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3D Mapping and Reduction
in Radiation Exposure

Isabelle Nault

Principles of 3D Mapping Systems

Mapping systems rely on two technologies to
achieve localization of catheters: electromag-
netic mapping and current or impedance-based
mapping.

Electromagnetic location technology uses
a magnetic field emitter positioned external to
the patient and sensor patches on the patient.
A metal coil, embedded within the catheter tip,
generates a current when exposed to the magnetic
field, which size is dependant upon the strength
of the magnetic field and the orientation of the
coil within the field. The information is then inte-
grated by the system and graphically displayed
on the screen. The catheter is located and visual-
ized by the system with a precision of <1 mm.
An electromagnetic system is independent from
physiologic changes that may occur during the
procedure. The use of navigation-enabled spe-
cific catheters is necessary.

Advantages of the electromagnetic mapping
technology are enhanced precision in localiza-
tion, spatial resolution, and accuracy with the
anatomic model. Disadvantages are the need to
use dedicated sensor-enabled catheters only, loss
of precision if the patient moves, and extra time
needed to construct the virtual anatomic shell.
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Current or impedance-based technology uses a
signal of low current and high frequency through
the catheters or the patches on the patient’s body
to locate each catheter within the body of the
patient. The accuracy of this system is dependant
upon impedance changes that may occur physio-
logically during the procedure (i.e., development
of tissue edema or significant fluid shifts). This is
an open architecture that allows any catheter to
be visualized.

Advantages of the impedance-based technol-
ogy are its rapidity in constructing a geometry, the
flexibility to use any catheter, and stability even
with movement of the patient. Disadvantages
include less accuracy in spatial localization and
loss of precision if the reference catheter moves.

Initially, mapping systems used either electro-
magnetic location or impedance-based location.
Carto™ was based on magnetic technology and
EnSite™ was based on impedance. There were
therefore significant differences between the two
mainly used systems [1].

Nowadays, all major 3D mapping sys-
tems integrate both technologies, Rhythmia™
(Boston Scientific) (Fig. 4.1), Carto3™ (Biosense
Webster) (Fig. 4.2), and EnSite Precision™
(Abbott) (Fig. 4.3), and all use a combination of
impedance and electromagnetic mapping. All sys-
tems therefore require a system-dedicated sensor-
enabled catheter, but other catheters can also be
used in combination that do not necessarily have
sensors. The map is built either with a multipolar
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Fig. 4.1 Activation map using Rhythmia™ system (Boston Scientific) along with Orion™ multipolar high-density
mapping catheter
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Fig. 4.2 Integration of magnetic resonance imaging (MRI) scan of the left atrium to the anatomic map acquired with
Carto3™ (Biosense Webster)

mapping catheter or with the ablation catheter. and his knowledge of the anatomy, the use of
Anatomic landmarks such as the inferior vena fluoroscopy while establishing the landmarks is
cava, the superior vena cava, and the His bundle optional. Once access to the chamber of interest in
are identified and tagged. Depending on the com-  which arrhythmia will be mapped and/or ablated
fort of the operator with the 3D mapping system is secured, a more detailed map of this chamber is
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Fig. 4.3 Mapping of the right atrium and ablation of cavo-tricuspid isthmus in a patient with typical atrial flutter using
a zero fluoroscopy approach with EnSite Precision™ (Abott)

constructed. Points are taken and integrated by the
system inside the heart chamber being mapped and
are graphically shown on the screen to form a vir-
tual shell of the cavity. Clues such as electrogram
timing and amplitude, electrogram morphology,
and impedance are used to define the borders of the
chamber and the different anatomical structures.
When available, contact force information helps
to define tissue contact. The anatomy constructed
is then used to guide navigation within the virtual
shell. The use of 3D mapping has proven to reduce
the use of fluoroscopy [2, 3] and even eliminate
the need for fluoroscopy in some cases by some
operators especially dedicated to reduce radia-
tion exposure [4-8]. Such procedures have been
performed safely with good outcomes [9-11]. For
standard noncomplex procedures (supraventricu-
lar tachycardia, atrial tachycardia), the complica-
tion rates using a nonfluoroscopy approach were
0.85% [11] and 0.8% [9]. The complication rate
during atrial fibrillation ablation using a near-zero
fluoroscopy approach was 2% in a cohort of 1000
patients, which is comparable to or even lower
than the complication rate observed using a con-
ventional approach [10, 12].

Long-term success of ablation of different
tachyarrhythmias was 90.8% in a cohort with
zero-fluoroscopy procedures [9].

Anatomic Reconstruction

Anatomic reconstruction is most useful for pro-
cedures in which the ablation is guided by anat-
omy such as pulmonary vein isolation for atrial
fibrillation, slow pathway ablation for AVNRT
(atrioventricular nodal reciprocating tachycar-
dia), or cavotricuspid isthmus ablation for typical
atrial flutter (Fig. 4.4).

Activation Mapping

In patients with active ongoing arrhythmia, acti-
vation mapping helps to identify the mechanism
of arrhythmia (reentry versus focal) and the site
of origin of a focus or the critical isthmus in case
of a reentrant mechanism. The activation map
can be constructed during or after the acquisi-
tion of the anatomy by integrating the timing
of electrogram at each point compared to a fix
reference point. Color is attributed to each point
according to its timing compared to the fix refer-
ence, colors blue and purple meaning far, late or
“cold” related to the reference, getting closer or
“heating up” to shades of yellow, and orange and
then red to the earliest activation points (white in
some systems). Activation mapping is performed
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Fig. 4.4 Anatomic
reconstruction of the right
atrium, right ventricle,
aorta, and left ventricle
using Carto 3™ without
using fluoroscopy

CcL

921 N/A N/A N/A

for atrial tachycardia, atrial flutter, premature
atrial contractions, stable ventricular tachycar-
dia, and premature ventricular contraction abla-
tion (Fig. 4.5). It can also be used for accessory
pathway-mediated reentrant arrhythmias.

Voltage Mapping

To construct a voltage map, signal amplitude is
collected at each point. In the ventricle, scar border
zone is defined by endocardial amplitude signal
0.5-1.5 mV [13]. Color coding according to the
voltage of the signal visually defines endomyo-
cardial scar. This type of map is used in patients
with scar-related ventricular tachycardia and atrial
arrhythmias and in some isolated cases to guide
endomyocardial biopsy [14] or to help with diag-

nostic such as arrhythmogenic right ventricular
tachycardia [15]. In both voltage and activation
maps, the density of points collected is important
to have adequate resolution and to locate with pre-
cision focus or isthmus of the tachycardia.

Ripple Mapping

Ripple mapping is voltage and activation map-
ping integrated and displayed as moving bars
instead of colors [16-18]. The bars are perpen-
dicular to the surface and dynamically protrude
out according to the activation time of the local
potential. Their length is proportional to the volt-
age amplitude. The final graphical display is a
propagation map.
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Fig. 4.5 Activation
mapping of a PVC arising
from the interventricular
septum, with activation
earliest in the left ventricle
and successful elimination
after ablation in the right
and left ventricle on each
side of the septum. The
map was created with
Carto3™ using no
fluoroscopy

CL
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All these maps can be performed with minimal
or no fluoroscopy since navigation and point col-
lection are performed within the virtual anatomy
with excellent reliability. It is even more valuable
to reduce radiation in cases of multiple arrhyth-
mias where several maps need to be constructed.

Image Integration

Carto3™ (Biosense Webster) and EnSite
Precision™ (Abbott) systems can integrate com-
puted tomography (CT), magnetic resonance
imaging (MRI), or rotational angiography images
and merge them with the anatomy constructed
by the 3D mapping system. It has the advantage
to identify unusual anatomies, such as additional
pulmonary veins, or anatomical variants such as a

a

B

N/A

common venous pulmonary trunk. It also helps in
defining borders such as pulmonary vein antrum.
However, care needs to be taken to acquire imag-
ing close to the time of the procedure and during
similar rthythm as volume may vary with time and
with underlying rhythm. Image integration con-
tributes to reduce or eliminate fluoroscopy dur-
ing the ablation procedure; however to reduce
radiation exposure to the patient and not only to
the staff, imaging modalities not using ionizing
radiation, such as MRI, should be preferred.

Intracardiac Ultrasound
Intracardiac ultrasound can be used in order to

reduce fluoroscopy [19]. Please refer to other chap-
ters for details. However intracardiac ultrasound
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can also be integrated with the Carto™ system
using the CartoSound™ module [20]. Images
obtained by the intracardiac ultrasound are used to
draw the borders or the walls of the mapped cavity.
It is especially useful to draw inner structures such
as papillary muscles in the left ventricle or the ridge
between the left pulmonary veins and the left atrial
appendage in the left atrium and to assess catheter
location and catheter stability on such structures.
Moreover, points obtained by the mapping catheter
are integrated in the ultrasound anatomic images
and the location of the catheter is visualized on the
ultrasound environment.

Additional Features

Different additional features are available to help
ablation procedures. Pacemapping is facilitated by
matching a template of the spontaneous or induced
arrhythmia and the paced morphology at different
points. The Paso™ (Carto, Biosense Webster) or
Automap™ (Abbott) modules compare the pace-
mapped QRS morphology to that of the ventricu-
lar tachycardia or premature ventricular beat and
calculates a matching score. Both QRS are super-
imposed so visual assessment of each lead con-
cordance is facilitated. The use of such automated
matching improves pacemapping precision com-
pared to visual assessment only [21].

Automated fractionation mapping and com-
plex and fractionated atrial electrogram (CFAE)
mapping are also provided by 3D mapping sys-
tem [22]. The usefulness of such mapping and
ablation in patients with atrial fibrillation is still a
controversial area [23].

During ablation, all mapping systems tag
ablation points. Tags can be manually appointed
or can be automatically appointed according to
preset criteria such as contact force, energy, and
time. Ablation tags are useful to assess lesion
contiguity and to recall exact point location.

Differences Between Available
Systems

Although the different available 3D mapping and
navigation systems share similar basic technology,

the different platforms all have distinctive charac-
teristics. The Rhythmia™ system with its dedi-
cated Orion™ multipolar (64 poles) catheter can
create ultrahigh-density maps with superior reso-
Iution (Fig. 4.1). Carto3™ and EnSite Precision™
each has proprietary modules and functions; for
example the CartoSound™ module integrat-
ing intracardiac ultrasound with 3D mapping as
discussed above is distinctive to Carto™. Both
Carto3™ and EnSite Precision™ have contact
force-sensing catheter display, available for the
ablation catheter.

Advantages of 3D Mapping-Only
Ablation (Zero Fluoroscopy
Approach)

The use of 3D mapping systems allow to work
in a minimal or even no radiation environment.
Other advantages include: the need for less locali-
sation catheters since anatomical landmarks can
be marked within the anatomic reconstruction,
easier and more precise recall of areas of interest
whether it is during activation mapping or volt-
age mapping, visual integration of all collected
information. It also saves time if more than one
arrythmia needs to be targeted and reduce the risk
of having to reschedule a procedure because of
unexpected complexity.

Limitations of Current Technology

With most 3D systems only the tip of the cath-
eter is depicted within the map. For almost all
instances, it is sufficient, but if the catheter loops
inside the vascular system, there is little clue
(unexpected extra length of the catheter already
inside the vessel, abnormal transmission of force
or torque to the catheter) to detect it with the 3D
mapping system; future design will help to allow
better visualization of a longer distal part of the
catheters.

The left atrium is accessed via transseptal using
a long sheath and transseptal needle. Future design
allowing to visualize the introducer on the map-
ping system would simplify left atrial access and
minimize the need for radiation.
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Remote Navigation

Remote magnetic navigation Stereotaxis™ is
integrated with 3D mapping (Carto™). Remote
robotic navigation Hansen™ is also used in con-
junction with 3D mapping. The mapping princi-
ples are the same; only catheter steering is done
remotely. Radiation to the operator can be signifi-
cantly reduced since he/she can work remotely
outside the field of radiation, and the use of 3D
mapping reduces radiation exposure to the patient.

Conclusion

3D mapping is now part of many EP procedures.
All systems share fundamental technology, mag-
netic and impedance; however each system has
unique characteristics that differentiate one from
another. The optimized use of 3D mapping sig-
nificantly reduced radiation exposure during EP
procedures [24]. As the EP community is getting
more and more conscious of deleterious effect of
radiation exposure, 3D mapping for navigation,
anatomic reconstruction, voltage, and anatomic
mapping is increasingly performed by several
operators and centers across the world.
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