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Abstract
Background The EnSite Precision™ cardiac mapping system (Abbott) is a catheter navigation and mapping system capa-
ble of displaying the three-dimensional (3D) position of conventional and sensor-enabled electrophysiology catheters, as 
well as displaying cardiac electrical activity as waveform traces and dynamic 3D maps of cardiac chambers. The EnSite 
Precision™ Observational Study (NCT-03260244) was designed to quantify and characterize the use of the EnSite Preci-
sion™ cardiac mapping system for mapping and ablation of cardiac arrhythmias in a real-world environment and evaluate 
procedural outcomes.
Methods A total of 1065 patients were enrolled at 38 centers in the USA and Canada between 2017 and 2018 and were followed 
for 12 months post procedure for arrhythmia recurrence, medication use, and quality-of-life changes. Eligible subjects were adults 
undergoing a cardiac electrophysiology mapping and radiofrequency ablation procedure using the EnSite Precision™ System.
Results A final cohort of 925 patients (64.3 years of age, 30.2% female) were analyzed. The primary procedural indica-
tion was atrial flutter in 48.1% (445/925), atrial fibrillation in 46.5% (430/925), and other arrhythmias in 5% (50/925). 
Electroanatomic mapping was performed in 81.5% (754/925) of patients. Mapping was stable throughout 79.8% (738/925) 
of procedures with initial mapping time of 8.6 min (IQR 4.7–15.0). Average mapping efficiency created with AutoMap or 
TurboMap was 164.9 ± 365.7 used points per minute. Median number of mapping points collected and used was 1752.5 
and 811.0, respectively. Only 335/925 (36.2%) required editing and 66.0% (221/335) of these patients required editing of 
less than 10 points. Fluoroscopy was utilized in most cases (n = 811/925, 87.4%) with fluoroscopy time of 11.0 min (IQR 
6.0–18.0). Overall median procedure time was 101.0 min (IQR 59.0–152.0). Acute procedural success was high for both 
atrial fibrillation (n = 422/430, 98.1%) and atrial flutter (n = 434/445, 97.5%).
Conclusion In a real-world study analysis, use of the EnSite Precision™ mapping system was associated with high procedural 
stability, short mapping times, high point density requiring infrequent editing, low fluoroscopy time, and high prevalence 
of acute procedural success.
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CS  Coronary sinus
FTI  Force Time Integral
LSI  Lesion Index

1 Introduction

Electroanatomic mapping (EAM) has become an essential 
tool for effective ablation of cardiac arrhythmias with con-
tinued advancements in three-dimensional (3D) catheter 
tracking and high-resolution visualization to account for 
the increased case complexity and duration [1, 2]. Avail-
able since 2016, the EnSite Precision™ cardiac mapping 
system (Abbott, St. Paul, Min) uses a hybrid impedance 
and magnetic field technology that displays the 3D posi-
tion of conventional and sensor-enabled electrophysiology 
catheters, as well as generating high-density automated 3D 
electroanatomic maps that aim to improve success in com-
plex ablation procedures  [3, 4].

The EnSite Precision™ Observational Study was 
designed to quantify and characterize the use of the EnSite 
Precision™ cardiac mapping system for mapping and abla-
tion of cardiac arrhythmias in a real-world environment 
and evaluate procedural and subsequent clinical outcomes. 
In this report, we describe the performance of the system 
including mapping stability, mapping times, points col-
lected, fluoroscopy times, and acute procedural success.

2  Methods

2.1  Study design

The EnSite Precision™ Observational Study (NCT-03260244) 
was designed to quantify and characterize the use of the EnSite 
Precision™ cardiac mapping system for mapping and ablation 
of cardiac arrhythmias in a real-world environment and evalu-
ate procedural and subsequent clinical outcomes. There was 
no randomization or blinding in this study.

The study was designed and sponsored by Abbott Labora-
tories and approved by the appropriate Institutional Review 
Board or Ethics Committee at each site. Data monitoring, 
collection, and primary data analysis were performed by 
the sponsor in partnership with the publication committee. 
This clinical study was conducted in accordance with Abbott 
Standard Operating Procedures, ethical principles based on 
the Declaration of Helsinki, Good Clinical Practice, ISO 
14155, and FDA 21 CFR 50, 54, 56, and 812.

2.2  Study population

Eligible subjects were adults undergoing a cardiac elec-
trophysiology mapping and radiofrequency (RF) ablation 

procedure using the EnSite Precision™ System. Subject 
enrollment in the EnSite Precision Observational Study 
began on September 12, 2017. The last subject was enrolled 
on December 6, 2018. The study enrolled 1065 subjects at 
38 clinical sites in the USA and Canada. A subject was con-
sidered enrolled in the clinical study from the moment the 
subject provided a written informed consent. Subjects were 
followed for 12-months post procedure for arrhythmia recur-
rence, medication use, and quality-of-life changes. The last 
follow-up visit was completed on January 17, 2020.

Patients with atrioventricular nodal reentrant tachycardia 
(AVNRT) or atrioventricular reentrant tachycardia (AVRT) 
as the only presenting rhythm and patients with planned cry-
oablation procedure were excluded. A full list of inclusion 
and exclusion criteria is included in Supplemental Table 1.

2.3  Study procedures

Subjects underwent a cardiac mapping and RF ablation pro-
cedure using the EnSite Precision™ cardiac mapping system 
per standard practice of the operating physician. Subjects 
were prepared according to the standard ablation procedures 
and standard practice of the center. All devices had proper 
regulatory clearance and were used according to their IFU, 
including anticoagulation and activated clotting time thera-
peutic requirements for multi-electrode catheters. Procedure 
data collection included overall procedure (first catheter in, 
to last catheter out), fluoroscopy, and mapping times. EnSite 
NavX Surface Electrode (NavX patch) placement and asso-
ciated skin preparation were recorded. Documented mapping 
characteristics included times to create and edit the initial 
map; number of mapping points collected, used, and edited; 
and EnSite™ Automap and AutoMark module software set-
tings used. Editing included reannotating or deleting previ-
ously collected points. Time spent “shaving” was not spe-
cifically captured. The number of gaps in lesions identified 
that required further ablation (touch-ups) was also recorded. 
Operators were asked to note whether the mapping system 
was stable throughout the procedure (based on the opinion 
of the operator) and any factors affecting system stability. 
Mapping efficiency for a given map was characterized as 
the number of used points divided by the mapping time in 
minutes, resulting in used points per minute.

2.4  Study outcomes

Acute success was defined by the operator based upon their 
standard pre-defined endpoints for each type of procedure. 
Adverse events were not collected during this clinical study. 
Long-term follow-up up to 12-months will be reported in 
a separate analysis. Any complaints were managed via the 
sponsor’s standard post-market surveillance process.
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2.5  Statistical analysis

Continuous variables are summarized with number of 
observations, mean, standard deviation, min and max val-
ues, or median and interquartile range (IQR). Categorical 
variables are summarized with patient counts and percent-
ages. All data available among the analysis population was 
used. Missing data was not imputed. No formal sample size 
calculation was performed. All analyses were performed 
using SAS software version 9.4 (SAS Institute Inc, Cary, 
NC, USA). The p-values presented are 2-sided, and p < 0.05 
(not adjusted for multiplicity) was considered statistically 
significant.

3  Results

3.1  Enrollment and analysis population

Of the 1065 enrolled subjects, 1053 met all inclusion/exclu-
sion criteria. Of these, 69 were excluded due to a primary 
indication of persistent AF in the USA that was treated off-
label. A total of 45 subjects withdrew prior to the procedure 
and an additional 14 subjects did not have an eligible proce-
dure (no RF ablation performed).

The final cohort of 925 subjects stratified by primary 
indication for ablation include the following: AF (primary 
indication [PI]-AF, 46.5%, 430/925), AFL (PI-AFL, 48.1%, 
445/925), or Other (PI-O, 5.4%, 50/925), as demonstrated in 
Fig. 1. The PI-O cohort included 18 supraventricular tachy-
cardia (SVT), 11 atrial tachycardia, 9 premature ventricular 
contraction (PVC), 6 ventricular tachycardia, and 6 Wolff-
Parkinson-White Syndrome patients. Additional lesions 
were common in the PI-AF cohort, including cavotriscupid 
isthmus (CTI) ablation (34.7%), lines excluding CTI (8.8%), 
complex fractionated atrial electrograms (4.0%), and rotor 
ablation (2.3%), as shown in Supplemental Table 2.

Baseline characteristics of the cohort are summarized in 
Table 1. The mean age was 64.3 ± 11.6 years, 646 (69.8%) 

were male, and mean body mass index was 30.9 ± 7.4 kg/m2. 
The majority (84.2%, 779/925) did not have an implantable 
cardiac device at the time of procedure. Mean left ventricu-
lar ejection fraction was 54.2 ± 11.9. The most prevalent 
cardiovascular diseases included history of hypertension 
(62.8%, 581/925), valvular heart disease (27.9%, 258/925), 
coronary artery disease (25.1%, 232/925), and history of 
diabetes (22.4%, 207/925). Of the 430 PI-AF subjects, 102 
(23.7%) had a prior ablation for AF. Only 40 (9.0%) of 445 
PI-AFL subjects had a prior ablation for AFL.

3.2  EnSite NavX patch placement

The standard patch kit (EnSite Precision NavX™ SE Patch 
Kit, Model EN0020-P) was used for almost all subjects in 
the analysis population (99.7%, 922/925) with older mod-
els used for the remaining three subjects. Patch size was 
reported to be appropriate for all but one subject. Standard 
patch placements were used in > 99% of subjects for all but 
the neck (91.5%, 845/924) and left leg (83.7%, 773/924) 
patches. Placement of the system reference surface elec-
trode varied, with most placed on the lower back (74.5%, 
689/925), followed by the upper back (15.0%, 139/925), 
abdomen (7.1%, 66/925), or other location (3.4%, 31/925). 
Positional reference sensors needed to be manually removed 
or repositioned in 2.8% (26/924) of subjects.

3.3  Primary mapping catheter

For PI-AF subjects, Advisor™ FL Sensor Enabled™ 
(33.2%, 128/385), Advisor™ HD Grid 23.4%, 90/385), and 
Reflexion Spiral™ (18.2%, 70/385) were used most often 
as the primary mapping catheter. In contrast, an ablation 
catheter (53.9%, 174/323) or other linear catheter (34.4%, 
111/323) was used most often for mapping in PI-AFL sub-
jects. In PI-O subjects, Advisor™ HD Grid (23.9%, 11/46) 
and Tacticath™ (Quartz or SE, 21.7%, 10/46) were used 
most frequently as the primary mapping catheter.

Fig. 1  Primary indication for 
ablation procedure
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Table 1  Baseline characteristics stratified by primary indication for treatment

AF AFL Other All
N = 430 N = 445 N = 50 N = 925

Demographics and baseline assessments
Age (years)
 Mean ± SD (n) 63.5 ± 10.6 (430) 66.0 ± 11.5 (445) 56.2 ± 15.6 (50) 64.3 ± 11.6 (925)
 (Min, Max) (27.0, 86.0) (25.0, 88.0) (20.0, 80.0) (20.0, 88.0)

Gender
 Female 33.7% (145/430) 24.7% (110/445) 48.0% (24/50) 30.2% (279/925)
 Male 66.3% (285/430) 75.3% (335/445) 52.0% (26/50) 69.8% (646/925)

Height (in.)
 Mean ± SD (n) 68.6 ± 4.1 (430) 68.7 ± 3.8 (445) 66.7 ± 4.4 (50) 68.6 ± 4.0 (925)
 (Min, Max) (56.0, 81.1) (55.0, 79.9) (59.8, 78.0) (55.0, 81.1)

Weight (lb)
 Mean ± SD (n) 210.6 ± 53.8 (430) 207.3 ± 50.9 (444) 175.5 ± 43.8 (50) 207.1 ± 52.4 (924)
 (Min, Max) (57.3, 657.0) (105.6, 401.9) (105.8, 286.6) (57.3, 657.0)

Body mass index (kg/m2)
 Mean ± SD (n) 31.4 ± 7.8 (430) 30.8 ± 7.0 (444) 27.6 ± 5.7 (50) 30.9 ± 7.4 (924)
 (Min, Max) (9.3, 124.1) (18.6, 60.9) (14.9, 42.7) (9.3, 124.1)

Implanted cardiac device
 None 81.4% (350/430) 86.7% (386/445) 86.0% (43/50) 84.2% (779/925)
 Pacemaker 6.7% (29/430) 5.4% (24/445) 8.0% (4/50) 6.2% (57/925)
 Implantable cardiac monitor 8.4% (36/430) 2.5% (11/445) 2.0% (1/50) 5.2% (48/925)
 ICD 2.6% (11/430) 3.6% (16/445) 2.0% (1/50) 3.0% (28/925)
 CRT-P 0.2% (1/430) 0.4% (2/445) 0.0% (0/50) 0.3% (3/925)
 CRT-D 0.0% (0/430) 0.9% (4/445) 2.0% (1/50) 0.5% (5/925)
 Other 0.7% (3/430) 0.4% (2/445) 0.0% (0/50) 0.5% (5/925)

LVEF (%)
 Mean ± SD (n) 56.5 ± 10.5 (323) 52.4 ± 12.5 (353) 51.3 ± 14.2 (35) 54.2 ± 11.9 (711)
 (Min, Max) (5.0, 82.0) (15.0, 76.0) (20.0, 80.0) (5.0, 82.0)

NYHA classification
 I 4.2% (18/430) 3.1% (14/445) 2.0% (1/50) 3.6% (33/925)
 II 5.8% (25/430) 5.4% (24/445) 12.0% (6/50) 5.9% (55/925)
 III 1.9% (8/430) 2.2% (10/445) 2.0% (1/50) 2.1% (19/925)
 IV 0.0% (0/430) 0.2% (1/445) 0.0% (0/50) 0.1% (1/925)
 Not evaluated 88.1% (379/430) 89.0% (396/445) 84.0% (42/50) 88.3% (817/925)

Cardiovascular disease
 Coronary artery disease 25.6% (110/430) 25.6% (114/445) 16.0% (8/50) 25.1% (232/925)
 Myocardial infarction 7.4% (32/430) 9.4% (42/445) 6.0% (3/50) 8.3% (77/925)
 Previous CABG 6.5% (28/430) 11.0% (49/445) 4.0% (2/50) 8.5% (79/925)
 Percutaneous coronary intervention/stent/

atherectomy
11.6% (50/430) 12.1% (54/445) 8.0% (4/50) 11.7% (108/925)

 Cardiomyopathy 13.5% (58/430) 17.8% (79/445) 20.0% (10/50) 15.9% (147/925)
 Valvular heart disease 27.7% (119/430) 28.8% (128/445) 22.0% (11/50) 27.9% (258/925)
 History of hypertension 62.6% (269/430) 65.4% (291/445) 42.0% (21/50) 62.8% (581/925)
 History of diabetes 19.8% (85/430) 26.5% (118/445) 8.0% (4/50) 22.4% (207/925)
 History of stroke/TIA/thromboembolism 9.1% (39/430) 7.9% (35/445) 4.0% (2/50) 8.2% (76/925)

Arrhythmia history
 Atrial fibrillation 99.3% (427/430) 42.2% (188/445) 16.0% (8/50) 67.4% (623/925)
 Paroxysmal 92.5% (395/427) 78.7% (148/188) 87.5% (7/8) 88.3% (550/623)
 Persistent 8.0% (34/427) 20.2% (38/188) 0.0% (0/8) 11.6% (72/623)
 Longstanding persistent 0.7% (3/427) 1.6% (3/188) 12.5% (1/8) 1.1% (7/623)
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3.4  Mapping characteristics

Mapping was required in 81.5% (754/925) of subjects, with 
OneMap (simultaneous model and electroanatomic map 
creation) used in 96.3% (726/754) of subjects. AutoMap 
was used to create the initial map in 81.8% (315/385) of 
PI-AF subjects, 55.7% (180/323) of PI-AFL subjects, and 
28.3% (13/46) of PI-O subjects, and a combination of 
AutoMap and manual mapping was also used in 10.6% 
(41/385), 24.1% (78/323), and 32.6% (15/46) of subjects in 
each cohort, respectively. Sinus rhythm (56.1%, 216/385), 
AFL (58.2%, 188/323), and sinus rhythm (26.1%, 12/46) 
were the most frequent cardiac rhythms during initial 
map creation in each cohort, respectively (Fig. 2). Among 

all subjects in the analysis population, local activation 
time (52.0%, 392/754) and peak-to-peak voltage (46.3%, 
349/754) were the predominant initial map type configu-
rations. The low-voltage ID feature was often used in the 
initial maps (74.5%, 562/754).

Median time to create and edit initial map was 8.6 
(IQR 4.7–15.0) and 1.0 (IQR 1.0–2.0) minutes, respec-
tively. Only 335/925 (36.2%) required editing and 66.0% 
(221/335) of those required editing of fewer than 10 points. 
Median number of mapping points collected and used was 
1752.5 and 811.0, respectively. Table 2 summarizes map-
ping time and point collection characteristics for the initial 
maps created, stratified by primary indication cohort.

Table 1  (continued)

AF AFL Other All
N = 430 N = 445 N = 50 N = 925

 Any previous treatment 90.2% (385/427) 91.5% (172/188) 100.0% (8/8) 90.7% (565/623)
 Medication 91.4% (352/385) 96.5% (166/172) 100.0% (8/8) 93.1% (526/565)
 Cardioversion 34.3% (132/385) 30.2% (52/172) 25.0% (2/8) 32.9% (186/565)
 Ablation 26.5% (102/385) 12.8% (22/172) 50.0% (4/8) 22.7% (128/565)
 Other 1.0% (4/385) 1.2% (2/172) 0.0% (0/8) 1.1% (6/565)
 Atrial flutter 30.7% (132/430) 96.4% (429/445) 12.0% (6/50) 61.3% (567/925)
 Typical 56.1% (74/132) 91.6% (393/429) 83.3% (5/6) 83.2% (472/567)
 Atypical 13.6% (18/132) 4.2% (18/429) 0.0% (0/6) 6.3% (36/567)
 Unknown 30.3% (40/132) 4.2% (18/429) 16.7% (1/6) 10.4% (59/567)
 Any previous treatment 81.8% (108/132) 79.0% (339/429) 83.3% (5/6) 79.7% (452/567)
 Medication 76.9% (83/108) 90.9% (308/339) 80.0% (4/5) 87.4% (395/452)
 Cardioversion 25.9% (28/108) 26.0% (88/339) 20.0% (1/5) 25.9% (117/452)
 Ablation 35.2% (38/108) 11.8% (40/339) 20.0% (1/5) 17.5% (79/452)
 Other 0.9% (1/108) 0.0% (0/339) 0.0% (0/5) 0.2% (1/452)

Fig. 2  Primary cardiac rhythm 
during mapping
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In addition to 754 initial maps, 579 additional maps were 
created for a total of 1333 maps. Median time to create and 
edit any map was 6.0 (IQR 3.0–12.0) and 1.0 (IQR 0.5–2.0) 
minutes, respectively. Editing of the map was not required 
or not applicable for most maps created (54.4%, 722/1327), 
and 30.2% (401/1327) required editing of fewer than 10 
points. Median number of mapping points collected and 
used was 933.0 and 415.0, respectively. Average mapping 
efficiency for maps created with AutoMap or TurboMap 
was 164.9 ± 365.7 used points per minute (n = 930 maps), 
which was significantly greater compared to 21.8 ± 30.3 used 
points per minute (n = 374 maps) for manual mapping alone 
(p < 0.001). Table 3 summarizes mapping time and point 

collection characteristics for all maps created (both initial 
and additional), stratified by primary indication cohort. Fur-
thermore, Supplemental Table 3 describes the differences in 
points taken, mapping time, fluoroscopy time, and procedure 
time by each mapping catheter used stratified by PI-AF and 
PI-AFL.

Redo AF ablation consisted of 40/430 (23.7%) of the 
PI-AF cohort and redo AFL ablation consisted of 40/445 
(9.8%) of the PI-AFL cohort as shown in Supplemental 
Table 4. As compared to de novo procedures, time creat-
ing initial map was significantly longer and RF time was 
shorter in redo AF procedures. As compared to de novo AFL 
procedures, those undergoing redo ablations had a longer 

Table 2  Mapping points and time – initial maps only

AF AFL Other All
N = 430 N = 445 N = 50 N = 925

Mapping points used
 Median (Q1, Q3) 1570.0 (1021.0, 2214.0) 193.0 (48.0, 499.5) 257.0 (40.0, 689.0) 811.0 (173.0, 1696.0)

Mapping points collected
 Median (Q1, Q3) 4155.5 (2059.0, 7735.0) 381.0 (82.0, 1201.0) 449.0 (64.0, 2507.0) 1752.5 (307.0, 5280.0)

Number of mapping points edited
 Not applicable
 Less than 10 points edited 57.4% (93/162) 76.2% (112/147) 61.5% (16/26) 66.0% (221/335)

10–50 points edited 30.2% (49/162) 21.1% (31/147) 34.6% (9/26) 26.6% (89/335)
 51–100 points edited 10.5% (17/162) 2.0% (3/147) 3.8% (1/26) 6.3% (21/335)
 More than 100 points edited 1.9% (3/162) 0.7% (1/147) 0.0% (0/26) 1.2% (4/335)

Time to edit initial map (min)
 Median (Q1, Q3) 1.0 (1.0, 2.0) 1.0 (0.5, 2.0) 1.0 (1.0, 3.0) 1.0 (1.0, 2.0)

Time to create initial map (min)
 Median (Q1, Q3) 10.0 (7.0, 15.0) 5.0 (3.0, 11.0) 12.0 (5.0, 35.0) 8.6 (4.7, 15.0)

Table 3  Mapping points and time for all maps created

AF AFL Other All
N = 430 N = 445 N = 50 N = 925

Mapping points used
 Median (Q1, Q3) 1012.0 (216.0, 1887.0) 148.0 (40.5, 402.0) 132.0 (24.0, 672.0) 415.0 (58.0, 1373.0)

Mapping points collected
 Median (Q1, Q3) 2413.0 (344.0, 6001.0) 303.0 (65.0, 1012.0) 239.5 (33.0, 2821.0) 933.0 (102.0, 3892.0)

Mapping points edited
 Not applicable 56.0% (423/755) 54.6% (263/482) 40.0% (36/90) 54.4% (722/1327)
 Less than 10 points edited 26.2% (198/755) 34.9% (168/482) 38.9% (35/90) 30.2% (401/1327)
 10–50 points edited 13.5% (102/755) 9.5% (46/482) 20.0% (18/90) 12.5% (166/1327)
 51–100 points edited 3.4% (26/755) 0.6% (3/482) 1.1% (1/90) 2.3% (30/1327)
 More than 100 points edited 0.8% (6/755) 0.4% (2/482) 0.0% (0/90) 0.6% (8/1327)

Time to edit map
 Median (Q1, Q3) 1.0 (0.8, 2.0) 1.0 (0.5, 2.0) 1.0 (1.0, 3.0) 1.0 (0.5, 2.0)

Time to create map
 Median (Q1, Q3) 7.0 (3.0, 12.0) 5.0 (2.0, 10.0) 8.5 (3.0, 20.0) 6.0 (3.0, 12.0)
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procedure time, although no difference in time creating ini-
tial map, RF time, or fluoroscopy time.

3.5  System stability

The EnSite Precision™ System was stable throughout 79.8% 
(738/925) of procedures. Baseline patient and procedural 
characteristics, including fluoroscopy and procedure times 
were significantly longer when the mapping system was not 
stable throughout the procedure (Supplemental Table 5). 
As displayed in Table 4, the most common factors affecting 
system stability were respiratory change (43.9%, 82/187), 
subject movement (38.0%, 71/187), and coronary sinus 
(CS) positional reference dislodgement (17.1%, 32/187). 
There were 49 “Other, specify” responses, the most frequent 
being Blood Pressure or Hemodynamic change (17/49) and 
Unknown cause (8/49). General anesthesia was used in 
most cases (63.0%, 583/925) with jet ventilation utilized in 

10.1% (59/583). As compared to general anesthesia, those 
undergoing conscious sedation were more likely to have res-
piratory changes (4.3% vs 15.8%, p < 0.001), patient move-
ment (12.7% vs 4.5%, p < 0.001), and no difference in CS 
positional reference dislodgement (3.3% vs 5.8%, p = 0.15). 
Between JET ventilation and non-JET ventilation, there were 
no differences in respiratory changes (3.4% vs 4.4%, p = 1.0), 
patient movement (3.4% vs 4.6%, p = 1.0), or CS positional 
reference dislodgement (0% vs 3.6%, p = 0.24).

3.6  AutoMark settings

AutoMark usage data were submitted for 755 (81.6%) of 
subjects. The available choices for the lesion color and size 
metrics are different in Canada and the USA (US); therefore, 
these settings are summarized by country in Fig. 3. In Can-
ada, Force Time Integral (FTI) and Lesion Index (LSI) were 
available metric choices, while they were not available in the 

Table 4  Ensite Precision system stability

AF AFL Other All
N = 430 N = 445 N = 50 N = 925

Was the EnSite Precision system stable throughout the procedure?
 Yes 78.8% (339/430) 80.9% (360/445) 78.0% (39/50) 79.8% (738/925)

If no, factors affect system stability
 Respiratory change 27.5% (25/91) 58.8% (50/85) 63.6% (7/11) 43.9% (82/187)
 Subject movement 27.5% (25/91) 47.1% (40/85) 54.5% (6/11) 38.0% (71/187)
 CS Positional Reference dislodgement 23.1% (21/91) 10.6% (9/85) 18.2% (2/11) 17.1% (32/187)
 Cardioversion 11.0% (10/91) 4.7% (4/85) 0.0% (0/11) 7.5% (14/187)
 Heart rhythm change 11.0% (10/91) 3.5% (3/85) 0.0% (0/11) 7.0% (13/187)
 Change in fluid load 11.0% (10/91) 0.0% (0/85) 9.1% (1/11) 5.9% (11/187)
 Metal distortion 3.3% (3/91) 2.4% (2/85) 9.1% (1/11) 3.2% (6/187)
 Patch movement 1.1% (1/91) 0.0% (0/85) 18.2% (2/11) 1.6% (3/187)
 Other 39.6% (36/91) 12.9% (11/85) 18.2% (2/11) 26.2% (49/187)

Anesthesia used
 General anesthesia 94.0% (404/430) 37.8% (168/445) 22.0% (11/50) 63.0% (583/925)
 Jet ventilation used 13.1% (53/404) 3.0% (5/168) 9.1% (1/11) 10.1% (59/583)
 Intraoperative sedation (low-dose propofol drip) 1.2% (5/430) 29.4% (131/445) 32.0% (16/50) 16.4% (152/925)
 Conscious sedation 4.9% (21/430) 32.6% (145/445) 46.0% (23/50) 20.4% (189/925)
 No sedation nor anesthesia used 0.0% (0/430) 0.2% (1/445) 0.0% (0/50) 0.1% (1/925)

Fig. 3  Lesion color and size 
metrics stratified by site of 
enrollment (USA and Canada)
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USA at that time. In Canada, the most frequently used met-
rics for lesion color were LSI (54.0%, 87/161), Time (25.5%, 
41/161), and Average Force (14.9%, 24/161); and the most 
frequently used metrics for lesion size were FTI (59.5%, 
47/79), LSI (19.0%, 15/79), and Time (17.7%, 14/79). In 
the USA, the most frequently used metrics for lesion color 
were Impedance Drop (42.4%, 248/585), Time (24.4%, 
143/585), Average Force (14.4%, 84/585), and Impedance 
Drop Percent (14.0%, 82/585); and the most frequently used 
metrics for lesion size were Time (36.4%, 139/382), Imped-
ance Drop Percent (26.2%, 100/382), and Impedance Drop 
(18.6%, 71/382).

3.7  Procedural characteristics

Table 5 summarizes acute procedural success rates, end-
points achieved, and additional procedural characteris-
tics. Acute success was reached based on the pre-defined 
endpoints for the procedure in 97.4% (901/925) of cases. 
Median overall procedure time (first catheter in to last cath-
eter out) was 101.0 (IQR 59.0–152.0) minutes for all sub-
jects, with median times within each cohort of 140.5, 59.0, 
and 127.0 min for PI-AFL, PI-AF, and PI-O, respectively. 
Among subjects with AutoMark data, an average RF power 

greater than 40 W was used in 10.3% (71/690) of subjects 
and ≥ 50 W in 17/690 (2.4%), suggesting high power short 
duration ablation technique may have been used in these 
subjects. Fluoroscopy was used for most but not all subjects 
(87.7%, 811/925), with the lowest proportion of fluoroscopy 
use in the PI-AFL cohort (83.8%, 373/445). Among proce-
dures where fluoroscopy was used, median fluoroscopy time 
was 11.0 (IQR 6.0–18.0) minutes. Gaps in lesions requir-
ing touch-up ablation were identified in 42.9% (395/921) of 
subjects. Median number of gaps identified was 2.0 (IQR 
1.0–4.0) and AutoMark assisted in identifying the gaps in a 
majority of subjects with identified gaps (70.6%, 218/309).

4  Discussion

In this real-world, multi-center study including 925 patients 
undergoing mapping and ablation using the EnSite Preci-
sion™ cardiac mapping system for a variety of arrythmias, 
we demonstrated several key observations: (1) there was 
high procedural stability in nearly 80% of patients; (2) the 
system allows for high point density collection and short 
mapping times with the aid of AutoMap and TurboMap; (3) 
maps required editing in slightly over a third of patients with 

Table 5  Acute procedural success, gaps requiring touch-up ablation, and overall procedure and fluoroscopy times

AF AFL Other All
N = 430 N = 445 N = 50 N = 925

Was acute success reached based on the pre-defined endpoints for this procedure?
 Yes 98.1% (422/430) 97.5% (434/445) 90.0% (45/50) 97.4% (901/925)

If yes, which endpoint(s) were achieved
 Abolition of all clinical ventricular ectopies and unstable 

ventricular arrhythmias
0.0% (0/422) 0.5% (2/434) 20.0% (9/45) 1.2% (11/901)

 Bidirectional block across CTI 36.0% (152/422) 95.9% (416/434) 8.9% (4/45) 63.5% (572/901)
 Pulmonary vein electrical isolation 87.4% (369/422) 2.8% (12/434) 6.7% (3/45) 42.6% (384/901)
 Pulmonary vein capture with exit block 60.2% (254/422) 2.3% (10/434) 6.7% (3/45) 29.6% (267/901)
 Termination of tachycardia during RF energy application 8.1% (34/422) 12.7% (55/434) 24.4% (11/45) 11.1% (100/901)
 Elimination and noninducibility of tachycardia following 

ablation
10.0% (42/422) 6.5% (28/434) 46.7% (21/45) 10.1% (91/901)

 Block across mitral isthmus 3.6% (15/422) 0.5% (2/434) 0.0% (0/45) 1.9% (17/901)
 Other 14.0% (59/422) 8.3% (36/434) 24.4% (11/45) 11.8% (106/901)
 Subjects with gaps in lesions identified that require touch-up 

ablation
46.5% (199/428) 43.1% (191/443) 10.0% (5/50) 42.9% (395/921)

Number of gaps
 Median (Q1, Q3) 3.0 (2.0, 5.0) 2.0 (1.0, 3.0) 1.0 (1.0, 3.0) 2.0 (1.0, 4.0)
 Subjects with AutoMark assisted in identifying gaps 75.3% (113/150) 66.0% (103/156) 66.7% (2/3) 70.6% (218/309)

Overall procedure time
 Median (Q1, Q3) 140.5 (104.0, 190.0) 59.0 (34.0, 91.0) 127.0 (98.0, 179.0) 101.0 (59.0, 152.0)

Fluoroscopy used
 Yes, 91.6% (394/430) 83.8% (373/445) 88.0% (44/50) 87.7% (811/925)

If yes, fluoroscopy time
 Median (Q1, Q3) 15.0 (10.0, 20.0) 7.0 (3.0, 13.0) 9.5 (5.0, 18.0) 11.0 (6.0, 18.0)
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two-thirds requiring editing of fewer than 10 points; and (4) 
acute procedural success was high for all procedures.

The automated 3D mapping system, EnSite Precision™, 
uses a hybrid magnetic and impedance-based catheter tech-
nology to accurately locate ablation catheters and create 
electroanatomic maps. A high-frequency (8 kHz) signal is 
sent through the three pairs of surface electrodes to interact 
with the sensor-enabled catheters to create a voltage gradi-
ent in three axes of space. A catheter is used as reference 
(typically in the CS) and after analysis of the voltages and 
impedance gradient, the localizations of catheters are deter-
mined within the cardiac chamber. To increase accuracy to 
less than 1 mm, a weak magnetic field is generated by a field 
frame attached under the table that is employed to enhance 
the impedance-based tracking [4, 5]. Taken together, the use 
of the hybrid system allows for an accurate and stable map-
ping system, as demonstrated by stability in nearly 80% of 
the current study. Subject movement and respiratory changes 
were the most common causes of system instability, followed 
by CS catheter dislodgement. To ensure stability, placement 
of stable reference via the CS catheter should be confirmed. 
Sedation type was shown to influence stability by prevent-
ing patient movement and respiratory changes. Moderate 
sedation was more common in the unstable cohort (23.5% 
vs 19.6%) as compared to general anesthesia and accounted 
for more respiratory changes and patient movement, suggest-
ing general anesthesia may be favored to maintain stability. 
Although jet ventilation has demonstrated improved stabil-
ity in prior studies, our comparison was limited by small 
number of patients in the jet ventilation arm [6]. Efforts to 
understand strategies beyond sedation type to improve sta-
bility are warranted.

The Ensite Precision system is an open-platform system 
that permits catheters from different manufacturers to be 
used to generate a map. For AF, the most used mapping 
catheter was the Advisor FL Sensor Enabled (33.2%), fol-
lowed by the Advisor HD Grid (23.4%), while a more vari-
able selection was observed for AFL with “Other” encom-
passing 25.4% of the catheters use, likely mostly catheters 
from other manufacturers. Further advancements in mapping 
technology allow for collection of multiple points simultane-
ously to rapidly build EAMs. The AutoMap feature allows 
for rapid signal discrimination without the need for operator 
discretion allowing for nearly continuous movement of the 
catheter for EAM creation. The use of the AutoMap fea-
ture has been shown to result in significantly faster mapping 
times with higher point density than manual, point-by-point 
mapping [3]. In this study reflecting real-world practice, 
over 80% of the maps for atrial fibrillation indication and 
approximately 56% of those for atrial flutter were created 
using the Automap feature requiring a median of 10 min 
and 5 min, respectively, of mapping time with high point 
density. In addition, only roughly a third of patients required 

map editing with the majority requiring editing of fewer than 
10 points in a median time of 1 min, allowing for a time-
efficient process to create accurate EAMs.

Lastly, there was high acute procedural success across 
the indications, including approximately 98% for AF and 
AFL. There currently exist no randomized trials com-
paring mapping systems with respect to success rates 
of specific arrhythmias, although a few prior observa-
tional studies have described acute procedural success 
with other mapping systems in various arrhythmias. 
In 1,070 consecutive patients referred for RF catheter 
ablation for all arrhythmias, Romero et al. observed no 
difference in acute procedural success between CARTO 
(Biosense, Diamond Bar, CA, USA) (88.2%) and Ensite 
NavX (91.1%) [7]. In a separate single-center study of 
70 patients undergoing focal atrial tachycardia abla-
tion comparing the acute procedural outcomes between 
CARTO (n = 22) and Rhythmia (Boston Scientific) 
(n = 48) mapping systems, Kellnar et al. observed sig-
nificantly higher success rates in the Rhythmia cohort 
(89.6% vs 68.2%, p = 0.03) [8]. Lastly, in another study 
comparing CARTO and Rhythmia mapping systems in 74 
patients undergoing AF ablation, there was no difference 
in acute procedural success as PVI was achieved in all 
patients, although Rhythmia resulted in shorter mapping 
times [9]. We expand on prior studies by describing the 
first systematic characterization of the Ensite Precision 
mapping system in a large multicenter study in patients 
undergoing various arrhythmias reflecting real-world 
practice. Although no comparison was used to adequately 
determine effectiveness of the mapping system in achiev-
ing acute procedural success, a few additional features 
are worth highlighting that may contribute to positive 
outcomes. For instance, unique features of the mapping 
system include customizable lesion color and size met-
rics. In Canada, the most used metrics include LSI for 
lesion color and FTI for lesion size, both of which rely on 
contact force, while the USA commonly used impedance 
drop percent for lesion color and time for lesion size. As 
there is no single parameter currently that best identifies 
durable lesion formation, emerging data has supported 
the use of contact force-sensing catheters, LSI, FTI, and 
impedance drop percent for determining lesion efficacy 
and predicting gaps [10–13]. In our study, roughly 45% 
of patients in both AF and AFL cohorts required touch-
up ablation of identified gaps, with a median of 3 and 
2 gaps, respectively. Of note, those with gaps requir-
ing touch-up do not imply failure of first-pass isolation, 
which was not captured in the current study. Gaps could 
include those identified after first-pass failure to isolate 
the PVs, gaps identified in PVs with demonstrated iso-
lation after first pass that later reconnected during the 
procedure, or visual gaps that were further ablated by the 
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operator irrespective of successful isolation. The auto-
mated lesion documentation tool, AutoMark, as opposed 
to manual marking, was used in nearly 71% of cases to 
identify visual gaps. While automated features increase 
procedural efficiency and shorten procedural times, fur-
ther studies are needed to determine whether automated 
marking features better localize lesions as compared 
to manual marking and ultimately result in decreased 
adverse complications and improve long-term success.

4.1  Limitations

The present study must be interpreted in the context of 
several limitations inherent to its design. First, as an 
observational study including only one mapping system, 
comparisons to other systems cannot be made. Rather, 
these results validate the efficacy of the EnSite Preci-
sion™ mapping system. Second, the cohort consisted 
of ablation for various types of arrhythmias producing 
significant heterogeneity in some findings. We believe 
this accurately reflects clinical practice and allows for 
generalizability of our observations. Still, efforts were 
made to stratify according to arrhythmia type, although 
other unmeasured factors likely influence the outcomes 
studied, such as use of intracardiac ultrasound, provider 
experience, and need for additional ablation lesions. 
Third, adverse outcomes during the procedure were not 
recorded. Fourth, utilization of general anesthesia and 
jet ventilation continues to increase, and the present 
study may underestimate system stability in practice 
today. Finally, these data represent outcomes from a 
single mapping system that has undergone engineering 
and user improvements. The newer generation system, 
EnSite™ X EP System, will aim to broaden the range 
of mapping capabilities with further improvements on 
procedural efficiency and success.

5  Conclusion

This real-world study demonstrates that use of the open-
platform EnSite Precision™ mapping system results in 
high procedural stability, short mapping times, high point 
density with the use of Auto/Turbo map requiring infre-
quent editing, low fluoroscopy time, and high prevalence 
of acute procedural success.

*Three (3) subjects were enrolled in the Primary Indica-
tion Atrial Fibrillation cohort without the study site con-
firming history of atrial fibrillation. Of these, 1 subject 
received ablation for atrial fibrillation and atrial flutter, 

1 subject received ablation for atrial fibrillation, and 1 
subject received ablation for atrial flutter.
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