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 Introduction

Given the known risks of ionizing radiation, par-
ticularly relevant in the pediatric population, there 
has been an increasing effort to limit its use. 
Indeed, the era of low and even fluoroscopy-free 
electrophysiology study and ablation procedures 
has arrived [1]—D. Bradley

The above statement highlights the change 
currently in progress in the profession of pedi-
atric electrophysiology. In little more than one 
decade, there has been a revolution in the treat-
ment of arrhythmias in children. This revolution 
has been facilitated entirely by the development 
and refinement of three-dimensional mapping 
systems, which allow for the nonfluoroscopic 
visualization of catheter electrodes. The current 
millennium began with catheter ablation being 
the treatment of choice for arrhythmia man-
agement in children. Catheter guidance at that 
time was entirely dependent upon fluoroscopy. 
Today, three-dimensional mapping tools have 

allowed dramatic decreases in radiation exposure 
in nearly all-pediatric electrophysiology (EP) 
labs. This “fluoroless” movement, away from 
radiologic guidance, has been spurred by reports 
revealing the significant increase in medical radi-
ation exposure, as well as the potential associ-
ated health risks [2–4]. Between 1987 and 2009 
there was a 730% increase in medical radiation 
exposure in the United States. As a result, patient 
tracking of lifetime radiation dosing is becoming 
prevalent.

Ten years ago, fluoroscopy was the sole means 
of catheter guidance in the vast majority of pedi-
atric electrophysiology labs. Today, virtually 
all EP labs use some form of three-dimensional 
guidance. Ten years from now, fluoroscopic guid-
ance for routine pediatric ablation procedures 
will be rare.

Pediatric electrophysiologists have been the 
leaders in this revolution. As the fluoroless pro-
cedure becomes more common in the pediatric 
world, the techniques will spill over into the adult 
arena. The purpose of this chapter is to discuss 
the role of no-fluoro ablation techniques in the 
treatment of pediatric arrhythmias. Data relat-
ing to the performance and outcomes of this new 
approach are presented to help the practitioner 
incorporate the techniques into his or her daily 
practice. For many of the studies cited, we will 
also quote the rationale given for the importance 
of the particular study.
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There has been a steady improvement in fluoros-
copy times since the start of catheter ablation. Data 
from the pediatric registry (1998) showed the mean 
fluoroscopy time to be 47.6 min. Data from the earli-
est years of that registry (1991–1992) showed a mean 
of 60 min [5]. The next large study was the PAPCA 
registry. It was published in 2004, and showed a 
mean fluoro time of 38.3 min for supraventricular 
tachycardia (SVT) ablation in children [6].

The interest in minimizing radiation dose is due 
to the associated risks. Clay et al. using radiation 
dosimeters during EP procedures estimated that a 
single 15 min biplane fluoroscopy exposure during 
pediatric ablation conferred a lifetime risk to the 
patient of about 1:5000 for development of a fatal 
malignancy [7]. Extrapolating that to the early reg-
istry data would suggest that those patients could 
carry a risk as high as 1:1000 per procedure, for 
lifetime cancer. For a single procedure, the risk 
is greater for the patient than for the physician. 
However, over an entire career, the risk of radia-
tion exposure for the staff can also be significant. 
The Expert Consensus Document on Radiation 
Safety in the Practice of Cardiology estimates 
that a busy interventional cardiologist, working an 
entire career, has about a 4% risk of fatal malig-
nancy due to occupational radiation exposure [3]. 
That document recommends radiation doses, “As 
Low As Reasonably Achievable” (ALARA).

For these reasons, broad interest remains in 
lowering radiation dose. Some of these efforts 
have gone toward optimizing fluoroscopy use. 
Gellis et al. developed an “ALARA” protocol to 
help minimize radiation dose when fluoro was 
being used [8]. But the greatest benefit would 
come from nonfluoroscopic guidance systems.

 Three-Dimensional Mapping: What 
Does It Involve?

Broadly, nonfluoroscopic mapping, or electro-
anatomic mapping systems (EAM), use comput-
ers to localize electrodes in three-dimensional 
space. The location is then displayed on a screen. 
Relevant blood vessels and cardiac chambers 
can be drawn, creating a three-dimensional shell 
within which the catheter can be manipulated.

There have been two mapping systems which 
have impacted the direction of patient care: the 
CARTO® system (Biosense-Webster) and the 
EnSite system (Abbott, Abbott Park, Ill, USA). 
The CARTO system was the first system clinically 
available. The first report of its use was by Worley 
in 1998 [8]. That system works on magnetic detec-
tion. The patient is positioned on the cath table, 
lying on an array of magnets. A proprietary cath-
eter contains a magnetic detector in its tip. By 
detection of the magnetic field strength at the tip, a 
computer can triangulate the position of the tip in 
three-dimensional space. The EnSite system func-
tions by electrical impedance measurement. The 
patient has three sets of patches positioned on the 
torso to create three orthogonal electrical fields, 
anterior-posterior, superior- inferior, and right-left. 
Any electrode from any catheter can detect the 
three fields, and the computer can then triangulate 
the location of that electrode relative to a reference 
electrode, usually on the patient’s abdomen.

Each system has its own strengths. The 
CARTO system does not need a reference elec-
trode, and shows good geometry stability pro-
vided the patient remains stationary on the magnet 
pad. However, geometry creation in the early 
versions was a slow, tedious process, with little 
resemblance to anatomic structures (Fig.  14.1). 
It requires a proprietary ablation catheter with a 

Fig. 14.1 Geometry as drawn for early CARTO 
procedures
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magnetic detector, which makes it poorly func-
tional with cryoablation catheters. The EnSite 
system can create anatomically detailed geom-
etry in a very short period of time (Fig.  14.2). 
However, being impedance based, anything 
that changes electrical impedance can cause 
the geometry to shift. These include air volume 
within the lung, and fluid volume and distribution 
within the body. It can function with any brand or 
type of catheter, and therefore makes cryoabla-
tion a readily available option.

In 2002, using the CARTO system, Drago 
et  al. were the first to report catheter ablation 
without fluoroscopy [9]. In their report, they 
performed ablations on 21 children with right-
sided manifest accessory pathways. In nine of 
the patients no fluoroscopy was used. While this 
marked a milestone in catheter ablation tech-
nique, it was never duplicated by another labora-
tory. The reason why is that the original CARTO 
system was only compatible with one catheter, a 
radiofrequency ablation catheter. To perform an 
ablation without fluoroscopy meant completing 
the procedure using just one catheter. The only 
patients who were potentially eligible would 
be patients with right-sided manifest accessory 
pathways. All other arrhythmias would require 
more than one catheter, and therefore were not 
candidates for a fluoroless procedure. It would be 
five more years before any other groups would 

report fluoroless procedures, and those would all 
utilize EnSite.

The CARTO system, in its early versions, had 
many weaknesses which prohibited it from func-
tioning as a viable tool for fluoroless procedures. 
With the release of CARTO 3, those handicaps 
had mostly been resolved. As the second decade 
of the new millennium unfolded, some labs 
were beginning to assess CARTO 3’s utility for 
decreasing fluoroscopy.

As noted by Pass, “Efforts to reduce fluoro-
scopic dose are of great potential benefit to both 
patients and staff to reduce both deterministic 
and stochastic risk” [10].

As previously stated, Gellis reported the 
experience in Dr. Pass’ lab of an  “ALARA” 
protocol, which attempted to decrease radia-
tion exposure using only fluoroscopic guidance 
of catheters. They reported less total radiation 
dose, with fluoroscopy alone, than another 
published study, which utilized CARTO 3  in 
addition to fluoroscopy [11]. It is important to 
note that, while the study clearly demonstrates 
radiation reduction through manipulation of 
fluoro equipment, it also demonstrates the 
importance of experience with EAM systems. 
Just 1 year after publishing his data demon-
strating lower radiation exposure than a current 
EAM system, Pass reported his labs experience 
with that same EAM system (CARTO 3), while 

Fig. 14.2 Typical 
geometry as drawn for 
early EnSite procedures
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still following their own ALARA protocol. In 
his own words: “When CARTO 3 was added… 
we observed a nearly sevenfold drop in aver-
age dose from 93 to 13 mGy/case” [10]. Others 
reporting a benefit from the newer CARTO 
system included Dr. Berul, who noted “The 
use of high levels of radiation is potentially 
dangerous, especially in a pediatric population 
undergoing rapid somatic growth and cellular 
maturation.” They report a 60–70% decrease in 
all measures of radiation exposure after intro-
duction of CARTO 3 [12].

The competitor of CARTO was EnSite. EnSite 
was the mapping system that triggered the revo-
lution. Being a nonproprietary, “open” system, it 
allowed the use of all available mapping and abla-
tion catheters. It also localized transseptal needle 
tips, and certain guidewires. All of those char-
acteristics made it the leading system for broad 
application of fluoroless interventions. Tuzcu 
was the first to begin that process. He reported 
his early experience in 2007, taking note of the 
fact that, “Patients and staff can be exposed to 
a significant amount of fluoroscopy during these 
(fluoroscopic) procedures.” His study involved 
28 children with right-sided SVT mechanisms 
undergoing ablation. Of the 28 procedures, 24 
were completed without the use of fluoroscopy. 
He had acute success in 22 of the 24. There were 
no complications [13].

That same year, our group reported our expe-
rience using EnSite in a pediatric lab. Of 30 
patients undergoing SVT ablation, 80% required 
no fluoroscopy. Five of the six patients requiring 
fluoro needed it only for transseptal puncture. 
There was 100% acute success and no compli-
cations [14]. For the next 5  years, all publica-
tions describing fluoroless procedures utilized 
the Ensite system. With the release of CARTO 
3, reports began to be published around 2013 of 
its utility to eliminate fluoro. Today, both systems 
are viable for fluoroless procedures in the major-
ity of instances. One of the benefits of both sys-
tems is the continuous localization of electrodes 
throughout the entire procedure. One does not 
need to activate fluoroscopy to determine if the 
catheter has moved. However, both systems can 
still be improved.

 Arrhythmias Amenable 
to Fluoroless Ablation in Pediatric 
Labs

 Right-Sided Accessory Pathways

While all arrhythmias are approachable with-
out fluoroscopy, there are differing levels of 
difficulty. Right-sided accessory pathways are 
the obvious first choice for a fluoroless inter-
vention in children. As a catheter leaves the 
femoral sheath and enters the femoral vein, it 
is visible on the EAM. Its movement and direc-
tion can be followed as it ascends the IVC. If the 
catheter redirects into a renal or hepatic vein, 
that is easily seen. When the catheter enters the 
liver, it takes a slight leftward direction. With 
a couple more inches of travel, the catheter 
enters the right atrium and atrial electrograms 
will be visible from the electrodes. After opti-
mizing the system, and collecting respiratory 
compensation, the relevant geometry can then 
be drawn, using a steerable catheter. The usual 
procedure for SVT ablation is to draw Superior 
Vena Cava (SVC), Inferior Vena Cava (IVC), 
right atrium, coronary sinus (cs), and tricuspid 
valve. The location of the His electrogram is 
identified and marked. In our early experience, 
we drew the tricuspid valve by taking points 
with good atrial and ventricular electrograms. 
However, with time, one usually finds that, by 
letting the catheter advance across the tricuspid 
valve into the ventricle and moving it within 
the ventricle, the tricuspid valve draws itself. 
Into this geometry, one can place as many cath-
eters as is deemed appropriate for the proce-
dure. Pacing, EP study, mapping, and ablation 
can all proceed normally. Since all structures 
can be directly accessed from the femoral vein, 
the only reason for the use of fluoroscopy with 
right- sided accessory pathways is inexperi-
ence with the equipment. Fluoroscopy does 
not localize the His bundle better than EAM. 
Ergul published Tuzcu’s results using EnSite 
for fluoroless ablation of anteroseptal acces-
sory pathways. In 24 patients, they reported a 
96% acute success, an 8% recurrence, and no 
complications [15].
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Gaita noted, in explaining their use of CARTO 
3 for right-sided accessory pathways, that, “The 
use of fluoroscopy exposes children to the potential 
harmful effects of radiation due to the longer life 
expectancy of this subset of patients.” His work, 
reported by Scaglione, describes 47 accessory 
pathways in 44 children. They had 100% acute suc-
cess, 15% recurrence, and no complications [16].

 Atrioventricular Nodal Reentrant 
Tachycardia

AV nodal reentrant tachycardia (AVNRT) is the 
next simplest arrhythmia to approach without 
fluoroscopy. Catheter introduction and geom-
etry creation are the same as described, but 
more attention is paid to Koch’s triangle. The 
His bundle is identified and either marked, or a 
catheter is left in place for continuous record-
ing of the His electrogram. The coronary sinus 
is drawn, and usually a catheter is left in place. 
This, then, gives an excellent real-time orien-
tation of Koch’s triangle. If the EnSite sys-
tem is used, then either radiofrequency (RF) 
or cryoenergy can be employed, at the physi-
cian’s discretion. If CARTO 3 is used, the sys-
tem will make RF the preferred energy, due to 
relative incompatibility of cryo with CARTO, 
as Dr. Ceresnak notes in 2016: “The CARTO 
3 system requires the use of specific, propri-
etary Biosense-Webster ablation catheters. This 
can be particularly problematic when using 
the CARTO 3 system if cryoenergy is needed 
for ablation.” Fortunately, his group has been 
able to outline a workaround for the problem. 
By employing a “jumper cable,” they were able 
to “trick” CARTO into visualizing the cryo-
cath during ablation [17]. As an alternative to 
jumper cables, Scaglione used CARTO 3 to 
position the cryocatheter in the slow pathway 
location, and then disconnected it from CARTO 
and plugged into the cryo console for immediate 
lesion delivery. This approach results in loss of 
visualization of the catheter during the lesion. 
Given the high safety factor of cryo, the authors 
felt this was an acceptable solution. They report 
21 ablation procedures of AVNRT.  Nineteen 

were completed without fluoro. Two patients 
required fluoro to navigate the catheters from 
the femoral vein to the heart, which is a poten-
tial remaining handicap of the CARTO system. 
They had 100% acute success, with 5 recur-
rences at 2 years, and no complications [18]. 
Alvarez reported their experience comparing a 
traditional fluoro approach to EnSite for abla-
tion of AVNRT. With 25 patients in each group, 
they achieved zero fluoroscopy in 24/25 with 
EnSite. All other outcomes, including success, 
complications, procedure time, and recur-
rence, were the same between the two groups 
[19]. Gist reported our group’s learning curve 
for fluoroless ablation of AVNRT using EnSite 
(Table 14.1). Comparing our first 2 years expe-
rience to the most recent 2 years, we noted 
a 20% improvement in procedure time. No 
patient required fluoro in either the early or late 
era. The success, complication, and recurrence 
rates were equal [20].

Table 14.1 Comparison of early versus recent era for 
ablation of AVNRT

Results of study versus control

Variable
Early 
(N = 27)

Recent 
(N = 35) P-value

Female 17 (63%) 23 (66%) 0.8
Mean age 
(years)

14 ± 5 14 + 7 0.8

Mean height 
(cm)

160 ± 21 156 + 21 0.4

Mean weight 
(kg)

55 ± 16 56 ± 22 0.8

Mean lesion no. 6 + 3 6 ± 3 1
Mean lesion 
time

25 ± 14 25 + 12 0.9

Cath tip size 
(4 mm)

26 (96%) 32 (91%) 0.4

Transient AV 
block

12 (44%) 13 (38%) 0.6

Procedure time 202 ± 76 160 ± 61 0.014
Room time 265 ± 72 221 ± 63 0.01
Setup time 63 + 15 61 ± 17 0.63
Procedural 
success

27 (100%) 34 (97%) 1

Recurrences 4 (15%) 3 (9%) 0.69

Learning curve for AVNRT ablation. All parameters are 
similar between the early and late groups except proce-
dure time, which is shorter in the later group
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 Other Right-Sided Mechanisms 
of Tachycardia

Less common mechanisms of tachycardia 
can also be approached without fluoroscopy. 
These include atrial flutter, ectopic tachycardia, 
and intra-atrial reentry. Typical atrial flutter is 
uncommon in children, but easily managed. The 
tricuspid annulus and isthmus are readily defined. 
Creating a line of block is documented by stan-
dard EP protocols.

Ectopic atrial tachycardia (EAT) may be bet-
ter treated with EAM than with standard fluo-
roscopy. This is because EAM systems have the 
added benefit of being able to create an activation 
map, which can graphically show the wavefront 
of depolarization within the atrium (Figs.  14.3 
and 14.4) demonstrates this in a patient with an 
ectopic tachycardia from the left atrial append-
age. Dieks reported her group’s experience of 
the Ensite system for guiding ablation of focal 
atrial tachycardia. Over a 10-year period, they 

Fig. 14.3 Activation map 
in a patient with ectopic 
tachycardia from the left 
atrial appendage. White 
and red color represents 
area of earliest atrial 
activation. SVC superior 
vena cava, IVC inferior 
vena cava, RAA right atrial 
appendage, LAA left atrial 
appendage

Fig. 14.4 Same patient as 
Fig. 14.3, after ablation. 
Notice earliest activation 
now maps to area near 
sinus node
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attempted 16 ablations, with acute success in 
14/16. Compared to other published series’, 
they found higher success rate and lower fluo-
roscopy times [21]. Intra-atrial reentrant tachy-
cardia (IART) is a troublesome rhythm to deal 
with regardless of approach. It is most often seen 
in complex congenital heart disease. Because 
of this, it is more likely to require fluoroscopy. 
However, because these patients are exposed 
to multiple procedures over their lifetime, it is 
also the reason to attempt to minimize radiation 
exposure.

Three-dimensional mapping tools can increase 
the success of the procedure due to their ability to 
provide both activation maps and voltage maps. 
Voltage maps can help in defining areas of scar 
that might be serving to support the reentrant cir-
cuit. There is not a set approach to ablation in this 
population, and each patient needs to be assessed 
and treated individually. However, there are 
reports of fluoroless ablations being performed 
for this arrhythmia in complex congenital heart 
disease (CHD) [22].

 Left-Sided Mechanisms

Left-sided arrhythmias have all the same treat-
ment issues that right-sided mechanisms do, plus 
the added factor of access. To access left-sided 
tachycardias, there are three options available in 
the usual EP lab: patent foramen ovale, transsep-
tal puncture, or retrograde arterial. These will be 
discussed individually.

The patent foramen ovale (PFO) is somewhat 
of a buried treasure to the electrophysiologist. 
Few things bring the sense of good personal 
fortune like discovering ready-made access to a 
 left- sided accessory pathway. When present, a 
PFO is easily identified on EAM. When drawing 
geometry, the catheter will take an unmistakable 
course. With the catheter facing the atrial septum, 
as it is advanced superiorly, it will take a course 
aiming leftward and posteriorly. There will gen-
erally still be excellent atrial electrograms noted, 
unless the catheter is advanced into a pulmonary 
vein. When a PFO is discovered during geometry 

creation, the operating physician should pause 
and say a short prayer that the patient’s tachycar-
dia mechanism is a left-sided concealed pathway. 
The remainder of the procedure can then con-
tinue according to standard protocol.

In the absence of a PFO, the options become 
transseptal or retrograde. If patient size allows 
a retrograde approach, then the ablation can 
proceed without fluoro. Advancing the abla-
tion catheter into the left ventricle (LV) is not 
technically different with EAM guidance than 
with fluoroscopy. Positioning of the catheter tip 
on the mitral annulus is aided by electrograms, 
and the presence of a coronary sinus catheter. 
It will not take long to develop a comfort level 
with the 3D images, which replace the fluoro 
images to which we are accustomed. Gaita has 
embraced this approach, noting that, “the use 
of fluoroscopy exposes children to the poten-
tial harmful effects of radiation due to the lon-
ger life expectancy of this subset of patients.” 
His lab has reported fluoroless ablation in 21 
children with left-sided accessory pathways. 
Two patients had PFO, and the remainder a ret-
rograde approach. None of the cases required 
fluoroscopy. They had 100% acute success and 
no complications [16].

If a transseptal approach is needed, then the 
current options are transesophageal (TEE) or 
intracardiac echo (ICE). We prefer TEE because 
it is not restricted by venous access issues, and 
can be performed on any size patient. However, 
the downsides of TEE are that it is more time 
consuming, and requires the assistance of a sec-
ond physician. For those individuals wishing to 
learn the TEE approach, it is relatively simple. A 
guidewire is advanced from the femoral vein to 
the SVC. A bicaval TEE view confirms the posi-
tion of the guidewire. The transseptal sheath and 
dilator are advanced to the SVC, with visualiza-
tion by TEE. The guidewire is then removed and 
replaced with the transseptal needle. Continuing 
with a bicaval view, the sheath and dilator are 
pulled down to engage the atrial septum. The 
view is then changed to an aortic valve en-face 
view. From this angle, the thin membranous sep-
tum is well visualized. The dilator is manipulated 
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to demonstrate tenting of the membranous atrial 
septum, with care being taken to visualize the 
tip of the dilator (Fig. 14.5). The needle is then 
advanced into the left atrium. Saline is injected to 
confirm left atrial position of the needle, and then 
the sheath is advanced over the needle. Ablation 
then continues per standard protocols. We began 
this approach in 2006, and published our data in 
2008 [23]. Since that time, it has remained our 
standard approach. Others have reported use of 
ICE to accomplish the same goal [24].

Many labs are now approaching all arrhyth-
mias with a zero-fluoroscopy intention. In 
Gersak’s lab, they performed 43 consecutive 
ablations for SVT in children, with an intention 
of zero fluoroscopy. Utilizing EAM and ICE, 
they achieved 100% success with 0 fluoro and 
no complications. They concluded that stochas-
tic and deterministic effects potentially express 
a greater risk in this population. Therefore, there 
seems to be some rationale to go even beyond the 
utilization of the ALARA principle in pediatric 
catheter ablation procedures [25].

In Aziz’s lab, they report an 88% decrease 
in fluoro time, and 54% of cases achieving zero 
fluoroscopy for SVT ablation in children. These 
numbers are what they achieved when first 
attempting fluoroless procedures, having not yet 
gone through a learning curve [26]. Wan reported 
very similar results as they went through their 
learning curve [27].

 Ventricular Arrhythmias

Ventricular arrhythmia ablation presents addi-
tional challenges if the intention is to reach zero 
fluoroscopy. These procedures often require spe-
cial catheters and sheaths to successfully ablate 
the substrate. It takes a little more practice to 
reach zero fluoroscopy in this setting. A common 
situation for ventricular arrhythmia ablation is to 
place a spiral catheter in the right ventricular out-
flow tract (RVOT). This requires a long sheath. 
But, sheaths are not visible on EAM systems. 
To deal with this issue, one must take note of 
the fact that the sheath insulates the electrodes 
from the electrical fields generated by the sur-
face patches. Translated, that means that when-
ever an electrode is pulled back into a sheath, the 
catheter is distorted on the EAM. It is, therefore, 
possible to identify when the tip of the sheath 
is right at the proximal electrode of a catheter. 
With that fact understood, it becomes possible 
to place a spiral catheter into the RVOT. Start by 
inserting the particular sheath needed. Through 
this sheath, advance a steerable catheter into the 
main pulmonary artery (MPA). Next, advance the 
sheath over the catheter until you see the distor-
tion of the proximal electrode. This will inform 
you that the tip of the sheath is now positioned 
in the MPA. Remove the steerable catheter and 
advance the spiral catheter through the sheath. 
As the distal electrode emerges from the sheath, 
hold the catheter steady and pull the sheath back. 
This will allow the catheter to coil in the MPA. 
It can then be pulled back and positioned in the 
RVOT. This technique can allow a zero fluoros-
copy procedure for those wishing to pursue it. 
Utilizing this technique, Von Bergen et al. were 
able to achieve zero fluoroscopy in three out of 
five ventricular arrhythmia ablations [28]. In 
Tuzcu’s lab, they achieved 6/17 fluoroless abla-
tions of ventricular tachycardia in their early 
results, and 19/35  in their later report [29, 30]. 
Figure 14.6 demonstrates the three-dimensional 
anatomy of a patient with left ventricular outflow 
tract (LVOT) tachycardia, mapped from both the 
RV and the LV.

Fig. 14.5 Typical transesophageal image guiding trans-
septal puncture. Arrow identifies tip of dilator as it “tents” 
the atrial septum prior to advancing the transseptal 
needle

A. M. Bigelow and J. M. Clark
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 Special Considerations

Other issues of particular import to the pediat-
ric electrophysiologist are congenital heart dis-
ease and small patient size. As previously noted, 
patients with significant CHD require more radio-
logic procedures over their lifetime, and require 
more fluoroscopy per procedure. They may be 
the group of patients who will benefit the most 
from EAM systems. Most reports of fluoroless 
ablation in patients with CHD are isolated case 
reports [22, 31]. We have reported on two neo-
nates with WPW and CHD undergoing fluoroless 
ablation [32]. One patient had Ebstein’s anomaly, 
and the other had pulmonary atresia. Both pro-
cedures were accomplished without fluoroscopy, 
and neither patient has had recurrence at 3 years 
follow-up.

Small size is a known risk for complica-
tion in catheter ablation, with patients <15  kg 

at greater risk [5]. Mapping and ablation cath-
eters are developed for adult-sized patients. At 
the lower limits of our patient size, the curves 
and stiffness of the available catheters become a 
detriment to patient care. This is true regardless 
of the method of catheter guidance. The EnSite 
system suffers from similar technical difficul-
ties. The total surface area of all patches and 
electrodes for an EnSite procedure is 1380 cm2, 
while the typical torso surface area of a newborn 
is 900 cm2. However, since most of the naviga-
tion patches are gel, with only a small portion of 
it being the wire mesh, it is possible to remove 
up to 90% of the gel pad without interfering with 
the wiring of the patch. Viewing the patches 
under fluoroscopy can identify the extent of the 
wire mesh antenna. This has allowed us to cre-
ate a template for removing excess gel pad from 
the patch as a less than ideal, but systematic 
work-around.

Fig. 14.6 AP and lateral view in patient with left ventricular outflow tract (LVOT) tachycardia. Geometry drawn shows 
3-D relationship of LVOT and RVOT
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 Benefits

The benefits of a no-fluoro approach in pediat-
ric electrophysiology include avoidance of lead 
protective equipment, elimination of stochastic 
complication risk, allowing safer performance 
of procedures during pregnancy, improved out-
comes, and potential portability of the procedure.

Wearing lead aprons, thyroid shields, and gog-
gles is held to be an absolute requirement within 
the profession of electrophysiology. But the utility 
of EAM systems raises the possibility of removing 
those cumbersome defenses. Stec et al. report their 
experience from 188 consecutive SVT ablations 
performed with an intention of zero fluoroscopy 
[33]. Of the 188, 179 were completed without flu-
oro. Based on this data, and noting that the “need 
for lead aprons and eye protection to protect medi-
cal staff increases workplace discomfort and the 
risk of neck, back and joint complications,” they 
have recommended a “no lead” approach. We 
have followed this approach for over 10 years, and 
the increased comfort associated with it will very 
likely be the impetus that ultimately drives most 
labs to adopt a no-fluoro technique.

Long-term stochastic complication risks are 
low enough that electrophysiologists are habitu-
ated to ignore them. However, a recent publication 
makes a sobering point. Roguin et al. reported on 
31 physicians with head and neck tumors [34]. 
The physicians were interventional cardiologists, 
radiologists, and electrophysiologists. Of the 
31 tumors, the sidedness of the tumor could be 
defined in 26. Of the 26 in which the sidedness of 
the tumor was identified in the chart, 22 of them 
were left sided, one was midline, and only three 
were right sided. Given that the X-ray source is 
always to the physician’s left, it is unsettling to 
find that 85% of head and neck tumors in this 
population were on the left side.

Arrhythmias during pregnancy are another 
uncommon but troublesome scenario. There are 
a number of case reports now demonstrating the 
utility of EAM to perform fluoroless procedures 
during pregnancy [35–44]. Given the risks of fluo-
roscopy, and the risks of antiarrhythmic medica-
tions during pregnancy, fluoroless ablation may 
eventually become the treatment of choice for 

arrhythmia management in pregnancy. In addition 
to benefits to the pregnant patient, there are also 
potential benefits to staff. In the last 12 years in our 
lab, we have had multiple staff members who were 
able to maintain their jobs in the EP lab throughout 
pregnancy because we were not using fluoroscopy.

Portability of electrophysiology procedures 
remains just over the horizon. Routine fluoro-
less procedures will first need to become com-
monplace before the profession will be ready to 
accept routine portability. However, the reason to 
consider it is due to the rare but difficult scenario 
of tachycardia-induced cardiomyopathy in the 
patient who requires ECMO support. In that set-
ting, ablation is the treatment of choice, and can 
be life saving. But, transporting an ECMO patient 
to the EP lab is fraught with risk. Eliminating 
the need for fluoroscopy has the potential to 
eliminate the need for the stationary EP lab. It 
is technically feasible to perform an ablation in 
the intensive care unit (ICU). While we have not 
yet performed an ablation on an ECMO patient 
in an ICU, we have developed our service in a 
way that will easily allow it when needed. Our 
system is maintained on a portable cart, which 
can be transported to any room where a proce-
dure is necessary. Thus far, we have performed 
ablations in various operating rooms within the 
hospital. We have performed more than 100 abla-
tions outside of the cath lab. Our early data was 
recently published [45]. While this is unique at 
the moment, it will become more common as 
greater worldwide experience is obtained.

In addition to minimizing radiation exposure, 
there may also be other benefits to 3D mapping. 
Ceresnak et  al. reported improved acute suc-
cess when EAM was used for catheter guidance 
in ablation of WPW, as opposed to fluoroscopy 
alone [46]. This was a multicenter, retrospective 
review. Tuzcu reported similar findings from a 
single institution [47].

 The Future

The future of pediatric electrophysiology is fas-
cinating to consider from this moment in time. 
Unquestionably, fluoroscopy will be eliminated 
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from all but the most difficult or complex cases. 
As Giuseppe Stabile notes, “Once the decision 
has been made to use a navigation system to 
reduce fluoroscopy time, the next step is just 
a question of learning and confidence” [48]. 
What is not clear about the future is, what will 
be the changes in the tools and technology that 
will expedite the transformation, and who will 
lead the revolution. Immediate needs include 
sheaths, dilators, guidewires, and needles that 
are visible on EAM systems. Those simple 
tools would markedly increase the acceptance 
of fluoroless procedures. Once the elimination 
of fluoroscopy has become commonplace, it is 
only a little further down the road before we 
reach the point of elimination of the traditional 
EP lab. As L Szydlowski notes, “Growing expe-
rience with this radiation-free approach should 
lead to the complete elimination of fluoroscopy 
during SVT ablations, and in the training of 
a new generation of invasive electrophysiolo-
gists” [33].

Indeed, the era of fluoroscopy-free ablation 
procedures has arrived.
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