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Abstract

Background Ablation index (Al) is a novel ablation quality marker that incorporates contact force (CF), time and power in
a weighted formula to provide accurate information about lesion formation during catheter ablation. This index has been
evaluated for pulmonary vein isolation (PVI) but has not been systematically used for other left atrial (LA) procedures so
far. The aim of this study is to evaluate the feasibility and efficacy of this index for LA anterior line (AL) ablation (LAALA).
Methods 30 consecutive patients with persistent atrial fibrillation or LA macro-reentrant tachycardia and large low-voltage
area at the left atrial anterior wall were evaluated and divided into 2 groups: group 1 (15 pts) LAALA guided by CF; group
2 (15 pts) LAALA guided by Al target (500) and inter-lesion distance <6 mm.

Results In group 2, shorter ablation time (12.5+3.8 vs 17 +£7 min, p =0.049), overall RF application time (7.9 1.4 vs
10.8 £3.2 min. p=0.01) and less radiofrequency (RF) applications (14.5+2.3 vs 20.5+6.1 p=0.01) were necessary to
achieve AL bi-directional block. Acute reconnection of the AL was documented in three patients (20%) of group 1 and in no
patient of group 2 (20% vs 0% p=0.22). At site of reconnection, an inter-lesion distance >6 mm was always found. There
was no difference in terms of CF and power between group 2 and group 1. Al was statistically different between group 2 and
group 1 (AI=511+77 vs 451 +111; p=0.004).

Conclusion Al-guided LAALA in this study was feasible and featured by shorter ablation time, shorter overall RF applica-
tion time and a reduced number of RF applications to achieve AL bidirectional block.
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Introduction

Durable conduction block across deployed myocardial
lesions is mandatory not only for pulmonary vein isola-
tion (PVI) but also for any other cardiac ablation strat-
egy [1]. Despite significant improvements in RF ablation
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technologies (optimized cooling capacity and force sensing
capability [2, 3]), long-term efficacy of ablation of linear and
contiguous lesions is still limited [4—6]. Therefore, further
improvements are still desirable to create durable lesions and
prevent interposed gaps with only transiently impaired elec-
trical conduction. Power and contact force are major deter-
minants of sufficient lesion creation and several efforts have
been made in the past to improve these two factors [7, 8].

In the absence of real-time assessment of lesion develop-
ment and transmurality, surrogate measures of lesion qual-
ity are commonly utilized, such as impedance drop during
ablation [9, 10]. More recently, force—time integral (FTI), a
formula which multiplies contact force by radiofrequency
application duration, has been used during PVI procedures
[4]. However, FTI does not take into account power delivery,
an important factor for lesion formation.
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Ablation index (AI) (CARTO 3 V4, Biosense Webster,
Inc., Diamond Bar, CA) is a novel marker of lesion quality
that incorporates contact force (CF), time (¢) and power (P)
in a weighted formula (k*C’OCFa(z)Pb(T)dT)C. Al has been
shown to accurately estimate lesion depth in animal stud-
ies [11] and recently the prospective use of Al during PVI
procedures has shown promising results [12]. However, no
study systematically investigated the utility of Al for abla-
tion at other anatomical structures within the left atrium
(LA) apart from PVs.

Thus, the aim of this study was to evaluate the feasi-
bility and efficacy of Al-guided LA anterior line ablation
(LAALA).

Methods

A total of 30 consecutive patients with drug-refractory per-
sistent atrial fibrillation (AF) large low-voltage area at the
left atrial anterior wall or left atrial macro-reentrant tachy-
cardia (LAMRT) that underwent LAALA were included
in this retrospective analysis. AF was defined persistent if
episodes lasted > 7 days or required electrical or pharmaco-
logical cardioversion after > 48 h from onset [13]. LAMRT
was defined as follows: (1) continuous sequence of atrial
activation, with the earliest activation adjacent to the lat-
est activation, and (2) range of activation times 90% of the
tachycardia cycle length [14]. Furthermore, entrainment
mapping was performed to identify the reentrant circuit and
its critical isthmus.

Al was assessed and evaluated during LAALA ablation
only.

All patients were ablated at St. Georg-Asklepios Klinik,
Hamburg, Germany. Written informed consent was obtained
from each patient for the procedure. The current study com-
plies with the Declaration of Helsinki and was approved by
the local ethical committee (WF30/18).

Transesophageal echocardiography was performed prior
to ablation to rule out LA thrombi in all patients. All pro-
cedures were performed on uninterrupted oral vitamin K
anticoagulants with a target INR of 2.0-3.0 on the day of
the procedure. If a non-vitamin K anticoagulant was used,
its intake was discontinued 24 h before ablation. Catheter
ablation was performed under deep sedation with bolus of
midazolam and fentanyl and a continuous infusion of propo-
fol. A 6F diagnostic catheter was inserted into the coronary
sinus (CS-d) via the right femoral vein. Double trans-septal
puncture (TSP) using 8.5F SL1 sheaths (SJM, St. Paul, Min-
nesota, USA) and a modified Brockenbrough technique was
performed as previously described in detail [15]. After, dou-
ble-TSP unfractionated heparin was administered according
to the patient’s weight to maintain an activated clotting time
(ACT)>300s.
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Map acquisition

Voltage maps and/or activation maps were created dur-
ing sinus rthythm or LAMRT applying a 3D electro-ana-
tomic mapping system (Carto Biosense Webster, USA). In
patients with persistent AF, sinus rhythm was restored by
transthoracic direct electrical cardioversion at the begin-
ning of the procedure. For the LA voltage map, the bipo-
lar voltage reference interval was set between 0.05 and
0.5 mV. The definition of low-voltage area included one
of the two following criteria: (1) absence of voltage or
a bipolar voltage amplitude <0.05 mV indistinguishable
from noise; (2) low-voltage “abnormal” areas were defined
as an amplitude <0.5 mV, as previously reported [16].

Ablation procedure

Ablation was performed with an open-irrigated tip catheter
(Thermocool Smart-touch SF D-curve, Biosense Webster,
Diamond Bar, CA, USA). After reconstruction of the LA,
each PV ostium was identified by selective PV angiog-
raphy. In patients with persistent AF, circumferential
ablation of the ipsilateral PVs was performed to isolate
the PVs; in patients with redo-procedures, re-isolation of
the PVs was performed in case of previous pulmonary
vein isolation (PVI). Afterwards in patients with persis-
tent AF and evidence of large low-voltage area at the left
atrial anterior wall, LAALA was performed. Patients with
LAMRT were primarily treated with LA anterior line lin-
ear ablation.

Anterior line ablation started from the mitral valve and
ended at the antero-superior aspect of the right superior
PV. Irrigated radiofrequency (RF) was delivered, target-
ing a maximum temperature of 43 °C, a maximum power
level of 35 W and an infusion rate of 20 ml/min. Along the
anterior wall, the maximum power was limited to 30 W.

Patients were divided into two groups according to the
ablation protocol. In patients of group 1 (n=15), lesion
creation was guided by Contact Force targets of 10-40 g,
aiming for local signal attenuation of >80% at each point
[17, 18]. Ten procedures of the first group were used to
calculate an individual AI for LAALA (AI=500 with
30 W). However, the performing physician was blinded
to Al values.

In patients of group 2 (n=15), all procedures were
guided by AI target values for LAALA (AI=500) and
targeting an inter-lesion distance <6 mm (Fig. 1).

All procedures have been performed by a single highly
experienced operator.

Conduction block along the anterior line was validated
during sinus rhythm by (1) an abrupt prolongation of
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LSPV

LAA

Fig. 1 Voltage 3D map of the left atrium (a antero-posterior view, b
right lateral view) after ablation of a LA anterior line in a patient of
group 2 with perimitral flutter. Red points are those where an ablation
index of more than 500 was reached. Blue point is where LA anterior

conduction time into the LAA of at least 50 ms (2) early
signals at the sites preceding the line and late after (3)
widely spread double potentials along the whole line with
pacing at either side of the line, (4) differential pacing
maneuvers [19].

Statistical methods

Continuous variables are reported as means =+ standard
deviation and compared with Student’s ¢ test for unpaired
groups as required, and dichotomic variables as percentage
and compared with y* test of Fisher test as required. A p
value < 0.05 was considered as statistically significant.

Results
Baseline characteristics

Thirty consecutive patients (56% male), mean age 72+ 5
years, were referred for left atrial ablation procedures (80%
with persistent AF and 20% with LAMRT as index arrhyth-
mia). Mean left ventricular ejection fraction was 56 +9%
and left atrial volume was 126 +35 ml. All the patients pre-
sented at left atrial voltage map a large low-voltage area
at the LA anterior wall, involving more than 50% of ante-
rior wall without significant low-voltage areas in other LA
regions. Groups 1 and 2 did not differ significantly in terms
of age, sex and cardiovascular risk factors. Baseline charac-
teristics are reported in Table 1.

Procedural data

Ablation time to achieve AL bi-directional block was
shorter in patients of group 2 (12.5+3.8 vs 17 +7 min;

LIPV

line was blocked. RSPV right superior pulmonary vein, RIPV right
inferior pulmonary vein, LSPV left superior pulmonary vein, LIPV
left inferior pulmonary vein, LAA left atrial appendage, MV mitral
valve

p=0.049); moreover, patients of group 2 required less
RF applications (14.5+2.3 vs 20.5+6.1 p=0.01) and RF
application time required for anterior line ablation was
significantly shorter between groups 2 and 1 (7.9 +1.4 vs
10.8 +£3.2 min. p=0.01) (Fig. 2). LAMRT terminated dur-
ing LAALA in all the procedures. No complications were
recorded in any patient.

At the end of the procedure after 30-min waiting period,
acute AL reconnection was documented in three patients
(20%) of group 1 and in no patient of group 2 (20% vs 0%
p=0.22).

At sites of early reconnection, Al was 600, 510 and 440,
respectively. However, in all three patients inter-lesion dis-
tance was > 6 mm (7, 8, 9.3 mm).

Evaluation of depth and contiguity lesion criteria

When comparing ablation parameters during LAALA of
group 2 vs group 1, there was no difference in terms of
average contact force (24.8 +13 vs 22.4+14 g; p=0.14)
and maximal power (27.8 +4.7 vs 28.4+4.6 W; p=0.19).
However, in patients of group 2, RF time per application
was reduced (16.3+13.6 vs 24.7+11.2 s; p=0.001). No
significant difference in terms of rate of impedance drop
between the groups was found (9.4% vs 9.2% p=0.78)
(Table 2; Fig. 3).

Ablation index was statistically different between
groups 2 and 1 (AI=511+77 vs 451 +111; p=0.004).
Moreover, patients of group 2 had a reduced force—time
integral (363 +267 vs 597 +501 g/s p=0.001).

No significant differences between groups 2 and 1 were
present in terms of inter-lesion distance (5.35+2.0 vs
525+ 1.9 mm, p=0.61).
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Table 1 Baseline fefnures and Group 1 (CF guided)  Group 2 (Al guided) P value
intraprocedural findings 15 pts 15 pts
Age (years) 71.9+5.7 73.1+£6.3 0.58
Male, n 9 (60%) 8 (53%) 0.87
Persistent AF, n 13 (86%) 11 (76%) 0.34
1st procedure (PVI+ anterior line) 6/13 (46%) 5/11 (46%)
2nd procedure (rePVI+ anterior line) 7/13 (54%) 6/11 (54%)
LAMRT, n 2 (14%) 4 (26%) 0.46
LVEF% 58+5.6 545+114 0.36
LA volume (ml) 118.8+30 136.2+41.2 0.25
Hypertension, n 9 (60%) 10 (66%) 0.65
Previous CVE, n 1(6%) 2 (13%) 0.74
CHA,DsVAS,C score 28+14 33+1 0.36
Antiarrhythmic drugs
Betablockers 10/15 (66%) 11/15 (73%) 0.98
Flecainide 5/15 (33%) 3/15 (20%) 0.68
Amiodarone 2/15 (13%) 2/15 (135) 0.98
Length of LA anterior line (mm) 65.5+7.8 65+8.9 0.89
Time to transition p wave/LAA (msec) 190+12 198 +21 0.88

AF atrial fibrillation, Al ablation index, CF contact force, CVE cerebrovascular event, LA left atrium,
LAMRT left atrial macro-reentry tachycardia, LVEF left ventricular ejection fraction

Fig.2 Procedural data compar- 25+ = <0.01 .
ing two groups: group 1 contact P - AI-gunc_ied
force (CF) guided and group 2 B3 CF-guided

ablation index (Al) guided. Ant
anterior, RF radiofrequency
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Table 2 Parameters of lesion

so. Group 1 (CF guided) Group 2 (Al guided) P value
quality in both groups
RF time per application (s) 247+11.2 16.3+13.6 0.001
Contact force (g) 224+14 24.8+13 0.14
Power (watt) 28.4+4.6 27.8+4.7 0.19
% Impedance drop 9.4% 9.2% 0.88
Ablation index 451+111 S11+77 0.004
Force—time integral (g/s) 597 +501 363 +267 0.001
Inter-lesion distance (mm) 525+19 5.35+2 0.61
CF contact force, Al ablation Index
40- I— 40- |—| 40-
p=<0.01 p=014 —y— p=0.19
—— 30+
[} 12}
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N > >
> ¥ °
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600+ —I—
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< 400-
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impedance drop ablation index inter-lesion distance

Fig.3 Comparison of ablation parameters of two groups: group 1 contact force (CF) guided and group 2 ablation index (AI) guided

Discussion The main findings of this study are
bidirectional block of anterior LA line performed with
RF applications and guided by ablation index resulted in
shorter ablation times and a shorter RF application time;

This is the first study systematically evaluating the use of 1.
Al for the assessment of myocardial lesion creation with

RF to achieve bidirectional block of the left atrial anterior

line.
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2. acute reconnection of the anterior LA line during the
procedure was found among those areas where inter-
lesion distance was more than 6 mm;

3. ablation index may allow to create more durable lesions,
with a lower number of RF applications necessary when
creating an anterior LA line.

Catheter ablation using ablation index

Radiofrequency ablation is an established treatment for
several cardiac arrhythmias. However, in the absence of
real-time assessment of lesion creation, there is still a need
of indirect parameters to assess for the quality of ablation
lesions.

Contact force expressed in grams has been first evaluated.
Di Biase et al. found that a contact force above 40 g resulted
in a higher risk of steam pops, whereas contact force below
10 g did not result in transmural lesions regardless of the
power [18].

Several studies have shown that contact force and time
expressed in a formula called FTI (force—time integral)
might be able to predict occurrence of gaps within the abla-
tion lines after PVI. In the EFFICAS I study, the site of late
PV reconnection (PVR) strongly correlated with minimal
CF and FTI. Minimal CF of 20 g and minimal FTI > 400
gs at each PV segment correlated with a 95% probability of
durable PV isolation (at 3 months after index procedure) [2].
Similarly, Park et al. showed that a cutoff value of 10 g CF
(and a minimum FTT of 400 gs) has a high sensitivity and
specificity for acute durability of PVI [20].

However, FTI as a marker of lesion quality has several
limitations. First of all, it ignores the role of power deliv-
ery in lesion creation [21]. Second, this integral is a simple
multiplication of contact force by application time, whereas
the relationship between these parameters is dynamic, with
both making differing contributions to lesion formation [22].

Ablation index is a novel marker of lesion quality that
incorporates contact force, time and power in a weighted
formula and has been mainly used for PVI procedures so far
[12]. This formula is individual for each operator and pro-
vides a value that needs to be fulfilled in different segments
of PVs. Das et al. evaluated Al target values for anterior
and posterior segments of PVs of 480 and 370, respectively.
Application of these regional target values provides a more
tailored approach to left atrial ablation by avoiding excessive
ablation in higher risk thin-walled areas such as the posterior
wall, without compromising on efficacy at areas of thicker
tissue such as the PV ridge [23].

Al seems to be a good ablation descriptor and has shown
better correlation with impedance drop when compared
with FTI. However, the use of the STSF catheter is associ-
ated with a lower impedance drop per FTI or Al and an

@ Springer

impedance-drop plateau is reached sooner when compared
to a conventional smart-touch ablation catheter [24].

Anterior LA wall ablation

Bidirectional block of the anterior line is an approach for
treatment of peri-mitral flutter and is a potential additional
target for substrate modification in patients with persistent
AF and low-voltage areas of the anterior LA wall. Indeed,
Pak et al. compared 200 patients with persistent AF, of these
100 receiving anterior line ablations and 100 mitral isthmus
line (MI) ablations. They found that at long-term follow-up
the recurrence rate of AF after LAALA was significantly
lower than that of MI ablation after a single procedure (26%
vs 41% p=0.02) [25].

This approach has several potential benefits: (a) conduc-
tion block that can be more easily made using LAALA linear
ablation compared to MI ablation; (b) better contact pressure
can be achieved with LAALA thanks to the contact between
anterior wall and the aorta (posterior wall), which is a rigid
structure; (c) LAALA reduces the LA critical mass and may
block multiloop reentries around the mitral valve annulus,
LA appendage, or septum.

Ablation of the anterior line with persistence of bidirec-
tional block also plays a role for completion of wide-area
left atrial appendage electrical isolation which has shown
to reduce recurrence of atrial tachyarrhythmias in selected
patients [26]. Actually, in the context of persistent AF abla-
tion, additional ablation of other areas than PV (lines, rotors
or fractionated signals) did not prove significant benefit in
terms of AF freedom [27, 28].

In the present study’s population, to create a substrate
modification in patients with large anterior LA low-voltage
area, an oblique anterior line coursing from the mitral valve
annulus (MVA) to the right superior pulmonary vein (RSPV)
has been performed. However, some groups use a shorter
vertical line from the MVA to the left superior pulmonary
vein (LSPV) with good results at long-term FU [29].

In the present study, bidirectional block of the anterior
line guided by ablation index resulted in shorter proce-
dure times and a lower number of RF applications as well
as shorter RF application times. These results are in line
with the CLOSE protocol where fifty consecutive paroxys-
mal AF patients underwent PVI targeting an ILD <6 mm
and an Al >400 (posterior) and > 550 (anterior) and were
compared with 50 patients where ablation was performed
with a conventional CF-guided approach. In the ‘CLOSE’
group, procedure times and RF times per circle were shorter
(respectively, 149 +33 min vs 192 +42 min, p <0.0001 and
18 +£4 min vs 28 + 7.5 min, p <0.0001) [30].

In line with these data, in the present study, acute
reconnection sites were found in those areas where inter-
lesion distance was > 6 mm. Indeed, the main reasons for
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reconnection are lesion depth and lesion contiguity. When
the lesion depth is reached, the main predictor of recur-
rence is the inter-lesion distance and vice versa [31]. In the
CLOSE study, 100% of recurrence sites were found among
those sites where ILD was > 6 mm [24].

Interestingly, in the present study, LAALA Al-guided
procedures were featured by reduced RF time per appli-
cation (16.39+13.69 vs 24.77+11.20 s p=0.001) and
this is reflected in a reduced FTI in the AI group. How-
ever, although not statistically different, in the Al group, a
trend to higher contact force values was seen (24.8 +13 vs
224+ 14 gp=0.14).

As previously shown by Chun et al., PVI plus linear
lesion when compared with PVI only is featured by higher
risk of cardiac tamponade (3.2% vs 0.5% p=<0.01) [32].
The optimization of ablation time combined with contact
force and power could be helpful to avoid complications in
these high-risk procedures. Therefore, ablation index could
be a useful tool in this context.

Limitations

This is a retrospective single-center study with a limited
number of patients. Larger cohorts and multi-center studies
are needed to validate these data. During ablation of contact
force group patients, a subgroup (n=10 pts) was used for
Al calculation. This might be a potential bias, as a training
effect cannot be ruled out. Computer tomography or cardiac
magnetic resonance imaging was not performed before or
after the procedure to evaluate directly left atrial wall thick-
ness before ablation and myocardial lesion after ablation.

Conclusion

Al-guided ablation of left atrial anterior line is feasible and
featured by shorter ablation times and a lower number of
RF applications. Al-guided LAALA may allow to achieve
better lesion quality, with a reduction of RF application time
in case of adequate contact and power.

References

1. Ouyang F, Antz M, Ernst S, Hachiya H, Mavrakis H, Deger FT,
Schaumann A, Chun J, Falk P, Hennig D, Liu X, Béansch D, Kuck
KH (2005) Recovered pulmonary vein conduction as a dominant
factor for recurrent atrial tachyarrhythmias after complete circu-
lar isolation of the pulmonary veins: lessons from double Lasso
technique. Circulation 111(2):127-135

2. Maurer T, Rottner L, Makimoto H, Reissmann B, Heeger CH,
Lemes C, Fink T, Riedl J, Santoro F, Wohlmuth P, Volkmer M,
Mathew S, Metzner A, Ouyang F, Kuck KH, Sohns C (2018) The
best of two worlds? Pulmonary vein isolation using a novel radi-
ofrequency ablation catheter incorporating contact force sensing

10.

11.

12.

13.

15.

technology and 56-hole porous tip irrigation. Clin Res Cardiol.
https://doi.org/10.1007/s00392-018-1270-y

Schaeffer B, Willems S, Meyer C, Liiker J, Akbulak R, Moser J,
Jularic M, Eickholt C, Schwarzl JM, Gunawardene M, Kuklik P,
Sultan A, Hoffmann BA, Steven D (2018) Contact force facilitates
the achievement of an unexcitable ablation line during pulmonary
vein isolation. Clin Res Cardiol 107(8):632-641

Neuzil P, Reddy VY, Kautzner J, Petru J, Wichterle D, Shah D
et al (2013) Electrical reconnection after pulmonary vein isolation
is contingent on contact force during initial treatment: results from
the EFFICAS I study. Circ Arrhythm Electrophysiol 6:327-333
Kautzner J, Neuzil P, Lambert H, Peichl P, Petru J, Cihak R
et al (2015) EFFICAS II: optimization of catheter contact force
improves outcome of pulmonary vein isolation for paroxysmal
atrial fibrillation. Europace 17:1229-1235

Reissmann B, Rillig A, Wissner E, Tilz R, Schliiter M, Sohns
C, Heeger C, Mathew S, Maurer T, Lemes C, Fink T, Wohlmuth
P, Santoro F, Riedl J, Ouyang F, Kuck KH, Metzner A (2017)
Durability of wide-area left atrial appendage isolation: results
from extensive catheter ablation for treatment of persistent atrial
fibrillation. Heart Rhythm 14(3):314-319

Rillig A, Lin T, Schmidt B, Feige B, Heeger C, Wegner J, Wiss-
ner E, Metzner A, Arya A, Mathew S, Wohlmuth P, Ouyang F,
Kuck KH, Tilz RR (2016) Experience matters: long-term results
of pulmonary vein isolation using a robotic navigation system for
the treatment of paroxysmal atrial fibrillation. Clin Res Cardiol
105(2):106-116

Rillig A, Schmidt B, Di Biase L, Lin T, Scholz L, Heeger CH,
Metzner A, Steven D, Wohlmuth P, Willems S, Trivedi C,
Galllinghouse JG, Natale A, Ouyang F, Kuck KH, Tilz RR (2017)
Manual versus robotic catheter ablation for the treatment of atrial
fibrillation: the man and machine trial. JACC Clin Electrophysiol
3(8):875-883

Reichlin T, Knecht S, Lane C, Kuhne M, Nof E, Chopra N et al
(2014) Initial impedance decrease as an indicator of good catheter
contact: insights from radiofrequency ablation with force sensing
catheters. Heart Rhythm 11:194-201

Reichlin T, Lane C, Nagashima K, Nof E, Chopra N, Ng J et al
(2015) Feasibility, efficacy, and safety of radiofrequency ablation
of atrial fibrillation guided by monitoring of the initial impedance
decrease as a surrogate of catheter contact. J Cardiovasc Electro-
physiol 26:390-396

Ullah W, Hunter RJ, Baker V, Dhinoja MB, Sporton S, Earley
M et al (2014) Target indices for clinical ablation in atrial fibril-
lation: insights from contact force, electrogram, and biophysical
parameter analysis. Circ Arrhythm Electrophysiol 7:63—-68
Hussein A, Das M, Chaturvedi V, Asfour IK, Daryanani N, Mor-
gan M, Ronayne C, Shaw M, Snowdon R, Gupta D (2017) Pro-
spective use of ablation index targets improves clinical outcomes
following ablation for atrial fibrillation. J Cardiovasc Electro-
physiol 28(9):1037-1047

Calkins H, Kuck KH, Cappato R et al (2012) 2012 HRS/EHRA/
ECAS expert consensus statement on catheter and surgical abla-
tion of atrial fibrillation: recommendations for patient selection,
procedural techniques, patient management and follow-up, defini-
tions, endpoints, and research trial design. Europace 14:528-606

. Ouyang F, Ernst S, Vogtmann T, Goya M, Volkmer M, Schau-

mann A, Binsch D, Antz M, Kuck KH (2002) Characterization of
reentrant circuits in left atrial macroreentrant tachycardia: critical
isthmus block can prevent atrial tachycardia recurrence. Circula-
tion 105(16):1934-1942

Ouyang F, Tilz R, Chun J, Schmidt B, Wissner E, Zerm T, Neven
K, Koktiirk B, Konstantinidou M, Metzner A, Fuernkranz A, Kuck
KH (2010) Long-term results of catheter ablation in paroxysmal
atrial fibrillation: lessons from a 5-year follow-up. Circulation
122:2368-2377

@ Springer


https://doi.org/10.1007/s00392-018-1270-y

1016

Clinical Research in Cardiology (2019) 108:1009-1016

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sanders P, Morton JB, Davidson NC et al (2003) Electrical
remodeling of the atria in congestive heart failure: electrophysi-
ological and electroanatomic mapping in humans. Circulation
108:1461-1468

Stabile G, Solimene F, Cald L, Anselmino M, Castro A, Pratola
C, Golia P, Bottoni N, Grandinetti G, De Simone A, De Ponti R,
Dottori S, Bertaglia E (2014) Catheter-tissue contact force for
pulmonary veins isolation: a pilot multicentre study on effect on
procedure and fluoroscopy time. Europace 16(3):335-340

Di Biase L, Natale A, Barrett C, Tan C, Elayi CS, Ching CK,
Wang P, Al-Ahmad A, Arruda M, Burkhardt JD, Wisnoskey BJ,
Chowdhury P, De Marco S, Armaganijan L, Litwak KN, Sch-
weikert RA, Cummings JE (2009) Relationship between cath-
eter forces, lesion characteristics, “popping,” and char formation:
experience with robotic navigation system. J Cardiovasc Electro-
physiol 20(4):436-440

Huemer M, Wutzler A, Parwani AS, Attanasio P, Heiderfazel S,
Ewertsen NC, Haverkamp W, Boldt LH (2015) Left atrial append-
age conduction jump for real-time evaluation of conduction block
over the anterior mitral annulus line. J Cardiovasc Electrophysiol
26(7):730-736

Park CI, Lehrmann H, Keyl C, Weber R, Schiebeling J, Allgeier
J, Schurr P, Shah A, Neumann FJ, Arentz T, Jadidi AS (2014)
Mechanisms of pulmonary vein reconnection after radiofrequency
ablation of atrial fibrillation: the deterministic role of contact force
and interlesion distance. J Cardiovasc Electrophysiol 1:1-8
Guerra JM, Jorge E, Raga S, Galvez-Monton C, Alonso-Martin
C, Rodriguez-Font E et al (2013) Effects of open-irrigated radi-
ofrequency ablation catheter design on lesion formation and com-
plications: in vitro comparison of 6 different devices. J Cardiovasc
Electrophysiol 24:1157-1162

Kumar S, Chan M, Lee J, Wong MC, Yudi M, Morton JB et al
(2014) Catheter-tissue contact force determines atrial electrogram
characteristics before and lesion efficacy after antral pulmonary
vein isolation in humans. J Cardiovasc Electrophysiol 25:122-129
Das M, Loveday JJ, Wynn GJ, Gomes S, Saeed Y, Bonnett LJ,
Waktare JEP, Todd DM, Hall MCS, Snowdon RL, Modi S, Gupta
D (2017) Ablation index, a novel marker of ablation lesion qual-
ity: prediction of pulmonary vein reconnection at repeat elec-
trophysiology study and regional differences in target values.
Europace 19(5):775-783

Ullah W, Hunter RJ, Finlay MC, McLean A, Dhinoja MB, Sporton
S, Earley MJ, Schilling RJ (2017) Ablation index and surround

@ Springer

25.

26.

217.

28.

29.

30.

31.

32.

flow catheter irrigation impedance-based appraisal in clinical
ablation. JACC Clin Electrophysiol 3(10):1080-1088

Pak HN, Oh YS, Lim HE, Kim YH, Hwang C (2011) Comparison
of voltage map-guided left atrial anterior wall ablation versus left
lateral mitral isthmus ablation in patients with persistent atrial
fibrillation. Heart Rhythm 8(2):199-206

Rillig A, Tilz RR, Lin T, Fink T, Heeger CH, Arya A, Metzner
A, Mathew S, Wissner E, Makimoto H, Wohlmuth P, Kuck KH,
Ouyang F (2016) Unexpectedly high incidence of stroke and left
atrial appendage thrombus formation after electrical isolation of
the left atrial appendage for the treatment of atrial tachyarrhyth-
mias. Circ Arrhythm Electrophysiol 9(5):e003461

Verma A, Jiang CY, Betts TR, Chen J, Deisenhofer I, Mantovan R,
Macle L, Morillo CA, Haverkamp W, Weerasooriya R, Albenque
JP, Nardi S, Menardi E, Novak P, Sanders P (2015) STAR AF II
Investigators. Approaches to catheter ablation for persistent atrial
fibrillation. N Engl J Med 372(19):1812-1822

Bellmann B, Lin T, Ruppersberg P, Zettwitz M, Guttmann S,
Tscholl V, Nagel P, Roser M, Landmesser U, Rillig A (2018) Iden-
tification of active atrial fibrillation sources and their discrimina-
tion from passive rotors using electrographical flow mapping. Clin
Res Cardiol. https://doi.org/10.1007/s00392-018-1274-7

Ammar S, Luik A, Hessling G, Bruhm A, Reents T, Semmler V,
Buiatti A, Kathan S, Hofmann M, Kolb C, Schmitt C, Deisenhofer
1 (2015) Ablation of perimitral flutter: acute and long-term suc-
cess of the modified anterior line. Europace 17(3):447-452
Phlips T, Taghji P, El Haddad M, Wolf M, Knecht S, Vandeker-
ckhove Y, Tavernier R, Duytschaever M (2018) Improving proce-
dural and one-year outcome after contact force-guided pulmonary
vein isolation: the role of interlesion distance, ablation index, and
contact force variability in the ‘CLOSE’-protocol. Europace. https
://doi.org/10.1093/europace/eux376

El Haddad M, Taghji P, Phlips T, Wolf M, Demolder A, Choud-
hury R, Knecht S, Vandekerckhove Y, Tavernier R, Nakagawa H,
Duytschaever M (2017) Determinants of acute and late pulmo-
nary vein reconnection in contact force-guided pulmonary vein
isolation: identifying the weakest link in the ablation chain. Circ
Arrhythm Electrophysiol 10(4):e004867

Chun KRIJ, Perrotta L, Bordignon S, Khalil J, Dugo D, Konstanti-
nou A, Fiirnkranz A, Schmidt B (2017) Complications in catheter
ablation of atrial fibrillation in 3,000 consecutive procedures: bal-
loon versus radiofrequency current ablation. JACC Clin Electro-
physiol 3(2):154-161


https://doi.org/10.1007/s00392-018-1274-7
https://doi.org/10.1093/europace/eux376
https://doi.org/10.1093/europace/eux376

	Left atrial anterior line ablation using ablation index and inter-lesion distance measurement
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Map acquisition
	Ablation procedure
	Statistical methods

	Results
	Baseline characteristics
	Procedural data
	Evaluation of depth and contiguity lesion criteria

	Discussion
	Catheter ablation using ablation index
	Anterior LA wall ablation
	Limitations

	Conclusion
	References


