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Abstract
Background Ablation procedures for arrhythmias have in-
creased in frequency and complexity over the last decade.
Improvements in technology have allowed for less reliance
on fluoroscopy to guide these procedures. Ablation without
fluoroscopy has been reported in small cohorts. We report a
single center experience of fluoroless ablation after adoption
of this technique for all endovascular ablations.
Methods This retrospective study evaluated 107 consecutive
patients who underwent a catheter ablation procedure for an
atrial or ventricular arrhythmias after adoption of a completely
fluoroless technique. No fluoroscopy was used in any case. A
mapping system was utilized in all cases. Intracardiac echo-
cardiography (ICE) catheters were utilized in 75 of the abla-
tion cases (70.4 %). Of the 107 patients who underwent EP
study, three patients did not undergo ablation as they were
non-inducible for SVT. Of the remaining 104 patients, 56
patients (53.8 %) underwent ablation for atrial fibrillation,
23 patients (22.1 %) for SVT, 10 patients (9.6 %) for lone
atrial flutter, and 16 patients (15.4 %) for a ventricular arrhyth-
mia including PVC, idiopathic VT or ventricular tachycardia.
Results Catheters were able to be placed in 100 % of patients
without complication. Time to placement in the coronary si-
nus was 2.1 min ± 1.4 min. Mean transseptal time was
3.54 min±3 min. Mean procedure time for all ablations was

2 h 6 min±50 min. There were no complications in the series
of patients.
Conclusions Fluoroless ablation is feasible and safe with ac-
ceptable procedure times. Adoption of this technique is en-
couraged in order to eliminate unnecessary risk of
fluoroscopy.
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1 Introduction

Electrophysiology catheter ablation procedures have in-
creased over the last decade [1]. Cases have become more
complex over time. Multiple modalities including three di-
mensional (3D) electroanatomical mapping and intracardiac
echocardiography (ICE) have been increasingly utilized with
improved safety and efficacy. These complimentary techno-
logical developments have also allowed for reduced fluoros-
copy times. This practice is in keeping with utilizing a radia-
tion dose that is Bas low as reasonably achievable,^ or
ALARA [2]. Physicians working in interventional x-ray lab-
oratories including cardiologists have embraced this concept
[3, 4]. Fluoroscopy in ablation procedures continues to be
utilized with risks to both patients and operators [5–8].
Catheter ablation without the use of fluoroscopy and guided
by 3Dmapping systems and ICE has been reported in patients
with supraventricular tachycardia (SVT) [9–11] and paroxys-
mal atrial fibrillation (PAF) [12, 13]. 3D transesophageal
echocardiography (TEE) guidance without fluoroscopy has
also been reported in ablation procedures [14]. Elimination
of fluoroscopy allows for reduction in the total cumulative
radiation dose patients receive. The effects of ionizing radia-
tion additionally are a concern for operators who may be
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at increased risk for head and neck malignancies [15].
Orthopedic concerns for physician and staff continue to be
an occupational hazard [16, 17].

We present a large series of consecutive cases performed in
a single center after adoption of a completely fluoroless ap-
proach to catheter ablation of atrial and ventricular arrhyth-
mias in community setting.

2 Methods

This retrospective study evaluated 107 consecutive patients
who underwent a catheter ablation procedure for an atrial or
ventricular arrhythmias after adoption of a completely
fluoroless technique. IRB approval was obtained for this study.
Procedures were performed with conscious sedation for SVT,
premature ventricular contraction (PVC) ablation, ventricular
tachycardia (VT) ablation, and atrial flutter (AFL) ablation.
General anesthesia was utilized with ablation of PAF and per-
sistent atrial fibrillation (PeAF). A single operator (JMS) per-
formed all procedures to avoid inter-operator variability. These
procedures were performed in a standard EP lab. No additional
pre-procedure radiologic imaging was performed. No comput-
ed tomography (CT) or cardiac magnetic resonance imaging
(MRI) registration for merger of geometry to a 3D mapping
system was performed in any of the cases. No fluoroscopy
was utilized in any part of these procedures. Patients excluded
from the analysis included those undergoing AV node ablation,
those enrolled in an ablation-specific randomized control trial,
and those who underwent epicardial ablation requiring epicar-
dial access and therefore requiring fluoroscopy. Access was
obtained with modified Seldinger technique with a number of
access sites depending on the case type performed.

3 Catheter placement

3.1 SVT ablation

SVT ablations utilized an 8-French sheath, 7-French sheath,
and two 5-French sheaths for venous access. A decapolar
catheter (Inquiry, St. Jude Medical) was advanced from the
right femoral vein under 3D mapping guidance as previously
described by Reddy et al. Slow careful advancement was per-
formed while visualizing on the 3D mapping system (NavX,
St. JudeMedical.) The 3Dmapping system utilized three pairs
of skin electrode patches for reference during catheter place-
ment. After catheter placement, operator could choose either a
catheter or the skin electrode patches for reference on the 3D
mapping system. Any tactile resistance to advancement or
deformation on the 3D mapping system resulted in re-
evaluation of position. The decapolar catheter was advanced
into the right atrium (RA) until atrial signals were visualized

from the catheter on the recording system. Once in the RA, the
decapolar catheter was deflected while visualizing from a right
anterior oblique (RAO) and left anterior oblique (LAO) view
on the 3D mapping system. Clockwise torque was applied
while visualizing movement in orthogonal views on the 3D
mapping system. The decapolar catheter was placed into the
coronary sinus (CS) in this manner. Both electrograms and
position relative to the chest wall orientation from mapping
system confirmed position. A 5-French quadrapolar catheter
(CRD™, St. Jude Medical Inc) was advanced in a similar
fashion from the left femoral vein and placed at the AV junc-
tion until atrial, His, and ventricular signals were noted on the
recording system. A 4-French quadrapolar catheter (DAO™,
St. JudeMedical Inc) was advanced from the left femoral vein
in the same fashion and placed first into the RA. Once in the
RA, the catheter was manipulated in RAO and LAO views of
the 3D mapping system into the right ventricular (RV) apex
with electrocardiographic confirmation (See Fig. 1). If an ac-
cessory pathway was diagnosed requiring transseptal puncture
for mapping and ablation, then a 9-French phased array ICE
catheter (ViewFlex™ Zonare, St. Jude Medical Inc) was uti-
lized through a new access site. ICE navigation was based on
ultrasound imaging with careful advancement from the left
femoral vein into the inferior vena cava (IVC) and RA.
Transseptal puncture with ICE alone is described below when
access to the left atrium (LA) was necessary.

3.2 Atrial fibrillation ablation

Both PAF and PeAF ablations were performed. Access was
obtained as above with two 8-French sheaths and a 7 French in
the right femoral vein. A 7-French sheath and a 9-French
sheath were placed in the left femoral vein. A decapolar cath-
eter was placed in the CS, and a His catheter was placed at the
AV junction in similar fashion to as described for SVT abla-
tion. The phased array ICE catheter was placed into the RA
through the left 9-French venous access sheath, following the
other catheters that were visualized during advancement on
ICE. The ICE catheter was then placed into the SVC near
the RA-SVC junction. Placement of 0.032^ exchange wires
into the superior vena cava (SVC) was then performed with
direct visualization of the wires into the SVC by phased array
ICE (See Fig. 2). The two short 8-French sheaths were ex-
changed for 8-French Preface long sheaths over 0.032^ guide
wires. Careful attention was given to ensure that no excess
wire buckled into the RA or RV as visualized on ICE. Long
sheaths were advanced slowly with tip point toward the intra-
atrial septum. Advancement was performed with long sheaths
being advanced into SVC under direct visualization on ultra-
sound. Sheaths were then flushed in the usual fashion. Double
transseptal puncture was performed as described below. A 20-
pole variable radius catheter (Lasso, Biosense Webster) was
utilized to create the geometry of the LA (See Fig. 3). After 3D
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mapping geometry construction, all AF patients underwent
pulmonary vein isolation with confirmation of entrance and
exit block in all four pulmonary veins. In PAF patients, if the
patients were inducible into atypical atrial flutter with burst
atrial pacing, then additional stepwise linear ablation was per-
formed with confirmation of bidirectional block by differen-
tial pacing. In PeAF patients after PVI, stepwise linear abla-
tion was performed only if the patient did not convert to nor-
mal sinus rhythm with PVI alone or if the patient was

inducible into an atypical atrial flutter. cavotricuspid (CTI)
ablation was performed in all AF patients. CTI ablation was
performed under ICE visualization with ablation from the tri-
cuspid valve until the IVC (See Fig. 4). Roof ablation and
mitral valve isthmus (MVI) ablation were only per-
formed in those patients with inducible atypical atrial
flutter and those patients persistently in AF after PVI.
Differential pacing was performed to record delay across
CTI line, roof line, and MVI line.

Fig. 1 Visualization of intracardiac catheters with only 3D mapping system

Wires in SVC
Fig. 2 Direct visualization of two
exchange wires in SVC
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3.3 Transseptal puncture

Transseptal punctures were performed with single transseptal
in SVT cases when necessary and with double transseptal
technique for a l l PAF and PeAF procedures . A
Brockenbrough transseptal needle (BRK-1) was advanced in-
to the long sheath. The long sheath was then brought down
from the SVC under ICE visualization until the sheath and
needle were placed onto the intra-atrial septum (See Fig. 5).
Transseptal puncture was performed after heparinization un-
der ICE visualization with saline confirming puncture into the
LA. Then, a 0.032^ long wire was then placed out into the left
superior pulmonary vein confirmed on ICE. The sheath was
then advanced over the wire into the left atrium visualized
under ICE directly. Sheaths were appropriately flushed.

3.4 3D electroanatomic mapping

Geometry construction was performed in the usual fashion
depending on the type of procedure. SVT ablation did not
necessarily require 3D geometry creation and could be per-
formed utilizing 3Dmapping system only to visualize catheter
location and record lesion location. Ablation of AF, whether
PAF or PeAF, as well as PVC/VT ablation required 3D map-
ping to generate geometry for navigation. In AF ablation, a
Lasso was utilized to collect electroanatomical points and con-
struct LA geometry. The Lasso catheter was placed in all four
pulmonary veins and confirmed by ICE. Placement in the left
atrial appendage was also carefully performed in geometry
creation. ICEwas utilized to assure the entire LAwas included
in the created geometry and to maximize contact throughout

(a) Twenty pole variable radius catheter used to collect geometry visualized on
phased array ICE

LA

Lasso

(b) 3D geometry of LA during AF ablation

Fig. 3 a 20-pole variable radius
catheter used to collect geometry
visualized on phased array ICE. b
3D geometry of LA during AF
ablation
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the LA. A deflectable quadrapolar catheter (St. Jude Medical
Inc) was placed into the esophagus in all AF cases. A geom-
etry was created for the esophagus in order to better under-
stand the relationship of the esophagus to the LA. Once esoph-
ageal geometry was constructed, the catheter was removed.
ICEwas utilized to thenmaneuver the esophageal temperature
probe into position. CTI ablation was performed without ge-
ometry formation of the RA. Utilization of 3D mapping cath-
eter position in orthogonal views as well as visualization on
ICE was sufficient for CTI ablation.

3.5 Ventricular ablation

Outflow tract PVC procedures utilized a similar venous access
set as SVTwith an ICE catheter to visualize the outflow tract
(See Fig. 6). Arterial access was obtained in the right femoral
artery with an 8-French sheath when LVOT mapping was
necessary. ICE catheter visualization and 3D mapping were
utilized to carefully direct the ablation catheter retrograde to
the aortic cusps. Ablation within the aortic cusps was per-
formed only when the coronary artery takeoff could be visu-
alized on ICE with doppler flow. VT ablation was performed
either with retrograde or transseptal approach in the LV. The
ICE catheter was advanced into the RV to visualize left ven-
tricle if ablating within that chamber.

3.6 Statistical analysis

Categorical variables were expressed as a percentage of the
total patient population. Continuous variables were expressed
as mean values ± standard deviations. Endpoints included
time to CS cannulation, time to transseptal puncture, and total
case time. Total case time was later stratified by case type.
Additionally, acute success in AF ablation was quantified with
number of veins demonstrating entrance and exit blocks.

Delays across linear ablation lines were also recorded.
Average delays were reported to illustrate bidirectional block
as measure of success in these procedures. Complications
were evaluated within 48 h of the procedure including peri-
cardial effusion, tamponade requiring intervention, groin he-
matoma requiring intervention, esophageal injury, phrenic
nerve injury, CVA, myocardial infarction, stroke, or death.

4 Results

A total of 107 consecutive cases were included in the series
from April 2014 to November 2014. Fluoroscopy was not
used in any of these cases after adoption of a completely
fluoroless ablation technique. The mean age of patients was
58.7 years ±13.4. There was a majority of male patients with
64 (59.8 %). The majority of patients were overweight or
obese with a mean BMI of 30.2 kg/m2±6. Baseline charac-
teristics of the series can be seen in Table 1. All patients
underwent venous access and catheter placement. Catheters
were able to be placed in 100 % of patients without compli-
cation. The CS catheter was successfully placed in 100 % of
patients. Assessment of time to cannulation of the CS was
estimated from time of insertion of the decapolar CS catheter
until confirmation on the 3D mapping system in orthogonal
views as well as with electrograms. Time to placement in the
CS was 2.1 min±1.4 min. An EP study was performed in all
patients. No fluoroscopy was utilized. Cardiac implantable
electronic devices were present in 11 of patients. Thresholds
were checked pre- and post-procedure in these patients.
Capture thresholds remained the same in all patients.
Cardiac resynchronization therapy (CRT) was present in five
patients with LV leads placed within the CS. Thresholds and
QRS configuration were tested post-procedure in all cases
with no changes to CRT pacing.

RA

CTI

RV

Fig. 4 Visualization of the
cavotricuspid isthmus during
ablation
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(a) BRK1 at septum

(b) Wire across LA

Intra-atrial
septum

LA

LA

(c) Sheath across septum

LA

Fig. 5 Transseptal puncture. a
BRK1 at septum. b Wire across
LA. c Sheath across septum
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Of the 107 patients who underwent EP study, three patients
did not undergo ablation as they were non-inducible for SVT.
Of the remaining 104 patients, 56 patients (53.8 %) underwent
ablation for atrial fibrillation, 23 patients (22.1 %) for SVT, 10
patients (9.6 %) for lone atrial flutter, and 16 patients (15.4 %)
for a ventricular arrhythmia including PVC, idiopathic VT or
ventricular tachycardia. Note that one patient who underwent
PVI also underwent ablation for atypical AVNRT at the same
time with slow pathway elimination.

Transseptal puncture was performed in 63 cases (60.6 %)
of the 104 requiring ablation. AF ablation accounted for 56 of
the 63 cases (88.9 %) requiring transseptal puncture. Double
transseptal puncture was performed in all AF procedures.
Of the seven remaining cases, three were for SVT (4.8 %)
and four for VT (6.3 %). Utilizing passed array ICE,
there was 100 % success in performing transseptal puncture.
Time from insertion of transseptal needle to successful
crossing of the long sheath into the mean transseptal time

was 3.54 min±3 min. There were no complications including
pericardial effusion, tamponade, or air embolism.

ICE catheters were utilized in 75 out of 104 of the
ablation cases (72.11 %). ICE use was common in all
56 AF cases (100 %), three out of 31 cases (9.7 %) of
SVT , three out of 10 cases (30 %) of lone atrial flutter,
as well as utilization of ICE for visualization in 12 out
of 16 (75 %) ventricular arrhythmia procedures includ-
ing PVC ablation and ablation of ventricular tachycar-
dia. ICE was utilized for greater appreciation of posi-
tioning as well as contact during ablation.

Standard endpoints of acute success were achieved for all
ablation cases. With specific regard to AF ablation, PVI was
performed in 56 cases with successful demonstration of en-
trance and exit block occurring in 224 of 225 pulmonary veins
(99.6 %). The single vein that could not be isolated was due to
temperature rise in the esophagus during application to the
posterior wall. Linear ablation was performed as well in cer-
tain cases. CTI was performed in all PVI patients with an
average delay of 161 ms±37.9 ms when pacing from one side
of the CTI to the other. MVI ablation was necessary in 34 of
56 patients (60.7 %). The average delay across the MVI when
pacing from the LAAvia Lasso catheter to the distal coronary
sinus was 161 ms±38.3 ms. Roof ablation was necessary in
40 of 56 patients (71.4 %). The average delay when pacing
from the LAAvia Lasso catheter to the posterior superior wall
was 158 ms±38.3 ms.

Total procedure time from transvenous access attempt to
conclusion of the case was recorded. Mean procedure time for
all ablations was 2 h 6 min±50 min. For individual mean
procedure times, see Table 2. Complications including peri-
cardial effusion, tamponade requiring intervention, groin he-
matoma, CVA, myocardial infarction, stroke, or death within
48 h of the procedure were recorded. There were no compli-
cations in the series of patients.

RVOT

LVOT

Fig. 6 ICE catheter is used to
visualize the RVOT and LVOT

Table 1 Baseline characteristics of the series

Patient Population
n= 107

Age (Years) 58.7 ± 13.4

Male (%) 64 (59.9 %)

Weight (kg) 90.8 ± 20.6

Body mass index (kg/m2) 30.2 ± 6

Hypertension 55 (51.4 %)

Diabetes mellitus 14 (13.1 %)

Coronary artery disease 20 (19.2 %)

Coronary artery bypass grafting 9 (8.4 %)

Congestive heart failure 9 (8.4 %)

Ejection fraction (%) 55.2 ± 9

Atrial fibrillation 64 (59.8 %)
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5 Discussion

Fluoroless ablation has been previously demonstrated to be
feasible and safe in select small case series. We report a series
of 107 patients who underwent real-world EP study with the
majority undergoing ablation after adoption of a completely
fluoroless technique utilizing 3D mapping and frequently
phased array ICE for guidance and visualization. This series
demonstrates that adoption of a completely fluoroless tech-
nique in the community setting results in an ALARA dose
without compromise of safety, efficacy, or duration of proce-
dures. It also demonstrates the applicability of these tech-
niques in a wide range of differing types of procedures includ-
ing SVT ablation, PVI, linear ablation, and ablation of ven-
tricular arrhythmias, all without the use of any fluoroscopy or
additional merge technologies.

There were no complications in a series of over a hundred
patients. Cannulation time for CS is within real-world experience
for an operator utilizing fluoroscopy. Total procedure times are
also within the times that one would expect with the utilization of
fluoroscopy. This series demonstrates that transseptal puncture
can be reproducibly performed without increase risk of perfora-
tion or tamponade entirely without fluoroscopy. Avoidance of
fluoroscopy may lead to increased utilization of ICE which can
enhance direct visualization of the catheter against the tissue
giving a better sense of contact as well as live assessment of
location independent of mapping system.

While patients experience no increase in procedure times or
change in acute efficacy, there is a dramatic reduction in radi-
ation exposure to the patient, the physician, and the staff. This
may be of consequence with regard to risk of radiation burns,
total lifetime radiation dose for patients, lifetime dose of radi-
ation for operators, and increase risk of malignancy. This is
especially true among patients undergoing complex catheter
ablation for AF or VT. The lifetime risk of excess fatal malig-
nancies normalized to 60 min of fluoroscopy has been report-
ed as 0.07 % for women and 0.1 % for men [8]. Given the
increase in the number and complexity of EP procedures,
elimination of fluoroscopy certainly would decrease this risk
greatly. Obesity is known to double the effective rate of radi-
ation in AF patients [18]. Fluoroless ablation as an option for
operators becomes prescient with the epidemic of obesity.
Note that in this series the mean patient was obese with mean
BMI >30 kg/m2.

Fluoroscopy requires protective apparel that predisposes to
orthopedic injury [19]. Adoption of a completely fluoroless
technique negates the need for such radiation protective ap-
parel. This decreases the risk of occupational hazard in the
form of orthopedic and work-related injuries. No protective
lead apparel was necessary during these fluoroless procedures.

5.1 Previous studies

Several studies have been performed utilizing a
fluoroless technique. Drago et al. [9] documented the
use of fluoroless ablation in nine pediatric patients with
right-sided accessory pathways with the Carto (Biosense
Webster) system. Grubb et al. [10] was able to
completely eliminate fluoroscopy for 90 % of the 76
pediatric right-sided SVT ablations with NavX sytem.
Clark et al. [20, 21] demonstrated that use of NavX
and TEE could be utilized to perform fluoroless ablation
in children for both right and left sided ablations.
Ferguson et al. [12] demonstrated the ability to ablate
AF without fluoroscopy in 19 of 21 adult patients with
utilization of rotational ICE. 3D MRI LA image regis-
tration was utilized for geometry creation in this series.
There were no complications. Reddy et al. [12] de-
scribed a series of 20 patients who underwent PVI for
PAF without fluoroscopy. CT image integration was uti-
lized in 11 of the 20 patients. NavX and ICE guidance
was utilized in all patients. Razminia et al. [22] com-
pared fluoroless (n = 60) to standard ablation (n = 60)
with no significant differences between groups for a
variety of different ablation procedures.

5.2 Limitations

This study is a retrospective series of clinical experience after
adoption of a completely fluoroless ablation technique. It is
not a prospective randomized trial and as such is subject to
inherent limitations. Further, a single operator (JMS) per-
formed all the procedures in the series. There was no formal
evaluation or study of the learning curve for this technique.
Initial attempts to place catheters without the aid of fluorosco-
py were attempted prior to complete adoption of a fluoroless
technique. Nonetheless, formal programs could be developed
to instruct new operators on development of these skills
allowing operators to learn from experience of those who have
developed these techniques. While widespread applicability
can be questioned, the previous studies of fluoroless ablation
discussed above as well as non-published anecdotal adoption
give increased credibility to this as a widely applicable tech-
nique without addition of any new and costly additional
technology.

Table 2 Individual mean procedure times

Procedure type Mean procedure time (hour:min)

SVT ablation 1:32± 37 min

Atrial flutter ablation (stand-alone) 0:50 ± 22 min

PVC/VT ablation 2:30± 45 min

Atrial fibrillation ablation 2:28± 39 min
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6 Conclusions

Fluoroless ablation utilizing 3D mapping and ICE should be
pursued by operators to eliminate unnecessary radiation expo-
sure to patients, operators, and staff. Proper utilization of this
technique can result in safe and efficacious procedures with no
increase in procedure time. Fluoroscopy use in electrophysi-
ology procedures should be limited only those procedures
with absolute requirement.
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