Clin Res Cardiol (2016) 105:738-743
DOI 10.1007/s00392-016-0980-2

—
@ CrossMark

ORIGINAL PAPER

Pulmonary vein reconnection and arrhythmia progression
after antral linear catheter ablation of paroxysmal and persistent

atrial fibrillation

Kristina Wasmer' - Dirk G. Dechering’ - Julia Kobe' + Gerold Monnig' «
Christian Pott' - Gerrit Frommeyer' - Philipp S. Lange' - Simon Kochhiuser!' -

Lars Eckardt!

Received: 22 December 2015/ Accepted: 16 March 2016 /Published online: 5 April 2016

© Springer-Verlag Berlin Heidelberg 2016

Abstract

Background Assumption of different substrates is the
basis for different ablation strategies in patients with
paroxysmal and persistent atrial fibrillation (AF). We
aimed to investigate pulmonary vein reconnection and
influence on progression of initial paroxysmal (pAF) versus
persistent atrial fibrillation (perAF).

Methods Between January 2010 and November 2012,
149 patients (117 men, mean age 59 + 11 years, range
27-80 years) underwent at least one redo antral pulmonary
vein isolation (PVI) using NavX-guided irrigated-tip
radiofrequency catheter ablation. We analyzed whether and
where reconnection of pulmonary veins was detected, and
whether there were differences between patients with pAF
and perAF.

Results Of the 149 patients who underwent a redo antral
PVI, 80 patients had pAF and 69 had perAF. One, two and
three redo PVIs were performed in 149, 26 and 6 patients,
respectively. Reconnection of at least one PV was detected
in all patients at the second PVI, in 19 of 26 patients
(73 %) at the third PVI and 5 of 6 patients (83 %) at the
fourth PVI. 20 (29 %) patients with perAF prior to the first
PVI had pAF at the second PVI, whereas 15 (19 %)
patients with initial pAF had persistent AF at the time of
the first redo procedure. From the second to the third PVI,
four patients had developed perAF after previous pAF and
two with per AF now had pAF. PV reconnection was
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observed independent of underlying AF type. At the second
redo procedure, of those with reconnected veins 12 had
pAF and 13 perAF. At the third redo procedure, four
patients had pAF and four perAF.

Conclusion Most patients with recurrent AF after PVI
showed at least one reconnected vein during redo proce-
dures. Reconnection was identified irrespective of the
underlying AF type. Progression from pAF to perAF and
vice versa was observed irrespective of the initial AF

type.

Keywords Atrial fibrillation - Pulmonary vein isolation -
Pulmonary vein reconnection - AF progression

Introduction

Pulmonary vein foci have been identified as the cause for
paroxysmal atrial fibrillation (pAF) [1]. This observation is
the basis for pulmonary vein isolation with different
catheter technologies. End point for AF ablation is the
electrical isolation of the pulmonary veins which has been
shown to have a high success rate in pAF [2-4]. For
patients with persistent AF, structural and electrophysio-
logical changes of the left atrium and more complex
mechanisms are proposed [4]. Thus, the ablation strategy
for patients with persistent AF is less well defined. Initially,
linear lesions have been proposed to prevent recurrence of
AF [5]. In addition, ablation of complex fractionated
electrograms [6, 7] as well as rotor ablation [8, 9] has been
suggested. Linear lesions on the other hand have been
shown to be proarrhythmic by increasing the risk for
organized left atrial tachycardias [10]. In addition, the
amount of left atrial ablation may increase the risk for
complications. Very recently, the STAR AF II trial showed
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no advantage of extensive left atrial ablation compared
with pulmonary vein isolation alone in patients with per-
sistent atrial fibrillation [11].

Pulmonary vein reconnection as cause for AF recurrence
is well accepted for paroxysmal AF, but not to the same
extent for persistent AF. Based on the idea that the sub-
strate is more complex in persistent AF, we hypothesized
that there may be differences in pulmonary vein recon-
nection compared to paroxysmal AF. We therefore aimed
to assess the pulmonary vein recovery during redo PVI
procedures and to evaluate differences between patients
with paroxysmal and persistent AF.

Methods
Study population

We analyzed data from our catheter ablation database and
included all patients who had undergone at least one redo
PVI procedure between January 2010 and March 2013.
Patients with previous PVI at other institutions (n = 26)
were not included. The study was approved by the Insti-
tutional Committee on Human Research at the University
of Miinster.

149 patients had undergone their first PVI at our insti-
tution after failure of at least one antiarrhythmic drug to
suppress symptomatic atrial fibrillation. We analyzed
patient data including age, gender, type of AF (initially and
after each procedure), duration of AF symptoms prior to
the initial PVI procedure as well as class and number of
failed antiarrhythmic drugs. Paroxysmal AF was defined as
AF lasting less than 7 days and persistent AF lasting longer
than 7 days. Patients with history of cardioversion prior to
7 day AF duration and otherwise paroxysmal AF were
considered to have paroxysmal AF.

Pulmonary vein isolation procedure

All patients signed written informed consent prior to the
procedure. A transesophageal echocardiogram was per-
formed in all patients prior to the procedure. The ablation
was done in the fasting state under sedation with midazo-
lam and pain medication with piritramide as needed. Sur-
face electrocardiograms and endocardial electrograms were
continuously monitored and stored on a computer-based
digital amplifier/recorder system (Siemens® Axiom Sensis
XP™ or Prucka™, GE Medical®).

Our protocol of AF ablation has previously been pub-
lished [12]. In brief, two six French sheaths were placed in
the left groin. A decapolar steerable catheter (St. Jude
Medical Inc., St. Paul, MN, USA or InquiryTM, IBI, Irvine

Biomedical, Inc., Irvine, CA, USA) was placed in the
coronary sinus (CS) via one of the sheaths.

Drugs including heparin and sedation were given via
this access, while the other sheath was used to draw blood
for activated clotting time measurements.

Two eight French sheaths were placed in the right groin,
one being a SL1-sheath (Daig SL1®, St. Jude Medical Inc.,
St. Paul, MN, USA) for transseptal puncture. Transseptal
puncture was performed with a transseptal needle (BRK™,
St. Jude Medical Inc., St. Paul, MN, USA) and the sheath
was then advanced into the left atrium. It was subsequently
replaced by a steerable 8.5 French sheath (AGILIS NxT™,
St. Jude Medical Inc., St. Paul, MN, USA). A second
transseptal puncture was performed with the SL1 sheath
and this again was advanced into the left atrium.

Both long sheaths were flushed continuously with hep-
arinized solution (1000 U/1 1 NaCl). 5000 IU of heparin
was administered following the second transseptal punc-
ture. Activated clotting time (ACT) was subsequently
measured every 30 min and maintained above 250 s.

Two multi purpose catheters were advanced into the left
atrium and placed into the ipsilateral pulmonary veins.
Pulmonary vein angiograms were done by simultaneously
flushing the catheters with 20 ml contrast medium.

The NaVX-Fusion System (St. Jude Medical Inc., St.
Paul, MN, USA) was used for all procedures. The abla-
tion catheter was a 4 mm externally irrigated-tip ablation
catheter (IBI Therapy Coolpath Duo™ 7F, St. Jude
Medical Inc.). A CT scan of the left atrium was used in
all cases. Once the mapping/ablation catheter and a
decapolar Lasso catheter (Inquiry Optima, St. Jude
Medical Inc., St. Paul, MN, USA) had been advanced
into the left atrium via the two transseptal sheaths, a
NaVX Map was taken by moving the Lasso catheter
around the left atrium and into the pulmonary veins and
left atrial appendage (LAA). The anatomical map was
fused with the CT scan of the left atrium. The resulting
map was used for mapping of the PV and pulmonary vein
re-isolation. The Lasso catheter was first placed in the
right upper pulmonary vein. In case of PV potential
recovery, antral linear ablation was performed under
Lasso catheter guidance. Radiofrequency ablation was
performed at a maximum power of 35 watt (posterior left
atrial wall only 30 watt), a maximum flow rate of 30 ml/
min and a maximum temperature of 50 °C.

Upon control or re-ablation of the septal upper PV, the
Lasso catheter was placed in the inferior septal PV and
ablation continued in a circular antral fashion until PV re-
isolation was achieved. PV isolation was defined as loss of
pulmonary vein potentials (PVP) within the PV. To prove
left PV isolation, pacing in the coronary sinus or left atrial
appendage was performed during ablation to distinguish
between left atrial signals and PVP.
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Follow-up

Patients were started on oral anticoagulation for at least
8 weeks and after that according to their risk factors as
assessed by the CHA,DS,-VASc score. Patients and
referring physicians were instructed to contact our institu-
tion if symptoms occurred during this interval. Patients
were scheduled to be seen in our outpatient arrhythmia
clinic 3 months after the ablation procedure. Until this
visit, previously unsuccessful antiarrhythmic medications
were continued. Re-ablation was scheduled as needed. All
patients were contacted again by telephone at the time of
manuscript preparation.

Statistical analysis

Continuous data are given as mean + SD (range in
brackets). Comparison between groups was carried out
using the Mann—Whitney U test and Fisher’s exact test,
where applicable. A two-tailed p value < 0.05 was con-
sidered to be significant.

Results
Patient characteristics

The clinical characteristics of the patients are summarized
in Table 1. The data of 149 patients (117 men, 70 %, mean
age 59 &£ 11 years, range 27-80 years) were included in
the analysis. 80 patients (54 %) had underlying paroxysmal
atrial fibrillation and 69 (46 %) had underlying persistent
atrial fibrillation. The mean AF duration was 9 &+ 7 years,
10 £ 8.5 years in pAF and 8 &+ 7.7 years in perAF
(p = 0.18). Patients had failed a mean of 1.3 £ 0.5
antiarrhythmic drugs, class I in 103 (69 % of patients,
amiodarone in 56 (38 %) patients and dronedarone in 26
(17 %) patients. The majority of patients had failed one (95
patients, 64 %), 42 patients (28 %) two and five patients
(3 %) three antiarrhythmic drugs, and seven patients (5 %)

Table 1 Patient characteristics

Number of patients 149

Age (years) 59 + 11
Male/female (%) 117/32
Duration of AF (mean in years) 94 4+ 7.3
Paroxysmal/persistent AF (%) 54/46
Number of failed AA drugs 1.3+ 0.5
History of Class I (flecainide, propafenone) 60.1 %
History of Class III (amiodarone/sotalol) 33.7 %
Dronedarone 16.0 %
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had undergone primary PVI without prior antiarrhythmic
trial.

Type of atrial fibrillation

The number of redo procedures in relation to AF type is
shown in Fig. 1. 26 patients underwent two and six patients
underwent three redo PVI procedures. At the first redo
procedure 15 patients (19 %) with initial paroxysmal AF
had persistent AF and 20 patients (29 %) with initial per-
sistent AF had paroxysmal AF at the time of the redo
procedure (Table 2).

Pulmonary vein recovery

Data on pulmonary vein recovery are summarized in Fig. 2
and Table 3. The time interval between the first and second
PVI was 7.8 £ 6.8 months (range 1-35 months), between
second and third PVI 10.9 & 8.4 months (range
1-28 months) and between the third and fourth PVI
21.4 £+ 20.2 months.

At the first redo procedure, at least one PV was recon-
nected in all 149 patients. At the second redo procedure, 21
of 25 patients (84 %) had at least one reconnected PV and
at the third redo procedure 4 of 5 patients (80 %). There
was no difference in any PV reconnection and number of
reconnected veins between paroxysmal and persistent AF
(p = 0.78). At the third pulmonary vein isolation, only four
patients (16 %) had isolated veins, and in the majority of
patients two (nine patients) or three (five patients) veins
were reconnected. In four patients, all veins were con-
ducting despite two previous pulmonary vein isolations. At
the fourth PVI, three patients still had two reconnected
pulmonary veins.

At the time of the third PVI, in seven patients the same
veins were found to be reconnected as during the previous
PVI, while in the remaining patients fewer veins were
reconnected compared to the previous PVI. In no case a

160
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0 |

one two three Re-do procedures

Fig. 1 Number of redo procedures in relation to AF type
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Table 2 Changes in AF type Overall

From paroxysmal to persistent From persistent to paroxysmal

At first redo (%)

35/149 (23 %)

15/35 (43 %) 20/35 (57 %)

At second redo 5 4 1
At third redo 1 1 0
120 Discussion
100 PV reconnection after linear ostial PVI is frequent and not

PV reconnection in %
of the respective cohort

moverall
paroxysmal AF
persistent AF

80
60
40
20

0

at first re-do  at second re- at third re-do
do

Fig. 2 Any pulmonary vein reconnection (AF type at the time of the
procedure)

pulmonary vein was conducting that had been isolated
during the preceding PVI. The same was observed in
patients who had undergone a fourth PVL.

Follow-up

Follow-up was complete in 127 of 149 patients (85 %),
and 22 patients were lost to follow-up (13 with perAF
and 9 with pAF). The mean follow-up of the remaining
patients since the last PVI was 47 4+ 16 months (range
4-87 months). Four patients had died. 73 patients (57 %)
were free from symptomatic AF recurrence, 61 % with
initially paroxysmal AF and 54 % of those with initially
persistent AF. Of the 73 asymptomatic patients, 46
(63 %) [27 with paroxysmal AF (38 %) and 19 with
persistent AF (34 %)] were free of symptoms from AF
off antiarrhythmic drugs, whereas 24 patients (14 with
paroxysmal and 10 with persistent AF) (33 %) were on
antiarrhythmic drugs. Nine patients (7 %) (n = 4 with
paroxysmal AF) developed left atrial tachycardia and
underwent ablation. Eight patients (6 %) had undergone
AV-node ablation.

related to AF type. In patients with persistent AF, PVI may
lead to reversal of AF progression, namely change from
persistent to paroxysmal AF in about 10 % of patients who
initially presented with persistent AF.

PV reconnection

Recovery of PV conduction has been identified as the
leading cause of AF recurrence in paroxysmal AF [4]. The
recently published Gap-AF-AFNET 1 trial [13] revealed that
complete acute electric isolation of the PV veins resulted in
less AF recurrence and was superior to incomplete PV iso-
lation. Three months after the index procedure, PV recon-
nection was observed in 70 % of the patients with
previously isolated PVs. Use of contact force is not associ-
ated with lower AF recurrence rate [14, 15]. Repeat PVI
results in increment in efficacy [16, 17] in patients with
paroxysmal AF. Regarding patients with “nonparoxysmal
AF”, the ideal ablation strategy remains to be defined [18,
19]. There is a wide spectrum of different ablation approa-
ches ranging from pure PVI isolation to linear lesions and
substrate ablation [6, 20-23]. To increase the durability of
AF ablation, ablation of autonomic ganglia and rotor abla-
tion have recently been added to the choices of AF ablation
strategies [8, 9, 24, 25]. The STAR AF II trial [11] suggests
that linear lesions and ablation of complex fractionated
electrograms in addition to pulmonary vein isolation are not
associated with reduction of AF recurrence rate.

Our data confirm the widely accepted role of pulmonary
vein reconnection for AF recurrences. It has to be
acknowledged, though, that patients without a redo pro-
cedure (e.g., asymptomatic patients) would show recon-
nected veins in a high percentage as well. This was shown
in the GAP-AF-AFNET 1 trial. We did not investigate
these patients and therefore cannot present data regarding
PV reconnection in an overall cohort with previous PV

Table 3 Number of
reconnected veins (AF type at

the time of the procedure)

No. of reconnected veins Overall Paroxysmal Persistent p

At first redo 294 £ 091 2.92 £ 0.89 295 £ 094 0.78
At second redo 2.05 £ 1.05 230 £ 1.22 1.71 £ 1.19 0.21
At third redo 1.60 £ 1.09 1.68 + 1.21 1.33 £ 0.98 0.40
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isolation. As would be expected from a mechanistic
standpoint, there is no difference between PV reconnection
in relation to AF type. In addition, the number of recon-
nected veins was no different between patients with
paroxysmal and persistent AF. Of note, PVI led to reversal
of persistent AF to paroxysmal AF in 13 % of patients. The
mean duration of persistent AF in these patients was
comparable to those who stayed with persistent AF after
the first PVI. 15 patients (10 %) progressed from parox-
ysmal to persistent AF.

Outcome

Based on current scientific data, AF ablation is a symp-
tomatic treatment and aims at eliminating symptoms. We
therefore deemed the procedure successful if patients were
free of symptoms. Certainly, not all patients are truly free
from AF as studies have shown that catheter ablation not
only reduces AF burden, but also reduces symptoms from
AF [26, 27]. The overall success rate was 60 % and thereby
lower compared to other reports on PVI [28, 29]. This may
be due to the higher percentage of patients with persistent
AF and the relatively long AF history in the majority of
patients, both reflecting a rather “real-world” AF popula-
tion referred for catheter ablation. As expected, the success
rate of PVI was higher in paroxysmal versus persistent AF.

Limitations

This is a retrospective analysis and only patients with
repeat ablation procedures were included. Ablation was
performed without contact force, which was not available
at the time. This may have influenced the amount of PV
reconnection.

Conclusion

Most patients with recurrent AF after PVI showed at least
one reconnected vein during redo procedures. Reconnec-
tion was identified irrespective of the underlying AF type.
A substantial number of patients (13 %) improved from
persistent to paroxysmal AF by their first PVI. Our
observations support the concept of circumferential PVI as
the initial procedure in all AF patients and postpone more
extensive ablation strategies for patients with AF recur-
rences despite persisting PV isolation.
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