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Abstract 

Background:  An automated tagging module (VISITAG™; Biosense Webster, Irvine, CA) allows objective demonstra‑
tion of energy delivery. However, the effect of VISITAG™ on clinical outcomes remains unclear. This study evaluated (1) 
clinical outcome after AF ablation using VISITAG™ and (2) the prevalence of gaps in the ablation line.

Methods:  This retrospective analysis included 157 consecutive patients (mean age, 56.7 years; 73.2% men) with par‑
oxysmal atrial fibrillation who underwent successful PVI between 2013 and 2016. Outcomes after the index procedure 
were compared between those using the VISITAG™ module (VISITAG group, n = 62) and those not using it (control 
group, n = 95). The primary outcome was recurrence of AF or atrial tachycardia after a blanking period of 3 months.

Results:  The VISITAG group showed significantly shorter overall procedure time (172.2 ± 37.6 min vs. 
286.9 ± 66.7 min, P < 0.001), ablation time (49.8 ± 9.7 min vs. 82.8 ± 28.2 min, P < 0.001), and fluoroscopy time 
(11.8 ± 5.3 min vs. 34.2 ± 30.1 min, P < 0.001) compared with controls. The 1-year recurrence-free survival rate was not 
statistically different between the groups (70.8% in the VISITAG group vs. 79.2% in the control group, P = 0.189). Gaps 
in the VISITAG line were common in the both carina and left side pulmonary veins. Patients without gaps (≥ 5 mm) by 
the criteria emphasizing catheter stability (> 15 s, < 4 mm range, > 60% force over time, > 6 g contact force) showed 
higher recurrence-free survival rate compared with those with gaps (borderline statistical significance, 91.7% vs. 
66.0%, P = 0.094).

Conclusion:  Use of the VISITAG™ module significantly reduced procedure, ablation, and fluoroscopic times with a 
similar AF/AT recurrence rate compared with the conventional ablation. Clinical implications of minimizing gaps along 
the ablation line should be evaluated further in the future prospective studies.
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Introduction
The radiofrequency catheter ablation (RFCA) of atrial 
fibrillation (AF) has evolved in recent years to become 
first or secondary line of treatment option for rhythm 
control [1–3]. It is more effective in terms of sinus 
rhythm maintenance and minimizing the long-term 

adverse events associated with anti-arrhythmic drugs 
[4]. CARTO VISITAG™ (Biosense Webster, Irvine, CA) 
annotates the ablation site objectively whenever pre-
defined criteria such as catheter stability, time, contact 
force, or impedance drop are fulfilled.

If there were gaps in the tagging by VISITAG™, it 
might reflect non-contiguous lesion delivery which could 
explain pulmonary vein reconnection [5]. However, the 
optimal criteria of gap have not yet been settled to date. 
Lin et  al. [6] and Okumura et  al. [7] recently suggested 
criteria for the VISITAG gap based on their experience 

Open Access

International Journal of Arrhythmia

*Correspondence:  mdjunkim@gmail.com
Department of Cardiology, Asan Medical Center, University of Ulsan 
College of Medicine, 88, Olympic‑ro 43‑gil, Songpa‑gu, Seoul 05505, 
South Korea

http://orcid.org/0000-0002-3573-638X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42444-020-00021-9&domain=pdf


Page 2 of 8Cho et al. Int J Arrhythm           (2020) 21:13 

and data on acute recurrence. However, as these studies 
were based on experts’ opinions rather than long-term 
clinical outcomes, the implications of VISITAG gap are 
still not well evaluated. In the current study, we hypoth-
esized that the gaps in the VISITAG™ are associated with 
long-term clinical outcomes and tested them in patients 
with paroxysmal AF who underwent first pulmonary vein 
isolation (PVI).

Methods
Study population
Of the 451 patients who underwent RFCA for AF using 
the CARTO (Biosense Webster, Irvine, CA) three-
dimensional mapping system between November 2013 
and March 2016 at Asan Medical Center in Seoul, 
South Korea, we included PAF patients who underwent 
first PV isolation. We excluded patients who had any of 
the following: (1) persistent AF (n = 173); (2) previous 
RFCA (n = 37); or (3) previous maze operation (n = 2), 
additional left atrial line or complex fractionated atrial 
electrogram ablation (n = 63), incomplete PV isolation 
(n = 4), and incomplete data (n = 15). The main study 
population was comprised of 157 patients with or with-
out cavotricuspid isthmus ablations (Fig. 1). The patients 
were divided into two groups according to the use of 
the VISITAG™ module during the procedure (with 

VISITAG, n = 62; without VISITAG, n = 95). This study 
conformed to the ethical guidelines of the 1975 Decla-
ration of Helsinki and was approved by the Institutional 
Review Board of Asan Medical Center (2017-0357). The 
need for informed consent was waived due to the retro-
spective nature of the study.

Ablation procedure and follow‑up
The demographic, electrocardiographic, and echocar-
diographic characteristics of the patients were obtained 
by independent research personnel at the time of 
admission for the RFCA procedure. A duodecapolar 
catheter was initially placed in the coronary sinus and 
right atrium. Double transseptal catheterization was 
performed under hemodynamic monitoring and fluoro-
scopic guidance, one for mapping and one for the abla-
tion catheter. A 7 Fr Lasso catheter or Pentaray catheter 
(Biosense Webster, Irvine, CA) was placed for mapping. 
Analgesia was maintained with remifentanil throughout 
the procedure. Electroanatomical mapping and ablation 
procedures were performed using the CARTO® system 
(Biosense Webster, Irvine, CA). Mapping and ablation 
were completed using a 7.5 Fr NaviStar SmartTouch SF 
irrigation catheter with a 3.5  mm tip (Biosense Web-
ster). We performed PVI using a target contact force 
of 10–30 grams and delivered energy of 30–35 watts 

Fig. 1  Study flow diagram
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(power control mode) for the anterior wall and 25–30 
watts for the posterior wall. In the VISITAG group, the 
ablation lesions were tagged automatically based on 
predefined criteria on the VISITAG module (Fig.  2). 
Ablation lines were made sequential point-by-point 
fashion to avoid gaps in the line with VISITAG™ setting 
of our center (minimum time of 5 s, maximum range of 
2.5 mm, force over time of 50%, minimum force of 5 g, 
and non-projected tags). Manual or projected tags were 
not used in VISITAG group. In the control group, we 
delivered a point-by-point RF application in a power-
controlled mode with same energy setting as VISITAG 
group. We tagged the ablation lesions manually accord-
ing to the physician’s discretion, based on the reduction 
in bipolar electrogram during ablation as well as drop 
of the local impedance.

The procedural endpoint was the complete entrance 
block of all 4 PVs, defined as elimination of all ostial PV 
potentials during sinus or paced rhythm in both groups. 
Additional ablation between gaps along the intended 
ablation line was not done after the electrical isolation 
of the PV from the left atrium. A 30-minute waiting 
period was observed to monitor for early reconnec-
tion. Uninterrupted anticoagulation, either using war-
farin or non-vitamin K antagonist oral anticoagulants, 
was maintained before and after the procedure. Acti-
vated clotting time was adjusted for 300–350  s dur-
ing the procedure. Patient follow-up was conducted at 
1, 3, 6, and 12  months after the index procedure with 
12-lead electrocardiogram and 24-hour Holter moni-
toring. Additional rhythm monitoring was performed 
if the patient had symptoms suggestive of arrhythmic 
recurrence.

Gap analysis
The gaps in the ablation line were assessed according 
to three predefined criteria for VISITAG™ tagging. Cri-
terion 1 followed the VISITAG™ settings of our center 
which described above (minimum time of 5  s, maxi-
mum range of 2.5 mm, force over time of 50%, minimum 
force of 5 g). For Criterion 2, the tagging was repeatedly 
assessed using the criteria established by Lin et  al. [6], 
which consisted of a minimum time of 15 s, a maximum 
range of 4 mm, 60% force over time, and 6 g minimum 
force. For Criterion 3, we reassessed the gaps by apply-
ing the criteria reported by Okumura et  al. [7], which 
consisted of a minimum time of 5  s, a maximum range 
of 3  mm, 25% force over time, and 8  g minimum force. 
Gaps in the VISITAG line were defined as a margin-to-
margin distance of 5  mm between two adjacent VIS-
ITAG™ tags (Fig. 2). The gaps in the line were assessed by 
two independent research personnel who were blinded 
to the study outcomes. The electroanatomical maps were 
rotated three-dimensionally to avoid inadequate meas-
urement by angle. Interobserver variability was assessed 
by gap analysis of 20 randomly selected samples and 
demonstrated excellent consistency (kappa value, 0.88). 
Conflicted cases were resolved by the consensus.

Study outcome
The primary study outcome was rate of recurrence of 
AF or atrial tachycardia (AT) after a blanking period of 
3  months. The recurrence of AF or AT was diagnosed 
when a sustained episode lasting > 30 s was documented 
on the electrocardiogram or Holter monitoring, either 
routine or symptom driven. The secondary outcome was 
the location and prevalence of VISITAG gap by each of 

Fig. 2  Representative case of gap analysis. There were no gaps when using Criterion 1 (left), but gaps were noted when Criterion 2 was applied 
(right)
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the three criteria. In addition, the rate of recurrent AF 
and AT was reassessed according to the presence or 
absence of VISITAG gap on the PVI line to assess the 
clinical impact of such gaps. Total procedure time, abla-
tion time, fluoroscopic time, and procedure-related com-
plications after PVI were also evaluated in the current 
study. All clinical outcomes were verified and adjudicated 
by an independent researcher.

Statistical analysis
All statistical analyses were performed using R software 
(version 3.3.1; R Foundation for Statistical Computing, 
Vienna, Austria; www.r-proje​ct.org). All P values were 
two-sided, and P values < 0.05 were considered statisti-
cally significant. Continuous variables were presented 
as either means with standard deviation or median val-
ues with interquartile ranges. Categorical variables were 
presented as frequency and percentage. Continuous 
variables were compared using Student’s t test or the 
Wilcoxon rank-sum test. Categorical variables were com-
pared using the χ2 test or Fisher’s exact test, as appropri-
ate. The cumulative rates of recurrent AF and AT were 
demonstrated using Kaplan–Meyer analysis with dif-
ferences assessed using the Log-rank test. Cox’s pro-
portional hazard model was used to demonstrate the 

association between gap and recurrence of AF and AT 
during follow-up.

Results
Between March 2009 and December 2016, a total of 451 
patients underwent AF-RFCA using the CARTO sys-
tem in our center. Among these patients, 157 paroxys-
mal AF patients underwent PVI with or without use of 
VISITAG™. In the baseline characteristics (Table 1), the 
mean age of the patients was 56.7 ± 10.9  years, 73.2% 
were men, and the mean CHA2DS2-VASc score was 
1.2 ± 1.4 points. There were no significant differences in 
baseline characteristics between those with and without 
VISITAG™ use. The left atrial (LA) anterior–posterior 
diameter (39.4 ± 4.9 vs. 39.9 ± 6.3 mm, p = 0.554) or LA 
volume of the CARTO three-dimensional electroanatom-
ical map (116.6 ± 31.8 vs. 108.0 ± 33.8 ml, p = 0.147) was 
not significantly different between the two groups.

Procedural characteristics are summarized in Table  2. 
A contact force sensing catheter was mostly used in 
those patients for whom VISITAG™ was used. The rate 
of cavotricuspid isthmus ablation in addition to the PVI 
was not different between two groups. The procedure 
time (286.9 ± 66.7  min vs. 172.2 ± 37.6  min; P < 0.001) 
and ablation time (82.8 ± 28.2  min vs. 49.8 ± 9.7  min; 
P < 0.001) were significantly shorter in VISITAG group. 

Table 1  Baseline characteristics of the study patients

BMI body mass index; TIA transient ischemic attack

Data are presented as mean ± standard deviation or number (%)

Overall
(N = 157)

VISITAG (-)
(N = 95)

VISITAG (+)
(N = 62)

P value

Age 56.7 ± 10.9 55.6 ± 11.2 58.5 ± 10.2 0.099

Men 115 (73.2) 70 (73.7) 45 (72.6) > 0.99

BMI 24.6 ± 3.4 24.8 ± 3.1 24.3 ± 3.8 0.339

Previous medical history

Hypertension 51 (32.5) 32 (33.7) 19 (30.6) 0.823

Diabetes 14 (8.9) 8 (8.4) 6 (9.7) > 0.99

Congestive heart failure 3 (1.9) 2 (2.1) 1 (1.6) > 0.99

Vascular disease 4 (2.5) 3 (3.2) 1 (1.6) 0.934

Ischemic stroke/TIA 16 (10.2) 6 (6.3) 10 (16.1) 0.086

CHA2DS2-VASc score 1.2 ± 1.4 1.1 ± 1.4 1.4 ± 1.3 0.284

CHA2DS2-VASc score ≥ 2 54 (34.4) 28 (29.5) 26 (41.9) 0.151

Left ventricular ejection fraction, % 61.0 ± 6.3 61.0 ± 6.1 60.9 ± 6.7 0.905

Left atrial size, mm 39.6 ± 5.5 39.4 ± 4.9 39.9 ± 6.3 0.554

Left atrial volume, ml 112.5 ± 32.9 116.6 ± 31.8 108.0 ± 33.8 0.147

Amiodarone 14 (8.9) 8 (8.4) 6 (9.7) >0.99

Class 1C drug 120 (76.4) 68 (71.6) 52 (83.9) 0.114

Beta-blocker 47 (29.9) 22 (23.2) 25 (40.3) 0.034

Calcium channel blockers 47 (29.9) 32 (33.7) 15 (24.2) 0.275

Digoxin 10 (6.4) 2 (2.1) 8 (12.9) 0.018

http://www.r-project.org
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The fluoroscopic time was also significantly shorter in 
this group (34.2 ± 30.1 min vs. 11.8 ± 5.3 min; P < 0.001). 
There were no major procedure-related complications in 
either group.

The prevalence of the gaps determined by each cri-
terion is depicted in Fig.  3. According to Criterion 1, 
gaps in the ablation line were noted in 38.7% of patients 
(Fig.  3a) and were prevalent in both carina segments. 
When Criterion 2 was applied, the prevalence of gaps 
increased significantly (80.6%, P < 0.001 vs. Criterion 
1; Fig.  3b), especially those at the right roof (24.2% vs. 
11.3%, P = 0.060) and left ridge (22.6% vs. 8.1%, P = 0.025) 
compared with Criterion 1. When applying Criterion 3, 
the overall prevalence of gaps was not significantly differ-
ent (50%, P = 0.206 vs. Criterion 1; Fig. 3c). In this setting, 

the lower ridge segment showed a numerically higher 
rate of gap compared with the default criteria (21.0% vs. 
9.7%, P = 0.081).

There were 37 cases of recurrence (23.5%) during 1 year 
after the blanking period. The cumulative recurrent AF- 
and AT-free survival rate was not significantly different 
between the groups with and without VISITAG (79.2% 
vs. 70.8%, P = 0.189; Fig.  4a). The patients without VIS-
ITAG gap showed a numerically higher recurrence-free 
survival rate (Fig.  4b–d), but without statistical signifi-
cance compared with Criterion 1 (Fig. 4b) and Criterion 
3 (Fig. 4d). When Criterion 2 was applied, the presence 
of VISITAG gap was associated with a lower recurrence-
free survival rate compared with those without gaps (bor-
derline statistical significance, 91.7% vs. 66.0%, P = 0.094; 

Table 2  Procedural characteristics

Data are presented as mean ± standard deviation or number (%)

Overall
(N = 157)

VISITAG (-)
(N = 95)

VISITAG (+)
(N = 62)

P value

Contact force catheter 74 (47.1) 12 (12.6) 62 (100.0) < 0.001

Cavotricuspid isthmus ablation 97 (61.8) 63 (66.3) 34 (54.8) 0.201

Procedure time (min) 241.6 ± 80.0 286.9 ± 66.7 172.2 ± 37.6 < 0.001

Ablation time (s) 69.8 ± 27.9 82.8 ± 28.2 49.8 ± 9.7 < 0.001

Fluoroscopy time (min) 25.3 ± 26.0 34.2 ± 30.1 11.8 ± 5.3 < 0.001

Procedure-related complications 0 (0) (0) 0 (0)

Fig. 3  Prevalence of gaps using Criterion criteria 1 (a), Criterion 2 (b), and Criterion 3 (c)
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Fig.  4c). The sensitivity, specificity, positive predictive 
value, and negative predictive value of the VISITAG gap 
by Criterion 2 to the AF and AT recurrence were 94.7%, 
25.6%, 36.0% and 91.7%, respectively.

Discussion
In this retrospective study, we report several clinically 
relevant findings regarding the implication of VISITAG™ 
on the AF-RFCA. The use of VISITAG™ shortens the 
procedure time, ablation time, and fluoroscopic time 
without significant difference in AF and AT recurrence. 
Gaps in the line were most prevalent in both carina in 
Criterion 1, the right roof and left upper ridge by Crite-
rion 2, and the left lower ridge by Criterion 3. The pres-
ence of gaps by the Criterion 2 was associated with lower 
recurrence-free survival rate compared with those with-
out VISITAG use.

There have been several efforts made for durable, 
homogenous transmural lesions. The clinical usefulness 
of VISITAG™ is partly assessed in the previous study [8], 
in which the VISITAG module is associated with a higher 
first-pass PV isolation with a shorter ablation time. The 
recently published CLOSE protocol made extreme efforts 
regarding delivery of constant energy and force with suf-
ficient duration in contiguous lesions, and their excel-
lent efficacy has already been proven in both animal 
and clinical studies [8–10]. The VISITAG™ is a funda-
mental component of such point-by-point approaches, 
as it objectively demonstrates the gaps in the line that 
are inadequately ablated regions associated with future 
reconnections [11]. Therefore, the analysis of the gaps 
in our study is clinically important, as it could reveal the 
missing points in our practice and ultimately enhance 
outcomes after the procedure.

Fig. 4  Comparison of 1-year atrial fibrillation and tachycardia recurrence-free survival rates between ablation with and without VISITAG use (a), with 
or without VISITAG gap using Criterion 1 (b), and with or without VISITAG gap using Criterion 2 (c), and with or without VISITAG gap using Criterion 3 
(d)
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In our study, use of VISITAG was associated with simi-
lar AF- and AT-free survival rates, despite a 40% reduc-
tion in ablation times. In addition, use of this module 
resulted in a 40% reduction in the overall procedure time 
and a 66% reduction in fluoroscopic time. We believe this 
is a clinically important finding, as shorter procedure, 
ablation, and radiation times are critical factors in terms 
of patient safety. Longer procedure and ablation times are 
possibly associated with more procedure-related com-
plications and radiation exposure [12]. With objective 
tagging of criteria-fulfilled lesions, operators can avoid 
unnecessary burns. On the contrary, gaps in the line intu-
itively indicate regions to be ablated further, which might 
explain the reduced ablation time with similar efficacy in 
our data [6]. We therefore believe the VISITAG module is 
a clinically useful tool for safe and effective ablation.

In the current study, distribution and implication of 
gaps in the VISITAG™ module varied according to the 
criterion applied. Using the default setting, gaps were 
prevalent in the carina, which reflects difficulties in 
maintaining catheter stability in this region. Prevalence 
of gaps was exaggerated in the RSPV roof and left upper 
ridge area using Criterion 2. As Criterion 2 focused on 
extremely long stability (> 15  s), this finding reflects the 
difficulties of catheter positioning in this area. It also 
demonstrates that the stability of catheter is impor-
tant as gaps by Criterion 2 are associated with a lower 
arrhythmia-free survival rate. Recently published data 
from Reddy et al. stressed that catheter stability is more 
important than force itself and that it is associated with 
better long-term outcomes [13]. In their study, which 
is in line with ours, difficulties in maintaining stability 
in both carina and left PVs were noted. This means that 
special care should be taken during ablation of these 
regions. Application of looping techniques could be a 
complementary method to ensure stability [14]. Crite-
rion 3 focused on higher force (> 8  g) than the default 
setting, and therefore, gaps demonstrated a different 
distribution prevalent in the lower ridge area, reflecting 
the difficulties maintaining high force in this area [7]. 
Use of a deflectable sheath or sheath mediated torque 
would be helpful [15]. The absence or presence of gaps 
by the Criterion 3 did not affect the long-term outcomes. 
The differential outcome data of Criterion 2 and 3 were 
partially explained by the recent data from Chubb et al., 
which compared VISITAG gap to the atrial scar in the 
post-procedure cardiac magnetic resonance imaging 
(MRI) [16]. The mature atrial scar increased linear fash-
ion with increased ablation time criteria, but not with the 
stringent force criteria (> 10  g): The scar was frequently 
created at lower force. Therefore, we believe contiguous 
atrial scar formation, which reflected in absence of gaps 
by Criterion 2 emphasizing longer ablation time, might 

lead to better clinical outcomes. Our results are in line 
with aforementioned study by Reddy et al. [13].

Limitations
There were several limitations in this study. The ret-
rospective observational design of the study entails 
inherent selection bias. Because the result is from the 
single-center registry, the procedure pattern is specific to 
our center. Results could be different if the same analy-
sis is performed in another center. Because the VISITAG 
group enrolled later than the control group, the differ-
ence in procedure characteristics (such as ablation or 
procedure times) is partly affected by the changing prac-
tice or increasing experience of the operator rather than 
VISITAG use. The number of patients in the VISITAG 
analysis is too small to derive a statistically significant 
difference. Therefore, we cannot determine the optimal 
VISITAG settings, such as number, length, or locations 
based on the current data. For the same reason, generali-
zation of our findings should be made with caution. Fur-
ther evaluation with larger prospective cohorts, including 
comparison with objective “gold standard” such as car-
diac MRI or reconnections in the repeated procedure, is 
needed.

Conclusion
Use of the VISITAG™ module significantly reduced pro-
cedure, ablation, and fluoroscopic times with similar AT 
and AF recurrence rates compared with conventional 
ablation methods. The clinical implications of gaps in the 
ablation line should be evaluated further in future pro-
spective studies.
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