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About the Medical Advisory Secretariat

The Medical Advisory Secretariat is part of the Ontario Ministry of Health and Long-Term Care. The
mandate of the Medical Advisory Secretariat is to provide evidence-based policy advice on the
coordinated uptake of health services and new health technologies in Ontario to the Ministry of Health
and Long-Term Care and to the healthcare system. The aim is to ensure that residents of Ontario have
access to the best available new health technologies that will improve patient outcomes.

The Medical Advisory Secretariat also provides a secretariat function and evidence-based health
technology policy analysis for review by the Ontario Health Technology Advisory Committee (OHTAC).

The Medical Advisory Secretariat conducts systematic reviews of scientific evidence and consultations
with experts in the health care services community to produce the Ontario Health Technology
Assessment Series.

About the Ontario Health Technology Assessment Series

To conduct its comprehensive analyses, the Medical Advisory Secretariat systematically reviews available
scientific literature, collaborates with partners across relevant government branches, and consults with
clinical and other external experts and manufacturers, and solicits any necessary advice to gather
information. The Medical Advisory Secretariat makes every effort to ensure that all relevant research,
nationally and internationally, is included in the systematic literature reviews conducted.

The information gathered is the foundation of the evidence to determine if a technology is effective and
safe for use in a particular clinical population or setting. Information is collected to understand how a
new technology fits within current practice and treatment alternatives. Details of the technology’s
diffusion into current practice and information from practicing medical experts and industry, adds
important information to the review of the provision and delivery of the health technology in Ontario.
Information concerning the health benefits; economic and human resources; and ethical, regulatory,
social and legal issues relating to the technology assist policy makers to make timely and relevant
decisions to maximize patient outcomes.

If you are aware of any current additional evidence to inform an existing Evidence-Based Analysis, please
contact the Medical Advisory Secretariat: MASInfo@moh.gov.on.ca. The public consultation process is
also available to individuals wishing to comment on an analysis prior to publication. For more
information, please visit
http://www.health.gov.on.ca/english/providers/program/ohtac/public_engage_overview.html.

Disclaimer
This evidence-based analysis was prepared by the Medical Advisory Secretariat, Ontario Ministry of Health
and Long-Term Care, for the Ontario Health Technology Advisory Committee and developed from
analysis, interpretation and comparison of scientific research and/or technology assessments conducted
by other organizations. It also incorporates, when available, Ontario data, and information provided by
experts and applicants to the Medical Advisory Secretariat to inform the analysis. While every effort has
been made to do so, this document may not fully reflect all scientific research available. Additionally,
other relevant scientific findings may have been reported since completion of the review. This evidence-
based analysis is current to the date of publication. This analysis may be superceded by an updated
publication on the same topic. Please check the Medical Advisory Secretariat Website for a list of all
evidence-based analyses: http://www.health.gov.on.ca/ohtas.



EP Mapping- Ontario Health Technology Assessment Series 2006; Vol. 6, No. 8 4

Table of Contents

Table of Contents.....................................................................................4

Executive Summary ................................................................................7
Objective ........................................................................................................................................ 7

Clinical Need.................................................................................................................................. 7

The Technology ............................................................................................................................. 7

Review Strategy............................................................................................................................. 8

Summary of Findings ................................................................................................................... 8

Economic Analysis ........................................................................................................................ 9

Conclusions.................................................................................................................................. 10

Abbreviations.........................................................................................11

Objective.................................................................................................12

Background ............................................................................................12
Clinical Need and Target Population........................................................................................ 12

Tachycardia............................................................................................................................................... 12

Prevalence and Burden of Illness ............................................................................................................ 14

Existing Treatments.................................................................................................................... 14

Catheter Ablation........................................................................................................................ 15

Electrophysiologic Studies, Intracardiac Mapping, and Ablation ....................................................... 16

Conventional Fluoroscopy-Guided Catheter Mapping ......................................................................... 16

New Technology Being Reviewed ........................................................18
Regulatory Status........................................................................................................................ 18

Electroanatomic Mapping System............................................................................................. 18

Non-Contact Endocardial Mapping System............................................................................. 19

EnSite Navigational System – EnSite NavX ............................................................................. 20

LocaLisa Navigational System................................................................................................... 20

Multipolar Basket Catheter ....................................................................................................... 21

Literature Review on Effectiveness .....................................................23
Objective ...................................................................................................................................... 23



EP Mapping- Ontario Health Technology Assessment Series 2006; Vol. 6, No. 8 5

Questions Asked.......................................................................................................................... 23

Inclusion Criteria ...................................................................................................................................... 24

Exclusion Criteria ..................................................................................................................................... 24

Results of Literature Review...................................................................................................... 25

Quality Assessment and Data Extraction ............................................................................................... 25

Data Analysis and Synthesis .................................................................................................................... 26

Summary of Overall Quality of Evidence............................................................................................... 26

Summary of Findings on Effectiveness ................................................................................................... 28

CARTO Electroanatomic Mapping System Versus Fluoroscopy: Atrial Flutter ............................... 32

Pooled Analysis of Overall Failure Rate for Atrial Fibrillation and Atrial Flutter............................ 38

EnSite NavX Navigational System Versus Fluoroscopy: Atrial Fibrillation....................................... 41

EnSite NavX Versus Fluoroscopy: Atrial Flutter .................................................................................. 42

Efficacy of CARTO and EnSite in Complex Arrhythmias ................................................................... 44

Comparison Between CARTO and EnSite NavX: Atrial Fibrillation ................................................. 45

LocaLisa Navigational System Versus Fluoroscopy................................................................ 46

Atrial Flutter ............................................................................................................................................. 46

Multielectrode Basket Catheter Mapping Versus Fluoroscopy............................................................ 50

Meta-analysis: All Advanced Mapping versus Fluoroscopy Guidance – Ablation of Atrial
Fibrillation................................................................................................................................................. 52

Quality of Life ........................................................................................................................................... 56

Safety.......................................................................................................................................................... 56

Reduction in Radiation Exposure............................................................................................................ 59

Risk Associated With Fluoroscopy-Guided Mapping/Ablation ........................................................... 59

Risk of Radiation Exposure to Patients .................................................................................................. 60

Reported Radiation Skin Injury.............................................................................................................. 60

Emerging Techniques for Catheter Ablation of Complex Arrhythmias ............................................. 62

Summary of Findings ................................................................................................................. 62

Limitations of Quality of Evidence.......................................................................................................... 63

Indications for Atrial Fibrillation............................................................................................................ 64

Patient Selection for AF Catheter Ablation............................................................................................ 64

Economic Analysis.................................................................................67
Summary of Literature Review on Economic Analysis........................................................... 67

Ontario-Based Economic Analysis ............................................................................................ 68

Budget Impact Analysis.............................................................................................................. 68



EP Mapping- Ontario Health Technology Assessment Series 2006; Vol. 6, No. 8 6

Appraisal ................................................................................................73
Expert Opinion.......................................................................................................................................... 73

Potential Benefits of Catheter Ablation .................................................................................................. 73

Funding Policy........................................................................................................................................... 73

Diffusion Pressure..................................................................................................................................... 73

Learning Curve Effect................................................................................................................ 75

Conclusions ............................................................................................75

Glossary ..................................................................................................77

Appendices .............................................................................................79
Appendix 1: Literature Search Strategy................................................................................... 79

Appendix 2: Quality Assessment of Non-Randomized Controlled Studies on CARTO in
Ablation of Atrial Fibrillation.................................................................................................... 81

Appendix 3: Quality Assessment of Randomized Controlled Studies on CARTO in
Ablation of Atrial Flutter ........................................................................................................... 82

Appendix 4: Quality Assessment of Non-Randomized Controlled Studies on CARTO in
Ablation of Atrial Fibrillation.................................................................................................... 83

Appendix 5: Quality Assessment of Randomized Controlled Trials on EnSite NavX ......... 84

Appendix 6: Quality Assessment of RCT Comparing CARTO to EnSite Navigational
System in Pulmonary Vein Ablation......................................................................................... 85

Appendix 7: Quality Assessment of Studies on LocaLisa Navigational System ................... 86

Appendix 8: Quality Assessment of Studies on Advance Mapping-Guided Circumferential
Ablation for Treatment of Atrial Fibrillation .......................................................................... 87

Appendix 9: Studies on Risks of Radiation Exposure During Fluoroscopy-Guided
Radiofrequency Catheter Ablation ........................................................................................... 88

Appendix 10: Overall Quality Assessment Using GRADE (3) ............................................... 92

References ..............................................................................................96



EP Mapping- Ontario Health Technology Assessment Series 2006; Vol. 6, No. 8 7

Executive Summary

Objective

To assess the effectiveness, cost-effectiveness, and demand in Ontario for catheter ablation of complex
arrhythmias guided by advanced nonfluoroscopy mapping systems. Particular attention was paid to
ablation for atrial fibrillation (AF).

Clinical Need

Tachycardia

Tachycardia refers to a diverse group of arrhythmias characterized by heart rates that are greater than 100
beats per minute. It results from abnormal firing of electrical impulses from heart tissues or abnormal
electrical pathways in the heart because of scars. Tachycardia may be asymptomatic, or it may adversely
affect quality of life owing to symptoms such as palpitations, headaches, shortness of breath, weakness,
dizziness, and syncope. Atrial fibrillation, the most common sustained arrhythmia, affects about 99,000
people in Ontario. It is associated with higher morbidity and mortality because of increased risk of stroke,
embolism, and congestive heart failure. In atrial fibrillation, most of the abnormal arrhythmogenic foci
are located inside the pulmonary veins, although the atrium may also be responsible for triggering or
perpetuating atrial fibrillation. Ventricular tachycardia, often found in patients with ischemic heart disease
and a history of myocardial infarction, is often life-threatening; it accounts for about 50% of sudden
deaths.

Treatment of Tachycardia

The first line of treatment for tachycardia is antiarrhythmic drugs; for atrial fibrillation, anticoagulation
drugs are also used to prevent stroke. For patients refractory to or unable to tolerate antiarrhythmic drugs,
ablation of the arrhythmogenic heart tissues is the only option. Surgical ablation such as the Cox-Maze
procedure is more invasive. Catheter ablation, involving the delivery of energy (most commonly
radiofrequency) via a percutaneous catheter system guided by X-ray fluoroscopy, has been used in place
of surgical ablation for many patients. However, this conventional approach in catheter ablation has not
been found to be effective for the treatment of complex arrhythmias such as chronic atrial fibrillation or
ventricular tachycardia. Advanced nonfluoroscopic mapping systems have been developed for guiding the
ablation of these complex arrhythmias.

The Technology

Four nonfluoroscopic advanced mapping systems have been licensed by Health Canada:

CARTO EP mapping System (manufactured by Biosense Webster, CA) uses weak magnetic fields and a
special mapping/ablation catheter with a magnetic sensor to locate the catheter and reconstruct a 3-
dimensional geometry of the heart superimposed with colour-coded electric potential maps to guide
ablation.

EnSite System (manufactured by Endocardial Solutions Inc., MN) includes a multi-electrode non-contact
catheter that conducts simultaneous mapping. A processing unit uses the electrical data to computes more
than 3,000 isopotential electrograms that are displayed on a reconstructed 3-dimensional geometry of the
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Abbreviations

AF Atrial fibrillation
AFL Atrial flutter
AT Atrial tachycardia
AV Atrioventricular
AVNRT Atrial ventricular nodal re-entrant tachycardia
AVRT Atrioventricular re-entrant tachycardia
ECG Electrocardiogram
EPS Electrophysiological study
GY Gray
ICD Implantable cardioverter defibrillator
KHZ Kilo Herz
LA Left atrium
LVOT Left ventricular outflow tract tachycardia
MEA Multi-electrode array
MI Myocardial infarction
PAF Paroxysmal atrial fibrillation
PSD Peak skin dose
PV Pulmonary vein
QALY Quality adjusted life years
RA Right atrium
RAD Radiation dose
RF Radiofrequency
RVOT Right ventricular outflow tract tachycardia
RCT Randomized controlled trial
REM Roentgen Equivalent Man
SV Sievert
SVT Supraventricular tachycardia
VT Ventricular tachycardia
WPW Syndrome Wolff-Parkinson-White Syndrome
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atrium. (Please see the Medical Advisory Secretariat’s systematic review on catheter ablation for a
detailed description of ablation procedures.)

For the treatment of typical (common) AFL, radiofrequency energy is usually applied to create a linear
lesion in the cavo-tricuspid isthmus, a narrow strip of tissue between the tricuspid valve and the inferior
vena cava. This creates a bidirectional conduction block in the tricuspid-inferior vena cava isthmus and
eliminates the re-entrant circuit.

Figure 1: Circumferential Pulmonary Vein Ablation To Treat Atrial Fibrillation*

A 3-dimensional Electroanatomical depiction of the left atrium and the pulmonary veins shown in a right
posterior oblique projection with cranial angulation. The two encircling lesions (red dots) were connected
with an ablation line in the roof. Another ablation line was created along the mitral isthmus between the
left inferior pulmonary vein and the lateral mitral annulus.

Copyright 2006 Massachusetts Medical Society. All rights reserved. Oral H, Pappone C, Chugh A, Good E, Bogun F, Pelosi F
Jr, Bates ER, Lehmann MH, Vicedomini G, Augello G, Agricola E, Sala S, Santinelli V, Morady F. Circumferential pulmonary-
vein ablation for chronic atrial fibrillation. New England Journal of Medicine. 2006 Mar 2;354(9):934-41.

Electrophysiologic Studies, Intracardiac Mapping, and Ablation

An electrophysiologic study (EPS) is the process of recording the electrical activity of the heart to verify
that the rhythm abnormality is the cause of the patient’s symptoms, and to characterize and locate the
abnormal structure(s) responsible for the rhythm disturbances. The abnormal structure(s) can be removed
by surgical resection or catheter ablation.

Electrophysiological study is usually performed on patients with moderate to severe left ventricular
dysfunction, when other diagnostic methods for treating cardiac arrhythmia fail, or when ablation or ICD
implantation is being considered. Electrophysiological study is generally performed on an outpatient basis
or requires a brief (1-day) hospitalization.

Conventional Fluoroscopy-Guided Catheter Mapping

Conventionally, mapping in EPS is achieved by sequentially positioning catheters with a limited number
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New Technology Being Reviewed

Nonfluoroscopic computer-assisted advanced catheter mapping systems have been developed for the
detection and ablation of complex arrhythmias. These are described after the section on regulatory status.

Regulatory Status

Advanced catheter mapping systems licensed by Health Canada are summarized in Table 2.

Table 2: Advanced Nonfluoroscopic Mapping Systems Licensed by Health Canada

Name Manufacturer and Location Licence Number Medical Device
Class

CARTO EP Mapping Unit
CARTO XP Navigation system

Biosense Webster
Johnson & Johnson, CA

9959
60688

4

EnSite FC1000 Multielectrode
Diagnostic Catheter
EnSite 3000 EP Workstation

Endocardial Solutions Inc, MN 12012

12012

4

4
Polar Constellation Advanced
Mapping Catheters & Accessories

Boston Scientific, MA 9808 4

LocaLisa Intracardiac Navigation
system

Medtronics Inc, MN 37435 3

Lasso, a circular advanced catheter, is often used under fluoroscopy guidance or in conjunction with a
nonfluoroscopy navigational system in PV ablation.

Electroanatomic Mapping System

The CARTO EP System (Biosense Webster) is a nonfluoroscopic system that combines anatomic and
different types of electrophysiologic information. It consists of a miniature passive magnetic field sensor
incorporated into a standard electrophysiological catheter (the location catheter), a magnetic field emitter
(location pad) with 3 coils, and a processing unit. The location pad is placed under the catheterization
table and generates 3 ultralow magnetic fields.

The magnetic fields are used to acquire anatomic information and location of the catheters to reconstruct
the 3-dimensional geometry of the cardiac chamber(s) of interest. (24) Conventional bipolar and unipolar
electrograms are recorded from the CARTO EP catheter. The catheter location and electrograms recorded
continuously are reconstructed in real time and presented as a 3-dimensional geometrical map, colour-
coded with activation times (Figure 3). Dynamic propagation maps can be displayed as movies of
sequential activation. Moreover, the collected data can be displayed as voltage maps that can help define
scar areas and electrically diseased tissues. Anatomical landmarks and regions of interest can be tagged.
(25) One advantage of the CARTO EP system is that it can acquire voltage maps during sinus rhythm,
thereby enabling scars to be identified. Pace mapping or entrainment mapping can then provide details of
the key sites where arrhythmias originate. (24)
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Figure 3: Three Dimensional Activation Maps Generated by CARTO*
Activation map from a patient with a figure of eight re-entrant tachycardia. The two atria are shown in the
left anterior oblique view, with tricuspid valve and mitral valve cut out. The colour at each anatomic point
shows local activation time relative to the reference catheter (scale at top right)

Non-Contact Endocardial Mapping System

The EnSite non-contact mapping system (EnSite 3000, Endocardial Solutions, Inc., St. Paul, Minnesota,
United States) consists of an EnSite array catheter, a custom-designed amplifier system, and a computer
workstation.

The EnSite catheter is a number 9 French double lumen polyurethane catheter with 64 unipolar electrodes
mounted on the surface of an inflatable balloon (multielectrode array [MEA]) filled with a mixture of
saline and contrast medium. The EnSite catheter and a roving catheter are inserted intravascularly over a
guide wire into a selected chamber of the heart. When positioned, the wire braid of the MEA is expanded
and the balloon under the array is inflated so that each electrode of the array is separated by 4 to 7 mm.
(22)

The MEA does not require direct contact with the endocardium. Once deployed, the array senses
electrical activities generated from the endocardial wall while floating in the cavity (Figure 4, A–C).
Electrical potentials acquired simultaneously at the 64 electrodes of the MEA are recorded on the
workstation and used to compute more than 3,000 virtual electrograms. These electrograms and colour-
coded isopotential maps are displayed over a 3-dimensional geometric model of the endocardial chamber
(Figure 4D).

To reconstruct the 3-dimensional endocardial chamber, the locator system of EnSite locates the
conventional roving catheter in space with respect to the MEA and thus with respect to the cardiac
chamber being mapped. The tip of this catheter emits a low-amplitude current (5.68 kHz) that enables its
3-dimensional localization. The roving catheter is steered over the endocardial contour via its tip. From
the sampled location points, the most distant values are taken into account to determine a contour model

Reproduced with permission from the BMJ
Publishing Group Limited; Friedman PA.
Novel mapping techniques for cardiac
electrophysiology. Heart 2002; 87(6):575-
582. Figure 2., page 580
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that is used to reconstruct the smoothed endocardial geometry. Over the constructed geometry, specific
landmarks like the ostium of the coronary sinus, the tricuspid annulus, the anterior and posterior vena
cava, and the His bundle position are annotated. (26)

Figure 4: Non-Contact Catheter

*A: Before deployment; B: Deployed; C: One of the 64 electrodes; D: Right atrial map of a patient with ectopic
tachycardia.

EnSite Navigational System – EnSite NavX

The EnSite NavX (Endocardial Solutions Inc., St. Paul, MN) navigational system uses 3 pairs of
nominally orthogonal patches on the patient to create an electric field that allows exact localization of the
catheter electrodes within the cardiac chamber. The system allows the real-time visualization of the
positions of up to 64 electrodes on standard EP catheters and can be used with any type of mapping
catheters. Interrupted fluoroscopy is still required when an obstacle to catheter advancement is
encountered. (27)

The system also enables the creation of a 3-dimensional geometry of the chamber of interest and
automatically acquires points from a nominated electrode at a rate of 96 points per second. After creation
of the 3-dimensional geometry, anatomic landmarks such as the PVs or mitral annulus and sites critical
for the arrhythmia are identified and tagged for guidance. The ablation catheter is navigated to these
critical sites for RF energy delivery.

LocaLisa Navigational System

The LocaLisa Navigational System (Medtronic EP Systems, Minneapolis, MN) uses weak electrical fields
to locate mapping/ablation catheters within a cardiac chamber. LocaLisa has been used with a circular
mapping catheter in the electrophysiologic approach to PV ablation. The position of the catheters relative

Reproduced with permission from the
BMJ Publishing Group Limited;
Friedman PA. Novel mapping
techniques for cardiac
electrophysiology. Heart 2002;
87(6):575-582. Figure 2., page 580


