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�Introduction

It is a global trending in EP labs all around the 
world to try to reduce fluoroscopy; to reduce 
impact on patients, but also in personnel work-
ing at those labs, much more exposed to radia-
tion everyday. As with any new approach, safety 
should be a main topic to consider. X-rays have 
been so much time in use that despite the low 
resolution we have all learnt to work with, but the 
use of radiation has never prevented the compli-
cations related to RFCA.

With the development of new technologies 
such as very precise 3D mapping systems, con-
tact force catheters, intravascular ultrasound and 
other technologies adding more and useful infor-

mation about the position of the catheters and its 
interaction with the cardiac structures fluoros-
copy became a dispensable tool.

In the next paragraphs, we describe how to 
change the paradigm using as close to zero radia-
tion as possible, for most ablation procedures, 
and to prevent and manage related complications.

The more radiofrequency (RF) applied, the 
more the chances to have complications. RFCA 
of atrial fibrillation is by far the procedure that 
needs more RF, and it is even worse when non 
PVI foci are target (substrate modification); in 
a recent series with 10,795 patients from Japan, 
the total rate of complications occurred in 3% of 
patients; with pericardial effusion in 1%, mas-
sive bleeding in 1%, stroke 0.05% and atrial-
oesophageal fistula in 0.02% of patients [1].

The next substrate that requires considerable 
amounts of RFCA is ventricular arrhythmias; a 
multicentre report on idiopathic PVC ablation, 
with 1185 patients, showed fluoroscopy times of 
30 ± 24 min, RF time of 12 ± 11 min, with a total of 
5.5% of complications (2.4% of major complica-
tions, including 0.8% of cardiac tamponades, 1.3% 
of major groin complications, and one complete AV 
block; no strokes and no deaths were reported) [2]. 
A Chinese series of 1231 patients, single centre, 
on the same substrate reported 2.7% of complica-
tions, mostly pericardial effusion and tamponade, 
but also with stroke reported and two deaths [3]. 
Finally, a retrospective analysis of RFCA of ven-
tricular arrhythmias in 34,907 patients (51.6% with 
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structural heart disease, SHD); major complica-
tions occurred in 6.3% of SHD patients compared 
to 2.1% of patients without SHD; death rate was 
also superior in patients with SHD 2.5% versus 
0.12% in patients without SHD [4].

In supraventricular RFCA a paediatric report 
of more than 20  years and three different regis-
tries shows a complication rate varying between 
3.2% before 1996 (n = 3653), 4% between 1999 
and 2001 (n = 2761), and 3.6% between 2014 and 
2015 (n = 1417); cryoablation was used in 53% of 
AVNRT resulting in a 0.1% of complete AV block; 
the use of 3-D mapping systems reduced fluoros-
copy times from 47.6 ± 40 min in the previous reg-
istries to 7 ± 12 min in the latter registry [5].

A report on 519951 adult patients in the USA 
ablated from 2000 to 2013 showed that 5.46% 
of patients had at least one complication (rates 
increased from 3.07% in 2000 to 7.04% in 2013) 
(mostly bleeding or hematoma at access sites in 
2.57% followed by pericardial complications in 
1.3% of patients); ventricular tachycardia abla-
tion had the highest rate of complications 9.9%, 
followed by atrial fibrillation ablation 7.21%, 
and supraventricular ablations with only 3.29% 
of reported complications [6].

In the NO-PARTY trial, a prospective, mul-
ticentre, randomized controlled trial in six elec-
trophysiology laboratories in Italy, comparing a 
minimally fluoroscopic radiofrequency catheter 
ablation (MFA) with conventional fluoroscopy-
guided ablation for supraventricular tachycardia, 
231 patients underwent an ablation following 
the EP study with a complications rate of 1.1% 
(P = ns). The procedural complications were as 
follows: one arteriovenous fistula solved by com-
pression in MFA group and two first-degree atrio-
ventricular node blocks spontaneously solved in 
48 h in ConvA group. The mean follow-up time 
was 12 + 4 months, during which no procedure-
related complication occurred [7]. Sommer et al. 
showed in a cohort of 1000 patients who under-
went AF ablation using near-zero fluoroscopy 
approach an overall complication rate of 2.0% 
including femoral pseudoaneurysm (n = 10, 1%), 
arteriovenous fistula (n  =  1, 0.1%), pericardial 
effusion (n = 7, 0.7%), phrenic nerve palsy (n = 1, 
0.1%), and stroke (n = 1, 0.1%). The median pro-

cedure time was 120  min, median fluoroscopy 
time was 0.90 min, and the median fluoroscopy 
dose was 345.1 cGy/cm2 [8].

There are mainly three types of complica-
tions we want to prevent: perforation of vascular 
structures and bleeding, thromboembolic com-
plications, and damage of the normal conduction 
system. We are going to discuss how to avoid and 
manage each one of these complications.

�Bleeding

	1.	 Vascular access: Venous and arterial punc-
tures carry the inherent risk of bleeding. The 
need of fluoroscopy in this seeting is, in some 
labs, the visualization of the femoral head, to 
guide a high arterial puncture, and the poten-
tial use of an arterial closing device at the end 
of the procedure without the risk of blocking 
the femoral bifurcation, which also needs an 
arteriography at the end. If it is the case, a way 
to reduce fluoroscopy utilization could be an 
arterial puncture guided by vascular ultra-
sound, but at the end the arteriography will 
would be still necessary, before the deploy-
ment of the vascular closing device; if the 
puncture was done too close to the bifurca-
tion, manual compression is needed. For most 
of EP procedures however, venous punctures 
are needed, they do not need any special 
equipment or fluoroscopy, but vascular ultra-
sound is also gaining acceptability to reduce 
the risks of inadvertent arterial puncture. 
Some labs use the left antecubital venous 
access to place a non-deflectable coronary 
sinus 6F catheter from above, it is an area eas-
ier to compress and with less bleeding risk 
than the usual groin access. Even in left-sided 
procedures with retrograde access we rou-
tinely use 7F introducers, and manual com-
pression is the default, applied by trained 
nurses in an adjacent compression room, to 
speed workflow at our busy lab. Arterial clo-
sure devices and “figure-of-eight” suture [9, 
10] have dramatically reduced bleeding after 
introducer retrieval, even if full anticoagula-
tion is used. Finally, the use of 3-D mapping 
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systems helps to reduce the number of cathe-
ters needed, in our lab the two-catheter tech-
nique is the default setting for the clear 
majority of substrates, and less punctures 
mean also less risk of complications.

	2.	 Catheter placement: Once the vascular access 
is achieved, catheters need to follow the ves-
sel chosen to arrive to the heart chambers; 
unless extreme force is applied, it is very 
unlikely to cause any bleeding while advanc-
ing the catheters; radiofrequency is never 
used while the ablation catheter progresses 
(and once the ablation catheter is in the vas-
culature, we keep power in zero values until it 
is time to ablate, to prevent inadvertent acti-
vation of the RF pedal). If there is abnormal 
resistance to catheter advancement, we 
should try first to introduce a softer and 
smaller catheter; we can try to advance a long 
guide wire and then connect it to the 3-D 
mapping system (please refer to Chap. 5) to 
confirm the position and use it as a rail for a 
longer introducer (especially for arterial ret-
rograde access in patients with vascular 
peripheral disease), or if a guidewire does not 
progress easily, sometimes fluoroscopy and 
arteriography is needed to exclude dissection. 
One helpful manoeuvre using deflectable 
catheters is to full bend the catheter just after 
it went through the sheath for preventing it to 
go into smaller collateral branches of the ves-
sel. Arriving to the right atrium through the 
inferior vena cava has no major challenges, 
other than catheters sometimes directing to 
hepatic or diaphragmatic veins; all systems 
allow visualization of the catheters at this 
level and even further, gentle retrieval, torque 
and advancement allow the catheter to arrive 
to the atrium and record atrial EGMs. Arriving 
to the aorta possess a different challenge; the 
catheter should start acquiring the virtual 
anatomy at the arch level, and movements of 
advancement, rotation and retrieval should be 
done smoothly; while working with fluoros-
copy most centres would perform a selective 
angiography to guide then the procedure; in a 
non-fluoroscopic environment, the coronary 
arteries are not visualized and their ostia can-

not be estimated unless the aortic valve cusps 
are depicted; once the ascending aorta shell 
has been created, we can flex the ablation 
catheter and use both RAO and LAO inci-
dences to protrude into the ventricle. 
Intracardiac echocardiography (ICE) is very 
useful in aortic cusp assessment and is also 
capable of showing the ostium of the coro-
nary arteries. Transeptal puncture is exten-
sively discussed in the atrial fibrillation 
chapter. It is impossible to achieve without 
the use of ICE or TEE, to prevent perforation 
and bleeding.

	3.	 Ablation: The higher the force applied and the 
higher the power delivered at any location, the 
higher the chances to cause perforation and 
bleeding. The contact force and power setting 
applied are independent of the fluoroscopy 
utilization, but it is a common knowledge the 
usefulness of fluoroscopy to assess the heart 
silhouette and the heart moving to rule out 
perforation and tamponade. To prevent perfo-
ration there are different options available: we 
can use proprietary catheters displaying the 
force applied (Carto and Abbot have catheters 
available); but, as it would be too expensive to 
use these catheters in a daily basis for all sub-
strates, we should also carefully titrate the 
power delivered based on the location tar-
geted. Most of the sensible locations as the 
junction of the inferior vena to the cavotricus-
pid isthmus, the coronary sinus, the right atrial 
appendage, the superior vena cava, the right 
ventricular outflow tract, and the aortic cusps 
rarely need more than 20–30  W to achieve 
ablation with non-irrigated catheters and 
20  W when an irrigated catheter is used. 
Ablation in the left atrium also needs titration 
between 30 and 40  W (exception to high 
power short application time emerging as a 
new modality of atrial fibrillation ablation). If 
despite our efforts perforation occurs, to wait 
until a “silent heart” is observed in fluoros-
copy is usually too late, we should recognize 
faster the complication, to react in a timely 
manner: Hemodynamic monitoring (arterial 
line or beat-to-beat blood pressure if patient 
heavily sedated or general anaesthesia used) 
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and ultrasound readily available (most of EP 
labs have now ultrasound machines in the lab) 
are the best friends to easily recognize a per-
foration and impending tamponade. Every 
unexpected drop in blood pressure (even if 
associated to a vagal phenomenon) should be 
investigated. Sudden impedance rise and 
steam popping are ominous markers of char-
ring and perforation if in sensitive areas, they 
should trigger a quick look ultrasound before 
continuing RF. Finally, if a pericardiocentesis 
is needed, ultrasound guided puncture is now 
the recommended mean to place the drain, 
making fluoroscopy rarely necessary, even if a 
complication arise.

�Thromboembolic Complications

The more thrombogenic material we put into the 
vasculature, the higher the risk of thrombosis. 
There is also a relation between anticoagulation 
levels used and the risk of bleeding. It should be 
stated that any bleeding is easier to deal than a 
thromboembolic complication; if we need to bal-
ance bleeding risk versus thromboembolic risk, 
we should always prefer more bleeding and less 
thromboembolic events in any setting or ablation 
procedure.

We routinely administer empiric 5000 units 
IV of unfractionated heparine once the venous 
punctures are achieved for any procedure (even 
right sided), and switch to full anticoagulation 
(targeting with ACT monitoring depending 
on ablation type) if for any reason a left-sided 
access is needed. In atrial fibrillation ablation 
setting, most of the labs perform now the abla-
tion on uninterrupted warfarine, and there is 
also evidence that uninterrupted dabigatran is as 
safe warfarin in this setting [11]. Flutter abla-
tion is also performed with uninterrupted anti-
coagulation, there is few evidence available, but 
ablation with uninterrupted warfarine has been 
tested safer than bridge with heparine, in this 
setting [12].

The potential need of fewer catheters when a 
3-D system is used could contribute to diminish 
also the risk of thromboembolic complications.

�AV Block

In AVNRT, para-Hisian accessory pathways, or 
any other septal ablation—as some outflow tract 
ventricular arrhythmias—there is an associated 
risk of AV block. The goal to prevent AV nodal 
or His damage is to be able to visualize always 
catheter movement, a task rarely feasible with 
fluoroscopy, as it would mean the constant use of 
radiation; even most conservative labs would not 
use fluoroscopy every time the radiofrequency is 
on. 3-D mapping systems allows to visualize all 
catheters, always, and not only in standard simul-
taneous RAO and LAO views; but other, mul-
tiple and infinite angulations are also possible, 
depending on the area of interest.

Using 3-D mapping systems for all arrhythmia 
settings, we have developed the habit to annotate 
any His recording seen in the virtual anatomy (as 
only two catheter approach is used, we do not 
place an extra His catheter), to prevent the abla-
tion catheter to move close.

As we describe in the AVNRT ablation chap-
ter, tagging all His potentials found in the vir-
tual anatomy, we recorded a mean His area of 
1.44 cm2; it is clearly not a fact that a His bundle 
occupies that big area, but the His displaces with 
every heart beat and respiratory movements, while 
our shell of virtual anatomy is a still structure. We 
judge than working in a non-fluoroscopy environ-
ment, no RF lesion should be applied closer than 
10  mm far (caudal) from the lowest His found 
and tagged (Fig. 15.1a, b) [13]. Ablation of para-
Hisian accessory pathways is also a challenge, 
but we should keep in mind that any accessory 
pathway has always a ventricular insertion (in 
this case, the para-Hisian one), but also an atrial 
insertion, with some anecdotic reports showing 
this insertion sometimes faraway (as aortic cusps) 
making it safe for RF to ablate [14].

If security versus cost is not a trade-off situ-
ation, cryoablation provides—at a higher cost—
unsurpassed security while dealing with ablation 
in the septal area close to the His or AV node. 
Any cryocatheter can be used with Abbot Nav-X 
or Boston Rythmia systems; Carto needs a 
Navistar plugged in order to construct the virtual 
anatomy to navigate; some centres use a Navistar 
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and a cryoablation catheter, especially in young 
patients; as described in the AVNRT ablation 
chapter, we use a previous patient Navistar cath-
eter placed in a bag beneath the thoracic region 
(usually under the mattress) of the new case, the 
virtual anatomy is then created with a decaNAV 
catheter, and finally the cryocatheter is now visu-
alized as any other catheter and used for ablation. 
If there is no data showing when cryoablation is 
mandatory, when 1% of risk is deemed too high, 
the newer cryocatheters have shown a similar 
efficacy profile, with a lesser risk [15].

�Catheter Entrapment

One mandatory need of fluoroscopy in a non-
fluoroscopic ablation setting is to prevent cath-
eter entrapment. To date we can visualize only 
the distal part of catheters, when a 3-D mapping 
system is used to reduce or eliminate fluoros-
copy; there are some rare situations when a cath-
eter “loops” while entering in the vasculature, 
we had in more than 700 procedures done with-
out fluoroscopy, three cases when it occurred. 
Systematically, the first feature detected was that 

a

a

Fig. 15.1  (a, b) Carto 3 
system. LAO for both 
figures. (a) Shows the 
distance between 
successful ablation sites 
and the highest His 
recorded (usually where a 
His catheter sits, a 
comfortable 24.5 mm); (b) 
shows that His signals can 
be recorded far down, and 
that the real distance was 
13.7 mm from the 
successful RF site and 
lowest His recorded
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Fig. 15.2  A looped 
ablation catheter (at the 
inferior vena cava level) 
was advanced until the 
loop entered the right 
atrium. It was then easy to 
turn the catheter (the tip is 
located almost at the 
cervical level) to undo the 
loop. If we try to just 
retrieve the catheter, the 
loop becomes small and it 
can be entrapped 
“shrinking” the introducer 
at the groin level

the catheter was not responding to torque applied 
in the usual way. While trying to remove the cath-
eter it blocked with the loop entrapped outside 
the introducer, at the groin level; further effort 
to remove the catheter “shrinks” the introducer 
(always with the loop out of it) to a level that it 
was impossible to either advance neither retrieve 
the catheter. A vascular surgery was prevented, 
accessing the vessel from the contralateral groin 
with a “lasso” catching the tip of the catheter to 
undo the loop. It can occur either in the venous or 
in the arterial bed. The advice is, once a catheter 
is not answering in a standard fashion to torque 
applied, please use the fluoroscopy, advance the 
catheter forcing the loop to enter a heart chamber 

(it is almost impossible to unloop a catheter in 
the inferior vena cava or the aorta) and turn it to 
undo the loop; the procedure can be continued 
then without fluoroscopy (Fig. 15.2).

Finally, a very rare catheter entrapment case 
happened us also once, using the Rhythmia Orion 
basket catheter without fluoroscopy: when the 
case was finished we close the basket catheter 
and tried to retrieve it but even if it well advanced 
until the groin level, it was impossible to remove; 
the fluoroscopy showed the ablation catheter 
entrapped between the splines of the basket cathe-
ter; we advanced the Orion back to the atrium, we 
open the splines, remove the ablation catheter and 
then easily retrieve the basket catheter without 
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further difficulty. We recommend so, to remove 
all catheters before the basket catheter, and while 
it is still at the heart level with the splines yet open.

�Conclusion

The non-fluoroscopic approach is a feasible and 
safe alternative to fluoroscopy for any ablation 
procedure. We have described some methods to 
prevent and deal with complications that could 
arise when using this approach. Newer develop-
ments on catheter visualization would help to 
easy our journeys without fluoroscopy.

Finally, we should keep in mind that the main 
propose of the non-fluoroscopic ablation is to 
make the procedure safer (for the patient and for 
the operator). So, we should never have to hesi-
tate in use a few seconds of fluoroscopy trying to 
avoid further complications if necessary.
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