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ABSTRACT
OBJECTIVES This study sought to investigate the utilization of and in-hospital complications in patients undergoing
catheter ablation in the United States from 2000 to 2013 by using the National Inpatient Sample and Nationwide
Inpatient Sample.
BACKGROUND Catheter ablation has become a mainstay in the treatment of a wide range of cardiac arrhythmias.
METHODS This study identiﬁed patients 18 years of age and older who underwent inpatient catheter ablation from
2000 to 2013 and had 1 primary diagnosis of any of the following arrhythmias: atrial ﬁbrillation, atrial ﬂutter,
supraventricular tachycardia, or ventricular tachycardia.
RESULTS An estimated total of 519,951 (95% conﬁdence interval: 475,702 to 564,200) inpatient ablations were
performed in the United States between 2000 and 2013. The median age was 62 years (interquartile range: 51 to 72
years), and 59.3% of the patients were male. The following parameters showed increasing trends during the study
period: annual volume of ablations, number of hospitals performing ablations, mean age and comorbidity index of
patients, rate of $1 complication, and length of stay (p < 0.001 for each). Substantial proportions (27.5%) of inpatient
ablation procedures were performed in low-volume hospitals and were associated with an increased risk for
complications (odds ratio: 1.26; 95% conﬁdence interval: 1.12 to 1.42; p < 0.001). Older age, greater numbers of
comorbidities, and complex ablations for atrial ﬁbrillation and ventricular tachycardia were independent predictors of
in-hospital complications and in-hospital mortality. In addition, female sex and lower hospital volumes were independent
predictors of complications.
CONCLUSIONS From 2000 to 2013, there was a substantial increase in the annual number of in-hospital catheter
ablation procedures, as well as the rate of periprocedural complications nationwide. Low-volume centers had a
signiﬁcantly higher rate of complications. (J Am Coll Cardiol EP 2017;3:1240–8) © 2017 by the American College of
Cardiology Foundation.
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ver the last 3 decades, catheter ablation has

hospital region; hospital teaching status;

ABBREVIATIONS

become a mainstay in the treatment of a

hospital bed size; and cost of hospitalization.

AND ACRONYMS

wide range of cardiac arrhythmias and has

National estimates can be calculated using the

become the treatment of ﬁrst choice for many pa-

patient-level

tients with symptomatic arrhythmias (1–6). Catheter

weights that are provided by the NIS. For the

ablation techniques have evolved, and their use has

purpose of this study, we obtained data for the

extended from supraventricular tachycardias (SVTs)

years 2000 to 2013.

to include complex arrhythmias such as atrial ﬁbrillation (AF) (2) and many forms of ventricular tachycardia
(VT) (7). The dramatic rise in the number of catheter
ablation procedures performed annually has been
driven over the past decade primarily by the increasing
utilization of the technique to treat AF (8,9).
SEE PAGE 1249

and

hospital-level

sampling

AF = atrial ﬁbrillation
AFL = atrial ﬂutter
AHRQ = Agency for Healthcare
Research and Quality

CI = conﬁdence interval

STUDY PATIENTS AND VARIABLES. The In-

Deyo-CCI = Deyo modiﬁcation

ternational

of the Charlson comorbidity

Classiﬁcation

of

Diseases-9th

Revision-Clinical Modiﬁcation (ICD-9-M) is
used for reporting diagnoses and procedures
in the NIS database. For each index hospitalization, the database provides a principal

index

HCUP = Healthcare Cost and
Utilization Project

ICD-9-CM = International
Classiﬁcation of Diseases-9th

discharge diagnosis and a maximum of 14 or 24

Revision-Clinical Modiﬁcation

additional diagnoses (depending on the year),

NIS = Nationwide Inpatient

techniques,

in addition to a maximum of 15 procedures. We

Sample and National Inpatient

we sought to assess trends in utilization, as well as

identiﬁed patients 18 years of age or older who

changes in patient groups and associated complications

underwent catheter ablation (ICD-9-CM code

in a real-world setting. The importance of real-world

37.34) during 2000 to 2013. From this cohort of

outcomes derives from the ﬁnding that most of the

patients, we selected only those discharges

available data on the safety of radiofrequency ablation

that had 1 of the following arrhythmias as its

and cryoablation come from selected, high-volume

principal diagnosis: 1) AF (ICD-9-CM code

academic centers. The main focus of previous studies

427.31); 2) AFL (ICD-9-CM code 427.32); 3) SVT (ICD-9-

was on trends and complications associated with AF

CM codes 427.0, 427.89, 426.7, and 426.89); 4) VT (ICD-

ablation (9,10). The purpose of this study was 2-fold: 1) to

9-CM code 427.1). These are all well-known indications

analyze trends in the utilization of the full spectrum of

for ablation. Furthermore, we excluded patients with

the inpatient catheter ablation procedures; and 2) to

any of the following cardiac procedures during the

analyze trends in and predictors of in-hospital compli-

index hospitalization, to avoid attributing their com-

cations associated with various types of ablation

plications to the ablation procedure: 1) pacemaker

procedures in the United States between 2000 and 2013.

implantation (ICD-9-CM 00.50, 00.52, 00.53, 37.71-

Given the rapid growth in both the technology
and

utilization

of

catheter

ablation

Sample

OR = odds ratio
SVT = supraventricular
tachycardia

TIA = transient ischemic attack
VT = ventricular tachycardia

37.79); 2) implantable cardioverter-deﬁbrillator insertion (ICD-9-CM 37.94-37.98, 00.51, 00.54); and 3) open

METHODS
DATA

surgical

SOURCE. The data were drawn from the

National Inpatient

Sample

and the

Nationwide

ablation

(ICD-9-CM

37.33).

Detailed

information on exclusion criteria are provided in the
Online Appendix.

Inpatient Sample (NIS), the Healthcare Cost and

STUDY

Utilization Project (HCUP), and the Agency for

in-hospital complications of catheter ablation by

OUTCOMES. We

Healthcare Research and Quality (AHRQ) (11,12). The

using

NIS is the largest collection of all-payer data on inpa-

codes. These complications include the following:

tient hospitalizations in the United States. The dataset

1) cardiac complications (i.e., post-operative cardiac

represents an approximate 20% stratiﬁed sample of all

block, myocardial infarction); 2) pericardial compli-

inpatient discharges from U.S. hospitals. The database

cations (tamponade, hemopericardium, pericarditis,

provides de-identiﬁed information for each hospital

and pericardiocentesis); 3) vascular complications

stay. This information includes patient-level and

(arteriovenous ﬁstula, blood vessel injury, acci-

hospital-level factors: patients’ demographic charac-

dental puncture, injury to the retroperitoneum,

teristics; primary and secondary diagnoses and pro-

vascular complications requiring surgery, and other

cedures; AHRQ comorbidities; length of stay (LOS);

iatrogenic vascular complications); 4) post-operative

the

ICD-9-CM

identiﬁed

diagnosis

and

All authors attest they are in compliance with human studies committees and animal welfare regulations of the
authors’ institutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more
information, visit the JACC: Clinical Electrophysiology author instructions page.
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hemorrhage or hematoma (including post-operative
hemorrhage requiring blood transfusion); 5) post-

F I G U R E 1 Frequency of Catheter Ablation Procedures

by Indication

operative stroke or TIA (transient ischemic attack);
6) pneumothorax or hemothorax; 7) diaphragm
paralysis; 8) infections (fever, septicemia, and postprocedural aspiration pneumonia); and 9) in-hospital
deaths. All codes used in identifying complications
are shown in Online Table 1.
The

following

patient-related

demographic

features were collected from the database: age, sex,
and race. The hospital identiﬁcation number (HOSPID)
was used to calculate hospital volumes. We deﬁned
high-volume hospitals as those with 100 or more
annual catheter ablation procedures, medium-volume
hospitals as those with 50 to 100 annual procedures,
and low-volume hospital as those having fewer than
50

annual

procedures.

Associated

comorbidities

were identiﬁed by measures from the AHRQ. For the

Atrial ﬁbrillation was the most common indication for ablation

purpose of calculating the Deyo-Charlson comorbidity

performed from 2000 to 2013. AF ¼ atrial ﬁbrillation;

index (Deyo-CCI), an additional list of comorbidities
was identiﬁed from the database by using ICD-9-CM

AFL ¼ atrial ﬂutter; SVT ¼ supraventricular tachycardia;
VT ¼ ventricular tachycardia.

codes (Online Table 2). Deyo-CCI is a modiﬁcation
of the Charlson comorbidity index. It contains 17
comorbid conditions (13). Higher Deyo-CCI indicates
more severe comorbid conditions, and is an indicator
of patient mortality 1 year after admission.

analysis. This represents an estimated 519,951 (95%
conﬁdence interval [CI]: 475,702 to 564,200) patients
who underwent in-hospital catheter ablation procedures from 2000 to 2013. Among these patients, the

STATISTICAL ANALYSIS. Trend weight ﬁles (TRENDWT)

annual number of ablation procedures increased

provided by the AHRQ were used to reﬂect national

by 2.5-fold from 18,096 in 2000 to 44,465 in 2013

estimates. Detailed information on the implementa-

(p ¼ 0.002). More than one-half of the ablations were

tion of sampling weights is provided in the Online

performed in low- and medium-volume hospitals

Appendix. The chi-square test and the Wilcoxon

(57.64%). There was an increase in the estimated

rank sum test were used to compare categorical var-

number of hospitals performing ablations from 156 in

iables and continuous variables, respectively. Trends

2000 to 216 in 2011 (p ¼ 0.002). The percentage of high-

for continuous variables were tested using the

volume hospitals showed a 2.5-fold increase from

nonparametric test for trend by Cuzick (14).

15.19% in 2000 to 53.9% in 2011 (p ¼ 0.016). Overall, AF

To

account

for

hospital-level

clustering

of

was the most common indication for catheter ablation

discharges, we generated a 2-level mixed-effects

during these years (n ¼ 190,398; 36.62%), followed by

logistic regression model to identify independent

SVT (n ¼ 159,895; 30.75%) (Figure 1). The increase in the

predictors of complications. Congruent with the

total number of inpatient ablation cases over the study

Healthcare Cost and Utilization Project NIS design, the

period was primarily the result of the increase in AF

hospital identiﬁcation number was used as a random

ablation, a nearly 10-fold rise from 2,644 procedures in

effect with patient-level factors clustered within

2000 to 21,345 procedures in 2013 (p ¼ 0.001). Signiﬁ-

hospital-level factors. Candidate variables included

cant increases were also seen in the annual number of

patient-level characteristics, Deyo-CCI, hospital-level

inpatient ablation procedures for AFL and VT: AFL

factors, and hospital volume. For all analyses, we used

from 4,046 in 2000 to 10,465 in 2013; and VT from 1,951

survey estimation in Stata/SE software version 14.1

in 2000 to 4,735 in 2013 (Figure 2).

(StataCorp LP, College Station, Texas) to account
for the complex survey design of the NIS database.

BASELINE CHARACTERISTICS. Patients’ demographic

A p value <0.05 was considered signiﬁcant.

information is shown in Table 1 (Online Table 3). The

RESULTS

ablations performed during the study period was

median (interquartile range) age for all catheter
62 years (range 51 to 72 years). The mean age of pa-

After exclusion criteria were applied, a total of 108,273

tients undergoing ablations increased signiﬁcantly

unweighted observations were included in the ﬁnal

from 57.77  0.59 years in 2000 to 63.2 2  0.21 years
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in 2013 (p ¼ 0.001). This trend reﬂected the signiﬁcant

F I G U R E 2 Annual Volume of Catheter Ablation Procedures by Indication

increase in the age of patients who underwent AFL,
VT, and SVT ablations. Overall, patients with AFL had
the highest mean age (65.06  0.15 years), followed
by patients with AF (62.99  0.19 years). Patients with
SVT had the lowest mean age (53.55  0.28 years).
Ablations were performed more frequently in male
patients (59.35%) and in white patients (66.56%), but
female patients comprised the majority group among
SVT ablations (58.74%). Private insurance was the
most frequent primary payer (46.12%), followed by
Medicare (44.26%) and Medicaid (4.63%).
The most common comorbidity across all indications for ablation was hypertension (51.62%),
followed by diabetes mellitus (16.63%). The Deyo-CCI
for the overall patient cohort was 0.86  0.02; VT was

Annual volume of ablations performed for atrial ﬁbrillation (AF), atrial ﬂutter (AFL), and

associated with the highest Deyo-CCI (1.28  0.03),

ventricular tachycardia (VT) increased signiﬁcantly from 2000 to 2013. Abbreviation as in

and SVT was associated with the lowest (0.58  0.02).

Figure 1.

Over the study period, there was a signiﬁcant rise in
the mean Deyo-CCI from 0.56  0.03 in 2000 to
1.3  0.02 in 2013 (p ¼ 0.001) (Online Tables 4 and 5).
LENGTH OF STAY. A majority of procedures (64%)
AND

had an associated LOS of <2 days. The mean LOS for

MORTALITY. Of all inpatient ablations during the

all ablation procedures was 2.82  0.05 days. The LOS

study period, 5.46% had at least 1 complication. This

increased signiﬁcantly during the study period from

rate increased from 3.07% in 2000 to 7.04% in 2013

2.67  0.1 days in 2000 to 3.28  0.06 days in 2013. VT

(p ¼ 0.001). Access site–related hemorrhage or

ablation was associated with the longest LOS (4.7 

hematoma complications occurred most frequently

0.09 days). Overall, patients who experienced at least

(2.57%), followed by pericardial complications (1.3%).

1 complication had a signiﬁcantly longer LOS than did

With the exception of pneumothorax or hemothorax

patients who experienced no complication (6.21 

complications, which showed a decrease (p ¼ 0.04),

0.12 days vs. 2.82  0.05 days; p < 0.001).

RATES

OF

IN-HOSPITAL

COMPLICATIONS

and post-procedural stroke or TIA, which showed no
uniform trend, the rates of all other complications

PREDICTORS

increased signiﬁcantly over the 14-year study period

AND MORTALITY. The results of the multivariable

OF

IN-HOSPITAL

COMPLICATIONS

(Online Table 6).

logistic regression model are shown in Tables 3 and 4.

The overall in-hospital complication rate and

A gradual increase in complication rates across the

the rates of speciﬁc complications varied among pro-

age groups was observed (Figure 3). Age was found to

cedural indications (Table 2). VT ablation was associ-

be an independent predictor of in-hospital compli-

ated with the highest rate of at least 1 complication

cations and death, and it showed a stepwise increase

(9.90%), followed by AF ablation (7.21%), whereas

in the odds ratio (OR) with increasing age (p < 0.001).

catheter ablations performed for SVT had the lowest

Patients 75 years of age and older had the highest risk

rate of complications (3.29%). For all indications for

of

procedural

complications

and

death

when

of $1 complication

compared with the reference group (age <45 years)

increased signiﬁcantly over the 14-year period (Online

(OR: 1.88; 95% CI: 1.65 to 2.14; p < 0.001; and 4.38;

Table 4). This increase was most pronounced in VT

95% CI: 1.98 to 9.71; p < 0.001, respectively). Female

ablations, which had an increase in the complication

sex was also a predictor of in-hospital complications

rate from 5.60% in 2000 to 12.88% in 2013 (p ¼ 0.001).

(OR: 1.16; 95% CI: 1.09 to 1.24; p < 0.001).

catheter

ablation, the rate

During the study period, the overall in-hospital

The primary arrhythmia diagnosis was an inde-

mortality rate for catheter ablation procedures was

pendent predictor of in-hospital complications and

0.34%. A nonsigniﬁcant decrease in mortality was

death (Table 3). In comparison with the reference

observed between 2000 and 2013 (0.52% vs. 0.49%;

group (SVT), patients with AF and VT had higher odds

p ¼ 0.10). Among all indications, VT ablation had the

of developing complications (OR: 1.82; 95% CI: 1.68 to

highest in-hospital mortality rate (1.8%), and SVT

1.97; p < 0.001; and 2.17; 95% CI: 1.96 to 2.41; p <

ablation had the lowest (0.1%) (Table 2).

0.001, respectively) and higher mortality rates (OR:
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Hosseini et al.

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 3, NO. 11, 2017
NOVEMBER 2017:1240–8

Catheter Ablations for Cardiac Arrhythmias

DISCUSSION

T A B L E 1 Baseline Characteristics of Patients Undergoing Catheter Ablation From

2000 to 2013

This study drew data from the largest all-payer
All Catheter Ablations

inpatient database in the United States (NIS) to

Total

$1
Complication

No
Complication

p
Value

108,273

6,583

101,690

—

519,951 (100.0)

31,707 (6.1)

488,244 (93.9)

—

18–44

15.39

7.66

15.90

demonstrate that the increase in comorbidities, along

45–54

16.03

13.34

16.21

with an increase in the number and proportions of

55–64

24.46

26.03

24.36

complex ablations (AF and VT), have resulted in

65–74

26.28

30.64

25.99

higher in-hospital complication rates and longer

$75

17.83

22.33

17.54

Unweighted number of
catheter ablations

analyze the utilization and associated in-hospital
complications of a total of 519,951 catheter ablation
procedures performed across the nation from 2000 to

Weighted number of
catheter ablations (%)

<0.001

Age group in yrs, %

Race, %
66.56

67.99

66.47

Black

6.23

6.40

6.22

increased steadily over the 14-year period. These data

hospital LOSs in recent years. Importantly, many
0.80

White

2013. The annual number of catheter ablations

ablation procedures (27.5%) were performed in lowvolume

hospitals,

which

bore

a

signiﬁcantly

increased risk of complication.

Hispanic

4.18

4.12

4.18

Others

3.95

3.66

3.97

Our ﬁndings agree with the temporal trends

missing

19.08

17.83

19.16

observed in published reports regarding the annual

Male

59.35

59.01

59.37

Female

40.65

40.99

40.63

Sex, %

0.60

From 2000 to 2013, there was a 2.5-fold increase in
<0.001

Primary payer, %
Medicare

44.26

53.64

43.65

Medicaid

4.63

4.31

4.65

Private insurance

46.12

37.62

46.67

Others/missing

4.99

4.43

5.03

Hospital teaching status, %

number of inpatient ablation procedures (9,15,16).
the annual number of inpatient ablations, a signiﬁcant rise in the number of hospitals performing these
procedures, and a 2.5-fold increase in the number of
high-volume centers performing ablations in the
United States. The increase in annual procedure vol-

0.01

ume was primarily the result of a 7-fold increase in

1.84

1.97

1.83

the annual number of AF ablations over the 14-year

Nonteaching

26.39

23.35

26.59

study period. Overall, AF accounted for 36.6% of all

Teaching

71.77

74.68

71.58

Rural

Hospital region, %

in-hospital ablation procedures. In a prospective
0.80

Northeast

25.93

25.92

25.93

Midwest

23.56

23.34

23.58

South

32.59

33.57

32.53

West

17.92

17.18

17.96

Hospital bed size, %

study of ablation-related complications at a highvolume center, AF ablation accounted for 46.8% of
procedures, thus emphasizing its dominance in the
current mix of catheter ablation procedures (17).

0.03

Consistent with other reports (18,19), we observed

Small or medium

20.82

19.01

20.94

an increase in the mean age of patients undergoing

Large

79.18

80.99

79.06

catheter ablation procedures from 2000 to 2013. This
trend could be a reﬂection of the increasing volume of

Values are n (%) or %.

outpatient ablation procedures that are performed in
the United States, usually for patients at lower risk for
1.56; 95% CI: 1.03 to 2.37; p < 0.001; and 8.09; 95% CI:

complications (20). Similar to other published reports,

5.43 to 12.05; p < 0.001, respectively). The odds of in-

we observed that most patients undergoing catheter

hospital complications and death also increased with

ablation were white and male (16,17). The exception

increasing Deyo comorbidity index (Table 3).

was SVT ablation, which was found to be more

Among hospital level variables, hospital volume
was a signiﬁcant predictor of in-hospital complica-

commonly performed in women, a ﬁnding consistent
with the higher prevalence of SVT in women (21).

tions. Compared with high-volume hospitals ($100

Overall, the rate of in-hospital complications was

annual catheter ablations), hospitals with low volume

5.46%. Substantial differences exist in the complica-

(<50 annual procedures) and medium volume (50 to

tion rates of ablations, depending on the target

100 annual procedures) had 1.26 and 1.12 times higher

arrhythmia. VT ablation carries the highest overall

odds of complications, respectively (OR: 1.26; 95% CI:

complication rate (9.9%), which is comparable to

1.12 to 1.42; p < 0.001; and OR: 1.12; 95% CI: 1.01 to

earlier reports (17,19,22,23), and it is approximately

1.25; p ¼ 0.047, respectively).

3 times higher than the rate seen with ablation
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This

difference

is

likely

explained by a combination of the higher burden of

T A B L E 2 Rates of Speciﬁc Complications by Indication for Catheter Ablation

From 2000 to 2013

cardiovascular disease and comorbidities among paAF

AFL

VT

SVT

Catheter ablation procedures
(unweighted)

39,562

25,723

9,642

33,346

Catheter ablation procedures
(weighted)

190,398

123,163

46,495

159,895
3.29

tients with VT, the more complex nature of the
ablation procedure, and the often nonelective nature
of the procedure in this subgroup. The VT group had
the highest comorbidity index (1.28  0.03) in this
study and had mostly undergone ablation in a
nonelective setting (62%). In addition, compared with
other indications, the VT group had a higher rate of

$1 complication

7.21

3.91

9.90

Mortality

0.24

0.20

1.82

0.12

Post-procedural stroke or TIA

0.31

0.19

0.38

0.14

Post-procedural infection

0.26

0.32

1.07

0.18

chronic kidney disease, which has been previously

Cardiac complicationsa

1.15

0.53

1.24

0.68

identiﬁed as a signiﬁcant independent predictor of

Pericardial complications

2.02

0.41

2.47

0.81

complications of catheter ablation (17).

Vascular complications

1.09

0.64

2.08

0.48

Hemorrhage

3.64

2.04

3.67

1.37

Hemorrhage requiring
transfusion

0.69

0.37

0.86

0.18
0.04

The overall in-hospital complication rate increased
during the study period from 3.07% in 2000 to 7.04%
in 2013 (p ¼ 0.001). This increase can be attributed at

Diaphragm paralysis

0.11

0.05

0.02

least in part to changing patient demographics (aging

Pneumothorax or hemothorax

0.14

0.09

0.04

0.15

and a greater burden of comorbidities), as well as the

Length of stay

2.63  0.06

3.18  0.05

4.7  0.09

2.22  0.04

increased utilization of complex ablation procedures
for AF and VT. Both advancing age and the
Deyo-Charlson comorbidity index were independently associated with a stepwise increase in the odds

Values are % or mean  SEM. p < 0.05 considered signiﬁcant. aIncludes post-operative cardiac block, myocardial
infarction, cardiac arrest, and congestive heart failure.
AF ¼ atrial ﬁbrillation; AFL ¼ atrial ﬂutter; SVT ¼ supraventricular tachycardia; TIA ¼ transient ischemic attack;
VT ¼ ventricular tachycardia.

of developing in-hospital complications. In addition,
it is likely that an increasing proportion of younger

studies is likely in part caused by varying deﬁnitions

and healthier patients are

of vascular complications. Considering the limita-

undergoing catheter

ablation procedures on an outpatient basis.
Cardiac perforation is among the most serious and

tions of administrative databases such as NIS, we
deﬁned

major

vascular

complications

as

those

potentially life-threatening complications of catheter
ablation. Pericardial complications occurred in 1.3% of

T A B L E 3 Predictors of In-Hospital Complications of Catheter

all catheter ablations performed during the 14-year

Ablation From 2000 to 2011

period. Previous studies reported rates of pericardial

Predictor

complications ranging from 0.1% to 2.9%, depending

Age group, yrs

Odds Ratio*

p Value

95% CI

on the indication (22–28). In our study, AF and VT were

18–44

1.00 (reference)

—

N/A

associated with the highest rates (2.02% and 2.47%,

45–54

1.40

<0.001

1.23–1.60

respectively), compared with AFL and SVT (0.41% and

55–64

1.66

<0.001

1.47–1.87

0.81%, respectively). This variation is likely a result of

65–74

1.76

<0.001

1.56–1.99

$75

1.88

<0.001

1.65–2.14

1.16

<0.001

1.09–1.24

the relative complexity of the ablation procedures
(e.g., the need for transseptal puncture or epicardial
access, duration of the procedure, the number of

Female
Indication for ablation
SVT

1.00 (reference)

—

N/A

AF

1.87

<0.001

1.72–2.04

cardial complications was observed for SVT ablations,

AFL

0.89

0.031

0.80–0.99

compared with AFL (0.81% vs. 0.41%; p ¼ 0.001). This

VT

2.40

<0.001

2.16–2.67

ablation lesions). Interestingly, a higher rate of peri-

higher rate may be explained by the larger proportion

Deyo-CCI

of female patients in the group with SVT. Consistent

0

1.00 (reference)

—

N/A

with these ﬁndings, female sex has been shown to be

1

1.35

<0.001

1.25–1.46

2

1.53

<0.001

1.42–1.66

associated with a higher rate of complications and

Hospital volume

with increased risk of cardiac perforation, possibly

High ($100)

because of a lower cardiac mass (29).

Medium (50–100)

1.12

0.047

1.01–1.25

Low (<50)

1.26

<0.001

1.12–1.42

Previous studies reported an incidence of ablation-

1.00 (reference)

—

N/A

related vascular complications ranging from 0% to
13% (23,27,30,31). We observed an overall rate of
3.46%, with a statistically signiﬁcant increase in
vascular complications from 2000 to 2013. The variability in vascular complication rates among different

Model C-statistic: 0.71 (0.70–0.72). *Adjusted for weekend admission, hospital
region, hospital location (metropolitan vs. nonmetropolitan), hospital teaching
status, and calendar year.
CI ¼ conﬁdence interval; Deyo-CCI ¼ Deyo modiﬁcation of the Charlson
comorbidity index; N/A ¼ not applicable; other abbreviations as in Table 2.
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T A B L E 4 Predictors of In-Hospital Mortality of Catheter Ablation

F I G U R E 3 In-Hospital Complication Rates of Catheter

From 2000 to 2011

Ablation Procedures as a Function of Age

Predictor

Odds Ratio*

p Value

95% CI

Age group, yrs
18–44

1.00 (reference)

—

N/A

45–54

1.32

0.547

0.53–3.28
0.94–4.79

55–64

2.12

0.071

65–74

3.44

0.002

1.56–7.61

$75

4.38

<0.001

1.98–9.71

Deyo-CCI
0

1.00 (reference)

—

1

4.60

<0.001

2.94–7.21

2

9.81

<0.001

6.46–14.89

N/A

Indication for ablation
SVT

1.00 (reference)

AF

1.56

—

N/A

0.035

1.03–2.37
0.48–1.25

AFL

0.77

0.296

VT

8.09

<0.001

5.43–12.05

The rate of in-hospital complication increased in a stepwise
Model C-statistic: 0.88 (0.86–0.89). *Adjusted for sex, weekend admission,
hospital region, hospital location, hospital teaching status, hospital volume, and
calendar year.

fashion with increasing age.

Abbreviations are as in Tables 2 and 3.

unnecessary femoral arterial access (37). Ultrasoundguided femoral access has also been shown to
resulting in hemorrhage or hematoma, hemorrhage
requiring transfusion, retroperitoneal hemorrhage,
and arteriovenous ﬁstula.
We observed a pooled incidence of stroke and TIA
of 0.24%. AF, AFL, and VT ablations had stroke and
TIA complication rates of 0.31%, 0.19%, and 0.38%,
respectively. These rates are similar to the rates
reported by previous studies (9,17,25,32). The lowest
rate of thromboembolic complications was observed
following SVT ablations (0.14%), a ﬁnding consistent
with previous reports (17,23,33).
The present study and several previous studies

reduce

vascular

complications

signiﬁcantly

in

patients undergoing catheter ablation (38,39). The
use of intracardiac echocardiography to guide the
transseptal puncture for ablation procedures has been
shown to reduce the risk of life-threatening pericardial complications signiﬁcantly (40). Given the
increasing rate of complications observed in this
study, especially for complex ablation procedures,
the widespread implementation of these strategies
carries the potential for signiﬁcant improvements in
procedural safety and associated costs.
STUDY LIMITATIONS. The NIS database is retrospec-

hospital

tive and includes only inpatient catheter ablation

volumes are inversely correlated with poor outcomes

procedures, whereas there has been an increasing

(9,17,34,35). In our analysis, 27.5% of ablation pro-

trend toward a greater percentage of outpatient

cedures were performed in low-volume centers and

catheter ablation procedures in recent years. Hence,

were associated with signiﬁcantly higher rates of

there is the potential for selection bias in this study.

complications when compared with high-volume

Second, all administrative databases are susceptible

centers. Additional published data suggest that

to coding errors. Third, complication rates derived

procedural success rates are also positively correlated

from large databases should be interpreted with

with operator volumes, and that ﬁrst-procedure

caution because they depend on reports from

success rates have signiﬁcant economic implications

individual institutions, and reporting may not be

(24,36). Various strategies to minimize periprocedural

consistent

complications in patients undergoing catheter abla-

Fourth, we were unable to capture complications that

tion have been evaluated in recent years. The

occurred after hospital discharge. As a result, atrioe-

have

demonstrated

that

operator

and

across

institutions

of

varying

sizes.

following 3-point strategy has been shown to reduce

sophageal ﬁstula and pulmonary vein stenosis, 2

major vascular access complications signiﬁcantly: 1)

major post-ablation complications, were not accoun-

performing ablation procedures with uninterrupted

ted for because they typically occur after discharge.

therapeutic

clinically

Fifth, several factors that could affect complication

indicated; 2) use of a small-gauge micro-puncture

rates are not provided by the NIS: duration of

needle to obtain vascular access; and 3) elimination of

procedure,

anticoagulation

where

repeat

intervention,

and

medical
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management (e.g., anticoagulants). In addition, we
could not include operator volume in our analyses

ADDRESS FOR CORRESPONDENCE: Dr. Jeremy N.

because operator identiﬁcation was not provided for

Ruskin, Cardiac Arrhythmia Service, Massachusetts

more than one-half the discharges in this dataset.

General Hospital, 55 Fruit Street, Boston, Massachusetts
02114. E-mail: jruskin@mgh.harvard.edu.

CONCLUSIONS

PERSPECTIVES

The number of inpatient catheter ablations in the
United States increased considerably from 2000 to
2013. This upsurge was driven primarily by a large
increase in the number of AF ablations performed in
the United States over the study period. This study
demonstrates a signiﬁcant rise in age and the burden
of comorbidities among patients who underwent
inpatient

ablation

procedures.

These

changes

occurred in association with an increase in the
complexity of the ablation procedure mix (i.e., a
higher proportion of AF and VT ablations), which in
turn was associated with a signiﬁcant increase in
procedural complication rates and hospital LOS.
These ﬁndings underscore the need for more widespread implementation of strategies that have been
shown to reduce periprocedural complications in

COMPETENCY IN MEDICAL KNOWLEDGE: Given the
increasing volume of outpatient catheter ablations in the United
States, the demographic features of inpatients are undergoing
signiﬁcant change. More attention should be focused on
reducing complication rates in older patients and in patients with
greater numbers of comorbidities, speciﬁcally for complex
ablation procedures for AF and VT.
TRANSLATIONAL OUTLOOK: More studies are needed to
assess the effect of different strategies (e.g., ultrasound-guided
femoral access and intracardiac echocardiography) on reducing
periprocedural complications and decreasing costly LOSs in
patients undergoing in-hospital catheter ablation procedures.
Particular focus is warranted on low-volume hospitals and
patients with greater numbers of comorbidities.

patients undergoing catheter ablation.
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