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Introduction
Catheter ablation (CA) has emerged as an effective treatment for 

atrial fibrillation (AF) in symptomatic and drug-refractory patients, 
showing superiority over antiarrhythmic medication as first-line and 
second-line therapy for paroxysmal and persistent AF1-4. Recent clinical 
trial data has also demonstrated a possible mortality benefit to CA 
of AF over medical therapy in heart failure patients5-8. Due to this 
promising data, CA procedures are anticipated to increase in the next 
decade.

Concomitantly, there is burgeoning interest in optimizing the 

periprocedural management of AF CA and other catheter-based 
procedures with a focus on same day discharge (SDD)9-19.This need has 
heightened during the COVID-19 pandemic due to strained hospital 
capacity and resources. Several recently published studies have reported 
on the excellent safety and efficacy of SDD, yet they demonstrated 
that a significant number of patients did not meet criteria for it due to 
intraprocedural complications, prolonged post-procedural recovery, 
logistical issues, or lack of comfort13-19. Additionally, there may have 
been some physician bias in choosing patients with fewer comorbidities, 
lack of systolic heart failure, and paroxysmal atrial fibrillation for SDD 
11-16. Overall, standardized selection criteria for SDD are lacking but 
must be carefully devised if there is to be widespread implementation 
of SDD protocols. The selection criteria must identify appropriate, 
low-risk candidates for SDD and distinguish them from higher risk 
patients that would benefit from longer hospital stays for monitoring.
As such, theobjective of this study was to ascertain factors that correlate 
with longer hospital length of stay (LOS) for patients undergoing AF 
CA, which could be taken into account when forming SDD selection 
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Abstract
Background: To evaluate predictors ofincreased length-of-stay (LOS) following catheter ablation (CA) of atrial fibrillation (AF)in order to 

extrapolate high-risk populations for same-day-discharge (SDD). 

Methods: We conducted a retrospective analysis of 200 patients undergoing AF CA from July 2017-June 2018 at a tertiary academic 
medical center. 

Results: Among 200 patients, 11.5% (n = 23) had LOS > 1 day (Group A) while 88.5% had an overnight stay (n = 177, Group B). Group A 
patients had more persistent AF (50.0% vs. 25.1%, p = 0.017), diabetes mellitus (52.2% vs. 16.4%, p < 0.001), loop diuretic use (60.9% vs. 
23.7%, p < 0.001), and warfarin use (26.1% vs. 10.7%, p = 0.037), as well as higher mean CHA2DS2VASc scores (3.91± 1.35vs. 2.65 ± 1.54, 
p < 0.001) and longer mean procedure times (341 minutes vs. 270 minutes, p = 0.005) requiring more intraprocedural furosemide(51.4 mg 
vs. 27.6 mg, p = 0.031).30 day heart failure hospitalizations (17.4% vs. 1.13%, p < 0.001), access site complications, (13.0% vs. 1.70%, p < 
0.003) and recurrent atrial arrhythmias both pre- and post-discharge (pre: 17.4% vs. 0%, p < 0.001; post: 47.8% vs. 19.8%, p < 0.001) were 
also more prevalent in Group A. Multivariate modeling demonstrated that diabetes mellitus, warfarin use, and longer procedure times were 
predictors of increased LOS.

Conclusion: This study identified predictors of increased LOS following AF CA in a pre-SDD, pre-COVID cohort and explored how these 
factors could influence discharge planning for high-risk populations.
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criteria. This cohort of patients all underwent at least overnight stay 
(LOS = 1 day), which was the standard of care at the time, or had 
prolonged hospital stays (LOS > 1 day). 

Methods
This was a single center, retrospective cohort study of 200 consecutive 

patients who underwent AF CA between July 2017 and June 2018 at a 
major tertiary referral center in central Virginia (University of Virginia 
Health System, Charlottesville, Virginia). Both index and repeat AF 
ablation procedures utilizing both radiofrequency and cryoballoon 
strategies were included in adults older than 18 years old. The study 
was approved by the institutional ethics review board at the University 
of Virginia. 

Detailed chart review was done to characterize baseline patient 
characteristics as well asprocedural and post-procedural outcomes. 
Diuretic administration (reported as furosemide equivalent dosage) 
was considered post-procedural if it occurred within 24 hours of the 
official procedure end reported in the Anesthesiology record. Access 
site complications were defined as any complication resulting from 
puncture of the femoral vasculature, such as groin site oozing or 
hemorrhage, hematomas, pseudoaneurysms, arteriovenous fistulas, and 
retroperitoneal bleeds. Major bleeds were defined as hemodynamically 
significant bleeds potentially requiring transfusions, while minor bleeds 
were defined as all persistent bleeds without the aforementioned 
qualities. Clinical hypervolemic state was defined as evidence of mild 
volume overload based on physical exam findings (e.g., trace to 1+ 
bilateral lower extremity edema) but without an increased oxygen 
requirement compared to baseline, significant pulmonary edema on 
CXR, or symptoms characteristic of a heart failure (HF) exacerbation 
(e.g., orthopnea, paroxysmal nocturnal dyspnea, decreased exercise 
tolerance). At the time of the studied AF ablation procedures, for 
uncomplicated patients, it was routine to discharge following a single 
overnight stay for recovery and monitoring (LOS = 1 day). SDD 

protocols were not yet adopted for this procedure in the health system. 

Statistical Analysis
Categorical data are represented by numbers and percentages while 

continuous data are represented by mean ± standard deviation. Mann 
Whitney U tests were used to compare both categorical and continuous 
variables. A Kaplan-Meier curve was constructed to determine the 
probability of heart failure exacerbations up to one year following CA. 
A multivariable logistic regression model was constructed to identify 
baseline and procedure-related predictors of increased inpatient LOS 
(LOS > 1 day). Adjusted odds ratios were calculated for each of the 
potential predictors. All tests were reported as significant if p < 0.05, 
and all confidence limits were two-sided. The analysis was conducted 
in SPSS, version 27 (IBM, Armonk, New York) and SAS, version 9.4 
(SAS Institute, Cary, North Carolina). 

Results
Study population

A total of 200 patients who underwent CA of AF were examined 
over the study period. Patients who had a LOS > 1 day (Group A, n = 
23) were compared against patients who had the standard of care, single 
overnight stay (Group B, n = 177). The mean LOS was 1.44 ± 1.83 
days. A comparison of the major demographic and echocardiographic 
characteristics are shown in Table 1.

In this sample, the mean ages were similar (64.9 years and 64.8 years 
for Groups A and B, p = 0.772). Sex differences were not significant 
between the two groups. There were more patients with persistent AF 
in Group A (50.0% vs. 25.1%, p = 0.015), while there more patients 
with paroxysmal AF in Group B (22.7% vs. 49.7%, p = 0.017).

Overall, patients in Group A compared to Group B were more likely 
to have all the assessed comorbidities, though a significantly higher 
percentage of Group A patients had diabetes mellitus specifically 
(52.2% vs. 16.4%, p < 0.001). Accordingly, mean CHA2DS2VASc scores 
were higher in Group A patients (3.91 ± 1.35 vs. 2.65 ± 1.54, p< 0.001).

Baseline loop diuretic use was significantly higher in Group A 
patients (60.9% vs. 23.7%, p < 0.001), but use of other medications 
forHF (ACE inhibitor, ARB, aldosterone antagonist) were similar. 
Although overall rates of anticoagulation were similar for both groups 
(91.3% for Group A vs. 93.8% for Group B), Group A patients had 
higher rates of warfarin use (26.1% vs. 10.7%, p = 0.037) while Group 
B patients had higher rates of direct oral anticoagulant use (83.1% vs. 
65.2%, p = 0.041).

The mean ejection fractions (EF) of patients in Group A and Group 
B were similar (44.7± 15.8and 50.3± 11.5 respectively, p = 0.167). There 
were no differences between the groups in the percentages of patients 
above or below an ejection fraction threshold of 50%. There were also 
nodifferences in other echocardiographic parameters such as left atrial 
diameter or left atrial volume index.

Procedural and diuretic characteristics
Key procedural and diuretic characteristics are featured in Table 2. 

11 patients underwent cryoballoon ablation, all members of Group B. 
189 patients underwent radiofrequency ablation. Nearly all patients 

Figure 1: Kaplan-Meier curve of freedom from heart failure exacerbation

Freedom from heart failure (HF) exacerbation following CA of AFin aone year follow-up, comparing 
patients with overnight stay (LOS 1 day, blue) vs. increased length of stay (LOS > 1 day, red) 
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out-of-hospital (after discharge) complications were observed at higher 
rates in members of Group A. Three in each group developed access 
site complications (13.0% vs. 1.70%, p = 0.003), but one patient in 
Group A had a major bleed while none did in Group B (4.35% vs. 0%, 
p = 0.006). Directly after the procedure, some patients in both groups 
developed signs of hypervolemia on physical exam without signs of 
overt HF exacerbation (17.4% in Group A vs. 6.21% in Group B, p = 
0.056). However, within 30 days of the procedure, there were four heart 
failure hospitalizations and two emergency department visits in Group 
A, as well as two hospitalizations and one emergency department visit 
in Group B (Hospitalizations: 17.4% vs. 1.13%, p < 0.001; ED visits: 
8.70% vs. 0.565%). One member of Group A also suffered a transient 
ischemic attack immediately following the procedure. Additionally, 
several patients in Group A experienced atrial arrhythmia recurrence 
immediately after the procedure (17.4% vs. 0%, p < 0.001). Recurrence 
also occurred several months following the AF ablation procedure, 
requiring cardioversions or repeat AF ablation (47.8% vs. 19.8%, p = 
0.007).

had Foley catheters placed, which allowed for accurate volume 
measurements (100% in Group A vs. 98.3% in Group B, p = 0.530). 
Patients in Group A had longer procedure times than patients in Group 
B (341 ± 117 minutes vs. 270 ± 91.7 minutes, p = 0.005) that were 
not explained by longer fluoroscopy times, and they also had higher 
amounts of procedural fluid intake (2792 ±1268 mL vs. 2292 ± 870 
mL, p = 0.086) and intraprocedural diuretic (51.4 ± 25.4 mg vs. 27.6 
± 16.1mg, p = 0.031). However, net volumes following the procedure 
were not significantly different, with the vast majority of patients in 
both groups being net positive. Subsequent IV and PO postprocedural 
diuretic administration(IV: 33.9 ± 22.5for Group A and 30.0 ±30.2 for 
Group B, p = 0.218; PO: 40.0 ± 14.1 for Group A and 37.4 ± 17.4 for 
Group B, p = 0.600) given up to 24 hours following the procedure was 
also not significantly different between the two groups. 

Post-proceduralfollow-up
Table 3 shows a comparison of the major post-procedural outcomes 

between the two groups. Many in-hospital (prior to discharge) and 

Table 1: Baseline Patient Characteristics Prior to Atrial Fibrillation Ablation.

Key demographic and echocardiographic characteristics of patients undergoing catheter ablation of atrial fibrillation, separated by patients with prolonged length of stay (LOS > 1 day, Group A) and 
patients with standard, overnight stay (LOS = 1 day, Group B).*p < 0.05; **p < 0.01; ***p < 0.001

Abbreviations: ACE = Angiotensin converting enzyme inhibitor; AF = atrial fibrillation; AFL = atrial flutter; ARB = angiotensin II receptor blocker; ASA = aspirin; BNP = brain natriuretic peptide; DOAC = direct 
oral anticoagulant; EF = ejection fraction; HF = heart failure; GFR = glomerular filtration rate
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Freedom from heart failure exacerbations
HF exacerbations were noted over one year follow-up in these 

patients. Group A was found to be at higher risk for HF periprocedurally 
(HR 4.5, 95% CI (1-20), p = 0.04, Figure 1).

Predictors of increased length of stay
As illustrated in Table 4, in a multivariable analysis, increased 

inpatient LOS correlated with the presence of diabetes mellitus 
(ORadj 3.465, 95% confidence interval (CI) (1.090-11.016), p = 0.035), 
increased procedure time (ORadj 1.006, 95% CI (1.001-1.012), p 
= 0.019), and pre-procedure use of warfarin (ORadj 3.445, 95% CI 
(1.036-11.458), p = 0.044). Loop diuretic use, persistent AF, and 
CHA2DS2VASc score were not predictive ofincreased LOS.  
   
Discussion   

This was a retrospective, single center study comparing the baseline 
characteristics and outcomes of 200 consecutive patients who 
underwent CA of AF in the pre-COVID, pre-SDD era. We found 
the following: 1) Group A patients were more likely at baseline to have 
persistent AF and a higher overall burden of comorbidities, 2) Group 
A patients had longer procedure times leading to more intraprocedural 
volume intake and intraprocedural diuretic, and 3) Group A patients 
had increased rates of complications such as major bleeds, access site 
bleeds, arrhythmia recurrence, and 30-day HF exacerbations. Multi-
variable logistic regression analysis showed that longer procedure 
durations, pre-procedure warfarin use, and diabetes are predictive of 
increased inpatient LOS.     

Most published SDD protocols have indirectly accounted for 
procedure length by avoiding late procedure start times or end times, 
since later endings would preclude sufficient time for bed rest or 
hemostasis 13-16. However, procedure duration may also be important 
to note due to its positive correlation with intraprocedural volume 
intake20. In this study, over 2L of fluid intake on average was recorded 
for both groups of patients during the procedure, but patients in 
Group A received at least 500 ml of additional fluid (>2.7L in Group 
A and >2.2L in Group B). In patients with left ventricular systolic 
dysfunction (mean EF 44.7 in Group A and 50.3 in Group B), such 

large volumes could conceivably lead to signs of fluid overload and 
decompensated heart failure. In further examining HF exacerbations, 
in Group A, there were a total of 4 exacerbations (17.4% of cohort, 2 
out of 4 managed prior to discharge), and another 4 patients who were 
clinically hypervolemic. There were 2 exacerbations in Group B (1 prior 
to discharge). Since there is increasing evidence for benefit of CA in 
heart failure patients, it is imperative to identify this cohort of patients 
who need longer stays due to high risk of precipitating an exacerbation 
(26% of patients in Group A) 5-8. Notably, there may be a delay in the 
time to HF exacerbation. Other studies have noted that exacerbations 
occur within 3 days of the procedure 21-22, while in this study, 5 out of 
6 exacerbations occurred within 5 days. Group A did receive higher 
average doses of intraprocedural diuretic (51.4 mg vs. 21.6 mg)but did 
not receive higher doses of PO or IV postprocedural diuretic within 
24 hours compared to Group B patients. Whether administration 
at this time could have affected HF exacerbations and hospital stays 
remains to be known. Overall, we would recommend that providers be 
more vigilant in monitoring for volume overload and administer more 
aggressive post procedural diuresis within 24 hours with active patient 
engagement, particularly in patients with long procedure times of 5 
hours or beyond.      

Access site complications and major bleeds were also higher in 
Group A, with warfarin pre-procedure anticoagulation emerging as 
a significant predictor of LOS. Out of the warfarin-related bleeds, 
there was one major bleed, a retroperitoneal hematoma resulting in 
hypotension requiring pressors and massive transfusion, which in 
turn precipitated a HF exacerbation. This patient was on warfarin for 
primary stroke prevention and had a supratherapeutic INR of 4.1 at the 
time of her retroperitoneal bleed. Two other minor bleeds at femoral 
access sites also occurred due to supratherapeutic INR levels (3.6 and 
4.3). Out of these 3 bleeding events, 2 required longer LOS (67%). 
In comparison, there were 4 total bleeding events with DOAC use 
(no major bleeds), but only 1 required longer LOS (25%). Although 
the sample sizes are small, these observations point to a possible 
association of warfarin with more significant post-ablation bleeding 
events due to fluctuating INR levels, leading to longer hospitalizations.
Notably, patients on warfarin did not receive antibiotics up to 15 days 
pre-procedure, though antibiotics have been tied to increased risk of 

Table 2: Procedural and Diuretic Characteristics of Atrial Fibrillation Ablation

Key procedural and diuretic characteristics of patients who underwent catheter ablation of atrial fibrillation, separated by patients with prolonged length of stay (LOS > 1 day, Group A) and patients with 
standard, overnight stay (LOS = 1 day, Group B). *p < 0.05; **p < 0.01; ***p < 0.001
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one study attributing their SDD success to augmented use of vascular 
closure devices, or VCDs9. Altogether, the literature substantiates 
the findings uncovered in our study. Longer procedure durations can 
cause later end times and volume overload that would preclude SDD. 
We would caution providers to avoid SDD for procedure durations 
longer than 5.5 hours (the median procedure duration of Group A), 
especially in patients with baseline left ventricular systolic dysfunction. 
These patients should be prioritized for overnight stay with intensive 
post-operative monitoring and diuresis. Additionally, providers should 
consider ultrasound guided vascular access or closure devices for patients 
being continued on warfarin for peri-procedural anticoagulation 
26, as well as close INR monitoring. Certain comorbidities such as 
diabetes may also predispose patients to complications, though the 
mechanism is likely multifactorial. Patients without these factors may 
be able to undergo SDD safely within 4-6 hours of the procedure. To 
optimize workflow, shorter procedures where the patient has no other 
contraindications to SDD should be planned for the morning hours 
so as to avoid late end times that keep patients in the hospital 16. Novel 
ablation strategies, such as cryoballoon ablation, may be associated 
with decreased procedure times that could increase the likelihood of 

significant bleeding events with concurrent warfarin use23. Additionally, 
patients in this cohort were continued on uninterrupted warfarin prior 
to the ablation, an approach that has been shown in prior studies to 
reduce minor bleeding complications24-25. Vascular closure devices 
(VCDs) were not used in this time frame and ultrasound guided access 
was obtained per operator discretion, so it remains to be known whether 
these measures could have reduced access site bleeding in particular 
for warfarin patients. 

While there is an overall lack of data about who should be prioritized 
for SDD, both prospective and retrospective cohort trials demonstrate 
similar characteristics of patients who successfully underwent 
SDD. SDD patients tended to be younger with lower BMIs and 
CHA2DS2VASc scores and underwent earlier ablations 12-16. Chu 
et al.also demonstrated that LVEF less than or equal to 35% and a 
significantly dilated left atrium were associated with delayed discharge, 
while Rajendra et al. excluded patients with systolic heart failure and 
prior history of bleedingfor SDD 16-17. For patients who failed SDD, 
several studies have reported access site bleeding/hematomas as some 
of the most common complicationsseen in these patients 9-14, with 

Table 3: Post-procedural Outcomes of Atrial Fibrillation Ablation.

Key post-procedural outcomes of patients who underwent catheter ablation of atrial fibrillation, separated by patients with prolonged length of stay (LOS > 1 day, Group A) and patients with standard, 
overnight stay (LOS = 1 day, Group B). *p < 0.05; **p < 0.01; ***p < 0.001; a ½ of the HF hospitalizations in both groups occurred within the hospital.
Abbreviations: MI = myocardial infarction; TIA = transient ischemic attack

Table 4: Multivariable predictors of prolonged length of stay (LOS >1 day)

*p < 0.05
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Limitations
This study was a single center, retrospective analysis with unequal 

group matching, such that certain characteristics may have been 
overrepresented by chance in Group A. However, variables such as 
longer procedure times and persistent AF that were prevalent in Group 
A have already been validated in the literature as being associated with 
longer stays. Second, a true SDD protocol could not be studied since 
SDD was not adopted at our institution at the time.Admittedly, it is 
unknown whether some of the patients who were discharged after 
overnight stay would have been appropriate for SDD, or whether 
patients with prolonged stay would have been definitively excluded 
from SDD. We acknowledge that a prospective study of SDD in a 
sufficiently large population is the most ideal method for evaluating 
the validity of selection criteria. However, we still believe there is merit 
to analyzing retrospective data that could shed light on factors that 
have resulted in longer lengths of stay, which could provide necessary 
background for constructing a viable SDD protocol.

Conclusions
This study identified predictors of inpatient LOS> 1 day following 

AF CA that could guide selection criteria for SDD. Our study suggests 
that long procedure duration, high bleeding risk from fluctuating INR 
levels, and certain comorbidities such as diabetes mellitus should be 
considered for at least overnight stay for close monitoring of volume 
status and bleeding complications. Patients with short procedures, low 
bleeding risk, and overall fewer cardiovascular comorbidities may be 
able to undergo SDD safely.
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