Journal of Interventional Cardiac Electrophysiology (2024) 67:513-521
https://doi.org/10.1007/510840-023-01614-9

=

Check for
updates

Thirty-day readmission after catheter ablation for ventricular
tachycardia: associated factors and outcomes

Min Choon Tan'2® . Qi Xuan Ang3 - Yong Hao Yeo® - Abhishek Deshmukh?® - Luis R. Scott' - Ayman A. Hussein® -
Jakub Sroubek® - Pasquale Santangeli® - Oussama M. Wazni® - Justin Z. Lee®

Received: 31 May 2023 / Accepted: 23 July 2023 / Published online: 2 August 2023
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract

Background Patients with ventricular tachycardia (VT) who require VT ablation are at high risk for readmission. This study
aimed to identify the causes and outcomes of 30-day readmission after VT ablation and to analyze the predictors of recur-
rent VT that required rehospitalization.

Methods Using the Nationwide Readmission Database, our study included patients aged > 18 years who underwent VT catheter
ablation between 2017 and 2020. Based on the International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-
10-CM), we identified the causes of 30-day readmission by organ systems and analyzed their outcomes. Additional analysis was
performed to determine the independent predictors of 30-day readmission for recurrent VT.

Results Of the 4228 patients who underwent VT ablation, 14.2% were readmitted within 30 days of the procedure. The most common
cause of readmission was cardiac events (73.6%). Among the cardiac-related readmissions, recurrent VT (47.7%) and congestive
heart failure (CHF) (12.9%) were the most common etiologies. Among the readmissions, patients readmitted for CHF had the highest
rate of readmission mortality (9.2%). Of the patients readmitted within 30 days of the procedure, 278 patients (6.8%) were readmitted
for recurrent VT. Via multivariable analysis, CHF (OR: 1.97;95% CI: 1.12-3.47; P=0.02) and non-elective index admissions (OR:
1.63; 95% CI: 1.04-2.55; P=0.03) were identified as the independent predictors predictive of 30-day readmissions for recurrent VT.
Conclusions Recurrent VT was the most common cause of readmission after the VT ablation procedure, and CHF and
non-elective index admissions were the significant predictors of these early readmissions. Readmission due to CHF had the
highest mortality rate during readmission.
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[2, 3]. Patients with VT may have high-risk comorbidities
predisposing them to early rehospitalization and death. Prior
studies have reported a 30-day readmission rate of 19.2%
following myocardial-infarct-associated VT ablation [4].
However, data outside of myocardial-infarct VT ablation
is limited. Data on non-ischemic-related VT is important
because there is an increasing number of patients undergoing
ablation for non-ischemic VT substrate [5]. Furthermore, the
outcomes of patients who required early rehospitalization
after VT ablation are not well-established.

Therefore, we conducted this nationwide retrospective
study to determine the causes and outcomes of readmission
within 30 days of discharge from index admission for VT
ablation—including all forms of VT (ischemic and non-
ischemic)—and to assess risk factors of early recurrent VT
hospitalizations (< 30-days) post-procedurally.

2 Methods
2.1 Data source

The data was obtained from the Nationwide Readmission
Database (NRD), derived from the Healthcare Cost and
Utilization Project (HCUP) State Inpatient Databases. The
Healthcare Cost and Utilization Project is sponsored by the
Agency for Healthcare Research and Quality (AHRQ). The
Nationwide Readmission Database is a database designed
to support various types of analyses of national readmis-
sions for all patients, regardless of the expected payer for
the hospital stay. It is constructed from more than 28 state
inpatient databases and accounts for more than 58% of all
US hospitalizations [6-8]. It is an annual database that
includes approximately 17 million discharges yearly from
2017 to 2020, making it one of the nation’s largest publicly
available all-payer inpatient care databases. Using verified
patient linkage numbers, it can reliably track patient admis-
sions to any hospital in the same state over the course of a
year. On the basis of the International Classification of Dis-
eases, Tenth Revision, Clinical Modification (ICD-10-CM)
codes, the patient’s diagnoses and procedures during each
admission were recorded. We queried this database using
the ICD-10-CM codes to identify the patient demographic
characteristics, the healthcare facility variables, and the in-
hospital outcomes of each admission. Because NRD is pub-
licly available and de-identified, our study did not require
either institutional review board review or informed consent.

2.2 Study population
Using ICD-10-CM, we searched for all the patients 18 years

of age or above with a primary diagnosis of VT (I47.2) and
underwent catheter ablation for VT (025K3ZZ, 025M37Z,
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025L3ZZ, and 02583ZZ) during the hospitalizations from
January 2017 to November 2020. We excluded patients who
underwent new pacemaker implantation or open surgical
ablation, as well as those having other types of arrhythmias,
including supraventricular tachycardia, premature ven-
tricular complexes, pre-excitation syndromes, atrial flut-
ter, and atrial fibrillation, in order to ensure a homogenous
study population. Patients with missing data for in-hospital
mortality and length of stay were also excluded. We used
weighted data in our analysis. As the NRD is constructed
using a calendar year of discharge data that does not track
the patients over the years, index admissions from Decem-
ber were excluded given that the 30-day follow-up after dis-
charge would not be available.

2.3 Study endpoints

The primary endpoint of our study was the hospital outcome
of 30-day readmissions following the index hospitalizations
for the VT catheter ablation procedure. The number of days
from the discharge of the index hospitalization to the read-
mission was used to define the time of readmission. If there
were multiple readmissions within 30 days after discharge
from the index hospitalization, only the first readmission was
included for analysis. Same-day transfers within the same
hospital or between hospitals are not considered readmis-
sions. The 30-day readmissions following the VT ablation
procedure were categorized according to the organ system
involved and were identified by the primary diagnosis for
readmission. The causes of readmissions included cardiac,
renal, infectious, respiratory, neurological, gastrointestinal,
endocrinological, and hematological. Readmissions due to
cardiac events were further stratified into VT, congestive
heart failure (CHF), ischemic heart disease, and other car-
diac causes (including arrhythmias other than VT, pulmo-
nary embolism, pericarditis, and other non-specified cardiac
events). The hospital outcomes included early mortality dur-
ing readmission and length of hospital stay. The secondary
endpoint of our study was the 30-day readmission for recur-
rent VT.

2.4 Definition of clinical variables

Patient-level and hospital-level variables, including age,
sex, hospital characteristics (bed size and teaching status),
and patient characteristics (median household income based
on zip code, primary payer, type of index admission, and
discharge disposition), were derived from NRD variables.
Patient comorbidity diagnoses were identified by ICD-
10-CM codes. Hospital volume was determined in terms of
annual procedural volume tertiles based on cut-offs of the
25th, 50th, and 75th percentiles.
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2.5 Statistical analysis

Continuous data were summarized as mean, standard devia-
tion, median, interquartile range (IQR) (quartile 1, quartile
3), and range; differences between groups were tested using
Wilcoxon’s rank sum tests. Categorical data were summa-
rized as counts and percentages; differences between groups
were tested using Pearson’s chi-squared test. All tests were
2-sided, with P values <0.05 indicating statistical signifi-
cance. Statistical analyses were conducted by using Stata
version 12.1 (Stata Corporation, College Station, Texas).
Patients who underwent VT ablation were stratified based
on the occurrence of 30-day readmission for recurrent VT.
Readmission for the recurrent VT model was run on the
patients who survived the index admission. Multivariable
predictors of 30-day readmission for recurrent VT were
determined using Cox proportional hazard regression. For
30-day readmission due to recurrent VT, we first determined
the known risk factors for recurrent VT-related readmis-
sion in Table 1. In multivariable analysis, only the vari-
ables with a statistically significant difference in VT-related
readmission using univariable analysis were included. The
Kaplan—Meier survival curve was generated for the inde-
pendent multivariable predictors of readmission for recur-
rent VT, where a log-rank test was performed to compare
the distribution of time until readmission. The Cochrane
Armitage test was used to assess the trends of categorical
variables, and simple linear regression was used to assess
the trends of continuous variables.

3 Results
3.1 Study population

Our study included 4228 index admissions (median age
65 years old [IQR of 56-72], 19.7% female) for VT abla-
tion between January 2017 and November 2020. The overall
in-hospital mortality after VT ablation was 2.9% among the
patients who were hospitalized for VT ablation. Among the
4102 patients who survived and were discharged alive from
the index hospitalization, 583 patients (14.2%) were read-
mitted within 30 days of discharge from the index admission.
There was an upward trend in the all-cause 30-day readmis-
sion rate from 12.9% in 2017 to 14.7% in 2020, but it was
not statistically significant (P=0.34) (Fig. 1).

3.2 Causes of 30-day readmission after ventricular
tachycardia ablation and in-hospital outcomes

Among the patients who had early readmission within
30 days of discharge from index hospitalization, VT recur-
rence (47.7%, n=278/583) was the most common reason,

followed by congestive heart failure (12.9%), ischemic
heart disease (3.8%), and other cardiac causes (9.3%)
including arrhythmia other than VT, pulmonary embo-
lism, pericarditis, and other unspecified cardiac events.
For non-cardiac-related cause of readmissions, the most
common cause was renal (3.6%), followed by infectious
(3.3%), respiratory (3.1%), neurological (2.2%), gastro-
intestinal (2.1%), connective tissues or musculoskeletal
(1.7%), hematological or oncological (1.5%), and endo-
crinological events (1.2%) (Fig. 2). Of all cardiac-related
readmissions following the VT ablation procedure, early
readmission for congestive heart failure has the highest
rate of in-hospital mortality (9.2%) during readmission
(Fig. 3). The overall median length of stay during readmis-
sions was four days (IQR 2-8 days) in both cardiac and
non-cardiac readmissions.

3.3 Early readmission for recurrent ventricular
tachycardia and significant independent
predictors

Following the VT ablation procedure, 278 patients (6.8%)
were readmitted for recurrent VT within 30 days of dis-
charge from VT ablation. After adjusting for the weight-
ing factor, patients who were readmitted for recurrent VT
(median age 67 years old [IQR of 58-72], 17.0% female)
had a higher prevalence of chronic kidney disease (33.7%
vs. 24.0%, P <0.01), congestive heart failure (89.7% vs.
75.2%, P <0.01), and peripheral arterial disease (73.9%
vs. 55.9%, P<0.01) (Table 1). These patients also had
higher scores in the Elixhauser comorbidity score and
the Charlson comorbidity index and were more likely to
be associated with non-elective index admissions and a
prolonged length of index hospital stay. Via multivaria-
ble analysis, congestive heart failure (adjusted odds ratio
[OR]: 1.97;95% CI: 1.12-3.47; P=0.02) and non-elective
index admissions (adjusted OR: 1.63; 95% CI: 1.04-2.55;
P =0.03) were identified as the independent predictors of
30-day readmissions (Table 2). The overall repeated VT
ablation rate was 31.7% among those who were readmit-
ted for recurrent VT. Patients who underwent repeated VT
ablation during readmission had a longer median length
of stay (8 days vs. 3 days, P <0.01) than those who did
not. The in-hospital mortality was similar between patients
with and without repeated VT ablation (8.0% vs. 7.4%,
P=0.86).

3.4 Timing of readmission from index discharge
The median timing of readmission among all-cause early

readmissions was 10 days (IQR 4-17 days) from index dis-
charge. Most readmissions (66.9%) occurred within 14 days
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Table 2 Significant independent predictors of 30-day readmissions for recurrent ventricular tachycardia (after adjustment)
Predictors of 30-day readmission due to recurrent VT Univariable analysis Multivariable analysis
Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Congestive heart failure 2.76 (1.71-4.45) <0.01 1.97 (1.12-3.47) 0.02
Non-elective index admissions 1.58 (1.03-2.43) 0.04 1.63 (1.04-.55) 0.03
Chronic kidney disease 1.52 (1.11-2.08) <0.01 1.29 (0.93-1.81) 0.13
Peripheral arterial disease 2.26 (1.57-3.24) <0.01 1.08 (0.45-2.61) 0.86
Prolonged index hospital stay (length of stay, d>7) 1.29 (0.96-1.74) 0.09 1.12 (0.81-1.56) 0.49

of discharge. For the patients who were readmitted for recur-
rent VT, the median timing of readmission was 9 days (IQR
3-17 days), with 66.7% readmitted within 14 days of dis-
charge. Among these patients, we further stratified the over-
all time to 30-day readmissions by subgroup based on heart
failure or whether initial admissions were elective (Fig. 2).

4 Discussion

This is the largest contemporary all-payer data in the USAU-
nited States from a Nationwide Readmission Database on
short-term post-discharge outcomes in patients who under-
went catheter ablation for VT. Our analysis showed that (1)
14.2% of the patients undergoing VT ablation were readmit-
ted within 30 days; (2) the most common cause of 30-day
readmission after VT ablation was VT recurrence (rate of
6.8% post-VT ablation); (3) significant independent predic-
tors of readmission for recurrent VT were congestive heart
failure and non-elective index admissions; and (4) readmis-
sions for CHF had the poorest in-hospital outcome among
all early cardiac readmissions.

Early readmission following a procedure is an objective
indicator of the procedure’s safety and efficacy. It is thus
important to determine the causes of readmission, particu-
larly in patients who received any procedure, so that patient
outcomes can be optimized.

The 30-day readmission rate of 14.2% was lower than an
existing study of 19.2% in the population with myocardial
infarction [4]. Our data better represents 30-day readmis-
sion post-VT ablation in general, as our data is not limited
to myocardial-infarct-associated VT. Other reasons for the
lower rate of 30-day readmission in our study could be dif-
ferent patient profiles with the inclusion of non-ischemic
VT as well as procedural-associated improvement, as our
dataset represents more contemporary numbers of 2017 to
2020 compared to 2010 to 2015 in the prior study [4].

A total of 6.8% of the patients were readmitted for recurrent
VT within 30 days of discharge from the index hospitaliza-
tion. This accounted for almost half of the 30-day readmis-
sions (48%). Ventricular tachycardia recurrence is not rare in
patients who received VT ablation, with an incidence of 30%
within 12 months of the procedure [9]. Our data of 6.68%
represents patients with VT who require hospital admission.
An independent predictor for recurrent VT hospitalization
is CHF. Patients with CHF may have a larger substrate for
VT and, therefore, a greater risk of VT recurrence [10-12].
Another independent predictor for recurrent VT hospitaliza-
tion is non-elective admissions, where VT ablation was per-
formed on urgent or emergent basis admissions, as opposed to
elective admissions for the VT ablation procedure. This result
may be a reflection of the severity of the underlying substrate
and VT. However, it may also potentially suggest that ablation
outcomes may be better if it is performed electively as opposed
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to urgently or emergently, similar to data from other types of
procedures [13].

While most of the early readmission for cardiac causes
occurred because of recurrent VT, readmission for CHF had
the highest short-term mortality during readmission. In our
study, more than 75% of the patients had CHF. It is estimated
that 6.3% of the patients with heart failure who underwent
VT ablation could develop decompensated heart failure fol-
lowing the procedure [14]. The reason for CHF decompen-
sation after VT ablation could be related to the irrigation
volume administered during VT ablation or myocardial
stunning from the induction of VT and defibrillator shocks.
Decompensated heart failure was also the second most com-
mon cause of early death among patients who underwent VT
ablation procedures [15]. This highlights the importance of
multi-disciplinary collaboration between electrophysiology
and heart failure in both pre-procedural management and
post-procedural care.

5 Limitations

Despite routine quality-control measures by HCUP to ensure
the data validity and reliability, there are still some limita-
tions in our study. Firstly, as with most large administrative
database studies, the main limitation includes miscoding in
primary diagnoses and underreporting of secondary diagno-
ses. Secondly, the out-of-hospital deaths that occurred prior
to readmission are not recorded, which limits our early mor-
tality to in-hospital mortality. Thirdly, specific patient vari-
ables such as left ventricular ejection fraction, medications,
and procedural characteristics such as type of anesthesia,
procedural duration, VT inducibility, VT mappability, abla-
tive strategy, and location are unavailable. These limit our
attempts to explore the impact of VT catheter ablation on
procedural outcomes. Additionally, the analysis of causes of
readmission is limited to the principal diagnosis of readmis-
sion. Lastly, our study included all forms of VT including
those in ischemic cardiomyopathy, non-ischemic cardiomyo-
pathy, and those without structural heart disease; thus, the
outcome might be different compared to those in a specific
population.

6 Conclusions

Recurrent VT was the most common cause of 30-day read-
mission after the VT ablation procedure, and heart failure
and non-elective index admissions were the significant
predictors of these early readmissions. Readmission due to
CHF had the poorest outcome, with the highest mortality
rate during the readmission. These highlight the impor-
tance of further research in ablation strategies to improve
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the efficacy of VT ablation and reduce the risk of cardiac
reserve decompensation.
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this study are available within the article.
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