref Ref

Not private 0.73 (0.63-0.85) 0.70 (0.58-0.86)

Other/unknown 0.71 (0.38-1.4) 0.93 (0.45-1.9)
Region

Northeast Ref Ref

West 14 (1.2-1.8) 1.2 (0.95-1.6)

Midwest 0.84 (0.71-1.0) 0.81 (0.65-1.0)

South 1.3 (1.1-1.5) 1.1 (0.94-1.4)
Hospital bed size

6-99 Ref Ref

100-199 2.8 (1.6-4.9) 5.0 (2.1-11.5)

200-299 6.8 (4.0-11.7) 10.2 (4.5-21.1)

300-499 11.1 (6.5-19.0) 16.6 (7.4-37.3)

500+ 26.1 (15.3-44.5) 40.2 (17.9-90.4)
CHADS, score (per point increase) 0.74 (0.69-0.79) 0.77 (0.71-0.85)

*Subset of patients who had no other code for cardiac arrhythmias.

subset yielded results similar to the full analysis (Table 2).
The likelihood of ablation therapy in this subset of patients
with only AF increased by 14% per year (95% CI, 11%-16%),
adjusting for patient age, sex, insurance status, CHADS, score,
hospital region, and hospital bed-size.

Discussion

The proportion of hospitalized patients with AF who
undergo ablation therapy in the United States has been
increasing by approximately 15% per year over the last 15
years. Patients receiving ablation therapy are more likely to
be younger, have private insurance, and have fewer stroke
risk factors. These demographics likely reflect the fact that
these ablations are elective procedures that are preferentially
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performed in healthier, lower-risk patients. Despite these
preferences, the rate of ablation therapy has been increasing
significantly across all age groups, even in the oldest
patients.

Though limited by relatively short follow-up data, pub-
lished studies of ablation therapies for AF show promising
results,'”?® and initial cost analyses suggest possible fiscal
benefits of ablation for AE?° Despite a paucity of random-
ized clinical trials comparing ablation to pharmacologic
rhythm and rate control, studies suggest that quality of life
may be significantly improved with ablation as compared to
antiarrhythmic drugs.”' This may be because ablation may
reduce AF-related symptoms.'? As ablation becomes more
widespread and recommended, physicians, including hospi-
talists, may be increasingly likely to refer their patients for
ablation, even for patient subgroups who were not well-rep-
resented in clinical trial settings.

The inpatient mortality rate in patients undergoing abla-
tion therapy was quite low in our study, although ablation is
not without some risk of procedure-related stroke and other
complications.'”® An analysis of the compiled studies on
ablation for AF estimates that major complication such as
cardiac tamponade or thromboembolism occur in as many
as 7% of patients.?® Patients are at highest risk for embolic
events, such as transient ischemic attacks or ischemic
strokes, in the immediate hours to weeks after ablation. An
estimated 5% to 25% of patients will develop a new arrhyth-
mia at some point in the postablation period and other
complications, including esophageal injury, phrenic nerve
injury, groin hematoma, and retroperitoneal bleed, have
been observed.?® Increasing comanagement of postablation
patients will necessitate that hospitalists understand the
potential complications of ablation as well as current strat-
egies for bridging anticoagulation therapy.

Few data are available about the safety and efficacy of cath-
eter ablation for patients over the age of 65 years. In fact, the
mean age of patients enrolled in most clinical trials of catheter
ablation was younger than 60 years.?*?° There are also limited
data about the long-term efficacy of ablation therapy in
patients with structural heart disease®; despite this, our study
shows that a quarter of patients with AF undergoing ablation
therapy in the United States have diagnosed heart failure. As
always, the optimistic introduction of new technologies to
unstudied patient populations carries the risk of unintended
harm. Hospitalists are well situated to collect and analyze out-
come data for older patients with multiple comorbidities and
to provide real-time monitoring of potential complications.

Few studies have focused on the demographic and
comorbid characteristics of patients undergoing ablation for
AF on a national level. One study examined characteristics
of patients referred to a single academic center for AF abla-
tion from 1999 to 2005 and found that referred patients
have, over time, been older (mean age 47 years in 1999 ver-
sus 56 years in 2005), have more persistent AE larger atria,
and were more likely to have had a history of cardiomyopa-
thy (0% in 1999 versus 16% in 2006).'® This study also
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reported that men were consistently more likely to be
referred for ablation than women. These results are gener-
ally consistent with our findings.

Our study has several limitations. The exact indication
and specific type of ablation were not available in the
NHDS, and it is possible that the ablation procedure was for
an arrhythmia other than AE However, our analysis of the
subset of patients who only had AF as a diagnosis yielded
results similar to the full analysis. We were unable to assess
specific efficacy or complication data, but mortality was low
and patients tended to have short hospital stays. Because
the NHDS samples random hospitalizations, it is possible
that some patients were overrepresented in the database if
they were repeatedly hospitalized in a single year. This
could potentially bias our results toward an overestimate of
the number of patients who receive ablation.

It remains unclear what proportion of AF ablation proce-
dures occur in the outpatient versus inpatient setting. Inpa-
tient versus outpatient status is not specified in the few sin-
gle-center ablation experiences reported in the literature,'®
and the few trials reported are not reliable for determining
practice in a nonstudy setting. The most recent (2006) Heart
Rhythm Society/European Heart Rhythm Association/Euro-
pean Cardiac Arrhythmia Society Expert Consensus State-
ment on Catheter and Surgical Ablation of AF recommends
aggressive anticoagulation in the periprocedure period with
either heparin or low-molecular-weight heparins, followed
by a bridge to warfarin.'” It makes intuitive sense that
patients undergoing ablation for AF would be admitted at
least overnight to bridge anticoagulation therapy and moni-
tor for complications, but widespread use of low-molecular-
weight heparin may make hospitalization less necessary.
The observation that patients undergoing ablation had
shorter hospital stays does not necessarily imply that abla-
tion procedures shorten hospital stays. Rather, the data
almost certainly reflect the fact that ablations are mostly
elective procedures performed in the setting of planned
short-term admissions.

Our study provides important epidemiologic data about
national trends in the use of ablation therapy in hospitalized
patients with AE We find that the rate of catheter ablation in
patients with AF has been increasing significantly over time
and across all age groups, including the oldest patients. As the
proportion of patients with AF who receive ablation therapy
continues to increase over time, comprehensive long-term out-
come data and cost-effectiveness analyses will be important.
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