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1. Introduction

Atrial fibrillation (AF) is one of the most commaarrythmias affecting a large patient
population. The prevalence of AF is increasing eveloped countries due to the aging
population. Different treatment strategies are labia for rhythm control. Drug therapy is
used in a wide range of patients. However, thaicess rate to maintain sinus rhythm is very
low and the incidence of side effects is high. €ahablation is another treatment option to
cure AF. The most common technique is pulmonary &alation (PVI) with point-by-point
ablation. However, this technique requires an agpeed operator. Recently, new ablation
technologies were developed to overcome the diffesiof PVI. The Cryoballoon and the
Pulmonary Vein Ablation Catheters (PVAC) were depeld as single-shot techniques.
Similar success rates were achieved with these adstltompared to the point-by-point
ablation. In our Istitustion we perform Cryobalto@blations since 2008 and PVAC

procedures since 2009.

1.1 Risk for stroke/TIA during catheter ablation @ftrial fibrillatian

The transcatheter treatment of AF is a complexnmetgion which requires the
introduction of often bulky hardware into the latrium (LA), energy applications over a
large area of the LA endocardium and prolongedvallihg in the systemic circulation.
Further, these procedures are performed in patiemis are at inherently increased risk of a
thromboembolic complication, including stroke. I§ inot surprising therefore, that
cerebrovascular accidents have been among the feaséd complications, evoking
significant concern, since the inception of AF #ibla

The first worldwide survey on catheter ablation £Ad%, reflecting the early up to the
year 2005 concluded that clinical stroke occurmed.28% and transient ischaemic attack
(TIA) in 0.66% of the patients. The update of thatvey, releting to AF ablations performed
between 2003 and 2006, indicated similar rateseoglrovascular complications (0.23% for
stroke, 0.71% for TIA) despite an apparently maifécdlt patient population with a more
enlarged LA and more persistent AF.

A meta-analysis based on the data of 6936 patemésunderwent AF ablation by the
end of 2006 found that stroke and TIA occurred 8% and 0.2% respectively. Stroke
incidences as high as 5% and as low as 0% hawdaén reported as single-center findings.
Although the complication rates associated with g@mgcedure, including AF ablation,

generally decrease as the experience gained, #wsnet demonstrated in a high-volume
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center: while the overall complication rate fellanlO-year period from 11.1% to 1.6%, the
incidence of stroke and TIA remained unchangedoifttmoembolic events typically occur
within 24 hours of the ablation procedure, with thigh-risk period extending for 2 weeks
thereafter. Importantly, stroke is a significanusa of periprocedural death during AF
ablation: an international survey on AF ablatiorlB® centers reported details of 32 deaths
in 32,569 patients. The fatal outcome was attridbiitestroke in 5 (16%) of these 32 cases.
On the other hand, patients who survive a strokeaated with AF ablation often have a
favorable long-term prognosis. During a mean 384mdiollow-up of 26 patients who
suffered AF ablation-related stroke in a high-votuoenter (2 patients died), complete long-
term functional and neurocognitive recovery wasumioented in most patients, irrespective of
the severity of the periprocedural stroke.

1.2.  Background of our research:

Manifest stroke and TIA are among the most feaafiverse events during transcatheter
ablation for AF, with an occurrence rate of arou8d. Recent data suggest, that clinically
apparent cerebral ischemia is only the “tip of iteberg” as silent ischemic lesions can be
demonstrated by diffusion-weighted cerebral MRaimuch higher proportion of the patients
undergoing LA ablation.

Importantly, a significant correlation has been destrated between the incidence of these
cerebral lesions and the ablation technology uskecular multipolar phased radiofrequency
(RF) ablation has consistently been associated thi¢hhighest incidence of new lesion

formation, in up to 37% of the procedures, whilgoemergy seems to be the safest technique.

Real-time assessment of the thromboembolic risknduiLA ablation with the
potential to guide energy delivery, thereby impngviprocedure safety, is intriguing. Two
methods have been used so far for this purpose:ntbeitoring of microbubbles on
intracardiac echocardiography (ICE) and the detaadi microembolic signals (MESS) in the

cerebral arteries by transcranial Doppler (TCD).

The titration of RF energy based on the intensftynicrobubble formation during
LA ablation was first proposed by Kilicaslan et ahd has become routine practice in many
centers. Limited data are available on the numb@iESs during LA ablation for AF. In a
recent report, significantly more MESs were det@atéth the use of irrigated RF energy as
compared with cryoablations, confirming previous Mfdings, which suggested an

ablation technology-dependent risk of non-clinioalebral ischemia.
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However, as of present, there no data are avaitebkrding the composition of these
MESs although multifrequency TCD has the abilitydiscriminate between the solid and the
gaseous types. Furthermore, the distribution of BE8ring the different stages of AF
ablation procedures involving different types ofeegy and the potential influence of
different anticoagulation regimes on the numbeM&S have not been studied yet. Limited
data are available regarding the possible mechaofdime increased thrombogenicity of the
PVAC.

2. Aims

1. Comparison of Cryoballon and PVAC with respecthte humber of MESs detected
by TCD.

2. Assessement of the number of cerebral microemheoing different stages of the

procedure.
3. Determination of the percentage of solid and gaseooboli.
4. Invastiagtion of the impact of different anticaolzdion strategies on MES count.

5. Assessement of correlation between the semiquawtitacale of bubble formation
seen on ICE and the number of MESs detected by TCD.

6. Identification of biophysical ablation parameter®sgibly responsible for the

increased thrombogenicity of the PVAC.

3. Methods

The study was approved by the local ethics committdl patients provided their

signed written informed consent prior to inclusion.

3.1 Patients, preparation and ablation procedure:
3.1.1.Transcranial measurement of cerebral microembolic signals during pulmonary

vein isolation performed with two single-shot techniques:



Patients undergoing PVI for symptomatic paroxysargbersistent AF not adequately
controlled by at least one antiarrhythmic drug weligible for inclusion in the study. The
exclusion criteria included long-standing persis#®R, hyper- and hypothyroidism, valvular
heart disease, heart failure of NYHA class Il 'gr & left ventricular ejection fraction 40%,

a LA diameter exceeding 50 mm, a LA thrombus, dosnted carotid stenosis, previous
ischemic stroke or TIA, prior cardiac surgery ofasibn in the LA, unstable angina or

myocardial infarction within the last 3 months, e/ chronic obstructive pulmonary disease,
known bleeding disorders, contraindication to araicoagulation and pregnancy.

After inclusion, patients were randomized into Bedent treatment groups: PVI with
a CB catheter and the intraoperative administratioheparin to reach a minimum activated
clotting time (ACT) level of 250 s according to tMenice Chart Consensus Protocol on
Atrial Fibrillation Ablation (CRYO group); PVI wit the PVAC and also the conventional
intraoperative anticoagulation protocol (ACT>250 (BVAC group); and PVI performed
with the PVAC using an anticoagulation protocolwéin ACT target of >320 s (PVAC high
ACT group).

In patients taking oral anticoagulation, the drugswontinued and the procedure was
performed with an international normalized ratio thre therapeutic range. In all other
patients, low molecular weight heparin was stattéde daily in a weight-adjusted dose and
administered until 12 h prior to the procedure. nBesophageal echocardiography was
carried out within 24 h prior to the procedureuterout the presence of a cardiac thrombus.

All procedures were performed with the femoral vaatess. The transseptal sheath
was used in the LA and flushed continuously witpdreized saline at a steady rate of 30
ml/h throughout the procedure in order to minimme&robubble generation on ICE. This
sheath was used as a guide with either the PVA@e@ICryoballon catheter. Immediately
after transseptal puncture, a 150 1IU/kg body weightavenous heparin bolus was given,
followed by a continuous infusion to maintain thegefined minimum target ACT level
(250 or 320 s). ACT was always checked prior to fingt ablation and every 20 min
thereafter. Additional 2000-5000 IU iv boluses @phrin were administered if needed to
reach the minimum target ACT level.

A 28-mm balloon was used exclusively in all Crydtalprocedures. Occlusion of the
vein was assessed by means of a hand-held injecdfiocontrast medium through the
transseptal sheath. A minimum of two 5-min freeznygles were applied per PV. PVI was

assessed on the basis of signals recorded by thievicwire.



During PVAC ablations the position of the electredelative to the PV ostium were always
confirmed before the first RF delivery by meanssefective contrast injection through the
transseptal sheath. The PVAC was connected to E¥iWG™ 14.3 RF generator, which is
capable of delivering RF current in different bgdlinipolar mode ratios to any or all of the
five bipolar channels in a duty cycled mode. Thegedatemperature was 60 °C, measured
separately for all bipoles. Bipolar/unipolar RFidety was started at a ratio of 4:1 for each
PV and changed to a bipolar/unipolar proportior2df or 1:1 for a deeper lesion when a
sufficient reduction in local electrogram amplitucteuld not be achieved after multiple RF
deliveries. RF energy was applied for 60 s, attl8ak times per PV. RF was delivered to all
poles during initial applications at each PV. Latgsually after multiple energy deliveries,
electrode pairs were selected on the bases of &ealrograms. Importantly, any electrode
pair that failed to reach at least 8D during RF delivery was switched off so as to dvoi
ineffective energy delivery and thrombus formateure to improper contact at the electrode-
tissue interface. Furthermore, when any electrasichred the target temperature while
delivering very low power (1-2 W), it was considgéra sign of an undesirably strong
electrode-tissue contact or a wedge position ofdleetrode, and energy delivery to that
particular electrode was switched off. The endpeiat electrical isolation of all PVs, as

confirmed by demonstrating an entrance block.

During the procedure the unipolar:bipolar modeeath energy delivery as well as the

number of concomitantly active poles were manuatorded to compare with MES counts.

3.1.2. Effect of different biophysical ablation parameters on MES count during
PVAC procedures

Patients undergoing PVI for symptomatic paroxysargbersistent AF not adequately
controlled by at least one antiarrhythmic drug weligible for inclusion in the study. The
exclusion criteria included long-standing persis#®R, hyper- and hypothyroidism, valvular
heart disease, heart failure of NYHA class Il 'gr & left ventricular ejection fraction 40%,

a LA diameter exceeding 50 mm, a LA thrombus, dosnted carotid stenosis, previous

ischemic stroke or TIA, prior cardiac surgery odasibn in the LA, unstable angina or



myocardial infarction within the last 3 months, e chronic obstructive pulmonary disease,
known bleeding disorders, contraindication to araicoagulation and pregnancy.

All patients received oral anticoagulation befdne PVI, with a target international
normalized ratio of 2.0 to 3.0, which was maintdif@ the procedure.

The technique of PVAC procedures has been detailélge previous section. during
this study the GENius™ 14.4 RF generator was UuBké.target ACT level in this study was
>350sec.

Before the initiation of this study it has been lmled that there is a possibility of a
significant interaction of the current densitieselectrode 1 (E1) and electrode 10 (E10)
when these are in close proximity evidenced by rapedance drop below 110 Ohms.
Simultaneous ED on these poles was therefore atéehgnly after fluoroscopic assessment
of the interelectrode distance, which was consile@equate if the space between E1 and
E10 was at least double the usual 3-mm intereldetdistance as assessed from multiple

views.

3.2 TCD monitoring:

The middle cerebral arteries (MCA) were bilateraligonated from transtemporal
windows by using a multifrequency Doppler, whiclsanates simultaneously with 2- and
2.5- MHz frequencies. The system is capable ofatm®matic online identification of true
MESs with a sensitivity of 100% and a specificitfy 99.3%, and also of discrimination

between gaseous and solid emboli with a specifafit§6.5%.

TCD parameter settings as recommended by the msunseriteria were kept constant
during the procedures. The insonation depth waS546ym, the sample volume was 8 mm,
and the power was 60-100 mW.

MES counts were collected and evaluated separateting different stages of the
procedure as follows:
1. Transseptal puncture: the 30-s period after sangsthe interatrial septum with the
transseptal needle.
2. PV angiography: contrast injection through thggtion port of the CryoCath catheter or
the transseptal sheath during PVAC ablation.
3. Energy delivery: from the start to 15 s after tarmination of energy delivery
4. The remainder of the procedure: that part olLiheccess period during which none of the

aforementioned maneuvers were performed.
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3.3 ICE monitoring:

ICE monitoring was used in the study that compénesMES counts during the two
single-shot ablation technigiues.

During each ablation phase, ICE was used for aeniitative characterization of
the bubble formation by grouping them into threéegaries based on the bubble density.
Isolated bubbles were categorized as “FEW”, thosth \& continuous but not dense
appearance as “MODERATE”, and those with a contisuand dense appearance as
“‘SHOWER”.

3.4 Data collection from the GENius 14.4 gener ator :

Generator files for each ablation during the pdoce were collected. The files
included information on the ablation (mode, eledé®enabled), the power for each electrode
sampled at 1 Hz, and the temperature for eachretectsampled at 8 Hz. Parameters
analyzed off-line for potential correlation withettMES data included the bipolar/unipolar
ratio, the average power delivered, the total eneiglivered, the number of electrodes on
during the ED, the simultaneous use of E1 and EW@, average temperature, and the
presence of a temperature overshoot. A temperattgeshoot was defined a2 ‘C during
the ED, and the integral over 62 was calculated as the area under the temperatuve
above 62C.

For the evaluation of the electrode-tissue contagb additional metrics were
calculated. The respiratory contact failure scoes wased on the analysis of temperature
variability at respiration frequency in order toamtifiy improper contact attributed to
respiratory movements. This score was calculated efich electrode, by filtering the
temperature signal and then calculating the powectsum at the respiration frequency
between 10 and 20 breaths per minute. The othemder was the template deviation
score, which compared the actual temperature aluvieg ablation with an ideal template.
The ideal template was created from in vitro restdaturing a quick temperature rise with
the target temperature of 80 reached within 20 seconds, followed by a stesalg $or the
remainder of the ablation. Template deviation warsstered negative in the case of a slow
rise or if the temperature remained <@) and positive for a quick temperature rise, and a

temperature >60C. Template deviation scores were calculated asstine of the squared
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errors between the real electrode temperature laddeal template at each time point for
each electrode during ED. The score for each Rivetgl representing the mean of the

electrodes was related to the MES count.

3.5 Statistics

3.5.1.Transcranial measurement of cerebral microembolic signals during pulmonary

vein isolation performed with two single-shot techniques:

Data were derived by summing signal counts ovegetiige intervention, and also for
the categories of each investigated factor defihgdthe ablation stage, whether or not
electrodes 1 and 10 were simultaneously operadind,the bipolar-to-unipolar energy ratio.
Gaseous and solid signal counts were summed @igtadl count). Variables for signal count
data were natural log-transformed to improve noitjnaMultilevel mixed-effects linear
regression was used to evaluate the effects oalhegtion type and the investigated factors
(procedure stage, electrode 1+10 simultaneous o@erdipolar/unipolar ratio) on the total
signal count. The number of models and the numbaenvestigated factors fitted were the
same, with interaction terms between the ablatype tand the factor in each. The models
were also adjusted for further variables found @aubeful additions due to the consequential
improvement of the model fit and/or the eliminatioh confounding. Fixed effects were
expressed as estimated differences in the logfoaned outcome, 95% confidence intervals,
and p values. Model checking was based on inspeofithe normality of residuals. P values
less than 0.05 were interpreted as indicatingsstedi significance.

For unadjusted descriptive tables of patient dihicharacteristics and procedural
data, Fisher's exact test was used to compare he tgroups in terms of categorical
variables: for continuous variables, appearinghgse tables , and in the descriptive figure
for total signal count, the assumptions regardirggmality (D’Agostino’s test) and
homoscedasticity (Levene’s robust test) were chitcked analysis of variance was used if
both were satisfied; otherwise, the Kruskall-Watéist was applied.

The statistical package Stata (Stata Corp. 200&s8tal Software: Release 11.
College Station, Tx, USA: Stata Corp LP) was usedstatistical analysis.
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3.5.2.Effect of different biophysical ablation parameters on MES count during PVAC

procedures

Gaseous and solid signal counts were summed {#&E&). As bilateral recording of
MCA was not possible in all cases, mean MES copetdMCA were calculated, using either
the mean of the bilateral counts when both side® we=asured, or the unilateral data when
only one side was available To improve normalitignal count data were natural log-
transformed, and ablation parameters were transfrny using whichever formula (square,
square root or natural log) provided the close¢gbfa normal distribution.

Relationships between ablation parameters andl BMES count were descriptively
guantified using unadjusted Pearson’s correlataeffcients (r) as a first approach.
For in-depth analysis multilevel mixed-effects Bneregression was used to evaluate the
effect of ablation parameters on the total MES tolModels were adjusted for total energy
delivered and average temperature. Interactionsevare used to assess effect heterogeneity
across levels of potential effect-modifying factdfsxed effects were expressed as estimated
differences in the log-transformed outcome, 95%fidence intervals, and p values. Model
checking was based on inspection of the normafitgsiduals.

Applications were excluded from the analysis ip®rary signal problems on the
TCD occurred. Additionally, energy delivery sessidnterrupted earlier than 40 seconds
were excluded from the respiratory contact faildine, template deviation and the number of
active electrodes analyses.
p values less than 0.05 were interpreted as indgatatistical significance.

4. Results
4.1. Transcranial measurement of cerebral microembolic signals during

pulmonary vein isolation performed with two single-shot techniques:

4.1.1. Patient characteristics:
A total of 34 patients who participated in 35 prdwes were enrolled in this study.
There were no significant differences in the basetharacteristics (age, gender,type of AF,

CHADS?2 score, left ventricular ejection fractioeftlatrial diameter, periprocedural INR).

4.1.2. Procedural data:
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The total procedure time, the total fluoro time dnel total energy delivery time were
significantly longer in the CRYO group than in tR& AC groups. The mean ACT values
also differed significantly in the three treatmgnbups according to the predefined protocol.
No procedure-related complication was encounteredhy patient.

4.1.3. MES count:

As bilateral insonsation of the MCA could not shiaved in all patients for
technical reasons, MES counts were based on TCiddieg of 16,22 and 23 arteries int he
CRYO, PVAC and PVAC high ACT treatment groups, extjvely. Mean MES counts per
patient were calculated using either the mean efhilateral counts when both sides were
measured, or the unilateral data when only onewateavailable. Cerebral MES count was
significantly lower in the CRYO group as compareithvthe two PVAC groups (p=0.0005).
No statistical difference was found between the #AC groups at this sample size
(p=0.1419).

As regards the MES count during the different daglethe procedure, a relatively
even distribution of embolus formation was foundoas the whole LA access time with CB,
whereas the embolus formation was concentratedeirenergy delivery period with PVAC.
The statistically significant difference seen ire ttotal MES count could therefore be
attributed to the difference during energy delver

Fewer than 20% of all microemboli were categoriasdolid in all three groups. This
ratio was constant across the different stagelseoptocedure.

Two ablation parameters potentially influencing M&S counts during the PVAC
procedures were also analyzed: RF delivery witfedght bipolar/unipolar ratios, and the use
versus the avoidance of simultaneous energy dgliwar PVAC electrodes 1 and 10. The
latter was a significant predictor for a higher ME&unt in the normal-ACT PVAC group
(p=0.036), but the bipolar/unipolar ratio did nofluence MES formation.

4.1.4. Correlation between |CE and MES count:

A significant correlation was found between bublidemation on ICE and the
generation of MESs in all three groups during trecedure (p<0.001). Bubble formation on
ICE required a critical amount of MESs, and was sensitive to detect infrequent

microembolization.

4.1.5. Miscellaneous observations:
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A shower of bubbles on ICE mostly appeared 5-1Gtexy &F delivery had been
started. The onset of the shower of bubbles waswel by bursts of MESs, usually 5-10 s
later. The gradual decrease and disappearance MESs and bubbles was usually observed
within 10-15 s after the termination of energy dety. Catheter manipulation, and especially
rotation, during this period often resulted in avnieurst of microemboli detected by both
techniques. Switching off poles that did not redud target temperature during RF delivery
did not result in an apparent change in the degfemicroembolus generation. However, in
those rare instances when PVAC electrodes weredtjstl from the ostium deeper into the
PV, a rapid rise in temperature with low delivergolwer (1-2 W) was usually observed,
indicating an excellent contact or a poor cooliffga from the blood. An abrupt and very
marked microembolization was also observed in tlagornty of these cases, prompting an
immediate termination of RF delivery.

During Cryoballoon procedures, a burst of MESs ussally observed after the balloon had

deflated following the application.

4.2. Effect of different biophysical ablation parameters on MES count during
PVAC procedures:
A total of 834 RF application sessions were pentt during phased RF ablation
with the PVAC in 48 patients. All patients had &Rl value above 2.0 confirmed on the day
of the procedure. 6 patients had values slightval8.0 but below 4.

The number of concomitantly active electrodesmpiD was found to increase the
MES count significantly (Pearson Correlation Caméint r=0.252, adjusted p<0.0001).
Accordingly, increase of the total energy delivetedall active poles correlated with an
increase in MES count (Pearson Correlation Coeffitci=0.340, adjusted p<0.0001).

RF energy was delivered simultaneously on E1 atlik 285 instances with
an impedance drop below 110 Ohm observed in 3 c&mscomitant use of E1 and E10
resulted in significantly higher MES counts tharablations where these two poles were not
coactive (mean MES per patient 36.3 SD:51.4 vs.nmeMlES 23.8 SD:38.3 Pearson
Correlation Coefficient r=0.160, adjusted p<0.0001)

Both lower average temperatures (in the range 5455 and a higher
temperature integral over 62 resulted in an increased MES count (Pearson l@bome
Coefficient r=0.257, 0.145, respectively, adjuspe®d.0001). Moreover, higher temperature
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integrals over 62C were found in those ablations where the averaggpérature was in the
range 45-55C.

Positive template deviation scores did not affétet MES count (Pearson
Correlation Coefficient r=0.110, adjusted p=0.342¢gative template deviation scores were
associated with an increase in MES count ( Peatswrelation Coefficient r=0.323, adjusted
p<0.0001). Higher respiratory contact failure wessogiated with higher MES count.
(Pearson Correlation Coefficient r=0.165, adjugted.0002), while an inverse relationship
was found between the respiratory contact failemresand the average temperature (Pearson
Correlation Coefficient r=0.389, adjusted p<0.0001)

No significant relationship was found between &S count and the
bipolar/unipolar ablation mode: mean MES per patie6.7 SD:43.6, 28.2 SD:44.3 and 25.2
SD:28.37 were found during EDs with 4:1, 2:1 antl Hipolar:unipolar modes, respectively
(Pearson Correlation Coefficient r=0.051, adjugted.35).

5. Discussion

The clinical significance of silent cerebral lessodemonstrated by diffuseion-
weighted MRI studies is currently unknown. Receattadndicate that the majority of them
are only transient phenomena with a clear tenddacgisappear within a few weeks,
especially those with small diameters.

Although cerebral MRI studies were of utmost impode in drawing attention to the
entity of subclinical cerebral ischemia, its recitign after ablation is too late for the
individual patient. The real-time monitoring of eatib traffic in the brain might be a useful
approach if backed up by more clinical data. Kdilea et al. first reported on the MES count
detected by TCD during point-by-point pulmonaryrant isolation with the use of non-
irrigated RF catheters. They demonstrated thatcalrenicroembolization occurs during all
PVI procedures. Moreover, an unexpectedly high remolb cerebral microemboli was found
as compared with those seen during cardiac surdelgitionally, a significant correlation
was demonstrated between the occurrence of marsteske and the number of MESs
detected during the ablation procedure. Importartgt study also proved the correlation
between the MES count and the degree of microbufiblmation on ICE. Similar data
regarding the potential clinical significance of Bli§eneration during CB ablation have not
been published. Two other studies reported on careficroembolization detected by TCD
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during different AF ablation approaches recentty.cbncordance with the MRI data, the
number of MESs in these studies was dependenteoaltiation technology.

For the first time to our knowledge, our study k¢ provided data regarding the
composition of these microemboli by demonstratimat the majority of them are gaseous,
solid particles occuring in less than 20% of theegardless of the technology and the
anticoagulation scheme used. Although not suppdryescientific evidence, it is a general
belief that gaseous emboli are less harmful thdi gmarticles. However, with similar
proportions of solid MESs in the three treatmewugs the absolute number is significantly
higher during PVAC ablation. Importantly, none afr gatients sustained a clinical stroke
or TIA.

We found significant differences between Cryobaill@nd PVAC ablation in the
temporal distribution of microembolus formationdhghout the whole LA access time.
The even distribution with Cryoballoon technologyggests that catheter manipulation,
inflation and defleation of the balloon, and costranjections into PVs are mainly
responsible for MES generation. In contrast, thgontg of MESs during PVAC ablation
were recorded at the time of energy delivery: neanboli usually appeared in large
guantities 10-15 s after RF delivery had been edlartWhile RF delivery with different
bipolar/unipolar ratios did not influence MES foriioa, simultaneous RF delivery on
PVAC electrodes 1 and 10 was a significant prediicoa higher MES count int he normal
ACT PVAC group. The likely explanation for this €img is a reduced interelectrode
distance or electrode overlap due to anatomicastcaimt of the PVAC loop arguing for a
careful assessement on fluoroscopy or even roatielance of simultaneous RF delivery

on poles 1 and 10.

Similarly to our findings, a significant correlatiavas reported between the quantity
of MESs and the degree of bubble formation detelojelCE, the latter being used as a guide
for power titration. An important difference betwegoint-by-point RF and PVAC ablation,
however, is that the power can not be adjusted thithGENius ablator; indeed, the power
management is entirely automatic, with no oppotyufor the operator to exert control.
Similar data regarding the potential clinical sfgri@ince of MES generation during

Cryoballoon ablation have not been published.

The use of different ACT targets for intraprocedim@parinization did not result in a
statistically significant impact on the MES countthis relatively small group of patients.
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The potential benefit of a more aggressive antiatzipn protocol needs to be assessed in

larger-scale studies although its impact on thetipgaseous microemboli is questionable.

Although several clinical and procedural predistmf both manifest and silent
cerebral embolization have been identified, theedircorrelation between thrombus
formation and the biophysical parameters duringdRFn the LA is poorly understood. Our
data, collected at a high sampling rate from theN{BE 14.4 generator with simultaneous
recording of MESs during PVI, provide informatiom anultiple aspects of cerebral

microembolization.

The E1-E10 interaction is the only known prediactbnew lesions on DW MRI after
a phased-RF ablation. Furthermore we recently dstrated that the number of microemboli
detected by TCD during PVI was higher on the conitmmhuse of E1-E10. This is probably
due to a reduced interelectrode distance or eldetraverlap when the PVAC loop is
compressed which may result in an increased logakot density and thereby increased
MES production. Significantly higher MES counts lwitoactive E1 and E10 were also
demonstrated in this study, despite a careful dscopic assessement of the electrode
positions. We propose two possible explanation:tifea E1-E10 interaction was due to
catheter displacement resulting in a shortened Hl-distance during the ablation; (b) the
E1-E10 combination was used almost exclusively wirast of the electrodes were also
enabled, resulting in a higher total energy delivehich was an independent predictor of
MES production in this study. Importantly, an impade drop below 110 Ohms, considered
an indication for E1-E10 interaction by Wieczordkaé occured in a negligible number of

energy deliveries in our study.

A specific feature of duty-cycled ablation withettPVAC is RF delivery with
different bipolar/unipolar mode ratios. A study Hyines et al. revealed significantly lower
MES count and microembolic volume with the unipatayde than with any of the ED modes
with a bipolar component. The unipolar mode wasus&d in this study and, in accord with
our previous results, no significant differencehe MES count was found during ED in 4:1
vs. 2:1 mode.

Intermittent contact has also been proposed agemfml mechanism of embolus formation
during ED. This appears to be the first investmatof the role of improper tissue-catheter
contact in microembolus production during RF ablatilt is known that lower average

temperatures achieved with a non-irrigated catheserlly indicate an improper electrode-

16



tissue contact, and higher power is necessary lewe the target temperature in these
instances. Moreover, in the event of intermittesritact, the power increase during the off-
contact period can lead to a temperature overshlocd better tissue contact is established.
We therefore evaluated the average power, aveeageerature and temperature integral over
62 ‘C as indicators of the electrode-tissue contactfufiher characterize the contact during
ED, a template deviation score was used to quatitéydifference between an ideal and the
real temperature. As contact problems may relatedpiration, a respiratory contact failure
score was also calculated to analyze the temperatrrability at the respiration frequency.
All of these metrics demonstrated a significantrelation with embolus formation: a lower
average temperature (45-85), a higher average power, a higher temperatuegtial over

62 ‘C, a higher template deviation score and a higbspiratory contact failure score were
independent predictors of an increased MES couhtd®e, all ablation procedures were
performed under conscious sedation in this stu@yntifation under general anesthesia might

result in different respiratory variability and MESunt.

Contact becomes especially critical when multipalalation catheters are used. It is
important, that the simultaneous attainment oficieffit electrode-tissue contact on multiple
poles, with either a circular or a linear arrangetnenay not be feasible in the majority of
cases due to the complex anatomy. Modificationthénpower handling of the RF generator
to ensure a gradual and limited increase duringpteary no contact scenarios, which has
been implemented in the most recent software versidghe GENius generator may prove to
be useful to avoid high-temperature peaks wherebetntact is reestablished. Another,
although technically ponderous strategy which cdutdbeneficial is the incorporation of
contact force sensors in these electrodes thermsddyliag the assessment of contact before an
electrode is selected for RF delivery. Moreovee tiverall delivered energy is necessarily
higher with simultaneous ablation on multiple eledes, and our data reveal that the higher
the total energy delivered, the greater the nunobemboli. It could be argued, however,
that, with the longer lesion created by applying tBFnultiple poles, fewer ED sessions are
required. However, it is unknown whether the taMES count itself is related to the
thrombogenic potential of the ablation procedurexbether the intensity of MES formation
(the MES count in a given time) is also of impodan

To evaluate the clinical relevance of our resudisgitudinal assessment of the

cognitive function seems justified in these pasent
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6. Summary

The summary of our research investigating Cerelmnadroembolization during

pulmonary vein isolation performed with the cirquhaultipolar radiofrequency catheter was

given in this thesis. Our new observations:

1.

Procedures performed with the previous versionhef GENius generator, GENius 14.3
were associated with a significantly increased Mige8nt as compared to Cryoballoon
procedures. The different level of intraproceduraparinization did not affect the MES

count during PVAC procedures

. While during Cryoballoon ablations an even disttitm of microemboli generation was

seen between different stages of the procedure MBS formation in case of PVAC

procedures was concentrated to the energy delpanipd.

3. 80% of detected microemboli were gaseous in natitreboth ablation techniques.

4. An excellent correlation was found between the geamtitative scale of bubble density

seen on ICE and the number of MESs detected by TCD.

. The analysis of ablation parameteres from the GEN#L4 generator prooved that both

the total energy delivered and the number of coritzartly active electrodes correlated
with the MES count.

. Simultaneous use of E1 and E10 in case of PVACpwes was associated with an

increased MES generation despite a carefull fllompse assessement of a proper

interelectrode distance between them.

. All parameters related to an improper or intermittéssue-catheter contact, including

average temperature, temperature overshoot, negagmplate deviation score,
respiratory contact failure score, were indepengegdictors of MES formation.
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