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Abstract

Background Adenosine can be used to reveal dormant pulmonary vein (PV) conduction after PV isolation (PVI). This study
presents a subanalysis of real-world 1-year follow-up data from the ESC-EHRA EORP Atrial Fibrillation (AF) Ablation Long-
Term registry to analyze the usage of adenosine during PVI treatment in terms of thythm outcome and safety.

Methods The registry consists of 104 participating centers in 27 countries within the European Society of Cardiology. The
registry data was split into an adenosine group (AG) and no-adenosine group (NAG). Procedure characteristics and patient
outcome were compared.

Results Adenosine was administered in 10.8% of the 3591 PVI patients included in the registry. Spain, the Netherlands, and Italy
included the majority of adenosine cases (48.8%). Adenosine was applied more often in combination with open irrigation
radiofrequency (RF) energy (74.7%) and less often in combination with nonirrigated RF energy (1.6%). After 1 year, a higher
percentage of the AG was free from AF compared with the NAG (68.9% vs 59.1%, p < 0.001). Adenosine was associated with
better rhythm outcome in RF ablation procedures, but not in cryo-ablation procedures (freedom from AF: RF: AG: 70.9%, NAG:
58.1%, p < 0.001, cryo: AG: 63.9%, NAG: 63.8%, p=0.991).

Conclusions The use of adenosine was associated with a better rhythm outcome after 1 year follow-up and seems more useful in
patients treated with RF energy compared with patients treated with cryo energy. Given the improved rhythm outcome at 1-year
follow-up, it seems reasonable to encourage the use of adenosine during RF AF ablation.
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1 Introduction

Ablation of the pulmonary veins (PVs) or atrium ideally re-
sults in irreversible cell damage and subsequent cell death, but
can also temporarily cause reversible cell damage leading to a
lower resting potential. Consequently, these nondestroyed
cells are more difficult to activate, causing a transient electrical
block [1]. Once the resting potential of the nondestroyed cells
is restored, the “dormant conduction” revives. This revival
might lead to reconnection of one or more PVs, which is the
leading cause of arrhythmia recurrence after PVI [2].

It was shown that adenosine can be used to reveal dormant
conduction of the PVs after PV isolation by increasing the
resting potential of PV cells [1]. Publications on the usefulness
and long-term outcome of adenosine use after PVI have come
from relatively small clinical trials, observational studies, or
randomized controlled trials with conflicting results [3]. The
current guidelines for the management of atrial fibrillation
consider adenosine testing to identify the need for additional
ablation to be controversial [4].

This study presents a subanalysis of the large ESC EORP
Atrial Fibrillation Ablation (AFA) Long-Term registry
consisting of real-world 1-year follow-up data to analyze the
effects of adenosine use during PVI treatment in terms of
rhythm outcome and safety.

2 Methods

All data were collected from the Atrial Fibrillation Ablation
Long-Term registry, a prospective, multinational study (not a
randomized clinical trial —RCT) conducted by the
EURObservational Research Programme (EORP). The ESC
EORP AFA Long-Term registry was previously described
elsewhere [5]. In short, it is a prospective, multicenter obser-
vational study of consecutive patients undergoing an ablation
procedure for atrial fibrillation (AF) at one of the 104 partic-
ipating centers in 27 countries within the European Society of
Cardiology. All patients included in the registry were enrolled
between April 2012 and April 2015 with a maximum of 50
consecutive patients per center. Out of all patients enrolled in
the registry, patients with an unclassified type of AF, patients
who did not undergo an ablation procedure, or patients treated
with both radiofrequency (RF) and cryo energy in the same
procedure were excluded to be able to perform the analyses
presented in this paper. All patients signed an informed con-
sent before data collection and were followed up for 1 year
according to the local clinical practice. The protocol was ap-
proved by the national and/or local Institutional Review
Boards, according to existing regulations in each country.
The registry management, central data quality control, and
the statistical analysis were performed by the EORP Center
of'the ESC, which coordinated also a random local auditing of
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22% participating centers across 14 countries. The registry
data was split into one group of patients where adenosine
was used to check for dormant conduction (adenosine group:
AG) and another group of patients where adenosine was not
used (no adenosine group: NAG). Since this was an observa-
tional registry in which the patients were treated according to
the local protocol, the application of adenosine during the
ablation procedure as well as the timing of testing after abla-
tion, dosage of adenosine, or additional use of isoproterenol
were all left at the discretion of the operator. Since adenosine
administration was based on the local protocol, it is assumed
that adenosine was used with the intention to treat and there-
fore for detecting reconnections and ablation of these
reconnections when present. It is assumed that additional ab-
lation is performed in PVs only since adenosine is able to
reveal dormant conduction in PV cells but not in LA cells
[1]. For the 1 year clinical follow-up data, the registry was
first split into a cryoballoon group and a radiofrequency ener-
gy group and then into an AG and NAG in order to assess the
possible influence of different ablation techniques (point-by-
point RF vs cryoballoon) on rhythm outcome.

The 1-year follow-up data of patients enrolled in the in-
hospital phase was used for the analyses. Continuous variables
were reported as mean + standard deviation (SD) or as median
with interquartile range (IQR). Group comparisons were made
using a nonparametric test (Kruskal-Wallis test). Categorical
variables were reported as percentages. Group comparisons
were made using a chi-square test or Fisher’s exact test (if
any expected cell count was < 5). Plots of the Kaplan-Meier
curves for arrhythmia-free survival according to type of AF
categories were generated. The survival distributions were
compared using the log-rank test. A two-sided p value <
0.05 was considered statistically significant. All analyses were
performed using SAS Statistical Software version 9.4 (SAS
Institute, Inc., Cary, NC, USA).

3 Results

In the total number of 3591 patients that underwent AF abla-
tion, adenosine was administered in 367 (10.2%) patients to
unmask dormant conduction. A total of 152 patients (4.2%)
were excluded because both RF and cryo energy was used in
the same procedure, resulting in 3439 patients included for the
analysis, of which 360 were treated with adenosine. A large
difference between countries was noted. Most adenosine cases
were included by centers in Spain, followed by the
Netherlands and Italy (respectively 27.5%, 11.2%, and
10.1% of total included adenosine cases), whereas centers in
Bulgaria, Denmark, Israel, Kazakhstan, Latvia, Romania, and
Slovenia did not include any adenosine cases (see Table 1).
The AG and NAG consisted of 96 (26.7%) and 654
(21.2%) redo patients, respectively. After 1 year, 3179
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Table 1 Adenosine use in Europe
Total cases  Adenosine
Total (% of total % of total
within country) within Europe

Spain 526 101 (19.2) 275
Netherlands 242 41 (16.9) 11.2
Italy 314 37 (11.8) 10.1
Austria 41 27 (65.9) 74
United Kingdom 48 22 (45.8) 6.0
Russian Federation 467 21 4.5) 5.7
Belgium 84 20 (23.8) 5.5
Sweden 108 14 (13.0) 3.8
Ukraine 87 13 (14.9) 35
Finland 170 13 (7.7) 35
Czech Republic 79 11 (13.9) 3.0
Greece 139 9 (6.5) 2.5
Ireland 28 8 (28.6) 22
Portugal 44 7 (15.9) 1.9
Poland 338 72.1) 1.9
Hungary 60 5(8.3) 1.4
Egypt 78 5(6.4) 1.4
France 152 3(2.0) 0.8
Germany 204 2 (1.0) 0.5
Belarus 20 1(5.0) 0.3
Bulgaria 107 0(0.0) 0.0
Denmark 17 0 (0.0) 0.0
Israel 53 0(0.0) 0.0
Kazakhstan 30 0 (0.0) 0.0
Latvia 35 0(0.0) 0.0
Romania 61 0(0.0) 0.0
Slovenia 66 0(0.0) 0.0

patients (96.8%) were still in follow-up (10.1% AG,
89.9% NAG). Loss to follow-up was 12.8% for the
AG and 11.3% for the NAG.

3.1 Practice of adenosine use

Although there was a significant difference in longstanding
persistent AF between the groups (p = 0.004), the ratio of par-
oxysmal, persistent, and long-standing persistent was similar,
with the longstanding AF group accounting for a minority of
cases in both groups (see Table 2). The AG consisted of 71.7%
paroxysmal, 26.4% persistent, and 1.9% long-standing persis-
tent AF patients, whereas the NAG consisted of 66.9% parox-
ysmal, 27.6% persistent, and 5.5% long-standing persistent
AF patients (see Table 2).

The AG had a lower number of ablations of fractionated
electrogram sites in both the left (AG: 5.1%, NAG: 8.9%, p =

0.015) and right (AG:0.8%, NAG: 3.6%, p = 0.007) atrium, as
well as fewer left atrial roof lines (AG:7.9%, NAG: 14.0%,
p=0.002) and mitral isthmus lines (AG:3.1%, NAG: 7.0%,
p=0.005) (see Table 3).

Whereas the overall use of adenosine was 10.8%, adeno-
sine was applied more often in combination with procedures
where open irrigation RF energy is used (79.4%, p), while it is
less often used in combination with nonirrigated RF energy
(0.3%) or duty-cycled RF energy (0%) (see Table 3). Cryo
energy was relatively overrepresented in the AG (AG:
20.6%, NAG: 15.2%, p =0.009).

3.2 Procedural effects of adenosine

The use of adenosine did not cause a significantly higher total
procedure time (measured from the moment of catheter place-
ment until the moment of catheter removal). There was no
significant difference in achievement of only entrance block
between the AG and NAG, but all PVs showed significantly
more entrance and exit block in the AG when compared with
the NAG (see Table 3).

Administration of adenosine revealed reconnection of PVs
in 17.3% of adenosine cases.

3.3 Effects of adenosine usage on patient outcome
3.3.1 Adverse events

Procedural adverse events potentially related to adenosine
use were rare. The adenosine group showed a higher occur-
rence of pericarditis (AG: 1.7%, NAG: 0.7%, p = 0.048) and
pulmonary vein stenosis (AG: 0.6%, NAG: 0.0%, p =
0.031, defined as a reduction of the diameter of a PV or
PV branch of more than 50%). There was no significant
difference for other general, cardiovascular, gastrointesti-
nal, neurological, peripheral/vascular, or pulmonary ad-
verse events (Table 5 in the Appendix).

Adverse events at 1 year are listed in Table 6 in the
Appendix. One infrequently occurring difference in adverse
events at 1 year follow-up was found to be phrenic nerve
damage (AG: 2/304, NAG: 0/2669).

3.3.2 One year follow-up

Follow-up at 12 months after the index procedure showed a
significant difference in rhythm outcome between the AG and
NAG; a higher percentage of the AG was free from AF com-
pared with the NAG (AG: 69.2%, NAG: 58.9%, p <0.001).
Observing a 3-month-blanking period, the AG showed a low-
er percentage of arrhythmia recurrence during the first year
after the index procedure compared with the NAG (AG:
20.8%, NAG: 26.3%, p =0.038) (see Table 4).
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22 % % %%% The 1 year follow-up rhythm outcome was split into a
Q S8z & ss3 cryoballoon group (493 patients) and a RF energy (nonirrigat-
_ ed radiofrequency, radiofrequency with closed irrigation, or
% g zg S radiofrequency with open irrigation) group (2517 patients).
5 §a s = §§§ Patients where both cryo and RF energy was used within the
§ §§ T = §§§ same procedure were excluded from the analysis (152 pa-
Z =8 & & =82 tients). While there was no significant difference in rhythm
R - outcome or arrhythmia recurrence between the AG and NAG
% §6 Eig for patients treated with cryo energy, the RF energy group
glss ¢ ¢ £35S showed less paroxysmal AF patients in the AG group (AG:
2 |eE 2 2 g5 ¢ 16.0%, NAG: 28.2%, p <0.001), more patients without AF
R (AG: 70.9%, NAG: 58.1%, p < 0.001), and a lower number of
o g £g g arrthythmia recurrences (AG: 19.2%, NAG: 26.5%, p < 0.015)
;;.f gf s = ;:i;; after 1 year follow-up (see Table 4).
© as Tz 388 There was no significant difference in the number of redo
2le2|s8 & @ == procedures between the AG and NAG (p =0.662) or within
5 2 @ aao the cryo and RF (p = 0.482, p = 0.930) groups during the first
%% § § %gé year after the procedure (see Table 4).
2 ss & 2 =2k
21 -~ _ . .
Z |8 fog 4 Discussion
o |38 = < 3%% This real-world registry shows adenosine to be used in only a
Gl B B o small number (10.2%) of AF ablation procedures within the
T S 104 participating centers of the ESC-EHRA Atrial Fibrillation
é 38 2 7 g2 - Ablation Long-Term registry of the European Society of
ﬁ ‘E’g g 5“ %’g §§ Cardiology and that there are large regional differences in
N adenosine use within Europe. The registry shows significant
% £¢ P differences in freedom from arrhythmia after 1 year and in the
g 28 o 24 % number of arrhythmia-related hospitalizations, both in favor
S g §§ s ¢ §§§ of the AG. The very low overall incidence of complications
olE ==& = W= precludes further explanation regarding the cause of these ad-
o & o oo o verse events. Adenosine seems to be more useful in RF pa-
g? i’ § %%g :% tients compared with patients treated with cryo energy.
], s s 8 S33 E’ The low number of adenosine cases might be explained by
o | = _ E the adherence to guidelines. Adenosine use was not covered in
% g % § § 5 the guidelines available at the time of inclusion. At the time of
Elgz & = £aa a writing, the guidelines describe adenosine as “may be consid-
5 l%s 7 = gez2g | 2 ered” [2] and “controversial.” [4]
Gl I AEsc § Multiple studies indicated no significant difference in
o | cc £ ED terms of arrhythmia recurrence between using a
% gg - - g gg J’, cryoballoon or RF catheter. Our results, however, showed
§ £ r ¢ § g S = that adenosine use was associated with a difference in
-1 S B rhythm outcome between cryoballoon and RF: patients
jé g . o % treated with RF energy seem to benefit from adenosine
&E =~ %E} %E £ g use, whereas patients treated with cryo energy did not.
E ‘g _ %% 2 g %%é 2 Application of point-by-point RF energy may be techni-
E 5 § £S ¥ = ER g cally more challenging compared with the delivery of
= R oo ks cryo energy with the use of a cryoballoon. This might
é} - _ . E lead to more gaps in the ablation line, which is associated
o E éi’ ’ %2{_ P AUE' ap - E = with lower long-term ablation success [6]. Adenosine re-
2 é 52 z28 E; 5Eiz i 3 E veals these gaps, which might explain the difference in
e g< & 3 Chls < outcome between the AG and NAG in the RF group.
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This outcome is in contrast to the UNDER-ATP study
by Kobori et al. [7] In this study, 2113 AF patients
were randomized to RF energy PVI with vs without
adenosine. Rhythm outcome after 1 year follow-up
was not statistically different. A possible explanation
for this discrepancy can be found in the baseline char-
acteristics of our study. Whereas Kobori et al. report no
significant differences in baseline characteristics between
the two groups for paroxysmal, persistent, and long-
standing AF, our AG had a small but significantly
higher percentage of paroxysmal AF patients and a
small but significantly lower percentage of long-
standing persistent AF patients when compared with
the NAG. The differences in baseline characteristics
can be explained by the different study designs.
Whereas Kobori et al. performed a prospective random-
ized trial, our study contains data from a retrospective
registry and is more focused on adenosine usage, in
comparison with outcome.

The ADVICE trial is a multicenter, randomized supe-
riority trial consisting of 534 patients who underwent
PVI with adenosine treatment at the end of the proce-
dure [8]. Patients showing dormant conduction were
randomly assigned to additional adenosine-guided abla-
tion or to no further ablation, whereas patients not
showing dormant conduction were followed in a sepa-
rate registry. After 1 year, there was a significant differ-
ence between the groups regarding freedom from any
atrial tachyarrhythmia after a single procedure, both
with and without the use of anti-arrhythmic drugs. The
dormant conduction group with additional ablation
outperformed the nondormant conduction group, which,
in turn, outperformed the dormant conduction group
without further ablation. Because the patients in our
study who received adenosine after PVI either had no
dormant conduction or the reconnected PV was
reisolated, we can compare our results with the “dor-
mant conduction with additional ablation group” com-
bined with the “no dormant conduction registry group”
of the ADVICE trial. The ADVICE trial reports that
after 1 year, 63.4% of patients where adenosine was
used (the dormant conduction with additional ablation
group combined with the no dormant conduction regis-
try group) are free from any atrial tachyarrhythmia after
a single procedure. This is comparable with our finding
of 68.9% freedom of AF for the AG.

The differences between the UNDER-ATP study, the
ADVICE trial, and our registry indicate that further re-
search should be undertaken to investigate the effect of
adenosine on arrhythmia recurrence after PVI. This
should also answer the question whether adenosine
should be used in combination with cryoballoon, RF,
or both since the registry shows that the use of

adenosine is not associated with improved rhythm out-
come in combination with cryoballoon procedures but is
currently used more often with cryoballoon procedures
than RF procedures.

The UNDER-ATP study and ADVICE trial are re-
sponsible for the majority of cases included in two re-
cent systematic reviews and meta-analysis [3, 9]. The
meta-analysis of Wang et al. included 22 comparative
studies and randomized controlled trials. Although there
was significant heterogeneity between investigated stud-
ies, the authors conclude that the presence of PV
reconnections identified with adenosine (and not ablat-
ed) result in poorer rates of freedom from AF, and that
administration of adenosine post PVI improves rates of
freedom from AF by identifying areas for further abla-
tion. Wang et al. show a comparable outcome with our
results (freedom from AF: AG: 67%, NAG: 63% (Wang
et al.), versus AG: 68.9%, NAG: 59.1% (this article)).
Afzal et al. present a meta-analysis over all RCTs in-
vestigating adenosine and PVI. The study included 5
RCTs available, all using RF catheters. The conclusion
is that routine use of adenosine to guide PVI does nei-
ther improve arrhythmia-free survival nor need for re-
peat ablation. As noted by the authors of both meta-
analyses, their outcome depended on the methodology
of the observed studies, and there is a large variation
in methods. Patient selection, PVI procedure, adenosine
dosage, waiting time after adenosine administration,
follow-up duration, and follow-up method are (among
others) variables that ideally should be controlled for.
Our results add to the growing body of data by showing
that adenosine testing can improve outcome in specific
cases in a large, multicenter real-world cohort.

A significantly higher occurrence of phrenic nerve
damage at 1-year follow-up was observed in the AG,
although the absolute numbers are low. Since phrenic
nerve damage is reported as the most frequent adverse
event for cryoballoon ablations [10, 11], the fact that
cryo energy was used more often in the AG could have
caused this difference in adverse events outcome.

If adenosine reveals dormant conduction, extra abla-
tion is needed to close the line isolating the PVs. These
extra ablations increase the energy delivered to the PVs,
which, in turn, increases the chance of pericarditis and
PV stenosis. This can be a reason for the increase in
pericarditis and PV stenosis occurrence in the AG.

The fact that cryo patients do not seem to benefit from the
use of adenosine might partially be a procedural reason. Most
cryo ablations are PVI-only ablations and do not use a catheter
able to target regions outside of the PV, nor make linear le-
sions. However, we compare these with RF ablations where
adenosine is used, and in this group, only a minority (61 out of
353) received LA linear lesions.

@ Springer
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Force sensing catheters and ablation index technology were
not widely used during the inclusion period of this registry.
The use of these techniques might decrease the need for aden-
osine testing as research indicates that the quality of point-by-
point RF lesions increases significantly by using force sensing
catheters and ablation index technology [12, 13].

5 Limitations

The main limitations of this registry have already been
described previously [5]. A prospective design requiring
consecutive inclusion of patients was used to minimize
the risk of selection and reporting bias. The
EURObservational Research Programme Department of
the ESC performed extensive validation and invited ex-
ternal auditors to assure quality and reliability of the
data, as mentioned in the “methods” section. The inter-
pretation of recurrence data may be limited by inhomo-
geneous and partially insufficient arrhythmia monitoring.
Follow-up at 1 year was performed in 52.8% by clinical
visit, 44.2% by telephone contact, and 3.0% by contact
with the general practitioner, and although 82.7% of
patients had a clinical visit within the first year, ideally
all patients would have had 1 year follow-up by clinical
visit and Holter monitoring to discover possible asymp-
tomatic recurrence.

The ESC-EHRA EORP Atrial Fibrillation Ablation
Long-Term registry was not designed to answer specific
questions regarding adenosine dosage, timing, or strate-
gy since the criteria for adenosine use, dosage, timing,
and strategy were all left at the discretion of the oper-
ator. This precludes detailed conclusions about specific
adenosine strategies.

Another limitation of the registry is that it contains no ex-
plicit information whether additional ablation was performed
when PV reconnections where found. Since adenosine admin-
istration was based on the local protocol, it is assumed that
adenosine was used with the intention to treat and therefore for
detecting reconnections and ablation of these reconnections
when present.

Because this registry presents observational data, the
possibility of confounding factors that may influence the
descriptive study results cannot be excluded. Because of
the very low incidence of complications in this registry,
it is not possible to provide evidence on possible corre-
lations between complications, ablation techniques, and
adenosine use. The main focus of the analysis is the use
of adenosine within Europe. Since this is not a random-
ized controlled trial, small but significant differences in
baseline characteristics between the AG and NAG might
influence the results.

@ Springer

6 Conclusion

In conclusion, this observational study shows that, though
adenosine is used in only a small number of AF ablation cases,
its use is associated with a better rhythm outcome in patients
treated with RF energy. Given the very low incidence of com-
plications associated with the use of adenosine, it seems rea-
sonable to encourage the use of adenosine during RF energy
AF ablation. These findings need to be confirmed in random-
ized controlled trials.
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Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article
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