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Transcranial Measurement of Cerebral Microembolic Signals
During Endocardial Pulmonary Vein Isolation: Comparison of

3 Different Ablation Techniques
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Cerebral MES During PVI. Introduction: Isolation of the pulmonary veins (PVI) using high abla-
tion energy is an effective treatment for atrial fibrillation (AF) with a success rate of 50–95%; however,
postoperative neurological complications still occur in 0.5–10%. In this study the incidence of cerebral
microembolic signals (MES) as a risk factor for neurological complications is examined during 3 percu-
taneous endocardial ablation procedure strategies: segmental PVI using a conventional radiofrequency
(RF) ablation catheter, segmental PVI using an irrigated RF tip catheter, and circumferential PVI with a
cryoballoon catheter (CB).

Methods and Results: Thirty patients underwent percutaneous endocardial PVI. Ostial isolation was
performed in 10 patients with a conventional 4-mm RF catheter (CRF) and in 10 patients with a 4-mm
irrigated RF catheter (IRF). A circumferential PVI was performed in 10 patients with a CB. Transcranial
Doppler (TCD) monitoring was used to detect MES in the middle cerebral arteries.

The total number of cerebral MES differs significantly among the 3 PVI groups; 3,908 cerebral MES
were measured with use of the CRF catheter, 1,404 cerebral MES with use of the IRF catheter, and 935
cerebral MES with use of the CB catheter.

Conclusion: This study demonstrates a significant difference in cerebral MES during PVI with 3 different
ablation procedures. The use of an irrigated RF and a cryoballoon produces significantly fewer cerebral
MES than the use of conventional RF for a PVI procedure, suggesting a higher risk for neurologic compli-
cations using conventional RF energy during a percutaneous PVI procedure. (J Cardiovasc Electrophysiol,
Vol. 20, pp. 1102-1107, October 2009)
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Introduction

Atrial fibrillation (AF) is a highly prevalent cardiac ar-
rhythmia, with an age-dependent increase in incidence. It
is an independent risk factor for death and stroke.1 Antiar-
rhythmic drug treatment and pulmonary vein isolation (PVI)
are standard treatment options. PVI has become a main-
stream treatment for AF whereby ablation energy is applied
to electrically isolate the pulmonary veins.2,3 Catheter PVI
procedures are efficacious, with success rates approximating
80%. However, one of the complications of PVI procedure is
the occurrence of cerebroembolic complications in 0.5–10%
of the patients.2,4,5 Several publications support an associ-
ation between the number of cerebral MES and neurologi-
cal impairment and stroke.4,6-9 Therefore, in this study the
number of cerebral MES was considered as a risk factor of
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neurological complications and examined during 3 differ-
ent catheter-based PVI approaches: (1) segmental isolation
with a conventional radiofrequency (RF) ablation catheter
(CRF), (2) segmental isolation with an irrigated RF tip abla-
tion catheter (IRF), and (3) circumferential isolation with a
cryoballoon catheter (CB).

Methods

Patients

A total of 30 consecutive patients suffering from drug-
refractory and symptomatic AF undergoing a PVI were in-
cluded in this study. We compared three separate cohorts in
three different centers: Academic Hospital Maastricht (the
Netherlands), Cliniques Universitaires de Mont-Godinne,
Yvoir (Belgium), and Erasmus Medical Centre, Rotterdam
(the Netherlands). Three groups were defined according to
the ablation catheter used in each center: (1) conventional RF
catheter (CRF), (2) irrigated RF tip catheter (IRF), and (3)
cryoballoon catheter (CB).

Procedures

The investigation was approved by the Human Re-
search and Ethics Committee of the Academic Hospital
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Maastricht (the Netherlands), Cliniques Universitaires de
Mont-Godinne, Yvoir (Belgium), and Erasmus Medical Cen-
tre, Rotterdam (the Netherlands).

Segmental PVI

These procedures were performed under local anesthesia
and with femoral vein punctures. Two echo-guided transsep-
tal punctures were performed and a steerable circular electro-
physiologic catheter (Lasso R©, Biosense Webster, Diamond
bar, CA, USA) was positioned at the orifice of the targeted
veins. Ablation was performed at the atriovenous junction at
sites showing the earliest PV potentials. The introducers were
continuously flushed to prevent the formation of thrombi on
the catheter. Details about the segmental ablation have been
published earlier.3

The ablation catheter used for the conventional RF
ablation was a 4-mm bidirectional RF ablation catheter
(Saphire R©, St. Jude Medical, Minnetonka, MN, USA). The
maximum power limit for the RF ablation was set on 25 W to
30 W, with a maximum temperature limit of 55◦C to 60◦C.

The ablation catheter used for the irrigated tip RF ablation
was a 4-mm externally irrigated tip catheter (Celius Thermo-
cool R©, Biosense Webster, Diamond Bar, CA, USA). The
maximum power limit for the RF ablation was set on 25 W,
with a maximum temperature limit of 48◦C.

Circumferential Cryoballoon Procedure

The procedure was performed with femoral access and
through a single transseptal puncture, guided by intracardiac
echocardiography. The ablation was performed with a 28-
mm double-lumen balloon catheter (Arctic front R©, Cryocath,
Montreal, Quebec, Canada), through a 14 F transseptal sheath
and positioned over an exchange wire to occlude the ostium
of each PV. The introducers were continuously flushed to
prevent the formation of thrombi on the catheter. Cryoen-
ergy was given for 5 minutes per application of −80◦C, with
a minimum of 2 applications per vein. After ablation, a cir-
cular 20-polar catheter was positioned at the ostium of every
vein to check for PV potentials. The procedural endpoint
was the absence of PV potentials in all of the targeted veins.
If isolation could not be achieved with the cryoballoon, an
additional segmental isolation was performed with a 8-mm-
tip cryocatheter (Freezor Max R©, Cryocath, Montreal, Que-
bec, Canada). Details on this approach have been published
previously.10,11

Periprocedural Anticoagulation Management

All patients of all the three groups were on oral anticoag-
ulation for a minimum of 1 month before the procedure. This
was stopped 2 to 3 days before the ablation. Transesophageal
echocardiography was performed 24–48 hours before the
procedure to rule out presence of intracardiac thrombi. The
activated clotting time (ACT) was kept above 350 seconds
during the entire procedure in the CRF procedures, between
200 and 250 seconds in the IRF procedures, and an ACT
of 350 seconds was maintained in the cryoballoon pro-
cedures. After the procedure, oral anticoagulation was re-
sumed with a target international normalized ratio between
2 and 3.

Transcranial Doppler (TCD) Monitoring

TCD, (PMD 100, Spencer Technologies, Seattle, WA,
USA) was used to monitor both middle cerebral arteries
through the temporal windows for microemboli using two
2.0 MHz probes, fixed with a headband (Marc 600, Spencer
Technologies). The probes were by an experienced physician
installed after the patient was positioned for both PVI pro-
cedures. Patients were monitored continuously starting from
30 minutes before the procedure until termination of the pro-
cedure. TCD recordings were stored for later offline analysis.
In our study the detection of cerebral MES was performed
by a blinded trained physician according the guidelines of
the consensus committee.12 The TCD analyses were divided
into different periods. The period from transseptal puncture
until the first ablation was considered the placement period
(placement period). The period during which ablation en-
ergy was delivered was classified as the ablation period. Due
to the delay between emboli generation in the pulmonary
veins and arrival of these emboli in the cerebral vessels, a
10-second period after the end of ablation was included in
the ablation period in all of the different methods (ablation
period). The period from the first ablation until the end of the
procedure, minus the ablation periods, was considered the
manipulation period (manipulation period).

Data Analysis

The different patterns of cerebral MES were categorized
according to previously defined criteria.4,13,14 Type I embolic
showers were defined as 1 to 10 cerebral MES in 1 minute of
ablation. Type II embolic showers were defined as 11 to 60
cerebral MES in 1 minute of ablation. Type III embolic show-
ers were defined as more than 61 cerebral MES in 1 minute
of ablation. Figure 1 demonstrates the three mentioned types
of embolic showers.

Statistical Method

All data were analyzed using the statistical software pack-
age SPSS R© version 12.0 (SPSS Inc., Chicago, IL, USA). A
Mann-Whitney U test was used to compare the three different
types of embolic showers in the different ablation groups. A
P-value of <0.05 was considered statistically significant.

Results

Patient Characteristics

A total of 30 patients were enrolled in this study. Table 1
presents patients’ characteristics of the three PVI groups.
There were no significant differences in the baseline charac-
teristics.

PVI Procedures

A total of 741 energy applications were delivered in 30
patients: in the CRF group 318 applications, in the IRF group
314 applications, and in the CB group 109 applications. The
CRF and IRF procedures had a significantly shorter total
ablation time than the CB procedures (P = 0.01) (Table 2).
The total procedural time was significantly longer in the CRF
group (274 minutes) versus IRF and CB group (185 minutes
P = 0.032 and 178 minutes P < 0.0001). The ACT levels in
the IRF group were significantly lower (ACT = 210) than in
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Figure 1. Examples of the 3 types of showers in the velocity spectrum of the transcranial Doppler (TCD) screen.

the CRF (ACT = 371, P = 0.017) and the CB groups (ACT =
364, P = 0.05).

Total Number of Cerebral MES

The number of cerebral MES in the three procedures are
represented in Table 3. The total number of cerebral MES dif-
fers significantly among the 3 groups. The number of cerebral
MES detected during the entire PVI procedure was signifi-
cantly lower in the IRF group (1,404 MES) and in the CB

TABLE 1

Patients’ Characteristics in the Irrigated RF (IRF) Group, the Conventional
RF (CRF) Group, and the Cryoballoon (CB) Group

Conventional RF Irrigated RF Cryoballoon

N 10 10 10
Male 9 10 7
Age (year) 50 (11) 53 (14) 58 (11)
PAF/CAF 9/1 9/1 10/0
PFO 2 1 1
Previous TIA 0 0 1
Previous percutaneous 3 1 2

ablation

CAF = consistent atrial fibrillation; PAF = paroxysmal atrial fibrillation;
PFO = patent foramen ovale; RF = radiofrequency; TIA = transient
ischemic stroke.

group (935 MES), compared to the CRF group (3,908 MES,
respectively, P = 0.0019, P = 0.001). The number of cerebral
MES during the placement period was significantly higher
in the IRF group (745 cerebral MES) compared to the other
2 groups (CB = 377 cerebral MES, P = 0.03; and CRF = 332
cerebral MES, P = 0.015). During the ablation period, less
cerebral MES were generated in the IRF group (105 MES)
and in the CB group (163 MES) compared to the CRF group
(2,566 MES, respectively, P = 0.01, P = 0.0001). When
considering the number of MES per minute of ablation, the
CB group demonstrated the lowest number of three cerebral
MES per minute of ablation compared to both the other pro-
cedures (CRF = 92 MES, P < 0.0001; IRF = 7 MES, P =
0.03).

MES in the CB Procedures

The number of MES during contrast injections and single-
point ablation in the CB group were analyzed separately.
On average, 13 ± 2 cerebral MES were observed during
each contrast injections in the CB procedure, resulting in an
average of 132 ± 37 MES per procedure caused by con-
trast injections. Single segmental ablations with the freezer
max did not contribute significantly to the total number of
cerebral MES, as only 2 ± 1 cerebral MES were observed
in the complete segmental ablation period, consisting of
8 applications.
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TABLE 2

Procedure Characteristics in the Conventional RF (CRF) Group, the Irrigated RF (IRF) Group, and in the Cryoballoon (CB) Group

CRF IRF CBCRF CB CB
Mean SD Mean SD Versus IRF Mean SD Versus CRF Versus IRF

Ablation time (minutes) 24 10 16 9 P = 0.347 79 42 P < 0.0001 P = 0.01
Time per ablation (seconds) 45 15 34 17 P = 0.008 300 0 P < 0.0001 P < 0.0001
Procedural time (minutes) 274 92 185 49 P = 0.032 178 57 P < 0.0001 P = 0.711
ACT (seconds) 371 106 210 33 P = 0.017 364 90 P = 0.909 P = 0.05
Impedance (Ω) 200 10 115 14 P = 0.04
Power (W) 24 6 24 2 P = 0.906
Temperature (◦C) 49 5 36 2 P = 0.01

ACT = activated clotting time; RF = radiofrequency.

Ablation Characteristics and Type of Embolic Showers
in CRF Procedures

Type I showers occurred during the CRF procedure at an
average ablation application time of 41 seconds (±16 sec-
onds), with an average temperature per ablation of 47◦C
(±4◦C). Type II showers occurred at an average similar abla-
tion application duration (44 seconds ±16 seconds) but with
a significant higher temperature of 49◦C (±5◦C) (P = 0.025).
Type III showers occurred at significant higher ablation ap-
plication time of 52 seconds (±11 seconds) than both type I
and type II embolic showers (P < 0.0001) and at significant
higher temperatures of 52◦C (±5◦C) than both other types of
showers (P < 0.0001).

Discussion

This study demonstrates that cerebral MES are gener-
ated in patients undergoing catheter-based PV ablation pro-
cedures. However, the number of cerebral MES generated
during PVI procedures is dependent on the type of the abla-
tion catheter. The CB generates a lower number of cerebral
MES during the ablation application than methods involving
RF-based ablation catheters. When comparing the irrigated
tip RF catheter and the conventional RF catheter, the former
generates the lowest number of cerebral MES. The duration
and temperature of each ablation application could play a role
in the difference in generation of emboli when RF energy is
used.

It has been proven that cerebral MES are an indicator of
systemic and cerebral embolization, and are associated with
a significant risk of neurologic damage.4,6-9,15,16 Lickfett
et al.5 demonstrated with diffusion-weighted magnetic reso-
nance imaging that 10% of patients undergoing PVI with a
RF catheter had cerebral embolic lesions postprocedurally.
Kilicislan et al. and Marrouche et al.4 have shown that pa-

TABLE 3

Number of Microembolic Signals (MES) in the Conventional RF (CRF) Group, the Irrigated Tip RF (IRF), and the Cryoballoon (CB) Group

CRF IRF CBIRF CB CB
Mean SD Mean SD Versus CRF Mean SD Versus CRF Versus IRF

MES total 3,908 2,816 1,404 981 P = 0.019 935 463 P = 0.001 P = 0.186
MES placement period 332 193 745 467 P = 0.015 377 297 P = 0.624 P = 0.03
MES ablation period 2,566 2,296 105 71 P = 0.01 163 91 P = 0.001 P = 0.266
MES manipulation period 1,010 733 554 601 P = 0.143 395 186 P = 0.027 P = 0.874
MES per 1 minute of ablation 92 144 7 20 P < 0.0001 3 5 P < 0.0001 P = 0.03

tients with cerebroembolic events had significantly higher
numbers of cerebral MES, suggesting that without the knowl-
edge of the constitution of those emboli, the cerebral emboli
during catheter RF ablation are responsible for neurologi-
cal complications. The method of detecting cerebral emboli
cannot provide information of the composition of the ob-
served emboli, but the moment of occurrence can provide an
indication about the nature of the observed emboli. In cry-
oballoon ablation, a majority of MES are observed during
the placement and manipulation phase and at end of each
ablation. Since placement of a 14 Fr transseptal sheath and
contrast injections during placement of the cryoballoon are
involved in the placement and manipulation phases, it seems
a reasonable hypothesis that the observed MES during these
phases are mainly caused by iatrogenic gas injection. At the
end of the ablation phase, however, the balloon that occluded
the PV ostium (trapping injected contrast inside the PV) is
deflated. The cerebral MES detected at that moment could be
the release of ice chips formed at the balloon-PV interface or
the release of thrombi formed in the trapped blood column
behind the occluding balloon. But it could also be the release
of trapped contrast including some injected air that could be
responsible for MES formation. Although the nature of the
detected emboli in the CB procedures cannot be determined
with certainty, it is clear from this study that a lower num-
ber of MES are detected during the CB procedure compared
to the methods involving RF. The observed low number of
MES during cryoenergy delivery with the cryoballoon and
the absence of MES during with cryothermal segmental ab-
lations confirms the previously proven low thrombogenity of
cryoablation.17-20

Both RF groups show a higher number of observed MES
compared to the CB procedure during the ablation phase. It
has been shown that RF energy is not only highly thrombo-
genic,17-19,21,22 but also causes the gaseous emboli to emerge
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due to tissue disruption and temperature rises.13,14,23 Since
this study confirms the significant correlation between in-
creasing number of cerebral MES with higher power, dura-
tion, and temperatures of the RF ablation, it confirms that
the emboli are correlated with the energy delivery. In the
CRF ablations the type III cerebral embolic showers may be
prevented by reducing the duration of each ablation. It also
shows that reducing the catheter tip temperatures by irri-
gated cooling is an effective means for reduction of cerebral
MES, probably through prevention of thrombus formation
as was suggested earlier.22,24 This shows that when using
RF energy for PVI, with a high number of ablation lesions
in the left atrium, an irrigated tip catheter is preferable to
a conventional RF catheter since systemic embolization can
have devastating consequences and is a frequently occurring
complication.5,6,20,25

Study Limitations

The activated clotting times during the ablation was not
entirely uniform in all groups. The CRF and IRF maintained
lower anticoagulation levels than the CB group that may
pose a serious bias in this study. However, in the IRF group,
although being the least anticoagulated, a significant lower
MES were observed than in the CRF group, indicating the
major determinant of MES was the method of power delivery
and not the anticoagulation level during the procedure.

The standard MES evaluation is the off-line evaluation of
a recorded TCD signal by a human expert;12 and although the
agreement rates of MES detection by TCD are higher than the
agreement rates for interpretation of computed tomography
or magnetic resonance imaging,26,27 a human dependency
factor remains present by MES evaluation.

This study did not include a neurological examination
of the patients. No observations were made of postprocedu-
ral neurological complications. However, due to reports that
have demonstrated a correlation between cerebral emboli
and brain damage,4-6,8,9,15,16,28 a lower incidence of neuro-
logical complications in the cryoablation and the irrigated
RF-treated patients can be expected.

Conclusion

This study demonstrates that the generated cerebral MES
during a PVI procedure are significant lower with the use
of a CB catheter and an IRF catheter compared to the use
of a CRF catheter. The risk of postprocedural neurological
complications can therefore be expected to be higher with
the use of a CRF catheter during a PVI procedure.
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