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L

ong-term ECG monitoring has become
nowadays an indispensable technology
for prevention, management and treatment
of many cardiac issues. In the recent years
rapidly progressing medical device technology has soon overcome quite all of the limitations of the traditional ECG-Holter recorders, well known in the literature.1 Today
long-term ECG monitoring is achievable
through loop recorders (LR) and cardiac
devices (CIED) like pacemaker (PM), implantable cardioverter-defibrillators (ICDs)
and cardiac resynchronization therapy device-defibrillators (CRT-Ds), all of which
associated with remote monitoring (RM).
Moreover, the latter, when associated to
CIED, is able to collect detailed information
of device function and, in addition to ECG
monitoring, various physiological parameters useful to follow the clinical status of the
patient as the patient’s activity, trans-thoracic impedance and heart rate variability.
Targeted long-term ECG monitoring patients are those who have recurrent non-documented episodes of palpitations or unexplained episodes of syncope, atrial fibrillation (AF) or are at risk for AF, cryptogenic
stroke, patients who have sustained a myocardial infarction, heart failure and finally
those who have certain genetic disorders.
This review will try to focus on all the
possible clinical implications of long-term
ECG monitoring performed with both LR
and CIEDs associated with RM for the two
most important target areas: recurrent unexplained episodes of syncope and, atrial
fibrillation and stroke.
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LOOP RECORDER
The LR device available nowadays is the result of multiple technology improvements
like increasingly automation, more features,
advancements in arrhythmia detection algorithms and finally easily implantation
procedures. Moreover, new generation of
LR provide wireless one-way telemetry for
RM.2, 3 For all these reasons LRs have become not only a pivotal diagnostic tool but
also a therapy guiding device for patients
with so many different cardiac issues.4

Recurrent unexplained episodes of
syncope
Syncope has many different etiologies ranging from cardiac arrhythmias, orthostatic
hypotension, neurally mediated episodes, to
non-syncopal mimics as neurologic events
or psychogenic and metabolic causes.5
Sometimes for this reason despite a full and
thorough assessment, many patients may
not have a fast and easy diagnosis and need
extended follow-up. In patients with unexplained syncope, standard Holter monitoring was non-diagnostic in up to 90% of patients.6 For this account ILRs have become
an important pillar in the diagnostic workup of this kind of patients.
In the last years several randomized trials in
unexplained syncope assessment have been
performed comparing prolonged monitoring
strategy with ILRs over conventional testing
and all of these studies point towards a ben-
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dations.57 Remote control indications and
available platforms are summarized in Tables 1.II and 1.III.57, 58
In conclusion, patients with dual-chamber
pacemakers and implantable cardioverter
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defibrillators, as far as with implantable cardiac monitor, represent a unique opportunity to screen for and unmask silent AF episodes. Until further studies will be carried
out, anticoagulation therapy should be in-

Table 1.II. HRS Remote Monitoring Consensus Statement recommendations (modified
from Slotwiner et al.).57
Recommendation

Class

Device and disease management
	RM should be performed for surveillance of lead function and battery
conservation

Class I (Level of Evidence A)

	RM is useful to reduce the incidence of inappropriate ICD shocks

Class I (Level of Evidence B)

	RM is useful for the early detection and quantification of atrial fibrillation Class I (Level of Evidence A)
Device follow-up paradigm
	All patients with CIEDs should be offered RM as part of the standard
follow-up management strategy.

Class I (Level of Evidence A)

	It may be beneficial to initiate RM within the 2 weeks of CIED
implantation.

Class IIa (Level of Evidence C)

	It is recommended that all CIEDs be checked through direct patient
contact 2-12 weeks post-implantation

Class I (Level of Evidence C)

	A strategy of remote CIED monitoring and interrogation, combined with
at least annual IPE, is recommended over a calendar-based schedule of inperson CIED evaluation alone

Class I (Level of Evidence A)

CIED: cardiac implantable electronic device; ICD: implantable cardiac defibrillator; RM: remote monitoring.

Table 1.III. Currently available remote monitoring systems (modified from Burri et al.).58
Function

Biotronik Home Medtronic
Monitoring™
CareLink™

Boston Scientific St Jude Merlin.
Latitude™
net™

Wireless communication Radiofrequency
with implanted device

Radiofrequency

Radiofrequency

Radiofrequency

Transmitter

Mobile

Stationary

Stationary

Stationary

Frequency of
transmissions

Daily FU
Alert events

Scheduled FU
Alert events

Scheduled FU
Alert events

Scheduled FU
Alert events

IEGM (real-time at
remote FU)

30 s

10 s

10 s

30 s

Special features

Automatic RV
and LV thresholds
(only Lumax
500/540)

Automatic RA,
Optional wireless
RV and LV (only weight scales and
Consulta) pacing BP cuffs
thresholds
Optivol lung
fluid status alert

FU: follow-up; IEGM: intracardiac electrogram; LV: left ventricular; RA: righ atrial; RV: right ventricular.

Automatic RA,
RV, and LV pacing
thresholds
Possibility of sending
automated phone
calls to patients
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BENEFITS OF ELECTROANATOMIC
ABLATION OF CONVENTIONAL CARDIAC
ARRHYTMIAS: FROM FLUOROSCOPY TO
ZERO X-RAY MAPPING
M. Casella, V.Ribatti, V. Catto, G. Vettor, G. Fassini, V. Biagioli,
A. Dello Russo, C. Tondo

n the last few years, a growing interest
in the radiation risk associated to electrophysiological procedure has been developed.1, 2 As a consequence, all first hand operators have become aware of the use of fluoroscopy and they have tried to use all the
complementary imaging technologies available (i.e. electroanatomical mapping system,
contact-force sensing technology, intracardiac echo) for the specific purpose of reducing
the radiological exposure, expressed not only as fluoroscopy time but also as absorbed
and effective dose.
Briefly, in recent years, the results of the “As
Low As Reasonably Achievable” (ALARA)
safety principle proposed and boosted 25
years ago by the United States National
Council on Radiation Protection and Measurements 3, 4 have become effective. Since
then, the scientific literature comparing
the standard fluoroscopic-guided approach
(FGA) with the minimally fluoroscopic
approach (MFA) has grown with more and
more case reports,5-7 numerous observational
works,8-21 some reviews,22-25 few randomized
trials 26-29 and two meta-analysis.30, 31 Finally, in 2015, for the first time, MFA has been
introduced in the international ACC/AHA/
HRS Guideline for the management of adult
patients with supraventricular tachycardia.32
In this review, we analyze the radiation exposure risk, both for the patients and the operators. Furthermore we describe the developments of 3D electroanatomical mapping
(3D-EAM) systems and technologies helpful
to reduce both patient and operator radiation exposure. Thus, we review the main

literature based on different catheter ablation procedures performed with the use of
the aforementioned technologies, specifically
focusing on feasibility, safety, and radiation
exposure. Finally, we make some considerations to remark the necessity of increasing
the radiological risk awareness among operators and cardiological scientific societies.

RADIATION EXPOSURE
ASSOCIATED TO CATHETER
ABLATION PROCEDURES
In interventional electrophysiology, fluoroscopy has been widely used since the beginning to navigate catheters in both the cardiac chambers and the vessels, and to monitor
their position in the heart. For sure X-ray
fluoroscopic imaging has been the first imaging modality of the living human body
and, perhaps, it may be considered one of
the most important technical discovery in
modern medicine. Still nowadays most of
interventional procedures both in cardiology and in other medical fields, are carried
out under fluoroscopic imaging guidance.
The use of the X-rays however brings with it
a silent complication, for a long time underestimated. Radiation exposure has non-negligible stochastic (genetic changes and resultant carcinogenesis) and deterministic (tissue
damage) effects on health.33 Whenever a
beam of X-ray photons crosses a body, free
radicals are generated and they can oxidize
DNA causing strand breaks, cross linking
and base damage. In addition, X-rays can
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Figure 2.2

Figure 2.3

Integration of pre-acquired CT scan of left atrium
and the electroanatomical map obtained by the
EnSite Navx System, St. Jude Medical-Abbot) during
an atrial fibrillation ablation.

ICE imaging of an interatrial septum during
transseptal catheterization. In this patient, an
Amplatzer Septal Occluder was positioned some
years before, because an interatrial septal defect.

in EnSite-NavX technology (NavX Fusion),
also CARTO system (CARTOMerge) offers
the possibility to superimpose the virtual geometry with a pre-acquired cardiac imaging
as magnetic resonance imaging or computed
tomography allowing the physician to navigate in a representative anatomical view (Figure 2.2). This module is particularly useful
in the case of anatomical variants. Moreover,
the recent CARTOUnivu module allowing
real-time visualization of catheters against a
background of stored fluoroscopic images,
has further implemented the potential of this
3D-EAM system.
Finally, a peculiar extension of the CARTO
system enabling ultrasound integration is
the CARTOSound module. It creates a 3D
shell by utilizing real-time ultrasound fans
acquired by an intracardiac echocardiography (ICE) probe. ICE has been extensively
used in order to guide transseptal puncture
in MFA procedures (Figure 2.3). In addition ICE allows obtaining detailed imaging
of cardiac structures, to visualize the lesion
site and to promptly identify possible complications.
Recently a new mapping system, the Rhythmia System, based on both magnetic im-

pedance and electromagnetic signals localization, has been introduced. This system
requires a dedicated catheter for substrate
mapping (IntellaMapOrion) but it allows
using any mapping/ablation catheter. The
IntellaMapOrion is a high resolution basket
catheter with a 64 low-noise electrodes. All
these electrodes are endowed with a capability to simultaneously map multiple sites,
improving both the map acquisition speed
and its resolution (Figure 2.4).
In the last few years, 3D rotational angiography (DynaCT, Siemens, Munich, Germany) has been proposed to acquire true
Figure 2.4
Electroanatomical voltage map of right atrium,
acquired from Intella Map Orion catether (Rhythmia
system, Boston Scientific) during a typical atrial
flutter ablation procedure.
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Figure 2.5
Integration of electroanatomical map (CARTO,
Biosense Webster) with a rotational angiography
derived 3D reconstruction of the left atrium (in
yellow) in postero-anterior (upper images) and right
anterior oblique (lower images) projections.

anatomy during electrophysiological procedures. Rotational angiography utilizes multiple X-ray images acquired over the course
of 200° rotation around the patient in order to reconstruct 3D geometry. The image
quality is comparable to those of computed
tomography (Figure 2.5). This technology
gives a high radiation dose to the patient,
reported about 1,3-6,6 mSv for an atrial
reconstruction; thus it should be limited to
particular cases.48
The development of technologies using
3D-EAM combined with remote control
systems represents a further step forward.
Currently only one remote system is available: the NiobeStereotaxis Magnetic Navigation System (Stereotaxis, Inc., St Louis,
MO, USA) because the other system, the
Hansen Sensei Robotic Catheter System
(Hansen Medical, Mountain View, CA,
USA) is not more available. The Niobe Stereotaxis Magnetic Navigation System operates by using two large permanent mag-
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nets that create a magnetic field inside the
chest of the patient. The mapping catheter,
endowed with a magnetic tip, is moved in
the desired directions just modifying the
magnetic field by a joystick in a control
room. Remote magnetic-guided technology is equally compatible with CARTO and
EnSite-NavX mapping systems; however, it
is necessary to specify that significant disadvantages are the extremely high cost of
the system and the need for a dedicated EP
laboratory. These issues explain why remote
catheter control system are utilized in less
than 10% of electrophysiological centers.63
Focusing on radiation exposure, different
groups demonstrated a significant reduction
in fluoroscopy time and radiation dose with
these systems for patients and, especially, for
operators.64-66
Finally, it should be remarked that the use
of these systems does not automatically result in radiation exposure reduction, but
the operators should develop procedural
workflows designed to make the most of
3D-EAM system according to ALARA recommendation.

THE MFA ACCORDING TO
LITERATURE
In the last few years, the philosophy of a
MFA has extended, from the supraventricular arrhythmias, to all electrophysiological
procedures. There is a growing body of literature that demonstrates safety and efficacy
of minimal or no-fluoroscopic use in ablation procedures by using 3D-EAM systems.
However, some operators criticize that none
of the commercially available 3D-EAM systems provide such a real-time and location
precision compared with traditional fluoroscopy. Furthermore, fluoroscopy need to
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Figure 3.1
Carto-guided point-by-point electro anatomic map
of left atrium, shown with posterior view. Typical
example of our current approach for patient with
paroxysmal atrial fibrillation. Electrical isolation of
left and right pulmonary veins is performed with
wide antral circumferential pulmonary vein isolation
(red points).

(anterior line, posterior line, roof line and
posterior box isolation) did not translate
into further benefit for sinus rhythm maintenance and resulted mainly in prolonged
procedure times.12 Similarly, adjuvant complex fractionated atrial electrogram (CFAE)
ablation in addition to standard PVI did not
improve outcome in patients with paroxysmal AF.13 By contrast, procedure and fluoroscopy times as well as the risk of adverse
atrial tachycardia increased.14 No benefit
was shown in repeat procedures for paroxysmal AF if additional linear ablation was
performed after re-isolation of the PVs.15
In summary, isolation of the PVs. remains
the main target of interventional therapy for
paroxysmal AF. Yet, because of the requirement for repeat procedures due to a high
rate of recurrence of PV conduction, further
improvement of this approach is needed.

Cryoballoon based ablation
The cryoballoon represents an alternative,
safe and effective device for PVI.16 PVI is
achieved by ostial positioning of a balloon
that is cooled by liquid nitrous oxide. The
balloon is advanced into the left atrium
through a unidirectionally steerable sheath
combined with a multipolar circular mapping catheter that can be advanced through
a central lumen, allowing for real-time recordings of PV electrograms. Furthermore,
the mapping catheter enhances maneuvering of the balloon in the left atrium using
an ‘over the wire’ technique. Actually is
available the new second-generation system
(Arctic Front AdvanceTM, Medtronic Inc.,
Minneapolis, MN, USA) which is mounted
with eight injection jets, resulting in more
homogenous cooling of the complete distal
balloon hemisphere and thereby deploys a
more homogenous lesion along the pulmonary vein antrum (Figure 3.2).
The recent published Fire and Ice Trial proved that cryoballoon ablation was
Figure 3.2
Second-generation cryoballoon, a schematic example.
The balloon is inflated in the left atrium and positioned
to occlude the left superior pulmonary vein (LSPV).
The circular mapping catheter, also positioned in
the LSPV allows real-time recording of intracardiac
electrograms (courtesy of Medtronic).
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the identification of focal or micro-reentry
sources, scar borders and critical electrical
pathways for the abolishment of macro-reentrant atrial tachycardia.31
Recently, another 3D high-density mapping system has been introduced. It is composed by a specially-designed 64-pole basket array (8 splines with 8 electrodes per
spline, 0.4 mm2 electrode size and 2.5 mm
interelectrode spacing) attached to a bi-directional deflectable catheter (IntellaMap
Orion® High Resolution Mapping Catheter)
in combination with a novel EAM system
(Rhythmia Mapping, Boston Scientific,
Marlborough, MA, USA). The Rhythmia
system uses a hybrid of magnetic-based
tracking for a sensor at the catheter tip and
impedance-based tracking for all 64 electrodes for catheter navigation and geometry
creation. The magnetic field is generated by
a localization generator positioned under the
patient and is capable of locating the magnetically tracked mini-basket catheter with
an accuracy of <1 mm. The impedance location technology (accuracy of <2 mm) is
used to track catheters that are not equipped
with a magnetic sensor, e.g., ablation catheters. The system then maps the impedance
field measurements to the magnetic location
coordinates and creates an impedance field
map. This map is used to enhance the accuracy of the impedance location. The Orion
catheter is a bidirectional deflectable, multielectrode, mini-basket mapping catheter
with a maximum shaft diameter of 8.5F.
This basket catheter can acquire points at
variable degrees of deployment from undeployed (3 mm) to fully deployed (22 mm).
In our clinical experience this new system
was safe and feasible for left sided procedure
and can provide several information. In our
cohort of 35 patients a mean of 10,165±5904
points were acquired each procedure that

Figure 3.3
High density electro-anatomic map of left atrium
performed with Rhythmia system. A) Anteroposterior view; B) postero anterior view of left
atrium. Evaluation of atrial myocardial extensions
(ME) inside the pulmonary veins (PVs) with
different arrangement. Non-parallel arrangement
of MEs is present In left superior PV (LSPV, yellow
arrow) and in left inferior and right superior PV (*). A
parallel arrangement of MEs is present in the anterior
side of RSPV and in the right inferior PV (RIPV).
Red points represent the area where a wide antral
circumferential PV isolation was performed.

A

B

consisted of PVI and atrial tachycardia (AT)
ablation. The main advantage of the system
is the ability of performing a fast high density map of AT that can be easily ablated.
Moreover in all of these patients after PVI
a new map of LA was performed and confirmed the electrical isolation of all PVs. except one. LA re-map showed the presence of
a gap in the left superior PV that was eliminated with RF applications.32
During LA maps with this system we have
evaluated also the presence of myocardial
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Figure 3.4
Electroanatomical map of left atrium and rotor mapping with the Rhythm View mapping system (Topera, Menlo
Park, CA, USA), visualized in anterior (A) and posterior view (B). The 64-pole basket catheter identified two
rotors in posterior wall that were both ablated (B).

A

jected onto grids. These maps are then used
to guide ablation of AF drivers (usually 2-3
rotors or focal impulses per patient). Rotors
are defined as stable and sustained spiral activation around a centre of rotation, whereas
focal impulses are defined by centrifugal activation from a source. Target sites are located by their electrode coordinates and RF ablation with a conventional catheter is usually
applied for 15-30 s up to 10 min, aiming for
slowing or termination of AF (Figure 3.4).
Conventional EAMs can integrate tracking
of the basket catheter, annotation of target
and ablation sites and simultaneous creation
of atrial geometries, which may then be used
for PV isolation. PVI with additional direct
or coincidental FIRM ablation has been
shown to improve mid-term and long-term
AF ablation outcome.53 Recently Sommer
et al. evaluated the role of rotor ablation in
long-standing persistent AF after previous
ablation with proved electrical isolation of
PVs. The additional rotor ablation was able
to provide a long term success rate in term of
AF freedom of 80%.54 However prospective
multicenter randomized trials are needed to
better understand the clinical impact of this

B

new approach. As for other technologies,
which are used to supplement conventional
AF ablation, additional costs and processing time remain an issue and remain to be
proofed for their clinical value.

HIGH DOMINANT FREQUENCIES
MAPPING
Dominant frequency (DF) maps derive by
high-resolution analysis of the Fourier power
spectrum and enable the color-coded hierarchical visualization of frequencies in combination with contemporary catheters and
EAM.55 High DF sites are defined by 20%
frequency gradient relative to the surrounding tissue and represent localized reentrant
sources (ablation-targets). Multiple DF sites
are usually found in a patient with variable
distribution (predominantly PV-sites in paroxysmal and more atrial sites for persistent
AF) and intra-procedural spatiotemporal stability, which has raised some concern about
their role as AF drivers. Ablation of DF sites
may result in significant slowing of AF cycle length, reduction of AF inducibility and

