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Introduction
Catheter ablation of ventricular arrhythmias (VA) arising
from endocavitary structures such as the moderator band
or papillary muscles is challenging and is associated with
lower ablation success compared to outflow tract VA.1-4

The inability of traditional electroanatomic mapping
techniques to accurately identify endocavitary structures
contributes to the reduced effectiveness of catheter
ablation.

We describe a novel mapping strategy (point density
exclusion, PDX) that allows for accurate endocavitary
structure localization without the need for integration of
intracardiac echocardiography (ICE) imaging or specific
electroanatomic mapping software. This technique utilizes
high-density mapping to identify a volume within the ventric-
ular chamber that does not contain geometry points; this
negative space is then assigned to the corresponding local en-
docavitary structure of interest, allowing for 3-dimensional
(3D) visualization and activation mapping.
Methods
All VA ablation procedures that utilized PDXmapping at our
institution between 2017 and 2019 were included. All pro-
cedures were performed using either the Precision or Veloc-
ity versions of the NavX electroanatomic mapping system
(Abbott, Abbott Park, IL). PDX mapping was utilized intra-
procedurally without offline processing or analysis. PDX
mapping methods are detailed in Figure 1.

To verify the accuracy of the PDX endocavitary
anatomic model, contact force was closely monitored as
the ablation catheter approached the border of the endoca-
vitary structure (Figure 2), assessing for a force rise �8
grams with visual contact of the catheter on the endocavi-
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tary structure model. In PDX cases, ICE was used at the
operator’s discretion, most often for left ventricular cases
to guide transseptal puncture, as well as in the initial
PDX experience to validate the method. In these cases,
ICE did not guide geometry creation, but was simply
used to confirm catheter stability prior to ablation. Radio-
frequency ablation was performed after local activation
timing (LAT), unipolar signal morphology, and pace map-
ping results. Ablation success was defined as the absence of
VA with isoproterenol infusion, ventricular burst pacing,
and ventricular extrastimulus pacing over a 30-minute
postablation waiting period.

Long-term ablation success was defined as the absence of
arrhythmia-related symptoms, no clinical VA on follow-up
electrocardiogram (ECG), a premature ventricular complex
(PVC) burden ,1%, and no sustained VA on ambulatory
ECG monitoring and pacemaker/defibrillator interrogation.

To provide a comparator group, 10 PVC/VT ablation
procedures that were performed using ICE integration with
CartoSound (Biosense-Webster, Diamond Bar, CA) by the
same electrophysiologists during the same time interval
(2017–2019) were selected.

Continuous variables are presented as mean 6 standard
deviation for normally distributed data, and median (inter-
quartile range [IQR]) when not normally distributed.
Comparisons were made using Student t test. The study
was approved by the Oregon Health & Science University
Institutional Review Board and informed consent was
waived owing to the retrospective study design with anonym-
ization of patient data. This study adhered to the Helsinki
Declaration as revised in 2013.
Results
Baseline characteristics were largely similar between PDX
mapping and ICE integration groups (Table 1).

For PDX mapping, high-density mapping was performed
using a deflectable duodecapolar catheter (2 mm electrodes
with 2 mm spacing) in 12 cases and an Advisor HD Grid
catheter in the remaining 3 cases (Abbott). ICE was used in
9 procedures. An average of 15.96 6.8 minutes was required
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KEY FINDINGS

- Catheter ablation of ventricular arrhythmias arising
from endocavitary structures such as the papillary mus-
cles or moderator band pose mapping/visualization
challenges that are often overcome by integration of
intracardiac echocardiography (ICE) with electroana-
tomic mapping (EAM). Point density exclusion (PDX)
mapping is a novel EAM method that does not require
ICE, but utilizes areas of absent 3-dimensional points
within the ventricular lumen to create geometries
with activation and/or voltage maps of these endocavi-
tary structures rapidly and in real time.

- We present data on 15 patients who underwent PDX
mapping for ventricular tachycardia or premature ven-
tricular complex ablations. Endocavitary structure sur-
face was confirmed by rise of contact force as the
ablation catheter approached the PDX-mapped surface.
PDX mapping facilitated acute success in all 15 cases
and long-term success in 13 of 15 cases.

- In comparison with a group of 10 ICE-integrated cases,
PDX mapping generated similar local activation time,
pace map score, number of radiofrequency lesions,
fluoroscopy time, and likelihood of acute and long-
term procedural success. Procedure time was shorter
in the PDX group (170 6 83 minutes) than in the
ICE-integrated group (268 6 92 minutes, P 5 .02).
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to obtain overall ventricular geometry, construct the endoca-
vitary structure of interest, and perform activation mapping.
A median of 2525 (IQR 513, 3238) 3D sampled points
(including internal points) were collected for the chamber
of interest in each procedure. Of these, median 934 (IQR
433, 1688) were used to delineate the ventricular endocardial
surface, and median 276 (IQR 94, 329) were used to define
the endocavitary structure. The left ventricular papillary mus-
cles were the sites of VA origin in 11 cases (5 anterolateral, 6
posteromedial), while the remaining 4 VAs arose from the
right ventricle (3 moderator band, 1 anterior papillary
muscle).

PDX-mapped VA LAT at the site of ablation was a mean
36 6 9 milliseconds pre-QRS with an average pace map
score of 93% 6 7%. A mean 16 6 12 ablation lesions
were delivered. Contact force achieved at the time of ablation
was 146 5 grams as the catheter was manipulated against the
PDX-mapped endocavitary structure surface. Median
fluoroscopy time was 5 (IQR 2.5, 13.5) minutes. Acute
procedural success was achieved in all cases (100%) and
long-term success was present in 13 of 15 (87%) patients at
a mean 17 6 14 months of follow-up. In the 6 PDX-
mapped PVC ablation patients who had ambulatory ECG
monitoring pre- and post-procedure, PVC burden decreased
from 24.0% 6 8.5% to 2.6% 6 4.8% (P 5 .001), with 5 of
6 patients achieving PVC ,1% post-ablation.

In the 10-patient ICE-integrated comparator group,
mapping was performed using an ablation catheter in 9
patients and a Pentaray catheter (Biosense-Webster) in the
remaining patient. LAT, pace map score, number of radiofre-
quency lesions, fluoroscopy time, and likelihood of acute and
long-term procedural success were generally similar between
the PDX and ICD-integrated mapping approaches (Table 2).
Procedure time was shorter in the PDX group (170 6 83
minutes) than in the ICE-integrated group (268 6 92
minutes, P 5 .02).
Discussion
PDX mapping has several advantages compared to an ICE-
integrated method, including the efficient, simultaneous
recording of data for the ventricular lumen and endocavitary
structure. In our series, mean 15.9 minutes was spent PDX
mapping the ventricle of interest, which generated a near-
complete activation map of both ventricular lumen and
endocavitary structure, requiring only minimal additional
activation mapping by the ablation catheter. PDX mapping
therefore has the potential to reduce procedure time
compared to techniques that require additional ultrasound
imaging. Indeed, mean procedure time in our PDX group
(170 minutes) was considerably shorter than in the ICE-
integrated cohort (268 minutes). Notably, this ICE-
integrated procedure time was comparable to that observed
during prior endocavitary VA ablation series (258–305
minutes) and dedicated studies of ICE-integrated mapping
(213–240 minutes).2,3,5–7

In addition to enhanced procedural efficiency, PDX
mapping is electroanatomic mapping platform neutral and
does not require the purchase of specialized software or
catheters, of particular use to labs that do not have multiple
mapping systems, as well as during ablation procedures in
which the VA was not previously expected to arise from an
endocavitary structure.

In all PDX mapping cases, definition of the endocavitary
structure of interest was sufficiently precise to facilitate suc-
cessful catheter ablation. The use of contact force catheters
allowed for further, real-time feedback regarding the
accuracy of the model; in all cases, a contact force of �8
grams could be achieved at time of ablation on the endocavi-
tary structure border.

Our investigation has several limitations. ICE (but not
ICE integration) was used in some PDX cases to confirm
catheter stability on the endocavitary structure (which it did
simultaneously with the catheter making contact with the
structure on the map), so our data do not support eliminating
the use of ICE in these complex cases. The overall number of
patients treated with PDX mapping was not large, and our



Figure 1 Point density exclusion (PDX) mapping of anterolateral (orange arrow) and posteromedial (blue arrow) PMs.A: Left ventricle endocardial activation
map with relatively diffuse area of early activation. B: Areas of absent internal points and their surrounding local activation time (LAT) points (red). C: Final
PDX-mapped papillary muscles with earliest activation over the anterolateral papillary muscle.
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experience requires replication at other centers. Expertise of
the mapping technician is an acknowledged critical element
of the technique. Differences in high-density mapping
catheter use, intraprocedure PVC frequency, hardware set-
up time, and other factors that are difficult to retrospectively
quantify and control for may confound our comparison with



Figure 2 A:Activation map projected on moderator band contour made using point density exclusion (PDX) mapping for a patient with premature ventricular
complex–triggered ventricular fibrillation. Note contact force rise as ablation catheter is advanced to earliest site of activation prior to ablation.B:Catheter contact
on moderator band seen on intracardiac echocardiography. C: Earliest activation (34 ms pre-QRS) is recorded on the distal ablation catheter channel.
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ICE integration. Nevertheless, the contemporary ICE-
integrated cohort included in this study provides a useful
benchmark and suggests that PDX mapping is associated
with reasonably similar results. Furthermore, as PDX map-
ping was acutely successful in all 15 of the consecutive cases
included in this analysis, and because it can be employed
without additional procedural cost, risk, or data collection,
we believe it would be reasonable to consider integration of
this technique into standard mapping approaches for all
endocavitary VA.
Conclusion
Electroanatomic mapping of endocavitary structures using
3D reconstruction of negative space is feasible and
Table 1 Baseline patient characteristics

Characteristic PDX mapping

Age (years, mean 6 SD) 58 610
Arrhythmia, n (%)
PVC only 6 (40%)
PVC-triggered VF 2 (13%)
VT and PVC 4 (27%)
VT only 3 (20%)

Prior ablation, n (%) 3 (20%)
ICD, n (%) 6 (40%)
Cardiomyopathy, n (%)
Ischemic 4 (27%)
Nonischemic 3 (20%)

LVEF (percent, mean 6 SD) 51 6 14
,50%, n (%) 6 (40%)

ICD5 implantable cardioverter-defibrillator; ICE5 intracardiac echocardiograp
PVC 5 premature ventricular complex; SD 5 standard deviation; VF 5 ventricular
clinically accurate. This technique can help to facilitate
the often challenging ablation of VA arising from endocavi-
tary structures.
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ICE-integrated mapping
(n 5 10)

50 6 17

9 (90%)
1 (10%)
0 (0%)
0 (0%)
2 (20%)
1 (10%)

1 (10%)
5 (50%)
46 6 16
5 (50%)

hy; LVEF5 left ventricular ejection fraction; PDX5 point density exclusion;
fibrillation; VT 5 ventricular tachycardia.



Table 2 Point density exclusion mapping procedural data

PDX mapping (n 5 15) ICE-integrated mapping (n 5 10) P values

Earliest VA LAT (ms, mean 6 SD) 36 6 9 29 6 7 .10
Pace map score (percentage, mean 6
SD)

93 6 7 96 6 4 .36

RF applications (mean 6 SD) 16 6 12 26 6 14 .07
Fluoroscopy time (minutes), median
(IQR)

5.0 (2.5, 13.5) 16.6 (9.9, 20.0) .07

Procedure time (minutes, mean 6 SD) 170 6 83 268 6 92 .02
Acute success 15 (100%) 9 (90%) .40
Long-term success† 13 (87%) 6 (60%) .13

ICE 5 intracardiac echocardiography; IQR 5 interquartile range; LAT 5 local activation time; PDX 5 point density exclusion; RF 5 radiofrequency; SD 5
standard deviation; VA 5 ventricular arrhythmia.
†Mean follow-up was 17 6 14 months in the PDX mapping group and 116 8 months in the ICE-integrated group.
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