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Background: Current 3D mapping systems have difficulty rendering complex cardiac structures.
Different electroanatomical mapping software has been recently developed which uses a mathematical
algorithm to improve interpolation between mapped points and delineation of closely spaced structures.
This study tested the feasibility and accuracy of this software in comparison to traditional software.

Methods: In vivo 3D impedance-based mapping using a multielectrode catheter with a single geometry
point cloud was performed in the left atria and pulmonary veins (PV) in 23 patients undergoing
catheter ablation for atrial fibrillation. The maps were analyzed with traditional (NavX, St. Jude Medical,
Minnetonka, MN, USA), either with or without multichamber mapping versus St. Jude OneModelTM

software and dimensions of cardiac chambers in human studies were compared to preprocedural
computed tomographic (CT) or magnetic resonance (MR) scans to determine the relative accuracy of
the maps.

Results: Maps created by the OneModel software provided greater detail of complex cardiac structures
compared to traditional software. Comparison of the left atrial/pulmonary vein electroanatomical maps
with the CT and MR scans as reference standard demonstrated significantly less error in measurement
of all PV ostial long- and short-axis dimensions, inter-PV distance, and ridge width (left PV to left atrial
appendage) with the OneModel versus traditional software (P < 0.001 for all dimensions measured).

Conclusions: The OneModel software produces maps that are more accurate in rendering complex
cardiac structures compared to traditional software. (PACE 2013; 36:626–631)

ablation, atrial fibrillation, electrophysiology—clinical, mapping

Introduction
Electroanatomical mapping (EAM) systems

have been widely adopted to facilitate mapping
and ablation of complex cardiac arrhythmias such
as atrial fibrillation (AF).1 Image integration (typi-
cally integration of either computed tomographic
[CT] or magnetic resonance [MR] images with
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electroanatomic maps) may also be used to allow
mapping and ablation within highly detailed
cardiac chambers, but accurate image integration
is also dependent on the initial creation of accurate
electroanatomic maps.2–6 Multiple EAM systems
have been developed for this purpose: the two
in most frequent worldwide clinical use currently
for catheter ablation of AF are the CARTO system
from Biosense Webster (Diamond Bar, CA, USA),
and the EnSite NavX system from St. Jude Medical
(Minnetonka, MN, USA).7,8

The EnSite Velocity System from St. Jude
Medical has been clinically available for several
years and allows for rapid creation of EAM from
multipolar catheters.9,10 These maps have tradi-
tionally been limited in their ability to delineate
fine structures such as PVs, however. For this
reason, techniques such as multisurface mapping
(the creation of separate maps for structures such
as the left atrial [LA] body and the separate
PVs and left atrial appendage, with eventual
fusion of all mapped structures into a single
image) have been employed to create more ac-
curate maps. Recently, the OneModelTM software
(St. Jude Medical) has become available to
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facilitate rapid and accurate mapping of complex
cardiac structures in a single map. In this study,
we sought to compare the relative accuracy of the
traditional EnSite Velocity System compared to
the OneModel software during electroanatomical
mapping in patients undergoing pulmonary vein
(PV) isolation (PVI) for AF. Preprocedural CT and
MR scans of the left atrium and PVs were used
as the reference standard for comparison with
electroanatomical maps.

Methods
Mapping Systems

The traditional EnSite Velocity geometry
method assumes a center and all points on the
geometry must be in a line of sight to the center
and no holes are allowed in the geometry. The
OneModel software assumes no center and holes
are allowed. Thus, in the traditional geometry,
any point that is taken will connect in a straight
line back to the center. If a branch of a PV is
mapped, for example, any point in the branch
will connect back to the center of the LA in a
straight line. The PV branch therefore may not
show up as a separate structure, depending on the
orientation of the branch relative to the central
point of the map. With OneModel, each point
is taken independently. If three points are close
enough (default 5 mm) they will connect to each
other. If a group of points is not close enough to the
main LA geometry, they will be left disconnected.
Thus, OneModel allows for PV and LA to be made
as a single geometry.

Mapping Study

Twenty-three patients undergoing catheter-
based PVI for AF were studied. Demographic vari-
ables are described in Table I. All patients signed
written, informed consent for the procedure. All
patients received preprocedural CT or MR scans
of the LA and PVs as previously described.3
All procedures were performed under general
anesthesia. Right and left femoral venous access
was obtained. A decapolar catheter was placed
in the coronary sinus. Under fluoroscopic and
intracardiac echocardiographic (ICE) (Acu Nav
Diagnostic Ultrasound Catheter, Siemens Medical
Systems, Issaquah, WA, USA) guidance, two trans-
septal punctures were performed via the right
femoral vein, and 8 Fr SL1 (Daig St. Jude Medical)
and 8.5-Fr Agilis sheaths (St. Jude Medical)
were advanced into the left atrium. Intravenous
heparin bolus was given before the trans-septal
punctures and as a continuous infusion during the
procedure with a goal activated clotting time of
300–350 seconds.10

Table I.

Patient Demographics (n = 23)

Age (years) 59 ± 6
Gender (% female) 30%
Repeat AF ablation 39%
Paroxysmal/persistent AF 70%/30%
Prior stroke 13%
AAD at time of ablation 65%
LA size (mm) 43 ± 6
LVEF (%) 59 ± 10
Coronary artery disease 22%
Beta blocker therapy 65%
ACE-I or ARB therapy 35%

ACE-I = angiotensin-converting enzyme inhibitor; ARB =
angiotensin receptor blocker; AF = atrial fibrillation; AAD =
antiarrhythmic drug; LA = left atrial; LVEF = left ventricular
ejection fraction.

Mapping of the left atrium and PVs was
then performed using a multipolar 20-electrode
mapping catheter (circular Lasso catheter or
multispline Penta-Ray catheter, Biosense Webster,
or AFocus DL, St. Jude Medical) to create a point
cloud of the LA and PVs using EnSite Velocity
software. A single-point cloud was created for
each patient, with subsequent off-line analysis
using the three different strategies. Each point
cloud was then exported into a workstation using
EnSite Velocity 3.0.1 software. Three separate
electroanatomic maps were then created from each
point cloud using (1) the traditional software to
create a single map, (2) the traditional software
with multisurface modeling (creating separate
structures for the LA body, each PV, and the left
atrial appendage [LAA], and then fusing these
structures together into a single map) (Fig. 1),
or (3) using the OneModel software to create
a single map. Field scaling was employed for
all electroanatomical maps created. The maps
created with each method were then compared to
preprocedural CT or MR scans of the LA and PVs,
with measurements of the short- and long-axis
dimensions at the ostia of all four PVs, the distance
between the ostia of the left superior PV and the
right superior PV, the distance between the antra
of the left inferior PV and the right inferior PV, and
the width of the ridge separating the left superior
PV from the LAA as previously described.10,11

Using the traditional multisurface
electroanatomic maps and ICE for guidance
(the OneModel software was investigational
at the time these procedures were performed
and therefore was not used to direct ablation),
isolation of all pulmonary veins using wide-area
antral ablation and verification of entrance block
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Figure 1. Multisurface modeling using traditional
NavX software. (A) Six separate electroanatomic maps
have been created, including the left atrial body (gray),
the RSPV/RIPV/LSPV/LIPV (blue/red/green/yellow)
and the left atrial appendage (purple) in an anteropos-
terior view. These six maps have been fused to create
a single geometry. (B) The fused map is shown created
from the six separate maps. (C) The CT image from the
same patient.

using the multielectrode mapping catheter was
performed in all patients. Additional ablation,
including targeting of complex fractionated atrial
electrograms and creation of lines of ablation in
the left and right atria were performed in some
cases at the discretion of the operator.

Statistics

LA and PV measurements are expressed as
mean ± standard deviation. Pairwise comparisons

were performed to compare the values obtained
for PV and LA measurements by CT/MR scanning
versus the three different mapping strategies
used. Groups were compared utilizing two-
tailed unpaired Student’s t-tests. P < 0.05 was
considered statistically significant.

Results
Electroanatomic mapping was performed

within the LA, LAA, and PVs of 23 patients
undergoing catheter ablation procedures for AF.
The point cloud created from each patient was
then utilized to create electroanatomic maps
using the traditional software (with and without
multisurface modeling) and using the OneModel
software (Fig. 2). Compared to preacquired
CT/MR images used as a reference standard,
the diameters of the PVs when analyzed by the
traditional software (particularly when not using
multisurface modeling) were substantially larger
than the CT/MR images, while these diameters
when analyzed by the OneModel software were
much closer to the measurements obtained from
the CT/MR images (Table II). When directly
comparing the difference between the three
mapping methodologies using pairwise compar-
isons of values obtained with each mapping
method (traditional ± multisurface modeling or
OneModel), the OneModel software resulted in
significantly smaller pairwise differences from the
CT/MR image compared to the traditional software
(with or without multisurface modeling). This was
true for all measurements (short and long axis of
each PV, distance from left superior pulmonary
vein-right superior pulmonary vein [LSPV-RSPV]
and left inferior pulmonary vein-right inferior pul-
monary vein [LIPV-RIPV]), and width of the ridge
between the LAA and the left pulmonary veins
(P < 0.001 for all dimensions measured) (Table III).
The largest absolute differences recorded for
single measurements described above compared
to the CT/MR image were as follows: OneModel:
5 mm, traditional: 35 mm, traditional multisur-
face: 12 mm.

To determine whether left atrial size impacted
accuracy of measurement using the OneModel
software, a median left atrial size cut-off was
selected, and the 11/23 patients with the larger
left atria were compared to the 12/23 patients
with the smaller left atria. Pairwise comparisons
were made of the same anatomical measurements
shown in Table III, comparing values obtained
with OneModel versus CT/MR. There was a small
but statistically significant larger overall absolute
difference in measurement between OneModel
versus CT/MR for the patients with larger versus
smaller LA (1.14 ± 0.79 mm vs 0.95 ± 0.75 mm,
respectively, P = 0.047).

628 May 2013 PACE, Vol. 36



COMPARATIVE ELECTROANATOMICAL MAPPING

Figure 2. Mapping of the human left atrium and pulmonary veins using the traditional versus
the OneModel software. (A) A posteroanterior view of a CT image of the posterior left atrium and
pulmonary veins from a patient prior to catheter ablation of AF. (B) The point cloud created by
mapping this chamber with a multipolar catheter. Points are shown in green. (C) Generation of
an electroanatomic map from this point cloud using the traditional software. (D) Generation of
an electroanatomic map from this same point cloud using the OneModel software, producing
greater anatomic detail, particularly in regard to pulmonary vein branches.

Table II.

Pulmonary Vein Ostial and Left Atrial Measurements

OM Trad Trad-MS CT/MR

LSPV-l 24.5 ± 7.0 36 ± 10.7 25.2 ± 8.4 24.3 ± 7.1
LVPV-s 15.5 ± 4.3 29.2 ± 8.4 18.2 ± 3.8 16.2 ± 3.8
LIPV-l 14.0 ± 8.0 21.7 ± 12.8 15.5 ± 9.0 13.8 ± 7.9
LIPV-s 10.1 ± 6.5 20.0 ± 12.7 11.0 ± 6.3 10.1 ± 6.6
RSPV-l 22.2 ± 4.4 35.8 ± 9.7 26.3 ± 5.1 21.9 ± 4.4
RSPV-s 19.9 ± 4.8 29.4 ± 7.8 19.4 ± 6.1 20.4 ± 5.0
RIPV-l 19.2 ± 4.8 26.5 ± 7.9 18.5 ± 5.8 19.4 ± 6.2
RIPV-s 19.0 ± 6.0 25.2 ± 8.6 17.2 ± 5.2 18.9 ± 5.7
LAA ridge 4.0 ± 1.9 2.9 ± 5.1 5.3 ± 2.7 4.2 ± 1.7
LS-RS 23.0 ± 8.3 26.9 ± 8.8 22.0 ± 7.6 23.2 ± 7.8
LI-RI 34.8 ± 7.5 36.1 ± 8.1 36.4 ± 12.0 35.1 ± 7.6

All measurements are in mm ± standard deviiation OM = OneModelTM; Trad = traditional mapping; Trad-MS = traditional mapping
with multisurface reconstruction; CT/MR = computed tomographic or magnetic resonance image of the left atrium and pulmonary veins;
LSPV = left superior pulmonary vein; LIPV = left inferior pulmonary vein; RSPV = right superior pulmonary vein; RIPV = right inferior
pulmonary vein. -l = long axis; -s = short axis; LAA ridge = width of the ridge separating the left pulmonary veins from the left atrial
appendage. LS-RS = distance from the ostia of the LSPV to the RSPV. LI-RV = distance from the ostia of the LIPV to the RIPV.

PACE, Vol. 36 May 2013 629



HEIST, ET AL.

Table III.

Pairwise Comparison of Pulmonary Vein Ostial and Left
Atrial Measurements When Comparing Three Mapping

Methods versus CT/MR

OM vs Trad vs Trad-MS
CT/MR CT/MR vs CT/MR

LSPV-l 0.8 ± 0.6 11.9 ± 6.6 3.1 ± 1.1
LVPV-s 1.3 ± 0.8 13.0 ± 6.3 3.3 ± 1.3
LIPV-l 0.6 ± 0.6 7.8 ± 6.2 2.6 ± 1.7
LIPV-s 0.9 ± 0.8 10.0 ± 7.8 3.0 ± 1.8
RSPV-l 1.0 ± 0.6 13.9 ± 8.0 4.5 ± 1.5
RSPV-s 1.1 ± 0.6 9.2 ± 7.9 3.5 ± 1.4
RIPV-l 0.9 ± 0.8 8.1 ± 4.5 3.7 ± 1.7
RIPV-s 1.1 ± 0.7 7.4 ± 6.5 2.7 ± 1.1
LAA ridge 1.0 ± 0.7 4.3 ± 2.3 3.2 ± 0.8
LS-RS 1.2 ± 0.73 6.9 ± 5.8 3.8 ± 1.3
LI-RI 1.6 ± 1.2 7.5 ± 7.0 7.5 ± 2.3
Overall 1.1 ± 0.8 9.1 ± 6.9 3.7 ± 2.0

Note: P < 0.001 when comparing OneModel versus either
traditional or traditional multisurface for all measurements of all
dimensions listed above.
Abbreviations are as per Table II.
These values represent the means of pairwise comparisons (mm
± standard deviation) between measurements obtained with the
three mapping methods (OneModel, traditional, and traditional
multisurface) compared to the CT/MR scan used as the standard.

Discussion
Catheter ablation of arrhythmias such as AF

requires manipulation of the ablation catheter
within complexanatomical structures such as the
LA and PVs.11,12 EAM systems provide operators
with information regarding catheter position
relative to these complex structures.10 Accuracy
of these maps is important, both for procedural
safety and efficacy. Poor maps could lead to
poor tissue contact with inadequate ablation
lesion formation, excessive catheter force with
the possibility for cardiac perforation,13 or with
ablation at inadvertent sites, such as ablation deep
within the PVs, leading to the potential for PV
stenosis.12

In this study, we compared the accuracy of
EAMs created using traditional NavX mapping
software compared to the OneModel software.

Both subjectively and objectively, the OneModel
software produced maps which more accurately
reflect the cardiac anatomy and dimensions of the
reference CT/MR images. The average differences
in dimensions of the cardiac structures (compared
to CT/MR images) were approximately 1–2 mm
(max. 5 mm) with the OneModel software, versus
4–14 mm (max. 35 mm) with the traditional
software and 3–7 mm (max. 12 mm) with the
traditional software using multisurface modeling.

It is not known what difference in mea-
surement (compared to the CT/MR image) is
“acceptable,” and what the impact of these
differences will be in regard to clinical safety
and efficacy. These differences are substantial and
highly statistically significant, however. This is es-
pecially relevant in regard to modeling of detailed
structures such as the ridge between the left atrial
appendage and the PVs, and the branching of the
PVs. The traditional software produces improved
accuracy when utilizing multisurface modeling
(creating separate maps for structures such as the
LA body, the LAA, and each separate PV and then
fusing these all together). Multisurface modeling
is time-consuming and technically challenging,
however, and is still less accurate (compared to
the CT/MR images) than the OneModel software,
which does not require multisurface modeling.

Limitations
This was a nonrandomized study; therefore,

it is not clear whether the relative accuracy of the
OneModel software compared to the traditional
software will translate into measurable differences
in safety and efficacy of the AF ablation procedure.
The OneModel software was investigational at the
time this study was performed; therefore, maps
created using the OneModel software were not
directly utilized during ablation procedures in this
study.

Conclusion
The OneModel software produces elec-

tronatomic maps that more closely match refer-
ence CT/MR images compared to the traditional
mapping software. Further studies will be neces-
sary to determine the impact of these differences
in mapping accuracy on procedural time, efficacy,
and safety.
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