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BACKGROUND There are limited data on trends in nationwide car-
diac electrophysiology (EP) procedures in the United States before
and during the global COVID-19 pandemic.

OBJECTIVE We aimed to understand contemporary EP procedural
trends and how the COVID-19 pandemic impacted them.

METHODS Trends were obtained from publicly reported Centers for
Medicare and Medicaid Services data from 2013 to 2020 (latest
available). Rates of catheter-based EP procedures (EP studies and
ablations) and cardiac implantable electronic device (CIED) proced-
ures were analyzed. All procedural rates were calculated per 100,000
Medicare beneficiaries (year specific). Procedure physician subspe-
cialty was also reported.

RESULTS From 2013 to 2019, annual rate of all cardiac EP proced-
ures increased from 817.91 to 1089.68 per 100,000 beneficiaries.
Catheter-based EP procedures increased from 323.73 to 675.01,
while CIED rates decreased from 494.18 to 414.67. While all abla-
tion procedures increased over time, relative proportion of ablation
procedures being pulmonary vein isolation (PVI) increased (9.9% of
Address reprint requests and correspondence: Dr Benjamin A.
Steinberg, Division of Cardiovascular Medicine, University of Utah
Health Sciences Center, 30 North 1900 East, Room 4A100, Salt Lake
City, UT 84132. E-mail address: benjamin.steinberg@hsc.utah.edu;
@ba_steinberg

2666-5018/© 2022 Heart Rhythm Society. Published by Elsevier Inc. This is an ope
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0
ablations in 2013, to 18.2% in 2019). In 2020, rates of both
catheter-based EP procedures and CIED procedures decreased; how-
ever, PVI share of ablation continued to increase in 2020 comprising
25.2% of ablation procedures.

CONCLUSION Rates of EP procedures have increased among Medi-
care beneficiaries, with catheter-based procedures now eclipsing
CIEDs. Additionally, a greater proportion of catheter-based EP pro-
cedures are PVI, but they still represent a minority of all ablations.
In 2020, rates of EP procedures were attenuated, yet the proportion
of PVI ablations increased to over one-fourth of ablation proced-
ures. These data have important implications for the EP workforce.
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tion; Implantable devices
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Introduction
As the U.S. population ages, the rate of age-related and
acquired cardiac disease is likely to rise. The projected in-
crease in prevalence of cardiac arrhythmia, particularly atrial
fibrillation (AF), has been well documented and is expected
to increase both dependent on and independent of other car-
diac disease.1 Additionally, as therapies improve for cardiac
comorbidities, such as coronary artery disease and heart
failure, additional survivors of these conditions require
interventions for arrhythmia. Last, contemporary and
emerging evidence supporting earlier arrhythmia interven-
tions has the potential to increase utilization of electrophysi-
ology (EP) procedures.2,3 Despite these circumstances, there
remain little data on the trends in rates of EP procedures in the
United States and the clinicians performing them.

Currently available data on broad EP procedure volumes
are either outdated or from outside the United States.4–7

Furthermore, there are few data on contemporary
characteristics including the impact of the global COVID-
19 pandemic on procedural rates. The overall aim of the
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KEY FINDINGS

- Rates of all cardiac electrophysiology (EP) procedures
in Medicare have increased from 2013 to 2019, pri-
marily driven by catheter-based EP procedures.

- The frequency of catheter-based EP procedures sur-
passed that of cardiac implantable electronic device
procedures in 2016.

- The proportion of catheter-based EP procedures being
pulmonary vein isolation for atrial fibrillation
continued to increase from 2013 to 2019.

- During the COVID-19 pandemic, overall rates of
catheter-based EP procedures and cardiac implantable
electronic device procedures decreased from 2019 to
2020; however, rates pulmonary vein isolation and
ventricular tachycardia ablation continued to increase.
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present study was to measure the trends in EP procedures in
contemporary U.S. practice. Specifically, the objectives were
to (1) measure overall trends in rates of catheter-based EP
procedures (EP study [EPS] and ablation and cardiac
implantable device [CIED] procedures), (2) measure the rela-
tive rates of specific ablations (ie, pulmonary vein isolation
[PVI]) for AF compared with ablation for supraventricular
tachycardia [SVT] or ventricular tachycardia [VT]), and (3)
understand the impact of the global COVID-19 pandemic
on nationwide EP procedures in 2020.
Methods
We used publicly available Centers for Medicare and
Medicaid Services (CMS) data to measure trends in EP pro-
cedures, which included the years 2013 to 2020 (the latest
available), consistent with other, similar analyses.8 The pri-
mary data source was annual versions of the Medicare Physi-
cian and Other Practitioners by Provider and Service dataset.
These datasets describe service volumes, payments, and sub-
mitted charges organized by clinician (via National Provider
Identifier [NPI]), Healthcare Common Procedure Coding
System code (standardized Current Procedural Terminology
codes), and place of service. For each year, these datasets
were filtered for only procedures of interest (see the following
section), by unique clinicians (irrespective of place of
service). While some procedure codes may allow multiple in-
stances in the same day for a single beneficiary, we limited
our analysis to procedures per beneficiary per day. Physician
operator characteristics are in the same dataset and derived
from NPI registrant information.
Data collection of procedure trends
All EPS and ablation procedures were identified by the
following Healthcare Common Procedure Coding System co-
des: 93613, 93618, 93619, 93620, 93621, 93622, 93623,
93624, 93650, 93651, 93653, 93654, 93655. 93656, and
93657. Non-AF EPS and ablation procedures were identified
with the previous codes, excluding 93656 and 93657. Catheter
ablation for AF (PVI) was identified using code 93656, a code
unique to that procedure starting in 2013. Code 93657 was not
used because it is primarily an add-on code for AF ablation
that is not billed independently from 93656. Catheter ablation
for SVT was identified by code 93653 and for VT by code
93654. Procedures related to CIEDs were identified by the
following codes: 33206, 33207, 33208, 33212, 33213,
33214, 33215, 33216, 33217, 33218, 33220, 33221, 33222,
33223, 33224, 33225, 33226, 33227, 33228, 33229, 33230,
33231, 33240, and 33249. Implantable loop recorder proced-
ures were excluded, as these are often performed in an office
setting, by nonelectrophysiologists.

Numbers and rates of procedures were measured for each
enrollment year. Rates of procedures were adjusted for
100,000 beneficiaries enrolled in “classic” Medicare (Medi-
care A and B) for that particular year, as reported by public
CMS data enrollment data. Additionally, physician subspe-
cialties of physician operators are described by year. Physi-
cian specialty was stratified by cardiac EP, other cardiology
(general, interventional, heart failure), cardiothoracic sur-
gery, other surgery, or internal medicine (IM) physician (no
further specialty reported). Physician location is available;
however, it was found to be unreliable depending on recency
of the update for an individual physician.
Statistical methods
Data are expressed as number and percentage or proportion,
where appropriate. All data cleaning and analyses were per-
formed using R (version 4.1.1; R Foundation for Statistical
Computing, Vienna, Austria) and RStudio (Version
2021.09.0 Build 351; RStudio, Boston, MA), with packages
specifically geared to such analyses.9 As this was an observa-
tional analysis of publicly available data and did not involve
patients, Institutional Review Board approval was not
required. The research reported here adhered to Declaration
of Helsinki.
Results
From 2013 to 2019, overall EP procedures, including EPS
and ablation and CIED procedures, increased from 817.91
to 1089.68 procedures per 100,000 beneficiaries. This was
primarily driven by an increase in EPS and ablation from
323.73 to 675.01 procedures per 100,000 beneficiaries,
compared with a decrease in rates of CIED procedures
from 494.18 to 414.67 procedures per 100,000 beneficiaries.
In 2020, rates of both EPS and ablation and CIED procedures
decreased from 675.02 to 619.43 per 100,000 beneficiaries
and 414.67 to 355.82 per 100,000 beneficiaries, respectively.
These data are shown in Figure 1.
Trends in ablation, 2013 to 2019
Specific ablation procedural trends (a subgroup of the overall
EPS and ablation data) include PVI, SVT, and VT ablation.
The overall ablation procedural trends increased from
106.98 to 193.08 procedures per 100,000 beneficiaries. Rates
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of PVI increased from 10.62 to 35.12 procedures per 100,000
beneficiaries from 2013 to 2019. As a proportion of all abla-
tion codes, rates of PVI increased from 9.92% in 2013 to
18.19% in 2019. The contribution of PVI procedure rates
to overall ablation procedure rates is shown in Figure 2. Rates
of SVT and VT ablation procedures also showed an increase
from 2013 to 2019. SVT ablation increased from 95.02 to
153.80 procedures per 100,000 beneficiaries. VT ablation
showed the greatest proportional increase, from 1.34 to
4.15 procedures per 100,000 beneficiaries. Rates of all
SVT, PVI, and VT procedures are further depicted in
Figure 3.
Trends in number of CIED procedures, 2013 to 2019
CIED procedural rates are shown in Figure 4. Pacemaker-
associated procedure rates decreased from 316.67 to 267.01
per 100,000 beneficiaries from 2013 to 2019. Implantable
cardioverter-defibrillator (ICD)–related procedures
decreased from 115.31 to 84.47 per 100,000 beneficiaries
from 2013 to 2019.
Trends in operator subspecialty performing CIED,
2013 to 2019
From 2013 to 2019, there was an increase in proportion of EP
physicians performing permanent pacemaker (PPM) proced-
ures from 29.2% to 50.8%, decrease in cardiothoracic (CT)
surgery physicians from 4.5% to 2.0%, decrease in non-EP
cardiology physicians from 60.4% to 42.3%, decrease in
IM physicians from 2.7% to 2.5%, and decrease in non-CT
surgery from 2.5% to 0.9%. Among ICD procedures, there
was an increase in EP physicians from 46.1% to 69.3%,
decrease in CT surgery physicians from 1.3% to 0.6%,
decrease in non-EP cardiology physicians from 49.4% to
26.1%, and a decrease in IM physicians from 2.8% to
1.7%. These data are described in Table 1.
Figure 1 Trend in number of electrophysiology (EP) studies and ablations vs card
beneficiaries in the years 2013–2020.
Procedure trends in 2020
In 2020, the number of unique physicians performing EP pro-
cedures decreased (from 2019) by roughly 10% (from 1776
to 1661 performing ablation, from 3299 to 3026 performing
PPM implantation, from 1607 to 1269 performing ICD im-
plantation). In 2020, rates of EPS and ablation codes
decreased from 675.02 to 619.43 per 100,000 beneficiaries,
and CIED procedures decreased from 414.67 to 355.82 per
100,000 beneficiaries.

With respect to any ablation, procedures decreased from
193.08 to 171.64 per 100,000 beneficiaries. SVT ablation
rates decreased, while both PVI and VT ablation increased.
SVT ablation decreased from 153.80 to 123.68 per 100,000
beneficiaries, PVI ablation increased from 35.12 to 43.48
per 100,000 beneficiaries, and VT ablation increased from
4.16 to 4.47 per 100,000 beneficiaries. Trends of SVT,
PVI, and VT ablation procedures are shown in Figure 3.
The proportion of PVI to all ablation procedures increased
from 18.2% to 25.3%, and this is shown in Figure 2.

With respect to CIED procedures specifically, ICD and
PPM procedures from 2019 to 2020 both decreased. ICD im-
plantation decreased from 84.47 to 63.46, and PPM implan-
tation decreased from 267.01 to 239.28 per 100,000
beneficiaries. This is shown in Figure 4.

While the overall number of physicians performing EP
procedures decreased, the percentage of EP physicians per-
forming these procedures did continue to increase in 2020.
The percentage of EP physicians performing PPM implanta-
tion increased from 50.6% to 53.6%, and EP physicians per-
forming ICD implantation increased from 69.3% to 70.4%
(Table 1).
Discussion
Our study provides important epidemiologic data about na-
tional trends in the performance of EP procedures among
older Americans and the specific effect of the global
iac implantable electronic device (CIED) implantations per 100,000Medicare



Figure 2 Trend in percentage of pulmonary vein isolation (PVI) procedures vs non-PVI procedures for all electrophysiology studies (EPSs) or ablations in the
years 2013–2020.
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COVID-19 pandemic on those trends. We found that the
overall rate of EP procedures increased from 2013 to 2019;
EPSs and ablations rose dramatically, while CIED proced-
ures did not. Further, VT ablation, the least common proced-
ure performed in general, demonstrated proportionally the
greatest growth, a nearly 3-fold increase over the study
period. While overall EP procedures decreased in 2020 in
the setting of the COVID-19 pandemic, the rate of both
PVI and VT ablation continued to increase. Ablation of AF
(PVI) in 2020 compromised over one-fourth of all ablation
procedures. These data have important implications for the
treatment of patients with arrhythmia disorders moving for-
ward, specifically related to workforce development, deploy-
ment of new technology, and areas for additional research.

After the adjustment for CMS enrollment, we observed a
growth in catheter ablation procedures, specifically a 3-fold
Figure 3 Trends in number of supraventricular tachycardia (SVT), pulmonary v
100,000 Medicare beneficiaries in the years 2013–2020.
increase in VT ablation and a doubling of AF ablation rates.
This growth is likely attributable to the combination of
increasing disease burden, procedural availability and effi-
ciency, training programs that provide more exposure to
and training in complex ablation of both atrial and ventricular
arrhythmias, and evidence supporting invasive management
earlier.3,10–12 As treatments for other structural heart
diseases improve, including those for heart failure and
coronary artery disease, the need for arrhythmia
management has increased (including both AF and VT) as
people live longer with coexistent cardiovascular disease.
Additionally, over the period studied, several randomized
clinical trials of catheter ablation for AF and VT
demonstrated favorable results for the use of these
procedures.10–15 Last, there has become heightened
emphasis on quality-of-life outcomes, which have been
ein isolation (PVI), and ventricular tachycardia (VT) ablation procedures per



Figure 4 Trend in number of implantable cardioverter-defibrillators (ICDs) vs permanent pacemakers (PPMs) per 100,000 Medicare beneficiaries in the years
2013–2020. These trends of PPM and ICD do not sum into the cardiac implantable electronic device procedural group, as there are other procedures within this
group (ie, nonspecific lead changes).
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demonstrated to be better in general with invasive therapy
compared with medical therapy.16

Overall, CIED procedures have declined, including pace-
makers and ICDs. The first likely reason is that neither the in-
dications for permanent pacing nor the rates of degenerative
conduction disease have changed significantly. Next, battery
longevity and automated pacing output algorithms (eg, ‘cap-
ture management’) result in less procedures for CIED gener-
ator replacements. Additionally, these trends may be in part
driven by an attenuation in deployment of primary prevention
ICDs. Sudden death rates decline with more sophisticated
medical therapy for heart failure,17 and major studies such
as the Danish Study to Assess the Efficacy of ICDs in Patients
with Non-ischemic Systolic Heart Failure on Mortality have
suggested older patients may be unlikely to benefit.18 How-
ever, even with a decrease in CIED procedures, the overall
trend in EP procedures has still increased.

Changes in clinician specialty may be more difficult to
interpret. For example, the dramatic increase in proportion
Table 1 Physician subspecialty performing PPM and ICD implantations

2013 2014 2015

Subspecialty of operator performing PPM implantations
Cardiac electrophysiology 28.9 32.7 37.5
Cardiothoracic surgery 4.6 3.7 3.3
Other cardiology 60.6 58.5 53.9
Internal medicine 2.7 2.5 2.5
Other surgery 2.6 1.9 2.0

Subspeciality of operator performing ICD implantations
Cardiac electrophysiology 46.1 49.7 55.9
Cardiothoracic surgery 1.3 1.6 1.2
Other cardiology 49.4 45.7 39.9
Internal medicine 2.8 2.5 2.3
Other surgery 0.1 0.2 0.1

Values are %.
ICD 5 implantable cardioverter-defibrillator; PPM 5 permanent pacemaker.
of electrophysiologists performing these procedures may in
part be due to simply to physicians updating their subspe-
cialty classification in the NPI system (from, for example,
IM or general cardiology). However, this is unlikely to ac-
count for the drop in surgical specialists performing these
procedures, as clinicians are unlikely to shift between surgi-
cal and medical specialties. These data suggest that surgeons
are less and less likely to be performing CIED procedures in
favor of electrophysiologists. Several factors may be contrib-
uting to this trend, including the increasing complexity of
CIED implantation and management, more novel devices be-
ing developed, consistent data that support improved out-
comes with implantation by electrophysiologists compared
with others,19 and potentially financial pressures.

From 2019 to 2020, we found a decrease in the overall
trend of both EPS and ablation and CIED procedures coin-
ciding with the COVID-19 pandemic—by nearly 10%.
This reflects the reality of healthcare during this time, with
a shift in emphasis from routine care to the need for
in the years 2013 to 2020

2016 2017 2018 2019 2020

42.9 45.9 48.9 50.6 53.8
2.7 2.4 2.4 2.0 1.8
49.8 47.1 44.2 42.4 39.5
1.9 2.1 2.1 2.4 2.1
1.7 1.5 1.0 0.9 0.9

60.2 63.7 66.5 69.3 70.4
0.7 0.9 0.5 0.6 0.4
36.0 31.8 29.5 26.1 24.5
1.0 2.1 1.7 2.2 1.9
0.0 0.1 0.0 0.0 0.1
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addressing a public health emergency. Our data provide a
much broader, wider, and long-term view than the primary,
previous report of EP procedures from a single U.S. city dur-
ing the pandemic.20 Here, we capture the nationwide effect
and annual outlook. While overall procedures declined, abla-
tion of AF and VT still showed increases. This is likely ex-
plained by several factors: VT ablation is less likely to be
elective and is more likely to be an urgent or emergent pro-
cedure that was often still performed during this time; addi-
tionally, AF has been shown to have a significant effect on
quality of life, comparable to acute myocardial infarc-
tion21—when given the choice of delaying or proceeding, pa-
tients with AF may have been more willing to engage with
the healthcare system during a pandemic, in order to improve
their quality of life with ablation, compared with, for
example, patients with SVT (which showed a marked decline
during this period). Last, financial pressures on stressed
healthcare institutions may have provided significant motiva-
tion to minimize lost elective procedural volume. In point of
fact, financial pressures are an increasingly important consid-
eration with respect to these data, as recently enacted and pro-
posed cuts to reimbursement for catheter ablation procedures
may attenuate this growth and development despite mounting
evidence of safety and effectiveness.
Limitations
These data include only procedures performed within Medi-
care and do not include those paid for by other payers; private
payer rates may vary. Any records that are derived from 10 or
fewer beneficiaries are excluded from the Medicare Provider
Utilization and Payment Data (to protect beneficiary privacy)
and thus are not included in these counts. Operators who
perform,10 procedures annually for a given individual pro-
cedure code were also excluded from the Medicare Provider
Utilization and Payment Data; therefore, procedures that are
performed less frequently, including ablation of VT, could be
underrepresented in the study. Additionally, our data cannot
exclude the concomitant performance of multiple different
procedures at once. However, this is more common for
non-AF catheter-based EPS and ablation procedures (eg,
EP study and ablation for supraventricular tachycardia) and
thus would artificially inflate the frequency of non-PVI abla-
tions, suggesting that the true proportion of catheter-based
procedures that are PVI may be even higher than that reported
herein. Last, physician subspecialty is self-reported and may
not be updated regularly.
Conclusion
Rates of catheter-based EP procedures have grown dramati-
cally from 2013 to 2019, with a modest decline in CIED pro-
cedures. In comparison with 2019, 2020 rates of both
catheter-based EP procedures and CIED procedures
decreased in the setting of the COVID-19 pandemic. Howev-
er, while there continues to be a robust demand and use of
catheter ablation treatment for both AF and VT, AF ablation
now comprises over one-quarter of all ablation procedures
among Medicare beneficiaries.
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