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ABSTRACT

BACKGROUND Data on the results of ablation for atrial fibrillation (AF) in Poland are scarce.

AIMS The aim of the study was to compare the efficacy of ablation index (AI)-guided pulmonary vein
isolation (PVI) with that of conventional contact force-based PVI.

METHODS Consecutive patients undergoing PVI for the first time were included in the study.
A nonrandomized retrospective comparison was made between patients ablated with contact force
before Al was introduced (non-Al group) and patients ablated with the use of Al (Al group). The Al
threshold for the anterior wall / roof of left veins was 500 and 380 elsewhere. The maximal interlesion
distance was 6 mm. The follow-up included outpatient visits and 7-day Holter monitoring 6 and
12 months after ablation.

RESULTS Atotal of 275 patients were included in the analysis: 133 in the AL group and 142 in the non-
-Al group. The duration of AF ablation was slightly longer in the AL group, but the fluoroscopy time and
the radiofrequency ablation time were shorter in the same group. During the 12-month follow-up
period, 25.8% and 40.6% of patients from the Al and non-Al groups, respectively, experienced recurrences
(P=0.02). The log-rank test with an extended follow-up period of up to 18 months confirmed the difference
between the Aland non-AI groups, both in the whole group and in the paroxysmal AF and nonparoxysmal
AF subgroups (P=10.001, P=0.04, and P =0.006, respectively).

CONCLUSIONS The Al-based protocol provides a significant advantage over traditional contact

force-based radiofrequency ablation in nonselected patients undergoing PVI.

INTRODUCTION Pulmonary vein isolation
(PVI) is the cornerstone of contemporary ab-
lation procedures in patients with atrial fibril-
lation (AF).! However, even when contact force
(CF) catheters are used, the rates of late pulmo-
nary vein reconnection and AF recurrence re-
main significant.

The ablation index (AI) is a formula incorpo-
rating power, CF, and catheter stability, allow-
ing the formation of more efficient and durable
ablation lesions. By combining Al with maxi-
mal interlesion distance, the CLOSE protocol
was shown to be efficient in PVI.? The aim of our
study was to compare the efficacy of Al-guided
PVIwith that of conventional CF-based PVIon
an unselected Polish population.

ORIGINAL ARTICLE

Ablation index in ablation for atrial fibrillation

METHODS Patients This study was a single-
-center nonrandomized retrospective analysis.
Consecutive patients undergoing their first PVI
due to AF (both paroxysmal and nonparoxys-
mal) between January 2015 and April 2019 were
included in the analysis. Patients with nonpar-
oxysmal AF included those with persistent and
long-term persistent AF, but because of a small
number of patients with long-term persistent
AF, the group was analyzed jointly. All patients
qualified for PVI according to current guide-
lines (symptomatic, drug-refractory AF)." Ab-
lations were performed with manual or VisiTag
annotation of the ablation points without dis-
tance criteria. Since mid-2017, ablations with
Al and the modified CLOSE protocol have been
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WHAT'S NEW?

Data on the results of atrial fibrillation (AF) ablation in Poland are scarce.
A cohort of consecutive nonselected Polish patients undergoing pulmonary
vein isolation (PVI) due to AF was analyzed. We compared the results of PVI
in patients undergoing standard contact force-based radiofrequency ablation
and in patients undergoing ablation index-based radiofrequency ablation. In
the group of patients undergoing Al-based PVI, the procedure was slightly
longer, but the fluoroscopy time and the radiofrequency ablation time were
shorter. Furthermore, in the same group, a significantly lower rate of recurrence
was observed in both paroxysmal and nonparoxysmal AF.
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started.’ As the present study was a retrospec-
tive analysis of previously obtained data and
the patients were treated routinely with the best
current practice, the institutional ethics com-
mittee approval and patients’ written informed
consent were not required.

Ablation strategy Bothgroups The left atri-
um was accessed through a double transsep-
tal puncture. A circumferential mapping cath-
eter and an irrigated CF catheter were used for
mapping and radiofrequency ablation. Naviga-
tion of the catheters was based on fluorosco-
py and on the electroanatomical CARTO 3 sys-
tem (Biosense Webster, Irwindale, California,
United States). The ipsilateral veins were isolat-
ed jointly. The isolation of all pulmonary veins
was the endpoint of the procedure. Whenever
possible, this process was verified during sinus

rhythm. Ablations beyond PVI were performed
only when the patient developed atrial tachy-
cardia or atrial flutter during the procedure. Af-
ter the isolation of all veins, there was a wait-
ing period of 15 to 20 minutes and the veins
were rechecked.

The non-AI group (control group) The drag-
ging technique was used in most patients, and
the power limit was 25 W at the posterior wall
and 30 W elsewhere. A manual or automated le-
sion annotation (VistiTag, available on CARTO
system) without an interlesion distance limit
was used. The minimal CF was 5 g, and the min-
imal ablation time at one spot was 20 seconds
on the posterior wall and 30 seconds elsewhere.

The Al group The point-by-point technique
was used, and the Al settings were as follows:
the catheter stability range of motion was 3 mm,
the catheter stability time was more than 3 sec-
onds, and the CF was more than 3 g over 25%
of the time. The power limit was 35 to 40 W,
and the AI threshold for the anterior wall and
the roof in left pulmonary veins was 500 and
380 elsewhere. The maximal interlesion dis-
tance was 6 mm. Examples of ablation lines are
shown in FIGURE1.

Follow-up A 3-month blanking period was
applied. Recurrence was defined as any atrial
tachycardia lasting more than 30 seconds. All

FIGURE1 Examples of maps from patients undergoing standard contact force-based ablation (the non-ablation index [Al]
group, A and B) and patients undergoing Al-based ablation (the Al group, C and D). Force-time integral is color-coded: red,

AL >500; pink, Al 380-500.
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TABLE1 Baseline clinical characteristics

Variable

Non-AI group (n = 142)

Al group (n=133)

Patient characteristics

Age, y, mean (SD) 60 (10) 60(10) 0.86
Male sex, n (%) 82(58) 81(61) 0.68
BMI, kg/m?, mean (SD) 29.8 (4.4) 29.9(4) 0.86
Paroxysmal AF, n (%) 94 (66) 88 (66) 0.9
Time from AF diagnosis to PVI, y, median (IQR) 2 (1-5) 2 (1-5) 0.44
Hypertension, n (%) 108 (76) 94 (71) 0.38
Coronary artery disease, n (%) 18 (13) 30(23) 0.046
Heart failure, n (%) 13(9) 13(10) 0.97
Diabetes, n (%) 30(20) 30(23) 0.78
Left atrial diameter, cm, median (IQR) 415 (3.9-4.5) 410 (3.9-4.5) 0.54
LVEF, %, median (IQR) 60 (55-65) 60 (55-65) 0.36
PVI procedure parameters

Procedure time, min, median (IQR) 125 (110-140) 130 (120-150) 0.007
Fluoroscopy time, s, median (IQR) 489 (309-625) 347 (272-423) <0.001
Radiofrequency ablation time, s, median (IQR) 2108 (1743-2556) 1836 (1647-2113)  <0.001
PVIonly radiofrequency ablation time, s, median (IQR) 2024 (1728-2529) 1804 (1626-2001)  <0.001

Abbreviations: AF, atrial fibrillation; AI, Ablation Index; BMI, body mass index; IQR, interquartile range; LVEF, left ventricular ejection

fraction; PVI, pulmonary vein isolation

patients were recommended to discontinue an-
tiarrhythmic drugs (AADs) immediately after
catheter ablation. The patients were scheduled
for 2 follow-up visits after 6 and 12 months and
yearly thereafter. All asymptomatic patients un-
derwent 7-day Holter monitoring.

Statistical analysis The normality of variable
distribution was tested using the Shapiro-Wilk
test. Descriptive characteristics were reported as
median (interquartile range [IQR], first to third
quartiles) or mean (SD) for continuous variables
(depending on the normality of variable distri-
bution). Categorical variables were presented as
frequencies. The t test was used to compare con-
tinuous variables with normal distribution, and
the Mann-Whitney test was used otherwise. For
categorical variables, group comparisons were
made using the x? test or the Fisher exact test.
Kaplan-Meier curves and log-rank tests were uti-
lized for event-free survival analysis. For all cal-
culations, 2-tailed tests were applied, and the lev-
el of significance was set at a P value of 0.05. All
calculations were performed with Statistica 12
(StatSoft Inc., Tulsa, Oklahoma, United States).

RESULTS A total of 275 patients were includ-
ed in the analysis. Of these patients, 133 under-
went ablation with Al, whereas 142 underwent
AF ablation before the launch of Al and served as
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controls. In each group, 13 patients were lost to
follow-up. The groups were comparable in terms
of clinical data. The baseline characteristics of
the groups are shown in TABLE1.

The duration of AF ablation in patients from
the AI group was slightly longer, but their flu-
oroscopy time and radiofrequency ablation
time were shorter. In the re-evaluation of pul-
monary veins after 15 to 20 minutes, 55 pa-
tients (38.7%) required additional ablations in
the non-Al group, and 28 (21.1%) in the Al group
(P = 0.002 for comparison between the non-Al
and Al groups).

During the 12-month follow-up period, only
25.8% of the patients had AF recurrences in
the Al group compared with 40.6% of the pa-
tients in the non-Al group. This difference was
significant (P = 0.02). The difference was seen
in both paroxysmal and nonparoxysmal AF, al-
though the results did not reach statistical signif-
icance (see TBLE2). The patients were recommended
to withdraw from using all AADs, but 9 patients
in the non-Al group and 11 in the Al group con-
tinued to use AADs without recurrences.

The Kaplan-Meier curves with an extended
follow-up period of up to 18 months are shown
in FIGURE2. There was a difference between the Al
and non-Al groups both in the whole group and
in the paroxysmal AF and nonparoxysmal AF
subgroups (P = 0.001, P = 0.036, and P = 0.006,
respectively).
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TABLE2 Follow-up results

Variable Non-AI group (n = 142) Al group (n=133)
3-month recurrence rate, n (%) 55(43) 27 (22.5) 0.001
12-month Whole group, n (%) 52 (40.6) 31(25.8) 0.02
recurrence rate
Paroxysmal AF, n (%) 30(35.3) 21(24.9) 0.15
Nonparoxysmal AF, n (%) 22(51.2) 10(30.3) 0.11
12-month AF hospitalization rate, n (%) 21(18.1) 6(5.2) 0.005

Abbreviations: see TABLE 1

There were 4 groin complications in the non-
-AlI group (2.8%) and 6 in the AI group (4.5%).
In the non-Al group, there was one cardiac tam-
ponade observed and one death due to stroke 1
month after the procedure was performed. In
the Al group, there were no tamponades, but
there was one transient phrenic nerve palsy, one
death due to stroke 2 months after the procedure
was performed, and one sudden cardiac death
(unrelated to the procedure, 5 months after PVI).

In the non-Al group, 24 patients underwent
a redo procedure, and 3 patients had their pul-
monary veins isolated. In the AI group, 11 pa-
tients underwent a redo procedure, and 5 pa-
tients had their pulmonary veins isolated.

DISCUSSION We showed that in nonselect-
ed patients undergoing PVI due to AF, the Al-
-based protocol leads to a reduced recurrence rate
in the whole group and in the paroxysmal and
nonparoxysmal subgroups. We also showed that
PVTIis slightly longer with the use of Al but it re-
quires a shorter fluoroscopy time and radiofre-
quency ablation time.

Increasing operator experience enabled basing
PVI on a 3-dimensional system, which resulted in
a shorter fluoroscopy time. The shorter radiofre-
quency application time is primarily due to high-
er power settings; with good contact (10-20 g)
on the posterior wall, the radiofrequency appli-
cation can be as short as 10 seconds. It is unclear
why the whole procedure took longer. It was prob-
ably a matter of time spent on reaching the prop-
er position of the catheter and the acceptable CF.
There are some regions where achieving catheter
stability and an acceptable CF is a real challenge.

The protocol settings in our laboratory were
based on the CLOSE protocol,? with slightly re-
duced thresholds (500 for the anterior and 380
for the posterior wall). We modified the CLOSE
protocol according to the observation that no
reconnection of pulmonary veins was observed
when the minimum Al value was 370 or higher
for the posterior/inferior segments and 480 or
higher for the anterior/roof segments.?

The results observed in our center—although
better than those before Al and the modified
CLOSE protocol—are not as good as the first
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published results of the CLOSE protocol (94%
efficacy in a 1-year follow-up in paroxysmal AF).2
Still, the results of Phlips et al? are not easily rep-
licated in other electrophysiology laboratories.
The group from London and Oxford showed that
the 1-year freedom from atrial tachyarrhythmia
after a single procedure was 78%." Berte et al° re-
ported 6-month efficacy of 82% to 83% in CLOSE
protocol-ablated patients. Several reasons can ac-
count for these differences. Characteristics of the
patient population are one of the most potent fac-
tors influencing the results.® It is unlikely that our
modified CLOSE protocol (500 Al threshold on an-
terior walls) negatively influenced the results, as
almost no reconnections were observed on the an-
terior wall during the redo procedures. Another
issue may be experience with the algorithm. Fi-
nally, all our procedures were performed in con-
scious sedation, which might influence the sta-
bility of the ablation catheter and the quality of
the lesions.

We used power settings that are higher than
average (35-40 W, regardless of the part of
the atrium) based on previous observations of
the safety of such an approach (pilot AF trial by
T. Betts et al, unpublished data). Current anal-
yses support this approach; it seems that abla-
tion on the posterior wall with 40 W is safe,’
and ablation with this power setting is associ-
ated with a shorter procedure, fluoroscopy, and
radiofrequency time.?

In our opinion, the power limit is not a ma-
jor factor influencing the efficacy of PVI. With
higher-power radiofrequency ablation, the time
to reach the AI threshold is shorter, and the le-
sion is slightly wider, but the depth remains
comparable (available data for comparisons of
20 and 40 W).? We believe that the crucial factor
is an interlesion distance below 6 mm and, con-
sequently, the obtained Al threshold.

AT and the CLOSE protocol are helpful in in-
creasing the efficacy of AF ablation, but they are
not a remedy for all issues connected with PVI.
There are still numerous points to address, such
as how wide the ablation lines should be placed,
especially at the posterior wall, how to ablate
the right veins to achieve durable isolation, and
how to maintain catheter stability in the regions
where stability is usually poor."
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FIGURE 2  Atrial fibrillation (AF)-free survival probability curves comparing non-ablation index
(Al) and Al groups. A — whole group; B — paroxysmal AF; C — nonparoxysmal AF. Log rank test:
P=0.001, P=0.036, and P =0.006, respectively.

Strengths and limitations of the study Our
protocol was introduced in all patients, and
the patient groups were well described. All proce-
dures were performed by a skilled operator who
performs more than 100 AF ablations per year.
On the other hand, this study involved
a single-center nonrandomized comparison and
retrospective analysis of data, which can weak-
en the conclusions. The follow-up with two 7-day
Holter monitoring sessions within the first year
after ablation is also a limitation of the study. We
understand that the results do not seem to be
novel, but paradoxically, comparisons of the Al
groups with historical data are not redundant."

Conclusion Innonselected patients, an AF Al-
-based protocol gives a significant advantage over
previous methods of lesion annotation. The num-
ber of recurrences is significantly reduced, which
is particularly visible in nonparoxysmal AF.

ARTICLE INFORMATION

ACKNOWLEDGMENTS  This publication was in part financed with the statu-
tory grant of Military Institute of Medicine (no. 392; to MK).

CONFLICT OF INTEREST MK has a proctoring contract with Johnson & John-
son and Abbott. KK is a stockholder of Johnson & Johnson and Abbott. Other au-
thors declare no conflict of interest.

OPEN ACCESS This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 In-
ternational License (CC BY-NC-ND 4.0), allowing third parties to download ar-
ticles and share them with others, provided the original work is properly cited,
not changed in any way, distributed under the same license, and used for non-
commercial purposes only. For commercial use, please contact the journal office
at kardiologiapolska@ptkardio.pl.

HOW TO CITE Kiliszek M, Krzyzanowski K, Wierzbowski R, et al. The value of
the ablation index in patients undergoing ablation for atrial fibrillation. Kardiol
Pol. 2020; 78: 1015-1019. doi:10.33963/KP.15523

REFERENCES

1 Calkins H, Hindricks G, Cappato R, et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAE-
CE expert consensus statement on catheter and surgical ablation of atrial fibrilla-
tion: executive summary. Europace. 2018; 20: 157-208.

2 PhlipsT, Taghiji P, El Haddad M, et al. Improving procedural and one-year out-
come after contact force-guided pulmonary vein isolation: the role of interlesion
distance, ablation index, and contact force variability in the ‘CLOSE"-protocol. Eu-
ropace. 2018; 20: f419-f427.

3 Das M, Loveday JJ, Wynn GJ, et al. Ablation index, a novel marker of ablation
lesion quality: prediction of pulmonary vein reconnection at repeat electrophysi-
ology study and regional differences in target values. Europace. 2017; 19: 775-783.

4 Dhillon G, Ahsan S, Honarbakhsh S, et al. A multicentered evaluation of ab-
lation at higher power guided by ablation index: Establishing ablation targets for
pulmonary vein isolation. ] Cardiovasc Electrophysiol. 2019; 30: 357-365.

5 Berte B, Hilfiker G, Russi L, et al. Pulmonary vein isolation using a higher pow-
er shorter duration CLOSE protocol with a surround flow ablation catheter. ] Car-
diovasc Electrophysiol. 2019; 30: 2199-2204.

6  Winkle RA. Atrial fibrillation ablation outcomes: it's not the tool you use, it's
the patient you choose. Pacing Clin Electrophysiol. 2019; 7: 859-861.

7 Takemoto M, Takami M, Fukuzawa K, et al. Different tissue thermodynamics
between the 40W and 20 W radiofrequency power settings under the same abla-
tion index/lesion size index. ) Cardiovasc Electrophysiol. 2020; 31: 196-204.

8  Kyriakopoulou M, Wielandts JY, Strisciuglio T, et al. Evaluation of higher pow-
er delivery during RF pulmonary vein isolation using optimized and contiguous le-
sions. ] Cardiovasc Electrophysiol. 2020; 31: 1091-1098.

9 Takemoto M, Takami M, Fukuzawa K, et al. Different tissue thermodynamics
between the 40 W and 20 W Radiofrequency power settings under the same abla-
tion index/lesion size index. ) Cardiovasc Electrophysiol. 2020; 31: 196-204.

10  Hindricks G, Shamloo AS, Lenarczyk R, et al. catheter ablation of atrial fi-
brillation: current status, techniques, outcomes and challenges. Kardiol Pol. 2018;
76: 1680-1686.

11 Pranata R, Vania R, Huang L. Ablation-index guided versus conventional
contact-force guided ablation in pulmonary vein isolation. Systematic review and
metaanalysis. Indian Pacing Electrophysiol ). 2019; 19: 155-160.

ORIGINAL ARTICLE Ablationindexin ablation for atrial fibrillation 1019


https://doi.org/10.1093/europace/eux275
https://doi.org/10.1093/europace/eux275
https://doi.org/10.1093/europace/eux275
https://doi.org/10.1093/europace/eux376
https://doi.org/10.1093/europace/eux376
https://doi.org/10.1093/europace/eux376
https://doi.org/10.1093/europace/eux376
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.1111/jce.13813
https://doi.org/10.1111/jce.13813
https://doi.org/10.1111/jce.13813
https://doi.org/10.1111/jce.14122
https://doi.org/10.1111/jce.14122
https://doi.org/10.1111/jce.14122
https://doi.org/10.1111/pace.13717
https://doi.org/10.1111/pace.13717
https://doi.org/10.1111/jce.14285
https://doi.org/10.1111/jce.14285
https://doi.org/10.1111/jce.14285
https://doi.org/10.1111/jce.14438
https://doi.org/10.1111/jce.14438
https://doi.org/10.1111/jce.14438
https://doi.org/10.1111/jce.14285
https://doi.org/10.1111/jce.14285
https://doi.org/10.1111/jce.14285
https://doi.org/10.5603/KP.a2018.0216
https://doi.org/10.5603/KP.a2018.0216
https://doi.org/10.5603/KP.a2018.0216
https://doi.org/10.1016/j.ipej.2019.05.001
https://doi.org/10.1016/j.ipej.2019.05.001
https://doi.org/10.1016/j.ipej.2019.05.001

