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Introduction

Pulmonary vein isolation (PVI) is the mainstay of catheter ablation for atrial
fibrillation (AF). In the last years, the number of patients undergoing catheter
ablation of AF is continuously grew up, due to the high success rate of this
procedure and the directions of the main guidelines [1,2].

This raises the issue of peri-procedural anesthesia management and how
this impacts the electrophysiological (EP) Lab organization. The choice of the
sedation strategy became a crucial element to take in consideration when the
EP activity is planned. While the best modality of anesthesia is still a matter of
debate, the always-growing demand of peri-procedural anesthesia management
for AF ablation cannot be fully covered and performed by anesthesiologists in a
number of EP Labs. Moreover, in some countries it is not permitted to perform
deep sedation (DS) without the presence of an anesthesiologist [3]. Finally,
patients’ compliance to AF catheter ablation is strongly affected by the energy
sources used in PVI. All together these issues influence the EP lab planning in
terms of decision-making process for selecting an anesthesia modality.

Since the more painful phase of catheter ablation is related to energy delivery,
the energy sources play a pivotal role in determining the sedation protocol. The
aim of this review is to analyze the state of art of the peri-procedural sedation
strategy, during AF catheter ablation, according to the energy sources for
ablation.
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Sedation Protocols

Three are the main sedation strategies used during AF
ablation: conscious sedation (CS), DS, and general anesthesia
(GA). Each of these strategies has specific advantages and
drawbacks.

CS is defined as a condition in which the patient remains
awake during the procedure and is able to respond to verbal
commands, therefore not requiring airway management.
The main advantage of this sedation modality is that it can
be managed directly by the EP lab staff using small doses of
analgesic drugs. Obviously, patient selection and motivation
are two key elements that affect the success of this strategy.
If pain is not optimally controlled, patient compliance can be
lost, leading to significant respiratory variability and reduced
quality of the ablation procedure. When a CS protocol is
chosen, intra-procedural pain, discomfort, and anxiety can be
easily assessed in real time, allowing the EP staff to switch to
a deeper level of sedation only if necessary.

DP is defined as a condition in which the patient cannot be
easily aroused but responds purposefully to repeated or painful
stimulation. It may require assistance in maintaining a patent
airway, but not necessarily endotracheal intubation. The main
advantage of this approach is the ability to achieve effective
pain control without the need for intubation. However, the
main drawback is that it is difficult to manage this approach
without the support of an anesthesiologist, which in practice
limits its application.

GA isdefined as a complete loss of consciousness requiring
airway management through endotracheal intubation
and positive-pressure ventilation. This strategy offers the
important advantages of ensuring patient comfort and
complete pain control, while allowing the electrophysiologist
to operate on a motionless patient. This can translate into
better catheter stability and higher quality of the ablation
lesion [4]. However, potential complications may be detected
late during GA, and additional risks—though rare—related
to intubation or potential anaphylaxis must be considered.
Furthermore, GA can be time- and resource-consuming [5],
as not all EP labs have a dedicated recovery room, and this
phase often takes place directly in the EP lab.

Another aspect that warrants consideration is that, in
many countries, the distinction between DS and GA is often
poorly defined, as the principal differences between these two
modalities are frequently confined to airway management and
anesthetic dosage. Consequently, GA and DS are commonly
grouped together. This practice effectively restricts the
implementation of both sedation protocols in numerous
countries where national regulations permit cardiologists to
rely exclusively on CS.

In the last decade, the proportion of procedures performed
under GA and DS increased, whereas the use of CS decreased
[3]. The most commonly used hypnotic drugs are propofol and
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midazolam, whereas the most commonly used opioid drugs
are remifentanyl and fentanyl. Sedation preference during AF
ablation is based on anesthesiology accessibility, anesthetist
preference, center protocol and patient characteristics [3,6]
taking in consideration all the potential advantages and
drawbacks of each modality.

Sedation Strategies with Thermal Sources

Thermal catheter ablation for AF includes both
cryoballoon ablation (CBA) and radiofrequency (RF) and
can be performed under all the three sedation strategies
previously described. Although some studies found that
patients undergoing AF ablation using GA were more
likely to achieve freedom from AF recurrence [2,7,8], other
studies have shown conflicting results regarding outcomes
[9,10]. Recently, Massalha et al. [11] evaluated the impact
of different anesthesia modalities on procedural outcomes
and safety in AF ablation over 1002 patients: 53% received
GA, 6.3% DS, and 40% CS, with CBA used in 84% of cases.
No significant differences were found between CS and GA
modalities in terms of AF recurrence rates at 12 months (15%
vs. 16%) and 24 months (19.5% vs. 21.2%), or in 12-month
re-hospitalization rates (19.8% vs. 16.5%). They concluded
that CS was as safe and effective as GA in AF ablation,
particularly with CBA. The choice of anesthesia appeared to
be driven by patient characteristics and institutional factors
without affecting long-term outcomes such as AF recurrence
or complication rates.

Cryoballon ablation. Cryoballoon ablation (CB) is
widely used in the treatment of AF. If GA is often requested
to reduce patient movements during the procedure, in the
CBA immobilization is less essential so that each sedation
protocol could be potentially used to provide patient comfort.
Among the energy sources CBA seems to be the most
versatile that could be carried out under all the three types of
anasthesia according to the EP staff preference [12,13]. In a
single center experience, Wasserlauf et al. [14] demonstrated
that CBA can be performed under moderate sedation (using
intravenous boluses of midazolam and fentanyl) resulting
in comparable results in terms of success rates compared to
GA, with shorter total EP laboratory time [15]. Mahmood et
al. [16] described the largest cohort in comparing anesthetic
approaches in CBA patients. They found that on multivariate
analysis, freedom from any form of arrhythmias was not
associated with the choice of the sedation protocol, with not
differences between CS and GA. Recently, we demonstrated
[17] that thermal catheter ablation for AF can be performed
under conscious sedation using only morphine in most
patients without impacting the patient's pain experience.

Radiofrequency: Radiofrequency delivery for PVI is
usually associated with the need of electro-anatomical mapping
(EAM) and this brings to significant longer procedural time
[1] when compared with all the one-shot systems, both CBA
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or pulsed field ablation (PFA). The longer is the procedure the
more important is the compliance of the patient, his comfort
and complete immobilization, in order to avoid problems as
map shift, not optimal catheter contact, reduced accuracy of
the ablation targets and increased possibility of postoperative
complications. Attanasio et al. [18] showed that despite DS
pain reactions often occur during RF ablation. Ablation with
CBA was significantly less painful compared to ablation
with RF energy. Knowledge of areas with more frequent
pain reactions may help electrophysiologists to reduce pain
reactions and related patient movements. Modification of
sedation regimen during ablation, especially in the most
painful regions, as the area of left inferior LSPV, could be
considered. Nevertheless, Weinmann et al. [13] evidenced
that CS in electro-anatomical mapping procedures appeared
to be as safe as CS in CBA ablation.

Recently, the introduction of a new RF delivery strategy,
the very high power short duration (vHPSD), changed the
AF ablation scenario, because short-duration (4 s 90 W)
applications results in a significant reduction in the procedural
time and, more important, in the RF time, reducing the
patient discomfort and maintaining the advantages of a
point-by-point ablation [19,20]. Chu et al. [21] evaluated
AF ablation with vHPSD using CS and compared it with
CBA. The patient experience with vHPSD ablation under
CS was very similar to that of CBA. Ablation using vHPSD
was associated with significantly reduced ablation time for
PVI compared to standard RF and CBA. Similarly, in 58
patients with paroxysmal AF, we [22] demonstrated that
vHPSD RF ablation for PVI can be performed under CS
sedation using only benzodiazepine in most of patients
without compromising patient pain experience. In our study
we found that an adequate preparation of the patient, verbal
communication with him/her during the various steps of the
procedural workflow and the presence of qualified personnel
in the laboratory were important to guide the patient during
the procedure; at the same time, the possibility to reduce the
overall procedural time and the RF time by means of vHPSD,
as compared to standard RF technology, seems to make the
procedure more tolerable, with less discomfort of the patient
and in general less amount of anesthesiologic drugs required
to carry on the ablation procedure. The overall midazolam
dose required in our experience was similar to that reported
in Chu et al. [21] and was lower to that reported in series with
CBA [18,23]. We [17] also evaluated the impact of the use of
Morphine as first anesthetic drug during thermal AF ablation
procedure in 109 patients undergoing CBA or vHPSD RF
ablation. As already reported with CBA, also with vHPSD,
ablation was performed under CS using only Morphine in
most of patients without impacting patient pain experience.

Of particular mention is the possibility to resort to hypnosis
during AF ablation procedure. The work by Scaglione
et al. [24] demonstrated the potential benefits of hypnotic
communication to facilitate AF ablation. They have found that
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hypnotic communication during AF ablation was related to a
significant reduction of intra procedural anxiety, perceived
pain, procedural analgesic drugs dosage and perceived
procedural duration without affecting total RF delivered
time and procedural safety. They recently implemented their
findings comparing the hypnotic communication during
RF, vHPSD and PFA, reporting the feasibility and safety in
all the three study groups [25]. It could be argued that the
study population is small, thirty patients, and that it is a
single center experience. This raises concerns that hypnotic
communication could be taught to everyone could be equally
effective among different hospitals.

Sedation Strategies with Pulsed Field Ablation

With the introduction of PFA, there has been a rapid
development and widespread adoption of various ablation
catheters, particularly one-shot systems. This evolution has
generated considerable interest in the evaluation of workflow
organization and sedation strategies aimed at optimizing
procedures in electrophysiology laboratories. Although this
novel ablation technology has demonstrated a favorable
profile in terms of efficacy, safety, and reduced procedural
times, the selection of the most appropriate sedation modality
has emerged from the outset as a critical factor when PFA
is employed. Overall, GA has appeared to be the most
commonly adopted strategy. Indeed, the principal advantages
of GA are twofold: improved catheter stability and complete
pain control for the patient. This is particularly relevant for
PFA applications, during which muscle contractions can be
especially painful. In this evolving scenario, while the benefit
of catheter stability associated with GA may no longer be
essential with PFA systems—especially one-shot devices—
the primary objective of the selected sedation strategy
appears to be the achievement of complete pain suppression,
combined with the most appropriate anesthetic approach
available at each institution. This choice should take into
account the presence of an anesthesiologist, institutional
regulations, electrophysiology laboratory experience, as
well as patient characteristics and comorbidities. Ciliberti et
al. [26] investigated the impact of vHPSD and PFA on AF
ablation workflow and organization. They found that PFA
was associated with longer post-procedural times (because of
extended patients monitoring due to prolonged anesthetic drug
effects), pre-procedural time was the same in two groups, PFA
guaranteed shorter procedural time as less lesions are needed
to achieve PVI. Overall, total laboratory occupancy time was
equal between RF and PFA. In this way, the possibility to
resort to DS emerged as an interesting and relatively easy-to-
apply alternative to GA. This strategy may help reduce the
risks of complications, especially those due to intubation. The
recent EU-PORIA sub analysis [27] about sedation strategies
showed that the use of the penta-spline catheter for PFA was
possible under DS demonstrating a safety and efficacy profile
consistent with procedures performed under GA.
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After the first launch of the PFA one-shot systems,
recently focal PFA has started to spread. This new modality
of PFA delivery combines the advantages of PFA with the
versatility of the point-by-point ablation. Weyang et al. [28]
demonstrated the feasibility of the use of DS in punctual
PFA lesions, using the Centauri system. In all patients, the
procedure were performed under DS, and intubation was
not necessary for any patient. They adopted a protocol in
which they precisely titrated the sedation to each patient’s
needs, with the goal of achieving the best possible balance
between minimizing discomfort and pain and maintaining
cardiorespiratory stability. These findings are in line with the
experience of Hirokami et al. [29] that confirmed the feasibility
of the ablation under DS with a novel lattice tip ablation
catheter that can toggle between RF and PFA. Sochorova et
al. [30], in the cooperative-PFA study, demonstrated that their
approach based on remimazolam-ketamine DS was superior
to propofol opioid regimens (either boluses or continuous)
and had the lowest risk of hypoxemia (experienced in more
than 80% of patients undergoing conventional opioid and
propofol sedation) and hypotensive events.

Interestingly Calvertetal. [31] tested the feasibility of PFA
under mild CS vs GA. Patients in the mild CS arm received
bolus doses of midazolam and fentanyl. They concluded that
PFA under mild CS was feasible in selected patients but pain
and tolerance may be suboptimal, and high sedative doses are
required. This is in contrast with what reported by Chen et
al. [32] in their experience with a variable loop PFA catheter
on 161 AF patients, founding no significant differences in
effectiveness between CS and GA/DS.

Recently, Dingetal. [33] reported the improved tolerability
profile of PFA using nanosecond application in a canine
model. Nanosecond PFA yields comparable lesion durability,
safety, and significantly reduced muscle contractions to
microsecond PFA, which may help enable PVI without GA.
This could be a possible direction to optimize the PFA usage
and contributing to its complete diffusion.

However, the optimal depth of analgo-sedation remains
controversial, and current efforts are directed toward
identifying abroadly applicable and easily manageable analgo-
sedation modality, while taking into account the variability
related to electrophysiology laboratory organization, patient
characteristics, and operator preference.

Conclusions

Nowadays, with the continuously increasing number of
AF ablation procedures worldwide, there is a growing need
to comprehensively evaluate sedation strategies, with the
aim of maintaining an appropriate balance between optimal
patient comfort and what is realistically achievable in each
electrophysiology laboratory. This balance should be defined
in accordance with local and institutional regulations, the
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experience and confidence of the electrophysiology staff,
and the energy source selected for ablation. The ultimate
objective is to minimize the influence of the sedation strategy
on the choice of the ablation technology.
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