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Abstract
Background Three-dimensional electroanatomic mapping
(EAM) systems reduce radiation exposure when radio fre-
quency catheter ablation (RFCA) procedures are per-
formed by well-trained senior operators. Given the steep
learning curve associated with complex RFCA, trainees
and their mentors must rely on multiple imaging modalities
to maximize safety and success, which might increase pro-
cedure and fluoroscopy times. The objective of the present
study is to determine if 3-D EAM (CARTO and ESI-NavX)
improves procedural outcomes (fluoroscopy time, radio
frequency time, procedure duration, complication, and suc-
cess rates) during CA procedures as compared to fluoro-
scopically guided conventional mapping alone in an aca-
demic teaching hospital.
Methods We analyzed a total of 1070 consecutive RFCA pro-
cedures over an 8-year period for fluoroscopic time stratified
by ablation target and mapping system. Multivariate logistic
regression and adjusted odds ratios were calculated for each
variable.
Results No statistically significant differences in acute
success rates were noted between conventional and 3-D
mapping cases [CARTO (p=0.68) or ESI-NavX (p=
0.20)]. Moreover, complication rates were also not signif-
icantly different between CARTO (p=0.23) and ESI-

NavX (p=0.53) when compared to conventional mapping.
Procedure, radio frequency, and fluoroscopy times were
significantly longer with CARTO and ESI-NavX versus
conventional mapping [fluoroscopy time: CARTO,
28.3 min; ESI, 28.5 min; and conventional, 24.3 min;
p<0.001)].
Conclusions The use of 3-D EAM systems during teach-
ing cases significantly increases radiation exposure when
compared with conventional mapping. These findings
suggest a need to develop alternative training strategies
that enhance confidence and safety during catheter manip-
ulation and allow for reduced fluoroscopy and procedure
times during RFCA.
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1 Background

Three-dimensional electroanatomic mapping (EAM) is an im-
portant tool utilized to perform radio frequency catheter abla-
tion (RFCA). As compared to conventional mapping, EAM
has been shown to reduce fluoroscopy time and radiation ex-
posure and improve procedural success [1]. CARTO
(Biosense, Diamond Bar, CA, USA) and EnSite NavX (St.
Jude Medical, Saint Paul, MN, USA) are the most common
mapping systems utilized in clinical practice. These computer-
based EAM systems reconstruct and accurately identify the
target composition of an intended ablation field [2, 3]. Several
investigators have demonstrated that these systems can reduce
radiation exposure when RFCA procedures are performed by
well-trained senior operators [4–8]. Given the steep learning
curve associated with complex RFCA, trainees and their men-
tors often rely on multiple imaging modalities to maximize
patient safety and procedural success. Data demonstrating
the superiority of 3-D mapping over conventional techniques
for RFCA in a training setting is lacking.

Arrhythmia management has been revolutionized since in-
troduction of RFCA procedures [9]. The combination of high
procedural success and low complication rates has made
RFCA the treatment of choice for most arrhythmias [10].
Conventional techniques for RFCA entail proper catheter
placement guided by continuous electrogram recordings and
2-D fluoroscopic imaging. Consequently, RFCA conveys an
increase in ionized radiation (IR) exposure to patients and
medical staff. Interventional cardiologists are among the
groups with the highest exposure to IR receiving an average
dose per procedure of 0.05 mSv [11]. Cardiology trainees are
exposed to doses that are significantly higher [12, 13].

We investigated whether or not EAM had an effect on
fluoroscopy time and exposure to patients and staff in a large
academic medical center setting. We sought to assess the dif-
ferences in fluoroscopy time, procedure time, acute procedural
success, and procedure time among ablation procedures in
teaching cases when comparing 3-D mapping systems
(CARTO and ESI-NavX) to conventional 2-D fluoroscopy-
guided mapping. To our knowledge, this is the largest study
to compare EAM to conventional mapping during RFCA ex-
clusively in a teaching hospital setting. While some studies
have evaluated this point among experienced electrophysiol-
ogists, there is no data exclusively among trainees at teaching
hospitals, in which these procedures are routinely performed
under direct expert supervision (4–8).

2 Methods

We conducted a retrospective case review of patients admitted
to Montefiore Medical Center, Bronx, New York, between
January 2005 and March 2013 and underwent RFCA for

Wolff-Parkinson-White syndrome (WPW), atrial fibrillation
(AF), atrial flutter (AFL), atrial tachycardia (AT), atrioventric-
ular nodal reentry tachycardia (AVNRT), or ventricular tachy-
cardia (VT). The study was approved by the Montefiore Med-
ical Center institutional review board.

2.1 Hospital setting

Montefiore Medical Center is the university hospital of the
Albert Einstein College of Medicine. Approximately 80 %
of RFCA cases are teaching cases performed by a team
consisting of an electrophysiology fellow and one or more
senior attending physicians. The decision to use the CARTO
or ESI EAM systems was based on physician preference and
or equipment availability.

2.2 Study data

Study data was retrieved from the Apollo Advance™ database
system and from the electronic medical record system of our
institution. One thousand three hundred ninety-eight consec-
utive catheter ablation cases were reviewed: cases where
trainees were participants during the procedure and for which
fluoroscopy time, procedure time, radio frequency time, acute
success rate, and procedural complications were recorded.
Nonteaching cases performed by attending physicians alone
were excluded from the analysis.

2.3 Variables

A de-identified dataset was created which included the follow-
ing variables: age, sex, date, type of mapping (conventional,
CARTO, or ESI-NavX), underlying pathology (WPW, AF,
AFL, AT, AVNRT, or VT), acute success, complications, fluo-
roscopy time, radio frequency time, and procedure time. A
variable to determine the level of training was created based
on the date of the procedure. Training level was divided into 6-
month intervals such that procedures performed during the
first half of the year could be compared to those performed
during the last 6 months.

2.4 Mapping procedures

Conventional mapping was performed using multielectrode
catheters to record intracardiac electrograms and 2-D fluoros-
copy. Recording of sequential local activation signals was
performed using real-time electrocardiography [2]. Activation
sequence, entrainment, and pace mapping techniques were
utilized when appropriate [14–16]. Fractionated local electro-
grams and voltage mapping methods were also employed
when appropriate [14].

Three-dimensional EAM was performed using either a
CARTO or EnSite NavX system. Both systems allow the
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operator to visualize and manipulate mapping catheters with-
out the exclusive use of fluoroscopic imaging. The CARTO
system utilizes a low-level magnetic field (5×10−6 to 5×
10−5 T) delivered from three separate coils in a pad beneath
the patient. The magnetic field strength from each coil is de-
tected by a location sensor embedded proximal to the tip of a
specialized mapping catheter. This catheter can be moved
along a chamber’s surface to record local endocardial activa-
tion times for mapping, while simultaneously recording loca-
tion points to generate 3-D chamber geometry [2, 17]. The
EnSite NavX system creates 3-D images of the catheters,
based on a low-current electrical field of 350 μA at a frequen-
cy of 5.7 kHz, generated by three pairs of nominally orthog-
onal skin patches in X, Y, and Z axes. The measured voltage
and impedance sensed by these catheter electrodes are propor-
tional to the distance of the electrode from the patches, thus
allowing 3-D space calculations. The reference may be a sur-
face electrode or an internal fixed electrode such as a coronary
sinus catheter electrode. After impedance calibration, the po-
sition in space of each electrode can be determined for a wide
range of patient body masses (34–115 kg) [3, 7].

2.5 Outcome variables

Study outcome measures are defined as follows:

1. Fluoroscopy time: total duration of fluoroscopy procedure
in minutes.

2. Procedure time: time from patient arrival until transport
out of the electrophysiology laboratory.

3. Acute success: termination of arrhythmia with failure to
induce the clinical arrhythmia following delivery of RF
energy.

4. Complications: major complications reported individually
during the procedure and prior to patient discharge (MI,
CVA, death, tamponade, AV block, retroperitoneal bleed-
ing, or hematoma requiring blood transfusion, AV fistula).

5. Radio frequency application time: total duration of radio
frequency energy application employed for each RF abla-
tion procedure.

2.6 Statistical analyses

Descriptive statistics are presented as means and standard de-
viations (SD) for continuous variables or number of cases (n)
and percentages (%) for dichotomous and categorical vari-
ables. Univariate analysis was performed on outcome vari-
ables: success, complications, fluoroscopy time, procedure
time, and radio frequency application time. Dichotomous out-
comes were compared with Pearson’s chi-square test, and for
continuous variables, Student’s t test was used when compar-
ing two groups and analysis of variance (ANOVA) when

comparing three or more groups. We used multivariate regres-
sion models to determine independent associations of map-
ping with outcomes, controlling for age, sex, level of training,
and procedure type. For success and complication outcomes, a
multivariate logistic regression was performed and adjusted
odds ratios (AORs) and 95 % confidence intervals (95 %
CIs) are presented. For fluoroscopy and procedure time,
multivariate linear regression was performed and adjust-
ed coefficients (mean times) and 95 % CI are presented.
A p value of <0.05 was determined to be significant. All
statistical procedures were done on SPSS v.21 (IBM,
Chicago, IL).

3 Results

We reviewed 1398 consecutive cases, of which 1306 had re-
corded procedure and fluoroscopy times, and excluded anoth-
er 233, as these procedures were performed solely by attend-
ing physicians, for a total of 1070 cases. Procedural statistics
for our sample stratified by arrhythmia type are listed in Ta-
ble 1. Mean age was 52±19 years old and 59.8 % were male.
A similar number of procedures were performed during the
first and second levels of training (first half n=505 vs. second
half n=565). Conventional mapping was most commonly uti-
lized for RFCA of WPW (92.5 %) and AVNRT (78.1 %).
Conversely, EAM was most commonly used for VT (94 %)
and exclusively used among AF cases (100 %). The overall
acute success for all cases in this study was 92%. AVNRT had
the highest acute success rate (96.8 %) and AT the lowest
(80 %). Complications were reported in 1.2 % of cases. The
highest complication rates were reported for VTcases (4.7%).
Mean procedure time was 270.2±137.9 min, being longest
during AF (432.6±97.2) and shortest during AVNRT (191.0
±77.0 min). Mean fluoroscopy time was 27.9 min (SD±16.1),
and mean RF application time was 24.5 min (SD±28.5).

In univariate analysis among the pooled sample (Table 2),
acute success rates were better among conventional mapping
(conventional 94.2 %; CARTO 88.2 %; ESI 91.1 %; p=
0.016). Conversely, complication rates (CARTO, 1.7 %;
ESI, 2.3 %; conventional, 0.4 %; p=0.037), procedure time
(CARTO, 349.8 min; ESI, 314.8 min; conventional,
209.1 min; p<0.001), fluoroscopy time (CARTO, 30.7 min;
ESI, 29.9 min; conventional, 25.4 min; p<0.001), and RF
time (CARTO, 37.8 min; ESI, 34.2 min; conventional,
15.4 min; p<0.001) were significantly higher in cases where
3-D EAM was utilized. Acute success rate, procedure time,
and fluoroscopy time did not differ with level of training.
Complications were most common during the first 6 months
of training (first half, 2 % vs. second half, 0.5 % p=0.03 %).
When analyzing SVT cases (Table 3) and excluding complex
cases (AF, VT), considerably longer procedure time (CARTO,
262.4 min; ESI, 266.1 min; conventional, 206.8 min;
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p<0.001) and RF application time (CARTO, 20.9 min; ESI,
23.1 min; conventional, 13.6 min; p<0.001) were observed
when 3-D EAM was utilized. Fluoroscopy time was slightly

longer with the use of CARTOEAM (CARTO, 28.8min; ESI,
26.2 min; conventional, 26.6 min; p<0.035). Furthermore,
significantly longer fluoroscopy time (focal 25.9 min vs re-

Table 1 Descriptive statistics by tachyarrhythmia type

Total
(n=1070)

WPW (n=134) AF (n=162) AFL (n=272) AT (n=95) AVNRT (n=278) VT (n=129)

N % n % n % n % n % n % n %

Age, mean (SD) 52.3 19 28.6 16.4 57.3 11.1 61.5 13.1 54.5 17.8 51.3 19.5 52 18.7

Male 640 59.8 84 62.7 115 71.0 190 69.9 50 52.6 116 41.7 85 65.9

Level of training

First half 505 47.2 56 41.8 69 42.6 140 51.5 48 50.5 126 45.3 66 51.2

Second half 565 52.8 78 58.2 93 57.4 132 48.5 47 49.5 152 54.7 63 48.8

Mapping type

Conventional 530 49.5 124 92.5 0 0 157 57.7 26 27.4 217 78.1 6 4.7

CARTO 238 22.2 5 3.7 88 54.3 49 18.0 25 26.3 22 7.9 49 38.0

ESI 302 28.2 5 3.7 74 45.7 66 24.3 44 46.3 39 14.0 74 57.4

Acute success 984 92.0 129 96.3 146 90.1 252 92.6 80 84.2 269 96.8 108 83.7

Complications 13 1.2 1b 0.7 4b,b,c,d 2.5 1a 0.4 0 0.0 1a 0.4 6b,b,c,c,e,f 4.7

Procedure time (min), mean (SD) 270.2 137.9 272.9 131.7 432.6 97.2 210.1 109.5 305.5 131.9 191.0 77.0 335.1 134.4

Fluoroscopy time (min),
mean (SD)a,b,c,d,e

27.9 16.0 27.3 14.5 34.6 19.8 29.1 15.3 29.7 15.0 21.7 12.5 29.5 16.7

RF time (min), mean (SD) 24.5 28.5 6.7 7.7 70.0 35.9 24.0 16.9 20.4 25.2 7.9 6.4 32.1 29.6

Number of lesions, mean (SD) 29.2 31.5 13.0 12.0 84.0 39.0 27.0 18.0 22.0 27.0 12.0 9.0 33.0 28.0

WPWWolff-Parkinson-White syndrome, AF atrial fibrillation, AFL atrial flutter, AT atrial tachycardia, AVNRTatrioventricular nodal reentry tachycardia,
VT ventricular tachycardia, SD standard deviation
a Complication: complete heart block
b Complication: pericardial effusion/cardiac tamponade
c Complication: heart failure exacerbation
d Complication: intracavitary thrombus formation
e Complication: ventricular fibrillation arrest
f Complication: wound hematoma

Table 2 Pooled univariate analysis of acute success, complications, procedure time, fluoroscopy time, and radio frequency application time (n=1070)

Successa Complications Procedure time Fluoroscopy time Radio frequency time

% p valuea % p valuea Mean p values Mean p values Mean p valuea

Sex 0.202 0.659 0.001 0.008 <0.001

Female 93.3 1.4 253.0 26.3 21.7

Male 91.1 1.1 281.8 28.9 30.3

Level of training 0.149 0.031 0.272 0.060 0.596

First half 90.7 2.0 265.3 28.8 25.2

Second half 93.1 0.5 274.6 27.0 24.1

Mapping type 0.016 0.037 <0.001 <0.001 <0.001

Conventional 94.2 0.4 209.1 25.4 15.4

CARTO 88.2 1.7 349.8 30.7 37.8

ESI 91.1 2.3 314.8 29.9 34.2

P values with a significance level of <0.05 are in italics
a Chi-square test, Student’s t test, or ANOVAwas used to determine statistical significance
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entry 32.5 min, p=0.039) and RF application time (focal
15.8 min vs re-entry 44.9 min, p=<0.001) were noted when
VT cases were differentiated for the target substrate (focal vs
re-entry) (Table 4). Among individual underlying arrhyth-
mias, there was no difference in acute success or complication
rates as well as fluoroscopy time by the different mapping
types (Figs. 1, 2, and 3). Procedure time was only longer
during AT ablation using CARTO and ESI (p<0.039,
Fig. 4), whereas a statistically significant increase in radio
frequency time was noted for AFL cases when 3-D EAM
was used (Table 5).

When multivariate logistic regression analysis was per-
formed (Table 6), controlling for age, sex, level of training,
and underlying pathology, adjusted odds ratios (AORs) of
acute success were not statistically significant for CARTO
(p=0.68) or ESI (p=0.20) when compared to conventional
mapping. Likewise, the difference seen in univariate analysis
in terms of complication rates was no longer appreciated
(CARTO p=0.23 or ESI p=0.25). In multivariate linear re-
gression analysis, procedure time was significantly lon-
ger with EAM versus conventional mapping (CARTO,
408.3 min; ESI, 373.7 min; conventional, 268.2 min;
p<0.001). Fluoroscopy time was significantly longer in

cases utilizing EAM as compared to conventional map-
ping (CARTO, 28.3 min; ESI, 28.5 min; conventional,
24.3 min; p<0.001).

4 Discussion

The use of EAM systems has been widely adopted, as they
provide precise three-dimensional tagging for laborious and
complex electrophysiological procedures. The use of EAM in
less complex procedures can significantly reduce IR dose [6,
8, 18]. Conflicting results regarding procedural outcomes of
nonfluoroscopic techniques are documented in the literature.
Some authors have described a reduction in fluoroscopy and
radiation exposure rates with Bnear-zero fluoroscopy
exposure^ or recently Bzero fluoroscopy exposure^ using both
ultrasound and 3-D mapping techniques to perform RFCA of
supraventricular tachyarrhythmia [6, 19, 20]. Others have re-
ported significantly higher fluoroscopy and radiation exposure
while using EAM during complex procedures such as pulmo-
nary vein isolation in AF [5]. In a meta-analysis of 13 pro-
spective randomized clinical studies involving 1292 patients
assessing fluoroscopy time during RFCA of different

Table 3 Pooled univariate
analysis of acute success,
complications, procedure time,
fluoroscopy time, and radio
frequency application time for
SVT procedures (AT, AFL,
WPW, and ANVRT)

SVT proceduresa (n=779)

Conventional (n=524) CARTO (n=101) ESI (n=154)

Outcomes n or min % or SD n or min % or SD n or min % or SD p valueb

Acute success 492 94.3 91 90.1 145 94.2 0.277

Complications 2 0.4 0 0 1 0.6 0.715

Procedure time 206.8 102.9 262.4 117.8 266.1 131 <0.001

Fluoroscopy time 26.6 15.9 28.8 16.2 26.2 14.6 0.035

RF time 13.6 12.0 20.9 18.3 23.1 24.4 <0.001

P values with a significance level of <0.05 are in italics
a This group pooled all AT, AFL, WPW, and ANVRT cases
b Chi-square test or Student’s t test was used to determine statistical significance

Table 4 Analysis of acute
success, complications, procedure
time, and fluoroscopy time for VT
procedures stratified by focality
(n=129)

Focal (n=52) Re-entry (n=67)

Outcomes n or min % or SD n or min % or SD p valuea

Acute success 46 88.5 56 83.6 0.599

Complications 2 3.8 6 9.0 0.463

Procedure time 292.0 128.5 412.5 442.9 0.060

Fluoroscopy time 25.9 14.6 32.5 18.3 0.039

RF time 15.8 13.4 44.9 33.1 <0.001

Ten cases were not documented as either focal or nonfocal. P values with a significance level of <0.05 are in
italics
a Chi-square test or Student’s t test was used to determine statistical significance
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tachyarrhythmia, only AFL (P<0.0001) and AVNRT (P=
0.02) demonstrated a statistically significant decrease in fluo-
roscopy time. This was not observed for RFCA ofAF, AT, VT,
or AVRTcases. Similarly, no additional benefit was conferred
in other study outcomes such as acute success, procedure du-
ration, and complication rates [8].

In a small randomized prospective study that included
teaching cases, the use of EAM during RFCA demonstrated
a significant reduction in fluoroscopy time when compared to
conventional mapping [4]. This study did not exclusively ap-
ply to cases performed in a fellowship or teaching setting.
EAM does not provide real-time correlation of catheter

Fig. 1 Acute success rate by type
of mapping stratified by
procedure type. Chi-square test
was used to determine statistical
differences between groups.
WPW Wolff-Parkinson-White,
AF atrial fibrillation, AFL atrial
flutter, AT atrial tachycardia,
AVNRT atrioventricular node
reentry tachycardia, VT
ventricular tachycardia

Fig. 2 Complication rate by type
of mapping stratified by
procedure type. Chi-square test
was used to determine statistical
differences between groups.
WPW Wolff-Parkinson-White,
AF atrial fibrillation, AFL atrial
flutter, AT atrial tachycardia,
AVNRT atrioventricular node
reentry tachycardia, VT
ventricular tachycardia
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placement and heart border motion. Although intracardiac
echocardiography (ICE) and catheter force contact sensors
can provide valuable real-time information, these technologies
can be cost prohibitive and should not be used routinely in all
RFCA cases [21, 22]. While supervising trainees, fluoroscop-
ic imaging is often critical to assess catheter contact and posi-
tion in addition to ensure patient safety [23, 24].

To our knowledge, this is the largest study to assess the role
of EAM exclusively while training fellows. Our findings dem-
onstrated that EAM use does not reduce exposure to IR and is
in contrast to the findings of others in nonacademic settings.
EAM was associated with a significant increment in fluoros-
copy exposure as compared to procedures where conventional
mapping was utilized. However, EAMwas often used when a
complex case was anticipated possibly accounting for this
discrepancy. Higher IR exposure during interventional cardio-
vascular teaching cases has been described in one large

prospective study aiming to evaluate fluoroscopy time (FT)
as well as IR exposure in 3400 diagnostic cardiac procedures.
The investigators noted significantly higher IR exposure in
cases performed by trainees as compared to those performed
by experienced senior operators [13]. We considered that this
effect might be related to the constant supervision and inter-
action dictated by the current master/apprentice training mod-
el applied by the vast majority of training programs, leading to
the recurrent necessity of fluoroscopic correlation for all pro-
cedural ablation steps [25]. The repetitive need to assess cath-
eter position, tissue contact, and movement using fluoroscopic
imaging results in a significant increase in FT and might ex-
plain the unfavorable outcomes noted with the use of EAM in
teaching cases reported in our study. This concept was
highlighted in a recent study demonstrating the importance
of using multiple modalities to assess tissue catheter contact.
The combination of manual catheter feedback, catheter tip

Fig. 3 Fluoroscopy time by type ofmapping stratified by procedure type.
Error bars represent 95 % confidence interval of the mean. Analysis of
variance (ANOVA) test was used to determine statistical differences

between groups. WPW Wolff-Parkinson-White, AF atrial fibrillation,
AFL atrial flutter, AT atrial tachycardia, AVNRT atrioventricular node
reentry tachycardia, VT ventricular tachycardia

Fig. 4 Procedure time by type of mapping stratified by procedure type.
Error bars represent 95 % confidence interval of the mean. Analysis of
variance (ANOVA) test was used to determine statistical differences

between groups. WPW Wolff-Parkinson-White, AF atrial fibrillation,
AFL atrial flutter, AT atrial tachycardia, AVNRT atrioventricular node
reentry tachycardia, VT ventricular tachycardia
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force sensors, and EAM did not eliminate the need for 2-D
fluoroscopic imaging [26]. Integrating EAM and other imag-
ing modalities is technically challenging for trainees and re-
quires development of procedural skills. This was supported
by a significant improvement in FT and complication rates
throughout the training year.

Routine additional training techniques are warranted to op-
timize fellows’ training and procedural outcomes in academic
teaching settings. Medical training has been continuously
evolving, and the use of simulators to enhance technical skills
in the cardiac catheterization laboratory has resulted in im-
proved procedural skills and patient safety [27, 28]. Prospec-
tive data assessing the clinical usefulness of simulators in the
cardiovascular training of novice electrophysiology fellows
demonstrated better procedural performance and decreased
fluoroscopy times [28, 29].

5 Limitations

This study was conducted in a single center, which limits the
generalizability of our results to other training centers.

Nonetheless, to our knowledge, this is the largest study com-
paring RFCA utilizing EAM or conventional mapping tech-
niques in procedures performed exclusively by trainees. Our
conclusions do not apply to experienced operators as demon-
strated by previous well-designed prospective studies that
show improved outcomes with the use of EAM technology.
Our study does not include radiation dose, as it was not pos-
sible to retrieve data to calculate dose-area product for a sub-
stantial percentage of our patients. In addition, the use of in-
tracardiac ultrasound or catheter-tissue contact force technol-
ogy was not utilized or controlled for in our dataset. Such
technologies may be critical for ultimately improving RFCA
outcomes and reducing exposure to IR [18, 30]. Data compi-
lation was performed retrospectively, and the absence of ran-
domization could have permitted unknown confounders to
influence our results. We could not control for the degree of
participation trainees had in each case. Given retrospective
nature of the study, we could not control for the degree of
participation trainees had in each case, nor for individual case
difficulty, as when operators anticipated a more challenging
procedure, the tendency was to perform the procedure with
EAM assistance leading to a longer procedure and an increase

Table 5 Analysis of radio frequency time by type of mapping stratified by procedure

AFLa AFa ATa AVNRTa VTa WPWa

Mapping type Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Conventional 21.2 13.8 – – 12.0 7.7 7.6 5.6 11.7 6.9 6.3 7.5

CARTO 26.6 18.5 65.0 26.1 17.8 18.7 10.6 10.9 32.6 28.9 10.3 11.8

ESI 28.2 20.8 73.7 46.6 26.1 32.0 7.44 6.1 33.0 30.5 13.2 7.0

p value 0.01 0.67 0.13 0.13 0.37 0.15

P values with a significance level of <0.05 are in italics

WPWWolff-Parkinson-White syndrome, AF atrial fibrillation, AFL atrial flutter, AT atrial tachycardia, AVNRTatrioventricular nodal reentry tachycardia,
VT ventricular tachycardia, SD standard deviation
a Analysis of variance (ANOVA) test was used to determine statistical differences between groups

Table 6 Pooled multivariate analysis regression of acute success, complications, procedure time, and fluoroscopy time (n=1070)

Successa,b Complicationsb,b Procedure timec,d Fluoroscopy timec,d,e

Mapping type AOR (95 % CI) p value AOR (95 % CI) p value Adjusted mean p value Adjusted mean p value

Conventional 1.00 (reference) – 1.00 (reference) – 268.2 (176.1–360.5) – 24.3 (12.4–36.2) –

CARTO 1.41 (0.57–2.41) 0.68 2.06 (0.21–20.15) 0.23 408.3 (297.4–519.3) <0.001 28.8 (14.4–43.1) <0.001

ESI 1.59 (0.78–3.24) 0.20 3.86 (0.42–35.02) 0.53 373.7 (264.4–482.9) <0.001 28.5 (14.4–42.6) <0.001

P values with a significance level of <0.05 are in italics

AOR adjusted odds ratio, 95 % CI 95 % confidence interval
aMultivariate logistic regression was used for adjustment and to determine statistical significance
bModels controlled for age, sex, level of training, and underlying pathology (Wolff-Parkinson-White, atrial fibrillation, atrial flutter, atrial tachycardia,
atrioventricular nodal reentry tachycardia, and ventricular tachycardia)
cMultivariate linear regression was used for adjustment and to determine statistical significance
dModels controlled when age (52 years), male sex, first half of training, acutely successful procedure, and without complications
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in FT. Finally, these results cannot be applied to RFCA of AF
since all cases were performed using EAM and no control
group was available for comparison.

6 Conclusion

The use of EAM systems during teaching cases did not sig-
nificantly reduce fluoroscopy time or improve acute outcomes
when compared with conventional mapping. Prospective ran-
domized studies are needed to determine the true effects of
EAM during teaching cases. Alternative teaching strategies
that enhance confidence and safety during catheter manipula-
tion and allow for reduced fluoroscopy use should be
employed. The use of intracardiac ultrasound and force-
sensing catheters should help to reduce exposure to ionizing
radiation by providing real-time visualization and information
that would normally be sought by fluoroscopic imaging. Our
findings support the notion that further research and develop-
ment of specific training techniques are necessary to reduce
physician and patient exposure to IR during RFCA.
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