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Abstract

Cardiovascular imaging is an important part of procedural planning and safety for catheter
ablation of atrial fibrillation (AF). However, the costs of imaging surrounding catheter ablation of
AF have not been described. Medicare fee-for-service data were used to evaluate Medicare
expenditures before, during, and after catheter ablation for AF from July 2007 to December 2009.
Among 11,525 patients who underwent catheter ablation for AF, the mean overall expenditure on
the day of the procedure was $14,455 (SD $7,441). The mean imaging expenditure in the
periprocedural period, which included the 30 days before the catheter ablation and the day of the
ablation itself, was $884 (SD $455). Periprocedural imaging expenditures varied by the imaging
strategy used, ranging from a mean of $557 (SD $269) for patients with electroanatomic mapping
only to $1,234 (SD $461) for patients with electroanatomic mapping, transesophageal
echocardiogram, and computed tomography or magnetic resonance imaging. Mean patient-level
imaging expenditures varied by provider (mean $872, SD $249). Periprocedural imaging
expenditures also varied by patient risk, with mean expenditures of $862 (SD $444) for patients
with a CHADS, score of =2 compared with $907 (SD $466) for CHADS, score <2 (p <0.001). In
conclusion, peri-procedural imaging accounts for approximately 6% of mean Medicare
expenditures for catheter ablation of AF. The expenditures for periprocedural imaging vary both at
the patient and at the provider level and they are inversely related to stroke risk by CHADS, score.

The use of cardiovascular imaging increased dramatically over the last 15 years. From 1999
to 2004, cardiovascular imaging in Medicare patients increased by 14% a year with
expenditures doubling from $1.6 billion to $3.2 billion.! Medicare has tried to slow the
growth of imaging by reducing reimbursement.23 Based on the increasing use of atrial
fibrillation (AF) ablation and the role of periprocedural imaging, it is important to
understand the impact of imaging on the cost of AF ablation in the current cost-conscious
health-care environment. This analysis examines the expenditures for periprocedural
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imaging in AF ablation and how they contribute to overall expenditures for AF ablation
within the Medicare program.

We received research identifiable files from the US Centers for Medicare & Medicaid
Services for all patients who underwent intracardiac ablation of supraventricular tachycardia
(Healthcare Common Procedure Coding System [HCPCS] code 93651) in 2007, 2008, and
2009. Medicare denominator files identified demographic data, enrollment information, and
dates of death. Medicare inpatient, outpatient, and carrier claims files described costs,
imaging received, and co-morbid conditions.

Patients underwent ablation between July 1, 2007 and December 31, 2009, were aged =65
years, and were enrolled in Medicare fee-for-service program at the time of and for the 6
months before the ablation. Not all cardiac catheter ablations were included.* We required
that the catheter ablation claim include an associated primary diagnosis code for AF
(International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]
diagnosis code 427.31) and an HCPCS code for electronatomic mapping (HCPCS 93613).
Patients with a history of atrioventricular node ablation (HCPCS 93650), anomalous
atrioventricular excitation (ICD-9-CM 426.7), or paroxysmal supraventricular tachycardia
(ICD-9-CM 427.0) were excluded to improve specificity. If a patient had >1 eligible
ablation over the study period, only the earliest was included.*

Diagnosis codes from all claims in the 6-month period before ablation were used to identify
co-morbid conditions. Previously validated coding algorithms were used to identify diabetes
mellitus, ischemic heart disease, peripheral vascular disease, heart failure, hypertension,
chronic pulmonary disease, chronic kidney disease, dementia, cancer, valvular heart disease,
and previous stroke or transient ischemic attack.>6 Atrial flutter was identified by ICD-9-
CM diagnosis code 427.32.

HCPCS codes in carrier claims identified imaging procedures. We searched for preablation
transthoracic echo-cardiogram, transesophageal echocardiogram (TEE), chest or cardiac
computed tomography (CT), and chest or cardiac magnetic resonance imaging (MRI) in the
4 weeks before the ablation procedure date; intraprocedural intracardiac echo-cardiography
(ICE) and electroanatomic mapping (EAM) on the same date as the ablation procedure; and
postprocedural chest or cardiac CT, chest or cardiac MRI, transthoracic echocardiogram,
and lung perfusion scanning (V/Q) in the 6 months after the ablation procedure. We
assumed that TEE procedures on the day of the ablation were done before the ablation, and
these TEE procedures were considered pre-procedural for the purpose of this analysis.
Rotational angiography was not included in the analysis, as there is no HCPCS code for this
imaging technique.

We defined Medicare expenditures as the amount paid by both the Medicare program and
the Medicare beneficiaries (or their supplemental insurance) for care received. Expenditures
included payments on inpatient, outpatient, and carrier claims. Imaging expenditures were
identified using specific line items from the outpatient and carrier claims. Expenditures were
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adjusted to 2009 United States dollars using the consumer price index medical care
component.

We calculated overall expenditures in the 6 months before ablation (preprocedural), on the
day of ablation (day-of-procedure), and in the 6 months after ablation (post-procedural). For
patients who received their ablation as an inpatient, the institutional costs for the entire stay
were considered to have occurred on the day of the ablation. We calculated imaging
expenditures in the 30 days before ablation (preprocedural), during the ablation
(intraprocedural), and in the 6 months after ablation (postprocedural). Only EAM and ICE
were considered to have occurred during the ablation (intraprocedural). All other imaging
procedures on the day of ablation were considered to have occurred during the preprocedural
period. For imaging costs, the periprocedural period included both the preprocedural and
intra-procedural periods. Only patients who were alive and enrolled in fee-for-service
Medicare for the entire 6 months after their ablation were included in calculations of post-
procedural overall and imaging expenditures.

To describe patient baseline characteristics, we use means with SDs for continuous variables
and frequencies with percentages for categorical variables. We summarized expenditures
using both means with SDs and medians with interquartile ranges. When comparing
expenditures between groups defined by imaging strategy and CHADS, score, we tested for
differences using Kruskal-Wallis tests. Providers were identified by 5-digit zip code and
were only included in the variation analysis if they had at least 5 patients in the study
population. All statistical analyses were performed using SAS software (version 9.3; SAS
Institute, Cary, North Carolina).

There were 11,525 Medicare patients who underwent ablation for AF. Patients had a mean
age of 71.6 years, and their mean CHADS; score was 1.7 (Table 1). Most AF ablations were
inpatient procedures (57.2%).

The median overall Medicare expenditure for patients on the day of the procedure was
$13,283 (Q1 $11,670; Q3 $16,574), and the mean was $14,455 (SD $7,441; Table 2).
Median total expenditures in the 6 months before the ablation was $5,358 (Q1 $2,643; Q3
$11,742) and the mean was $9,201 (SD $11,023). Total expenditures in the 6 months after
ablation (median $4,146 [Q1 $1,952; Q3 $12,443] and mean $9,713 [SD $15,595]) were
lower than before ablation.

Imaging expenditures in the periprocedural period had a median of $747 (Q1 $546; Q3
$1,111) and mean of $884 (SD $455) per patient. These imaging expenditures represent
approximately 6% of the median and mean overall expenditures for the day of the
procedure. The intra-procedural and preprocedural imaging expenditures were about 4% and
2%, respectively, of the overall expenditures on the day of the procedure, using both median
and mean values (Table 2). Among ablation procedures, TEE, CT, MRI, and ICE were used
in 53% (median $117), 44% (median $414), 6% (median $434), and 67% (median $152),
respectively (Table 3).
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Periprocedural imaging expenditures vary substantially by the imaging strategy chosen, with
the lowest expenditures for EAM only and the highest for EAM with TEE and CT or MRI
(Table 4). Despite the wide range of peri-procedural imaging expenditures, the imaging
expenditures for the 6 months after the procedure had a narrow range. The postprocedural
imaging expenditures did not differ, regardless of the periprocedural imaging strategy.

There were substantial variations in the mean imaging expenditures by provider (median
$828 [Q1 $685; Q3 $1,019]; Figure 1). Small but statistically significant regional
differences in periprocedural imaging were seen with the highest expenditures in the
northeast (mean $943 [SD $477]) and the lowest in the south (mean $858 [SD $451], p
<0.001). There were considerable variations at the patient-level. Patients with CHADS,
score =2 had higher mean and median overall expenditures in the 6 months before ablation
and the 6 months after ablation relative to the patients with CHADS, score <2 (Table 5).
Conversely, patients with CHADS, score =2 had lower mean and median ex penditures for
periprocedural imaging. There was an inverse relation between imaging expenditures and
the CHADS, score (Figure 2). Mean imaging expenditures for CHADS, scores of 0, 2, 4,
and 6 were $900 (SD $464), $874 (SD $446), $845 (SD $437), and $724 (SD $359),
respectively.

Discussion

There are 2 main findings in this nationwide analysis of catheter ablation in patients with AF
aged =65 years. First, periprocedural imaging expenditures represent a modest fraction of
overall catheter ablation expenditures, although imaging accounts for a substantial absolute
amount of money spent. Second, there is considerable variation in the periprocedural
imaging expenditures by provider, patient, and patient co-morbidity.

Despite routine use of periprocedural imaging, there are no published analyses of overall
periprocedural imaging expenditures for AF ablation. The clinical impact and cost-
effectiveness of TEE before AF ablation has been evaluated with a decision model,” and
preablation imaging expenditures have been included in cost-effectiveness analyses for AF
ablation.8 Our analysis shows that periprocedural imaging expenditures are a modest 6% of
the overall Medicare expenditures related to AF ablation. Compared with the cost of
procedural equipment, imaging costs are slightly less than the list price of a transseptal
steerable sheath, approximately 1/4 the list price of an open irrigated—tip navigational
ablation catheter, and about 1/8 the list price of a cryoablation balloon.® Periprocedural
imaging remains an important issue because there is substantial variation in expenditures by
provider, and a subset of patients have periprocedural imaging expenditures that are 2 to 3
times those of the average AF ablation patient.

There is also overlap between the diagnostic abilities of the various periprocedural imaging
tests. TEE,10 MRI1,11 CT,12 and ICE1314 are all able to identify left atrial appendage
thrombus. Similarly, CT,1%16 MRI,17 ICE,18 and EAM?? can all play an important role in
defining anatomic structures for AF ablation. Three-dimensional rotational angiography is
an emerging technology that is also able to assist with defining left atrial and pulmonary
vein anatomy at the time of the procedure.2%:21 Refinements in adjunctive imaging used with
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EAM (e.g., ultrasound, acoustic radiation force impulse imaging, and rotational
angiography) may also provide improvements in the efficiency of periprocedural imaging.
The data are inconclusive about whether image integration during the ablation procedure
improves long-term maintenance of sinus rhythm.17:22:23

We found that periprocedural imaging expenditures varied by patient co-morbidity and
stroke risk. Patients with CHADS, score <2 had a statistically significant lower expenditure
of periprocedural imaging than the patients with CHADS, score =2. There was an inversely
linear association between CHADS, score and periprocedural imaging expenditures. This
represents a risk-imaging paradox, because the patients at the highest risk of stroke and
complications receive less imaging, despite having the most to benefit from pre- or intra-
procedural identification of thrombus.

A similar paradox has been noted for oral anticoagulant use in patients with AF, where the
patients at highest risk of stroke have the lowest rates of oral anticoagulant use. The
explanation for the anticoagulation paradox is often that patients at higher risk of stroke are
also at higher risk of bleeding. Although the risk profile with imaging is different from that
with oral anticoagulants, the same risk-versus-reward decision making may be resulting in
lower imaging expenditures in patients with higher CHADS, scores. For example, CT
imaging requires contrast dye, which puts patients at risk for acute kidney injury.

The United States health-care system is changing in the setting of a more cost-conscious
environment. Payment for AF ablation has changed over recent years with a billing code
being established for a complex AF ablation instead of itemized charges for the case.
Cardiac CT and/or MRI and TEE are not part of the AF ablation billing code, but as of
January 1, 2013, EAM and ICE are included in the AF ablation billing code. More accurate
cost and outcomes data are needed to understand the clinical benefit of various
periprocedural imaging strategies. Additional cost data on periprocedural imaging may be
available after the Catheter Ablation versus Antiarrhythmic Drug Therapy for Atrial
Fibrillation trial has finished, as there will be a cost-effectiveness analysis component to the
trial.24

Our study has important limitations. This analysis was based on observational,
administrative claims data and is subject to coding and reporting bias. The methods used to
identify patients with AF ablation have been previously used and validated, but we are
unable to exclude the possibility that some ablation procedures were for treatment of non-
AF arrhythmias. We are unable to determine if the patients included in the analysis had
previous ablations before 2007. Expenditures are the Medicare and Medicare beneficiary
payments, and they do not reflect costs to the institutions or the health-care system.

Cardiovascular imaging studies around the time of AF ablation do not substantially impact
the overall expenditures of AF ablation. The expenditures for periprocedural imaging vary at
the patient and the provider level. An imaging paradox exists, in which patients at higher
procedural risk have lower expenditures on periprocedural imaging.
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Figure 1.
Provider variation in periprocedural imaging expenditures.
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Figure 2.
Variation in periprocedural imaging expenditures by CHADS, score, presented as a

schematic box plot. The box represents the inter-quartile range (IQR), the internal horizontal
line represents the median, and the + symbol represents the mean. Whiskers are drawn from
the box to a distance or 1.5 IQR or to the most extreme value observed within this range.
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Table Baseline characteristics

Variable

Overall (n =11,525)

Age, mean (SD)
Men
White patients
Black patients
Atrial flutter
Cancer
Chronic kidney disease
Chronic pulmonary disease
Dementia
Diabetes mellitus
Heart failure
Hypertension
Ischemic heart disease
Peripheral vascular disease
Stroke/TIA
Valvular heart disease
CHADS?2 score

Mean (SD)

Score 22
Inpatient procedure
Procedure year

2007

2008

2009

71.6 (4.9)
6,826 (59.2%)
11,130 (96.6%)

155 (1.3%)
4,449 (38.6%)
1,259 (10.9%)

830 (7.2%)
2,784 (24.2%)

55 (0.5%)
2,576 (22.4%)
2,999 (26.0%)
9,260 (80.3%)
6,131 (53.2%)
2,002 (17.4%)

921 (8.0%)
5,345 (46.4%)

1.7(1.1)
5,909 (51.3%)
6,593 (57.2%)

1,818 (15.8%)
4,257 (36.9%)
5,450 (47.3%)

SD = standard deviation.
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Table Medicare expenditures, overall and for imaging studies

Variable Overall (n =11,525)
Mean (SD) Median (Q1; Q3)
Overall expenditures
Pre-procedure, 6m prior 9,201 (11,023) 5,358 (2,643; 11,742)
Day-of-procedure 14,455 (7,441) 13,283 (11,670; 16,574)

Post-procedure, 6m foIIowing* 9,713 (15,595) 4,146 (1,952; 12,443)

Imaging expenditures

Peri-procedure, 30d prior + day-of 884 (455) 747 (546; 1,111)
Pre-procedure, 30d prior 375 (403) 223 (88, 577)
Intra-proceduret 509 (191) 527 (420; 552)
Post-procedure, 6m following™ 206 (334) 0 (0; 306)

d = day; m = month; Q = quartile; SD = standard deviation.

*
Only reported for 8792 patients with complete 6m follow-up.

TIncludes day-of-ablation transesophageal echocardiogram (TEE)/trans- thoracic echocardiogram (TTE) procedures.

iIncludes intracardiac echocardiography (ICE) and electroanatomic mapping (EAM).
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Table Medicare expenditures for peri-ablation imaging, by modality

Page 12

Imaging Modality Mean (SD) 2009 US$  Median (Q1; Q3) 2009 US $ Periprocedural Utilization (n =
Transthoracic echocardiogram (TTE) 159 (166) 71 (47; 250) 2,584 (22.4%)
Transesophageal echocardiogram (TEE) 231 (230) 117 (113; 135) 6,060 (52.6%)
Cardiac/chest CT/MRI 424 (273) 415 (204; 533) 5,724 (49.7%)
Cardiac/chest CT 418 (263) 414 (251; 515) 5,065 (43.9%)
Cardiac/chest MRI 463 (346) 434 (142; 672) 670 (5.8%)
Intracardiac ultrasound (ICE) 163 (129) 152 (148; 159) 7,715 (66.9%)
Electroanatomic mapping system (EAM) 404 (88) 391 (378; 420) 11,525 (100%)

Q = quartile; SD = standard deviation.
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Table Medicare expenditures by peri-procedural imaging groups

Page 13

Time Period

EAM Only (n = 3,238)

EAM + TEE (n =
2,563)

EAM + CT/MRI (n =
2,227)

EAM + CT/MRI + p
TEE (n = 3,497)

Overall expenditures

Pre-procedure, 6m prior

Mean (SD)
Median (Q1; Q3)
Day-of-procedure
Mean (SD)
Median (Q1; Q3)

Post-procedure, 6m following™

Mean (SD)
Median (Q1; Q3)

Imaging expenditures

Peri-procedure, 30d prior +

day-of
Mean (SD)
Median (Q1; Q3)

Pre-procedure, 30d priorT

Mean (SD)
Median (Q1; Q3)
Intra—procedurefF
Mean (SD)
Median (Q1; Q3)

Post-procedure, 6m foIIowing*

Mean (SD)
Median (Q1; Q3)

8,996 (11,952)
4,892 (2,305; 11,321)

13,805 (7,310)
12,647 (11,179; 16,206)

10,244 (17,283)
4,027 (1,862; 13,215)

557 (269)
531 (414; 596)

61 (145)
0 (0; 47)

496 (222)
514 (391; 545)

205 (328)
0 (0; 288)

9,566 (11,490)
5,313 (2,529; 12,001)

15,019 (7,733)
13,574 (11,854; 16,912)

9,875 (15,028)
4,658 (1,994; 12,690)

725 (281)
657 (548; 765)

233 (241)
123 (114; 229)

492 (130)
521 (400; 546)

192 (317)
0 (0; 278)

9,200 (10,582)
5,626 (2,732; 12,021)

13,928 (6,150)
13,178 (11,590; 16,555)

8,894 (13,708)
3,861 (1,907; 11,754)

994 (392)
963 (752; 1,150)

468 (289)
446 (280; 618)

526 (258)
533 (438; 555)

198 (318)
0 (0; 314)

9,125 (10,005) <.001
5,742 (3,007; 11,860)

14,980 (8,002) <.001
13,806 (12,151; 16,593)

9,614 (15,430) 07
4,225 (2,028; 12,052)

1,234 (461) <.001
1,155 (874; 1,521)

712 (442) <001
611 (331; 1,022)

522 (138) <.001
532 (509; 554)

223 (360) 22
26 (0; 353)

d = day; EAM = electroanatomical mapping; ICE = intracardiac echocardiography; m = month; Q = quartile; SD = standard deviation; TEE =
transesophageal echocardiogram; TTE = transthoracic echocardiogram.

*
Only reported for patients with complete 6m follow-up.

Tlncludes day-of-ablation TEE/TTE procedures.

;tlncludes ICE (when used) and EAM.
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5
Table Medicare expenditures by CHADS; score
Time Period CHADS2 <2(n = 5,616) CHADS2 22(n = 5,909) p
Mean (SD) Median (Q1; Q3) Mean (SD) Median (Q1; Q3)
Overall expenditures
Pre-procedure, 6m prior 6,590 (7,424) 3,811 (2,131; 8,363) 11,683 (13,115) 7,246 (3,491; 14,863) <.001
Day-of-procedure 13,981 (6,123) 13,272 (11,614; 16,435) 14,906 (8,482) 13,288 (11,720; 16,766)  .004

Post-procedure, 6m following? 7714 (11467)  3,371(1646;9,657) 11,633 (18521) 5,255 (2,342; 14,584) ~ <001

Imaging expenditures

Peri-procedure, 30d prior + day-of 907 (466) 766 (564; 1,137) 862 (444) 728 (540; 1,090) <.001
Pre-procedure, 30d priorT 391 (413) 240 (99; 596) 360 (393) 207 (70; 561) <.001
Intra-procedurei 516 (202) 529 (427; 554) 502 (180) 523 (406; 546) <.001

Post-procedure, 6m following? 205 (336) 0(0; 312) 207 (332) 29 (0; 299) 006

d = day; EAM = electroanatomical mapping; ICE = intracardiac echocardiography; m = month; Q = quartile; SD = standard deviation; TEE = trans
esophageal echocardiogram; TTE = transthoracic echocardiogram.

aOnIy reported for patients with complete 6m follow-up.
Tlncludes day-of-ablation TEE/TTE procedures.

;tlncludes ICE (when used) and EAM.
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