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Abstract

Background COVID-19 pandemic, limiting the availability of anesthesiologists, has impacted heavily on the organization of

invasive cardiac procedures such as transcatheter atrial fibrillation (AF) ablation. Objective We compared the safety and efficacy

of deep sedation with dexmedetomidine administered by electrophysiologists without anesthesiologist supervision, against the

standard protocol performed with propofol. Methods We retrospectively included all AF ablation procedures performed in 2020:

23 patients sedated with 1% propofol (2 ml bolus followed by infusion starting at 1 mg/Kg/h), 26 patients with dexmedetomidine

(infusion starting at 0.7 mcg/Kg/h). Both groups additionally received 1 mcg/Kg of midazolam as a single bolus and 0.05 mg

single boluses of fentanyl prior to ablation on each pair of pulmonary veins (PV). Primary outcomes were oxygen desaturation

(<90%) or need for assisted ventilation/intubation, bradycardia (heart rate <45 bpm) and persistent hypotension (systolic

blood pressure <90 mmHg). Results Baseline characteristics and hemodynamic variables did not differ between the two groups

(all p>0.05). In 8/23 (35%) patients propofol infusion velocity reduction was necessary to maintain the hemodynamic values,

compared to 7/26 (27%) with dexmedetomidine. Inter-group comparison of hemodynamic variables during the procedure showed

no statistically significant difference, despite a trend in favor of dexmedetomidine (3 respiratory depressions and 3 persistent

hypotension episodes with propofol vs. 0 with dexmedetomidine; p = 0.057). Conclusion Deep sedation with dexmedetomidine

administered by electrophysiologists without anesthesiologist supervision is safe and effective for AF transcatheter ablation. A

trend towards a lower incidence of hypotension and respiratory depression was noted when compared to propofol.
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Abstract

Background

COVID-19 pandemic, limiting the availability of anesthesiologists, has impacted heavily on the organization
of invasive cardiac procedures such as transcatheter atrial fibrillation (AF) ablation.

Objective

We compared the safety and efficacy of deep sedation with dexmedetomidine administered by electrophysi-
ologists without anesthesiologist supervision, against the standard protocol performed with propofol.

Methods

We retrospectively included all AF ablation procedures performed in 2020: 23 patients sedated with 1%
propofol (2 ml bolus followed by infusion starting at 1 mg/Kg/h), 26 patients with dexmedetomidine (infusion
starting at 0.7 mcg/Kg/h). Both groups additionally received 1 mcg/Kg of midazolam as a single bolus and
0.05 mg single boluses of fentanyl prior to ablation on each pair of pulmonary veins (PV). Primary outcomes
were oxygen desaturation (<90%) or need for assisted ventilation/intubation, bradycardia (heart rate <45
bpm) and persistent hypotension (systolic blood pressure <90 mmHg).

Results

Baseline characteristics and hemodynamic variables did not differ between the two groups (all p>0.05). In
8/23 (35%) patients propofol infusion velocity reduction was necessary to maintain the hemodynamic values,
compared to 7/26 (27%) with dexmedetomidine.

Inter-group comparison of hemodynamic variables during the procedure showed no statistically significant
difference, despite a trend in favor of dexmedetomidine (3 respiratory depressions and 3 persistent hypoten-
sion episodes with propofol vs. 0 with dexmedetomidine; p = 0.057).

Conclusion

Deep sedation with dexmedetomidine administered by electrophysiologists without anesthesiologist supervi-
sion is safe and effective for AF transcatheter ablation. A trend towards a lower incidence of hypotension
and respiratory depression was noted when compared to propofol.

Keywords

COVID-19; atrial fibrillation; ablation; deep sedation; dexmedetomidine; propofol.

Introduction

The current Coronavirus disease (COVID-19) pandemic has brought many medical and organizational chal-
lenges to every healthcare system, creating a shortage of critical care and anesthesia staff. Anesthesiologists
are playing a fundamental role in the fight against COVID-19 and the majority of them have been reassigned
from the perioperative setting to intensive care units.

While many elective procedures have been postponed or suspended during the pandemic, many urgent or
semi-urgent interventional cardiology procedures were overall preserved.

2
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It is now well known that arrhythmias are frequently associated with COVID-19 increased morbidity and
mortality, with atrial fibrillation (AF) being the most frequent.1 Transcatheter ablation has become the most
common technique to treat patients.2 However, AF ablation is often a relatively long procedure and usually
requires sedation to avoid patient’s discomfort and movements. Therefore, many centers in the United States
and in Europe perform AF ablation procedures under general anesthesia (GA). Nonetheless, deep sedation,
with an adequate level of analgesia, has become a safe and effective alternative, avoiding the risks related to
GA.3-5 Moreover, if the sedation protocol is overseen by cardiologists/electrophysiologists, anesthesiologists
are free to be redeployed from the operating rooms to the care of COVID-19. Many combinations of drugs
have been used for sedation during catheter ablation of AF. While propofol administration has shown to
achieve a better and more predictable level of sedation than benzodiazepine and opiates, adverse sedative
effects might still be present.6 Dexmedetomidine, a highly selective alpha2-adrenoreceptor agonist, offers
effective sedation and analgesia combined with the unique characteristic to cause no respiratory depression.7-8

The aim of our study was to compare the safety and efficacy of dexmedetomidine administered by electro-
physiologists with those of propofol operated by anesthesiologists in patients who underwent transcatheter
AF ablation.

Methods

Patient inclusion

This was a retrospective study conducted at the Maria Vittoria Hospital in Turin, Italy, during the pandemic
of COVID-19 and was approved by the institutional review board. Informed written consent to sedation and
ablation was obtained from all patients.

All consecutive patients with paroxysmal or persistent AF who underwent catheter ablation between January
1st, 2020 and December 31st, 2020, either at their first or second ablation procedure, were considered eligible
for the study and were included in the analysis; there was no exclusion criteria for enrollment other than
guideline-directed clinical contraindication to catheter ablation.2

Sedation protocol

In our center all AF ablation procedures are usually performed under conscious sedation; GA is not routinely
used. During the first part of the year, AF ablation procedures were performed using propofol, which was
administered and monitored by an anesthesiologist in the operating room (group 1). Induction of sedation
was performed with a bolus of 2 ml of 1% propofol followed by an infusion starting at 1 mg/Kg/h and then
titrated to the clinical response.

After the unexpected COVID-19 pandemic arrival, due to organizational challenges and given the shortage
of available anesthesiologists, sedation was performed by the electrophysiology (EP) team (consisting of two
operating electrophysiologists for each procedure, at least two dedicated nurses and a radiology technician)
using dexmedetomidine (group 2) without anesthesiologist supervision, according to a shared protocol ap-
proved in advance. The EP medical and nursing staff were trained and certified in advanced life support.
An on-call anesthesiologist was available from within the hospital in case of emergency.

In both groups, patient’s monitoring started in the EP laboratory waiting room: non-invasive blood pressure,
heart rate and rhythm and oxygen saturation were continuously recorded. End-tidal carbon dioxide (etCO2)
monitoring was used to detect early respiratory dysfunction. In the EP laboratory, a 12-lead electrocardio-
gram (ECG) was continuously recorded for every patient; respiratory rate was also assessed. Continuous
infusion of dexmedetomidine was started at a rate of 0.7 mcg/Kg/h before venipuncture and titrated to clin-
ical response during the procedure (maximum dosage 1.4 mcg/Kg/h) in order to obtain patient’s sedation
with cessation of body movements. In case of adverse events, dexmedetomidine infusion rate was reduced
if deemed necessary. Oxygen supplementation was administered by nasal cannulas at 2 l/min at baseline in
both groups.

At the beginning of the procedure every patient (either in the propofol or in the dexmedetomidine group)

3
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received 1 mcg/Kg of midazolam as a single bolus. Moreover, a 0.05 mg single bolus of fentanyl was
administered for analgesia prior to radiofrequency application on the left pulmonary veins (PVs), and the
bolus was repeated before starting ablation on the right PVs. If the patient was in AF when entering the EP
laboratory, electrical cardioversion (EC) was performed at the beginning of the procedure with an additional
bolus of propofol 1 mg/Kg in both groups. In case of EC, the starting infusion rate in group 1 was reduced
to 0.8 mg/Kg/h without any other bolus.

Vital signs were monitored throughout the procedure: peripheral oxygen saturation, respiratory rate, heart
rate and rhythm were monitored continuously, while blood pressure was monitored with a brachial cuff at
3-minute intervals.

Adverse events such as oxygen desaturation (< 90%), bradycardia (heart rate < 45 bpm) and hypotension
(systolic blood pressure < 90 mmHg) were recorded. In case of airway compromise, the head tilt-chin lift
maneuver was performed; in case of desaturation oxygen delivery was increased and/or the nasal cannula was
changed to a facial mask with increased oxygen delivery capability with/without insertion of an oropharyngeal
airway; in case of bradycardia, cardiac stimulation was performed via the catheters placed in the heart or by
atropine administration; in case of significant hypotension, saline loading was performed with simultaneous
check for mechanical complications by means of intracardiac echocardiography (ICE), routinely used during
AF ablation procedures at our Institution.

Catheter ablation

All patients entered the EP laboratory after fasting for at least 8 hours and after a transesophageal echocar-
diography performed the day prior to the procedure had excluded the presence of left atrial thrombi. Right
and left femoral veins were cannulated. A steerable catheter (Inquiry, Abbott, St. Paul, MN, USA) was
positioned inside the coronary sinus. The ICE catheter (ViewFlex Xtra, Abbott, St. Paul, MN, USA) was
positioned in the right atrium. The transeptal puncture was performed under radioscopic and ICE guidance.
A multipolar mapping catheter (Advisor HD Grid, Abbott, St. Paul, MN, USA) was used for mapping. A
3.5 mm irrigated-tip radiofrequency ablation catheter (TactiCath, Abbott, St. Paul, MN, USA) was used
to perform ablation. The NavX 3D electroanatomic mapping (EAM) system (Abbott, St. Paul, MN, USA)
was used in every procedure to guide catheter ablation and reduce fluoroscopy use. PV isolation with wide
antral circumferential approach was performed for every de novo ablation procedure. For redo procedures,
conduction gaps were identified and the PV re-isolated. A vein was defined as isolated when PV potentials
disappeared/were dissociated from the left atrium and exit block from the vein was demonstrated. Heparin
was given to maintain an activated clotting time of 250–300 s throughout the procedure.

Endpoint

The primary outcome was the presence of adverse sedative effects that required cessation of the anesthetic
drug: oxygen desaturation (< 90%) or need for assisted ventilation/intubation, bradycardia (heart rate < 45
bpm) and hypotension (systolic blood pressure < 90 mmHg) requiring fluid administration. Secondary end-
points were procedural success and procedural and fluoroscopy time. The presence of any other complication
was also recorded.

Statistical analysis

Categorical variables are expressed as frequencies (%), continuous variables are presented as means ± stan-
dard deviation (SD). Student’s t-test was used to compare continuous variables, and chi-square test was
used to compare categorical variables. A level of significance of 0.05 was used. All statistical analyses were
conducted using SPSS version 20 (SPSS, Inc, Chicago, IL, USA).

Results

Forty-nine consecutive patients who underwent AF ablation were included in the analysis. Twenty-three
belonged to the propofol group (group 1) and twenty-six to the dexmedetomidine group (group 2). Patient
characteristics were similar between the two groups (Table 1). Eleven out of 23 patients (48%) had paroxysmal
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AF in group 1 compared to 16/26 (61%) in group 2. Either patients with paroxysmal or persistent AF
underwent PVI; 7 patients in the propofol group underwent EC at the beginning of the procedure compared
to 11 patients in the dexmedetomidine group.

Baseline hemodynamic variables, including arterial blood pressure, heart rate and oxygen saturation were
not significantly different between groups (Table 2).

Drug administration data are reported in Table 3. During the procedure, in 8 patients out of 23 (35%) in
group 1, a reduction of the propofol infusion rate was necessary; 3 of them underwent EC at the beginning of
the procedure. In group 2, 7 patients required dexmedetomidine infusion rate reduction during the procedure
(27%); however, 5/7 were patients who underwent EC at the beginning of the procedure for which propofol
had been used in combination.

Inter-group comparison of hemodynamic variables during the procedure showed that there was no statistically
significant difference between the two groups (Tables 2 and 4), despite a trend in favor of dexmedetomidine in
terms of better blood pressure control and better oxygen saturation. Indeed, persistent hypotension (failure
to maintain a systolic blood pressure > 90 mmHg) at a drug infusion rate required to achieve adequate
sedation was observed in 3 patients in the propofol group and in none in the dexmedetomidine group (p
= 0.057). It resolved with propofol infusion rate reduction and fluid challenge. Three patients in group 1
experienced respiratory depression (sustained oxygen desaturation < 90%) compared to 0 patients in group
2 (p = 0.057). All but one resolved with temporary propofol cessation, whereas in 1 patient few minutes of
bag-and-mask ventilation was necessary. Two patients out of 26 in group 2 experienced a transient reduction
in the heart rate during ablation (< 45 bpm), which promptly resolved with pacing from the catheters inside
the heart.

There was no other serious complication related to the ablation procedure (no death, stroke, phrenic nerve
damage, atrio-esophageal fistula, pericardial tamponade or effusion, vascular complication, etc.).

Complete PVI was successfully achieved in every patient. Mean procedural time was 138.5 ± 36.6 minutes
in group 1 and 154 ± 43.3 minutes in group 2 (p = 0.184). Mean fluoroscopy time was 10.7 ± 6.8 minutes
in group 1 and 10.1 ± 7.4 minutes in group 2 (p = 0.747).

After the procedure, patients were observed in the recovery unit for 60 minutes and full recovery was obtained
in all patients.

Discussion

Catheter ablation has become the first-line therapy for the treatment of AF.2 During the procedure, pain
may result from catheter insertion or the ablation delivery itself.9Moreover, it is usually a quite lengthy
procedure requiring the patient to lie perfectly still to avoid complications and technical difficulties such
as EAM shifts or acquisition errors. Therefore, GA or deep sedation are generally recommended, usually
at the operator’s preference. In recent years, deep sedation has showed to be a very viable alternative to
GA, reaching a similar efficacy level and being characterized by a lower rate of potential drawbacks (less
phrenic nerve or esophageal injury, lower need for inotropic drugs during the procedure, presence of patient’s
feedback, etc.).10-11 Moreover, GA has higher costs and requires more planning and organization in the
operating room.

Regarding deep sedation, many protocols have been tested over the years.3-5

Benzodiazepines such as midazolam have been used in repeated boluses. However, they lack a proper analgesic
effect, and their main disadvantage is the waxing and waning level of sedation/consciousness which can
jeopardize the success and the safety of the ablation procedure. To maintain a longer and steadier level of
sedation, propofol has been used, especially through a continuous infusion.4,12 For AF ablation, propofol has
been tested against a combination of midazolam and fentanyl by Tang et al.13 and showed to be associated
with an increased risk of persistent oxygen desaturation reflecting in lower catheter stability due to airway
obstruction, despite achieving a deeper level of sedation. Furthermore, hypotension is a common side effect
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of propofol, mainly due to a reduction in systemic vascular resistance and a negative inotropic effect. This
is why anesthesia support or back-up is usually necessary when propofol is used. In two large observational
prospective studies, propofol has been used as the drug of choice for sedation for AF ablation without
anesthesiologist supervision.4,16Hypoxia and hypotension were present in a percentage ranging from 1.5 to
2.3% in one study,16 whereas 15.6% of patients in the other study required switching from propofol to
midazolam due to persistent hypotension or respiratory depression.4

In our center, we historically performed AF ablation procedures with propofol and anesthesiologist supervi-
sion. In the first part of the year 2020, before COVID-19 breakthrough, all procedures were performed using
propofol and we had a 13% of either persistent hypotension or respiratory depression, which luckily resolved
without the need for intubation or advanced life support maneuvers. After the pandemic arrival, we were
forced to manage AF ablation patients without the anesthesiology team, which was redeployed in order to
deal with the COVID-19 emergency.

Dexmedetomidine was seen as a viable alternative to propofol. Dexmedetomidine is a selective alpha2-
adrenoreceptor agonist characterized by anxiolytic, sedative and analgesic effects with minimal risk of re-
spiratory depression,15-18 therefore easier to be managed by electrophysiologists. It has been safely used in
combination with other drugs to achieve deep sedation.19-22 In the management of sedation for AF ablation,
dexmedetomidine has been evaluated in two randomized controlled trials. The first one randomized dexme-
detomidine and remifentanil versus midazolam and remifentanil.23Dexmedetomidine was associated with a
deeper level of sedation but a lower incidence of respiratory depression; there was a non-significant trend
towards a higher rate of hypotension and transient bradycardia. The second trial compared dexmedetomidine
to thiamylal, a barbiturate, reporting fewer body movements and apneic events and a similar incidence of
bradycardia and hypotension.24

To our knowledge, our study is the first comparison between dexmedetomidine and propofol in patients
undergoing AF ablation. Despite not reaching statistical significance, likely due to the small sample size of
our population, we observed a trend in favor of dexmedetomidine in terms of less hypotensive and hypoxic
episodes. On the other hand, dexmedetomidine was characterized by a slightly higher number of bradycardia
episodes compared to propofol (2 versus 0). They both happened during ablation of the ganglionated plexi
in the left atrium and promptly resolved with pacing from the catheters inside the heart.

Procedural time did not statistically differ between the two groups. Complete PVI was successfully achieved
in every patient, there were no procedure-related complications and every patient fully recovered from deep
sedation.

Limitations

This is a retrospective study, with all the limits related to this type of design.

The small sample size of our population likely prevented reaching statistically significant results. This was
due to the fact that, during the COVID-19 pandemic, unlike a “normal” year, the majority of elective AF
ablation procedures have been canceled to allow the conversion of our Cardiology ward to a COVID-19 ward,
with the deployment of cardiologists and electrophysiologists to the care of COVID-19. However, we believe
that our results show that the use of dexmedetomidine without anesthesiologist support is feasible and safe,
maybe safer than propofol. Our data need confirmation in a larger study.

Conclusions

Dexmedetomidine infusion administered by electrophysiologists without anesthesiologist supervision is a
safe and effective deep sedation drug for catheter ablation for AF. A trend towards a lower incidence of
hypotension and respiratory depression was noted when compared to propofol infusion.
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Table 1: Baseline data

Propofol - Group 1 (n =
23)

Dexmedetomidine -
Group 2 (n = 26) P value

Age (years) 65.9 ± 10.4 52.5 ± 11.1 0.346
Sex (M) 18 18 0.674
Weight (Kg) 82.7 ± 15.5 82.3 ± 17 0.941
Hypertension 19 22 0.850
Diabetes 3 6 0.365
OSAS 1 5 0.113
COPD 3 6 0.365
History of cardiac
disease

6 11 0.234

Ejection fraction (%) 56.3 ± 7.9 52.5 ± 11.1 0.179
Paroxysmal AF 11 16 0.336
Persistent AF 12 10 0.509
First ablation
procedure

18 19 0.425

Second ablation
procedure

5 7 0.674

Electrical cardioversion 7 11 0.130

Values are mean ± standard deviation. AF: atrial fibrillation; COPD: chronic obstructive pulmonary disease;
OSAS: obstructive sleep apnea syndrome.

Table 2: Hemodynamic data

Propofol - Group 1 (n =
23)

Dexmedetomidine -
Group 2 (n = 26) P value

Baseline systolic BP
(mmHg)

130 ± 21.3 125.2 ± 14.2 0.353

Baseline diastolic BP
(mmHg)

77.8 ± 13.1 72.5 ± 8.5 0.095

Baseline HR (bpm) 77.3 ± 21.2 78.2 ± 20.5 0.872
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Propofol - Group 1 (n =
23)

Dexmedetomidine -
Group 2 (n = 26) P value

Baseline O2Sat (%) 98.2 ± 1.8 98.3 ± 1.3 0.768
Min systolic BP
(mmHg)

107.3 ± 15.3 108.5 ± 14.7 0.796

Min diastolic BP
(mmHg)

65.2 ± 9.8 61.9 ± 9.1 0.233

Min HR (bpm) 63 ± 8.8 58.5 ± 9.7 0.091
Min O2Sat (%) 94 ± 3.1 95.5 ± 2.3 0.075

Values are mean ± standard deviation. BP: blood pressure; HR: heart rate; O2Sat: oxygen saturation; Min:
minimum.

Table 3: Sedative drugs

Propofol - Group 1 (n =
23)

Dexmedetomidine -
Group 2 (n = 26) P value

Propofol for EC (mg) 81.7 ± 31.2 85.7 ± 15.3 0.759
Midazolam (mg) 0.83 ± 0.1 0.78 ± 0.2 0.410
Fentanyl (mg) 0.1 0.1 1
Propofol baseline vel
(ml/h)

7.4 ± 1.4

Propofol max vel (ml/h) 9.5 ± 2.1
Propofol min vel (ml/h) 6.9 ± 1.1
Dexmedetomidine
baseline vel (ml/h)

14.2 ± 3.0

Dexmedetomidine max
vel (ml/h)

17.8 ± 5.2

Dexmedetomidine min
vel (ml/h)

13.3 ± 3.5

Values are mean ± standard deviation. EC: electrical cardioversion; Max: maximum; Min: minimum.

Table 4: Adverse events

Propofol - Group 1 (n =
23)

Dexmedetomidine -
Group 2 (n = 26) P value

Persistent hypotension
(systolic BP < 90 mmHg)

3/23 0/26 0.057

Respiratory depression
(O2Sat < 90%)

3/23 0/26 0.057

Bradycardia (HR < 45
bpm)

0/23 2/26 0.174

BP: blood pressure; HR: heart rate; O2Sat: oxygen saturation.
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