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Dear Colleagues

Welcome to the first issue of 2019. We have several important and exciting 
manuscripts presented in this issue. There are a wide range of topics from the feasibility 
of same day discharge after Atrial Fibrillation ablation to the mortality benefit of 
Left Atrial Appendage Closure compared to warfarin. Murray etal examined the cost 
effectiveness of Cryoballoon therapy tries to connect the quality of life savings in the 
treatment of AF. Diaz etal present an interesting case series of Chaga’s disease related 
atrial arrhythmias. This manuscript brings to light the impact of myocardial fibrosis on 
the origin of atrial arrhythmias. A systematic review by Atti and colleagues showed that 
oral anticoagulation could be safely stopped 3 months after successful AF ablation in 
select populations.

On the education front, the 24th AF symposium moved back to Boston and was a 
huge success. Congratulations in order to Moussa Mansour, Jeremy Ruskin and other 
course directors. The international symposium on LAA (ISLAA2019) is due to happen 
on March 7th through 9th in Kansas City. I welcome you to join us at this premier event 
and learn more about LAA.

Best wishes

DJ Lakkireddy
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Introduction
 Percutaneous left atrial appendage closure (LAAC) has been 

studied for stroke prevention among patients with atrial fibrillation 
(AF)in two randomized trials, The Watchman Left Atrial Appendage 
Closure Technology for Embolic Protection in Patients With Atrial 
Fibrillation (PROTECT AF)[1] and Prospective Randomized 
Evaluation of the Watchman LAA Closure Device In Patients With 
Atrial Fibrillation Versus Long Term Warfarin Therapy (PREVAIL)
[2].The initial patient-level meta-analysis of these trials demonstrated 
that compared with warfarin, LAAC conferred lower hemorrhagic 
and cardiovascular mortality without a statistically significant 
difference in all-cause mortality[3]. A repeat analysis using 5 year 
follow-up data additionally demonstrated lower all-cause mortality 
in the LAAC arm (hazard ratio 0.73; 95% CI: 0.54 to 0.98, p=0.035)
[4].

 Even though overall follow-up in the combined trial cohorts was 
extensive, a limitation of the analysis was the lack of complete 5 year 
follow-up – the goal in each trial. For instance, in PROTECT AF, 
22.5% of subjects in the warfarin arm with drew consent during the 

study[1]. In this analysis we sought to evaluate all-cause mortality in 
the LAAC and warfarin cohorts of the two randomized trials with 
the maximum amount of available follow-up through a supplemental 
collection of vital status information.

Material and Methods
  The PROTECT AF trial cohort enrolled 707 patients with 
non-valvular AF at 59 sites in the USA and Europe between 
February 2005 and June 2008[1]. Patients aged 18 years or older 
with paroxysmal, persistent, or permanent AF and CHADS2 risk 
scores ≥1 were eligible. Exclusions were based on the following: 
contraindications to warfarin, comorbidities other than AF requiring 
anticoagulation, left atrial appendage thrombus, patent foramen ovale 
with atrial septal aneurysm and right-to-left shunt, mobile aortic 
atheroma, and symptomatic carotid artery disease. In PREVAIL 
407 patients with non-valvular AF were enrolled at 50 sites in the 
United States between November 2010 and July 2012[2]. Eligibility 
criteria included CHADS2 score ≥2 or a CHADS2 score ≥1 with one 
of the following higher risk characteristics; female ≥75 years of age, 
baseline ejection fraction ≥30% but <35%, 65 to 74 years of age with 
either diabetes or coronary artery disease, and ≥65 years of age with 
heart failure. Exclusion criteria were similar to the PROTECT AF 
trial, except patients in whom clopidogrel therapy was indicated were 
excluded because of the potential confounding influence of this drug 
on efficacy outcome. Both PROTECT AF and PREVAIL were 
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Abstract
Compared with warfarin, left atrial appendage closure (LAAC) reduced mortality in an analysis of the PROTECT AF and PREVAIL trials. 

However, these data were limited by patient drop-out.We sought to estimate the mortality benefit with LAAC using updated vital status 
information.In PROTECT AF and PREVAIL, 227 of 1114 randomized subjects failed to complete 5-year follow-up. Centers were manually 
queried for updated vital status on 76 subjects (33%). During median follow-up 5.0 years (interquartile range 3.8, 5.1), 112 of 732 LAAC 
subjects (15.3%) and 79 of 382 controls (20.7%) died. The hazard ratio for all-cause mortality with LAAC compared with warfarin was 0.70 
(95% CI 0.53-0.94, p=0.017).Subgroup analyses suggested that subjects <75 years and those with higher CHA2DS2-VASc score, history of 
transient ischemic attack or stroke, and permanent AF derived particular benefit, although interaction terms were not significant.The number 
needed to treat(NNT) with LAAC to prevent one death over 5 years was 16 (95% CI 10-82). Despite competing mortality risks in this elderly 
cohort, updated vital status data from PROTECT AF and PREVAIL revealed that LAAC was associated with 30% improved survival compared 
with warfarin, with an NNT of 16.



www.jafib.com Dec 2018 - Jan 2019 | Volume 11| Issue 4

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation7 Original Research

approved by the Institutional Committee on Human Research at the 
authors’ institutions.

       Patients in both trials were randomly assigned to the intervention 
or control groups in a 2:1 ratio. After implantation, patients were 
treated with warfarin for 45 days to allow endothelialization of the 
device, followed by clopidogrel (75 mg daily) plus aspirin (81–325 mg 
daily) until completion of the 6-month follow-up visit, and aspirin 
alone thereafter. The control group was assigned chronic warfarin 
therapy with target international normalized ratio (INR) 2.5, range 
2.0–3.0.

    For the present analysis, centers that participated in each study 
were queried and updated vital status was requested from study 
coordinators at each site. In a patient-level pooled analysis, we used 
chi-square tests for two or more categories to compare demographic 
factors, cardiovascular risk factors, and pattern of atrial fibrillation 
between the group of subjects for whom vital status was updated 
and the group for which updated vital status was not available. We 
estimated actuarial mortality curves for the warfarin and LAAC 
arms using the updated vital status information and estimated 
proportional hazards models to obtain the hazard ratio associated 
with LAAC, overall and in subgroups defined by stroke risk factors.
We also tested for differential effects of LAAC by subgroup through 
multiplicative interaction terms comprised of treatment assignment 
and subgroup category. These analyses were performed with SPSS 
version 22 (IBM Corp).

  We calculated the number needed to treat (NNT) to prevent 
one death using the survival probabilities in the LAAC and control 
groups as described by Altman and Andersen:[5] 

NTT = 1/{[Sc(t)]h – Sc(t)} where ‘Sc(t)’  is the control group 
survival probability and ‘h’ is the hazard ratio associated with 
treatment.

We then calculated the NNT with other established therapies for 
AF, heart failure, and coronary heart disease, and compared these 
with the NNT for LAAC.

Results
     In PROTECT AF and PREVAIL, among the 1114 randomized 

subjects 227 (20.4%) failed to complete the requisite 5-year follow-
up as of June 2017 – 136 of 732 (18.6%) and 91 of 382 (23.8%) in 
the device and warfarin groups, respectively. In particular, withdrawal 
of consent occurred among 24 of 732 total subjects in the device 
arm (3.3%) and 57 of 382 in the warfarin arm (14.9%). The vital 
status query resulted in revised data for 76 (33%) of the 227 subjects 
with missing information -- 50 of the 732 subjects in the device 
arm (6.8%) and 26 of the 382 subjects in the warfarin arm (6.8%). 
Subjects for whom updated vital status was and was not obtained 
were not significantly different with respect to demographic factors, 
cardiovascular risk factors, and pattern of atrial fibrillation [Table 1].

The mean age and CHA2DS2-VASc scores of the combined 
cohort were 72.9±8.5 years and 3.7±1.4, respectively. During a 
median follow-up of 5.0 years (interquartile range 3.8, 5.1), 112 of 

732 subjects in the LAAC arm (15.3%) and 79 of 382 in the warfarin 
arm (20.7%) died. LAAC subjects experienced a lower risk of all-
cause mortality [Figure 1]; p=0.016, log rank test). In a proportional 
hazards model, the hazard ratio for all-cause mortality with LAAC 
compared with warfarin was 0.70 (95% CI 0.53-0.94, p=0.017). 
Analyses by subgroup suggested that subjects <75 years and those 
withhigher CHA2DS2-VASc score, history of transient ischemic 
attack or stroke, and permanent AF derived particular mortality 
benefit from LAAC, although multiplicative interaction terms 
were not statistically significant [Figure 2]. Also, trends in all of the 
subgroups suggested some degree of mortality reduction.

  In an effort to understand the clinical relevance of this mortality 
benefit, we calculated the NNT value for LAAC to prevent one death 
over the course of five years. As shown in [Figure 3], the NNT was 
16 (95% CI 10-82). For comparison, the NNTs were also calculated 
for other cardiovascular therapies felt to confer mortality benefits, 
grouped by the time period studied for each treatment. This includes: 
i) the stroke prevention therapies of warfarin therapy as compared
to aspirin (NNT = 164; 95% CI 49-Harm) and non-warfarin oral
anticoagulant (NOAC) therapy as compared to warfarin (NNT
=132; 95% CI 88-256), ii) device interventions such as left ventricular 
assist devices, implantable defibrillators for primary prevention,

Figure 1:  All-cause actuarial mortality curves for warfarin and LAAC groups.

Table 1: Comparison of subjects with and without updated vital status.

Updated vital status
N=76

No updated vital status
N=1038

P value

Age, yrs 71.1 ± 9.4 73.0 ± 8.4 0.09

Male 73.4 69.9 0.60

CHADS2 score 2.2 ± 1.1 2.3 ± 1.1 0.19

CHF 19.7 26.0 0.28

Hypertension 90.8 90.4 1.00

Diabetes 22.4 28.9 0.24

Prior stroke/TIA 19.7 22.8 0.67

AF pattern

    Paroxysmal 43.4 45.1 0.19

    Persistent 17.1 24.9

    Permanent 38.2 27.7

Values are mean ± SD or %. CHADS2 = congestive heart failure, hypertension, 75 years of age or 
older, diabetes mellitus, and previous stroke or transient ischemic attack; CHF = congestive heart 
failure; TIA = transient ischemic attack; AF = atrial fibrillation.
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       The ability to discontinue long-term anticoagulation after 
LAAC likely plays a role in reducing the mortality risk compared 
with warfarin. In the most recent meta-analysis of PROTECT AF 
and PREVAIL, a major reduction in the risk for hemorrhagic stroke 
was detected among subjects assigned to LAAC (HR 0.20; 95% 
CI 0.07-0.56, p=0.0022)[4]. Hemorrhagic stroke is associated with 
poor prognosis, with one population-based study estimating 50% 
mortality at 30 days[6].The concept that reduced risk of hemorrhagic 
stroke was a driver of the mortality benefit from LAAC is consistent 
with findings from randomized trials that showed analogous benefits 
with non-vitamin K antagonist oral anticoagulants compared with 
warfarin[7]. If the mechanism of mortality benefit from LAAC is 
related to discontinuation of anticoagulation and reduced bleeding 
risk, we would expect this to continue to accrue with longer follow-
up. And indeed, this is what was observed. This is particularly striking 
given that not only would one expect competing risks for mortality in 
this elderly population (with a mean age of ~73), but the duration of 
follow-up was also quite long in duration (5 years).

     To gain a better understanding of the clinical relevance to this 
mortality reduction, the NNTs for LAAC therapy as well as other 
cardiovascular therapies were determined. The NNT for LAAC 
versus control, 16 (95% CI 10-82), was notable in comparison to that 
calculated for NOAC therapy versus warfarin in AF, where the NNT 
was 132 (95% CI 88-256) over a period of two to three years. The 
NNT for left ventricular assist device therapy versus control in severe 
heart failure was particularly low, 4 (95% CI 3-11) over a time period 
of one year. Although direct comparisons of NNT need to account 
for factors such as differences in underlying risk and the period 
of time studied, our results nonetheless suggest that LAAC offers 
tangible clinically relevant mortality benefits on a population basis.

      Limitations of our analysis include the fact it was retrospective and  
not pre-specified during the clinical trials. Also, even with updated 
vital status information for 76 subjects, a substantial proportion 
(13.6%) still did not complete full 5-year follow-up. There is also 
the possibility of confounding if the acquisition of updated vital 
status was not random. However, cardiovascular risk factors were not 
significantly different among the groups of subjects with and without 
updated information; of course, selection bias remains a possibility. 
In addition, because both studies in this analysis had been previously 
closed out, we were unable to obtain more detailed information such 
as whether mortality was due to cardiac causes. Finally, because social 
security identifications were not recorded in these trial data forms, it 
was not possible to query the social security death index. Another 
limitation is that our vital status update still left approximately 14% 
of randomized subjects with incomplete follow-up, although the 
additional information still strengthened the mortality reduction 
from LAAC that was recently estimated[4]. Another limitation of our 
study is the lack of data on other outcomes such as stroke or major 
bleeding.

Conclusion
    In conclusion, in this analysis of PROTECT AF and PREVAIL 
with updated vital status data, among patients with AF who were 
at risk for stroke, LAAC conferred a 30% reduction in all-cause 
mortality (NNT = 16) compared with warfarin therapy during long-

cardiac resynchronization therapy for wide QRS heart failure, and 
transcatheter aortic valve implantation, and iii) non-procedural 
medical interventions such as beta-blocker therapy in heart failure, 
dual antiplatelet therapy post-myocardial infarction, and statin 
therapy for primary prevention [Figure 3].

Figure 2:

Hazard ratios and error bars delineating 95% confidence intervals 
from proportional hazards models by subgroups. Multiplicative 
interaction terms for each subgroup category were not statistically 
significant (p>0.05).

Figure 3:
Number needed to treat (95% CI) to prevent one death for different 
interventions grouped according to the duration of treatment [8-17].
Stroke prevention therapies are in bold.

LVAD = left ventricular assist device; ICD = implantable cardioverter-defibrillator; CRT = cardiac 
resynchronization therapy; NOAC = non-warfarin oral anticoagulant; ASA = aspirin; DAPT = dual 
anti-platelet therapy; TAVR = transcatheter aortic valve replacement.

Discussion
     In this analysis of mortality using updated vital status data 
from PROTECT AF and PREVAIL, subjects assigned to LAAC 
experienced improved survival compared with subjects assigned 
to warfarin (HR 0.70, 95% CI 0.53-0.94; p=0.017). Our findings 
provide support to the previously published data using the maximum 
available follow-up for overall and subgroup analyses.
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2014;12:1419-1424.

13. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy to 
prevent stroke in patients who have nonvalvular atrial fibrillation. Annals of 
internal medicine 2007;146:857-867.

14. Bonaca MP, Sabatine MS. Antiplatelet therapy for long-term secondary 
prevention after myocardial infarction. JAMA Cardiology 2016;1:627-628.

15. Marrouche NF, Brachmann J, Andresen D, Siebels J, Boersma L, Jordaens 
L, Merkely B, Pokushalov E, Sanders P, Proff J, Schunkert H, Christ H, Vogt 
J, Bänsch D. Catheter Ablation for Atrial Fibrillation with Heart Failure. New 
England Journal of Medicine 2018;378:417-427.

16. Kapadia SR, Leon MB, Makkar RR, Tuzcu EM, Svensson LG, Kodali S, Webb 
JG, Mack MJ, Douglas PS, Thourani VH, Babaliaros VC, Herrmann HC, Szeto 
WY, Pichard AD, Williams MR, Fontana GP, Miller DC, Anderson WN, 
Akin JJ, Davidson MJ, Smith CR. 5-year outcomes of transcatheter aortic valve 
replacement compared with standard treatment for patients with inoperable aortic 
stenosis (PARTNER 1): a randomised controlled trial. Lancet (London, England) 
2015;385:2485-2491.

17. Taylor FC, Huffman M, Ebrahim S. Statin therapy for primary prevention of 
cardiovascular disease. Jama 2013;310:2451-2452.

term follow-up. Future studies are necessary to determine whether 
this mortality benefit of LAAC over warfarin would also extend over 
NOACs.
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Introduction
Atrial fibrillation (AF) is the most frequent sustained type of 

arrhythmia; it affects 1.5% to 2% of the general population, and this 
prevalence increases to 10% at 80 years of age and to 18% at 85 years 
of age[1-3]. In addition to aging, several cardiovascular conditions 
such as hypertension, heart failure, and valvular disease, as well as 
noncardiovascular conditions such as chronic pulmonary disease, 
diabetes, electrolyte abnormalities, thyroid dysfunction, and chronic 
kidney disease predispose patients to developing AF[2]. Cancer is a 
risk factor of AF[4] that predisposes patients to serious complications 
such as a five fold increased risk of stroke, a three fold increased risk 
of heart failure, and nearly a doubled risk of death[1,5,6]. While oral 
anticoagulants are effective in reducing the risk of stroke[1,7], they 
increase the risk of bleeding[8].

Although some studies have described the relationship between 
AF and venous thromboembolism (VTE)[9], few data are available 
on the adverse effects of anticoagulation in cancer patients with AF. 

Although direct oral anticoagulant (DOAC) trials in AF patients 
included only a few cancer patients (in particular, those with a life 
expectancy that was assumed to be long)[10-13], DOACs are prescribed 
increasingly to AF patients with cancer[14].

Given the increasing occurrence of malignancies in elderly people 
and the coexistence of other conditions that predispose cancer patients 
to developing AF, an association between these two conditions would 
be expected[14]. Therefore, considering that both AF and cancer occur 
frequently, any increased risk of thromboembolic events and bleeding 
may have major public health implications. Hence, we examined the 
risks of thromboembolic events and bleeding complications in AF 
patients with and without cancer who were prescribed DOACs.

Methods
Ethical considerations 

The institutional database that was used in this study was approved 
by our local ethics committee, and informed consent was obtained 
from all patients.

Study design and population
For this retrospective analysis, we identified 2,272 consecutive pa-
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Abstract
Background: Few data are available on direct oral anticoagulant (DOAC) use in patients with cancer and atrial fibrillation (AF).
Methods: We retrospectively analyzed prospectively collected data from a single-center registryon 2,272 patients who took DOACs for 

AF (apixaban:1,014; edoxaban:267; rivaroxaban:498; dabigatran:493). Patients were monitored for 2 years and classified into non-cancer 
(n=2009) and cancer group (n=263) (cancer onset during DOAC treatment, active cancerat DOAC administration, and cancer history). Major 
bleeding (MB) and thromboembolic events (TEEs) were evaluated.

Results: The mean age was 73±10 years. CHADS2 and HAS-BLED scores were 1.95 ± 1.32 and 1.89 ± 0.96, respectively. In the present 
study, the prevalence of gastrointestinal and genitourinary cancer was 61% and 8%, respectively. The MB and TEEs incidences were 2.4 
and 2.2 per 100-patient years, respectively. The appropriate dosing rate, body weight, and Ccr value in cancer patients were significantly 
lower than those in non-cancer patients. Cancer patients were significantly older than non-cancer patients. In MB patients diagnosed with 
gastrointestinal or genitourinary cancer during follow-up, the clinically relevant bleeding such as melena or hematuria occurred. Additionally, 
there was a significantly higher MB incidence in cancer patients than in non-cancer patients (p<0.01).

Conclusions: AF patients with cancer was associated with a higher risk of MB compared with those without cancer despite higher rate of 
inappropriate low dose. Bleeding such as melena and hematuria after DOAC administration might suggest that the symptoms are associated 
with cancer of the site.
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Statistical Analysis
Continuous data with a normal distribution are presented as means 

± standard deviations, and categorical data are presented ascounts 
with percentages. The cancer andnon-cancer groups were compared 
using a Student t-test test for continuous data and Fisher’s exact 
test for categorical data. Cancer that was diagnosed during DOAC 
treatment, active cancer at the time a DOAC was prescribed, and 
cancer history at the time a DOAC was prescribed were compared 
using analysis of variance for parametric data, followed by multiple 
comparisons using Dunn’s method, and using a chi-squared testfor 
categorical data. In addition, using Kaplan-Meier event rate curves, 
we compared the outcomes of major bleeding and stroke/systemic 
emboli/VTE of patients in the cancer group with the outcomes 
of those in the non-cancer group. A two-sided p-value <0.05 was 
considered statistically significant for all analyses.

Results
Patient characteristics

Overall, the mean age of the patients in this study was 73 ± 10 
years. The CHADS2 and HAS-BLED scores were 1.95±1.32 and 
1.89±0.96, respectively. Among the 263 patients with cancer (11.5%), 
the category of cancer is shown in Table1. Overall, the incidences 
of major bleeding and thromboembolic events were2.4 and 2.2 per 
100-patient years, respectively.

Comparison of baseline characteristics between patients in the 
cancer group and those in the non-cancer group [Table 2]

A comparison of the cancer group (n=263) and the non-cancer 
group (n=2,009) revealed that the CHADS2 and HAS-BLED 

tients who were prescribed a DOAC for AF, including paroxysmal 
AF, between September 2011 and January 2016 at the Tachikawa 
General Hospital, Nagaoka, Japan. Data on the patients’ baseline 
characteristics; history, including comorbidities (coronary artery dis-
ease and peripheral artery disease); and clinical outcomes, including 
those at the 2-year follow-up interval, were collected. Patients with 
valvular disease requiring surgery, those with a prosthetic mechanical 
heart valve, and those with mitral stenosis were excluded.

Baseline characteristics such as age;sex; body weight; renal func-
tion (creatinine clearance[Ccr] and creatinine); coronary artery 
disease and peripheral artery disease; Congestive Heart Failure, 
Hypertension, Age ≥ 75Years, Diabetes Mellitus (CHADS2) score; 
and Hypertension, Renal Disease and Liver Disease, Stroke History, 
Prior Major Bleeding or Predisposition to Bleeding, Age >65 years, 
Medication Usage Predisposing to Bleeding (HAS-BLED) score 
were compared among patients receiving each type of DOAC thera-
py. All patients in the DOAC database were included in the analysis.

The prescription of DOAC
Four DOACs (apixaban [N=1,014], rivaroxaban [N=498], edox-

aban [N=267], and dabigatran [N=493]) were prescribed for AF per 
the doctor’s discretion. The prescription dose was decided according 
to the regimen for each DOAC in Japan. In Japan, lower doses of 
dabigatran should be considered for elderly patients (age ≥70 years), 
patients with moderate renal impairment (Ccr 30–49mL/min), those 
with concomitant use of interacting drugs (e.g., verapamil), or those 
with a high risk of bleeding. Lower doses of rivaroxaban should be 
considered for patients with moderate renal impairment (Ccr 30–
49mL/min).

Lower doses of edoxaban is recommended in patients with mod-
erate or severe renal impairment (Ccr 15–49mL/min), those with 
weight ≤60kg or those with concomitant use of interacting drugs 
(e.g., verapamil), while low-dose apixaban is recommended in pa-
tients with at least two of the following: age ≥80 years, weight ≤ 60kg, 
or serum creatinine ≥1.5mg/dL. However, an over- or under-dose 
was also prescribed per the doctor’s discretion. The baseline char-
acteristics of the patients who were administered one of these four 
DOACs are presented in Supplementary [Table 1].

The definition of cancer
A history of cancer was checked before starting DOAC therapy. 

When gastrointestinal disorder or hematuria developed, the pres-
ence of malignancies was checked. According to a previous paper[15], 
the patients with cancer were classified into three groups: those in 
whom cancer was diagnosed during DOAC treatment (n=64), those 
who had active cancer at the time a DOAC was prescribed (n=63), 
and those with a history of cured cancer at the time a DOAC was 
prescribed (n=136). “Active cancer at the time a DOAC was pre-
scribed” was defined as cancer that was diagnosed within the previous 
6 months; recurrent, regionally advanced, or metastatic cancer; can-
cer for which treatment was administered within 6 months before a 
DOAC was prescribed; or hematologic cancer that was not in com-

plete remission[16].

Clinical outcome
The primary outcome was stroke, systemic embolism orVTE 

the main safety outcome was major bleeding, defined using the 
Randomized Evaluation of Long-Term Anticoagulant Therapy 
criteria[10,17].

Table 1: The category of cancer (N=263)
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of major bleeding and stroke/systemic emboli/VTE in those with 
cancer that was diagnosed during DOAC treatment, those with 
active cancer at the time a DOAC was prescribed, and those with a 
history of cancer at the time a DOAC was prescribed were 12.2 per 
100-patient years, 5.7 per 100-patient years, and 3.0 per 100-patient 
years, and 4.3 per 100-patient years, 6.9 per 100-patient years, and 
1.5 per 100-patient years, respectively (p<0.01 and p=0.24) (Table 
3). There were no significant differences in the incidences of major 
bleeding and stroke/systemic emboli/VTE between non-cancer 
group and those with a history of cancer at the time a DOAC was 
prescribed. Furthermore, to evaluate the incidence of major bleeding 
and stroke/systemic emboli/VTE in patients with chemotherapy,  the 
cancer patients (39 patients) receiving chemotherapy weres elected. 
The chemotherapy regimen is shown in [Table 4A]. The incidences 
of major bleeding and stroke/systemic emboli/VTE in patients 
receiving chemotherapy were 3.7per 100-patient years and 7.5per 
100-patient years, respectively [Table 4B]). Moreover, of 41 patients 

scores in the cancer group were significantly higher than those in 
the non-cancer group (2.14 ± 1.23 vs. 1.92 ± 1.33, p=0.038; 2.02 ± 
0.87 vs. 1.86 ± 0.96, p<0.01, respectively). Furthermore, the rate of 

Table 2: Baseline characteristics of the non-cancer and the cancer groups 
in this study

Non-cancer group Cancer group P value

N 2009 263 -

Age (years) 72±10 76±7 <0.01

Male (%) 62 71 <0.01

Body weight (kg) 60.5±10.3 56.7±11.7 <0.01

Ccr (ml/min) 62.5±18.5 55.9±12.5 <0.01

Cr (mg/dl) 0.91±0.24 0.92±0.25 0.53

CAD
PAD
Stroke or TIA
Carotid stenosis
Intracranial bleeding
GI bleeding
Anti-platelet therapy

194(9.6)
65(3.2)
286(14.2)
25(1.2)
39(2.0)
25(1.3)
266(16.6)

29(11.2)
10(3.8)
52(19.3)
4(1.4)
4(1.4)
15(5.5)
38(15.0)

0.31
0.26
0.03
0.80
0.59
0.01
0.53

Appropriate dose (%) 78 72 0.08

CHADS2 score 1.92±1.33 2.14±1.23 <0.01

HAS-BLED score 1.86±0.96 2.02±0.87 <0.01

All-cause death  (100-patient years)
Cancer-associated death 

3.2
0

9.8
6.8

<0.01

Major bleeding  (100-patient years)
 Intracranial bleeding
Gastrointestinal bleeding

2.1
0.7
1.1

6.3
0.3
4.8

<0.01

Stroke/emboli/VTE (100-patient years)
 Ischemic strokes
 VTE

1.9
1.5
0

3.4
2.0
0.8

 0.08

the appropriate dose, body weight, and Ccr value in patients in the 
cancer group were significantly lower than those in patients in the 
non-cancer group (72% vs.78%,p<0.01; 56.7±11.7 vs. 60.5 ± 10.3kg, 
p<0.01; 55.9 ± 12.5 vs. 62.5 ± 18.5mL/min, p<0.01, respectively), and 
the patients in the cancer group were significantly older than those in 
the non-cancer group (76 ± 7 vs. 72±10 years, p<0.01).

Comparison of baseline characteristics among the three sub-
groups ofthe cancer group

There were no significant differences in age, Ccr value, body 
weight, the rate of the appropriate dose, CHADS2 score, and HAS-
BLED score among the three sub-groups of the group of patients 
with cancer [Table 3]. Furthermore, in the cancer group, 39 patients 
received some form of chemotherapy, including hormone therapy.

Detailed comparison ofmajor bleedingand stroke between the 
cancer and non-cancer groups

As shown in [Table 2], the incidences of major bleeding and 
stroke/systemic emboli/VTE in the non-cancer group were 2.1 
per 100-patient years and 1.9 per 100-patient years, respectively. 
In contrast, in the cancer group, the incidences of major bleeding 
and stroke/systemic emboli/VTE were 6.3 per 100-patient years 
and 3.4per 100-patient years, respectively. There was a significant 
difference in the incidence of major bleeding between the non-cancer 
and cancer groups (p<0.01). In the cancer group, the incidences 

Data are presented as the mean ± standard deviation or n (%). DOAC: direct oral anticoagulant; Ccr, 
creatinine clearance; CAD, coronary artery disease; PAD, peripheral artery disease; TIA, transient 
ischemia attack; CHADS2 score, Congestive Heart Failure, Hypertension, Age ≥ 75 Years, Diabetes 
Mellitus, Stroke; HAS-BLED score, Hypertension, Renal Disease and Liver Disease, Stroke History, 
Prior Major Bleeding or Predisposition to Bleeding, Age >65, Medication Usage Predisposing to 
Bleeding score

Table 3: The comparison among the cancer history, active cancer, and 
cancer diagnosed during DOAC administration groups

Cancer history Active cancer Cancer 
during 
DOAC 

P value

N 136 63 64 -

Age (years) 76±7 76±8 76±8 0.97

Male (%) 70 77 70 <0.01

Body weight (kg) 56.8±11.7 56.5±11.1 57.3±13.3 0.82

Ccr (ml/min) 54.2±19.9 58.1±21.1 57.3±23.8 0.43

Cr (mg/dl) 0.95±0.23 0.89±0.28 0.90±0.25 0.51

CAD
PAD
Stroke or TIA
Carotid stenosis
Intracranial bleeding
GI bleeding
Anti-platelet therapy

12 (8.8)
6 (4.4)
23 (16.9)
2 (1.4)
4 (2.9)
4(2.9)
16 (11.7)

7 (11.1)
2 (3.1)
14 (22.2)
1 (1.5)
0 (0)
6 (9.5)
13 (20.6)

10 (15.6)
2 (3.1)
15 (23.4)
1 (1.5)
0 (0)
5 (7.8)
9 (14.0)

0.52
0.76
0.49
0.98
0.20
0.18
0.26

Appropriate dose (%) 76 60 75 <0.01

CHADS2 score 2.13±1.22 2.00±1.26 2.29±1.21 0.40

HAS-BLED score 1.95±0.87 2.16±0.89 2.00±0.83 0.34

Any cause death (100-patient 
years)
Cancer-associated death

2

0

16

12

8

6

<0.01

0.08

Major bleeding (100-patient 
years)

3.0 5.7 12.2 <0.01

Stroke/emboli/VTE 
(100-patient years)

1.5 6.9 4.3 0.14

Data are presented as the mean ± standard deviation or n (%). Event rate was described as event 
per 100-patient years. DOAC, direct oral anticoagulant; Ccr, creatinine clearance; Cr, creatinine; 
CAD, coronary artery disease; PAD, peripheral artery disease; TIA, transient ischemia attack; 
CHADS2 score, Congestive Heart Failure, Hypertension, Age ≥ 75 Years, Diabetes Mellitus, Stroke; 
HAS-BLED score, Hypertension, Renal Disease and Liver Disease, Stroke History, Prior Major 
Bleeding or Predisposition to Bleeding, Age >65, Medication Usage Predisposing to Bleeding score; 
VTE, venous thromboembolism

who were diagnosed with gastrointestinal or genitourinary cancer 
during the follow-up period after a DOAC was prescribed, 32(78%) 
had clinical events such as melena, hematuria, and cause unknown 
anemia that was associated with the cancer site as the prodrome.
The Kaplan-Meier analysis revealed that the incidence of major 
bleeding in the cancer group was significantly higher than that in the 
non-cancer group (Logrank:p<0.01), and in addition the incidence 
of stroke/systemic emboli/VTE in the cancer group tended to be 
higher than that of the non-cancer group (Logrank: p=0.08) [Figure 
1].
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hematuria after the administration of DOACs might indicate the 
presence of any type of cancer at the same site.To the best of our 
knowledge, this is first report to describe the impact of cancer on 
major bleeding and stroke/systemic emboli/VTE in patients using a 
DOAC, as well as to evaluate the influence of chemotherapy in single 
center registry.

Cancer and AF
The bulk of epidemiological evidence on the association between 

Predictors for bleeding in patients using DOAC [Table 5]
Multiple logistic regression analyses were performed to determine 

the independent predictors for major bleeding. As a result, multiple 

Figure 1A: The Kaplan-Meyer for major bleeding between cancer group and 
non-cancer group

Figure 1B: The Kaplan-Meyer for stroke/systemic emboli/VTE between 
cancer group and non-cancer group

logistic analyses revealed that cancer and lower body weight were 
independent predictors for major bleeding in patients using DOAC. 
In addition, there was no difference in the impact of the type of 
DOAC on major bleeding.
Discussion

The main findings of the present study are as follows: 1) patients 
with AF who had cancer under the administration of a DOAC had 
a higher incidence of major bleeding than those without cancer. 
Especially, patients who were diagnosed with cancer during the 
administration of a DOAC, had a higher incidence of major bleeding 
than those in the other cancer groups, 2) the incidence of stroke/
systemic emboli/VTE in the cancer group tended to be higher 
than that of the non-cancer group. 3) Bleeding such as melena and 

Table 4A: Chemotherapy regimen, including hormone therapy in the cancer 
group

(N=39)

CBDCA + PTX 3

CBDCA + VP-16 4

CBDCA+PEM 1

CDDP + GEM 2

FOLFOX, UFT/UZEL 1

Gefitinib 1

R-CHOP 6

Regorafenib 1

5-FU+LLV 1

GEM+ PTX 1

TS-1 3

UFT 3

LH-RH 12

CBDCA, carboplatin; PTX, paclitaxel; VP-16; Etoposide; PEM, pemetrexed; GEM, Gemcitabine; 
5-FU, 5- fluorouracil; FOLFOX, fluorouracil, folinic acid and oxaliplatin; UFT/UZEL, tegafur/uracil, 
folinate; R-CHOP, rituximab, cyclophosphamide hydroxydaunorubicin, oncovin and prednisone; LLV, 
l-leucovorin; TS-1 ,Tegafur/Gimeracil/Oteracil; LH-RH, luteinizing hormone-releasing hormone

Table 4B: The incidence of major bleeding and stroke/systemic emboli in 
the chemotherapy group of the cancer group

Chemotherapy

Major bleeding 3.7

Stroke/systemic emboli 7.5

Appropriate dose (%) 52

Event rate was described as event per 100-patient years.

AF and cancer is generally limited, with the exception of AF after 
surgery for cancer. Several studies reported that the prevalence of 
AF in patients with cancer was significantly greater than that of 
those without AF[18-20]. AF in cancer patients may be a comorbid 
state because these patients share several factors that predispose them 
to AF, such as advanced age, electrolyte abnormalities, hypoxia, and 
metabolic disorders[21-23]. Thus far, the potential pathogenetic links 
between cancer and AF are supposed to be due to the following 
mechanisms: 1) a direct effect, 2) paraneoplastic manifestations, 3)an 
autonomicnervous system due to pain and physical stress, 4) medical 
therapy for cancer, 5) surgical therapy, 6) cancer-related morbidity, 
and 7) inflammation[14]. Therefore, AF has been found to occur with 
an increased frequency in patients with malignancies.
Cancer and DOAC

Treating AF in patients with malignancies is challenging, 
especially in terms of antithrombotic therapy, because cancer is 
itself a prothrombotic state, thus further increasing the risk of 
thromboembolic events in patients with AF[24-27]. However, the 
increased risk of bleeding in patients with an active malignancy 
also raises concerns about the safety of DOACs in this population. 
Cancer patients were reported to be at a two- to six- fold higher risk 
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cancer must be explored.

In addition, the present study included patients with a previous 
operation such as gastrectomyorcolectomy. However, the incidences 
of major bleeding and stroke/systemic emboli/VTE in those with a 
history of cancer at the time a DOAC was prescribed was comparable 
to those in the non-cancer group. In other words, this finding might 
indicate that DOACs are safe for patients with a past operation such 
as gastrectomyorcolectomy. Furthermore, compared to a previous 
report[40], the incidence of VTE in cancer group was obviously low. 
This finding might be because the patients in the present study 
received the administration of DOAC.

In the present study, cancer patients who underwent chemotherapy 
were also included. It is not clear if the doses of DOACs that are used 
to treat AF or VTE in the general population will provide the same 
protection against stroke/systemic emboli/VTE in patients with an 
active malignancy because many chemotherapeutic agents have been 
reported to have significant interactions with the CYP3A4 enzyme 
and/or P-glycoprotein transporter, which can alter a DOAC’s level 
of anticoagulation and predispose patients to bleeding or thrombotic 
complications[41-43]. In fact, data on the combined use of any 
DOACs and specific chemotherapy agents do not exist[41]. Strong 
and moderate modulators of the CYP3A4 enzyme especially those 

of experiencing bleeding events while on anticoagulant therapy[26-27]. 
In cancer patients, VTE was reported as the second leading cause of 
death in patients with cancer[28]. The incidence of clinically important 
bleeding during anticoagulant therapy, even in VTE patients with 
cancer, was significantly higher than in those without cancer[27]. In 
addition, a large cohort study of 24,125 patients with newly diagnosed 
cancer found that although the CHADS2 score predicted the risk of 
thromboembolism in patients with AF at baseline, it did not predict 
thromboembolic events in those with new-onset AF (i.e., AF that 
occurred after cancer was diagnosed)[29].Therefore, thromboembolic 
and hemorrhagic risk prediction scores such as the CHADS2 and 
HAS-BLED scores might not be applicable in patients with a 
malignancy.

There is a paucity of data regarding the choice of anticoagulant, 
including DOACs, in cancer patients with AF. In a recent study, 
apixaban was found to have a greater benefit for major bleeding 
and the composite of stroke/systemic embolism than vitamin K 
antagonist[30]. In the present study, the incidence of stroke/systemic 
emboli/VTE in the cancer group was comparable to that in the non-
cancer group, which was compatible with this finding. In addition, 
many studies on the relationship between anticoagulation therapy 
and cancer in patients with VTE have reported that DOAC therapy 
was not inferior to low-molecular-weight heparin or a vitamin K 
antagonist[16,31,32]. Although these reports were concerned with the 
safety and efficacy of DOACs in patients with VTE and cancer, 
these reports might indicate that the administration of DOACs 
does work in cancer-associated cases. Several studies have reported 
that cancer patients with DOAC tend to suffer from major bleeding 
more frequently than patients without cancer[16,32,33]. These findings 
are similar to the present results. While, several previous reports 
has also described that safety of DOACs might be superior to low-
molecular-weight heparin or a vitamin K antagonist in patients with 
cancer[30,34]. In addition, although the background of patients may be 
different, the safety of DOAC in the present study was not at least 
inferior to that of another anticoagulation therapy in patients with 
AF and cancer[35]. Furthermore, in VTE trials, patients with an active 
malignancy were either excluded or the number of enrolled patients 
was small, ranging from 2.6% to 6%[36,38]. In addition, the type and 
stage of malignancy and the concomitant use of chemotherapy were 
also not reported. Therefore, these results should be interpreted with 
caution.

In the present study, 78% of the patients who were diagnosed with 
gastrointestinalor genitourinary cancer during the follow-up period 
after a DOAC was administered had clinical eventssuch asmelena, 
hematuria, and cause unknown anemia that was associated with the 
cancer site as the prodrome. This finding might be associated with a 
report that found that gastrointestinal bleeding is often caused by an 
occult malignancy in patients receiving anticoagulation therapy; as a 
result, gastrointestinal cancer could be detected earlier[39]. However, 
9patients (22%) of the remaining who were diagnosed with cancer 
during the follow-up period after a DOAC was administered were 
found to have cancer during a routine medical check-up incidentally. 
Thus, it might be difficult to create a model for predicting cancer 
during DOAC administration in the present study. However, the 
present study might imply that in cases where patients develop 
melena, hematuria, and cause unknown anemia during DOAC 
administration, the possibility of gastrointestinal or genitourinary 

Table 5: Multivariate logistic regression analysis

Odds Ratio 95% confidence interval P value

Cancer 2.78 1.59-4.84 <0.01

Ccr (ml/min) 0.99 0.98-1.01 0.79

Appropriate dose 0.57 0.32-1.01 0.055

Age (years) 1.01 0.97-1.05 0.63

Male 1.25 0.70-2.22 0.43

Body weight (kg) 0.96 0.93-0.99 0.03

CHADS2 score 1.28 0.99-1.65 0.058

HAS-BLED score 1.02 0.71-1.45 0.91

Apixaban 1.52 0.75-3.08 0.24

Edoxaban 1.27 0.49-3.29 0.61

Rivaroxaban 0.65 0.25-1.65 0.36

Dabigatran 1.18 0.64-2.43 0.41

Ccr, creatinine clearance; CHADS2 score, Congestive Heart Failure, Hypertension, Age ≥ 75 Years, 
Diabetes Mellitus, Stroke; HAS-BLED score, Hypertension, Renal Disease and Liver Disease, Stroke 
History, Prior Major Bleeding or Predisposition to Bleeding, Age >65, Medication Usage Predisposing 
to Bleeding score.

that also interact with the P-glycoprotein transporter have especially 
been reported to carry the highest relative risk for significant drug 
interactions with DOACs[42]. Furthermore, some chemotherapies 
may also cause thrombocytopenia.

DOACs should be used with caution in these cases. In fact, in 
the present study, approximately 50% of the patients receiving 
chemotherapy were prescribed inappropriate low dose of DOACs. 
This might result from the fact that the incidence of the stroke/
systemic emboli/VTE in chemotherapy group (7.5 per 100-patient 
years) was high. Therefore, in the real world, clinicians should not only 
pay attention to the cancer site but also the chemotherapy regimen 
when administering DOACs to patients with a malignancy and AF.
Limitations
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14. Farmakis D, Parissis J, Filippatos G. Insights into onco-cardiology: atrial
fibrillation in cancer.J Am Coll Cardiol.2014;63:945-953.

15. Koike H, Fujino T, Koike M, Yao S, Akitsu K, Shinohara M, Yuzawa H, Suzuki
T, Ikeda T.Bleeding with oral anticoagulant dabigatran is highly associated with
occult cancers in atrial fibrillation patients.Future Cardiol.2018; 14: 27-36.

16. Raskob GE, van Es N, Verhamme P, Carrier M, Di Nisio M, Garcia D, Grosso
MA, Kakkar AK, Kovacs MJ, Mercuri MF, Meyer G, Segers A, Shi M, Wang
TF, Yeo E, Zhang G, Zwicker JI, Weitz JI, Büller HR; Hokusai VTE Cancer
Investigators.Edoxaban for the Treatment of Cancer-Associated Venous
Thromboembolism. N Engl J Med.2018; 378: 615-624.

The limitations of this study are as follows. First, although this 
study was retrospective in design, data on the clinical outcomes, 
including those at the 2-year follow-up interval, of all patients were 
collected prospectively. However, a propensity score was not adopted 
because the variation in the number of patients in the four DOAC 
groups was large. In addition, at the entry, screening for cancer and 
the marker such as the initial d-dimer value was not performed. 
Second, in addition, in the present study, data of AF patients treated 
by another anticoagulation therapy were not included. Therefore, 
vitamin K antagonists or heparin data should have also be added. 
Third, because the present study was retrospective, clinical events 
such as minor bleeding might not have been detected completely. 
Fourth, patients with a malignancy were included. However, the 
stage of malignancy was not evaluated. Fifth, in the present study, 
because baseline characteristics were quite different between patients 
with and without cancer, patients with cancer were speculated to 
be at high risk state for major bleeding, stroke, or VTE in advance. 
In addition, because the present study was retrospective, we could 
not create a model to predict major bleeding in patients with cancer 
DOAC administration. Therefore, further detailed study regarding 
patients with cancer should be performed. Consequently, no definite 
conclusion can be drawn from the results of this study. These 
limitations warrant future studies involving larger populations in 
long term.

It is possible that due to a small clinical affect we do not see a 
significant increase in fluid overload read missions when using 
HSVIAC in the number of patients that we have studied. However 
with a larger number or higher acuity (systolic heart failure or chronic 
renal disease) patients this may become clinically significant. Further 
studies are needed to confirm this potential outcome.

Conclusion
AF patients with cancer was associated with a higher risk of major 

bleeding compared with those without cancer despite higher rate of 
inappropriate low dose. Therefore, further detailed study regarding 
DOACs prescription in patients suffering from any type of cancer 
and require chemotherapy may be needed. In addition, bleeding such 
as melena and hematuria after DOAC administration might suggest 
that the symptoms are associated with cancer of the site.
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Introduction
Catheter ablation is a well established treatment option for patients 

with atrial fibrillation (AF). AF ablation techniques and technologies 
have improved greatly over the past 15 years; nevertheless, AF 
ablation remains a technically challenging procedure with room for 
improvement in both efficiency and efficacy[1. Reported procedure 
times are still lengthy,[2-4] and fluoroscopy exposure remains a 
concern for patients, physicians, and electrophysiology (EP) lab staff. 
Innovative strategies and technologies that increase efficiency while 
maintaining or optimizing efficacy and safety are thus welcomed by 
the EP community.

Recent years have seen significant improvements in catheter 
technology and electroanatomic mapping (EAM) systems. Contact 
force (CF)-sensing catheters have improved procedural efficiency 
and efficacy[5]. Meanwhile, improvements to EAM systems now 
allow objective measurement of catheter stability and CF during 
radiofrequency (RF) energy delivery. As a consequence of these latest 

technological advances, operators are challenged with a paucity of 
data on how to better incorporate them into an effective, efficient, 
and safe workflow.

The objective of this study was to describe a single center experience 
with a workflow developed to integrate and optimize the use of new 
CF catheter technology and compare it with prior technologies. Our 
goal was to provide a strategy to help minimize the learning curve 
required for full incorporation of the new technologies, such that 
procedural efficiency and effectiveness are optimized, and safety is 
uncompromised.

Methods
This study represents the experience of a real world paroxysmal 

atrial fibrillation (PAF) population presenting for an index catheter 
ablation at a single high volume EP practice between July 2013 and 
June 2016. All patients were treated according to standard clinical 
practice, and were ablated by an operator experienced in both RF 
and cryoballoon ablation (>100 cases with each technology). Baseline 
patient characteristics, procedural details, and acute outcomes were 
collected for all ablations during the study period. Effectiveness 
outcomes at 12 months were collected systematically beginning in 
July 2014.
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Abstract
Background: Catheter ablation technology has evolved rapidly in recent years. There is a need to understand the impact of these advances 

on efficiency, safety, and effectiveness in real world populations. The objective of this study was to evaluate a standardized workflow that 
integrates a contact force (CF) catheter and stability module in an attempt to optimize efficiency and clinical outcomes of paroxysmal atrial 
fibrillation (PAF) ablation, and to compare the outcomes of this workflow with existing ablation technologies at a high volume center.

Methods: Consecutive ablations for PAF from July 2013 - June 2016 were included. Radiofrequency (RF) ablations were performed with 
the Thermocool SF Catheter (SF) through April 2014, after which a change was made to the Thermocool Smarttouch Catheter (ST) with 
a standardized workflow. Cryoballoon ablations (CA) were performed with the Arctic Front Advance between July 2013 and March 2016. 
Systematic collection of 12-month effectiveness data began in July 2014. Prior to that time, only acute outcomes and reablations were 
captured.

Results: Procedural data for 32 SF, 232 ST, and 59 CA procedures for PAF were available. Mean procedure times were similar across SF 
and CA, and moderately shorter with ST (p=0.0201). Fluoroscopy times were substantially reduced with ST (p<0.0001). Complication rates 
were low and similar across all cohorts (p=0.4744), whereas reablation rates were lowest in the ST cohort (p=0.0194).

Conclusions: PAF ablation using integrated CF and catheter stability technology with a systematic ablation workflow may lead to 
improvements in both procedural efficiency and reablation rates, without compromising patient safety.
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Procedural efficiency and safety outcomes were analyzed 
for ablations performed under the new workflow utilizing the 
Thermocool Smarttouch Catheter (Biosense Webster, Inc.) (ST) 
and Carto Visitag Module (Biosense Webster, Inc.) (Visitag), and 
were compared with prior and concurrent ablations at the same site 
utilizing the Thermocool SF Catheter (Biosense Webster, Inc.)(SF) 
or the second generation cryoballoon, the Arctic Front Advance 
Cardiac Cryoablation Catheter (Medtronic plc). Local institutional 
review board approval was obtained.

Patient population
We analyzed the prospectively collected data of all adult PAF 

patients with index catheter ablations performed by two operators 
at our center during the 3-year study period. Patients with prior 
catheter or surgical ablations were excluded from the analysis. 
Cohorts were defined based on the catheter technology utilized in 
these procedures. RF ablations were performed with the SF catheter 
through April 2014, at which time the ST catheter was adopted. 
Cryoablation (CA) procedures were performed with no technology 
change between July 2013 and March 2016. Data were extracted for 
the SF and CA cohorts at the end of 2016, and for the ST cohort at 
the end of 2017. The selection of RF energy versus CA for the index 
ablation was at the discretion of the operator and shared with the 
patient.

RF ablation procedure
After obtaining patient informed consent, general anesthesia 

with endotracheal intubation was administered. The procedure was 
performed with uninterrupted oral anticoagulation. Most patients 
were on direct oral anticoagulants (DOACs), which were continued 
the morning of the procedure without a single dose interruption. 
For patients on warfarin, INR >2.0 was targeted. A pre-procedure 
transesophageal echocardiogram was obtained to rule out left atrial 
appendage thrombus.

A decapolar deflectable catheter was placed in the coronary 
sinus (CS). Intravenous heparin was administered before and after 
transseptal catheterization to target an activated clotting time of 
> 350 seconds. Transseptal catheterization was performed with
a Fast-Cath SL2 preformed sheath (St. Jude Medical, Inc.) and a
Brockenbrough needle, and guided by intracardiac echocardiography
(ICE) with minimal or no fluoroscopy, as previously described[6]. 
When transseptal access was achieved, a J-tipped wire was advanced
to the left superior pulmonary vein (PV), guided by ICE, and
the trajectory of the wire across the fossa ovalis was marked with
Cartosound Module (Biosense Webster, Inc.) technology. The
ablation catheter was then advanced to the left atrium (LA), guided
by ICE and Cartosound System, via the same access site as the initial
transseptal access.

The  LA geometry and voltage were acquired with the Carto 
(Biosense Webster, Inc.) system using parameters designed for rapid 
acquisition of geometric and voltage data, as follows:

1 For patients in sinus rhythm, atrial pacing was performed from 
the CS at 500 ms during geometry and voltage acquisition. For 
patients in AF, cardioversion was performed beforehand.

2  A Lasso 2515 or Pentaray Catheter (Biosense Webster, Inc.)
was used to create the LA geometry and acquire voltage data with 
fast anatomic mapping in the Confidense Module of Carto 3 System 
Version 4 (Biosense Webster, Inc.).

3 For rapid data acquisition, ventilator parameters were set at 16 
breaths per minute at a 1:4 ratio of inspiration to expiration. 

The Cartounivu Module (Biosense Webster, Inc.) (Univu) was used 
to integrate still fluoroscopy images as the background for the EAM 
system. A quadripolar catheter was tied to a standard esophageal 
temperature probe with silk 2:0 and inserted in the esophagus to 
monitor location and temperature without fluoroscopy. Wide area 
circumferential ablations (WACA) around ipsilateral PVs were 
performed for patients undergoing RF ablation with the SF or ST 
catheters.

Ablation workflow for ST ablations
In the ST cohort, the following workflow was followed to optimize 

the use of the CF and mapping technologies for:

1. prospective tagging of lesions,
2. real-time monitoring of impedance and CF, and
3. validation of lesion sets.

Initial Visitag parameters included only the stability of 2.5 mm
maximum range and 4 seconds minimum time to quickly obtain tags. 
Ablation was performed at 40 watts throughout the lesion set. When 
ablating the posterior wall, RF time was decreased at the operator’s 
discretion. During ablation, the CF goal was 10 to 20 grams, and 
Visitag automatically generated ablation tags for each application 
meeting the stability parameters. The catheter was moved every 
15-20 seconds in the anterior aspects of the ipsilateral veins and
every 10-15 seconds in the posterior wall, regardless of whether a
tag was obtained. Parameters were chosen to avoid inappropriately
prolonging RF delivery while waiting on the appearance of a lesion
tag.

To validate the lesion set after PV isolation [Figure 1a], force over 
time (FOT) assessment was used to filter and display only tags for 
locations where a minimum force of 10 grams was maintained for at 
least 50% of the time [Figure 1b]. All visual gaps where the CF target 
was not met were targeted for touch-up. At the end of the procedure, 
the complete pulmonary vein isolation (PVI) lesion set met stability 
and CF goals [Figure 1c].

Ablation with SF catheter
The SF ablation procedure was similar, including stability and 

time criteria for Visitag. The ablation was continued until the local 
electrogram was abolished or significantly reduced. Univu was not 
available for the entire span of this cohort.

Cryoablation
CA procedures were performed by the standard technique 

using a second generation cryoballoon with uninterrupted oral 
anticoagulation. Single transseptal access was obtained using an SL2 
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preformed sheath and a Brockenbrough needle guided by fluoroscopy. 
Neither ICE nor EAM were used. A quadripolar catheter was used 
to pace the phrenic nerve during ablation of the right sided veins. The 
Achieve (Medtronic, plc.) multipolar catheter was used to cannulate 
the veins and confirm PVI. 

PV occlusion was confirmed with pressure monitoring and, if 
needed, angiography. All veins were isolated using a minimum of two 
freeze thaw cycles, with freeze durations of at least three minutes. 

Figure 1A: Procedural Workflow for Pulmonary Vein Isolation with Contact 
Force Sensing in AF Ablation (a) After Isolation

WACA lesion set after PV isolation without force filters; the blue tag denotes isolation 

Figure 1B: Procedural Workflow for Pulmonary Vein Isolation with Contact 
Force Sensing in AF Ablation  (b) FOT 50% at 10g

The same lesion set after FOT was used to remove lesion tags where a force >10 grams was not 
maintained for at least 50% of the time; the arrow shows a gap denoting return of conduction 

Figure 1C: Procedural Workflow for Pulmonary Vein Isolation with Contact 
Force Sensing in AF Ablation (c) After Touch-up, FOT 80% at 10g

WACA lesion set after touch-up using the FOT filter shows that stable and adequate force was 
achieved in the entire lesion set

After isolation of a vein, a bonus freeze was always performed for 
three minutes.

Assessing acute procedural success
After PVI was confirmed in all cohorts, and after all visual gaps 

in the Visitag FOT tags were ablated in the ST cohort, adenosine 
18 mg was injected intravenously to assess dormant conduction. If 
dormant conduction was detected, further ablation was performed 
until the PVs were re-isolated. Thereafter, continuous isoproterenol 
infusion was administered at up to 20 mcg/min to identify any PV 
reconnectionor non-PV triggers for a minimum of 20 minutes after 
the last ablation lesion. If non-PV triggers were identified, they were 
targeted for additional RF ablation.

Follow-up
Follow-up visits were performed at 3 and 12 months, with a 96-

hour Holter monitoring at 6 and 12 months after the ablation. Event 
monitors were used as needed for patients with symptoms. Any 
hospitalizations or unscheduled office visits that documented an atrial 
arrhythmia recurrence were also captured. Though a comprehensive 
clinical follow-up schedule was in place throughout the study period, 
standardized data collection forms were only used to capture the 
effectiveness detail systematically for the ST cohort. Earlier ablation 
follow-up, including all of the SF and most of the CA ablations, did 
not capture recurrence information comprehensively or cumulatively.

Study endpoints
The primary study endpoints were the procedural efficiency 

measures of total procedure time and fluoroscopy duration and 
dose. Procedure time was defined as time from vascular access 
to removal of catheters. The safety endpoint was occurrence of 
any serious procedure related complication, including pericardial 



www.jafib.com Dec 2018 - Jan 2019 | Volume 11| Issue 4

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation20 Original Research

SF (N=32) ST (N=232) CA (N=59)

n Percent n Percent n Percent

Age (mean, SD) 63.8 11.5 62.9 10.9 63.7 12.6

Male Sex*** 17 53.1 128 55.2 16 27.1

Left Ventricular Ejection 
Fraction (%)

       <35% 2 6.3 9 3.9 0 0.0

35-44% 3 9.4 14 6.0 1 1.7

45-54% 4 12.5 25 10.8 9 15.3

      55% and higher 15 46.9 116 50.0 35 59.3

       Unknown 8 25.0 68 29.3 14 23.7

Left Atrial Size, cm (mean, SD) 3.8 0.7 3.9 0.8 3.9 0.7

Medical History

      Congestive Heart Failure 5 15.6 26 11.2 9 15.3

      Hypertension 22 68.8 154 66.4 44 74.6

      Diabetes 5 15.6 50 21.6 9 15.3

      Stroke/ Transient 
      Ischemic   Attack

4 12.5 19 8.2 6 10.2

      Vascular Disease* 13 40.6 57 24.6 22 37.3

      Renal Disease* 3 9.4 7 3.0 6 10.2

      Liver Disease 0 0.0 2 0.9 0 0.0

Pre-ablation Medications

       Antiarrhythmic drugs 23 71.9 145 62.5 50 84.8

        Beta-blockers 18 56.3 131 56.5 24 40.7

CHA2DS2-VASc Score

         0 0 0.0 17 7.3 2 3.4

         1 6 18.8 52 22.4 11 18.6

         2 9 28.1 58 25.0 11 18.6

         3 6 18.8 49 21.1 10 17.0

         4 8 25.0 30 12.9 13 22.0

         5 1 3.1 18 7.8 6 10.2

         6 2 6.3 5 2.2 5 8.5

         7 0 0.0 3 1.3 1 1.7

Follow-up Time After Ablation

        Patients with ≥ 1 Year 32 100.0 232 100.0 58 98.3

        Patients with ≥ 2 Years*** 32 100.0 145 62.5 52 88.1

Statistical tests: ANOVA for numeric variables and chi-squared for categorical variables; significance 
denoted by * for p<0.05, ** for p<0.01, *** for p<0.001; Note: sample sizes for a particular 
measurement may be different from the overall sample size due to missing data

effusion requiring intervention, periprocedural stroke, death, need 
for emergent thoracic surgery, or an acute vascular complication. 
The key effectiveness endpoint was survival time without repeat 
ablation. A secondary effectiveness endpoint, captured only for the 
later procedures, was treatments success at the 12-month visit. The 
12-month treatment success criteria was defined as freedom from
any atrial arrhythmia lasting >30 seconds within 3-12 months after 
the index ablation without antiarrhythmic drugs (AADs), or with an 
AAD that was previously ineffective or became effective at a lower 
dose than required previously.

Statistical analysis
 Survival analysis modeling methodology, including Kaplan-Meier 

and Cox regression, was used to model time to repeat ablation by 
cohort. Product limit estimates of the proportion of patients who did 
not require a repeat procedure were calculated through one year post-
ablation for each cohort with Kaplan-Meier survival models. Cox 
regression models were used to test for the significance of additional 
patient and procedural characteristics in explaining reablation rates, 
as well as for calculating hazard ratios to compare reablation risk by 
cohort. The characteristics tested for significance included age, sex, 
CHA2DS2-VASc score, congestive heart failure, LA size and volume, 
left ventricular ejection fraction (LVEF), operator, procedure time, 
and the ability to pharmacologically induce latent arrhythmia.

All statistical analyses in this study were performed using SAS 
software, Version 9.2 (SAS Institute, Inc., Cary, NC). All data were 
de-identified and accessed in compliance with the Health Insurance 
Portability and Accountability Act.

Results
A total of 323 patients had an index ablation for PAF during 

the study period and were eligible for inclusion in the analysis. An 
additional 38 procedures performed within the study period were 
excluded from the analysis population due to missing catheter 
information. The RF cohorts consisted of 32 patients with SF 
ablation from July 2013 to March 2014, followed by 232 patients 
with ST ablation from April 2014 through June 2016. The CA 
cohort consisted of 59 patients with ablation dates from July 2013 
to March 2016.

Patient characteristics
The patient population comprised 50% males, with significantly 

more females (73%) in the CA cohort (chi-square p=0.0006) 
compared with the SF or ST cohorts (53% and 55%). The mean 
age was 63 years with similar age distributions across cohorts. 
CHADS2 scores were also similar across cohorts, averaging 1.4 for 
the SF and CA cohorts and 1.3 for the ST cohort. Mean CHA2DS2-
VASc risk scores were slightly higher in the CA cohort due to the 
higher percentage of females in this cohort, while prevalence rates of 
individual comorbidities, LVEF, and LA size (parasternal long axis 
view) were similar across the three cohorts [Table 1].

Since the SF cohort had ablations completed during the earliest 
portion of the study period, all 32 (100%) of this cohort had at least 
2 years of follow-up time between their index procedure and the data 
extraction in December 2016. The ST cohort had the most recent 

ablations on average, but had a later data extraction date in December 
2017, such that 100% of the 232 cases had 1 year or more of follow-
up time and 62.5% had 2 or more years. The CA cohort included 58 
(98.3%) patients with at least 1 year and 52 (88.1%) with at least 2 
years of follow-up.

Safety
Acute procedure related serious complications were infrequent,  and 

occurred at similar rates between the three cohorts (SF: 2/32 [6%]; 
ST: 9/232 [4%]; CA: 1/59 [2%]; p=0.5311). The SF events were a case 
of pericardial effusion requiring treatment and a stroke with complete 
resolution after 3-4 days. The ST events included six cases of effusion 
or tamponade requiring treatment or extending the patient’s hospital 
stay; one vascular access event requiring a blood transfusion; and two 
cases of transient symptoms potentially indicating a cerebrovascular 

Table 1: Procedural Detail
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Table 2: Procedural Detail

SF (N=32) ST (N=232) CA (N=59)

Efficiency Measure n Mean ± SD n Mean ± SD n Mean ± SD

    Total Procedure 
    Time* (minutes)

31 92.2 ± 25.0 222 81.9 ± 31.7 50 93.6 ± 29.5

    Total Fluoroscopy 
    Time*** (minutes)

28 1.5 ± 1.7 229 0.2 ± 0.4 41 12.4 ± 6.9

    Radiation
    Dose*** (mGy)

30 247.7 ± 423.6 225 9.5 ± 26.0 53 676.4±949.1

   Ablation Time (minutes) 30 35.8 ± 11.1 227 31.5 ± 11.8 24 25.0 ± 11.9

Ablation Procedure n Percent n Percent n Percent

    Additional 
    Non-PVI Triggers***

7 21.9 55 23.7 0 0.0

    DC Cardioversion 
    Required

2 6.3 10 4.3 7 11.9

Statistical test: ANOVA; significance denoted by * for p<0.05, ** for p<0.01, *** for p<0.001

Figure 2: ST Cohort Disposition

AAD: Antiarrhythmic drug
ST: Thermocool Smarttouch Catheter

Figure 3: Freedom from Reablation Across Technology Based Cohorts

CA: Cryoablation
SF: Thermocool SF Catheter
ST: Thermocool Smarttouch Catheter

event, neither of which showed MRI findings nor required treatment. 
The CA event was a case of pericardial effusion requiring treatment.

Procedural efficiency
Fluoroscopy times and radiation doses were significantly lower in 

the ST cohort (ANOVA p-values<0.0001) (Table 2). Mean procedure 
times were similar for the SF cohort (92 minutes) and CA cohort (94 
minutes), while RF ablations using the newer ST technology resulted 
in a mean time savings of 10 minutes over the prior SF technology 
(82 minutes, ANOVA p-value=0.0201).

Recurrence
Recurrence of any atrial arrhythmia was captured at 12-month 

follow-up visits starting  approximately at the time of the change 
from SF to ST technology for RF ablations, and thus was not 
available for the SF cohort and was only available for CA procedures 
that occurred after systematic data collection was instituted. Since 
sample size with 12-month follow-up data was further reduced due 
to some patients not returning for a 12-month visit, only the ST 
population had sufficient sample size for reporting this outcome.

As shown in Figure 2, 186 (80.2%) of the 232 ST patients with 
an index ablation during the study period had 12-month follow-
up visit data. Of the patients with follow-up, 161 (86.6%) met the 
12-month success endpoint and 147 (91.3%) of these were also off 
AADs. Fifteen (8.1%) of the ST patients with 12 months of follow-
up had reablations with in the first year, and another 10 (5.4%) were
considered to be failures per the 12-month effectiveness end point.
Thirteen of the 15 patients with reablations had 12-month follow-
up visits after the second ablation, at which time 12 met the success
criteria for the effectiveness endpoint.

Repeat ablation procedures
Kaplan-Meier survival modeling showed that ST ablation 

technology was associated with a significant reduction in repeat 
procedure rates (log-rank p-value=0.0194). Product limit survival 
estimates of repeat procedure rates at one year were 15.6% for SF, 
13.7% for CA, and 6.5% for ST. This reduction persisted at 2 years 
with cumulative reablation rate estimates of 21.9% for SF, 
20.7% for CA, and 9.0% for ST (Figure 3). Cox regression models were used to test for significance of 

additional baseline patient characteristics on risk of a repeat ablation 
procedure. None of the available demographics or co-morbidity 
indicators were significant after adjusting for the catheter cohort. 
In addition, separate models for each cohort showed no significant 
effect on need for reablation within any of the technologies.

Discussion
Main finding

Our main finding is that CF-sensing catheters, combined with 
Visitag technology and the proposed standardized ablation protocol 
could decrease both total procedure and fluoroscopy times in PAF 
ablation procedures, compared to a non-CF-sensing catheter or 
cryoballoon. Our study also showed that integrating a CF-sensing 
catheter (ST) and an automated ablation annotation algorithm 
with a rigorous workflow led to good clinical outcomes, including 
a significant reduction in the need for reablation compared to 
procedures using the SF catheter or second-generation CA.
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attempt to provide the missing piece of the equation, a single value 
that objectively summarizes the total energy used. Preliminary 
studies using AI are promising, revealing improvements in clinical 
outcomes such as PV reconnection rates and tachyarrhythmia 
recurrence rates[15]. Our study was conducted prior to publication of 
the AI literature, but our goal of standardizing RF ablation strategies 
in order to reduce RF ablation time and the need for repeat ablation 
procedures was the same.

Cryoablation vs. force-sensing RF technology
 Three studies have addressed procedural and clinical benefits of CF 

guided RF ablation versus CA[16-18]. All three studies failed to show 
a difference in atrial arrhythmia recurrences between the strategies, 
and they reported conflicting procedural outcomes. Two of the 
studies reported longer procedural time in the RF group compared 
to the CA,[16, 17] with one suggesting that the reason was time spent 
generating a reliable 3D reconstruction of the LA geometry[16].
Fluoroscopy time in this study, though longer than in our study, was 
not significantly different between the RF and CA cohorts[16]. Only 
the study by Kardos used Visitag software in a standardized way, in 
a non-specified number of patients spanning approximately 80% of 
the study duration[17]. Although total RF time was not reported, the 
mean procedural time of 120 minutes was substantially longer than 
reported in our study[17]. Jourda et al. reported shorter procedure 
time and radiation exposure with CF guided RF ablation, though 
values were considerably higher than we observed[18]. This could be 
explained by the lack of standardized lesion tagging, thus supporting 
our hypothesis that AF ablation procedures could be more efficient 
with a standardized work flow and our proposed Visitag tagging 
strategy.

 Our study is important as the first to compare three widely used 
AF ablation strategies while standardizing the use of the new CF 
technologies in order to achieve reproducible results with minimal 
variability across physicians and mapping technologist. One clinically 
relevant benefit to both operators and patients is the minimization 
of fluoroscopy, particularly with CF sensing technology where both 
Visitag and Univu are consistently used, averaging only a few seconds 
of exposure and mostly lead-free procedures for the operators.

Overall, our automated annotation strategy achieved the desired 
results of safety, efficiency and effectiveness. Procedural efficiency 
was achieved through reducing RF ablation time due to a more 
lenient initial tag filter criteria. Effectiveness was improved through 
increasing our ability to identify areas with insufficient CF after the 
first lesion set, in which further ablation was required, thus resulting 
in a higher success rate and a lower repeat procedure rate compared 
to the other two strategies.

Limitations
The primary limitations of this study are consequences of the 

non-randomized nature of the retrospective unmatched cohorts. 
In particular, the timing of SF procedures is earlier than the ST 
procedures. With rapid advancements in the field, the later procedures 
incorporate some learnings beyond those attributable specifically to
CF technology. Alternatively, the ST procedures include a learning 
curve for this site on new technology since they represent the first 

New technologies for radiofrequency AF ablation
Over the past decade, several technologies have advanced the field 

of AF ablation. Improvements in EAM systems, such as continuous 
multi-electrode mapping, have allowed us to obtain more information 
in a shorter time[7]. CF-sensing catheters have also shown great 
promise in clinical trials, and now allow us to better estimate the 
quality of lesions delivered, ultimately achieving more durable lesions 
that can substantially improve procedural outcomes[8].The amount 
of information available to physicians through these technological 
advances in AF ablation has increased significantly; nevertheless, 
there exists no clear consensus on how to use, apply, and combine the 
new technologies for optimizing procedural outcomes.

A recent study by Anter et al. reported on effectiveness of automated 
annotation of RF ablation lesions using Visitag software with 
different predefined filters and irrigated, non CF-sensing catheter 
technology[9]. These researchers reported a higher PVI success rate 
after completion of the initial anatomical line with Visitag and pre-
defined catheter stability versus operator-guided ablation (90.5% vs. 
66.7%, p=0.0001). This translated to a lower recurrence rate in the 
Visitag cohort (9.5%) compared to the cohort with empirical lesion 
tag annotation (23.8%).

Our workflow with CF-sensing technologies (ST cohort) resulted 
in lower RF time to achieve PVI compared to the Anter study (32 vs. 
50 minutes). This reduction is likely due to: a) the addition of CF-
sensing minimizing energy delivery when contact is sub-optimal; b) 
our minimal Visitag filters preventing unnecessarily long ablation 
times; and c) higher RF power used in our study. The ablation 
settings of 40 watts for 15 seconds that were used during our study 
correspond to a common trend toward higher power with shorter 
duration of energy application that has been proven safe and effective 
in in vivo models[10,11].

Several studies have also evaluated the synergistic role of Visitag 
with CF technology. The first study used different stability filters and 
when CF was not added to Visitag, only 74% of PVs were isolated 
with the initial PV encirclement, despite open access to real-time CF 
information[12]. When a FOT criterion of 10 g was introduced, and 
further ablation was performed at the sites of automated annotation 
visual gaps, the PVI rate increased to 92%. This report did not include 
long-term clinical results, but another study using similar strategies 
resulted in clinical success rates of 81% at 12.9 months[13].

A more recent study found that use of a Visitag software algorithm 
synergistically with CF ablation catheters resulted in a higher PVI 
rate during the first encircling lesion set compared to no Visitag 
use (66% vs. 37%, p=0.0006), with a corresponding improvement in 
freedom from AF at one year (91.8% vs. 76.2%)[14]. Our study is the 
first to compare three widely used technologies, reporting improved 
procedural efficiency with ST technology combined with a proposed 
lesion tagging workflow.

Although these technological advances are all intended to increase 
safety and durability of results, a standardized ablation method has 
not been validated and adopted widely within the electrophysiology 
community. The development of Ablation Index (AI) is a recent 
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ablations using the new workflow. CA procedures span both SF 
and ST procedures in time with no significant workflow changes, 
so they are unlikely to contribute significantly to any time effects. 
Arrhythmia recurrence, which was collected only after the switch 
from SF to ST, could not be compared across technologies.

Another limitation is the potential for selection bias between 
RF ablation and CA. However, it is reasonable to assume that any 
selection bias would persist over the entire study timeframe, thus 
would not explain differences seen between the SF and ST cohorts. 
Additional limitations include potential confounding by unmeasured 
variables and the possibility of insufficient statistical power to detect 
significant differences for factors with low prevalence.

Conclusion
Adoption of the proposed workflow, using CF catheter technology 

and Visitag automated annotation software, may result in improved 
procedural outcomes, reductions in procedure time, fluoroscopy 
exposure, and reablation rates compared to non-CF RF ablation and 
second-generation CA, without compromising procedural safety.
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Introduction
Pulmonary vein isolation (PVI) has become the mainstay therapy 

for anti-arrhythmic refractory or intolerant, symptomatic paroxysmal 
atrial fibrillation (PAF) patients[1]. Irrigated force sensing ablation 
catheters (AC) have improved efficacy of the ablation procedure 
while minimizing complications like thrombus formation and 
stroke[2]. Irrigated-tip ACs by virtue of their design infuse large 
volumes of heparinized saline in short time periods, especially during 
lesion formation which can be substantial in long atrial fibrillation 
(AF) ablation procedures[2]. However, the clinical impact of these 
large saline infusions in immediate post-operative period is not well 
studied.

 Currently, there are two force sensing irrigated-tip ACs 
available from Biosense Webster, which are FDA approved for 
ablation treatment in patients with PAF. These are the SmartTouch 
ThermoCool® ablation catheter (TCAC) and the SmartTouch 
ThermoCool® ‘Surround Flow’ irrigated-tip ablation catheter 
(SFAC)[3]. Although similar in mechanical design, these ACs have 
different irrigation flow rates of heparinized saline. The base flow 
rate when not ablating is the same at 2 ml/min for both the ACs. 
However, when utilizing radiofrequency (RF) energy of ≤30 watts, 
the flow rates are 17 ml/min and 8 ml/min, respectively. With >30 
watts of RF energy the flow rates increase to 30 ml/min and 15 
ml/min, respectively. During long radiofrequency ablation (RFA) 
procedures the difference in the infused saline can be substantial 
between these two ACs.

  We took advantage of the differential flow rates between 
these otherwise similar designed ACs to evaluate the measurable 
biochemical and clinical impact of the saline volume infused 
through the ACs in PAF patients during their RFA procedure in the 
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Abstract
Background: Radio-Frequency ablation (RFA) to achieve pulmonary vein isolation (PVI) remains mainstay therapy for symptomatic 

paroxysmal atrial fibrillation (PAF). The clinical consequences of large saline infusions during AF ablation have not been systematically 
studied. We utilized the differential flow-rates of the two commercially available ablation catheters (AC): ‘ThermoCool’ (TCAC) and ‘Surround 
Flow’ (SFAC) from Biosense-Webster to evaluate the clinical impact of the saline infused in the immediate post-ablation period.

Methods: Consecutive charts of PAF patients between 18 and 81 years who underwent RFA procedure at a tertiary care hospital were 
reviewed.

Results: Forty-seven patients were included in the study (33Males, 65±11years, LVEF 58±7% and left atrial diameter 44±7.5mm, 23TCAC-
use). The saline volume infused through the AC was significantly higher with TCAC vs SFAC use (1277±316vs697±299 ml; p<0.001), with no 
difference in volume infused from other sources, total procedure or RFA times (p>0.05). This led to significant increase in post-ablation weight 
gain (96±23 vs 97.5±24kg; p=0.002), furosemide usage (39% vs 0%; p=0.0006), urine production (120±79 vs 63±31ml/hr; p=0.003) and 
post-RFA potassium reduction (4.4±0.42 vs 4±0.32mmol/l; p<0.001) with TCAC use. Significant post-RFA reduction in magnesium, calcium 
and creatinine, associated hyperchloremic metabolic acidosis and a modest QTc prolongation were also observed with use of both ACs albeit 
only moderate to weakly correlated with saline volume infused through the AC. No clinical adverse outcomes were encountered.

Conclusions: Higher saline-volume infusing AC use in PAF ablation causes significant post-ablation weight gain despite higher furosemide 
use, larger urine production and associated post-RFA potassium reduction without increasing morbidity in lower acuity patients. Furthermore, 
an array of post-ablation electrolyte disturbances causes a modest and clinically insignificant QTc prolongation.
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immediate post operative period of up to 1 month.

Methods
Study Population and Design 
 This was a retrospective, single center chart review study. 
Deidentified electronic medical records of consecutive patients aged 
between 18 and 81 years who had undergone a RFA procedure for 
the indication of PAF at OhioHealth Riverside Methodist Hospital, 
Columbus, Ohio, USA, from May 1, 2017 to June 1, 2018 were 
retrospectively reviewed. We included both first time and repeat RFA 
patients who had symptomatic PAF with or without anti-arrhythmic 
medication use. The study was approved by OhioHealth Institutional 
Review Board. Electro-anatomic mapping with CARTO 3 system 
(Biosense Webster, Diamond Bar, CA) was used to perform wide 
antral contiguous ablations (WACA) around pulmonary vein in all 
patients to achieve PVI using RF energy. In selected patients cavo-
tricuspid isthmus (CTI) ablation, and/or left atrial roof or mitral 
isthmus line ablations were also performed as clinically indicated 
using either TCAC or SFAC under general anesthesia. The use of 
TCAC or SFAC was solely based on the operator preference and was 
roughly 1:1 in the data reviewed.

Study Variables Reviewed
      The patient demographics, medication and medical history, 

RFA procedure details, pre and post-RFA parameters as shown in 
[Table 1] were systematically reviewed.

   Pre-procedure QTc, serum electrolytes and creatinine, LVEF% 
(using surface echocardiography or intra-cardiac echocardiography) 
and left atrial (LA) dimensions (using CT Angiogram, or surface/
intra-cardiac echocardiography) were collected within 30 days prior 
to or on the day of RFA procedure. TEE if indicated was performed 
immediately prior to RFA. Accurate body weight and BMI was 
collected on the morning prior to the RFA procedure.

  Post procedure QTc, serum electrolytes, serum creatinine and 
body weights were recorded within 24 hours of the RFA. Intravenous 
furosemide in increments of 20 mg was used on the operator’s 
discretion either immediately post RFA or the next day based on 
the urine output and/or weight gain. Post ablation follow up was 
performed by review of electronic medical record (EMR) and face to 
face evaluation depending on physician preference.

Statistical Analysis
  For continuous variables, means and standard deviations were 
computed and for categorical variables, proportions and frequency 
counts were calculated. Group comparisons of categorical variables 
were made using Fisher’s exact or Chi square test and continuous 
variables using Student’s t-test (for normally distributed variables) 
and Mann-Whitney U test (for variables not distributed normally). 
Paired continuous variables pre and post intervention were compared 
with either paired t-test or Wilcoxon signed rank test for normally 
or not normally distributed data, respectively. A statistical test was 
considered significant if the P value was <0.05.

       We used SAS enterprise 7.1 (Cary, NC) for statistical analysis 
of the data.

Results 
      Forty seven consecutive patients undergoing PAF ablations were 
retrospectively reviewed. Twenty three of them underwent PAF 
ablation with a TCAC and the remaining 24 with a SFAC.

  Patient baseline characteristics as noted under the demographics, 
medication and medical history section in [Table 1] were not 
significantly different between the 2 groups. The overall patient 
population was of lower acuity with LVEF of 57.8±7%, LA size 
of 44.2±7.5 mm and CHADS VASC score of 2.4±1.4, and these 
parameters were not significantly different between the 2 groups 
studied.

Table 1: Clinical variables reviewed for the research study for all patients

Category Parameters

Demographics, Medications 
and Medical History

1. Age
2. Gender
3. Medications

a. Beta blocker 
b. Calcium channel blocker 
c. ACE inhibitor 
d. Anti-arrhythmic medication 
e. Anticoagulation medication 

4. Medical history
a. Hypertension
b. Diabetes
c. CVA
d. Vascular disease (PVD or CAD)

Pre-RFA Procedure 1. Left ventricular ejection fraction (LVEF; %)
2. Left atrial size (cm) 
3. QTc on pre-RFA ECG (msec)
4. Weight (kg)
5. Chemistry panel date

a. Serum creatinine (mg/dL)
b. Serum electrolytes (Na, K and Mg, Cl, HCO3, 

Anion Gap; mEq/L, Ca; mg/dl)

RFA Procedure 1. Type of ablation catheter used (TCAC or SFAC)
2. Type of ablations performed

a. Wide-area circumferential ablation around PVs
b. Cavo-tricuspid isthmus ablation 
c. Additional RFA lines (LA roof/floor or mitral 

isthmus)
3. Fluid via ablation catheter (ml)
4. Fluid via non-ablation catheter sources (ml)
5. Use of Furosemide post-RFA
6. Total procedure time (groin access to sheath

pull; min)
7. Fluoroscopy time (min)
8. Total number of RFA lesions (number)
9. RFA total time (min)
10. Foley catheter insertion (yes/no)
11. Urine production at end of RFA(ml) 
12. External Cardioversion during RFA
13. Cardiac rhythm at the start of the procedure

Post-RFA Procedure
1. Length of stay in the hospital (hours)
2. Use of Furosemide through 30 days post-RFA
3. Foley catheter in situ time (min)
4. Urine production (ml/hr) during hospital stay 

while Foley in place
5. Weight post-RFA (kg) 
6. QTc on post-RFA ECG
7. Chemistry panel 

a. Serum creatinine (mg/dL)
b. Serum electrolytes (Na, K, Mg, Cl, HCO3, Anion

Gap; mEq/L, Ca; mg/dl)
8. Readmission to the hospital or phone calls 

within 30 days with RFA-related complications
9. External Cardioversion post-RFA for recurrent AF

ACE: angiotensin converting enzyme; CVA: Cerebrovascular accident; PVD: Peripheral vascular 
disease; CAD: coronary artery disease; LVEF: Left ventricular ejection fraction; TCAC: SmartTouch 
ThermoCool® ablation catheter; SFAC: SmartTouch ThermoCool® ‘Surround Flow’ irrigated-tip 
ablation catheter; PVs: Pulmonary veins; LA: Left atrium; RFA: Radiofrequency ablation; AF: Atrial 
fibrillation
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Fluid infused during RFA procedure
     The mean volume of heparinized saline infused through the 
AC in the patients was significantly higher when TCAC was used 
when compared to the SFAC (1277±316 vs 697±299ml; p<0.001). 
Consequently, the mean total volume of fluid given during the AF 
ablation procedure to these patients was also significantly higher when 
TCAC was used (3105±803 vs 2288±726ml; p<0.001). However, 
the mean saline volume infused from other sources besides the AC 
between the 2 groups was not statistically different. Furthermore, the 
total procedure time and total RFA time were also not significantly 
different between the 2 groups [Table 3].

    This suggests that the observed differences in the clinical/
biochemical parameters as noted below may be directly correlated 
with the saline volume infused via the RF AC during the AF ablation 
procedure.

Biochemical Parameters
         We evaluated serum chemistries and found a significant reduction 
of serum creatinine, calcium, magnesium and bicarbonate, along with 
significant increase in serum chloride but no change in serum sodium 
across all patients irrespective of the AC used [Table 2].

   When these serum chemistry changes were correlated with 
the saline volume infused during RFA we found that post-RFA 
potassium reduction (r=-0.34; p=0.01), and post-RFA magnesium 
reduction (r=-0.47; p=0.007; [Figure 2], panel A) were the only two 
parameters moderately correlated with total fluid infused during the 
RFA procedure.
-
      Significant post-RFA reduction in serum potassium level ([Figure 
1], panel A) was noted only when using higher saline volume infusing 
TCAC (4.4±0.42 vs 4±0.32 mmol/l; p<0.001) and not with SFAC 
use (4.4±0.3 vs 4.2±0.4 mmol/l; p=0.16). This finding is independent 
of furosemide use and was demonstrated uniformly in all patients 
undergoing ablation with TCAC. In fact, post-RFA potassium 
reduction in TCAC group who did not receive furosemide was also 
significant (4.6±0.49 vs 4±0.39 mmol/l; p=0.001).

Figure 1:

Post-RFA change in serum potassium and body weight related to 
the type of AC used. Panel A: Bar graph depicting mean serum 
potassium levels pre and post-RFA with use of high and low saline 
volume infusing TCAC and SFAC, respectively. Significant post-RFA 
potassium reduction was only observed with HSVI TCAC. Panel B: 
Bar graph depicting mean body weight pre and post-RFA with use 
of high and low volume infusing TCAC and SFAC, respectively. 
Significant post-RFA weight gain was only observed with HSVI 
TCAC. Error bars depict SEM.

Table 2: Comparison of clinical variables pre and post-RFA procedure for 
AF ablation utilizing TCAC and SFAC

Study Variable Pre-RFA Post-RFA Post-Pre RFA 
Difference

p-value

Thermocool AC (TCAC; n=23)

Weight, (Kg)        Mean (SD) 96.0 (23.3) 97.5 (23.8) 1.46 (2) 0.002a

Median (IQR) 88.8 (107.3, 
82.7)

88.8 (107.8, 
83.1)

1.5 (2.7, 0.5)

Sr. Creatinine,    Mean (SD) 0.93 (0.18) 0.8 (0.2) -0.14 (0.13) <0.001a

 (mg/dl)           Median (IQR) 0.89 (1.1, 
0.77)

0.7 (0.93, 0.67) -0.14 (-0.02, 
-0.24)

Sr. Sodium,          Mean (SD) 140.9 (2.3) 139.8 (2.1) -1.13 (2.7) 0.056a

 (meq/l)           Median (IQR) 141 (142, 
139)

140 (140, 138) -1 (0, -3)

Sr. Potassium,     Mean (SD) 4.4 (0.42) 4 (0.32) -0.44 (0.43) <0.001b

 (meq/l)           Median (IQR) 4.5 (4.6, 4.1) 4.1 (4.2, 3.8) -0.3 (-0.2, -0.7)

Sr. Magnesium,   Mean (SD) 2.1 (0.16) 1.97 (0.2) -0.14 (0.22) 0.04a

 (meq/l)           Median (IQR) 2.1 (2.2, 2) 2 (2.1, 1.8) -0.1 (0, -0.3)

Sr. Chloride,         Mean (SD) 101.9 (2.6) 104.0 (3.13) 2.1 (2.8) 0.001a

 (meq/l)           Median (IQR) 102 (103, 
100)

104 (106, 101) 3 (4, -1)

Sr. Bicarbonate,  Mean (SD) 25.4 (1.6) 23.96 (2.2) -1.43 (2.3) 0.01b

(meq/l)            Median (IQR) 25 (27, 25) 23 (26, 22) -2 (0, -4)

Anion gap,           Mean (SD) 18.5 (1.6) 15.7 (2.1) -2.7 (2.3) <0.001a

 (meq/l)          Median (IQR) 18 (20, 18) 16 (17, 14) -3 (-1, -4)

Sr. Calcium,         Mean (SD) 9.3 (0.4) 8.3 (0.37) -1.0 (0.45) <0.001a

 (mg/dl)           Median (IQR) 9.3 (9.7, 9.0) 8.3 (8.6, 8.1) -1.1 (-0.6, -1.3)

QTc, (msec)         Mean (SD) 435.8 (26.3) 452.6 (28.8) 18.5 (27.2) 0.004a

Median (IQR) 435 (461, 
414)

460 (472, 440) 15 (41, 3)

Surround Flow AC (SFAC)

Weight, (Kg)        Mean (SD) 103.4 (28.9) 103.5 (29.4) 0.32 (1.7) 0.38a

Median (IQR) 106.4 (119.1, 
82.5)

105.8(119.7, 
83)

0 (2, -1)

Sr. Creatinine      Mean (SD) 0.96 (0.16) 0.87 (0.19) -0.1 (0.15) 0.003a

(mg/dl)            Median (IQR) 0.94 (1.1, 
0.9)

0.81 (1.05, 
0.74)

-0.1 (-0.02, 
-0.21)

Sr. Sodium,          Mean (SD) 140.5 (2.6) 139.3 (2.8) -0.8 (1.8) 0.052b

  (meq/l)          Median (IQR) 141 (142, 
139)

140 (141, 138) -1 (1, -3)

Sr. Potassium,     Mean (SD) 4.4 (0.3) 4.2 (0.4) -0.16 (0.5) 0.16a

(meq/l)            Median (IQR) 4.4 (4.6, 4.2) 4.1 (4.5, 3.9) -0.2 (0.3, -0.5)

Sr. Magnesium,   Mean (SD) 2.0 (0.13) 1.9 (0.12) -0.09 (0.17) 0.04a

(meq/l)            Median (IQR) 2 (2.1, 1.9) 1.9 (2, 1.8) -0.1 (0.05, 
-0.15)

Sr. Chloride,         Mean (SD) 100.9 (1.8) 103.4 (2.9) 2.5 (2.4) <0.001b

(meq/l)            Median (IQR) 101 (102, 
100)

103 (105, 102) 1 (4, 1)

Sr. Bicarbonate,  Mean (SD) 26.1 (2.3) 23.9 (1.8) -2.2 (2.6) <0.001b

 (meq/l)           Median (IQR) 27 (28, 25) 24 (25, 23) -3 (-1, -4)

Anion gap,           Mean (SD) 17.8 (2.8) 16.3 (1.9) -1 (2.4) 0.06a

(meq/l)            Median (IQR) 18 (19, 16) 17 (17, 15) -1 (1, -4)

Sr. Calcium,         Mean (SD) 9.4 (0.46) 8.5 (0.6) -0.9 (0.62) <0.001a

 (mg/dl)           Median (IQR) 9.5 (9.9, 9.1) 8.6 (8.9, 8.1) -0.9 (-0.3, -1.3)

QTc, (msec)         Mean (SD) 440.7 (20.8) 455.5 (31.3) 15.7 (23.2) 0.005a

Median (IQR) 442.5 (453, 
422)

455 (469, 430) 13.5 (31, 1)

RFA: Radiofrequency ablation AC: Ablation catheter; SD= Standard deviation; IQR= Interquartile 
range; Sr. = Serum; a= Paired t-test; b= Wilcoxon signed rank test
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period up to 1 month. We did not find any increase in intra/post-
procedure external cardioversions for AF, phone calls post-RFA 
procedure [Table 3], ventricular arrhythmias from QTc prolongation 
or signs or symptoms of tetany from hypocalcemia.

      Between the TCAC and SFAC groups we also did not note any 
significant difference in average procedural characteristics including 
fluoroscopy time, number of RFA lesions made during the procedure, 
ablation lesion set of PVI, CTI, LA roof or mitral isthmus lines 
performed during the procedure, average patient length of stay in the 
hospital, in-situ Foley catheter time[Table 3] or related complications 
like hematuria.

Clinical Parameters
     Clinical parameters that can be affected with differential 
saline volume infusion via the AC or associated serum electrolytes 
disturbances were also evaluated.

     Post-RFA weight gain was significantly higher when TCAC 
was used (96±23 vs 97.5±24 kg; p=0.002) when compared to SFAC 
(103.4±29 vs 103.5±29 kg; p=0.38) ([Figure 1], panel B). Furthermore, 
post-RFA rate of urine production (120±79 vs 63±31ml/hr; p=0.003) 
and use of loop diuretic, furosemide (39% vs 0%; p=0.0006) were also 
significantly higher with TCAC use [Table 3].

      In TCAC group, 5 patients received furosemide 20 mg 
intravenously immediately post-RFA and the rest 4 patients received 
it on post-RFA day #1 before discharge. Importantly, the first group 
did not have significant weight-gain (94.7±11 vs 95.4±11 kg; p=0.5). 
Post-RFA weight gain was only moderately correlated with fluid 
through the AC and total fluid infused (r=0.3; p=0.03 and r=0.34; 
p=0.02 respectively)

         We found that the higher urine production in the TCAC group 
was not exclusively related to furosemide usage, since patients who 
did not receive furosemide post-RFA in the TCAC group also had 
significantly higher urine production when compared to SFAC group 
(1132±621 vs 693±421 ml; p=0.01). Post RFA urine production was 
moderate to strongly correlated with the volume of saline infused via 
AC (r=0.5; p<0.001; [Figure 2], panel B).

Figure 2:

Post-RFA hypomagnesaemia and urine production related to fluid 
infused during RFA procedure. Panel A: Scatter plot depicting 
a moderate to strong negative correlation (r=-0.47; p=0.007) 
between the total fluid infused during RFA (x axis) and the 
observed post-RFA reduction in serum magnesium levels (y axis) 
among all patients undergoing AF ablation procedure using either 
TCAC or the SFAC. Panel B: Scatter plot depicting a moderate to 
strong positive correlation (r=0.5; pLT;0.001) between the fluid 
infused via the ablation catheter (x axis) and the post-RFA urine 
production (y axis) among all patients undergoing AF ablation 
procedure using either TCAC or the SFAC.

     QTc intervals were also significantly increased post-RFA 
irrespective of the AC used although still within normal limits (Table 
2). The modest post-RFA QTc prolongation was not correlated with 
fluid administered, but as expected, moderately correlated with 
induced post-RFA magnesium reduction (r=0.34; p=0.07).

Post-RFA morbidity and other Clinical Parameters
     Surprisingly, the higher saline infusion and weight gain noted 
with TCAC did not translate into higher readmission rates due to 
fluid overload among these patients in the immediate post-RFA 

Table 3: Comparison of clinical variables between the two groups of PAF 
patients who underwent AF ablation using TCAC and SFAC

Study Variable Thermocool AC
TCAC (n=23)

Surround Flow AC
SFAC (n=24)

p-value

Urine output (ml)         Mean (SD)
 at procedure end    Median (IQR)

500.7 (372.2)
350 (750, 200)

295.7 (287.3)
200 (400, 100)

0.02b

Rate of urine                 Mean (SD)                 
 production (ml/hr)    Median 
(IQR)

119.9 (79.3)
96.8 (154.5, 58.3)

63.1 (31.3)
58.3 (87.9, 41.7)

0.003a

Fluid via AC, (ml)          Mean (SD)                    
                                   Median (IQR)

1277 (315.8)
1229 (1498, 1000)

697.3 (299.3)
650 (731, 584)

<0.001b

Ex-AC fluid,  (ml)          Mean (SD)
                                   Median (IQR)

1828 (689)
1800 (2250, 1117)

1591 (583.6)
1637.5 (1998, 1108)

0.21a

Total fluid, (ml)            Mean (SD)
                                   Median (IQR)

3105 (803)
3022 (3557, 2471)

2288.8 (725.8)
2330 (2775, 1723)

<0.001a

Procedure time,           Mean (SD)
 (min)                       Median (IQR)

213.9 (43.5)
210 (240, 195)

192.7 (46.0)
201.5 (217, 137)

0.11b

Fluoroscopy time,       Mean (SD)                          
 (sec)                         Median (IQR)

523.6 (277.4)
447 (654, 384)

511.8 (231.8)
496.0 (620.5, 344.5)

0.39a

No. of RFA lesions,       Mean (SD)
                                   Median (IQR)

117.7 (44)
121 (131, 100)

108.8 (40)
112.5 (122.5, 96)

0.19b

RFA time,                      Mean (SD)
 (min)                        Median (IQR)

49.1 (14.8)
46.7 (57.9, 39)

43.8 (13.8)
42.9 (48.4, 36.8)

0.18b

Length of stay,             Mean (SD)
 (hr)                           Median (IQR)

30.7 (18.0)
26 (28, 26)

30.8 (13.2)
27.3 (29, 25)

0.37b

Foley catheter time     Mean (SD)
 (hr)                           Median (IQR)

10.2 (3.3)
10 (12, 8.5)

10.8 (2.9)
9.7 (12, 9.3)

0.52a

WACA for PVI, N (%)      Yes
                                        Redo

20 (83.3)
4 (16.7)

21 (91.3)
2 (8.7)

0.4c

CTI line, N (%)                No
                                        Yes
                                        Redo

5 (20.8)
19 (79.2)
0

3 (13.0)
19 (82.6)
1 (4.4)

0.5c

LA floor line, N (%)        Yes
                                        No

0
23

1 (4.2)
23 (95.8)

0.99c

LA roofline, N (%)          Yes
                                        No

6 (26.1)
17 (73.9)

4 (16.7)
20 (83.3)

0.4c

Mitral isthmus line, N (%)  
                                       Yes
                                       No

1 (4.4)
22 (95.7)

1 (4.2)
23 (95.8)

0.98c

Post-RFA Furosemide use, N (%)
                                            Yes
                                            No

9 (39.1)
14 (60.9)

0
24

<0.001c

Re-admission, N (%)     Yes
                                        No

1 (4.3)
22 (95.7)

1 (4.2)
23 (95.8)

0.9c

Post-discharge phone calls, N (%)
                                            Yes
                                            No

8 (34.8)
15 (65.2)

6 (25)
18 (75)

0.4c

Intra/Post-RFA Cardioversion, N 
(%)                                       Yes
                                            No

9 (39.1)
14 (60.9)

9 (37.5)
15 (62.5)

0.91c

AC: ablation catheter; Ex-AC: sources other than AC; RFA: radiofrequency ablation; WACA: Wide-area 
circumferential ablation; PVI: pulmonary vein isolation; CTI: cavotricuspid isthmus; LA: left atrium; 
SD= Standard deviation; IQR= Interquartile range; a= Two sample t-test; b= Wilcoxon Mann-Whitney 
U test; c= Chi square- test
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caused hyperchloremic metabolic acidosis noted in all our patients 
irrespective of the irrigated-tip AC used. The underlying cause is 
dilution of the preexisting serum bicarbonate and increase in renal 
bicarbonate elimination as a result of chloride excess from volume 
expansion[5]. Although not tested here, conceptually, using normal 
saline with sodium bicarbonate in the ablation fluid should reduce 
the occurrence of post-RFA hyperchloremic metabolic acidosis and 
potentially other related biochemical changes.

   Observed post-RFA calcium reduction has been previously 
described and is thought to be due to impaired renal Ca2+ re-
absorption and perhaps dilutional in nature,[6] akin to trauma 
patients after fluid resuscitation[7]. No evidence of clinical tetany was 
observed in our patients, probably due to unchanged ionized serum 
Ca2+. Furthermore, observed metabolic acidosis is protective against 
clinical tetany.

     We noted significant post-RFA magnesium reduction with both 
the ACs. Besides being dilutional in nature, associated metabolic 
acidosis and post-RFA potassium reduction will also cause post-
RFA magnesium reduction. Furthermore, furosemide use in the 
TCAC group reduced magnesium resorption in the ‘loop of Henle’ 
increasing its excretion via the kidneys.

     In light of these biochemical changes and possibly autonomic 
nervous system modulation with ganglionic plexus ablation when 
ablating around the PVs, it is not surprising to see a significant but 
modest increase in post-procedure QTc interval (although still within 
normal limits) which has also been previously reported in AF ablation 
patients[8]. In our cohort this is noted in all patients irrespective 
of the volume of saline infused through the AC. Observed QTc 
prolongation did not increase the incidence of torsade de pointe.

Study Limitations
     Ours is a retrospective, single tertiary care center observational 
study with a relatively small number of lower acuity PAF patients 
and therefore may not be generalizable to other patient populations.

    It is possible that due to a small clinical affect we do not see 
a significant increase in fluid overload readmissions when using 
HSVIAC in the number of patients that we have studied. However 
with a larger number or higher acuity (systolic heart failure or chronic 
renal disease) patients this may become clinically significant. Further 
studies are needed to confirm this potential outcome.

   We did not study proprietary irrigated-tip ACs from other 
manufacturers besides Biosense Webster. However, we see no 
scientific reason that these results would not be generalizable to 
their use. We think that these results are more specific to the saline 
volumes infused via irrigated-tip ACs during ablations for treatment 
of PAF irrespective of the AC manufacturer.

Conclusion
         Use of higher saline volume infusing AC in PAF ablations causes 
significant post-ablation weight-gain despite frequent furosemide 

Discussion
     Our study highlights important findings which will be relevant 
for clinicians who perform RF ablations for treatment of PAF. First, 
use of higher saline volume infusing (HSVI) AC is more likely to 
cause post-RFA weight gain despite more frequent post-RFA use of 
loop diuretics, leading to increased urine production and associated 
post-RFA potassium reduction. Second, when using HSVI AC, 
immediate post-RFA furosemide usage seems to prevent this weight 
gain. Third, all patients undergoing PAF ablation with an irrigated-
tip AC exhibit significant serum electrolyte disturbances like 
post-RFA magnesium and calcium reduction with associated QTc 
prolongation although still within normal limits, and hyperchloremic 
metabolic acidosis and post-RFA creatinine reduction. Fourth, in 
our experience the observed biochemical and clinical changes do not 
translate into increase in post-procedure morbidity in lower acuity 
PAF patients.

     Huang et al, in a larger cohort of 111 patients have previously 
reported prolonged hospital admission and readmission rates after 
AF ablation at 5.4 and 7.2%, respectively[4] .This was primarily 
observed in older patients with persistent AF, who presented in AF 
at the start of the procedure and had longer procedure time with 
more ablation lesions[4]. Nonetheless, even in their higher acuity 
patient population they also did not find the use of HSVI AC to be 
significantly associated with fluid overload readmissions after RFA[4].

     We find an average post-RFA weight increase in the TCAC 
group of 1.5 kg but virtually none in the SFAC group despite only 
an average of ~800 ml higher saline intake in the former group. 
The exact cause for this would be difficult to determine from this 
retrospective study but a number of reasons can potentially explain 
this observation: a) A ‘threshold affect’ suggesting that the TCAC 
group got higher saline infusion during the procedure than aputative 
threshold amount that the human body can efficiently equilibrate 
in a timely fashion, b) A higher oral intake in the TCAC group 
cannot be completely ruled out since this was not monitored in this 
retrospective study, c) It is also possible that the TCAC group that 
gained more weight were more dehydrated pre-RFA than the SFAC 
group. Our patient cohort had normal cardiac and kidney functions, 
which coupled with significantly higher furosemide use and higher 
urine production when using HSVI AC likely prevented sustained 
fluid overload, thus preventing readmissions despite significant 
immediate post-RFA weight gain.

      Significant post-RFA potassium reduction observed only with 
HSVI AC use is primarily due to increase in the delivery of Na+ and 
H2O in the distal nephron from larger saline infusion stimulating 
K+ secretion by lowering luminal K+ concentration and making the 
luminal potential more negative. Associated post-RFA magnesium 
reduction and more frequent furosemide usage in TCAC cohort also 
contributed to post-RFA potassium reduction albeit only to a lesser 
extent. This suggests that infusion of larger amounts of normal saline 
during PAF ablations inherently predisposes patients to post-RFA 
potassium reduction.

   Rapid large volume isotonic saline infusion without alkali 
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use, larger urine production and associated significant post-RFA 
potassium reduction without increasing morbidity in lower acuity 
patients.
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Introduction
   Catheter ablation of atrial fibrillation (AF) emerged as an 

effective treatment strategy for symptomatic, drug refractory 
AF with an estimated success of 65-90% for paroxysmal AF[1]. 
Although prior studies have demonstrated a reduction in the risk 
of stroke/systemic thromboembolism after an apparently successful 
AF ablation, there is limited evidence to suggest that the risk is 
completely eliminated[2,3]. Hence, current guidelines recommend 
caution against discontinuation of oral anticoagulation (OAC) 
post-AF ablation in patients with a CHA2DS2VASC score ≥2[4].
Regardless of the benefits, continuation of OAC is not completely 
benign and is associated with an increased risk of adverse events 
such as major bleeding and mortality. In addition, non-compliance 
and high economic burden prevents the wide-spread use of OAC 
in eligible patients. Due to lack of randomized controlled trials, we 
sought to perform a meta-analysis of all the studies published to date 
to evaluate the safety and efficacy of continuation vs. discontinuation 
of OACs after an apparently successful AF ablation in patients with 

or CHADS2 or CHA2DS2VASC score≥ 2.

Methods
   A systematic search of PubMed, EMBASE, SCOPUS and Google 
Scholar from inception to November 1st 2018 was performed. 
We used the following keywords: “atrial fibrillation ablation” ,“AF 
ablation”  ,“anticoagulation” ,“warfarin” , “novel oral anticoagulants” and 
“NOAC”. The reference lists of original studies, conference abstracts 
and relevant review articles were further reviewed. We included 
studies that reported clinical outcomes comparing continuation 
vs. discontinuation of OAC in patients with CHA2DS2VASC or 
CHADS2 score ≥ 2 who underwent AF ablation. Two investigators 
(V.A and M.K.T) independently performed the literature search, 
reviewed the originally identified titles and abstracts and selected 
studies for pooled analysis based on the inclusion criteria. The quality 
of each study was assessed using the Newcastle Ottawa scale. We 
evaluated the following clinical outcomes: 1) cerebrovascular events 
(CVE), 2) systemic thromboembolism, and 3) major bleeding. 
Statistical analysis was performed using random effects model 
estimating the risk ratio (RR) and 95% confidence interval (CI) 
obtained by Mantel-Haenszel method.Heterogeneity was assessed 
using Higgins and Thompson’s I2 statistic, with I2 values <25%, 
25% to 50%, and >50% corresponding tomild, moderate and severe 
heterogeneity respectively[5]. Analysis was performed using Cochrane 
Collaborative software, RevMan 5.3.
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Table 1: Baseline characteristics of included studies

Study Design Type of AF Study 
period

Type of OAC Mean ± SD 
CHADVASC 
Score
 or 
CHADS2 
Score

Mean 
duration 
of 
OAC

Sample 
size
OAC OAC 
Cont discont        

Mean age ± SD
(years)

OAC cont 
vs OAC 
discontinued

Type of 
ablation 
performed 
(Pulmonary 
vein isolation 
(PVI) +/- 
additional 
ablation)

Follow-
up 
period

AF monitoring

Liang, 2018 Retrospective Persistent 
50%; 

Long 
standing- 
16.7%

 2004-
2012

Warfarin, 
Dabigatran, 
Rivaroxaban

2.2 ±   
1.5

NR 121 39 61.5 ± 10.2 
vs 58.7 ± 8.8

PVI +
 non-PV 

trigger 
ablation

3.6 
± 2.4 
years

Continuous 
monitoring 
30-day post 
ablation, 30-day 
telemetry at 
6-months and 
1-year.

Sjalander,
 2017

Retrospective NR 2006-
2012

Warfarin 2.8 ± 1 3 
months

421 106 59 ± 9.4 PVI 2.6 
years

NR

Gallo, 
2016

Retrospective Paroxysmal 
50.8%
Persistent 
49.2%

2003-
2011

Warfarin 2.1 ± 1.1 3 
months

364 411 64 ± 8 vs 
60 ± 10

PVI 60 ± 28 
months

24hour holter 
ECG monitor 
every 6 months.

Riley, 
2014

Retrospective Paroxysmal 
65.6%; 
Persistent 
28%;
Long standing 
6.4%

2000-
2009

Warfarin NR NR 253 101 60±9.6 vs
55 ± 11

PVI + non-
PV trigger 
ablation

1 year 30-day trans-
telephonic 
monitor. Repeat 
trans-telephonic 
monitor at 6 and 
12 months. Echo 
at 6-weeks.

Gaita,
 2014

Retrospective Paroxysmal 
42.6%; 
Persistent 
57.4%

2001-
2009

Warfarin NR 3 
months

170 131 61±10 vs 
57±11

PVI for 
paroxysmal 
AF; linear 
lesions 
forredo-
procedures; 
PVI + ‘7’ 
scheme for 
persistent AF

60.5 
months

24hour/7day 
holter monitor 
at 1,3,6 
months and ICD 
interrogation 
(2%)

Uhm, 
2014

Retrospective Paroxysmal 
75.4%
Persistent 
24.6%

2009-
2011

Warfarin 2.82 ± 
0.98 vs
2.78 ± 1

NR 138 121 62.9 ± 9 vs
65.5 ± 8.3

PVI+/-linear 
ablation or 
complex 
fractionated 
atrial 
electrogram

18 ± 
12.2 
months

Outpatient 
follow up at 1 
month and then 
every 3 months 
for 1 and then 
every 6 months. 
Holter monitor 
at 3,6,12,18 and 
24 months.

Winkle, 
2013

Prospective Paroxysmal 
37%;
Persistent 
46.3%
Long standing 
16.7%

2003-
2011

Warfarin 4.1 ± 1.4 7.3 
months

48 60 NR PVI + 
ablation in 
the coronary 
sinus and/or 
right atrium 
and superior 
vena cava 
isolation

2.2 ± 
1.3 
years

Daily ECG strips 
for 1-3 months. 
ECG monitor for 
7-21 days  at 3 
months. Echo 
and 24hour ECG 
at 1 year.

Yagishita,
 2011

Retrospective Paroxysmal 
69.1%
Persistent 
30.1%

2003-
2006

Warfarin NR 3 
months

53 29 NR PVI + 
Cavotricuspid 
isthmus 
ablation

44 ± 13 
months

Outpatient 
follow-up at 1,3 
and 6 months. 
24hour holter 
monitor at 3,6 
and 12 months.

Themistoclakis,
 2010

Retrospective Paroxysmal 
59%;
Persistent 
19%;
Long standing 
22%

2003-
2005

Warfarin NR 5 ± 3 
months

247 347 57±11 vs 
57±11

PVI; PVI 
+ linear 
lesions, 
ablation of 
complex 
fractionated 
elctrograms, 
isolation of 
superior vena 
cava

28 ± 
13 vs 
24 ± 15 
months

ECG within 1 
month. Holter 
monitor at 
1,3,6 months. 
Trans-telephonic 
monitoring

*Median (IQR).
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High Risk Factors for Embolic Events trial, Clinical trials. gov 
NCT01959425) is randomly assigning patients who underwent 
catheter ablation and remain AF recurrence free will be randomized 
to OAC withdrawal  group or the OAC group. The primary  
endpoint is occurrence of any major systemic thromboembolic event 
and, is estimated to be completed in December, 2019. OCEAN 
trial (Optimal AC for Higher Risk Patients Post-Catheter Ablation 
for AF trial, Clinical trials.gov NCT02168829) is investigating 
whether long-term OAC (rivaroxaban 15 mg daily) is superior to 
antiplatelet therapy (Aspirin 75-160 mg), alone in preventing CVE 
in moderately high risk patients following successful AF ablation. 
The primary endpoint is the composite of stroke; systemic embolism 
and embolic stroke as detected by brain MRI and, is estimated to be 
completed in December 2021.

Limitations
     First, majority of the studies performed was in the warfarin era, 
the use of NOACs could substantially reduce the risk of major 
bleeding but the risk is not completely eliminated. Second, there 
were differences in the risk profile of study participants among the 
included studies. Third, there is a risk of bias as the studies included 
were observational and non-randomized. Fourth, the time frame of 
discontinuation of OAC ranged from 3-8 months and was at the 
discretion of the physician. Fifth, publication bias could not be 
assessed as the number of included studies is <10. Sixth, episodes of 
silent AF can be underestimated due to lack of continuous cardiac 
monitoring on follow up. Despite these limitations,our analysis 
provides valuable insight regarding the use of OACs after an apparent 
successful ablation of AF.

       In conclusion, discontinuation of oral anticoagulation 3 months 
after a successful AF ablation appears to be safe in highly selected 
closely monitored patients. Further randomized trials are warranted 
to assess the safety of discontinuing OACs after AF ablation.

Results
 Nine observational studies met our inclusion criteria [2,3,6-12].  Among 

3,436 patients, 1,815 continued OACs and 1,621 discontinued OAC 
post – AF ablation. The OACs were discontinued at 3-8 months 
post procedure. The follow-up period ranged from 12 – 60 months. 
Monitoring of AF varied widely and included 24 hour, 7 days and 
30 days cardiac monitoring. [Table 1] summarizes the baseline 
characteristics of the included studies. There was no significant 
difference in the risk of CVE(RR: 0.85, 95%CI: 0.42 to 1.70, p= 0.64)
and systemic thromboembolism (RR: 1.21, 95%CI: 0.66 to 2.23, p= 
0.54) between the two groups. Continuation of OAC was associated 
with a significantly higher risk of major bleeding (RR: 6.50, 95% CI: 
2.53 to 16.74, p= 0.0001), Figure 1. Test of heterogeneity was low 
risk for all the clinical outcomes (I2= 0%).

Discussion
   The important findings of our study include the following: 

Among patients with a CHA2DS2VASC or CHADS2 score 
≥2 who underwent an apparently successful AF ablation, 1) there 
was no significant difference in the risk of CVE or systemic 
thromboembolism with continuation vs discontinuation of OACs 
after 3 months. 2) Discontinuation of OACs was associated with 
a substantially lower risk of major bleeding. A search between 
2016 and 2018 in PubMed identified 2 other systematic reviews 
and meta-analyses that also found no significant increased risk 
of CVE/systemic thromboembolism but increased risk of major 
bleeding with long-term continuation of OAC after a successful AF 
ablation procedure[13,14]. In contrast to these prior meta-analysis, we 
only included studies with patients who had CHA2DS2VASC or 
CHADS2 score ≥2 representing a high-risk cohort of patients.

   Several published studies support the notion that maintenance 
of sinus rhythm can effectively reduce the morbidity associated 
with systemic thromboembolism, obviating the need for long-term 
OAC[15]. Catheter ablation is associated with endothelial denudation, 
atrial stunning and activation of coagulation cascade paradoxically 
increasing the risk of systemic thromboembolism in the short-term 
requiring treatment with OAC for at least 2-3 months. However, 
the risk of bleeding associated with further continuation of OACs 
outweigh the benefits of stroke prevention in low risk patients 
(CHA2DS2VASC<2) post-AF ablation and there is little dispute 
about stopping OAC in this group of patients[16]. However, patients 
with a high risk of stroke (CHA2DS2VASC score ≥2) also have high 
risk of major bleeding and continuation of OAC can be associated 
with a higher risk of adverse events as demonstrated by our study 
results. This practice is reflected in a recent survey by the writing group 
of 2017 professional medical society guidelines that about 1/3rd of 
patients with CHA2DS2VASc score≥ 2 discontinued OAC beyond 
two months post – AF ablation[4]. Such high risk of major bleeding 
is not a benign finding as patients with high CHA2DS2VASC also 
have high HAS – BLED scores and are prone to increased risk of 
all  cause mortality and cardiovascular mortality as demonstrated in 
prior studies[17].

Currently,  two RCTs of discontinuation of OAC post-AF ablation 
are underway. OAT trial (Safety of OAC Therapy Withdrawal After 
Successful Cardiac Ablation in Patients with AF and Associated 

Figure 1: Forest plot for study outcomes

Figure 1.1: Cerebrovascular event (CVE).

Figure 1.2: Systemic thromboembolism

Figure 1.3:  Major bleeding
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Introduction
 Percutaneous catheter ablation has become an important 

therapeutic option for treating patients with atrial fibrillation 
(AF)[1]. AF catheter ablation generally requires multiple sheaths 
inserted into a single femoral vein in order to introduce ablation 
and mapping catheters into the atria, and has a potential risk for the 
occurrence of venous thromboembolisms (VTEs) after the ablation. 
Periprocedural VTEs are a rare occurrence but a critical complication 
of AF ablation[2].

 Adequate periprocedural anticoagulation using oral anticoagulants 
plays an important role in preventing thromboembolic complications 
associated with AF ablation[3,4]. Direct oral anticoagulants 
(DOACs) have been widely used for periprocedural anticoagulation 

management in AF ablation[5,6]. So far limited data are available on 
the incidence of VTEs after AF ablation among patients receiving 
periprocedural anticoagulation with DOACs. The present study 
aimed to investigate the incidence of symptomatic deep vein 
thromboses (DVTs) and pulmonary thromboembolisms(PTEs)
among patients who underwent catheter ablation of AF and received 
periprocedural DOAC treatment.

Methods
Study Population
  This retrospective observational study enrolled  2,193 consecutive 
AF patients who received periprocedural oral anticoagulation with 
DOACs prior to AF catheter ablation at Gunma Prefectural Car-
diovascular Center between April 2011 and April 2018. All patients 
underwent transthoracic echocardiography to evaluate the atrial and 
ventricular sizes and left ventricular function using standard par-
asternal and apical views before the procedure, and transesophageal 
echocardiography to rule out any intracardiac thrombi on the day of 
the procedure or the day before. Written informed consent for the 
electrophysiological study and catheter ablation of AF was obtained 

www.jafib.com Dec 2018 - Jan 2019 | Volume 11| Issue 4

Abstract
Background: Periprocedural venous thromboembolisms (VTEs) are a rare occurrence but a critical complication after catheter ablation 

of atrial fibrillation (AF). The aim of this study was to investigate the incidence of symptomatic deep vein thromboses (DVTs) and pulmonary 
thromboembolisms (PTEs) in patients who underwent AF catheter ablation and received periprocedural oral anticoagulation with direct oral 
anticoagulants (DOACs).

Methods and Results: A total of 2,193 consecutive patients undergoing AF catheter ablation with periprocedural DOACs were 
retrospectively analyzed.Two patients (0.091%) experienced symptomatic DVTs after the ablation, and no patients had any PTEs. One patient 
was a 72-year-old female who underwent cryoballoon ablation with periprocedural apixaban at a dose of 2.5 mg twice daily. The other patient 
was a 74-year-old male who underwent a HotBalloon ablation and thereafter radiofrequency catheter ablation for recurrent AF with edoxaban 
at 30 mg once daily. Both DVT patients underwent AF ablation by the right femoral vein approach, and after discharge had right leg pain and 
swelling on post-procedural days 4 and 8, respectively. The DVT was treated by increasing the dose of apixaban and changing it from 30 mg/
day of edoxaban to 15-30 mg/day of rivaroxaban, and the thrombi completely disappeared in both patients without any thromboembolic 
and hemorrhagic complications.

Conclusions: AF catheter ablation with periprocedural DOAC treatment revealed an extremely low incidence of symptomatic VTEs, which 
may be successfully treated by increasing the DOAC dose or changing the DOAC type.
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from all patients.

Periprocedural Anticoagulation
        Periprocedural oral anticoagulation was performed with the 
standard or reduced DOAC dosage approved in Japan: dabigatran at 
a dose of 110 or 150 mg twice daily, rivaroxaban at 10 or 15 mg once 
daily in the morning, apixaban at 2.5 or 5 mg twice daily, or edoxaban 
at 30 or 60 mg once daily in the morning.

         The reduced dosage of the DOACs was used according to the dose 
reduction criteria of each DOAC: age ≥70 years, creatinine clearance 
(CCr) of 30-50mL/min, history of gastrointestinal bleeding, or 
concomitant treatment with potent P-glycoprotein inhibitors in 
dabigatran patients; CCr of 15-50 mL/min in rivaroxaban patients; 
at least 2/3 of the following indices (age ≥80 years, body weight ≤60 
kg, and serum creatinine ≥1.5 mg/dL) in apixaban patients; and body 
weight ≤60 kg, CCr of 15-50 mL/min, or concomitant treatment 
with potent P-glycoprotein inhibitors in edoxaban patients.

    All patients received oral anticoagulation for more than one 
week before the ablation procedure; most of the patients received that 
for more than one month. The DOACs were continued throughout 
the periprocedural period, or discontinued only on the day of the 
procedure and reinitiated on the next morning after the procedure[7,8].

       Immediately after the femoral venous puncture, a heparin bolus 
of 5,000-10,000 units was administered intravenously, followed by 
a continuous and additional bolus heparin infusion to maintain an 
activated clotting time (ACT) between 300 and 400 seconds. The 
ACT was measured every 10 minutes until the ACT value reached 300 
seconds and thereafter every 10-30 minutes. The intravenous heparin 
administration was once stopped at the end of the procedure, and 
protamine was administered to partially reverse the anticoagulation 
effects of heparin at the operator’s discretion. The venous sheaths for 
the ablation were removed, and hemostasis of the femoral venous 
puncture sites was achieved by manual compression for at least five 
minutes or figure-of-eight sutures[9,10]. All patients underwent bed 
rest for eight hours to maintain hemostasis, and received a continuous 
infusion of unfractionated heparin at a dose of 10,000 units per 24 
hours until the DOACs were administered on the next morning after 
the procedure. Post-ablation oral anticoagulation was continued for 
at least three months.

Catheter Ablation
   The catheter ablation procedures have been previously described 

in detail[7,8]. All patients were kept under deep conscious sedation 
throughout the procedure, using propofol or dexmedetomidine and 
pentazocine.

  The ablation strategy using an open-irrigated radiofrequency 
ablation catheter consisted of a pulmonary vein (PV) isolation (PVI) 
in patients undergoing an initial AF ablation and in those with PV 
reconnections after one or more PVI procedures, and additional 
ablation for non-PV foci and substrate modification for AF 
including a continuous fractionated atrial electrogram ablation and/
or linear ablation if necessary. During the procedure, a total of four 
sheaths, three 8-Fr or 8.5-Fr transseptal sheaths (SL0 or Agilis™ 

NxT, St. Jude Medical, St. Paul, MN, USA) and one 6-Fr sheath for 
a multielectrode catheter positioned in the coronary sinus (CS), were 
inserted into the right femoral vein.

   A balloon-based PVI using a 28-mm second generation cryoballoon 
catheter (Arctic Front Advance® cardiac ablation catheter, Medtronic, 
Minneapolis, MN, USA) or radiofrequency HotBalloon catheter 
(SATAKE HotBalloon, Toray Industries, Inc., Tokyo, Japan) was 
performed in patients undergoing an initial AF ablation. If a PVI 
could not be completed by multiple balloon ablation applications, 
touch-up ablation for the remaining gaps was performed using 
an irrigated radiofrequency catheter. A total of three sheaths were 
inserted into the right femoral vein. During the cryoballoon ablation, 

Table 1: Demographics and baseline characteristics of the study 
population

Number of patients 2193

Age (years) 64 ± 10

Male gender 1589 (72.5)

Body weight (kg) 65.5 ± 12.1

Body mass index (kg/m2) 23.9 ± 3.5

Type of atrial fibrillation

          Paroxysmal 1210 (55.2)

          Persistent 662 (30.2)

          Long-standing persistent 322 (14.7)

Structural heart disease 276 (12.6)

Hypertension 1200 (54.8)

Diabetes mellitus 328 (15.0)

Heart failure 182 (8.3)

Stroke/transient ischemic attack 158 (7.2)

Past history of venous thromboembolisms 2 (0.091)

CHADS2 score 1 (0–2)

CHA2DS2-VASc score 2 (1–3)

HAS-BLED score 1 (0–2)

BNP (pg/mL) 59.5 (12.5-132)

Creatinine (mg/dL) 0.74 (0.63-0.97)

Estimated GFR (mL/min/1.73m2) 66 (58-76)

D-dimer (μg/mL) 0.4 (0.3-0.5)

Left atrial diameter (mm) 41 (37-45)

Left ventricular ejection fraction (%) 65 (59-69)

Type of direct oral anticoagulants

         Dabigatran 619 (28.3)

         Rivaroxaban 648 (29.5)

         Apixaban 565 (25.8)

         Edoxaban 361 (16.5)

Left atrial ablation device

       Irrigated radiofrequency ablation catheter 2062 (94.0)

       Cryoballoon 80 (3.7)

       HotBalloon 51 (2.3)

Data are given as the mean ± SD, median (IQR), or number of patients (%).
BNP, B-type natriuretic peptide; CHADS2 score, congestive heart failure, hypertension, an age 
≥75 year, diabetes mellitus (1 point for presence of each), and a stroke and transient ischemic 
attack (2 points); CHA2DS2-VASc score, congestive heart failure, hypertension, diabetes mellitus, 
vascular disease (myocardial infarction, aortic plaque, and peripheral vascular disease), an 
age of 65-74 years, a female gender (1 point for presence of each), an age ≥75 years, and a 
stroke and transient ischemic attack (2 points); GFR, glomerular filtration rate; HAS-BLED score, 
hypertension (systolic blood pressure >160 mmHg), abnormal renal and liver function, a stroke, 
bleeding history/predisposition, labile international normalized ratios (if on warfarin), an age >65 
years, drugs (antiplatelets or nonsteroidal anti-inflammatory drugs) or excess alcohol (1 point for 
presence of each).
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underwent radiofrequency catheter-based ablation, 80 (3.7%)
cryoballoon ablation, and 51 (2.3%) radiofrequency HotBalloon 
ablation.

   Among the 2,193 patients enrolled in this study, 41 (1.9%) 
had a clinical suspicion of a VTE after the ablation for the 
following symptoms: leg pain in 17 patients, leg swelling in 16, 
and both leg pain and swelling in eight. All 41 patients underwent 
venous ultrasonography, and in addition contrast-enhanced CT 
and D-dimer testing were performed in nine and six patients, 
respectively. Symptomatic DVTs after the ablation were noted in 
two patients (0.091%), who had no predisposing factors of a DVT 
except for the ablation procedure itself, such as a history of a VTE, 
malignant neoplasm, or coagulopathy. The clinical characteristics 
and outcomes of the two symptomatic DVT patients are described 
in detail as follows, and are summarized in Table 2. Among the 
remaining 39 patients undergoing venous ultrasonography, 21 had 
femoral vascular access complications (11 arteriovenous fistulas, six 
atrial pseudoaneurysms, and four groin hematomas), and 18 had no 
obvious complications. One arteriovenous fistula and three atrial 
pseudoaneurysms required a surgical repair, and the others could be 
managed by applying local pressure. No symptomatic PTE occurred 
in this series. 

Case 1
A 72-year-old female underwent cryoballoon ablation of 

paroxysmal AF and received oral anticoagulation with apixaban 
at a dose of 2.5 mg twice daily. The reduced dose of apixaban was 
used because two of the three dose reduction criteria (age, ≥80 years; 
body weight, ≤60 kg; serum creatinine, ≥1.5 mg/dL) were met as 
follows: body weight, 59 kg and serum creatinine, 1.52 mg/dL. The 
total procedure time was 111 minutes. Complete hemostasis of the 
right femoral venous puncture sites was achieved with figure-of-
eight sutures, which were removed on the next morning after the 
procedure. The patient was discharged without any complications on 
the second post-procedural day.

The patient presented with right leg pain and swelling on the eighth 
post-procedural day. Duplex ultrasonography and contrast-enhanced 
CT identified a DVT in the right common femoral vein [Figure 1]. 
Apixaban was given at a dose of 10 mg twice daily for the first seven 
days, followed by 5 mg twice daily. Duplex ultrasonography verified 
the complete disappearance of the thrombi by oral anticoagulation 
with an increased apixaban dose for 30 days. Neither a DVT 
recurrence nor bleeding events occurred during the follow-up period.

Case 2
 A 74 year old male underwent a radiofrequency HotBalloon 

ablation of paroxysmal AF and received oral anticoagulation with 
edoxaban at a dose of 30 mg once daily. The patient’s body weight 
was 43 kg, and a reduced edoxaban dose was used according to the 
dose reduction criteria (body weight, ≤60 kg). The total procedure 
time was 101 minutes. Complete hemostasis of the right femoral 
venous puncture sites was achieved with figure-of-eight sutures, and 
the patient was discharged on the second post-procedural day.

The patient underwent a second ablation procedure for recurrent 

one 15-Fr transseptal sheath (FlexCath Advance® Steerable Sheath, 
Medtronic, Inc.), and two 6-Fr sheaths for multielectrode catheters 
for CS and phrenic nerve pacing were used. The 6-Fr sheath was 
exchanged to an 8-Fr transseptal sheath (SL0, St. Jude Medical.) 
if touch-up ablation was performed. During the radiofrequency 
Hotballoon ablation, two transseptal sheaths, a 17-Fr steerable 
sheath (TRESWALTZ, Toray Industries, Inc.) and 8-Fr sheath 
(SL0, St. Jude Medical.) for a circular mapping catheter, and one 
6-Fr sheath for a multielectrode catheter for CS and phrenic nerve 
pacing, were used.

Diagnosis of Symptomatic VTEs
        If patients exhibited clinical signs or symptoms suggesting the 
presence of a VTE following the ablation procedure, such as pain, 
swelling, redness, and superficial venous dilatation of the leg, chest 
pain, and dyspnea, those patients underwent venous ultrasonography, 
contrast-enhanced computed tomography (CT), and D-dimer 
testing to evaluate any presence of DVT or PTE.

Statistical Analysis
 Normally distributed continuous variables are expressed as 

the mean ± standard deviation (SD), non-normally distributed 
continuous variables are expressed as the median and interquartile 
range (IQR, 25th–75th percentile), and categorical variables are 
expressed as the number and percentage of patients.

Results
  The demographics and baseline characteristics of the study 

population are summarized in [Table 1]. The age was 64 ± 10 years, 
percentage of male gender 72.5%, and body mass index (BMI) 
23.9 ± 3.5 kg/m2. Out of the 2,193 patients, 2,062 patients (94.0%) 

Table 2: Clinical and procedural characteristics of the two patients with 
symptomatic DVTs

Case 1 Case 2

Age (years) 72 74

Gender Female Male

BMI (kg/m2) 18.5 17.8

Type of atrial fibrillation Paroxysmal Paroxysmal

Periprocedural oral 
anticoagulation

Apixaban 2.5 mg twice 
daily

Edoxaban 30 mg once daily

Ablation procedure Cryoballoon-based PVI + CTI 
linear ablation

HotBalloon-based PVI + CTI 
linear ablation*

SVC isolation**

Number of sheaths for the 
ablation

3 3*

3**

Total procedure time 
(minutes)

111 101*

77**

Period from the procedure 
to VTE occurrence (days)

8 23*

4**

Post-VTE oral 
anticoagulation

Apixaban 10 mg twice daily 
for the first seven days, 
followed by 5 mg twice 
daily

Rivaroxaban 15 mg twice daily 
for the first 21 days, followed by 
15 mg once daily

Clinical outcome Disappearance of the 
thrombi after 30 days

Disappearance of the thrombi 
after 22 days

CTI, cavotricuspid isthmus; PVI, pulmonary vein isolation; SVC, superior vena cava; VTE, venous 
thromboembolism. The ablation procedures and procedure-related data during the first (*) and 
second (**) ablation procedures, and period from the first (*) and second (**) procedures to the 
VTE occurrence are shown.
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 To the best of our knowledge, this is the first report to describe the 
incidence of symptomatic VTEs in patients who underwent catheter 
ablation of AF with periprocedural oral anticoagulation using 
DOACs. We demonstrated that the occurrence of symptomatic 
DVTs was extremely rare, and no symptomatic PTEs occurred 
during the periprocedural period of AF ablation under periprocedural 
DOAC treatment.

 The incidence of symptomatic DVTs after AF catheter ablation 
has been reported to be 0-0.39% in previous retrospective[11] and 
prospective[12,15] studies, and is comparable to that of the present study. 
Those previous studies included patients receiving periprocedural 
anticoagulation with either warfarin[11,13] or low-molecular-weight 
heparin[14,15], but no patients received periprocedural anticoagulation 
with DOACs. Winkle et al.[16] reported that the incidence of 
PTEs was 0.29% in a retrospective registry with interrupted oral 
anticoagulation with warfarin.

Factors associated with VTEs
 The occurrence of periprocedural VTEs is associated with various 

factors: the procedure time[17], bed rest duration[18], number and 
size of the sheaths for ablation[17], periprocedural anticoagulation 

AF on the 19th day after the first procedure. During the second 
procedure, the femoral venous punctures were very difficult, but 
two transseptal sheaths and one 6-Fr sheath were inserted into the 
right femoral vein. All PVscontinued to be isolated, and an electrical 
isolation of the superior vena cava (SVC) was performed using an 
irrigated radiofrequency catheter because AF triggers originating 
from the SVC were documented. The total procedure time was 77 
minutes, and complete hemostasis of the venous puncture sites was 
achieved with figure-of-eight sutures. The patient was discharged 
without any complications on the second day after the second 
procedure.

The patient presented with right leg pain and swelling on the 
fourth day after the second procedure. Duplex ultrasonography 
and contrast-enhanced CT identified a DVT in the right common 
femoral vein [Figure 2]. Edoxaban was changed to rivaroxaban at a 
dose of 15 mg twice daily for the first 21 days, followed by 15 mg once 
daily. Duplex ultrasonography verified the complete disappearance of 
the thrombi after 22 days of oral anticoagulation with rivaroxaban. 
Neither a DVT recurrence nor bleeding events occurred during the 
follow-up period. 

Discussion

Figure 1:

Duplex ultrasonography showing the presence of a DVT in the right common femoral vein in Case 1. A B-mode examination revealed a 
hypoechoicthrombus within the vein (dotted-line area) in the long axis view (Panel A). A Color-flow Doppler examination revealed the 
absence of Doppler signals within the venous lumen, indicating the absence of blood flow, and the presence of noncompressibility of the 
venous segment in the long and short axis views (Panels B and C).

CFA, common femoral artery; CFV, common femoral vein.
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AF ablation can be useful for detecting venous occlusions[25], and a 
reduction in vascular access complications[26].

 Periprocedural oral anticoagulation with DOACs may be 
associated with an extremely low incidence of a VTE. Burstein 
et al.[2] reported that AF ablation revealed a lower incidence of 
symptomatic DVTs and PTEs than non-AF ablation, which was 
likely due to the use of routine periprocedural anticoagulation. In 
the present study, either of the two anticoagulation protocols were 
used at the physicians’ discretion: uninterruption of the DOACs 
throughout the periprocedural period or interruption of the DOACs 
on the procedural day and reinitiation of the DOACs in the next 
morning after the procedure. The interrupted DOAC protocol was 
used in both DVT patients, which may have contributed to the DVT 
occurrence, despite a minimal interrupted period of the DOACs. 
However, it probably does not seem that the anticoagulation protocol 
was directly related to the occurrence of the DVT, because the DVT 
was detected on the fourth and eighth day after reinitiating the 
DOACs, respectively, for those two patients.

regimen[2,19] and patient characteristics including the age[20] and 
BMI[18,21]. AF catheter ablation usually requires multiple venous 
sheaths inserted into a single femoral vein and a relatively long bed 
rest duration for hemostasis of the venous puncture sites after the 
procedure. Several preliminary studies have suggested that injuries 
to the vascular endothelium caused by the placement of venous 
sheathsand venous stasis are possible mechanisms for venous thrombus 
formation[22,23]. In addition, percutaneous catheter ablation itself is 
capable of activating the coagulation system, possibly increasing the 
risk of a thrombosis[19,24]. Moubarak et al. demonstrated that large 
sheaths and a long procedure time were risk factors for a DVT 
after right-sided electrophysiological procedures[17]. The procedure 
time in the two DVT patients in our study was not so long: 77-111 
minutes. On the other hand, 15-Fr and 17-Fr large sheaths for the 
balloon-based procedures were used in both DVT patients, which 
may have been a risk for a DVT. In Case 2 of our study, a DVT was 
detected on the fourth day after the second procedure. However, it 
is probable that a pre-symptomatic DVT had already occurred after 
the first HotBalloon ablation procedure, because the right femoral 
venous punctures were very difficult during the second procedure.
Ultrasonographic guidance during the femoral venous puncture for 

Figure 2:

Duplex ultrasonography showing the presence of a DVT in the right common femoral vein in Case 2. A B-mode examination revealed a 
hypoechoic thrombus within the vein (dotted-line area) in the long axis view (Panel A). A Color-flow Doppler examination revealed the 
absence of Doppler signals within the venous lumen, indicating the absence of blood flow, and the presence of noncompressibility of the 
venous segment in the long and short axis views (Panels B and C).

CFA, common femoral artery; CFV, common femoral vein.
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Study limitations
 The present study had several limitations. First, this single-center 

study was retrospectively designed, which introduced a sample 
selection bias. Second, we could not conclude the incidence of a 
VTE after the AF ablation in this study because the VTEs were 
not diagnosed based on a rigorous pre-specified protocol of a 
VTE diagnostic strategy. We performed venous ultrasonography 
and contrast-enhanced CT only in the patients with symptoms 
suggesting the presence of a VTE following the ablation procedure. 
Thus, we may have missed some asymptomatic VTE patients after 
the ablation, and may have underestimated the incidence of VTEs in 
patients undergoing AF catheter ablation with periprocedural DOAC 
treatment. This study focused on the incidence of symptomatic VTEs 
requiring additional therapeutic intervention. Finally, this study had 
an extremely low incidence of VTEs. Thus, further understanding of 
an optimal anticoagulation management for post-ablation VTEs will 
require an investigation in a prospective study with a larger number 
of patients in the future. 

Conclusion 
Periprocedural symptomatic VTEs were an extremely rare 

occurrence in the patients who underwent catheter ablation of AF 
and received periprocedural oral anticoagulation with DOACs. 
Symptomatic DVTs after AF catheter ablation may be adequately 
treated by increasing the DOAC dose or changing the DOAC type.
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Introduction
    After many years of development, pulmonary vein isolation 

(PVI) has become the standard treatment of symptomatic atrial 
fibrillation refractory to drug therapy. However, the complications 
and the results associated with the procedure are a matter of concern 
for the treating physician at the moment of the decision-making 
process, as PVI is probably the most complex ablation procedure. 
Nowadays, patients remain hospitalized for at least 24 hours to 
detect potential complications in most centers worldwide. According 
to our experience, most of these complications occur and are detected 
during the intervention, while only a minority occur a few hours later.

Same day discharge after PVI could have advantages in terms 
of costs for the health system, the patient’s experience and the 
institution where the procedure is performed, improving the logistics 
and producing a more efficient use of resources. There is still a lack of 
data about the safety of same-day discharge compared to overnight 
hospitalization.

Objectives
     The aim of this study was to compare the safety of same day 
discharge with next day discharge after overnight monitoring.

 In addition, the rate of new hospitalization and visits to the 
emergency department and the cost effectiveness of the same day 
discharge approach were evaluated.

Methods
Study Design
     We conducted a longitudinal and prospective cohort study of 
all the consecutive patients undergoing scheduled PVI between June 
2015 and May 2016 at the Instituto Cardiovascular de Buenos Aires 
(ICBA). Patients with paroxysmal or persistent atrial fibrillation 
(AF), either refractory or intolerant to antiarrhythmic therapy, and 
those with recurrent AF undergoing a new pulmonary vein ablation 
were included.

    The information was introduced in the database of the 
electrophysiology laboratory of the ICBA and was prospectively 
retrieved.

       All the patients were admitted to the coronary care unit after the 
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Abstract
Introduction:Pulmonary vein isolation (PVI) has become the standard treatment of symptomatic atrial fibrillation. Patients remain 

hospitalized for at least 24 hours to detect potential complications in most centers worldwide. There is still a lack of data about the safety 
of same-day discharge.

Objectives:The aim was to compare the safety of same-day discharge with next day discharge after overnight monitoring. The rate of new 
hospitalization and visits to the emergency department and the cost effectiveness of the same-day discharge approach were evaluated.

 Methods: We conducted a longitudinal and prospective cohort study of all the consecutive patients undergoing scheduled pulmonary vein 
ablation of either paroxysmal or persistent atrial fibrillation (AF). The complications were recorded by type and time of occurrence.

Results: Overall 58 patients were discharged within the same day and 137 patients stayed overnight after PVI. There were no significant 
differences in demography, comorbidities and other predictors of complications. No complications were reported after the sixth hour. We 
observed a significant difference in the number of visits to emergency department: 15.5% for the same-day discharge group vs. 30.7% for the 
overnight hospitalization group (p 0.03). Only 50% of the reasons to visit the emergency department were cardiovascular causes. No cases of 
pericardial tamponade were reported and none of the patients required new hospitalization up to 30 days of follow up.

Conclusions: Same day discharge after PVI is feasible and cost-effective. This is the first study analyzing the experience in patients 
undergoing AVP,considering acare based component to this procedure. This approach would provide significant benefits for patients and 
health care providers.
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procedure and were monitored until the moment of discharge.

Procedure description
   Procedures were performed by four different operators of the 
electrophysiology laboratory at Instituto Cardiovascular de Buenos 
Aires (ICBA).

 Anticoagulation therapy was managed according to expert’s 
recommendations: new oral anticoagulants (NOACs) were stopped 
24 hours before the procedure and for those taking inhibitors 
of clotting factors, and medication was adjusted to achieve an 
international normalized ratio (INR) between 2 and 2.5. Bridging 
with low molecular weight heparin was not used in any case. 
Anticoagulation therapy was continued 6 hours after the procedure. 
Under general anesthesia, three venous accesses were performed with 
6F, 7F and 8F sheaths, using the Seldinger technique. A decapolar 
catheter was introduced in the coronary sinus. Under fluoroscopy 
guidance, a transseptal puncture was performed with an SL1 St. 
Jude introducer and a Brockenbrough needle. Transesophageal or 
intracardiac echocardiography was available in all the cases and was 
used at the preference of the operator.

      Radiofrequency ablation was performed using Therapy Cool Path 
irrigated-tip ablation 8 mm catheters (St. Jude) and a multipolar 
diagnostic catheter (Lasso, 24 poles). For cryoballoon ablation, a 
second-generation Arctic Front Advance cardiac catheter was used. 
During the procedure, heparin sodium was administered with a 
target activated clotting time (ACT) between 350 and 450 seconds. 
An esophageal temperature probe was used to monitor esophageal 
temperature and possible phrenic nerve injury was monitored by 
means of diaphragmatic phrenic nerve pacing.

            The final target was the circumferential isolation of the pulmonary 
veins achieved by point-by-point radiofrequency catheter ablation 
at each segment of the pulmonary vein antrum. For cryoballoon 
ablation, circumferential isolation was demonstrated by pulmonary 
vein occlusion using contrast venography and adequate contact 
between the device and the pulmonary vein, achieving a temperature 
below -40ºC with a 1:1 ratio in temperature trough (-30°C in 30 
seconds). For both techniques, the target was to achieve dissociated 
pulmonary vein activity and bidirectional conduction block across 
the line confirmed by means of differential pacing. Follow up: All 
the patients were contacted by telephone calls one week after the 
procedure (in case they did not visit the emergency room within the 
first week) and underwent 24-hour Holter monitoring at 30 days as 
part of the standard practice after catheter ablation. In all the cases, 
the patients were discharged with antiarrhythmic drugs for three 
months or according to the preference of the attending physician.

Outcomes
Cost analysis

    The cost per one bed day in the coronary care unit was obtained 
from our finance department. We estimated the potential savings for 
those patients discharged on the same day.

Statistical analysis
       Continuous variables are presented as mean ± standard deviation 

and non-parametric variables as median (IQR), and compared 
using the Student’s t-test or the Mann-Whitney test, as applicable. 
Categorical variables are expressed as percentages and compared 
using the chi square test. A p value < 0.05 was considered statistically 
significant. The statistical calculation was analyzed using SPSS 22.0 
statistical package (IBM, Chicago, IL).

          In case the characteristics of the patients were not homogeneous 
a propensity score was used. The study was conducted following the 
recommendations of the Declaration of Helsinki. The Argentine 
personal data protection law 25,326 exists to guarantee individuals’ 
access to their medical records, revise them and correct them within 
intervals no shorter than six months, unless a legitimate interest to do 
otherwise is shown (14th article, section 3)

Results
Demographic data
       A total of 205 procedures were performed. Ten patients presented 
complications and remained hospitalized for more than 24 hours, 
thus, they were excluded from the final analysis.

        The final cohort was made up of 195 cases. After the procedure, 58 
patients were discharged within the same day and 137 patients stayed 
overnight after the procedure. There were no significant differences 
in comorbidities and non-clinic predictors of comorbidities 
between both groups [Table 1]. Mean age, body mass index and 
echocardiographic characteristics were also similar.

      Mean CHADS score was low in the population and similar 
between both groups. Four operators performed the procedure 
and there were no differences in the decision of using a same day 
discharge strategy or an overnight hospitalization approach[Table 2].

Procedural details
       Mean skin-to-skin time was 91.5 minutes and mean fluoroscopy 
time was 10.4 minutes. Mean ablation time with radiofrequency was 
9.9 minutes for the same day discharge group and 11.7 minutes for 
the overnight hospitalization group.

Complications
         Only 10 complications were observed during the period evaluated 
and motivated longer hospital stay. For practical reasons, the moment 
complications developed was prospectively assessed. Patients who 
suffered adverse events were not included in the final analysis. Of the 
10 complications, two were pericardial effusions requiring drainage, 
five vascular complications (hematomas > 5 cm and one of them 
was a fistula requiring surgical correction), two patients developed 
phrenic nerve injury and one presented with pericardial syndrome. 
Most complications were detected during the procedure and none 
presented after the sixth hour. The results are presented in [Figure 1].

Follow-up
        All the patients initially included were followed-up at 30 days. 
We observed a significant difference in the number of visits to 
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3.5%, respectively), without significant differences between both 
groups. No cases of pericardial tamponade were reported and none 
of the patients required new hospitalization    

emergency department: 15.5% for the same day discharge group vs. 
30.7% for the overnight hospitalization group (p 0.03).

       In [Figure 2], the Kaplan-Meier curves show that patients in the 
overnight hospitalization group visited the emergency department 
earlier than those in the same day discharge group. Between the 
reasons to visit the emergency department, atrial fibrillation and 
vascular complications were the most common reasons (7% and 

Table 1: Characteristics of the population

Characteristics of the 
population  

Same-day 
discharge 
(58) 

Overnight 
hospitalization 
(137) 

  p 

 Men  84.5% (49) 75.2% (103) 0.15 

  Age 57 (49-66) 62 (52-66) 0.42 

  HT 41.4% (24) 43.1% (59) 0.82 

Dyslipidemia 22.4% (13) 25.5% (35) 0.64 

Coronary artery disease 5.2% (3) 9.5% (13) 0.42 

 Diabetes 10.3% (6) 12.4% (17) 0.81 

Vascular disease 1.7% (1) 3.6% (5) 0.47 

Renal impairment 1.7 (1%) 1.5% (2) 0.89 

Sleep apnea 3.4% (2) 2.2% (3) 0.63 

Previous AF ablation 20% (14) 19.6%(32) 0.96 

BMI 28(26-31) 27 (25-31) 0.29 

Left atrial area 22 (20-25) 24 (21-26) 0.09 

EF 60 (59-64) 60 (50-62) 0.18 

(cont.) Same-day 
discharge 
(58) 

Overnight 
hospitalization 
(137) 

  p 

CHADS2 0.18 

0 31% (18) 31.4% (43) 

1 41.4% (24) 27.7% (38) 

2 17.2% (10) 24.1% (33) 

>3 10.3% (6) 16.7% (23) 

Paroxysmal AF 79.3% (46) 78 (108) 0.40 

Medical Operator 0.89 

1 55.2% (32) 50.4% (69) 

2 22.4% (11) 25.5% (35) 

3 12.1% (7) 14.6% (20) 

4 10.3% (6) 9.5% (13) 

Figure 1:  Distribution of complications by hour

Figure 2:  Distribution of complications by hour

Cost analysis
   Patients in the overnight hospitalization group remained 
hospitalized for an average of 25.03 h versus 10.9 h in the same-
day discharge group. Considering that the daily cost of coronary care 
unit stay is U.S is $864, this represents a cost of $43,214.1 every 
50 patients in the overnight hospitalization group and of $17,678.5 
in the same day discharge group. The cost was determined by the 
total ward budget plus an allowance for supporting medical staff and 
nurses.

Discussion
      This study demonstrates the feasibility of same day discharge 
after PVI. This approach shows to be safe and does not require 
new hospitalizations compared with overnight discharge. Most 
importantly, in our experience, hospitalization for 24 hours after PVI 
does not detect more complications than discharge on the sameday. 
Pulmonary vein isolation has been performed for 20 years and is 
considered as one of the most complex interventions requiring highly 
trained professionals within the specialty.

      Patients remain hospitalized for at least 24 hours following the 
procedure worldwide but there is no reliable evidence supporting this 
approach[1]. This is due to the low number of studies evaluating the 
appropriate timing of hospital discharge in this population, making 
it necessary to use the experience of other areas of interventional 
cardiology. A meta-analysis reported that same day discharge after 
uncomplicated percutaneous coronary intervention seemed to be a 
safe approach in selected patients.

    Information about the number of hours necessary to detect 
complications after an electrophysiology procedure other than PVI 
is not abundant[2]. Most studies focus on patients undergoing various 
types of catheter ablation procedures, most of which do not require 
the use of transseptal puncture. A single-center study conducted by 
Faizel Osman in the U. K. in 2015 demonstrated that single day 
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       A high number of procedures are carried out at the institution 
each year, as reflected by the number of cases presented in the study. 
In addition, the study was conducted at an institution specialized 
in cardiovascular diseases. Both conditions could affect the external 
validity of the results obtained.

Conclusion
    Same day discharge after PVI might be safe and cost effective. 
This is the first study analyzing the experience in patients undergoing 
complex ablation with transseptal puncture. In this trial we register 
that complications presented during the procedure or a few hours 
after may reduce the time of hospitalization. This approach would 
provide significant benefits for patients and health care providers. 
Although, a larger and/or randomized trial is needed to confirm the 
findings of this study.
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discharge after conventional catheter ablation was a safe approach. 
The benefit observed was significant in terms of reduction of costs 
and logistic constrains to manage patients per bed. In our study, we 
found similar results using a more complex practice and with higher 
number of complications. We did not find differences in the rate 
of complications between both strategies, with no impact on new 
hospitalizations or visits to the emergency department. In our study, 
we have tried to answer if same-day discharge after a procedure 
requiring transseptal puncture is a safe strategy[3].

Table 2: Results

Same-day 
discharge 
(58) 

Overnight 
hospitalization 
(137) 

  p 

ER admission 15.5% (9) 30.7%  (42) 0.03 

Time to ER admission  72 (36-120) 48 (36-96) 0.44 

AF 5.2% (3) 8.8% (11) 0.55 

Vascular complications 3.4% (2) 3.6% (5) 0.94 

Pericarditis 0% (0) 1.5% (2) 1.00 

Admissions and complications after discharge

        In the worldwide survey published in 2010, the rate of events 
was similar to that of the international registries in 2010. Our 
patients did not present severe complications such as stroke or death. 
In this study, the rate of these complications was 0.7%% and 0.2%, 
respectively. The power of our population was not strong enough 
to detect similar events. As an added value, we have made efforts 
to determine the moment that complications occur during post-
procedural monitoring. Of importance, no events occurred after the 
sixth hour. The predictors of complications are well-known,[4] such 
as age, peripheral vascular disease, diabetes and chronic obstructive 
pulmonary disease. Our population was relatively young and with 
low rate of complications.

       Transseptal puncture is probably a critical moment of the 
procedure and, since it was developed, it has been performed under 
fluoroscopy guidance with adequate safety. However, imaging provides 
a significant support to reduce complications. High resolution 
computed tomography angiography provides information about the 
composition of interatrial septum, left atrial volume and type of left 
atrial appendage. Transesophageal and intracardiac echocardiography 
have proved to be extremely useful[5]. The importance of real time 
images to monitor potential complications has been demonstrated 
by many studies. Transesophageal echocardiography is important for 
repositioning the transseptal needle in 16% of patients and to avoid 
transseptal-puncture related complications[6,7].

Study Limitations
        As with all observational prospective trials, our study may include 
biases and the results may not be extrapolated to other populations. A 
selection bias undoubtedly exists. While the most important variables 
in assessing susceptibility to complications showed no differences 
between both groups, it is undeniable that certain factors that occur 
during the procedure may not be evident. It is also important to 
mention that due to the low incidence of serious adverse events, the 
number needed to show a significant difference in a randomized trial 
is too high and may be not feasible.



A  Cost-Utility  Analysis  of Cryoballoon Ablation Versus 
Radiofrequency Ablation for Paroxysmal Atrial Fibrillation
Marie-Isabel Murray1,2, Mireira Jofre- Bonet3, Huseyin Naci2, Andreas M. Zeiher1

1Department of Cardiology, University Hospital Frankfurt, Frankfurt am Main, Germany.
2Department of Health Policy, London School of Economics and Political Science, London, UK.
3Department of Economics, University of London, London, UK.

Corresponding Author
Dr. Marie-Isabel Murray,
 Theodor-Stern-Kai 7, 60590
 Frankfurt am Main, Germany

Key Words
Cost-Utility Analysis, Cryoballoon Ablation, Radiofrequency Abla-
tion, ICER/ICUR

Introduction
Paroxysmal atrial fibrillation (pAF) is a common type of 

arrhythmia that is defined by an irregular and often rapid heartbeat. 
This arrhythmia is associated with a reduced quality of life, high 
cost and increased mortality[1,2]. Multiple randomized and non-
randomized studies demonstrated that pulmonary vein isolation 
(PVI) is an effective treatment for drug-refractory pAF when 
compared to anti-arrhythmic pharmacotherapy (AAD) alone[3-5]. The 
traditional method is a point-by-point ablation of the circumference 
of the pulmonary veins using irrigated radiofrequency (RF) energy. 
A newer technology uses a cryoballoon (CB) which is placed in the 
pulmonary vein ostia, and then delivers freezing energy to isolate the 
pulmonary veins circumferentially in a single shot. Multiple studies 
have proven that both technologies are similarly effective in treating 
pAF and have low complication rates[6-9]. Furthermore, previous 
trials based on ablation outcomes have suggested that AF ablation 
with RF and CB catheters is cost-effective for patients with pAF 
compared to ADD therapy[5,10-12].

However, there has not been a study comparing the cost-
effectiveness of CB versus RF therapy using outcome data from only 

randomized controlled trials (RCTs). The objective of this study was 
to use data from a published systemic review and meta-analysis to 
perform a cost-utility analysis in order to estimate the incremental 
cost-utility ratio (ICUR) gained for CB ablation compared to RF 
therapy over a one-year time horizon.

Methods
Modeling Strategy and Basic Assumption

A decision-analytic model was developed to estimate costs, 
health outcomes and incremental costeffectiveness of RF ablation 
compared to CB treatment for pAF. We chose to use a short-term 
decision tree model instead of a long-term Markov model since 
most published RCTs comparing CB or RF ablation are limited to a 
1-year follow-up. Patients with pAF were chosen because consensus
guidelines have recommended ablation in these patients and ablation
appears to result in better outcomes in patients with paroxysmal
compared to persistent AF[13].

         The probability of being in normal sinus rhythm at one year, 
as well as specific procedure complications, were derived from data 
presented in a meta-analysis conducted by Murray at el.[14]. In this 
systematic review, four RCTs were identified which compared CB and 
RF therapies in pAF patients regarding different primary outcomes, 
including success rates one year after ablation, complications and 
recurrence of AF[6-9]. Success rate was defined as freedom from 
documented AF one year after ablation. Each documented episode 
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Abstract
Introduction:The objective of this study was to evaluate the cost-effectiveness of the treatment with cryoballoon (CB) compared to the 

standard treatment with traditional irrigated radiofrequency (RF) ablation for pulmonary vein isolation in patients with paroxysmal atrial 
fibrillation (pAF) refractory to antiarrhythmic drug therapy.

Methods:A decision tree model was developed to graphically depict the probabilities, utilities and costs of CB compared to RF therapy. 
Data from a conducted systematic literature review and meta-analysis of only RCTs were used to evaluate clinical outcomes of CB and RF 
treatments, including success rates after one year, complications and recurrence of atrial fibrillation.

Results:The cost-utility analysis estimated that, CB therapy had £1,747 higher cost, and 0.0114 more quality-adjusted life years (QALYs) 
compared to standard RF treatment over a one-year time horizon. The incremental cost per QALY of CB ablation compared to RF ablation 
was estimated to be £152,836/QALY.

Conclusions: Based on current evidence, CB ablation for pulmonary vein isolation in patients with pAF is costeffective compared to RF if 
decision makers are willing to pay £152,836 or higher for a QALY.
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Table 1: Estimates of key costs for the complications

Figure 1: Decision Tree Cryoballoon Ablation

Both procedures follow the same pathway with different probabilities: 
after ablation some patients complete an uncomplicated, successful 
ablation (1); a proportion of patients are at risk of complications (all 
relevant complications are listed in [Table 1]) [Table 2]; and others 
have AF recurrence (3). With the exception of a procedure-related 
stroke, ablation patients experiencing a procedural complication 
incurred an immediate cost and short-term disutility. Immediately 
after that, they followed the same path as patients without a 
procedural complication. We assume that a procedure-related stroke 
would impact both quality-adjusted life expectancy and costs in the 
long-term, and these effects were estimated from previous studies[16].

Patients with recurrent AF despite one ablation proceed to repeat 
ablation. However, this time all patients receive the RF standard 
ablation. The path of these patients is equal to the path of the first Figure 2: Decision Tree Radiofrequency Ablation

over 30 seconds following a three-months blanking period was 
considered a failure, as per current guidelines[15]. Complications were 
defined as adverse events that occurred during or immediately after 
the procedure [Table 1].
Model Structure
        Figures 1 and 2 graphically present the decision tree model 
with health status, costs and probabilities used in our analyses. Two 
decision tree processes were constructed: one for patients receiving CB 
therapy [Figure 1], and another for standard RF therapy [Figure 2]. 

ablation with RF. After the second ablation we assume that there will 
not be a third ablation performed, because the changes of clinical 
success are strikingly limited and electrophysiologists do not typically 
recommend a third ablation.

Since the mortality rate during and immediately after the 
procedure was zero and the two patients who died in the CB group 
had deaths completely unrelated to the procedure, we did not include 
the possibility of mortality in our decision tree model.
Clinical probabilities

Data from a conducted systematic literature review and meta-
analysis were used to estimate the clinical probabilities of CB and RF 
treatments[14]. These include the probability of achieving asuccessful 
ablation after one year, the probability of re-ablation procedures 
and the probability of complications with CB and RF treatment. 
Targeted reviews were performed to identify studies addressing the 
other clinical model variables. The details of the probabilities used are 
shown in[Table 2].
  We assessed a single procedure success rate of 0.62 for CB ablation 
and 0.59 for RF ablation. The complication rate was 0.1 in both 
groups. After AF recurrence, RF therapy was performed and therefore 
we assumed a second procedure efficacy rate of 0.59, equally to the 
first RF procedure.
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Utilities
       The quality-adjusted life years (QALYs) for individual health 
status were obtained from published studies after a comprehensive 
literature review[12,20]. Despite consideration of a large number of 
studies, no single source was identified which could provide all of 
the baseline information necessary to apply incremental changes 

Cost estimates
    All health care costs are presented in Pounds. The primary 
outcomes of interest for this study included variable hospital costs 
for the ablation visits (procedure costs, supplies and medication) and 
complication events. Fixed costs, like capital costs or overheads, were 
not included in our cost evaluation, as they would only be minimally 
impacted by differences in treatment. We also did not estimate 
indirect costs, because we assumed that the costs would be similar for 
both treatments. The majority of cost parameters were taken from the 
NHS Payment by Results (PbR) tariffs. Further cost estimates were 
based on existing economic analysis, personal and social care costs 
and resource use estimates from large databases[17].

      The cost for CB ablation were estimated using data from a 
previous published study[12]. Additionally, it has been demonstrated in 
multiple studies that the procedure with RF therapy is less expensive 
than CB[18-19].

        The cost of complications is depicted in [Table 1]. Procedural 
complications were valued based on national tariffs. Phrenic nerve 
palsy was assumed to require CT scan and cardiology outpatient visit. 
Costs for additional drug therapy was not included in the calculation, 
since this would likely affect both groups equally. The average cost 
for procedural complications were £950 in the CB group and £1500 
in the RF group. The main reasons for the cost difference were the 
higher rate of cardiac tamponade and groin-side complications 
caused by RF ablation.

in utility according to health status. Patients with successful pAF 
ablation were assumed to revert to having the same QALY as the 
general population. For the other main health conditions, specific 
decrements were estimated. The quality of life and utility decrements 
used in the model are presented in [Table 2].

Analytical approach
   The cost-utility analysis followed the standard guidelines of 

economic evaluations[21]. The expected costs and outcomes of CB 
and RF treatments were calculated and ICUR was determined. An 

ICUR was calculated by dividing differential costs with differential 
QALYs between existing practice and the new health technology 
(ICUR= C2-C1/U2-U1). It is worth noting that, in multiple 
studies, incremental cost-effective ratio (ICER) and ICUR are 
used interchangeably. Furthermore, we did not apply discount rates, 
because effectiveness and costs were taken as unique values at the 
end of one year.

Sensitivity analysis
      The robustness of model predictions was explored using one-
way sensitivity analyses by varying input parameters in plausible 
limits. These parameters included the cost of CB treatment, cost of 
CB complications and the probability of AF recurrence with the CB 
approach.

Table 2: Summary of important numeric values and parameters

Table 3: ICUR of CB vs. RF treatment

Table 4: One-Way Sensitivity Analysis
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therefore, our cost-utility analysis had only a oneyear time horizon. 
Studies about long-term outcomes of different ablation procedures are 
still limited and long-term effects should continue to be investigated 
in the future. In addition, new technologies of both ablation catheters 
are evolving constantly. This may result in an improvement in efficacy 
and may change the outcome of our analysis. For example, the Fire 
and ICE trial demonstrated a significant difference in freedom from 
cardiovascular rehospitalization between catheter types[22]. Patients 
treated with the second-generation CB experienced a higher rate 
of freedom from cardiovascular rehospitalization than those treated 
with the firstgeneration CB. It also should be noted that RCTs may 
represent an overly optimistic view of care delivery compared to 
routine practice in the broader patient population[23]. RCTs usually 
conduct research on highly selective populations in tightly controlled 
settings. Participants may fail to sufficiently reflect the actual clinical 
site required to represent the entire patients population. Furthermore, 
QALY data were not presented in the RCT trials, thus we had to 
assume that all patients with recurrence of AF had a similar QALY. 
However, many patients with recurrence of AF have no symptom 
or less symptoms after catheter ablation[24-25]. Those patients may 
be suitable for rate-control and anticoagulation strategy rather 
than repeat catheter ablation. Particularly, patients with recurrent, 
symptomatic AF more than 3 months after initial ablation should be 
considered for repeat ablation.

We used cost parameters from NHS PbR tariffs for our analysis which 
have been used for costeffectiveness studies in many previous analyses 
[12,26,27]. The advantage of using these tariffs is that they represent the 
national average costs for hospital procedures in England, and the 
price for a particular procedure is standardised. Because our model 
used PbR tariffs to approximate costs of the ablation procedure and 
complications instead of adding all individual costs together, there 
may be scenarios in which tariffs do not reflect the true costs of 
the treatment. Some patients with atrial fibrillation are elderly and 
frail, with multiple comorbidities such as diabetes, renal dysfunction 
and other chronic conditions, and may need additional care with an 
increased length of stay. Our model does not include cost adjustment 
for other comorbidities and PbR tariffs may not reveal the true 
complexity and cost of a patient episode. In addition, we assumed 
that indirect costs would be the same for both treatments. It is 
possible, however, that the two therapies could differ in non-medical 
costs such as loss of work force or reduced productivity. Lastly, 
a Markov model might be superior to our model, since a Markov 
model is especially useful when events occur repeatedly, such as the 
repeated occurrence of atrial fibrillation[28]. However, the published 
RCTs comparing the proportion of patients achieving normal sinus 
rhythm including complication rates after CB and RT ablation are 
limited to a one-year follow-up, and therefore we decided to use a 
decision tree model.

Several previous studies have assessed the potential cost-effectiveness 
of pAF ablation with RF and CB compared to AAD therapy 
in different countries[5,10,11]. For instance, Reynolds et al. (2014) 
compared the cost-effectiveness of CB ablation with ADD therapy 
from the UK perspective[12]. These studies support the claim that 
both procedures improve QALYs compared with AAD therapy in 
a similar magnitude. Thus, it was stated that RF and CB ablation 
should be offered similarly from a health policy perspective[12]. 

Results
      The results of the cost-utility analysis are shown in [Table 3]. 
They are based on a one-year time horizon including both costs and 
QALYs. CB ablation, compared with RF ablation, results in greater 
costs (£27,669 vs. £25,922) and greater QALY (0.998 vs. 0.987). 
These results yield an ICUR of £152,836/QALY gained. Therefore, 
using this analysis, ablation with CB would be considered cost-
effective if societies’ willingness to pay for a QALY is £152,836 or 
higher.
One-Way Sensitivity analysis
      A sensitivity analysis was performed to study the uncertainty of 
some important model parameters [Table 4]. We performed one-
way sensitivity analyses to assess the degree of change in results 
with variation of one model input parameter value at a time. We 
chose the following parameters for our sensitivity analysis: cost of 
CB treatment, cost of complications with CB and the probability of 
AF recurrence after CB ablation. [Table 4] presents the incremental 
cost per QALY for the different parameters. Changes in the cost of 
CB treatment and the AF recurrence rate have a substantial impact 
on the model’s conclusion. If the CB cost is reduced to £15,000, the 
incremental cost per QALY ablation compared to RF ablation would 
be £-158,005. Whereas if the CB cost is £25,000, the incremental 
cost per QALY would increase to £429,832 per QALY. Furthermore, 
if the probability of AF recurrence is assumed to be 0.15 or 0.35, the 
cost per QALY becomes £57,881 and £429,832, respectively.

     On the other hand, the average cost of CB complications had a 
relatively small impact on results. When the cost of CB complications 
is £850, the incremental cost per QALY becomes £151,687 and it 
increases to £164,898 per QALY, when the cost of CB complications 
is £2000.

Discussion
      CB ablation has been used as an alternative treatment to RF 
catheter ablation for pAF in the past years. Many studies showed 
comparable clinical results[6-9]. However, limited evidence exists about 
the cost-effectiveness of this relatively new technology compared 
to the standard RF treatment. In this health economic analysis, we 
demonstrated that CB ablation increases medical care costs and 
QALY compared to RF with an estimate of 152,836/QALY. Based 
on common cost-effectiveness thresholds, which are currently £20-
30,000 per QALY gained in the UK, AF ablation with CB may not 
be regarded as a more cost-effective strategy than RF. The cost of the 
ablation procedure was a relevant proportion of the total cost, which 
was significantly higher in the CB ablation procedure (£9,195.64 v. 
£7,072.64). Furthermore, the sensitivity analyses revealed that the 
most important impact on ICUR was the total cost of CB and the 
recurrence rate of AF. If in the future the ablation cost for the new 
technology decreases, CB ablation might become more cost-effective 
compared to RF therapy.

This study shares the general limitations of economic modelling. 
Complex medical practice is difficult to convert into a decision tree 
model and details may be missed. This applies to our model as well. 
We used clinical probabilities from a meta-analysis which included 
four RCTs. The RCTs had an average time-frame of one year and 
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Hunter et al. (2016) is the only author, who published a cost analysis 
of AF ablation comparing CB and RF therapy from a US perspective 
[6]. Similar to our study, they revealed that inpatient costs were 
30.0% higher for CB ($27,954) than for RF ablation ($21,563). 
Furthermore, the adjusted outpatient costs were 19.5% higher for CB 
than for RF therapy. However, in this study neither incremental cost 
per QALY gained nor ICER were evaluated and consequently no 
conclusion about cost-effectiveness could be drawn. Our costutility 
analysis is the first study comparing cost-effectiveness of CB with the 
standard RF ablation.

In our current analysis, we demonstrated that CB ablation is not 
more cost-effective than RF therapy. However, some other aspects 
of this newer intervention should be considered before making a 
decision. For example, CB ablation is less painful than RF ablation 
and thus some patients might prefer this treatment to RF therapy[29]. 
Additionally, some publications demonstrated that CB ablation of 
PVs is a simple and straightforward procedure with a faster learning 
curve than RF ablation[29,30]. Consequently, some electrophysiologists 
in training might have a higher success rate after PVI with this new 
technology. Lastly, CB ablation was designed to prevent the need for 
a mapping system and creation of multiple ablation lesions to achieve 
shorter procedure time[31,32]. Further cost-effectiveness studies must 
be conducted to evaluate if this might be beneficial for hospitals.

Conclusion
    Our cost-utility analysis concluded that currently, the treatment 
of pAF with CB might not be more cost-effective than RF ablation, 
with an estimated ICUR of 152,836/QALY. However, a shorter 
procedure time, a less painful procedure and a faster learning curve 
are features of the new technology that could be beneficial for many 
patients, physicians and hospitals. Furthermore, if the cost for the 
new CB technology diminishes in the future, it might become more 
cost-effective than RF, since ablation costs had the biggest impact in 
our sensitivity analysis.
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Introduction
As evidence of the safety and efficacy of atrial fibrillation (AF) 

radiofrequency ablation (RFA) has mounted,  indications for catheter 
RFA for AF have expanded.1  AF RFA  is now the most common 
electrophysiologic procedure worldwide.1  Catheter technology 
and electro-anatomic mapping (EAM) systems continue to evolve 
at a rapid pace posing a challenge for individual practitioners to 
incorporate these advances into routine practice. This is particularly 
true for AF RFA procedures.

The advent of contact force (CF) sensing catheters has improved 
AF RFA success rates,2, 3 and improvements in EAM systems allow 
us to better understand the substrate and objectively evaluate some 
parameters of lesion sets delivered. The increased number of AF RFAs 
performed  has also led to concerns about fluoroscopy exposure4 and 

the health hazards of ionizing radiation to both patients and staff. 
The evolution of these new technologies has enabled physicians to 
develop techniques to perform catheter RFA for AF and other RFAs 
with zero-fluoroscopy.5-7 

However, these advances in techniques and technologies have 
increased the complexity of our procedures. We now have a great 
deal more information available and must consider many more 
variables during AF RFA. Moreover, few educational opportunities 
are available post fellowship for practicing Electrophysiologists (EPs) 
to address the challenges of how to understand and incorporate new 
technologies and fluoroscopy reduction techniques safely, effectively 
and efficiently. This may become a barrier to widespread adoption 
of fluoroscopy reduction techniques and incorporation of new 
technologies for practicing EPs.

In other fields of medicine, similar paradigms have occurred 
as the technology and techniques evolved. In order to shorten the 
learning curve and improve adoption and widespread use training 
opportunities and pathways emerged.8 The role of observational 
learning has been evaluated in different areas of surgical and 
procedural based medicine.9 Its impact has also been evaluated in the 
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Abstract
Background: Significant improvements in catheter technology, electro-anatomic (EA) mapping and techniques to reduce fluoroscopy 

during radiofrequency ablation (RFA) of atrial fibrillation (AF) are on-going. However, few educational opportunities are available post 
fellowship for Electrophysiologists (EPs) to understand and integrate them into their practice, preventing widespread adoption. The impact 
of observational learning for adoption of new technologies and techniques in the field of cardiac electrophysiology has not been studied. We 
sought to report the impact of a visit to a high-volume center with experience in new technologies and fluoroscopy reduction to the clinical 
practice of EPs.

Methods: Between 8/2014 and 10/2017 a total of 150 EPs visited 3 hospitals that perform a high volume of AF RFAs. EPs observed a 
minimum of 4 RFAs, primarily AF. AF RFAs were performed without fluoroscopy, using Carto 3 Version 4 (Biosense Webster) and intracardiac 
Echocardiography.   There was ample interaction and discussion between hosting and visiting EP.

Results: 73 EPs (48.6% of visitors) completed an electronic survey after the visit.  The majority reported a significant reduction in 
fluoroscopy (>50%) and procedure (>20%) times. 68% adopted a rigorous workflow and reported an increase in their confidence level with 
intracardiac echo (79%), continuous mapping (52%) and the Visitag module (61%).

Conclusions: Observational experience can have an immense impact on the clinical practice of EPs. Further effort should be devoted to 
such programs and to study in a more systematic way their ultimate impact on patient care.
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teaching of medical students10 and for practicing physicians to learn 
new skills in the post training setting.8

To the best of our knowledge, the impact of observational learning 
for adoption of new technologies and techniques in the field of cardiac 
electrophysiology has not been studied. Our centers have received 
hundreds of visiting EPs and staff members to observe RFAs, with 
emphasis on AF, fluoroscopy reduction techniques and adoption of 
new technologies. Anecdotal reports from visitors following the visits 
were extraordinarily positive prompting our interest in scientifically 
examining these outcomes.

The purpose of this study is to assess the impact of a single day 
observational experience at high volume RFA center with experience 
in zero fluoroscopy techniques and advancements in EA and catheter 
technology into the RFA procedural practices of visiting EPs.

Methods
Between 8/2014 and 10/2017 a total of 150 EPs and their support 

staff members visited 3 hospitals that perform a high volume of AF 
RFAs annually. Visiting EPs were asked to submit their main goals 
for seeking to visit a high-volume center, academic affiliation and 
years post training prior to the visit. 

The hosting EPs’ main focus was:

1) Educate visiting EPs on the role of new technology in AF
RFA, such as continuous mapping (Confidense™ Module in the 
Carto™ 3 System Version 4), automated catheter stability module 
(Carto Visitag™ Module (Visitag)), and the role of CF catheters;

2) Educate visiting EPs on fluoroscopy reduction techniques,
particularly intracardiac echocardiography (ICE).

The structured visits consisted of a single day experience. Visiting 
EPs observed a minimum of 4 RFAs, mostly AF, all performed using 
Biosense Webster Carto 3 Version 4 EAM system. Visitors were 
provided observer status only, with no hands-on participation with 
cases at each site. The visiting EPs interacted with hosting EP before, 
during and after each procedure. Time for questions and answers 
was allotted. Hosting EPs provided step-by-step explanations of 
workflows used for fluoroscopy reduction and use of new technologies. 
All visiting EPs were given contact information for their hosts to 
follow up with any additional questions or concerns as they returned 
home to implement new strategies in their EP labs. The visits were 
funded by Biosense Webster. 

The 150 EPs who attended were asked to complete an electronic 
survey a few months after the visit and up to 2 reminders were sent 
via email. 73 EPs completed the survey, with a 48.6% response rate. 
Host site visits were Grandview Medical Center (Birmingham, 
AL, 45 visits), Cottage Hospital (Santa Barbara, CA, 24 visits) and 
Greenville Memorial Hospital (Greenville, SC, 4 visits).

AF RFA Procedure
Although there was some variation in the AF RFA approach 

between each of the 3 centers, the procedures were similar in terms 
of technology used and zero-fluoroscopy techniques. While the visits 
were industry sponsored the EPs performed their standard workflow 
and equipment selection.

All procedures were performed using the Carto™ 3 Version 4 EAM 
system. Patients underwent RFA under general anesthesia. CF RFA 
catheters, either Smart touch or Smart Touch SF, were used for all 
procedures. After intra-venous access, the RFA catheter was inserted 
via the right femoral vein, guided by EAM until placed in the right 

Figure 1:

Stepwise approach used for transseptal access guided by intracardiac echocardiography (ICE). Images show ICE in the upper panel and 
corresponding electroanatomical map with reconstruction of the right atrium and the orientation of the ICE fan in the lower pannel. A) ICE 
shows J-tipped wire advanced into the superior vena cava. B) Transseptal apparatus positioned in the superior vena cava and high right 
atrium junction. C) Transseptal needle positioned at the fossa ovalis prior to access
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atrium (RA).  A deflectable decapolar catheter was positioned into 
the coronary sinus, guided by either the EAM and/or ICE.

Intravenous heparin was administered before and after transseptal 
catheterization as necessary to achieve a target ACT of > 350 seconds. 
Either single or double transseptal catheterization was guided by 
ICE with no fluoroscopy (Figure 1) as previously described.7

The left atrium geometry and voltage was then acquired with 
fast anatomic mapping using a multipolar catheter (Lasso™ 
or Pentaray™), with use of continuous mapping. Wide area 
circumferential RFA around ipsilateral pulmonary veins (PVs) was 
performed in the standard fashion, guided by EAM system only. In 
patients with persistent AF, further RFA was at the discretion of the 
operators.  

RFA was performed using 35-50 watts with a target, when safe, 
of 10-20 second lesions and 10-20 grams of force using a drag-burn 
approach. The distance of a drag to result in a reset of the timer and 
new lesion was set by the operator and Visitag filter. Lesion stability 
module (Visitag) was used for every procedure with the rationale 
of avoiding excessive and inaccurate marking of RF sites, and 
rather, marking sites where likely effective RF was applied based on 
adequate catheter time and contact force at any given ablation site.  
Simultaneous stress was placed on the concept that there may be an 
effective lesion and tissue damage despite lack of Visitag at a location 
due to filter settings. Thus, there was emphasis on the safe use of 
Visitag and integration of different filters. Specifically, we advocate 
that to maximize safety, Visitag use should not result in RF lesions 
that are inappropriately long or forceful simply to ensure a Visitag 
marker appears on the EAM. 

Validation of PV isolation was performed using adenosine boluses, 
isoproterenol infusion at high doses for up to 20 mcg/min and 
pacing maneuvers, where appropriate. When necessary for additional 
validation, post RFA voltage mapping of the left atrial was performed.

Results
Of the 150 EPs attending the structured hosted visits, 73 (48.66%) 

completed an electronic survey in the months following the visit, 
after being given the opportunity to integrate the learning experience 
into their own RFA practice.

The mean age of the 73 EPs who completed the survey was 44 years 
(ranging from 36 to 65 years). On average, the EPs had completed 
fellowship training 10 years prior to the visit (range 2 to 30 years). 
And 20% were affiliated to an academic institution.

The most common reasons EPs cited for seeking to participate 
in the structured observational visits at the 3 high volume AF RFA 
centers were to: 1) reduce fluoroscopy and procedure times and to 2) 
understand and adopt new catheter and EAM system technologies.
After the visit, 60% of EPs reported achieving a greater than 50% 
reduction in fluoroscopy with 30% reporting a 50-90% reduction.  
Greater than 20% reported a 10-25% decrease in procedure time 
with more than 15% reporting a greater than 25% reduction.   
Approximately 20% of attendees reported a 90% decrease in lead 
apron use and 15% estimated a decrease in lead apron use of 50-
90% (Figures 2 and 3). The vast majority of visitors reported a 
significant improvement in their understanding and confidence with 
intracardiac ECHO (79%).

After the visit, there was a reported increase in the level of 
confidence with new technologies, such as continuous mapping 
(52%), automated Catheter Stability Module (Visitag) (61%) and 
CF sensing catheters (61.1%) (Figure 4). 68% of EPs adopted a 
rigorous workflow with more systematic use of RFA settings, such 
as power, time and force and the integration with new EAM and 
CF technologies. In particular, 61% reported an improvement in the 
understanding of Automated Catheter Stability Module (Visitag) 
and a 52% of Confidense Module.

Most visiting EPs reported an increase in overall confidence level 
with RFA of AF (67.1%) and that implementation of techniques 
and strategies learned had yielded improvement in short term RFA 
outcomes in terms of safety, efficacy and efficiency (43.8%, 41.1% and 
67.1%, respectively).

Discussion
Main finding

We report that a structured, single day observational experience 
in a high-volume AF RFA center with significant experience with 
fluoroscopy reduction techniques and new technologies can have 
a positive impact on the clinical practice of visiting EPs, including 
significant reduction in fluoroscopy use, improved procedural 
workflow, and improved understanding of new technologies.

Figure 2: Decrease in Fluoroscopy and Lead Apron Use After Single Day 
Observational Experience

Figure 3: Decrease in Total Procedure Time After Single Day Observational 
Experience
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Observational and Simulation based Learning
Across medicine, as techniques and technologies improve and 

progress, dissemination of these improvements remains challenging. 
In particular, the challenge is significant for proceduralists interested 
in incorporating new techniques and technologies into their daily 
practice safely and effectively. 

The role of observational and simulation-based learning has been 
evaluated in different fields of medicine and different stages of the 
training process. 9-11

Harris et all  reported the effect on the acquisition of surgical 
skills on a robotic platform,9 and Torricelli et al on laparoscopic 
surgical training.8  In the field of endoscopy, Draganov reported that 
observation of experts performing endoscopic submucosal dissection 
not only shortened the learning curve and procedure times, but also 
decreased the number of unsuccessful procedures.12

It has also been shown that observational learning can be beneficial 
to improve medical skills’ performance both when flawless and flawed 
demonstrations occurred, as long as learners were given confirmation 
when what they were observing was errorful.13

Observational learning can be particularly useful when there is 
a significant change in treatment paradigms, leading to a need to 
train a large number of physicians to give patients access to new 
treatment options. Minimally invasive surgery has been replacing the 
open standard technique in several procedures. However, the learning 
curve required to obtain laparoscopic expertise has been a barrier for 
its widespread use. Laparoscopic surgery training laboratories have 
emerged to aid surgeons to overcome this challenge, and it may 
include tutorials, simulators and operating room observation. These 
have shown to  improve laparoscopic surgical skills and this short 
period of training is able to increase the laparoscopic practice of 
surgeons in their communities.8

In the field of EP, advances in EAM systems and catheters, along 
with the techniques required for zero fluoroscopy catheter RFA pose 
similar challenges and training needs of that seen in surgery when 
laparoscopic techniques were introduced. The fast evolution seen in 
techniques and technologies used specially for AF RFA can improve 
patient care, but may leave a large number of EP physicians with no 

formal training on such, therefore limiting its widespread use. 

As practitioners at high-volume centers who have access to new 
technologies and actively invest our time in mastering their features, 
we are in a unique position to mentor EPs by providing practical, 
clinical-based opportunities to help them safely incorporate new 
technologies and techniques with demonstrated benefit and bring 
them to their communities as well. 

Our study analyzed the impact of a single day observational visit 
to centers that have extensive experience with the newest technology 
described. Combined our procedural volume exceeds 5,000 RFAs 
without fluoroscopy.  Feedback indicates that the impact of the 
visit was very positive, with reported reductions in fluoroscopy and 
procedural times, as well as better use of new technologies, and a 
significant increase in confidence level with RFA in general. The 
magnitude of the changes reported after a single visit was remarkable. 
We hypothesize that visitors were in essence pre-selected, as they 
were all motivated to make changes in their practice and procedural 
approach and needed primarily the tools and exposure to approaches 
that have been demonstrated to be safe and effective at the host 
institutions.

We hope that this effort will lead the way to the creation of 
structured post fellowship educational opportunities and centers 
of excellence for EPs that would like to learn and safely adopt the 
newest techniques in our field.

Zero-fluoroscopy RFA
 The deleterious effect of ionizing radiation during RFA have been 

well established 4, 14-17.  The importance of minimizing radiation to 
ALARA (as low as reasonably achievable) has been promoted by the 
major scientific societies of physicians who work in the interventional 
X-ray laboratory environment 18. There is no question that all efforts 
to safely reduce or avoid radiation are of value.

Although there is growing literature showing the safety of zero 
fluoroscopy AF RFA,5-7 there are no training pathways available. 
Even though minimizing fluoroscopy has obvious benefit to patients, 
physicians and staff members, most EPs interested in adopting 
these techniques have been learning largely on their own. Many 
EPs however have simply avoided it or maintained their practice of 
fluoroscopy use. Even physicians who wish to reduce their reliance 
on fluoroscopy may not have guidance on how to accomplish this 
goal. As a result, there remains a significant and wide variation in 
fluoroscopy utilization across EP’s. 

To the best of our knowledge this is the first report of the impact 
that a visit to a center with experience in performing zero fluoroscopy 
RFAs has to practicing EPs. Although this survey has limitations 
and has not systematically analyzed procedural and fluoroscopy 
times before and after the visit, the magnitude of the self-reported 
fluoroscopy reduction was substantial. 

Although zero fluoroscopy RFA has been shown to be safe in the 
hands of experienced operators, further studies need to look into the 
reproducibility of it. It is our opinion, however, that the observational 
experience can aid EPs in adopting it safely, by learning specific steps 

Figure 4: Increase in confidence level with different technologies after 
single day visit to high-volume Atrial Fibrillation Ablation Center.
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and techniques involved.

Catheter and EAM system technologies
New technologies for Radiofrequency AF ablation

Over the past decade we have seen several technological advances 
in the field of AF RFA. Improvements in EA mapping systems, such 
as continuous multielectrode mapping, have allowed us to obtain 
more information during AF RFA with short mapping times. CF 
sensing catheters have also been shown to be safe and effective, 
and now allow use to make better estimates of lesion delivered 
and ultimately achieve more durable lesions that can substantially 
improve procedural outcomes.19

The amount of information now available to physicians through 
these technological advances during AF RFA has increased 
significantly, nevertheless there exists no clear consensus and limiting 
supporting literature on how to use, apply and combine these new 
technologies to improve procedural outcomes 

One of the main goals we had with each visitor was to show how we 
use CF catheters and Automated Lesion Annotation synergistically 
while having a strict and organized workflow. We believe that 
using strict parameters (such as power, force and lesion time) while 
programming Visitag to match one’s procedural workflow may 
have significant benefits specially in terms of procedural efficacy 
and efficiency,20 but more importantly safety (using parameters that 
would help prevent inappropriately long lesions as one waits for a 
tag).  

After the visit, the majority of physicians reported the adoption 
of a structured workflow for AF RFA. Although we don’t have 
information of the impact of such changes in their individual clinical 
practice at this point, our experience has been very positive at our 
own centers.21

Limitations
The main limitation of this study is the fact that the impact of the 

visit was assessed by a survey sent to each EP, and therefore subject 
to bias. The self-report nature of the survey precludes objectively 
analyzing the safety of adoption of these techniques, the extent to 
which changes were made and the true impact to clinical practice. 
Moreover, about half of the visiting doctors did not answer the 
survey, which may also introduce bias. Objective data evaluating the 
impact of training visits on fluoroscopy use, procedural efficiency, 
lead apron use, utilization of new technologies, and most importantly, 
clinical outcomes is needed and should be evaluated.  We do have 
plans to complete an analysis of procedural data before and after 
each visit, however, which would allow to measure clinical endpoints. 
Further studies should also be performed to assess the durability of 
the practice changes made after the single visit.

Conclusion
There are few opportunities available for physicians to learn how 

to safely adopt new technologies and particularly how to minimize 
fluoroscopy. Our report shows that post fellowship educational 
opportunities (such as observational experience) can have an immense 

impact in the way EPs practice. Further effort should be devoted to 
the development and organization of such programs and to study in 
a more systematic way their ultimate impact on patient care.
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Introduction
  Atrial fibrillation (AF) usually occurs in patients with an 

increased vascular risk profile[1]. AF is called idiopathic AF (iAF) 
when meticulous phenotyping does not identify any concomitant 
(cardiovascular) disease. Therefore, these patients are most suitable 
to study early forms of this arrhythmia without the interference of 
associated disease[2].

 In a recent report, Lind et al.[3] used the OlinkProseek Multiplex 

Cardiovascular I kit to identify blood markers associated with 
incident AF in two large-scale population studies. They concluded 
that N-terminal pro-B-type natriuretic peptide (NT-proBNP), 
Fibroblast growth factor 23 (FGF23), Fatty acid-binding protein 4 
(FABP4), growth differentiation factor 15 (GDF-15), and Interleukin 
6 (IL6) are determinants of incident AF, with NT-pro-BNP and 
FGF-23 remaining significant determinants upon correction for 
associated cardiovascular diseases. However, as these individuals were 
recruited from population studies, there were relatively high rates 
of hypertension and of history of stroke, myocardial infarction and 
heart failure.

   In the study reported here, we used the OlinkProseek Multiplex 
Cardiovascular I kit to identify markers associated with the presence 
of AF in otherwise healthy patients, enabling identification of 
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Abstract
Background: Blood biomarkers related to AF could be useful to detect silent AF and to develop stratified strategies for AF prevention. 

Previous studies identified markers that predict incident AF. However, it is difficult to differentiate whether biomarkers relate to underlying 
cardiovascular diseases, are generated by the atria in response to an AF episode, or both. We therefore measured a panel of blood biomarkers 
in patients without overt CVD with and without AF to investigate the association between biomarkers and atrial fibrillation (AF) in patients 
without overt cardiovascular disease (CVD).

Methods: Blood samples – drawn remote from an AF episode – of 60 patients with AF but without overt forms of CVD (idiopathic AF; iAF) 
were compared to 120 matched patients with sinus rhythm only. A novel antibody-based method for quantification of blood biomarkers 
(OlinkProseek Multiplex Cardiovascular) was used to compare 92 biomarkers between the two groups.

Results: N-terminal pro-B-type natriuretic peptide (NT-proBNP), Cathepsin L1, Endothelial cell-specific molecule 1, Cancer Antigen-125 (CA-
125), Heat shock 27kDa protein, Galanin peptides, Proteinase-activated receptor 1, Stem cell factor, and CD40-ligand were all higher in iAF 
patients than in SR controls. Both NT-proBNP (OR1.55(1.07–2.25);p=0.022) and CA-125 (OR1.68(1.07–2.64);p=0.026) were independently 
associated with iAF.

Conclusions: This exploratory study, investigating over 90 cardiovascular blood biomarkers in patients without known CVD, identified one 
established biomarker for paroxysmal AF, NT-proBNP, and a novel marker, CA-125. CA-125 - previously unrelated to paroxysmal AF in an 
otherwise healthy population - may thus be a potential indicator of remote paroxysms of AF.
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markers associated with AF rather than with underlying vascular 
disease.

Material and Methods 
      Of all consecutive patients who underwent cardiac comput-
ed tomography angiography (CTA) in the Maastricht University 
Medical Center between January 2008 and March 2011, all iAF 
patients were selected (n=115), and all age (±1 year), sex and PRO-
CAM cardiovascular risk score-matched(±2%)[4] patients in perma-
nent sinus rhythm (n=275) were selected as described previously[5]. 
All patients underwent CTA to detect subclinical coronary artery 
disease (sCAD). Out of these patients, EDTA-plasma was availa-
ble for analysis in 180 patients (60 iAF, 120 SR). All patients were 
in sinus rhythm during blood sampling, which was performed af-
ter an overnight fast, at the day of CTA. The study was approved 
by the Institutional Review Board, all participants gave written in-
formed consent. The data that support the findings of this study are 
available from the corresponding author upon reasonable request.

    Idiopathic AF was defined as the absence of hypertension 
(antihypertensive drug use, or systolic blood pressure ≥140 mm 
Hg, or diastolic blood pressure ≥90 mm Hg, or left ventricular 
hypertrophy [interventricular septum width >10 mm, posterior wall 
width >10 mm]), diabetes (fasting blood glucose >7.0 mmol/L), or 
hypercholesterolemia (total fasting cholesterol >7.0 mmol/L). In 
addition, none of the patients had a history of coronary artery disease, 
renal dysfunction, chronic heart failure, stroke, malignancy, thyroid 
disease or pulmonary disease, or evidence of structural cardiovascular 
disease on echocardiogram, including valvular heart disease (< grade 
1).

      In all blood samples, the OlinkProseek Multiplex Cardiovascular 
I kit (Olink Proteomics, Uppsala, Sweden) was used to measure 
proteins in EDTA plasma by real timePolymerase Chain Reaction[6]. 
Due to a low call rate (valid measurement in <85% of patients), 
Interleukin 4 (IL4), Natriuretic Peptides B (BNP), and Melusin 
(ITGB1BP2) were not included in further analyses. Values which 
were below the Limit of Detection (LOD) were replaced by the 
LOD value (http://www.olink.com/data-you-can-trust/validation/). 
Ten patients were not included in further analyses based on a large 
number of values below LOD (valid measurement for <85% of the 
proteins). The data from the panels were normalised to the median of 
0 for each protein. This procedure enabled comparisons between the 
measurements from different panels. The panel provides NPX-values 
which allow for relative quantification, values can only be compared 
for the same protein across samples. NPX values for 2 different 
proteins are not comparable.

Statistical analyses
     Statistical analyses were performed using SPSS statistical 

software (IBM SPSS statistics version 23.0, IBM Corporation, 
Armonk, NY). Correlations are presented as Pearson’s r and 
p-value. Normally distributed continuous variables are presented as
mean±standard deviation, non-normally distributed continuous as
median[interquartile range], and categorical variables as number of
patients and percentage. All biomarkers were tested for an association 
with iAF using logistic regression, adjusting for age, sex (following the 

biomarker panel’s instructions) and the presence of CT-angiographic 
sCAD. All significant biomarkers, age, sex and sCAD were included 
in multivariable logistic regression. Results were checked for 
collinearity and interaction among covariates, which were not found. 
Manual backwards elimination, retaining age, sex and sCAD was 
used to construct the final models (retention level set at p<0.10). 
Odds ratios and 95% confidence intervals were calculated. Overall, 
p<0.05 was considered significant. The first author had full access to 
all the data in the study and takes responsibility for its integrity and 
the data analysis.

Results
   As patients originate from a matched case control study, age 

(54.3±9.3 vs 54.1±10.3), sex (30.0% vs 31.7% women) and blood 
pressure (systolic blood pressure 126±9mmHg vs 126±12mmHg, 
diastolic blood pressure 80±10mmHg vs 78±10mmHg) did not differ 
significantly between patients with sinus rhythm and idiopathic AF. 
Echocardiographic parameters did not differ significantly (left atrial 
diameter 37±4mm vs 39±5mm, interventricular septum thickness 
8.8±1.1mm vs 8.6±0.7mm, posterior wall thickness 8.7±1.1mm vs 
8.5±0.6mm, and left ventricular ejection fraction 61[4]% vs 62[5]% 
respectively). The prevalence of sCAD was higher in the iAF group 
(36.5% vs 46.0%), while statin use was comparable (10.6% vs 11.7%). 
Full baseline characteristics and imaging parameters were reported 
earlier[5,7].

The age, sex and sCAD adjusted odds ratios of the 89 
biomarkers and their 95% confidence interval (95%CI) are shown 
in Supplemental [Table 1]. N-terminal pro-B-type natriuretic 
peptide (NT-proBNP; OR1.70 (1.16–2.49), p=0.006), Cathepsin 

Figure 1:

Shown are age, sex and presence of sCAD-adjusted odds ratios 
and 95% confidence intervals. Panel A: Nine biomarkers differ 
significantly in idiopathic atrial fibrillation (iAF) compared to sinus 
rhythm controls (SR). Panel B: Multivariable regression analysis 
revealed that both NT-proBNP and CA-125 are independently 
associated with the presence of iAF.

For all biomarkers shown p≤0.05.
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L1 (CTSL1; OR3.96 (1.27–12.36, p=0.018), Endothelial cell-
specific molecule 1 (ESM1; OR2.60 (1.15–5.88), p=0.022), Cancer 
Antigen 125 (CA-125; OR 1.93 (1.10–3.38), p=0.022), Heat shock 
27 kDa protein (HSP27; OR1.46 (1.05–2.02), p=0.024), Galanin 
peptides (GAL; OR1.93 (1.07–3.47), p=0.029), Proteinase-activated 
receptor 1 (PAR1; OR2.60 (1.06–6.38), p=0.037), Stem cell factor 
(SCF; OR3.08 (1.06–8.99), p=0.039), and CD40 ligand (CD40L; 
OR1.43 (1.00–2.06), p=0.050) were all higher in iAF patients than 
in SR controls [Figure 1]. The mean expression of these 9 biomarkers 
is shown in [Figure 2]. There were no significant differences in the 
levels of the other biomarkers between iAF and controls.

Table 1:

Odds ratios, corrected for age, sex and subclinical coronary artery 
disease (sCAD) on computed tomography, of 89 biomarkers of the 
idiopathic AF versus the sinus rhythm control group. Shown are 
OR(95% CI) and corresponding p-value

Age, sex and sCAD 
adjusted

OR (95% CI) P

N-terminal pro-B-type natriuretic peptide (NT-proBNP) 1.701 (1.163 – 2.488) 0.006

Cathepsin L1 (CTSL1) 3.961 (1.269 – 
12.356)

0.018

Endothelial cell-specific molecule 1 (ESM1) 2.601 (1.151 – 5.876) 0.022

Cancer Antigen 125 (CA125) 1.927 (1.101 – 3.375) 0.022

Heat shock 27 kDa protein (HSP27) 1.459 (1.052 – 2.023) 0.024

Galanin peptides (GAL) 1.925 (1.068 – 3.468) 0.029

Proteinase-activated receptor 1 (PAR1) 2.601 (1.060 – 6.384) 0.037

Stem cell factor (SCF) 3.082 (1.057 – 8.986) 0.039

CD40 ligand (CD40L) 1.433 (1.000 – 2.055) 0.050

TNF-related apoptosis-inducing ligand (TRAIL) 3.048 (0.952 – 9.759) 0.061

Platelet endothelial cell adhesion molecule (PECAM1) 2.022 (0.943 – 4.334) 0.070

Pentraxin-related protein PTX3 (PTX3) 1.774 (0.933 – 3.375) 0.081

Monocyte chemotactic protein 1 (MCP1) 0.525 (0.248 – 1.113) 0.093

C-X-C motif chemokine 1 (CXCL1) 1.387 (0.945 – 2.035) 0.095

Spondin 1 (SPON1) 2.249 (0.840 – 6.026) 0.107

Tissue factor (TF) 2.385 (0.809 – 7.029) 0.115

Beta-nerve growth factor (Beta-NGF) 1.972 (0.839 – 4.637) 0.120

Pappalysin-1 (PAPPA) 1.673 (0.853 – 3.284) 0.134

TNF-related activation-induced cytokine (TRANCE) 1.531 (0.865 – 2.710) 0.143

E-selectin (SELE) 0.649 (0.360 – 1.171) 0.151

Leptin (LEP) 0.740 (0.483 – 1.134) 0.167

Interleukin-6 receptor subunit alpha (IL6RA) 1.766 (0.762 – 4.091) 0.185

Fractalkine (CX3CL1) 1.836 (0.740 – 4.559) 0.190

Matrix metalloproteinase 12 (MMP12) 1.371 (0.842 – 2.230) 0.204

Proto-oncogene tyrosine-protein kinase
Src (SRC)

1.332 (0.847 – 2.097) 0.215

Follistatin (FS) 1.502 (0.789 – 2.861) 0.216

Agouti-related protein (AGRP) 1.493 (0.773 – 2.885) 0.233

Epidermal growth factor (EGF) 1.207 (0.879 – 1.658) 0.245

Fibroblast growth factor 23 (FGF23) 1.301 (0.833 – 2.030) 0.247

Myoglobin (MB) 0.708 (0.390 – 1.285) 0.256

Adrenomedullin (AM) 1.660 (0.685 – 4.021) 0.261

Interleukin 16 (IL16) 1.457 (0.747 – 2.841) 0.269

Heparin-binding EGF-like growth factor (HB-EGF) 1.637 (0.668 – 4.010) 0.281

Osteoprotegerin (OPG) 1.572 (0.650 – 3.799) 0.315

Dickkopf-related protein 1 (DKK1) 1.313 (0.764 – 2.257) 0.325

Myeloperoxidase (MPO) 1.723 (0.578 – 5.133) 0.329

NF-kappa-B essential modulator (NEMO) 1.234 (0.800 – 1.905) 0.342

Matrix metalloproteinase 3 (MMP3) 1.308 (0.751 – 2.278) 0.344

ST2 protein (ST2) 1.336 (0.729 – 2.450) 0.348

Interleukin-27 subunit alpha (IL27A) 1.641 (0.573 – 4.697) 0.356

TNF-related apoptosis-inducing ligand receptor 2 
(TRAILR2)

0.615 (0.215 – 1.759) 0.365

P-selectin glycoprotein ligand 1 (PSGL-1) 0.455 (0.082 – 2.528) 0.368

CD40L receptor (CD40) 1.403 (0.670 – 2.939) 0.369

Placenta growth factor (PIGF) 1.529 (0.566 – 4.130) 0.402

Membrane-bound aminopeptidase P (mAmP) 0.877 (0.643 – 1.198) 0.410

Continue the table .. .. ...

Tumor necrosis factor receptor 2 (TNFR2) 1.352 (0.619 – 2.954) 0.450

Thrombomodulin (TM) 1.467 (0.520 – 4.135) 0.469

Interleukin 8 (IL8) 0.794 (0.422 – 1.495) 0.475

Macrophage colony stimulating factor (CSF1) 1.650 (0.408 – 6.673) 0.482

Tumor necrosis factor ligand superfamily member 14 
(TNFSF14)

1.353 (0.562 – 3.257) 0.501

Receptor for advanced glycosylation end products (RAGE) 1.298 (0.549 – 3.071) 0.552

Growth/differentiation factor 15 (GDF-15) 1.212 (0.607 – 2.419) 0.586

T-cell immunoglobulin and mucin domain 1 (TIM) 0.873 (0.530 – 1.437) 0.592

Angiopoietin-1 receptor (TIE2) 1.287 (0.421 – 3.935) 0.658

Interleukin 6 (IL6) 0.922 (0.632 – 1.343) 0.672

Tissue-type plasminogen activator (tPA) 1.150 (0.593 – 2.233) 0.679

Matrix metalloproteinase 1 (MMP1) 0.902 (0.544 – 1.496) 0.689

Hepatocyte growth factor (HGF) 1.154 (0.565 – 2.356) 0.694

Eosinophil cationic protein (ECP) 1.112 (0.644 – 1.919) 0.703

C-C motif chemokine 4 (CCL4) 1.106 (0.656 – 1.863) 0.706

Vascular endothelial growth factor D (VEGF-D) 0.901 (0.505 – 1.606) 0.723

Prolactin (PRL) 1.089 (0.678 – 1.747) 0.725

SIR2-like protiein (SIRT2) 1.038 (0.821 – 1.038) 0.757

C-X-C motif chemokine 6 (CXCL6) 0.935 (0.587 – 1.489) 0.776

Chitinase-3-like protein 1 (CHI3L1) 0.939 (0.602 – 1.463) 0.780

Interleukin 1 receptor antagonist protein (IL1RA) 0.924 (0.519 – 1.654) 0.789

Galectin 3 (GAL3) 0.915 (0.463 – 1.810) 0.799

Tumor necrosis factor receptor superfamily member 6 
(FAS)

1.123 (0.445 – 2.835) 0.806

Urokinase plasminogen activator surface receptor (UPAR) 1.119 (0.451 – 2.773) 0.808

Cathepsin D (CTSD) 0.914 (0.436 – 1.915) 0.811

Kallikrein 11 (hK11) 0.904 (0.390 – 2.093) 0.814

Kallikrein 6 (KLK6) 1.097 (0.452 – 2.662) 0.837

Vascular endothelial growth factor A (VEGF-A) 1.095 (0.400 – 3.000) 0.859

Cystatin B (CSTB) 1.045 (0.641 – 1.703) 0.860

Fatty acid-binding protein 4 (FABP4) 1.066 (0.521 – 2.183) 0.861

Lectin-like oxidized LDL receptor 1 (LOX1) 1.043 (0.605 – 1.798) 0.879

C-C motif chemokine 20 (CCL20) 0.978 (0.709 – 1.349) 0.890

Caspase 8 (CASP8) 1.032 (0.639 – 1.668) 0.897

Resistin (RETN) 0.962 (0.519 – 1.781) 0.901

Platelet-derived growth factor subunit B (PDGFsuB) 1.015 (0.773 – 1.334) 0.912

Protein S100-A12 (EN-RAGE) 0.969 (0.553 – 1.700) 0.913

Interleukin 18 (IL18) 1.034 (0.530 – 2.018) 0.921

Growth hormone (GH) 0.992 (0.844 – 1.166) 0.924

Matrix metalloproteinase (MMP10) 1.027 (0.583 – 1.809) 0.927

C-C motif chemokine 3 (CCL3) 1.044 (0.408 – 2.670) 0.928

Tumor necrosis factor receptor 1 (TNFR1) 1.043 (0.373 – 2.918) 0.937

Renin (REN) 1.004 (0.622 – 1.618) 0.988

C-X-C motif chemokine 16 (CXCL16) 0.993 (0.338 – 2.923) 0.990
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still to be determined[10]. CA-125 has before been linked – in 
small studies – to new-onset AF in patients with recompensated 
acute heart failure[11] as well as in post-menopausal women[12], but 
not yet to prevalent AF in a healthy population. There may be 
three possible explanations for the association between CA-125 
and AF. Firstly, as CA-125 positively correlates with TNF-α, IL-
6, IL-10[13] and IL-1β[14], it may be hypothesized to be a marker 
of the presence of underlying low-grade inflammation in this 
study population. Secondly: CA-125 is produced in response to 
mechanical stress or inflammation by different tissues derived from 
coelomic epithelium, such as the pericardium and pleura[10]. Based on 
the strong anatomical relation between the posterior left atrium and 
the pericardium[15] and the dominance of pulmonary vein triggers in 
early AF, the rise in CA-125 may be hypothesized to be a reflection 
of the interplay between atrium and pericardium. Lastly, as CA-125 
is shown to correlate with pleural effusion[16], it may be hypothesized 
that the paroxysms of AF have led to – transient – pleural effusion 
with an associated rise in CA-125.Univariable regression analysis 
revealed that several pathophysiological processes may be active in 
patients with early forms of AF, such as angiogenesis (CTSL1[17], 
ESM1[18]), endothelial dysfunction (ESM1[18], SCF[19]), cellular stress 
(HSP27[20]), cardiac remodelling (CTSL1[20]), cardiac remodelling 
(CTSL1[21]) and activation of the coagulation system (GAL[22], 
PAR1[23], and CD40L[24]). The markers of a hypercoagulable state are 
in line withprevious reports of a prothrombotic state veryearly in the 
pathogenesis of AF[25,26]. Clearly, a much larger patient sample would 
be needed to verify any of these interactions which did not uphold 
during multivariable testing.

        Multivariable analysis showed that both CA-125 and NT-
proBNP, adjusted for age, sex and sCAD, are associated with a 

Figure 2:

Unadjusted box-plots of 9 biomarkers that were found to 
be significantly different between patients without overt 
cardiovascular disease, with and without atrial fibrillation. Shown 
are mean and standard deviations. 

** indicates p<0.01, * indicates p<0.05.
CA-125=Cancer Antigen 125; CD40L=CD40 ligand; CTSL1=Cathepsin L1 ; ESM1=Endothelial 
cell□specific molecule 1; GAL=Galanin peptides; HSP27=Heat shock 27 kDa protein; iAF=idiopathic 
atrial fibrillation, NPX=normalized protein expression, NT-proBNP=N□terminal pro□B□type 
natriuretic peptide; PAR1=Proteinase-activated receptor 1; SCF=Stem cell factor; SR=sinus rhythm.

history of iAF (OR for CA-125 2.25 (1.27-3.99), p=0.005 and NT-
proBNP 1.79 (1.22-2.62), p=0.002). NT-proBNP and CA-125 do 
not correlate with each other (r=-0.09, p=0.27). [Figure 3] shows 
the prevalence of iAF in tertiles of the CA-125 (21.7%, 28.6% and 
35.0%; p=0.27) and NT-proBNP levels (19.3%, 26.2% and 39.7%; 
p=0.04). The highest prevalence of iAF can be found in patients 
with levels of both CA-125 and NT-proBNP in the highest tertile 
(50.0%), with an intermediate prevalence in patients with either CA-
125 (30.0%) or NT-proBNP (37.2%) in the highest tertile and the 
lowest prevalence in patients with none of the markers in the highest 
tertile (18.9%; p=0.005).
Discussion

  From this study, it can be concluded that even in a healthy 
population without cardiovascular disease, the levels of NT-proBNP 
and CA-125 are associated with AF. Results from this study 
furthermore show that the levels of CTSL1, ESM1, HSP27, GAL, 
PAR1, SCF and CD40L may contain additional information on the 
presence of a history of AF.

Multivariable analysis showed that two markers are independently 
associated with the presence of a history of AF: NT-proBNP and 
CA-125. NT-proBNP has been recognized as a marker of incident 
AF in population studies, on top of risk scores based on the presence 
of cardiovascular disease[8,9]. The data from this cohort confirm that 
elevated NT-proBNP blood levels are a marker of (remote) episodes 
of paroxysmal AF even in the absence of concomitant vascular disease.

 CA-125 is in current clinical use in the follow-up of ovarian 
cancer, but the value of CA-125 as a biomarker in cardiology is 

Figure 3: Percentages of patients with idiopathic atrial fibrillation (iAF) in 
tertiles of CA-125 and NT-proBNP levels. SR=Sinus Rhythm

* indicates P<0.05, ** indicates P<0.01.natriuretic peptide; PAR1=Proteinase-activated receptor 1; 
SCF=Stem cell factor; SR=sinus rhythm.
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these conditions were excluded from the present analysis, we may 
conclude that FGF-23 is a marker of advanced vascular disease, while 
the markers found in this study are associated with very early AF 
without the effects of confounding vascular disease.

The current categorization of AF in paroxysmal, (long-standing) 
persistent or permanent may in the long run fall short to adequately 
describe distinct patient groups[34]. Biomarkers, be it those found 
in blood or through the use of imaging, could help determine 
and distinguish between different forms of AF. The results from 
the present study suggest that, when reporting on biomarkers in 
AF, underlying processes – such as the presence of other forms of 
cardiovascular disease - that lead to the creation of a substrate for AF 
should be taken into account.

Strengths,limitations and clinical implications
  The major strength of this study lies in the selection of patients 

without concomitant vascular disease and blood sampling during 
sinus rhythm, which enabled us to identify and gain further insight 
into markers associated with the presence of AF, rather than markers 
of the vascular conditions that usually accompany AF[35]. However, 
the study population of this exploratory study is relatively small 
and highly selected, necessitating confirmation in larger study 
populations. Next to more insight in the pathophysiology of early AF 
without concomitant vascular disease, this study should be seen as a 
means to support investigating the use of NT-proBNP and CA-125 
in screening programs for AF incorporating biomarkers[36], which 
should be tested prospectively.
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Conclusion 
    This study confirms the association between levels of NT-
proBNP and a diagnosis of paroxysmal AF even in patients without 
concomitant cardiovascular conditions, suggesting that NT-proBNP 
is released by the atria and remains elevated even in the absence of 
an on-going arrhythmia episode. Furthermore, this data suggests that 
CA-125 could be a novel marker of the occurrence of (paroxysms 
of ) AF in patients without structural heart disease. Finally, in 
conjunction with published analyses, our data suggest that elevated 
FGF-23 levels may be a marker for AF in patients with concomitant 
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Introduction
 Catheter ablation incorporating pulmonary vein isolation (PVI) 

is an established treatment for symptomatic atrial fibrillation (AF). 
Current guidelines recommend catheter ablation for drug-refractory 
AF in adults, and as first-line therapy in selected patients with 
paroxysmal AF[1-3]. However, there is a wide variety of success rates 
reported after the catheter ablation and recurrence of AF remains an 
important problem[4-5]. There are currently limited, and conflicting data 
on the incidence of asymptomatic AF recurrences post-AF ablation. 
Some studies have suggested that the incidence of asymptomatic 
AF recurrence is common post-ablation, even in patients who were 
previously quite symptomatic. Thus, these recurrences are generally 
censored and known more colloquially as blanking period[6-8]. 
However, other studies have reported that asymptomatic recurrences 
post-AF ablation are uncommon[9]. Several studies proposed 
several procedural predictors of AF recurrence after the procedure 
[10-11]. However, because AF type (paroxysmal, persistent, and long-

standing persistent AF), ablation strategy, patient characteristics, 
and data analyses were highly heterogeneous in those studies, the 
results were not consistent. In addition, AF recurrences during the 
first weeks after AF ablation were treated as a non-significant factor. 
But nowadays they are regarded to have an impact on long-term PVI 
failure[12-13].

This study was designed to further study the incidence and risk 
factors for early and late AF recurrence post-ablation and assess the 
impact of early AF recurrences on long term success.

Methods
Study population

This was a prospective single centre study which included 36 
consecutive patients who underwent radiofrequency catheter ablation 
(RFCA) of symptomatic paroxysmal AF at cardiology department in 
Ain shams university hospitals during the period from 2015 till 2017. 
Exclusion criteria included patients unwilling to give study consent 
and those with persistent AF, history of organized atrial tachycardia 
(AT) or atrial flutter (AFL), or previous history of AF ablation.

Trans-oesophageal echocardiography was performed in all patients 
to rule out left atrial (LA) thrombus before ablation. In patients on 
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Abstract
Background: Following pulmonary vein isolation for paroxysmal atrial fibrillation (PAF), early recurrences of atrial arrhythmias (ERAA) 

are frequent, classified benign as a part of a blanking period. But recently it seems that there is increased incidence of late recurrences in 
patients with ERAA but mechanism is still unknown.

Purpose:To assess the incidence and risk factors for early and late AF recurrences post AF ablation and the impact of these ERAA on 
long-term success.

Methods: Thirty-six consecutive patients (age 45 ± 11 years, 72% males) undergoing RF ablation for PAF. They were followed up in hospital 
for 2 days post ablation then every week for one month. Subsequent follow-up visits consisted of clinical interview, ECGs, and 24h Holter 
monitoring every 3 months were done for one year. Extended Holter monitoring was done for patients with palpitations. Any episode of 
symptomatic or asymptomatic documented atrial tachyarrhythmia > 30 seconds was considered recurrence.

Results: Prevalence of ERAA during first 3 months was 47.2%, while late AF recurrence was 25%. 35% of patients with ERAA had late AF 
recurrence. ≥ 2 attacks of ERAA during the blanking period had significant diagnostic performance in prediction of late AF with sensitivity 44% 
and specificity 100% (p value=0.05) and also long procedural time ( with sensitivity 89% and specificity 63% (p value=0.049). Multivariate 
logistic regression showed that frequent ERAA attacks was the only significant factor that increases the risk of late AF recurrence (p value 
=0.008, OR= 4.39, 95% CI=1.48–12.99).

Conclusion:ERAA in blanking period may be associated with increased risk for late AF recurrence. Frequent episodes of early recurrences 
(≥ 2 attacks) is a strong predictor for late AF recurrence. These data should be considered during follow up of the patients with paroxysmal 
AF after ablation.
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vitamin K antagonists, anticoagulation was stopped 3 days before 
ablation and replaced by intravenous heparin to maintain a partial 
thromboplastin time of 2–3 times of the normal value, or bridged 
with low-molecular weight heparin. The procedure was performed 
under therapeutic INR values of ≤ 2. The study was performed under 
general anaesthesia after obtaining informed written consent from 
the patients.

Mapping
First, trans-septal access to the left atrium was obtained with 

standard techniques. Repetitive intravenous heparin was administered 
to maintain an activated clotting time of 300 to 350 s. Mapping and 
catheter ablation of AF were performed using 3D electro-anatomical 
(3D EA) mapping system (CARTOR 3 system, Biosense Webster, 
Diamond Bar, CA, USA) Simultaneous surface ECG and bipolar 
intracardiac electrogram (EGM) recordings (filtered between 30 and 
500 Hz) were amplified and displayed using the Prucka CardioLab 
System (GE Medical Systems, Milwaukee, WI, USA).

   Mapping was performed during sinus rhythm using a 3.5-mm–tip 
catheter (ThermoCool Navi-Star, Biosense Webster Inc., Diamond 
Bar, CA) to create an anatomical map. In each case, we tried to obtain 
an evenly distributed map throughout the left atrium.

   After 3D reconstruction of the LA, each pulmonary vein (PV) 
ostium was tagged on the map. Lasso catheter was positioned across 
the ostium of each PV aiming at recording pulmonary vein potentials 
(PVPs).

RF-ablation protocol
  RF- ablation approach chiefly involved pulmonary vein isolation 
(PVI) in all patients. PVI was performed first at the antrum of left 
PVs followed by the right sided PVs using RF energy of 25-30 Watts 
with an external irrigation flow rate of 15-17 ml/min. RF current 
was applied continuously with repositioning of the catheter tip every 
30-60 seconds. Special caution was done at the posterior wall near 
the oesophagus as power was reduced to 25 Watts with continuous 
repositioning of the catheter tip every 20 seconds. Disappearance or 
dissociation of PV potentials on Lasso catheter was defined as acute 
PVI success (exit block).

   After ablation, Patients who had AF during the study underwent 
electrical cardioversion (CV) in order to verify PVI in SR, and 
PVI was reassessed in all patients after a 30-minute waiting period. 
Confirmation of PVI was defined by the absence of PVPs on the 
Lasso catheter during pacing from a coronary sinus or an LA catheter 
(Entrance block) and Failure of capturing the atrium through pacing 
from all poles of Lasso catheter inside each PV (Exit block).

   After a 30-minute waiting period, a 40 mg bolus of adenosine 
triphosphate was injected to unmask any dormant PV conduction. 
The subsequent response was assessed for each PV using the lasso 
mapping catheter. If no dormant conduction was detected, the 
procedure was consideredsuccessful, and the patients were defined as 
acute PVI responder.

   If dormant conduction was detected, an additional targeted RF 

ablation was done at sites of transient or sustained reconnection in 
each affected pulmonary vein until dormant conduction could no 
longer be elicited.

    No antiarrhythmic drugs were prescribed after the procedure 
to avoid the effect of medications on recurrence. The patients 
underwent continuous, in-hospital ECG monitoringfor 2–4 days 
following the procedure. The first outpatientclinic visit was one week 
after the ablation procedure. Subsequentfollow-up visits consisted of 
a clinical interview, ECGs,and 24-h Holter monitoring every week 
for 3 months, followed by every 3 months for 12 months, at the 
cardiologyclinic. Patients with palpitations were encouraged to do 
extended Holter monitoring for up to 7 days. 

     Any episode of AF that lasted more than 30 seconds documented 
with surface ECG or Holter monitoring was considered a recurrence. 
AF recurrence was further subdivided into asymptomatic and 
symptomatic AF.

Statistical analysis
The collected data were coded, tabulated, and statistically analyzed 

using IBM SPSS statistics (Statistical Package for Social Sciences) 
software version 20 , IBM Corp., Chicago, USA, 2009.

 Descriptive statistics were done for quantitative data as minimum 
and maximum of the range as well as mean± SD (standard deviation) 
for quantitative normally distributed data, median and 1st and 3rd 
inter-quartile range for quantitative non-normally distributed data, 
while it was done for qualitative data as number and percentages.

Inferential analyses were done for quantitative variables using 
independent groups with normally distributed data and Mann 
whiteny U in cases of two independent groups with non-normally 
distributed data. In qualitative data, inferential analyses for 
independent variables were done using Fisher’s Exact test for 
differences between proportions with small expected numbers. 
ROC curve was used to evaluate the performance of different tests 
differentiate between certain groups. Logistic regression model was 
used to find out independent factors affecting recurrence. The level 
of significance was taken at P value < 0.050 is significant, otherwise 
is non-significant. Sensitivity = (True positive test / Total positive 
golden) x 100, Specificity = (True negative test / Total negative 
golden) x 100.

Results
Patient Characteristics
Patient characteristics are depicted in [Table 1]

The age of the study population was 45.3 ± 11.4 years. Twenty six 
(72.2%) patients were males while 10 (27.8%) were female.

  Nineteen patients (52.8%) of the study population had arterial 
hypertension (HTN), five patients (13.9%) had diabetes Mellitus 
(DM), and six patients (16.7%) were smokers. Only one patient 
(2.8%) had hypertrophic cardiomyopathy (HCM) while the rest of 
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Median time interval from first AF diagnosis to index ablation 
procedure (AF duration) was 43.5 ± 27 months with a frequency 
of 3.64 ± 1.18 times/month. As regards EHRA score[1], 34 patients 
(94.4%) had symptomatic AF graded as EHRA score III.

  The median number of antiarrhythmic drugs (AAD) prior to 
ablation was one (range 1-3). Vitamin K antagonists were used in 
thirty patients (83.3%) while the rest of patients didn’t take any 
anticoagulants as CHA2DS2-VASC score[1] was 0.

Pre-procedural Echocardiographic parameters [Table 1]
  Left atrial longitudinal diameter (LAD) was 42.75 ± 5.02 mm 
(ranged from 32 to 56 mm), while left ventricular systolic function 
(LV EF) was 65.47 ± 3.07 %.

Mapping and Ablation outcomes [Table 1]
   Mapping and ablation were guided by 3D LA mapping using Carto 
3 system in all study populations. Complete PVI was achieved in all 
procedures of 36/36 patients and no additional lines were needed. 
Entrance and exit blocks were achieved in all procedures (100%).
Total fluoroscopy time was 44.21± 27.9 minutes and total procedural 
time was 167.36 ± 30.69 minutes.

Follow-Up
   Follow up was for 2–4 days following the procedure. The first 
outpatientclinic visit was one week after the ablation procedure. 
Subsequentfollow-up was every week for 3 months followed by every 
3 months for 12 months, at the cardiology clinic.

The blanking period (first three months after AF ablation)
[Table 1]
  Atrial arrhythmias occurred in 17 patients (47.2%). 13 out of 17 
patients (76.5%) had only one attack, while 4 patients (23.5%) had 
more than one attack. 12 patients(70.5%) were symptomatic while 
5 patients (29.5%) were asymptomatic. Cardioversion was needed 
in 5 out of 12 patients (41.6%). But no antiarrhythmic drugs were 
described as maintenance therapy based on the current study design.

Follow up After blanking period till 12 months: [Table 1]
  Nine patients (25%) had AF recurrence during follow up over 12 
months. five of 9 patients (55.5%) who had AF recurrence responded 
to pharmacological treatment in form of Amiodarone while redo AF 
ablation was done in four patients (44.4%). Three patients (8.3%) 
had AF recurrence between 3-6 months, 5 patients (13.8%) had AF 
recurrence between 6-9 months, while one patient (2.7%) had AF 
recurrence between 9-12 months.

Redo AF ablation procedures
  A redo AF ablation was performed in 4/36 (11%) patients. In these 
procedures, PV re-connections were observed in 4/4 (100%) patients. 
Therefore, RF ablation was done at sites of reconnection in each 
affected pulmonary vein.

Predictors of AF recurrence during first 3 months (blanking 
period): [Table 2]
 HTN was present in 13 out of 17 patients who had atrial 
tachyarrhythmia during blanking period with p value 0.007. Those 

patients (97. 8%) had normal structural heart. All study population 
had normal thyroid profile and no history of thyroid disease. There 
was no history of thromboembolic events or familial history of AF< 
55 years.

Table 1: Baseline clinical characteristics, procedural data and post 
procedural follow up of the study population

Characteristic Study population (no.36)

Age at ablation time (years) 45.3 ± 11.4

Gender
             Male 
             Female

26 (72.2%)
10 (27.8%)

Arterial hypertension(HTN) 19 (52.8%)

Diabetes Mellitus (DM) 5 (13.9%)

Smoking 6 (16.7%)

Thyroid disease 0

Structural heart disease
             IHD
             DCM
             HCM
             VHD

1 (2.8%)
0
0
1
0

AF 
         Duration since first           
attack(years)
        Frequency per month
        EHRA score

                                4.4±3.3

3.64 ± 1.18
EHRA II:    2 (5.6%)        EHRA III:   34 (94.4%)

LAD (mm) 42.75 ± 5.02

LVEF% 65.47 ± 3.07

Vitamin K antagonists 30 (83.3%)

No. of AADs 1 (1-3)

Betablockers 1 (2.8%)

Class I AAD 20 (55.6%)

Class III AAD 16 (44.4%)

Fluroscopy time (minutes) 44.2 ± 27.9

Procedural time (minutes) 167.3 ± 30.6

PVI attempted 36/36 (100%)

PVPs (Exit block)
       Eliminated
       Dissociated 

36 (100%)
29 (80.5%)
8(19.4%)

Entrance block 36 (100%)

First 3 months post AF ablation 
(Blanking period)

      Incidence of AF

       Number of attacks

                        Single attack
                         Two attacks
                          >2 attacks

  Symptomatic AF  

 Need for cardio-version

17 (47.2%)

                                
13 (76.5%)
2 (11.7 %)
2 (11.7 %)

12 (70.5%)

5 (41.6 %)

AF recurrence over 12 months ( 
after blanking period )

          Incidence of AF

          Symptoms 

         Response to AADs

        Need for Redo AF 
         Ablation

9 (25%)

9 (25 %)

5 (55.5 %)

4 (44.4 %)

AF: atrial fibrillation; IHD: ischemic heart disease, DCM: dilated cardiomyopathy; HCM: hypertrophic 
cardiomyopathy; VHD: valvular heart disease; LAD: left atrial diameter; mm: millimeter; LVEF: left 
ventricular ejection fraction; AADs: antiarrhythmic drugs; PVI: pulmonary vein isolation; PVPs: 
pulmonary vein potentials. 
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   Six out of 17 patients (35.3%) with atrial arrhythmias during 
blanking period had late AF recurrence while 3/19 patients (15.8%) 
without atrial arrhythmias had late AF recurrence (p value=0.255).
[Table 2] and[Figure 1].

Diagnostic performance of these factors in prediction of AF 
recurrence during blanking period ([Table 3] and [Figure 2]):
 Frequent AF attacks per month before ablation had significant 
diagnostic performance in prediction of recurrence during blanking 
period with sensitivity 82.4% and specificity 68.4% (p value=0.005) 
with cutoff value ≥ 4 attacks /month.

patients had also longer interval from first AF diagnosis to AF 
ablation and more frequent AF attacks per month before ablation 
than those without atrial tachyarrhythmia (p value= 0.043 and 0.003, 
respectively). In addition, Left atrial longitudinal diameter (LAD) 
was significantly larger in the patients who had atrial tachyarrhythmia 
than those without (p value=0.036).

Figure 1:

The Kaplan–Meier estimate Arrhythmia-free survival and 95% 
confidence intervals after RF ablation of PAF in patients with atrial 
arrhythmias detected during the blanking period (dashed line) and 
the patients without any arrhythmias during the blanking period 
(continuous line) over 12 months. Numbers indicate remaining 
patients without AF recurrence at each time point.

Figure 2: ROC curve for factors predicting the incidence of atrial arrhythmia 
during the blanking period post AF ablation. 

Table 2: Predictors of AF recurrence during blanking period

Parameters Patients with atrial 
arrhythmias
(No. 17)

Patients without 
atrial arrhythmias
(No.19)

P value

Age 45.7 ± 12.1 44.9 ± 11.1 ^0.84

Gender 
           Male 
           Female

12 (70.6%)
5  (29.4%)

14 (73.7%)
5  (26.3%)

§0.83

DM 2  (11.8%) 3  (15.8%) §0.72

HTN 13 (76.5%) 6  (31.6%) §0.007*

Smoking 1    (5.9%) 5  (26.3%) §0.10

AF 
    Age of onset of AF (years)

   Time interval from first AF 
diagnosis to  AF ablation 
(years)

    Frequency per month                       
(median/IQR)

     EHRA score II-III

41.3±11.6

4.4±2.7

4 (4–5)

17 (100%)

42.0 ±10.5

2.9±1.5

3(2–4)

19(100%)

^0.84

^0.043*

#0.003*

§0.93

LAD (mm) 44.5 ± 5.1 41.1 ± 4.36 ^0.036*

LV EF% 65.53 ± 3.20 65.4 ± 3.02 ^0.92

Fluoroscopic time 38.5 ± 20.9 49.5 ± 33.1 ^0.26

Procedural time 175.8 ± 28.1 159.7 ± 31.5 ^0.12

Late AF recurrence after 
blanking period 

6 (35.3%) 3 (15.8%) §0.255

AF: atrial fibrillation; LAD: left atrial diameter; mm: millimeter; LVEF: left ventricular ejection 
fraction; PVI: pulmonary vein isolation.
^Independent t-test, #Mann Whitney test, § Fisher’s Exact, *Significant.

Table 3: Diagnostic performance of the factors in prediction of AF 
recurrence

Factors AUC SE 95% CI P Cut off Sensitivity Specificity

Prediction of AF recurrence during blanking period

Time interval 
from first AF 
diagnosis to  
AF ablation 
(years)

0.676 0.091 0.498–
0.855

0.071 ≥3.5 0.588 0.684

Frequency of 
AF per month 
before ablation

0.776 0.081 0.616–
0.935

0.005* ≥4.0 0.824 0.684

LAD (mm) 0.670 0.090 0.493–
0.848

0.081 ≥37.5 1.000 0.263

Prediction of AF recurrence over 12 months follow up

Age at time 
of first AF 
diagnosis
(years)

0.704 0.106 0.496–
0.911

0.071
≥42.5

0.667 0.741

Duration of 
procedure 
(minutes)

0.718 0.087 0.547–
0.889

0.049* ≥177.5 0.889 0.630

Frequency of 
AF attacks 
during  
blanking  
period

0.720 0.115 0.494–
0.946

0.05* ≥2.0 0.444 1.000

AF: atrial fibrillation; LAD: left atrial diameter; mm: millimeters
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 Procedural time was longer in patients with AF recurrence 
(184.4±15.7 min.) than those without (161.7±32.5 min.) with p 
value 0.009.

  There is no statistical difference in incidence of atrial arrhythmias 
during the blanking period between the patients with late AF 
recurrence and the patients without recurrence (P value =0.255). But, 
we found that patients with late AF recurrence had more frequent AF 
attacks during the blanking period than those without late recurrence 
[ p value= 0.003] 

Diagnostic performance of these factors in prediction of late 
AF recurrence ([Table 3] and [Figure 3])
  Longer procedural time had significant diagnostic performance 
in prediction of late recurrence with sensitivity 89% and specificity 
63% (p value=0.049).≥ 2 AF attacks during the blanking period also 
had significant diagnostic performance in prediction of late AF with 
a sensitivity of 44% and specificity of 100% (p-value 0.05). After 
adjustment of all factors using multivariate logistic regression(Table 
5), we found that: Frequency of AF attacks during the blanking 
period was the only significant factor that increases the risk of late 
AF recurrence (p-value 0.008, OR 4.39, 95% CI 1.48–12.99).

 LAD ≥37.5 mm is the cutoff value, that is associated with high 
incidence of AF recurrence in the blanking period with sensitivity 
100%, specificity 26.2% but p value =0.081.

    After adjustment of all factors using Multivariate logistic 
regression, we found that: HTN is an independent risk factor for 
atrial arrhythmia during the blanking period (OR 7.042, 95% CI = 
1.602-30.9 with p value 0.01). Frequency of AF attacks per month 
(≥ 2 attacks per month) is also an independent risk factor (OR 24.5, 
95% CI = 2.57–234.25 with p value 0.005), in addition to, the Time 
interval from first AF diagnosis to AF ablation (≥ 3.5 years) is an 
independent risk factor (OR 9.71, 95% CI = 1.06–89.34 with p value 
0.045).

Predictors of late AF recurrence over 12 months post AF 
ablation: [Table 4]
  The patients with late AF recurrence post ablation had older age 
(43.8±10 years) than those without AF recurrence (40.4±11.6 years) 
[p value= 0.046].

 LAD was also significantly larger in patients who had AF recurrence 
(46.08 ± 5.25 mm) than those without recurrence (41.08 ± 4.05 mm) 
with P value 0.003.

Figure 3: ROC curve for factors predicting late AF recurrence over 12 
months follow up post AF ablation.

Table 4: Predictors of late AF recurrence over 12 months follow up

Parameters Patients with atrial 
arrhythmias
(No. 9)

Patients without 
atrial arrhythmias
(No.27)

P value

Age 46.1 ± 10.9 43.7 ± 12.6 ^0.57

Gender 
                          Male
                          Female 

7 (77.8%)
2 (22.2%) 

19 (70.4%)
8 (29.6%)

§1.000

HTN 3 (33.3%) 16 (59.3%) §0.255

DM 2 (22.2%) 3 (11.1%) §0.581

Smoking 2 (22.2%) 4 (14.8%) §0.627

Structural heart disease (HCM) 1 (11.1%) 0 (0%) §0.250

AF 
     Age at onset of AF 

    Time interval from first AF 
diagnosis to  AF ablation (years)

     Frequency per month 
(median/IQR)

        EHRA score II-III

43.8±10.0

4.4±3.3

4 (3 –5)

9 (100%)

40.4±11.6

3.4±1.8

3 (3–4)

25 (92.6%)

^0.046*

^0.216

#0.103

§1.000

No. of AADs before ablation
        One
        Two
        > 2

2 (22.2%)
4 (44.4%)
3 (33.3 %)

23 (85.2%)
3 (11.1 %)
1 (3.7%)

§0.146

LAD (mm) 46.1 ± 5.2 41.1 ± 4.1 ^0.003*

LV EF% 64.8 ± 3.2 65.7 ± 2.9 ^0.38

Procedural time (minutes) 184.4±15.7 161.7±32.5 ^0.009*

Atrial arrhythmia in blanking 
period

Number of AF attacks during the 
blanking period (median/IQR)

6 (66.7%)

2.5 (1.0–3.3)

11 (40.7%)

1 (1–1)

§0.255

#0.003*

AF: atrial fibrillation; HTN: arterial hypertension; DM: Diabetes Mellitus; AADs: antiarrhythmic drugs; 
LAD: left atrial dimensions; mm: millimeter; LVEF: left ventricular ejection fraction; PVI: pulmonary 
vein isolation.

Table 5: Logistic regression for factors affecting AF recurrence

Factors β SE P OR (95% CI)

Factors affecting  AF recurrence during blanking period

Time interval from first AF 
diagnosis to  AF ablation ( ≥3.5 
years)

2.27 1.13 0.045* 9.71 (1.06–
89.34)

Frequency of AF per month before 
ablation (≥2 per month)

3.20 1.15 0.005* 24.54 (2.57–
234.25)

HTN 2.99 1.16 0.010* 7.42 (1.602-
30.9)

Factors affecting   late AF recurrence over 12 months

 Frequency of AF attacks during  
blanking period

1.48 0.55 0.008* 4.39 (1.48–
12.99)

β: Regression coefficient, SE: Standard error, OR: Odds ratio, CI: Confidence interval, *Significant
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protocol included symptomatic and asymptomatic recurrences.
 
   In the current study, the patients with atrial arrhythmias during the 
blanking period had higher arterial blood pressure, larger LAD, more 
frequent AF attacks and longer interval from first diagnosis of AF till 
ablation compared to the patients without atrial arrhythmias. But we 
found that the only predictors for AF during this period were LAD, 
Time interval from first AF diagnosis to AF ablation and Frequency 
of AF per month before ablation. LAD ≥37.5 mm is the cutoff value 
with sensitivity 100%, specificity 26.2% while Time interval from 
first AF diagnosis to AF ablation (≥ 3.5 years) had sensitivity 59% 
and specificity 68%. However, Frequent AF attacks per month (≥4 
per months) before ablation was the most significant predictor for 
AF recurrence during blanking period with high sensitivity 82.4% 
and specificity 68% (P value 0.005).

  Multivariate analysis showed the independent risk factors that 
increase the incidence of AF were HTN, frequent AF attacks per 
month and longer interval from first AF diagnosis to AF ablation. 
Our explanation is that these factors reflect the extent of atrial 
remodeling. The current study was one of few studies that detected 
predictors for AF during blanking period like Masuda et al [27] and 
Lellouche et al[22] while some other studies do not find any risk factors 
like Lodziński et al[23]. Our explanation for impact of frequency of 
AF attacks and duration as predictors is tendency to postpone AF 
ablation till failure of pharmacological treatment because of high cost 
of this procedure in Egypt.  

Follow up over 12 months
  In the current study, the patients with late AF recurrence had larger 
LAD and showed older age at time of first AF diagnosis, longer 
procedural time and more frequent AF attacks in the blanking period 
compared to the patients with recurrence. But we found that the 
only predictors for late AF recurrence were age at time of first AF 
diagnosis, procedural time and Frequency of AF attacks during the 
blanking period.

   ≥42.5 years is the cutoff value for age at time of first AF diagnosis 
with a sensitivity of 67% and specificity of 74%. Procedural time 
of ≥177.5 minutes had a sensitivity of 89% and specificity of 63% 
(p-value 0.049).In addition, frequent AF attacks during blanking 
period (≥2 attacks) was a significant predictor with a sensitivity of 
44% and a high specificity of 100% (p-value 0.05).

  Multivariate analysis showed the only independent risk factor that 
increase the incidence of late AF recurrence was Frequency of AF 
attacks during the blanking period (p value =0.008, OR= 4.39, 95% 
CI=1.48–12.99). This may explain why not all patients with early 
recurrences in blanking period will experience late recurrences, as it 
depends on frequency of AF attacks during this period.

   Prior data have demonstrated that AF recurrence shortly after 
PVI may not portend ultimate outcome[24,28]; a period referred to 
as the “blanking period,” ranging from 1–3 months. However, AF 
monitoring during this period has been highly variable. Therefore, 
the practical and working definition of this period remained elusive. 

Discussion
Main study findings
 This prospective study is characterized by in hospital continuous 
ECG monitoring for patients with paroxysmal AF after RF ablation 
for 2-4 days. Then the first outpatient clinic visit was one week after 
the ablation procedure. Subsequent follow-up was every week for 
3 months at the cardiology outpatient clinic then every 3 months 
for 12 months. Patients with palpitations were encouraged to do 
extended Holter monitoring up to 7 days. In order to study if there 
was a correlation between early AF recurrence and long term AF 
freedom.
 
    We found that prevalence of AF during first 3 months (blanking 
period) was 47.2%, while late AF recurrence was 25% in the study 
population. Frequent AF attacks during the blanking period were 
associated with increased risk for late AF recurrence after RF ablation 
of PAF and these results suggested that AF during blanking period is 
not benign as it was considered in previous studies.

   Previous studies have investigated clinical predictors of ablation 
success in a population with both paroxysmal and persistent AF [14-

16] or only with persistent AF[17]. In 2010, an important systematic 
review[18] was published for the predictors of AF recurrence. They 
evaluated 25 studies with a multivariable analysis, and concluded 
that non-paroxysmal AF might be a clinically useful proxy for a 
combination of confounded variables, none of which alone were an 
independent predictor of AF recurrence. The evaluation was limited 
because of the large heterogeneous nature of this study. Persistent AF 
is a very different pathophysiological entity requiring more ablation 
lesions so indications for ablation, ablation strategy and endpoint of 
the procedure were highly heterogeneous. Therefore, it is likely to 
have different predictors of success. All these reasons make the results 
of these studies are contradictory.

   In the current study, we focused only on paroxysmal AF (PAF) as 
PAF is the best indication for ablation and PVI is a widely accepted 
strategy for it. To our knowledge, a very few studies[19] evaluated 
predictors of recurrence post AF ablation in patients with only 
paroxysmal AF.

Prevalence and significance of early recurrences during 
blanking period
 Prevalence of AF was 47.2% during first 3 months in this study 
which is similar to results of several previous trials ranged from 35 
to 45%[20-24].
   
  The current study demonstrate that 64.7% of patients who 
experienced early recurrences did not experience a late AF recurrence 
requiring treatment. Many previous studies also reported that up to 
60% of patients with an early recurrence did not go on to have late 
recurrences[25-26]. Vasamreddy et al.[25]found that 45% of patients with 
ER experienced long-term success following AF ablation; but if 
patients with asymptomatic recurrences were included, this reduced 
to only 20% of patients. Klemm et al.[26]included only patients with 
paroxysmal AF like the current study but In thier study, all patients 
had 24 hours ambulatory monitoring at 1, 3, 6, 9, and 12 months 
following the procedure while we had more intensive follow up 
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O’Donnell et al.[13] examined AF recurrence after PVI with an ECG 
obtained at various time intervals following PVI and suggested 
clinical recovery was complete by 3 months. While several recent 
studies revealed that early recurrence during blanking period is 
associated with late AF recurrence[29,32] Willems, et al.[31] analyzed 
also the clinical significance of early recurrence episodes occurring 
at different times throughout the blanking period in patients who 
were enrolled in the Adenosine Following Pulmonary Vein Isolation 
to Target Dormant Conduction Elimination (ADVICE) trial. They 
found that ablation success rate at one year was significantly higher 
in patients who had no early recurrences (77.2% 1-year freedom 
from AF), while rates of success were lower as early recurrence 
occurred later within the blanking period. In addition, Jaskson et al. 
[32]reported that early recurrence which occurs later (>2 weeks after
ablation) in the blanking period as well as the occurrence of multiple
episodes throughout the blanking period are strong predictors of late
arrhythmia recurrence.

Conclusion
  Early atrial arrhythmia recurrences in blanking period may be 
associated with increased risk for late AF recurrence. Frequent 
episodes of early recurrences (≥ 2 attacks) is a strong predictor for 
late AF recurrence. These data should be considered during follow up 
of the patients with paroxysmal AF after ablation.

Study limitations  
  This study includes a relatively small number of patients. We 
needed longer term recordings for more precise detection of 
asymptomatic recurrences, besides, the follow up period is not long 
enough that some very late recurrence may be ignored. Therefore, 
the AF recurrence maybe underestimated and some underlying risk 
factors may be neglected or less studied. However, the results may be 
clinically important.

Disclosures
  Dr. Lamyaa Allam (author A) declares that she has no conflict 
of interest. Dr. Mazen Tawfik (Author B) declares that he has no 
conflict of interest .Dr. Ayman Morttada (author C) declares that he 
has no conflict of interest.

References
1. Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, Hohnloser SH, Hindricks 

G, Kirchhof P. 2012 focused update of the ESC Guidelines for the management
of atrial fibrillation: an update of the 2010 ESC Guidelines for the management of 
atrial fibrillation--developed with the special contribution of the European Heart
Rhythm Association. Europace. 2012;14 (10):1385–413. 

2. Stabile G, Bertaglia E, Senatore G, De Simone A, ZoppoFranco, Donnici G,
Turco P, Pascotto P, Fazzari M, Vitale DF. Catheter ablation treatment in patients 
with drug-refractory atrial fibrillation: a prospective, multi-centre, randomized,
controlled study (Catheter Ablation For The Cure Of Atrial Fibrillation Study). 
Eur. Heart J. 2006;27 (2):216–21. 

3. Oral H, Pappone C, Chugh A, Good E, Bogun F, Pelosi F, Bates ER, Lehmann
MH, Vicedomini G, Augello G, Agricola E, Sala S, Santinelli V, Morady F.
Circumferential pulmonary-vein ablation for chronic atrial fibrillation. N. Engl.
J. Med. 2006;354 (9):934–41. 

4. Anter E, Contreras-Valdes FM, Shvilkin A, Tschabrunn CM, Josephson ME.



www.jafib.com Dec 2018 - Jan 2019 | Volume 11| Issue 4

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation71 Original Research

20. Berkowitsch A, Greiss H, Vukajlovic D, Kuniss M, Neumann T, Zaltsberg S,
Kurzidim K, Hamm C, Pitschner HF. Usefulness of atrial fibrillation burden as
a predictor for success of pulmonary vein isolation. Pacing Clin Electrophysiol.
2005;28 (12):1292–301. 

21. Neumann T, Erdogan A, Dill T, Greiss H, Berkowitsch A, Sperzel J, Kuniss M, 
Kurzidim K, Hamm CW, Pitschner HF. Asymptomatic recurrences of atrial
fibrillation after pulmonary vein isolation. Europace. 2006;8 (7):495–8. 

22. Lellouche N, Jaïs P, Nault I, Wright M, Bevilacqua M, Knecht S, Matsuo S,
Lim KT, Sacher F, Deplagne A, Bordachar P, Hocini M, Haïssaguerre M. Early
recurrences after atrial fibrillation ablation: prognostic value and effect of early
reablation. J. Cardiovasc. Electrophysiol. 2008;19 (6):599–605. 

23. Lodziński P, Kiliszek M, Koźluk E, Piątkowska A, Balsam P, Kochanowski J,
Scisło P, Piątkowski R, Opolski G. Does a blanking period after pulmonary vein
isolation impact long-term results? Results after 55 months of follow-up. Cardiol
J. 2014;21 (4):384–91. 

24. Oral H, Knight BP, Ozaydin M, Tada H, Chugh A, Hassan S, Scharf C, Lai
SW, Greenstein R, Pelosi F, Strickberger SA, Morady F. Clinical significance of
early recurrences of atrial fibrillation after pulmonary vein isolation. J. Am. Coll. 
Cardiol. 2002;40 (1):100–4. 

25. Vasamreddy CR, Lickfett L, Jayam VK, Nasir K, Bradley DJ, Eldadah Z,
Dickfeld T, Berger R, Calkins H. Predictors of recurrence following catheter
ablation of atrial fibrillation using an irrigated-tip ablation catheter. J. Cardiovasc. 
Electrophysiol. 2004;15 (6):692–7. 

26. Klemm HU, Ventura R, Rostock T, Brandstrup B, Risius T, Meinertz T, Willems
S. Correlation of symptoms to ECG diagnosis following atrial fibrillation ablation. 
J. Cardiovasc. Electrophysiol. 2006;17 (2):146–50. 

27. Masuda M, Mizuno H, Enchi Y, Minamiguchi H, Konishi S, Ohtani T,
Yamaguchi O, Okuyama Y, Nanto S, Sakata Y. Abundant epicardial adipose tissue 
surrounding the left atrium predicts early rather than late recurrence of atrial
fibrillation after catheter ablation. J Interv Card Electrophysiol. 2015;44 (1):31–7. 

28. Oral H, Knight BP, Tada H, Ozaydin M, Chugh A, Hassan S, Scharf C, Lai SW, 
Greenstein R, Pelosi F, Strickberger SA, Morady F. Pulmonary vein isolation for
paroxysmal and persistent atrial fibrillation. Circulation. 2002;105 (9):1077–81. 

29. Xue Y, Wang X, Thapa S, Wang L, Wang J, Xu Z, Wu S, Tao L, Wang G, Qian Lu, 
Liao L, Liu B, Ji K. Very early recurrence predicts long-term outcome in patients
after atrial fibrillation catheter ablation: a prospective study. BMC Cardiovasc
Disord. 2017;17 (1). 

30. Miyazaki S, Taniguchi H, Nakamura H, Takagi T, Iwasawa J, Hachiya H, Iesaka
Y. Clinical significance of early recurrence after pulmonary vein antrum isolation
in paroxysmal atrial fibrillation -- insight into the mechanism. Circ. J. 2015;79
(11):2353–9. 

31. Willems S, Khairy P, Andrade JG, Hoffmann BA, Levesque S, Verma A,
Weerasooriya R, Novak P, Arentz T, Deisenhofer I, Rostock T, Steven D, Rivard
L, Guerra PG, Dyrda K, Mondesert B, Dubuc M, Thibault B, Talajic M, Roy D, 
Nattel S, Macle L. Redefining the Blanking Period After Catheter Ablation for
Paroxysmal Atrial Fibrillation: Insights From the ADVICE (Adenosine Following 
Pulmonary Vein Isolation to Target Dormant Conduction Elimination) Trial.
Circ Arrhythm Electrophysiol. 2016;9.

32. Liang JJ, Dixit S. Early Recurrences During the Blanking Period after Atrial
Fibrillation Ablation. J Atr Fibrillation. 2018;10 (5).



SANS FLUORO Supersized: A case report of Fluoroless Ablation in 
a Super Morbidly Obese Patient
Robert Lee Percell1, Erin Sharpe2, Timothy Allison3, Shirley Mohr Burt2, Rhonda Olmsted2, Chad Travers2

1 SANS FLUORO Association, 1600 S 48th Street, Lincoln, NE 68506, Electrophysiology Section, Bryan Heart Institute, 
Lincoln, NE 68506.
2 Bryan Heart Institute, 1600 S 48th Street, Lincoln, NE 68506, Electrophysiology Section, Lincoln, NE 68506.
3 Abbott Medical, Abbott Laboratories, 100 Abbott Park Road, Abbott Park, Illinois 60064-3500.

Corresponding Author
Robert Lee Percell, 
SANS FLUORO Association, Bryan Heart Institute, Electrophysiology Section, 1600 S 48th 
Street, Lincoln

Key Words
Atrial Flutter Ablation, Obesity, Fluoroless Ablation

Introduction
 Obesity has become a first world pandemic. 48% of all Americans 

are morbidly obese (body mass index of > 30 kg/m2) and 12% are 
super obese[1]. Super obese or Class III patients are described as 
having a BMI of Greater than 60 kg/m2[2]. We describe a successful 
fluoroless ablation of a super obese patient with typical atrial flutter.

Case Report
Prior to her first episode of the arrhythmia, she had been treated 

for pneumonia. She had been counseled extensively about weight loss 
and had lost 40 lbs in the past 6 months. Other medical problems 
included: hypertension, asthma, fibromyalgia, hyperparathyroidism, 
chronic pain and restless leg syndrome.

 The tachycardia cycle length appeared to be approximately 200 
msec with 2:1 conduction [Figure 1]. The tachycardia persisted 
despite rate controlling medications including beta blockers, calcium 
channel blockers and digoxin. The patient was anticoagulated with 
warfarin due to her size instead of a novel agent.

Echocardiogram revealed normal LV function with an EF of 55%, 
left ventricular hypertrophy (IVSd:1.31 cm2), with left atrial (LA) 
size of 3.8 cm2 and LA volume index of 30.1 ml/ min.

     The electrophysiology procedure (EP) study and ablation was 
performed using a fluoroless (SANS FLUORO) method as the 
patient was over the fluoroscopy table weight limit for any institution 
in the state. She was placed under general anesthesia in a bariatric 
bed [Figure 2].

     The bed was placed in the EP lab, and the Abbott Precision 
system was used. The patient was intubated for airway protection, 
three sheaths were placed in the right groin without complication. 
A 3-D electro-anatomic impedance based map was generated. Then 
a coronary sinus catheter, a Halo catheter and an irrigated ablation 
catheter were placed. The caval tricuspid isthmus was ablated with 
multiple lines from the annulus to the IVC [Figure 3A and Figure 
3B]). She was in sinus rhythm and was non-inducible throughout 
the procedure. Bidirectional block was demonstrated. There were no 
complications and she was discharged the following day.

Discussion
    We believe that this case is important because it outlines 2 dis-
tinct issues: super morbid obesity and fluoroless ablation. It is well 
known that obese patients with or without sleep apnea suffer from 
an increased rate of atrial arrhythmias[3]. Thoughts were given to us-
ing a portable C arm, but this would have delivered uninterpretable 
images and tremendous amounts of X-ray radiation exposure to the 
patient and the staff (at least 2-4 times normal amounts) due to her 
large size[4]. 3-D electro anatomical mapping systems are more than 
capable of providing the visual information needed to perform al-
most all ablations, especially atrial flutter and atrial fibrillation[5]. As 
the rates of obesity are continuing to rise, these patients will become 
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Abstract
We present the first ever reported case of a super morbidly obese patient (BMI > 70) with drug refractory, symptomatic atrial flutter 

who underwent a successful, uncomplicated ablation procedure using a zero fluoroscopy technique. This case demonstrates the following 
two critical points: (1) difficulties in the treatment of massively obese patients with arrhythmias; (2) increased use of fluoroless ablation 
techniques.
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more commonplace in everyday practice. Additionally recent studies 
have shown that obesity may have a deleterious effect on long term 
ablation success rates[6]. Special thanks to Dr. W. Michael Kutayli for 
his help in this endeavor.
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Figure 1: Initial electrocardiogram revealing tachycardia with rate of 150 
bpm and probable 2:1 conduction.

Figure 2: Bariatric bed upon which the patient had the ablation.

Figure 3A:

RAO view of 3 Dimensional Electro-anatomic map of the right 
atrium (RA), right ventricle (RV), His Bundle (His), coronary sinus 
(CS), superior vena cava (SVC), inferior vena cava (IVC). Green, 
blue, yellow and white small points represent impedance drops of 
> 20%, 15%, 10%, and 5% respectively. Red larger points denote 
time > 20 seconds. 

Figure 3B:

LAO rock up view of 3 Dimensional Electro-anatomic map of the 
right atrium (RA), right ventricle (RV), His, coronary sinus (CS), 
superior vena cava (SVC), inferior vena cava (IVC). Green, blue, 
yellow and white small points represent impedance drops of >20%, 
15%, 10% and 5%, respectively. Red larger points represent time 
> 20 seconds.

Figure 4: ECG from the patient 2 weeks ago revealing sinus rhythm.
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Introduction
Since the first description of pulmonary vein depolarizations as 

triggers of atrial fibrillation (AF) by Haïssaguerre, there has been a 
widespread use of ablation techniques for the treatment of paroxysmal 
atrial fibrillation. Furthermore, the techniques have been modified 
and have also included patients with persistent atrial fibrillation as 
candidates for ablation procedures[1]. In most of the industrialized 
countries, atrial fibrillation is the result of many etiologies, including 
hypertensive heart disease, obesity, obstructive sleep apnea, heart 
failure and coronary artery disease. This is also valid for third world 
countries; however, other causes of heart disease, such as malnutrition 
and parasitic infections including Chagas’ disease are of importance, 
especially in areas where there is a high prevalence[2].

Pulmonary vein isolation (PVI) is the cornerstone for all the 
existing ablation techniques targeting paroxysmal atrial fibrillation. 
PVI has been extrapolated to persistent atrial fibrillation, with limited 
results, due to the presence of atrial fibrosis and other abnormalities 
acting as substrate. Therefore, modification of the arrhythmogenic 
substrate has been postulated, with better, although not satisfactory 
results. 

Chagas’ cardiomyopathy manifests as conduction system disease, 
ventricular arrhythmias and sudden cardiac death. There is extensive 
knowledge in the ablation of ventricular arrhythmias in these 
population, as well as specific characteristics of the arrhythmogenic 
substrate, and the need for an epicardial approach to achieve success. 
On the contrary, no publications currently address the ablation 
of atrial fibrillation in these patients or the characteristics of the 

arrhythmia such as successful ablation sites.

We present two cases of atrial arrhythmias in patients with Chagas’ 
cardiomyopathy in which a conventional approach would have been 
unsuccessful due to the specific characteristics of the arrhythmia, in 
regards to the origin, substrate and successful ablation sites.

Case 1
A 56 years old male patient with a history of Chagas’ 

cardiomyopathy, ventricular tachycardia and implantation of a 
dual chamber defibrillator, experienced inappropriate shocks 
for AF, despite treatment with beta-blockers and amiodarone. 
Echocardiogram showed an ejection fraction of 30%, with left 
and right atrial areas measured at end systole of 17 and 19 cm2, 
respectively. A duo decapolar catheter was placed along the Crista 
Terminalis (CT) and in the Coronary Sinus (CS). A quadripolar 
catheter was placed in the His bundle position. Single transeptal 
technique was used. St. Jude Agilis steerable sheath, a Reflection 
Spiral decapolar catheter and a Cool Flex ablation catheter, were 
used for 3D mapping and ablation purposes. The initial approach 
included Wide Area Circumferential Ablation (WACA) followed by 
elimination of Complex Fractionated Atrial Electrograms (CFAE) 
and linear ablation of the roof, posterior wall of the left atrium and 
the mitral isthmus. Despite demonstration of pulmonary vein and 
posterior wall isolation as well as complete electrical silence in the 
left atrium [Figure 1], AF persisted. Fibrillatory activity persisted in 
the channels recording the Right Atrium (RA)[Figure 2].

Therefore, we proceeded with CFAE mapping of this chamber. 
CFAE were eliminated in the RA, resulting in organization of 
tachycardia into an atrial flutter with a cycle length of 290 msec 
[Figure 3], successfully entrained in the lower lateral wall of the RA 
[Figure 4]. Interestingly, there was a large area of scar encompassing 
the posterior and lateral wall of the RA. An ablation line from the 
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Abstract
There is extensive knowledge in the ablation of ventricular arrhythmias in patients with Chagas’ cardiomyopathy, as well as specific 

characteristics of the arrhythmogenic substrate, and the need for an epicardial approach to achieve success. On the contrary, no publications 
currently address the ablation of atrial fibrillation in these patients or the characteristics of the arrhythmia such as the successful ablation 
sites. Our two case reports highlight the association of Chagas’ disease with atrial arrhythmias, the tailored approach that was needed to 
give an appropriate treatment and a discussion of our current knowledge of Chagas’ cardiomyopathy as a substrate for atrial arrhythmias.
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has been asymptomatic and interrogation of his device has not shown 
any recurrent atrial arrhythmias.

Case 2
    A 63 years old male patient who presented with sustained 
palpitations due to a narrow complex tachycardia with hemodynamic 
instability. Echocardiogram revealed an ejection fraction of 55%, mild 

superior vena cava to the inferior vena cava further increased the 
cycle length and changed the activation, findings consistent with an 
atrial tachycardia from the low CT [Figure 5], which was successfully 
terminated with restoration of sinus rhythm. Clinically, the patient 

left ventricular dilatation, moderate aortic insufficiency and mild 
biatrial enlargement. The left atrium area at end systole is 27 cm2. 
Antibodies against T. cruziwere positive by enzyme immunosorbent 
assay. Initial ECG is consistent with atrial flutter with a cycle length 
of approximately 280msec [Figure 6]. A duo decapolar catheter was 
placed along the CT and in CS. A quadripolar catheter was placed in 
the His bundle position but later was placed in the distal CS.  A St. 
Jude Cool Flex catheter was used for mapping and ablation purposes. 
During anesthesia induction, the patient became hemodynamically 
unstable, therefore he was cardioverted. After his vital signs 

Figure 1: PVIand Posterior Wall isolation.

Figure 2: AF continues in the right atrium.

Figure 3:  Organization of fibrillatory activity into atrial flutter.

Figure 4:  Right Atrium Activation Map and Ablation.

Figure 5:  Termination of Right Atrial Tachycardia

Figure 6:  EGMs of Atrial Flutter
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explains why the arrhythmia persisted after the traditional approach 
of acavotricuspid isthmus ablation. In general, these findings support 
the hypothesis that fibrosis and Chagasic cardiomyopathy serve as 
substrate for multiple atrial arrhythmias and that traditional ablation 
approaches can fail to treat atrial arrhythmias in these individuals.

     Finally, we believe that AF should be classified in a more utilitarian 
and precise fashion, perhaps using terms that assign both etiologic 
and mechanic information when appropriate.

Conclusion
        CD affects the heart tissue and promotes the development of fibrosis 
and cardiomyopathy, which is the substrate for arrhythmogenic foci. 
Clinicians should be aware of these abnormalities and be prepared to 
tailor the ablation procedure accordingly.
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normalized, he was easily induced into a fast-atrial flutter with a 
cycle length of 180 to 200msec. Occasionally, there were episodes 
that resemble AF. An initial cavotricuspid isthmus ablation line did 
not impact the tachycardia;therefore, we proceeded with activation 
mapping. An ablation line from the superior vena cava to the inferior 
vena cava further increased the cycle length and subsequently 
terminated the tachycardia [Figure 7]. Isoproterenol was given up to 
20 mcg/min and aggressive pacing maneuvers were performed with 
no induction on any other atrial arrhythmias.

Figure 7:  Right Atrium Activation Map and Ablation Line

Discussion
      CD affects 8-12 million people in Latin America and for the US 
it is estimated that 300,000 people suffer of chronic Chagas’ disease 
[3,4]. Although the pathogenesis of CD is not completely understood, 
it is known that reparative fibrosis is the hallmark of chronic 
CD[3]. Reparative fibrosis promotes the development of dilated 
cardiomyopathy and usually affectsthe ventricular myocardium. 
Furthermore, the fibrotic process generally becomes the substrate 
for ventricular, but its association with the development of AF is 
controversial[4].

    Over the past 20 years, there has been an explosion of knowledge 
of the pathophysiology of AF. Clinical AF results from an interaction 
between triggers and sustaining mechanisms,  acting as substrates, 
composed of electrical and/or structural components. AF is often 
triggered by ectopy from the pulmonary veins. Pulmonary vein triggers 
may be promoted by activity from nearby ganglionatedplexi, and 
relate to structural-functional abnormalities at the junction between 
left atrial and pulmonary vein tissue[5,8]. Although pulmonary veins 
accounts for a majority of cases of AF, less defined atrial sites can 
have an association with atrial fibrillation. This may explain, in part, 
why some patients with presumed paroxysmal AF respond poorly 
where as others with presumed persistent AF respond favorably to 
pulmonary vein isolation alone. Furthermore, recent data suggests 
that atrial fibrosis, a marker of the underlying substrate, can be 
visualized using cardiac magnetic resonance imaging and be used to 
individualize the strategy for catheter ablation[9].

      The reported cases illustrate how CD can produce unusual 
arrhythmogenic foci and substrate for the development of AF. The first 
case shows how traditional PVI, although successfully accomplished, 
failed and AF persisted in the RA. Furthermore, the second case 
illustrates how atrial fibrosis developed in the posterior wall of the 
RA and acted as substrate for a reentrant atrial tachycardia. This 
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Introduction
The “gold standard” for comparing two or more therapies in modern 

medicine is the prospective, double-blind, randomized clinical trial. 
In this model, especially with sizable enrollment, randomization is 
assumed to equalize outcome-influencing factors across study arms 
such that they have no unbalanced effect on outcomes tested. Recently, 
clinical studies have increasingly utilized registries, electronic medical 
records, and other “real-world” “observational” data sets in place 
of or to supplement randomized trials. Notably, nonrandomized 
studies are subject to confounding when enrollees who receive 
one treatment under investigation differ systematically from those 
receiving another, including selection bias where patient treatments 
are chosen by their physicians rather than by randomization. In such 
studies, statistical adjustment by propensity-score matching (PSM), 
first described in 1983,[1] is commonly employed in an attempt to 
reduce bias from concomitant confounding variables (to “correct” for 
many baseline imbalances). PSM attempts to mimic randomization 
on observed covariates. PSM is also frequently used in post-hoc, 
retrospective, and subgroup analyses for similar reasons. Importantly, 
while PSM isvaluable, it is not all-inclusive. It is not readily apparent 
that practitioners recognize this clinically important limitation and 
consider it when interpreting/applying study results. Sometimes it 
doesn’t matter, but sometimes it can. Interestingly, a “report card on 
propensity-score matching in the cardiology literature” has found 

that the application of PSM in cardiology reports has been “poor”[2].

For this paper, I reviewed 20 randomly selected manuscripts 
in Circulation, JACC, and Stroke from the past 4 years. I also re-
reviewed two older atrial fibrillation (AF) studies.In the 20 papers, 
the factors chosen for PSM were usually but not always listed. Some 
were specific to the type of trial, e.g., prior surgeries for surgical 
studies, but almost all included: age; gender; hypertension; diabetes; 
coronary artery disease history; heart failure or LVEF; non-ischemic 
heart diseases;AF +/- other rhythm detail; prior stroke; renal, hepatic, 
and pulmonary status; medication list; smoking; hyperlipidemia; 
selected blood tests, ECG findings, echocardiographic findings. Some 
included prior alcohol/drug abuse, weight. Notably, however, most 
often, these variables were considered only as present/absent and 
were virtually never considered in terms of severity (quantitatively). 
Also, rarely if ever regarded were specific drugs within a class, drug 
doses, drug interaction potential, or past patient history although 
such could significantly affect study results.

While each of the above listed comorbidities are important 
to recognize and adjust for by PSM with respect to their effects 
on study results, additional potentially confounding and results-
influencing factors may be present but go unnoted/unmentioned. For 
example, hypertensive patients may or may not have LV hypertrophy 
(LVH) but the presence/absence of LVH is rarely if ever considered.
Hypertensives with LVH have a poorer survival, two to four-fold 
greater cardiovascular (CV) morbidity, and a greater likelihood of 
developing AF despite antihypertensive treatment, Thus LVH may 
affect CV outcomes. Moreover, LVH resolution potential with 
antihypertensive drugs differs among the drug classes. Similarly, other 
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Abstract
The gold standard for comparing two or more therapies in modern medicine is the prospective, double-blind, randomized clinical trial. In 

this model, especially with sizable enrollment, randomization is assumed to equalize outcome-influencing factors across study arms such 
that they have no unbalanced effect on outcomes tested. Recently, clinical studies have increasingly utilized registries, electronic medical 
records, and other real-world observational data sets in place of or to supplement randomized trials. Notably, nonrandomized studies are 
subject to confounding when enrollees who receive one treatment under investigation differ systematically from those receiving another, 
including selection bias where patient treatments are chosen by their physicians rather than by randomization. In such studies, statistical 
adjustment by propensity-score matching (PSM) is commonly employed in an attempt to reduce bias from concomitant confounding 
variables (to correct for many baseline imbalances). PSM attempts to mimic randomization on observed covariates. PSM is also frequently 
used in post-hoc, retrospective, and subgroup analyses for similar reasons. Importantly, while PSM is valuable, it is not all-inclusive. It is not 
readily apparent that practitioners recognize this clinically important limitation and consider it when interpreting/applying study results. 
This paper provides supporting details regarding the above, and uses a comparison of two atrial fibrillation trials and two CHA2DS2-VASc 
circumstances to enhance the points made.
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factors, such as specific medications (beyond drug class), their dosing, 
or their possible drug interactions were only considered once in the 
20 papers I reviewed. Additionally, none considered responses to prior 
drug trials or the duration of the comorbidities present. Consider: 
(1) In many trials, high dose statins have proven to be superior to
lower doses in reducing major adverse cardiovascular outcomes. Yet,
statin doses were not part of any propensity matching consideration
that I examined. Moreover, all statins are not the same with respect
to possible drug interactions. (2) Similarly, all beta blockers are not
identical. Hepatically metabolized beta blockers can have up to 10-
fold differences in serum concentrations and actions for a given dose, 
which is not the same for renally excreted beta blockers. Some have
effects beyond beta receptor blockade. Some have demonstrated
superiority in heart failure. Thus, simply noting beta blockers as
present or absent should be clinically insufficient. (3) Likewise,
it is well recognized that specific agents for diabetic management
can have dramatically different effects on CV outcomes, and noting
diabetes as present/absent without considering specific treatment(s)
may be shortsighted. (4) The same is true for ACE inhibitors/
ARBs, where outcomes across trials have not been uniform and
where tissue penetrance and effects therefrom differ among agents
with differences in clinical outcomes(5) Finally disease duration and
responses to prior therapy can dramatically alter treatment responses, 
but they are almost never considered with PSM. Here, the two older
AF trials are particularly instructive. In the prospective, randomized, 
placebo-controlled sustained-release propafenone vs placebo AF
trials, RAFT[3] and ERAFT,[4] lower efficacy rates were seen with
the active drug in ERAFT vs RAFT despite using identical study
drug, dose, placebo, and manufacturer for treatment of the same
arrhythmia. Importantly, ERAFT had greater AF burden, longer
AF history, and more prior antiarrhythmic drug (AAD) failures.
Importantly, disease severity and prior AAD failure both generally
predict lower response to subsequent AAD administration. Simply
comparing these two populations based on the presence of prior AF
and on specific underlying disease and comorbidity list would have
missed these important result-altering details. Finally, consider that
even the CHA2DS2-VASc score, which has been included in PSM
in many trials, can be a misleading comparator for both stroke and
mortality. In AF, both older age and prior stroke have a greater risk
for ensuing stroke than the other CHA2DS2-VASc score components 
and age is the single strongest mortality predictor. Thus, a 69-year old
female diabetic hypertensive s/p an MI likely has a lower absolute
risk of both stroke and death than an 89-year old male with a prior
stroke and prior MI although both patient’s scores = 5. However, her
risk would be higher if her hypertension had associated LVH and
renal insufficiency.

In my opinion, propensity matching corrections should be 
considered valuable, but not clinically complete. Many papers 
recognize this and typically include statements in their limitations 
section such as: (a) “Observational studies often do not account for 
confounders, and the use of unadjusted values from these studies 
introduces bias”; (b) “Although adjustment was made for several 
variables, it is possible that residual confounders between the groups 
could have been omitted in the analysis”; (c) “Like any nonrandomized 
design, propensity matching may not be able to balance unmeasured 
confounders”. Perhaps this has been best stated by Moss et al[5] : 

“Propensity scoring is a powerful tool that enables excellent matching 
of baseline characteristics, which may be superior to that obtained in 
a randomized trial. However, if important unobserved covariables are 
not identified and not entered into the propensity model, significant 
baseline differences may still exist between the two groups. Propensity 
scoring is not therefore a substitute for randomization.”

Although many such confounders cannot be easily quantitated and 
included in a propensity score, I suggest that at least those that could 
be relevant to the results of the study being reported be recognized 
and listed, not just called residual confounders. In this way the reader 
will know what the investigators’ PSM did not include and can reflect 
on their relevance, possible impacts, and the best application of the 
study results to his/her patients. Is it not reasonable to suggest that 
such an effort be made so as to further enhance the link between a 
clinical study and clinical practice?
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