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Aims S100B, a well-known damage-associated molecular pattern protein is released acutely by central and peripheral
nerves and upon concomitant denervation in pulmonary vein isolation (PVI). We aimed to investigate whether the
ablation technique used for PVI impacts S100B release in patients with paroxysmal atrial fibrillation (AF).

...................................................................................................................................................................................................
Methods
and results

The study population consisted of 73 consecutive patients (age: 62.7 ± 10.9 years, 54.8% males) undergoing first-
time PVI with either radiofrequency (RF; n = 30) or cryoballoon (CB; n = 43) for paroxysmal AF. S100B determined
from venous plasma samples taken immediately before and after PVI increased from 33.5 ± 1.8 to 91.1 ± 5.3 pg/mL
(P < 0.0001). S100B release in patients undergoing CB-PVI was 3.9 times higher compared to patients with RF-PVI
(DS100B: 21.1 ± 2.7 vs. 83.1 ± 5.2 pg/mL, P < 0.0001). During a mean follow-up of 314 ± 186 days, AF recurrences
were observed in 18/71 (25.4%) patients (RF-PVI: n = 9/28, CB-PVI: n = 9/43). Univariate Cox regression analysis in-
dicated that an increase in S100B was associated with higher freedom from AF in follow-up (hazard ratio per 10
pg/mL release of S100B: 0.83; 95% confidence interval: 0.72–0.95; P = 0.007).

...................................................................................................................................................................................................
Conclusion The ablation technique used for PVI has an impact on the release of S100B, a well-established biomarker for neural

damage.
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Introduction

S100B is a damage-associated molecular pattern protein (DAMP)
and an established surrogate marker for neuronal injury.1 Recently,
we were able to demonstrate that S100B is released by cardiac glial

cells during neural injury induced by pulmonary vein isolation (PVI).2

While targeted autonomic denervation in addition to PVI is feasible
and has shown increased success rates for the treatment of paroxys-
mal atrial fibrillation (AF),3 it is also well known that PVI induces con-
comitant cardiac denervation.4 This disruption of autonomic nerve
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fibres and ganglia has been demonstrated by indirect functional
parameters such as autonomic responses (e.g. vagal reactions) during
PVI5 or subsequent alterations of autonomic function (heart rate,
heart rate variability) after PVI, respectively.6 Even though partial de-
nervation has been described for PVI with radiofrequency (RF)6,7 as
well as the cryoballoon (CB),5,8,9 a direct comparison of the two abla-
tion techniques has not been performed to date. Therefore, the goal
of this studywas to assess the impact of the ablation technique on the
release of S100B in patients with paroxysmal AF undergoing PVI.

Methods

Study protocol
In this observational study, 73 patients with symptomatic paroxysmal AF
undergoing first-time PVI with either RF (n = 30) or CB (n = 43) were in-
cluded. The protocol has been described in detail in the previous study, in
which 113 patients with AF were enrolled 2016 and 2017 in our institu-
tion.2 This sub-study aimed to compare S100B release between the dif-
ferent energy forms used for PVI and excluded patients with persistent
AF. Assignment to the ablation technique was performed in a mixed non-
randomized order and ablation was carried out by the same operators.
Venous blood samples for protein analyses were obtained after place-
ment of femoral sheaths and after ablation. Patients were followed up in
the out-patient department. Written informed consent was obtained
from all patients prior to the procedure. The study protocol adheres to
the principles outlined by the Declaration of Helsinki and was approved
by the institutional review board of the University Heart & Vascular
Center Hamburg, Germany.

Catheter ablation procedure
All patients underwent pre-procedural transoesophageal echocardiogra-
phy for exclusion of thrombi. Ablation was performed under deep seda-
tion using propofol (2 mg/mL B. Braun, Melsungen, Germany) combined
with fentanyl (0.1 mg/mL Rotexmedica, Trittau, Germany). Heparin
(Heparin sodium, 25 000 IU/mL, Rotexmedica) was administered intrave-
nously after transseptal puncture to maintain an activated clotting time of
>300 s. Blood pressure, surface electrocardiograms, and bipolar endocar-
dial electrograms were monitored continuously and recorded on a digital
amplifier/recorder system (LabSystem PRO, Bard Electrophysiology Inc.,
Lowell, MA, USA). Oesophageal temperature was measured throughout
the procedure using a multipolar temperature-sensing catheter (S-
CATH, oesophageal temperature probe, Circa Scientific, Englewood,
CO, USA).

Radiofrequency-based ablation
Two long (SL0, 8.5 French, St Jude Medical Inc., St. Paul, MN, USA) and
two short sheaths (Fast-Cath, 6 French and 8 French, Daig Inc.,
Minnetonka, MN, USA) were introduced in the right and left femoral
veins, respectively. A multipolar reference catheter (Inquiry, 5 mm spac-
ing, St. Jude Medical Inc.) was placed in the coronary sinus. Single trans-
septal puncture was performed using a modified Brockenbrough
technique to insert both, a 3.5 mm tip mapping and ablation catheter
(Thermocool SmartTouch or Carto Navistar, Biosense Webster) and a
circular decapolar mapping catheter (Lasso, Biosense Webster) into the
left atrium. The left atrium was reconstructed using three-dimensional
electroanatomical mapping (CARTO3, Biosense Webster, Diamond Bar,
CA, USA or EnSite Precision, St Jude Medical Inc.). A circumferential con-
tiguous ablation line in point-by-point fashion was created around each
pair of ipsilateral veins with adequate distance from the ostia in a
temperature-controlled mode (flush rate 17–30 mL/min, max. 30 W for
30–60 s, temperature limit of 40�C, minimal contact force of 10 g). In the
standard approach, RF dose was guided by ablation index. In selected
patients, e.g. upon increase in oesophageal temperature, RF delivery was
chosen individually guided by impedance dropping and local signal re-
moval. Successful electrical isolation of the pulmonary veins was con-
firmed with the circular mapping catheter.

Cryoballoon-based ablation
An octapolar diagnostic catheter (Inquiry, 2-2-2 mm spacing, 6 French, St.
Jude Medical) was placed in the coronary sinus from the right femoral
vein. The 28 mm CB-G2 (Arctic Front Advance, Medtronic Inc.,
Minneapolis, MN, USA) was introduced into the left atrium via a long 12
French steerable sheath (FlexCath, Medtronic) after transseptal punc-
ture. Electrograms from the pulmonary veins were mapped before, dur-
ing and after CB-application with an endoluminal spiral mapping catheter
(Achieve, Medtronic). Target application time in this study was 240 s, the
freezing cycle was shortened to 180 s in case early isolation (within 60 s)
was observed. Successful electrical isolation of the pulmonary veins was
confirmed using a spiral mapping catheter (Achieve, Medtronic). During
ablation of the right pulmonary vein, the phrenic nerve was electrically
stimulated from the superior vena cava. The integrity of the phrenic nerve
was monitored via diaphragmatic compound motor action potentials
(CMAP) in conjunction with abdominal palpation. The freezing cycle was
immediately terminated in cases of a CMAP reduction of 30% or less, loss
of phrenic nerve capture or if temperature in the oesophagus dropped
below 17�C.

Follow-up
All antiarrhythmic drugs were discontinued after the ablation procedure.
Heart rate was analysed from resting ECGs in sinus rhythm performed
on admission and discharge from our hospital. Patients were scheduled
for follow-up in our outpatient clinic within 6 months after the proce-
dure. Twelve-lead electrocardiogram (ECG) and/or 24-h Holter moni-
toring was performed when patients complained about symptoms. For
longer follow-up, patients were contacted via phone to inquire for symp-
toms and asked to present at an outpatient clinic. Recurrence of AF was
defined as an ECG-documented episode lasting at least 30 s after a 90 day
blanking period.4

Measurement of S100B and high-sensitive

troponin T
Venous plasma samples for protein analyses were obtained after place-
ment of femoral sheaths before transseptal puncture and before removal
of the sheaths. Samples were processed immediately and frozen at
�80�C as described previously.2 S100B concentrations were assessed

What’s new?

• This is the first study to directly compare the influence of dif-
ferent ablation techniques used for pulmonary vein isolation

(PVI) on the release of the damage-associated molecular pat-

tern response protein S100B.
• Our results show that cryoballoon-based PVI induces a higher

release of S100B compared to PVI performed with

radiofrequency.
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using a commercially available enzyme-linked immunosorbent assay
(Merck Millipore, Darmstadt, Germany). Cardiac troponin I was deter-
mined using a highly sensitive immunoassay (HsTnI, Architect i2000SR,
Abbott Diagnostics, USA).

Statistical analysis
Continuous variables are described as mean ± standard deviation; cate-
gorical variables as absolute numbers and percentages. Data were tested
for normality using D’Agostino and Pearson omnibus test. For continuous
and ordinal variables, Student’s t-test or Mann–Whitney test were
used as appropriate. Categorical variables were compared using the
Fisher’s exact test. P < 0.05 defined statistical significance. Statistical analy-
sis was performed using GraphPad Prism 6.07 (GraphPad Software),
Cox regression was performed using R v3.6.0 and the ‘survival’ package
v2.44.–1.1.

Results

Baseline characteristics
Baseline characteristics of all patients are presented in Table 1. Patients
in both groups did not differ in regard to baseline characteristics, as
well as CHA2DS2-VASc- score and the score of the European Heart
Rhythm Association. None of the patients within this study experi-
enced a periprocedural stroke and no clinical evidence for neuronal
damage was present.

Procedural data
Procedure duration was shorter in patients undergoing CB-PVI com-
pared to RF-PVI (RF-PVI: 117.3 ± 28.2 min, CB-PVI: 80.6± 21.4 min,
P < 0.0001). Dosage area product was higher in patients with CB-PVI
(RF-PVI: 217.6 ± 112.2 cGycm2, CB-PVI: 414.0 ± 260.6 cGycm2,
P < 0.0001).

Protein measurements
Biomarker release is presented in Table 2. Baseline S100B plasma
concentrations did not differ between the groups (RF-PVI:
33.2± 13.9 pg/mL, CB-PVI: 33.6 ± 15.8 pg/mL, P¼ 0.984). Overall,
S100B increased from 33.5± 15.0 to 91.1± 45.0 pg/mL (P < 0.0001)
following PVI. S100B was released in both groups of patients after
PVI (RF-PVI: 33.2± 13.9 to 54.3± 22.5 pg/mL, P < 0.0001; CB-PVI:
33.6± 15.8 to 116.7 ± 38.5 pg/mL, P < 0.0001, Figure 1A), but DS100B
in patients undergoing CB-PVI was 3.9 times higher compared to
patients with RF-PVI (RF-PVI: 21.1 ± 14.8 pg/mL, CB-PVI:
83.1± 33.9 pg/mL, P < 0.0001).

High-sensitive troponin T (HsTnI) plasma concentrations increased
from 23.6± 86.8 to 236.4± 237.0 pg/mL after PVI (P< 0.0001), but
DhsTnI concentrations (before to after the procedure) showed a higher
increase in patients undergoing CB-PVI (RF-PVI: 154.4± 196.0 pg/mL,
CB-PVI: 249.2± 252.0 pg/mL, P< 0.04, Figure 1B). Plotting DS100B and
DhsTnI release (Figure 1C) visualized this. Normalization of S100B to
hsTnI was performed to account for the amount of myocardial damage
of the particular procedure (Figure 1D). The S100B/hsTnI ratio was
higher in patients undergoing CB-PVI, indicating that the higher amount
of S100B is not explained by more myocardial damage.

Follow-up
Heart rate measured in patients with sinus rhythm increased after
the procedure (59.7 ± 9.5 to 69.7± 10.8 b.p.m., P < 0.0001, Table 2).
No differences in heart rate increase (DHR) were detectable be-
tween the groups (RF-PVI: 10.5± 10.8 b.p.m., CB-PVI: 9.8± 8.8,
P = 0.79) or between patients with and without recurrences (DHR in
patients with recurrences: 8.1± 11.9 b.p.m. vs. DHR in patients with-
out recurrences: 10.8 ± 9.0 b.p.m., P = 0.381). There was no correla-
tion of DHR and DS100B (data not shown).

During a follow-up of 314 ± 186 days, 18/71 (25.4%) patients expe-
rienced a recurrence of AF [RF-PVI: 9/28 patients (32.1%), CB-PVI: 9/
43 patients (20.9%)]. No significant differences in recurrences were
detectable between the groups (P = 0.4). In the Cox regression analy-
sis, higher release of S100B was associated with freedom from AF

...................................................................................................

Table 1 Baseline characteristics

RF-PVI

(n 5 30)

CB-PVI

(n 5 43)

P-value

Characteristics

Male sex 14 (46.7) 26 (60.5) 0.339

Age (years) 63.6 (8.9) 62.1 (12.0) 0.843

BMI (kg/m2) 25.7 (2.9) 27.4 (4.4) 0.078

CHA2DS2-VASc score 2.0 (1.0, 3.0) 2.0 (1.0, 3.0) 0.535

EHRA score 2-5 (2.0, 3.0) 2.0 (2.0,2.5) 0.154

Comorbidities

Hypertension 19 (63.3) 25 (58.2) 0.809

Coronary artery disease 5 (16.7) 6 (14.0) 0.752

Myocardial infarction 5 (16.7) 5 (11.7) 0.731

Diabetes 0 (0.0) 1 (2.3) 1.000

CKD 6 (20.0) 4 (9.3) 0.300

Medical history

Previous stroke/TIA 2 (6.7) 5 (11.6) 0.693

Previous cancer diagnosis 4 (13.3) 3 (7.0) 0.436

ICD/pacemaker 2 (6.7) 3 (7.0) 1.000

Medical treatment

Beta-receptor blockers 23 (76.7) 27 (62.8) 0.306

Class I, III antiarrhythmic drugs 13 (43.3) 13 (30.2) 0.322

Calcium channel blockers 1 (3.3) 6 (14.0) 0.228

Diuretics 6 (20.0) 5 (11.6) 0.342

ACE blockers 9 (30.0) 10 (23.3) 0.592

Sartans 4 (13.3) 9 (20.9) 0.539

Acetylsalicylic acid 3 (10.0) 3 (7.0) 0.685

Vitamin K antagonists 4 (13.3) 10 (23.3) 0.372

NOAC 23 (76.7) 24 (55.8) 0.085

Recurrences (n) 9 (32.1.)a 9 (20.9) 0.403

Data are expressed as absolute numbers and percentages (categorical variables),
quartiles (ordinary variables), or mean ± standard deviation. Differences in baseline
characteristics were analysed using Student’s t-test. Categorical variables were
compared using the v2 test or Fisher’s exact test.
ACE, angiotensin converting enzyme; BMI, body mass index; CB, cryoballoon;
CKD, chronic kidney disease (glomerular filtration rate <60 mL/min); EHRA,
European Heart Rhythm Association; ICD, implantable cardioverter-defibrillator;
NOAC, non-vitamin k oral anticoagulants; PVI, pulmonary vein isolation; RF, radio-
frequency; TIA, transient ischaemic attack.
aTwo patients lost to follow-up.
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during follow-up (hazard ratio per 10 pg/mL increase of S100B: 0.83;
95% confidence interval: 0.72–0.95; P = 0.007), however, increase in
HsTnI or other variables (Table 3) did not. Hazard ratios for AF re-
currence in both subgroups are similar (CB-PVI: 0.68; 95% confidence
interval: 0.53–0.87; P = 0.002; RF-PVI: 0.76; 95% confidence interval:
0.43–1.3; P = 0.35, Figure 2B) with larger confidence intervals in the

RF group. Therefore, we additionally performed an adjustment to the
subgroup which results in a reduction of the hazard ratio by 9% per
10 pg/mL S100B increase (hazard ratio: 0.74; 95% confidence interval:
0.61–0.89; P = 0.002).

Arrhythmia-free survival is depicted as Kaplan–Meier plot
(Figure 3). Patients in the RF-PVI group do not differ in regard to AF

Figure 1 Effect of the ablation technique on biomarker release. (A) Comparison of S100B release after cryoballoon-based (CB)-PVI compared to
radiofrequency (RF)-PVI. (B) Comparison of S100B release normalized to release of HsTnI to account for differences in myocardial damage during
PVI. (C) DS100B plotted against DHsTnI concentrations for both groups of patients show that S100B release is independent of myocardial damage.
(D) HsTnI release indicates a slightly higher amount of myocardial damage in patients undergoing CB-PVI. CB, cryoballoon; HsTnI, high-sensitive tro-
ponin T; PVI, pulmonary vein isolation; RF, radiofrequency.

................................................................................... ...................................................................................

......................................................................................................................................................................................................................

Table 2 Pre- to postprocedural measurements

RF-PVI (n 5 30) CB-PVI (n 5 43)

Preprocedural Postprocedural P-value Preprocedural Postprocedural P-value

S100B (pg/mL) 33.2 ± 13.9 54.3 ± 22.5 <0.0001 33.6 ± 15.8 116.7 ± 38.5 <0.0001

HsTnI (pg/mL) 41.3 ± 134.2 196 ± 209.1 <0.0001 12.6 ± 31.0 261.8 ± 252.1 <0.0001

Heart rate (b.p.m.) 59.9 ± 11.4 70.7 ± 11.4 <0.0001 59.6 ± 8.0 68.9 ± 10.5 <0.0001

Data are expressed as mean ± standard deviation and were compared using Wilcoxon test or paired t-test as appropriate.
CB, cryoballoon; HsTnI, high-sensitive troponin T; PVI, pulmonary vein isolation; RF, radiofrequency.
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recurrences to the CB-PVI group (Figure 3A). When patients are
stratified in high and low amounts of S100B release (Figure 3B and C),
differences are only detectable in the CB-PVI group.

Discussion

In the present study, we demonstrate that the ablation technique
used for PVI has an impact on release of the neuronal injury marker
and DAMP S100B.

Concomitant cardiac denervation during
pulmonary vein isolation
The autonomic nervous system is well known to play a crucial role in
the pathophysiology of AF.10 Concomitant cardiac denervation in
patients undergoing PVI is proposed to affect procedural outcome.6

It is important to note that sympathetic and parasympathetic struc-
tures cannot be considered separately: even though the intracardiac
nervous system and its ganglionated plexi are classically considered
as ‘parasympathetic’, they also contain sympathetic cell bodies and
fibres.10 As both types of cardiac nerves and neurons within ganglion-
ated plexi are surrounded by S100B-expressing glial cells,2 differenti-
ating between the type of denervation would not be possible using
S100B and was not the goal of this study.

Previous studies used either autonomic reflexes during PVI5 or in-
direct functional measurements such as changes in heart rate and
heart rate variability to investigate cardiac denervation.7,8 These
methods are well established but are often prone to artefacts, envi-
ronmental factors and not applicable in the clinical routine in each
electrophysiological laboratory. With these endpoints, partial cardiac
denervation has been reported for RF-PVI.6,7 A recent study has
shown that CB-PVI leads to a markedly decreased vagal response to
high-frequency stimulation of the major atrial ganglionated plexi, indi-
cating a relevant modification of the cardiac autonomic nervous sys-
tem.9 This is confirmed by other studies,5,8 but until now, the two
ablation techniques were not directly compared regarding the extent
of concomitant denervation.

We recently demonstrated that the measurement of S100B release
is a feasible blood-based method for the investigation of acute neural
damage during ablation procedures.2 In line with these findings, the cur-
rent study presents evidence that the ablation technique used for PVI
impacts S100B release in patients with paroxysmal AF undergoing first-
time PVI.

S100B release and myocardial damage
during pulmonary vein isolation
Different ablation techniques for PVI induce different lesions, but
studies with a direct comparison of lesion characteristics are rare and
partially conflicting: a recent case–control study based on late-
enhancement cardiac magnetic resonance imaging found no differen-
ces in lesion size between the ablation techniques in a cohort of 60
patients,11 while it was also reported that the isolated area after cry-
oablation is smaller than after RF ablation.12 A case report described
cryogenic lesions histologically as more homogenous and more de-
marcated compared to RF.13 Evaluation of the lesion after ablation
was beyond the scope of our study, but hsTnI measurements indi-
cated that more myocardial damage was created with the CB. Still,
normalization of S100B to hsTnI release indicates that the higher
amount of S100B in CB-PVI cannot be explained by a larger ablated
area alone as the S100B/hsTnI ratio is still higher in the CB-PVI group.
While differences in S100B release might be explained by atrial
remodelling or hyperinnervation, this seems not likely as patients in
this study did not differ in regard to baseline characteristics and
patients with persistent AF were not included. Also, only few patients
had comorbidities related to structural and functional changes within
the intracardiac nervous system, such as arterial hypertension or
ischaemic heart disease.

Assessing denervation induced by
pulmonary vein isolation
Assessing denervation induced by PVI is challenging. Acute vagal reac-
tions such as bradycardia, asystole, atrioventricular block, or hypo-
tension have been the most widely used markers for acute

Figure 2 Correlation of S100B release and recurrences of AF. (A) Comparison of S100B concentration for patients with (rec) and without (no rec)
recurrences of AF in both groups. (B) Hazard ratios of Cox regression analysis per 10 pg/mL increased S100B release. AF, atrial fibrillation; CB, cryo-
balloon; PVI, pulmonary vein isolation; RF, radiofrequency.
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autonomic modulation. Whether or not these autonomic reflexes
are associated with improved procedural outcomes varies amongst
studies.4 Some studies describe a reduction of AF recurrences when
vagal reactions were present in patients undergoing PVI,6 in others,
vagal reactions were not predictive for recurrences.14

Even though transient increases in heart rate for up to one year
after PVI due to reduced vagal innervation of the sinus node have
traditionally been used as marker for denervation,6,7 limitations of
this approach are well known: the main pathway for vagal innerva-
tion of the sinus node converges through ganglia at the right pul-
monary veins.15 Therefore, changes in heart rate do reflect
autonomic modulation to some degree but cannot reflect auto-
nomic modulation in the left atrial neural network, which has re-
peatedly been demonstrated to be of high importance for the
pathophysiology of AF and its triggers from the pulmonary
veins.3 This might explain why we do not observe difference
in heart rate increases between the ablation techniques. A dif-
ferent explanation could be the possibility that a particular

amount of autonomic disruption induces heart rate changes in
an all-or-nothing fashion instead of a gradual effect. This is en-
dorsed by the fact that a similar change in heart rate is ob-
served after targeted ablation of ganglionated plexi in patients
with PAF16 and that the heart rate increase we observed is in
line with others and the current consensus statement on cath-
eter ablation of AF (10–20 b.p.m.).4 It highlights the need for
novel markers to assess the impact of acute cardiac denerva-
tion and indicates that a higher release of S100B can repre-
sent more neuronal damage without a stronger increase in
heart rate.

In the current study, higher S100B values were associated with
freedom from AF. Still, we did not detect significant differences re-
garding freedom from AF between patients undergoing RF- or CB-
PVI. This is puzzling, as S100B concentrations are continuously higher
in the CB-PVI group, also in patients with recurrences. A possible ex-
planation is that released S100B induces negative effects, such as in-
creased nerve sprouting, thus contributing to a new pro-arrhythmic

......................................................................................................................................................................................................................

Table 3 Cox regression analysis for predictors of recurrences

Predictor HR CI95.low CI95.high P-value

Univariate analysis

10 pg/mL DS100B 0.8279 0.7216 0.9498 0.007

10 pg/mL DHsTnI 0.9998 0.9977 1.002 0.844

DHeart rate 0.9753 0.9194 1.035 0.407

Group 1.797 0.7099 4.551 0.216

Age 0.996 0.9499 1.044 0.868

BMI 0.9808 0.8838 1.088 0.715

Male sex 0.1195 0.4684 3.05 0.709

ERAF 1.981 0.7751 5.064 0.153

Multivariate analysis

10 pg/mL DS100B adjusted for group 0.7364 0.60710 0.8932 0.002

AF, atrial fibrillation; BMI, body mass index; CI, confidence interval; ERAF, early recurrence of AF (within the first 90 days after ablation); HR, hazard ratio; HsTnI, high-sensitive
troponin T.
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Figure 3 Kaplan–Meier analysis of arrhythmia-free survival. Patients are stratified according to the energy form (A) or S100B release (B and C).
Three months blanking period is depicted as dashed line. CB, cryoballoon; PVI, pulmonary vein isolation; RF, radiofrequency.
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substrate. It is known that PVI also leads to the release of nerve
growth factor, which exerts nerve sprouting and pro-arrhythmic
effects.17

Limitations
This study has some limitations: Most importantly, intra-procedural
autonomic reactions were not systematically assessed. Therefore, no
conclusion can be drawn whether autonomic responses go hand in
hand with an increased release of S100B. This has to be verified in fu-
ture studies.

Second, this was an observational study and not a randomized
control trial. Still, patients were assigned to the ablation tech-
nique in a mixed, non-randomized order and it is therefore un-
likely that S100B release is affected. Additionally, patients in both
groups did not differ in regard to baseline characteristics and
outcome which confirms our approach.

Third, is it important to note that silent cerebral events, which
have been observed frequently after PVI (see Supplementary material
online, Table S1 for an overview on this topic), might present a poten-
tial additional source for released S100B in both groups of patients,
even though no stroke or indication for subclinical central damage
was observed in this study. Brain magnetic resonance imaging for de-
tection of silent cerebral events would have been ideal but was be-
yond the scope of this study. Studies report silent cerebral events
occurring over a range of 11.1–33% for patients undergoing CB-PVI
with the second generation CB18 and 1.7–38%19,20 for patients un-
dergoing RF-PVI, indicating that no clear conclusion can be drawn on
which technique induces more silent cerebral events. Also, cerebral
events are regularly observed in AF patients (see Supplementary ma-
terial online, Table S2). In contrast, S100B is released in more than
98% of patients after PVI.2

It should be noted that the higher release of S100B in the CB-PVI
group could potentially derive at least in part from injury of extra-
cardiac nerves, such as the phrenic nerve.2 To reduce this risk,
phrenic nerve activity is continuously monitored throughout CB-
based PVI in our centre. Still, we cannot exclude that subclinical dam-
age occurs in at least some patients undergoing CB-PVI leading to an
increased release of S100B.

Conclusion

We show here that the ablation technique used for PVI has an impact
on the acute release of the neural injury marker S100B. More specifi-
cally, CB-PVI leads to a higher S100B release than RF-PVI. Whether
measurement of S100B release can help to characterize the role of
autonomic modulation in the treatment of patients with arrhythmias
has to be shown in future studies.

Supplementary material

Supplementary material is available at Europace online.
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