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Ablation of typical atrial flutter using a
novel non-fluoroscopic electromagnetic
catheter tracking system

Summary Typical atrial flutter is characterized by a stable macro-reentrant circuit
around the tricuspid annulus with the cavotricuspid isthmus serving as the critical
zone of slow conduction. Catheter ablation targeting this isthmus provides a curative
and safe treatment option for the vast majority of patients with atrial flutter. The
conventional ablation approach using fluoroscopy for catheter visualization and
navigation, however, is associated with substantial radiation exposure to both patients
and healthcare personnel. Recently, a novel non-fluoroscopic electromagnetic
catheter tracking system has been introduced that enables integration of 3D catheter
navigation into the environment of prerecorded conventional 2D fluoroscopy. The
feasibility, safety and efficacy of this system have been demonstrated in a variety
of invasive electrophysiological procedures. In nonrandomized clinical trials, utilizing
the nonfluoroscopic catheter tracking system to support catheter ablation for atrial
flutter was associated with a substantial reduction in fluoroscopy time and radiation
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exposure at similar rates of acute procedural success.
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Introduction

The term ‘atrial flutter’ (AFL) refers to a
heterogeneous group of atrial arrhythmias
defined mechanistically by a macro-reentrant
circuit around fixed anatomical barriers or
functional blocks to conduction [1,2]. In the
most frequent type of AFL, the so-called
typical AFL, the wavefront rotates around
the tricuspid annulus in a counterclockwise
direction as viewed from the cardiac apex in
a left anterior oblique projection [3]. The cir-
cuit is determined by anatomical (tricuspid
annulus) and functional barriers (Crista
terminalis), and involves the cavotricuspid
isthmus (CTI) as the critical zone of slow
conduction enabling reentry to be sustained
[4-7]. This CTT is situated between the infe-
rior aspect of the tricuspid annulus and the
ostium of the inferior vena cava. In other
types of CTI-dependent AFL, the activation

front travels in a clockwise fashion around

the tricuspid annulus (‘reverse typical’ AFL)
or around the inferior vena cava due to trans-
verse conduction via the crista terminals
(‘lower loop reentry’) [2]. In atypical forms of
AFL, macro-reentrant circuits occur around
various anatomical boundaries resulting
from atrial remodeling (fibrous scarring)
due to severe structural heart disease or scar-
ring after previous cardiac surgery and atrial
fibrillation ablation, respectively [2]. In this
review, AFL exclusively refers to the ‘classi-
cal’ CTI-dependent forms of AFL, that is,
typical and reverse typical AFL.

The overall incidence of AFL in the general
population has been reported to be 0.88%),
with the incidence increasing with age from
0.05% in patients <50 years to 5.87% in
those >80 years [8]. AFL is frequently asso-
ciated with other cardiovascular conditions
such as hypertension, coronary artery dis-
ease, chronic pulmonary disease and sick-
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sinus-syndrome [3]. AFL may manifest as debilitac-
ing palpitations, chest discomfort, dyspnea, fatigue,
limited exercise tolerance or thromboembolic events.
The loss of atrial contribution to ventricular filling,
the rapid ventricular response rate, and the irregular-
ity of ventricular contractions may lead to myocar-
dial ischemia, to worsening of pre-existing heart fail-
ure or to the development of a tachycardia-induced
cardiomyopathy.

Current status

Role of AFL ablation

Anatomically guided radiofrequency (RF) catheter
ablation targeting the CTT is a well-established ther-
apy for the treatment of CTI-dependent AFL [1.9.10].
During an ablation procedure, continuous RF lesions
are deployed to create a contiguous linear lesion across
the CTI in order to interrupt the macro-reentrant
circuit by connecting the non-excitable tissue of the
tricuspid annulus and the inferior vena cava. Electro-
physiologically proven bi-directional conduction block
across the CTT is a generally accepted procedural end
point and can be achieved in approximately 95% of
patients [2,11,12]. This high rate of acute procedural suc-
cess translates into a considerable clinical efficacy. In
a meta-analysis including more than 10,000 patients
who underwent catheter ablation for CTI-dependent
AFL, approximately 93% of patients were free from
AFL recurrences after 13.8 + 0.3 months of follow-up if
bidirectional isthmus block was sought as a procedural
end point and RF ablation was performed with a large
tip (8-10 mm) or an irrigated tip catheter (13]. The
superiority of catheter ablation over antiarrhythmic
treatment with respect to freedom from AFL recur-
rences during long-term follow-up has been demon-
strated in randomized clinical trials [14,15]. According
to the 2003 ACC/AHA/ESC Guidelines, CTT abla-
tion is recommended as first-line therapy in patients
with recurrent, well-tolerated AFL, in patients with
poorly tolerated AFL, and in patients with atrial fibril-
lation who developed AFL during medical treatment
with class IC-anti-arrthythmic agents or amiodarone
(class T indication) [10].

Conventional fluoroscopy

Mapping and ablation of cardiac arrhythmias requires
precise understanding of cardiac anatomy. Conven-
tional fluoroscopy is the major imaging modality for
the definition of cardiac structures, catheter visualiza-
tion and catheter manipulation in a variety of inter-
ventional cardiovascular procedures. This central role
of conventional fluoroscopy is based on its ability to
provide instantaneous localization of intracardiac tools
and to delineate the relationship of these tools to mov-

ing cardiac structures. The limitations of fluoroscopy-
guided mapping and catheter movement, however,
are twofold: first, radiation exposure to patients and
healthcare personnel remains a major issue [16-18].
Even in experienced hands, fluoroscopy time dur-
ing AFL ablation usually exceeds 15 min [11.12.19.20].
Prolonged fluoroscopy times may be required if cre-
ation of bidirectional isthmus block is hampered by a
complex anatomy of the CTI [211. And second, con-
ventional fluoroscopy only features 2D orientation in
a complex 3D cardiac anatomy, which may impede
catheter navigation to intended target sites and appro-
priate catheter tip—tissue contact, respectively. As the
number and complexity of interventional electrophysi-
ological (EP) procedures is constantly increasing, alter-
nate mapping and navigation technologies have been
introduced in an attempt to reduce radiation exposure
to patients and medical staff; and to facilitate 3D ori-
entation in cardiac chambers comprising 3D mapping
systems [12,2022,23], remote catheter navigation [24-26],
real-time MRI [2728], and non-fluoroscopic electro-
magnetic catheter tracking [29-34]. Except for magnetic
resonance imaging-guided EP procedures, which are
currently at an highly investigational stage and which
have not been implemented into clinical routine, these
technologies will be discussed in the context of AFL
ablation in the next chapters.

3D mapping systems

Electroanatomical mapping systems are routinely used
to facilitate spatial orientation, arrhythmia mapping
and appropriate lesion creation, and to reduce radiation
exposure during interventional EP procedures, espe-
cially when complex anatomical substrates are targeted
(e.g., ablation of atrial fibrillation or ventricular tachy-
cardias) [22.23]. These computerized systems enable
the creation of a 3D geometry of cardiac structures or
chambers and the real-time visualization of diagnostic
and ablation catheters in relationship to these struc-
tures. Importantly, catheters can be maneuvered in
the respective chamber without fluoroscopic guidance.
The potential benefit of 3D mapping technologies for
AFL ablation has been explored in randomized clini-
cal studies [12,20,35]. In these studies, total fluoroscopy
was consistently reduced in patients with 3D mapping-
guided CTT ablation. In a study by Kottkamp ez a/.,
50 patients with typical AFL were randomly assigned
to receive CTT ablation guided by conventional fluo-
roscopy or by additional 3D electroanatomic mapping
(20]. Electroanatomic mapping significantly reduced
total fluoroscopy time (22.0 + 6.3 min vs 3.9 + 1.5 min;
p < 0.0001) and the fluoroscopy time required for CTI
mapping (17.7 + 6.5 min vs 0.2 + 0.3 min; p < 0.0001).

These data from single-center experience were con-
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firmed in a prospective, randomized multicenter study
including 210 patients with typical AFL [11]. Acute
ablation success, that is, verification of bidirectional
conduction block, total procedure duration and recur-
rence rate of typical atrial flutter after 6 months of fol-
low-up were similar in the electroanatomically guided
ablation group and the conventional ablation group,
whereas fluoroscopy time was reduced by almost 50%
in the electroanatomically guided group (7.7 + 7.3 min
vs 14.8 £11.9 min; p < 0.05).

Despite this favorable effect on radiation exposure,
3D mapping systems hold some inherent limitations:
first, 3D mapping systems work as independent tools
unrelated to the standard working environment of live
fluoroscopy. Second, they only provide static models
and maps of otherwise moving cardiac chambers. In
fact, intracardiac locations are affected by multiple
components of organ motion (e.g., cardiac cycle, res-
piration). Thus, the iz vivo accuracy of 3D mapping
systems is limited because of the inability to reliably
depict time-dependent motion of catheter position
together with the target region. And third, applica-
tion of a 3D mapping system is associated with a more
complex workflow and increased procedural costs,
especially in the setting of simple EP studies such as
AFL ablation [11].

Remote catheter navigation systems

Remote navigation systems allow for catheter naviga-
tion from outside the EP laboratory either by an exter-
nal low-density magnetic field (magnetic navigation) or
by manipulation of steerable sheaths via a robotic arm
(robotic navigation) [36]. During the procedure, the
interventional electrophysiologist is sitting in a control
room remote from x-ray exposure. The feasibility, effi-
cacy and safety of remote magnetic navigation during
catheter ablation for AFL were reported in an observa-
tional study including 26 patients [24]. Bi-directional
isthmus block could be achieved 96% of patients. The
median ablation time was 25 min (range: 12-78 min),
the median procedure duration was 53 min (range:
30-130 min), and the median fluoroscopy time was
7.5 min (range: 3.2-20.8 min). The role of remote
magnetic catheter navigation during AFL ablation has
been further investigated in a subsequent randomized
study including 90 patients undergoing de novo CT1
ablation for typical AFL [25]. Patients were random-
ized to conventional manual ablation or remote mag-
netic navigation-guided ablation. Remote magnetic
navigation-guided ablation was associated with a sig-
nificantly reduced median fluoroscopy time (10.6 min;
interquartile range: 7.6-19.9 min vs 15.0 min; range:
11.5-23.1 min; p = 0.043), whereas procedure dura-
tion was significantly prolonged (114 + 35 min vs 77 +

24 min; p < 0.0001). Additionally, long-term success,
defined as achievement of bidirectional isthmus block
and absence of AFL recurrence during 6 months of fol-
low-up was numerically lower in the remote magnetic
navigation group (73 vs 89%; p = 0.063). In a study
by Steven ez al., 50 patients were randomly assigned to
conventional or robotic navigation-guided CTI abla-
tion [26]. Complete bidirectional conduction block
could be achieved in all patients. Fluoroscopy time
and x-ray exposure to the operator were significantly
longer in the conventional group compared with the
robotic navigation group (8.2 + 4.6 min vs 5.8 + 3.6
min; p =0.038; and 8.2 + 4.6 min vs 1.9 £ 1.1 min;
p < 0.001). Total procedure duration in the robotic
navigation group was significantly longer than in the
conventional group (79.2 + 30.6 min vs 58.4 + 17.7
min; p = 0.04). Major limitations of remote navigation
technologies are the prolonged procedure duration, the
requirement for additional technical equipment, and
the reported lower success rate.

Non-fluoroscopic catheter tracking
MediGuide™ Technology System: basic
principles

Recently, a novel 3D electromagnetic catheter tracking
system (MediGuide™ Technology System, St. Jude
Medical Inc., MN, USA) has been introduced for cor-
onary interventions and invasive EP procedures that
may overcome the limitations of abovementioned map-
ping and navigation technologies. The MediGuide"
technology has been comprehensively described previ-
ously [29-34]. This system consists of three components:
a transmitter unit generating a low-intensity dynamic
3D electromagnetic field; miniaturized passive single
coil sensors (<1 mm?) embedded in intracardiac devices
such as conventional electrode or ablation catheters;
and an electromagnetic field reference sensor affixed
to the patient’s chest at the level of the sternum similar
to an ECG electrode in size. The electromagnetic field
transmitter is installed within the fluoroscopy detec-
tor of a conventional flat-panel x-ray imaging system.
Using this hardware setup, fluoroscopic imaging and
electromagnetic sensor tracking are pre-aligned and
auto-registered. Therefore, the tip of a sensor-inte-
grated intracardiac device can be visualized on con-
ventional fluoroscopy or tracked non-fluoroscopically
at the identical position by the electromagnetic sen-
sor field. Using pre-acquired fluoroscopy cine loops
as background, real-time location and 3D movement
of sensor-equipped devices as recorded by the electro-
magnetic field can be visualized simultaneously within
the x-ray environment without additional fluoroscopy
(Figure 1). The reference sensor provides information
about the spatial relationship between the patient and
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Figure 1. Fluoroscopic visualization of three

diagnostic electrode catheters. The catheter tips

are simultaneously visualized by the MediGuide™
Technology System (St. Jude Medical Inc., MN, USA): (A)
high right atrium (yellow tip), (B) right ventricular apex
(yellow tip), and (C) coronary sinus (green tip).

the electromagnetic tracking field. The system allows
both cine loops to run concurrently in a pseudo-biplane
mode and therefore to visualize the catheter position in
two projections. Built-in algorithms compensate cath-
eter tracking and image display for respiration, cardiac
motion and patient movement.

The first-in-human application of this nonfluoro-
scopic electromagnetic catheter tracking technology
was reported by Piorkowski and Hindricks in 2011 (31].
A 26-year-old male patient underwent a complete inva-
sive EP study for recurrent tachycardia of unknown
etiology. Three diagnostic catheters were placed non-
fluoroscopically in the right ventricular apex, at the
His-bundle position, and in the high right atrium.
Live fluoroscopy was applied in order to validate the
catheter location and its in vive alignment with the
true position. This study demonstrated the feasibility
of non-fluoroscopic catheter visualization within the
workflow of a standard invasive diagnostic EP study.
The MediGuide™ platform has been commercially
available in Europe and the USA since 2011 and 2012,
respectively.

MediGuide Technology System & atrial flutter
ablation

The first study that investigated safety and feasibil-
ity of the MediGuide™ Technology System during
CTI-dependent AFL ablation was reported by Som-
mer et al. [33]. Electromagnetic catheter tracking was
applied in combination with conventional fluoroscopy
and a 3D electroanatomic mapping system in a cohort
of ten patients (Figure 2). All patients were male, mean

age was 68 + 8 years, and structural heart disease was
present in 80% of patients. At the time of study enroll-
ment, only MediGuide-enabled diagnostic catheters
but no ablation catheters were available. Before venous
puncture and introduction of the decapolar diagnostic
catheters, two cine loops with a length of three cardiac
cycles were recorded in a right anterior oblique (30°)
and left anterior oblique (60°) projection and continu-
ously displayed on two separate screens. These cine
loops served as background image for non-fluoroscopic
catheter tracking. As described above, both cine loops
were displayed synchronously in two projections. One
decapolar catheter was inserted into the coronary sinus
via the left femoral vein under the guidance of the
MediGuide Technology System. In one patient, coro-
nary sinus cannulation required the additional use of
conventional fluoroscopy. The second diagnostic cath-
eter was used to create a 3D electroanatomical map of
the right atrium, the superior and inferior vena cava,
the tricuspid annulus and the coronary sinus. Subse-
quently, the catheter was placed in the right ventricular
apex and a conventional non-irrigated 8-mm tip RF
catheter was introduced and displayed on the 3D elec-
troanatomic mapping system for navigation and abla-
tion (Figure 2). RF ablation was performed with a RF
power of 70 Watt and a tip temperature of 70°C. The
procedural endpoint of bidirectional isthmus block
could be achieved in all patients. Procedure duration
and fluoroscopy time measured 55 + 8 min and 2.5
+ 2.0 min, respectively. Fluoroscopy dose was 1355 +
633 cGy*cm?. Although indirect comparison of differ-
ent studies should be interpreted with caution, these
data demonstrated a substantial reduction of fluoros-
copy times when the MediGuide Technology System
was applied compared with AFL ablation procedures
using conventional fluoroscopy only (fluoroscopy time
usually >15 min) or in combination with a 3D map-
ping system (fluoroscopy time: 7.7 + 7.3 min in the
multicenter study by Hindricks ez a/. [11]), whereas total
procedure duration was within the normal range of flu-
oroscopy-guided standard procedures [1112,19.20). In a
prospective observational study by Vallakati ez al., the
MediGuide Technology System was utilized for cath-
eter navigation in 45 patients undergoing an invasive
EP procedure for different types of supraventricular
arrhythmias (typical AFL, atrioventricular nodal re-
entry tachycardia, Wolff~Parkinson—White syndrome)
or diagnostic purposes [34]. The study cohort was com-
pared with 45 controls who were matched according to
the type of procedure. Typical AFL was the indication
for the invasive EP procedure in approximately 73% of
patients. An electroanatomic mapping system was used
both in the study and the control group. Again, only
the diagnostic catheters were equipped with a sensor for
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electromagnetic catheter tracking. In the MediGuide
group, both fluoroscopy time and procedure duration
were significantly shorter compared with the control
group (8.3 + 4.9 min vs 21.2 + 14.8 min, p < 0.001;
and 103.8 + 25.3 min vs 142.0 + 55.8 min, p = 0.03).
Acute procedural success could be achieved in 100%
patients in both groups and no major complications or
adverse events were observed during the procedure and
during a 24-h period after the procedure, respectively.

After sensor-equipped ablation catheters had become
commercially available (May 2012), the MediGuide
Technology System could be applied as a ‘stand-alone’
system without the support from a 3D mapping sys-
tem. The performance of the MediGuide Technology
System as a stand-alone system was evaluated in a sub-
sequent study including 24 patients who underwent
catheter ablation for different types of supraventricular
tachycardias (atrioventricular nodal reentry tachycar-
dia, atrioventricular reentry tachycardia, Wolff—Par-
kinson—White syndrome, atrial flutter and ectopic
atrial tachycardia) [37). These patients were compared
with a control group of 1865 patients who were con-
ventionally ablated in the two enrolling centers. Typi-
cal AFL was the indication for ablation in 54% of
patients. RF ablation of the CTT was performed with
30-40 Watts, an irrigation rate of 30 ml/min, and a
maximum temperature of 48°C. In the subgroup of
AFL patients, bidirectional isthmus block could be cre-
ated in all patients compared with 98% in the control
group. There was no statistically significant difference
with respect to the median procedure duration between

®

the study group and the conventionally treated patients
(60 + 20 min vs 90 + 45 min; p = nonsignificant).
Median fluoroscopy time, however, could be signifi-
cantly reduced in the study group (0.4 + 1.6 min vs
11.6 + 8.6 min; p < 0.001) (Figure 3). During the study,
a substantial learning effect could be observed with the
fluoroscopy decreasing from values between 3.0 and
4.5 min in the first four patients to values between 0.1
and 1.6 min in the following nine patients. In three
out of 13 patients, bidirectional CTT conduction block
could be achieved without additional fluoroscopy after
acquisition of the cine loops (see Table 1). A random-
ized study comparing the MediGuide Technology Sys-
tem as a stand-alone technology for catheter navigation
with conventional fluoroscopy during catheter ablation
for typical AFL is currently underway (initiated by
P Sommer).

MediGuide Technology System & complex

EP procedures

The MediGuide Technology System has not only
been investigated in ‘simple’ ablation procedures with
a clearly defined and circumscribed substrate but also
in complex interventional EP scenarios such as atrial
fibrillation ablation and implantation of a left ventricu-
lar lead for cardiac resynchronization therapy [32,38,39].
In a recently published case—control study matching
49 study patients to 49 control subjects, implementa-
tion of the MediGuide Technology System in addi-
tion to a conventional 3D mapping system during an
atrial fibrillation ablation procedure has been shown

Figure 2. Setting during ablation of typical atrial flutter supported by a 3D electroanatomical mapping system
for ablation catheter navigation (Ensite NavX™, St. Jude Medical Inc., MN, USA). (A) Loop in the right anterior
oblique projection showing the tip of the ablation catheter (green) in the right atrium and the tip of a diagnostic
catheter in the coronary sinus (yellow, red arrow). Pink markers indicate the superior vena cava, the inferior

vena cava, and the coronary sinus ostium. (B) 3D reconstruction of the right atrium (green) and the superior and
inferior vena cava (blue) in an anterior-posterior view. The ablation catheter is depicted in the identical position as
in the fluoroscopic background in the left image. Yellow dots represent the tricuspid annulus
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Table 1. Overview of published data about atrial flutter ablation using MediGuide™ Technology
System.

MediGuide in Year of Patients MG Fluo time MG Fluo dose MG vs Procedure time Ref.
typical atrial publication vs control (n) vs control (min) control (cGy*cm?) MG vs control

flutter (min)

Sommer et al. 2013 10 252 1355 + 633 55+8 [33]
Sommer et al. 2013 13 vs 1003 0.4vs 11.6 200 vs 1153 60 vs 60 [37]
Vallakati etal. 2013 33vs 33 8.25vs 21.18 685vs 1782 mGy 103 vs 142 [34]

to be safe and feasible (32]. In this study, only a diag-
nostic sensor-integrated catheter was available. In the
MediGuide group, median fluoroscopy time and mean
irradiation dose were significantly reduced compared
with the conventional control (16 min, quartiles 10 and
23 min, vs 31 min, quartiles 25 and 43 min, and 7363
+ 5827 cGy-cm? vs 14,453 + 7403 c¢Gy-cm?; p < 0.001
for each comparison). After a 6-month follow-up, free-
dom of atrial fibrillation recurrences or atrial tachycar-
dias was comparable in both groups (67% of patients
in the MediGuide group, 69 in the control group;
p = 0.83). In a subsequent study including 80 patients
undergoing atrial fibrillation ablation, utilization of a
MediGuide-enabled ablation catheter was associated
with a median fluoroscopy time of 4.6 min (interquar-
tile range: 2.9; 7.1 min) (38]. Fluoroscopy was predomi-
nantly used for the acquisition of background cine
loops, transseptal puncture, occasional visualization
of transseptal sheath position and navigation of the
spiral mapping catheter. The first human application
of the MediGuide platform during implantation of
cardiac resynchronization devices as reported by Rich-
ter et al. [39]. Fifteen consecutive patients with a stan-
dard indication for biventricular pacing underwent
conventional implantation of a right atrial and right
ventricular lead. The left ventricular lead was placed

using MediGuide-enabled devices, that is, two differ-
ent sheaths for coronary sinus cannulation and deliv-
ery of the left ventricular sheath, a steerable decapolar
catheter for coronary sinus intubation, and a guidewire
for target vein access and over-the-wire deployment.
The cardiac resynchronization system was successfully
implanted in all patients. Overall procedure duration
measured 116 + 43 min. The median total fluoros-
copy time and the fluoroscopy time for left ventricular
lead placement was 5.2 min (Q1-Q3: 3.0-8.4 min)
and 2.6 min (Q1-Q3: 1.6-5.6 min), respectively. No
severe complications requiring acute intervention were
observed during the perioperative period.

Complications
According to the available literature, application of the
MediGuide Technology System does not increase the
risk for intra-procedural or peri-procedural complica-
tions [32-34,37-39].

Alternative technologies

Another novel non-fluoroscopic catheter visualiza-
tion system that combines fluoroscopic images with
3D electroanatomical maps into a single 3D view on
the CARTO® 3 system is available since 2013 (CAR-
TOUNIVU™ Module, Biosense Webster Inc., CA,

©

Figure 3. Setting during ablation of typical atrial flutter using a MediGuide™-enabled ablation catheter. (A) A 3-s cine loop a

left anterior oblique projection as background, two markers are set (pink ring: superior vena cava; blue ring: inferior vena cava),
three catheter tips are displayed (blue: right ventricular apex; yellow: coronary sinus; red: ablation catheter on the cavo-tricuspidal
isthmus). (B) Loop in the right anterior oblique projection, same catheters and markers as on the left image, the ablation catheter is
placed at the tricuspidal annulus. (C) Right anterior oblique projection: the ablation catheter has been retracted to the inferior vena

cava (white arrow).
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Figure 4. Non-fluoroscopic catheter visualization on fluoroscopy background using UniVu technology.

(A) 3D reconstruction of the right atrium (green), the superior vena cava (light green), the inferior vena cava
(pink) and the coronary sinus (grey, diagnostic catheter in situ) in the left anterior oblique projection (CARTO® 3
System, Biosense Webster Inc., CA, USA). The ablation catheter can be seen in the center of the right atrium.

(B) Integration of the 3D right atrial anatomy into a prerecorded fluoroscopic image (CARTO UNIVU™ Module).
The ablation catheter is visualized in the center of the right atrium and can be maneuvered without additional

fluoroscopic guidance.

USA) (Figure 4). In our experience, application of this
technology during an EP procedure is associated with
a substantial reduction in fluoroscopy times and radia-
tion exposure, respectively. Systematic clinical data
concerning this technology, however, are currently

lacking.

Conclusion

It can be assumed that a variety of additional cardio-
vascular devices will be equipped with the MediGuide
Technology System in the nearer future. Thus, the
non-fluoroscopic electromagnetic catheter tracking
will serve as a platform in a broad spectrum of inva-
sive procedures including interventional cardiology,
electrophysiology and angiology. This will lead to a
substantial reduction in overall radiation exposure to
patients and healthcare personnel. In the field of inter-
ventional electrophysiology, the MediGuide Technol-
ogy System potentially enables almost non-fluoroscopic
procedures except for the radiation that is used for the
acquisition of the cine loops as soon as the full range of
diagnostic EP catheters, ablation catheters and intra-
vascular sheaths will be equipped with the sensor tech-
nology. In addition to the reduction of x-ray exposure,
which currently is the only measurable clinical benefit
of non-fluoroscopic electromagnetic catheter tracking,

this platform may be applied in order to improve the
clinical efficacy of EP procedures, for example, reduc-
ing the rate of non-response after implantation of a car-
diac resynchronization device by providing a detailed
analyses of left ventricular wall motion and thereby
helping to identify the optimal site for left ventricular
lead placement.

Catheter ablation is the treatment of choice in the
vast majority of patients with typical or reverse typi-
cal AFL. Radiation exposure to patients and medical
staff during an ablation procedure, however, remains
a major concern. Remote catheter navigation and 3D
mapping systems have the potential to significantly
reduce x-ray exposure. In the setting of an AFL abla-
tion procedure these technologies are limited by a
more complex workflow, increased procedural costs
and prolonged procedure duration. Recently, the
MediGuide Technology System has been introduced
as a novel non-fluoroscopic electromagnetic catheter
tracking system that allows integration of 3D cath-
eter navigation into the environment of prerecorded
conventional 2D fluoroscopy. The feasibility, safety
and efficacy of this system have consistently been
demonstrated in a variety of invasive EP procedures.
In three nonrandomized clinical trials, utilization of

the MediGuide Technology System for AFL ablation
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was associated with a substantial reduction in fluoro-
scopy time and radiation exposure without affecting
periprocedural safety, acute procedural success or
workflow in the EP laboratory.
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Executive Summary

Background

dependent atrial flutter.

mapping and navigation remains a major issue.

procedural costs.
Description of the technology

patient movement.
Alternative technologies

maps into a single 3D view.
Clinical benefit & potential use

and workflow in the electrophysiological laboratory.

e Catheter ablation is the treatment of choice in the vast majority of patients with cavotricuspid isthmus-
e Radiation exposure to patients and healthcare personnel during conventional fluoroscopy-guided catheter

e 3D mapping systems and remote navigation systems substantially reduce x-ray exposure during ablation for
atrial flutter at the expense of a prolonged procedure duration, a more complex workflow and increased

e The MediGuide™ Technology System (St. Jude Medical Inc., MN, USA) platform has been introduced as a novel
non-fluoroscopic electromagnetic catheter tracking system that enables integration of 3D catheter navigation
into the environment of prerecorded conventional 2D fluoroscopy.

e Thus, this technology allows for non-fluoroscopic real-time catheter navigation in complex cardiac structures.

e Built-in algorithms compensate catheter tracking and image display for respiration, cardiac motion and

e CARTOUNIVU™ technology (Biosense Webster Inc., CA, USA) is another currently available technology that
enables non-fluoroscopic catheter navigation by combining fluoroscopic images with 3D electroanatomical

e Application of the MediGuide platform is associated with a clinically relevant reduction in fluoroscopy time
and radiation in different electrophysiological scenarios including ablation of atrial flutter.
e Currently, this technology does not seems to negatively affect acute procedural success, periprocedural safety
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