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Abstract Atrial fibrillation is associated with neurocognitive comorbidities such as stroke and dementia. Evidence suggests that rhythm 
control—especially if implemented early—may reduce the risk of cognitive decline. Catheter ablation is highly efficacious for 
restoring sinus rhythm in the setting of atrial fibrillation; however, ablation within the left atrium has been shown to result in 
MRI-detected silent cerebral lesions. In this state-of-the-art review article, we discuss the balance of risk between left atrial 
ablation and rhythm control. We highlight suggestions to lower the risk, as well as the evidence behind newer forms of ab-
lation such as very high power short duration radiofrequency ablation and pulsed field ablation.
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What’s new?

• Silent cerebral lesions may arise secondary to left atrial ablation for 
atrial fibrillation.

• The majority of these lesions are asymptomatic and regress over 
time.

• It is crucial that electrophysiologists are aware of factors which in-
crease the risk of silent cerebral lesion formation and techniques 
to minimize this risk.

Introduction
Atrial fibrillation (AF), the most common cardiac arrhythmia, is asso-
ciated with neurocognitive sequelae such as cardioembolic stroke, for-
mation of silent cerebral lesions (SCLs), cognitive decline, and 
dementia.1–4 Dementia and stroke significantly affect the quality of 
life for both patients and carers and place a substantial burden on the 
healthcare economy.5

A number of pathophysiologic mechanisms underlie the relationship 
between AF and dementia. The irregular cardiac rhythm during AF may 
lead to blood–brain barrier damage and abnormal cerebral blood flow,6

with micro-hypertensive and hypotensive events causing microbleeds 
and hypoperfusion, respectively. AF has been associated with both vas-
cular and Alzheimer’s dementia.7,8 Longer duration of AF with poor 
rate control and added cardiovascular comorbidity increases the risk 
further.9–11

As always, prevention is better than cure. While it is well recognized 
that anticoagulation reduces the risk of stroke in patients with AF, it 
may be less appreciated that effective AF management—ideally follow-
ing the guideline-recommended Atrial fibrillation Better Care (ABC) 

pathway12—can also reduce the risk of dementia, as well as other car-
diovascular outcomes.13,14 It may even be advisable to screen newly di-
agnosed dementia patients for AF as a way to potentially slow cognitive 
decline.15

Rhythm control with catheter ablation has become a common way 
to manage the symptoms of AF, and potential prognostic benefits are 
emerging in recent research including significant reduction or even 
elimination of AF burden.16 Indeed, the data suggest that rhythm con-
trol—particularly with catheter ablation—may improve the risk of neu-
rocognitive decline in patients with AF. Mechanistically, studies have 
shown that restoring sinus rhythm improves cerebral blood flow.6,17

However, some studies also suggest the main benefit is seen in younger 
patients, with less structural heart disease or comorbidities, and if 
rhythm control is implemented earlier in the course of AF (<3 
months).18,19 Risk factor modification is also complementary with re-
gard to modulating neurocognitive decline in patients with AF.20–23

While catheter ablation may be highly effective, ablation within the 
left atrium (LA) may itself cause the formation of SCLs—so how do 
we balance the risk? We will explore this concept in this narrative re-
view article.

Left atrial catheter ablation and silent 
cerebral lesions
While periprocedural stroke is a recognized complication of LA cath-
eter ablation, it may be less well appreciated that the same procedure 
can cause clinically silent emboli, resulting in SCLs (Figure 1). These may 
occur despite anticoagulation24,25 and are associated with persistent 
AF, the presence of spontaneous echocardiographic contrast on peri- 
procedure transoesophageal echocardiography, and prolonged 
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procedural times.24 Intraprocedural electrical cardioversion also ap-
pears strongly related to the risk of SCL formation.24,25

The mechanism of SCL formation during ablation is multifactorial. 
First, air or thrombus entry via sheaths may occur. Second, coagulum 
may form on the catheter itself, or over-delivered ablation lesions. 
Third, gas bubble formation may occur during ablation. The modality 
of ablation, including catheter type, affects this risk. In this section, we 
will discuss the main factors affecting ablation-related SCL risk in detail.

Intraprocedural anticoagulation—keeping 
up the ACT
Wazni et al. found that periprocedural stroke/TIA was reduced by main-
taining a higher activated clotting time (ACT) during ablation.26 A signifi-
cant reduction was seen comparing ACT levels between 250 and 300 s 
and those between 350 and 400 s. This study used a non-irrigated cath-
eter, which may have affected microbubble formation and thrombo-
embolic risk, and did not assess SCL prevalence. Similarly, Ren et al. 
found a reduced incidence of LA thrombus (detected via intracardiac 
echocardiography) in those with ACT >300 s compared with 250– 
300 s.27 Oddly, in this study, spontaneous echocardiographic contrast 
was reportedly more common in the higher ACT group, despite no sig-
nificant differences in other parameters.

Pre-procedural anticoagulation is also important. Early studies 
showed that thromboembolic risk—and indeed bleeding complica-
tions—were reduced with a strategy of uninterrupted Warfarin com-
pared with Heparin bridging.28 There was initial controversy when 
comparing direct oral anticoagulants (DOACs) to vitamin K antagonists 
(VKAs), with some studies finding a higher risk of thromboembolic 
complications with DOACs.29,30 However, many studies have since de-
monstrated comparable risk, often with a lower rate of bleeding com-
plications using DOACs.31–37 Notably, target ACT may be more 
difficult to achieve using certain DOACs—specifically dabigatran.38,39

A ‘belt-and-braces’ approach with uninterrupted pre-procedural an-
ticoagulation, heparin bolus prior to—or immediately following— 
transseptal puncture, and ACT maintained at >300 s appears highly ef-
fective.40 Di Biase et al. showed that this reduced SCL frequency to just 
2%, compared with 7% in those whose INR was subtherapeutic or who 
had ACT <300 s on two or more occasions. The highest risk—14%— 
was seen in those bridged with heparin.40

Notably, transcranial Doppler studies suggest that not all the 
ablation-related signals are thrombotic; the majority may be gaseous.41

This suggests that even intense anticoagulation is unlikely to prevent all 
SCLs.

Intraprocedural electrical cardioversion— 
a shocking discovery?
A number of studies have shown that intraprocedural electrical cardi-
oversion is an independent predictor of SCLs.25,29,42 Mechanistically, 
this might relate to the dislodgement of thrombotic material from 
equipment—or from fresh ablation lesions—due to the sudden move-
ment caused by direct current cardioversion or by restoration of atrial 
contraction.

In the study by Gaita et al., SCL risk was lowest in those who re-
mained in sinus rhythm throughout the procedure (9%), and those in 
whom sinus rhythm was restored with ablation alone (14%; P =  
0.331).25 The risk increased to 26% in those undergoing a composite 
of pharmacologic or electrical cardioversion. However, the vast major-
ity of these patients underwent electrical cardioversion (53 vs. 9), so it is 
difficult to draw conclusions about pharmacological cardioversion. The 
available evidence suggests that the risk is highest in those who remain 
in AF at the end of the procedure and thus undergo electrical 
cardioversion.

Pre-ablation cardioversion with the maintenance of sinus rhythm 
throughout the procedure may reduce the risk further; however, this 
is not always achievable in the persistent AF population.

One study trialed delayed cardioversion at 4 weeks post-ablation.43

The investigators found that the risk of SCL formation was significantly 
reduced with this approach.

Interestingly, in direct contrast to the above, two studies demon-
strated that cardioversion was not an independent predictor of 
SCLs.44,45 The major difference was that these two studies utilized 
second-generation cryoballoons, while those described above utilized 
radiofrequency (RF) ablation, or combined multiple modalities. This 
raises the hypothesis that the difference in thermodynamics and lesion 
formation might result in more risk with cardioversion in the setting of 
RF, but not cryoablation. This would require further study to confirm.

Standard ablation modalities— 
radiofrequency and cryoballoon
RF and cryoballoon are modalities used widely throughout the world of 
AF ablation. Both approaches have advantages and disadvantages; 

Figure 1 (A) Diffusion-weighted brain magnetic resonance imaging (DW-MRI) prior to pulmonary vein isolation (PVI); (B) DW-MRI post-PVI; and (C ) 
echo-planar T2-weighted MRI at 3 months. Note the presence of a new embolic lesion following PVI which persists at 3 months in this case. Reproduced 
with permission from Martinek et al.24
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however, in terms of outcome, they tend to perform similarly.46,47 The 
neurological impact of ablation using non-irrigated RF, irrigated RF, and 
cryoablation has been extensively studied.

Transcranial Doppler monitoring studies show significant micro- 
embolic signals with any ablation modality. The number of signals ap-
pears much higher with non-irrigated RF compared with irrigated RF 
and appears lowest—but not negligible—with cryoablation.48 Some 
have noted that these signals are similar to those seen during cardiac 
surgery, which are associated with significant neurocognitive abnormal-
ities.49 However, it should be remembered that interventional electro-
physiological procedures are far less invasive than open heart surgery— 
and the latter is more likely to be complicated by post-operative delir-
ium. Equally, the demographics, comorbidities, and functional status of 
patients undergoing open cardiac surgery likely differ from those under-
going AF ablation.

Bench studies have demonstrated a higher degree of blood damage, 
platelet activation, and thrombogenesis with RF ablation compared to 
cryoablation, suggesting the latter should be safer.50 In real-world stud-
ies, however, lesion frequency detected by MRI appears similar be-
tween irrigated RF and cryoballoon.51,52

Several studies have compared SCL rates between irrigated RF, cryo-
balloon, and the multielectrode phased RF (PVAC) catheter.41,53–56

The consistent finding between these studies is that the PVAC catheter 
resulted in a substantially higher rate of SCL formation. Similarly, the 
NMARQ multielectrode catheter was noted to cause SCLs in a third 
of patients.57 One study noted that most thromboembolic events 
with the PVAC occurred when all 10 electrodes were used for abla-
tion.56 Subsequent studies showed that by deactivating certain electro-
des, the number of Doppler-detected embolic signals and 
MRI-detected SCLs was reduced to a similar value to that seen during 
irrigated RF ablation.58–60

Another alternative ablation modality is the laser balloon. Two stud-
ies found that this caused a similar number of SCLs as irrigated RF and 
cryoablation.52,61

In terms of risk reduction, it is worth noting that exchanging catheters 
via a single transseptal sheath may increase the number of SCLs, regardless 
of ablation modality.62 Another study tested extracorporeal cryoballoon 
inflation with removal of air using heparinized saline, in order to try to re-
duce the risk of air embolism—however, this had no effect on the SCL 
rate.63 Reinsertion of a withdrawn cryoballoon appears to significantly in-
crease the risk.44 With RF ablation, it is becoming increasingly common to 
utilize a single transseptal approach. While this has been shown to be safe 
and effective, some studies report longer procedural times due to fre-
quent catheter exchanges,64 which may also increase the SCL risk as de-
scribed above. An alternative approach is to perform mapping with the 
ablation catheter itself, thus negating the need for a mapping catheter 
while also reducing the number of exchanges. This approach has been 
shown to be safe, effective, and cost-saving.65–67

It is worth noting that there is considerable heterogeneity between 
studies—for example, the contact force is not standardized across RF 
studies, and the method of assessment (transcranial Doppler or MRI 
with varying sequences and techniques) also differs.

Newer ablation modalities
Very high-power, short-duration ablation
As the name suggests, very high-power, short-duration ablation 
(vHPSD) involves high power (up to 90 watts) RF ablation delivered 
over a short duration (as little as 4 s). Few studies have assessed the 
neurocognitive impact of vHPSD ablation to date.

The seminal QDOT-FAST trial in 2019 reported a high rate SCLs in 6 
of 51 patients (11.8%), albeit with no clinical strokes or cognitive im-
pairment.68 Repeat MRI at 1 month demonstrated resolution of SCLs 
in all but one patient, and none showed neurological symptoms. 
Higher SCL rates have been noted by two further studies. Halbfass 

et al. found SCLs in 5 of 21 patients (24%) undergoing vHPSD abla-
tion.69 Only the subgroup of patients undergoing ablation using the 
new nGEN RF generator was scanned, thus comparisons with other 
technologies are difficult to draw. However, the nGEN generator 
was also associated with an increased rate of catheter tip charring 
(11% of cases). Subsequently, the nGEN generator underwent soft-
ware modification. The same author group recently studied SCL fre-
quency using this modified nGEN generator and, unfortunately, 
found SCLs in 6 of 23 patients (26%).70 Catheter tip coagulum was 
noted in six patients, two of whom had SCLs on MRI (three were 
not scanned). Again, no neurological symptoms were seen. 
Interestingly, the authors modified the position of the neutral electrode 
for the final 14 patients, in order to keep the baseline circuit impedance 
above 110Ω. Following this, no further catheter tip charring occurred; 
the effect of this impedance change on SCLs was not stated, though it is 
likely that larger patient numbers would be needed to confirm a 
difference.

Notably in these studies, catheter tip coagulum and charring did not 
result in SCLs in all patients. This aligns with findings from transcranial 
Doppler studies, as discussed earlier, showing that most signals were 
gaseous rather than solid.41

No trials to date have performed a longer-term neuropsychiatric as-
sessment of patients following vHPSD ablation.

Pulsed field ablation
Pulsed field ablation (PFA) is a new technology, promising to revolu-
tionize the field of AF ablation. PFA works by using electrical fields to 
induce the electroporation of cells. As different cell types have different 
electroporation thresholds, PFA brings significant safety advantages by 
minimizing damage to extracardiac structures such as the esophagus 
and phrenic nerve.

In neurological terms, bench data using canines showed gas bubble 
formation during ablation; however, no neurological sequelae were 
seen, and MRI was normal in 10 of 11 subjects.71 The one lesion 
seen was of unclear significance and was undetectable on histopatho-
logical examination.

One-year outcomes from the IMPULSE and PEFCAT I + II studies 
found that PFA was very safe, with only 1 TIA in 121 patients.72

Echogenic bubble formation was observed with ICE during ablation; 
however, this did not appear to result in significant adverse effects. 
Of the 18 patients who underwent cranial MRI scanning post-PFA ab-
lation, 1 (who had suffered a clinical TIA) showed an acute lesion, and 
another had a single SCL. No lesions were found in the remaining 16 
patients. This is reassuring, although low numbers are a limitation. 
The MANIFEST-PF survey, including data on 1758 patients across 24 
clinical centers, reported TIAs in 2 patients (0.11%) and stroke in 7 pa-
tients (0.39%).73 At least three of these strokes were attributed to 
sheath management and catheter exchange, rather than PFA itself, al-
though this is obviously impossible to prove.

A recent study by Reinsch et al. directly studied the effects of PFA on 
SCL formation and neurological deficit in 30 patients.74 No neurological 
deficits were detected and MRI was normal in all but one patient. The 
single detected SCL was no longer present at a repeat MRI 40 days 
later.

Larger studies on neurocognitive effects following PFA will be 
needed—these should include both MRI (ideally pre- and post-ablation 
and at longer-term follow-up) along with neuropsychiatric testing at 
these same intervals. Transcranial Doppler studies may also be benefi-
cial to contrast with similar studies using other ablation modalities.

How clinically important are 
ablation-related silent cerebral lesions?
There is a clear and logical reason to worry about SCLs and how they 
might link to progressive neurocognitive decline. Vermeer et al. showed 
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almost 20 years ago that SCLs were associated with a greater than two- 
fold increased risk of developing dementia.75 It is important to remem-
ber, however, that the evolution of treatment and risk factor modifica-
tion since this study may have altered the risk relationship. How, then, 
do SCLs caused by ablation affect long-term outcome—and should we 
worry about them?

A number of studies have assessed neurocognitive outcomes follow-
ing ablation, particularly in relation to SCLs. Schwarz et al. found a re-
duction in verbal memory (just one of seven assessed domains). 
However, this study was likely underpowered, recruiting just 21 pa-
tients of whom only 2 had SCLs detected post-ablation, along with 
one clinical stroke.76 This study used a healthy non-AF control group 
which affects the interpretability of the result. Additionally, verbal 
memory decline occurred mostly in patients without SCLs—and only 
in one of the two patients with SCL—so this may be a case of correl-
ation, not causation.

Zhang et al. found an increased risk of short-term cognitive decline 
immediately post-ablation.77 Risk factors included activated clotting 
time <300 s during the procedure and lack of pre-operative oral antic-
oagulation—both factors associated with SCL formation as described 
earlier. Despite this, cognitive performance either returned to baseline 
or improved by 6-month follow-up. Medi et al. found cognitive dysfunc-
tion was present in 27–28% of patients post-ablation, improving to 13– 
20% at 90 days, with left atrial dwell time being independently predict-
ive.78 This study did not include MRI assessment, so the correlation with 
SCLs cannot be determined.

The 2011 MEDAFI study found new SCLs in 8% of patients post- 
ablation, with no neurological effects.51 The investigators also noted 
that 12% of patients had chronic SCLs prior to ablation, and no add-
itional lesions were detected during short-term (median 4-month) 
follow-up.

Some studies found very high rates of SCLs (30–40%) due to the use 
of multielectrode ablation catheters as described earlier. It is significant 
that no neurological abnormalities were detected despite this.53 The 
MACPAF study, using an uncommon ‘mesh ablator,’ found SCLs in 
over 40% of patients.79 Again, despite this exceptionally high figure, 
neuropsychiatric assessments were not significantly abnormal. Those 

with lesions underwent repeat MRI at 6 months, and persistent lesions 
were present in less than a third. Those with persistent lesions contin-
ued to have normal neuropsychiatric assessments. This is in keeping 
with earlier research, which showed that 94% of smaller (≤10 mm) 
post-ablation SCLs resolved by 3 months.80 Larger lesions persisted 
as glial scarring but remained asymptomatic.

The recently published AXAFA-AFNET 5 trial found SCLs in 26.1% 
of patients.81 Cognitive assessment 3 months post-ablation was not dif-
ferent between those with and without SCLs. In fact, cognitive change 
was only associated with older age, after multivariable adjustment.

Two studies have even demonstrated small improvements in cogni-
tive function following ablation. Wang et al. compared ablation against 
drug therapy, finding a small decrease in cognition with drug therapy vs. 
a small increase with ablation, and no interaction with ablation modal-
ity.82 Kato et al. found microinfarctions in over 85% of patients post- 
ablation; however, despite this, 6-month assessments showed small im-
provements in memory, constructional, and frontal lobe function.83

Overall, post-ablation SCLs do not appear to have a meaningful ef-
fect on neurocognitive function, and the vast majority spontaneously 
resolve within a few months. However, there are limitations to this evi-
dence as we describe below.

Limitations to the evidence
First, as mentioned earlier, it is difficult to perform very long-term 
follow-up of patients in a robust fashion. Second, confounding may 
be present as SCLs may be linked to factors such as age,51 renal func-
tion,63 coronary disease,84 left ventricular dilatation or hypertrophy,84

spontaneous echocardiographic contrast,24 type of AF,24 as well as 
other cardiovascular risk factors.85,86 Many studies do not assess the 
presence of SCLs before ablation in order to determine which were 
a procedural consequence and which were pre-existing.

Third, the modality of MRI scanning may affect the number—or type 
—of SCLs detected. Yu et al. elegantly demonstrated this by scanning 
patients 48-h post-ablation with both high-resolution diffusion- 
weighted imaging (DWI) and standard DWI.87 SCLs were seen in 
67.3% of patients with high-resolution DWI compared with 41.8% 
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with standard DWI (P < 0.001). Again, in keeping with multiple studies 
discussed here, no neurocognitive impairment was seen in any patient.

Finally, the exact definition of SCL differs between studies; for ex-
ample, some differentiate microbleeds and microinfarcts, while others 
utilize different terminology, such as ‘silent’ or ‘asymptomatic’ cerebral 
‘lesions’ and ‘events’—sometimes defined by specific MRI findings.

Avoiding silent cerebral emboli
Regardless of the short-term impact, it is clearly desirable to avoid peri- 
procedural SCLs if at all possible. Even if they do not appear harmful, 
they are certainly not beneficial. The difference between an SCL and 
an ablation-related stroke may simply be a matter of luck in terms of 
where in the brain the lesion appears. Risk reduction strategies are 
therefore important. Our suggestions for this are summarized in 
Figure 2.

Additional factors which may affect SCL risk include periprocedural 
hypotension and hypoxia, which should be avoided if possible. There is 
also evidence that antiplatelets can rapidly reduce micro-embolic signals 
in the setting of stroke,88 though how this applies in the setting of ab-
lation with Heparin on board is less clear. Future research should focus 
on these aspects, as well as the neurocognitive effects of PFA, and the 
timing of intraprocedural cardioversion, including the interaction with 
different ablation modalities.

Given the significant differences in SCL rates seen with some ablation 
modalities, such as the multi-electrode catheters described earlier, it 
may be prudent for regulatory authorities to consider mandatory trials 
assessing the neurocognitive impact of new ablation modalities prior to 
their approval.

Conclusion
Catheter ablation within the left atrium may be of significant benefit for 
those with symptomatic AF, and a prognostic benefit may be emerging 
in recent studies. However, such procedures may result in neurological 
injury, represented by SCLs seen on MRI scan. Fortunately, current evi-
dence suggests that the majority of these lesions are asymptomatic and 
resolve over a short period of time.

Effective management of sheaths, continuation of pre-procedural an-
ticoagulation, maintenance of ACT >300 s, and consideration of de-
layed cardioversion may reduce the risk of neurological effects. The 
upfront risk of ablation-related SCLs may be offset by restoration of si-
nus rhythm and consequent reduction in long-term exposure to AF.

Much akin to the situation with new diabetic agents and cardiovascu-
lar outcomes, regulatory authorities should give due consideration to 
the potential neurocognitive effects of new ablation modalities during 
the approval process.
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