Original Article

Curative ablation of atrial fibrillation: comparison between deep

sedation and general anesthesia

Ablacao curativa da fibrilagdo atrial: comparacdo entre sedacdo profunda e

anestesia geral
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ABSTRACT

Objective: To compare deep sedation with general anesthesia for curative ablation of atrial fibrillation. Methods: We conducted
a prospective, randomized study with 32 patients, aged between 18 and 65 years, ASA 2 and 3, BMI d” 30kg/m2, divided into two
groups: deep sedation (G1) and general anesthesia (G2). All patients received intravenous midazolam (0.5 mg / kg). G1 received
propofol (1mg/kg) and O, by facemask, followed by continuous infusion of propofol (25-50mg/kg/min) and remifentanil (0.01-0.05
mg / kg / min). G2 received propofol (2mg/kg) and laryngeal mask with built-in drain tube, followed by continuous infusion of
propofol (60-100mg/kg/min) and remifentanil (0.06 to 0.1g/kg/min). We compared heart rate, invasive blood pressure, arterial
blood gases, complications and recurrence (outcome) in three months. Results: G1 patients had arterial blood gas with higher
PaCO, levels and lower pH (p = 0.001) and higher incidence of cough. There was a decrease in Mean Arterial Pressure (MAP) and
Heart Rate (HR) in G2. Except cough, complications and recurrence were similar in both groups. Conclusion: Both techniques can
be used for the curative ablation of atrial fibrillation. General anesthesia provided smaller respiratory changes and greater

immobility of the patient.
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INTRODUCTION

trial Fibrillation (AF) is the most common cardiac

arrhythmia in clinical practice. Its incidence increases
in male patients over 70 years old and it is associated with
high morbidity and mortality; thromboembolic events are
frequent. The need for anticoagulation is another factor
that may give rise to complications'3. Although treatment
with antiarrhythmic drugs is effective in maintaining sinus
rhythm, it has high incidence of adverse effects*>.

The intracavitary electrophysiological mapping
with the identification of arrhythmogenic foci in atrial
myocardial tissue and radiofrequency catheter ablation
(RF) has been increasingly used for maintenance of sinus
rhythm. The literature demonstrates the superiority of the
results of this technique when compared to prolonged use
of antiarrhythmics. The success rates of ablation, with
absence of AF recurrence in one year, have ranged from
83.2% in paroxysmal AF to 64.8% in persistent one.
Adverse events and complications account for a total of

4.5% in the current studies, the most frequent being
cardiac tamponade, and the most feared, the silent cere-
bral thromboembolic events® 3.

The application of RF for AF curative ablation is
a lengthy and complex procedure that produces discomfort
and chest pain which can be intense. It requires immobility
for maintaining the stability of intracardiac catheters.
Different anesthetic techniques are used for these
procedures. The literature, however, is scarce® as for
research that discuss advantages and disadvantages of the
techniques, as well as to the establishment of specific
guidelines on the subject. Most works show how the
anesthetic technique used intravenous sedation (conscious
or unconscious), based on the preference of the
anesthesiologist or institutional protocols''”.

This study aims to compare the techniques of
deep sedation and general anesthesia for curative ablation
of atrial fibrillation and evaluate the hemodynamic and
respiratory parameters, complications, and recurrence
(outcome).
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METHODS

After approval by the Ethics Committee of the
Clementino Fraga Filho University Hospital, of the Federal
University of Rio de Janeiro (protocol 207/2009) and
obtaining informed consents, we performed a prospective
study with 32 patients, ASA 2 and 3, aged 18 and 65 years,
of both genders, who were randomly divided into two
groups of 16 subjects: deep sedation group (G1) and gene-
ral anesthesia group (G2). All underwent ablation using
the technique of circumferential electrical disconnection of
the pulmonary veins guided by a non-fluoroscopic, three-
dimensional (3D), electroanatomic mapping system. We
recorded the time of the procedure, type of AF, associated
diseases and medications used. No patient received
premedication. Any antiarrhythmic drugs were maintained
during the procedure.

Monitoring  consisted of 12-leads
electrocardiogram, pulse oximetry, capnometry and
noninvasive blood pressure. A sensor was installed in the
region dorsal to locate the position of the left atrium (LA),
serving as guide for the electroanatomic mapping system
(construction of left atrial geometry). After the use of
intravenous midazolam (0.5 mg/kg), the radial artery was
punctured for continuous blood pressure measurement and
sampling of arterial blood gases assessment. G1 received
venous propofol (Tmg/kg) and a nasopharyngeal cannula
was installed, as well as oxygen (4 to 6L/min) by facemask,
and spontaneous ventilation. G2 received propofol (2mg/
kg) and a laryngeal mask with gastric tube drainage was
introduced on assisted , manual ventilation. Posteriorly, both
groups received a continuous infusion, though with different
dosages, of propofol (G1 = 25-50ig/kg/min; G2 = 60-100ig/
kg/min) and remifentanil (G1 = 0.01-0.05 mg / kg / min;
G2 =0.06-0.1 mg/ kg / min).

The diagnostic electrophysiology catheter was
inserted into the esophagus through the laryngeal mask
gastric draining tube (G2) or by nasogastric tube (G1). A
virtual esophagus was created using the electroanatomic
mapping system to measure esophageal temperature,
which was observed that during the RF applications to avoid
overheating and consequent atrial esophageal fistula
formation in the areas of the esophagus near the left atrium.
The femoral veins were punctured and the intracardiac
catheters introduced.

After atrial transseptal puncture, circular
catheters were placed on each pulmonary vein ostium in
order to identify the electrical connections between the
pulmonary veins and the left atrium. These points are the
targets for the RF application that leads to electrical
disconnection of the pulmonary veins. Heparin (100Ul/
kg) was injected intravenously in bolus after the atrial
transseptal puncture and sequential doses of [ to [J of
the initial dose were made in order to maintain the
activated clotting time (ACT) above 320 seconds
(sequential measurements were carried out every 30

minutes). At the end of the procedure, the catheters were
removed when the ACT was normalized.

We analyzed the results of arterial blood gases
obtained at the times M1 (before the onset of anesthesia),
M2 and M3 (10 and 60 minutes after initiation of intravenous
infusion of propofol and remifentanil, respectively) and M4
(20 minutes after the intravenous infusion). At the same
time, only in G1 the level of sedation was evaluated by the
Ramsay Sedation scale. We recorded mean arterial pressure,
heart rate, total time of the procedure, time of permanence
of the catheters in the left atrium; related diseases;
complications (agitation, cough , perioperative mobility,
transthoracic cardioversion, perioperative use of
antiarrhythmic drugs, pacemaker implantation, ablation of
other arrhythmias), respiratory depression, cardiac
tamponade, thromboembolism, hypotension, bradycardia,
asystole, nausea and vomiting, pulmonary vein stenosis,
atrial esophageal fistula, femoral arteriovenous fistula or
femoral thrombosis and recurrence or outcome after three
months.

In the statistical analysis we used the following
methods: for comparison of baseline (numerical) variables
between groups (G1 and G2) we applied the Student t test
for independent samples or Mann-Whitney (nonparametric)
test. To compare categorical variables we used the Chi-
square (+2) test or Fisher exact test. We applied the analysis
of variance (ANOVA) for repeated measures in the four
moments: M1, M2, M3, M4, within each group, and the
adjusted multiple comparison test of Bonferroni for the four
moments. ANOVA was also used to check whether
developments throughout the experiment were significantly
different between groups. The analysis of power indicated
that 17 patients would be required in each group for the
study. The sample size was based on a 90% power, with a
difference in the values found in alpha = 0.05.

RESULTS

The groups were homogeneous in age, weight,
height, BMI and procedure time, except for the time of
catheters permanence in the left atrium (Table 1). This
variable was significantly higher in G2.

With regard to gender, physical status (ASA), type
of atrial fibrillation, associated diseases and medications
used, the results showed no significant differences between
the two groups (Table 2).

The doses (mean =+ Standard Deviation)of bolus
intravenous propofol used were 73.13 +32.19 mg in G1
and 122.50 £ 26.20 mg in G2; continuous infusion doses
were 48.75 pg/kg/min + 10.41 in G1 and 85.94 pg/kg/
min + 7.35in G2. The infusion doses of remifentanil were
0.02 pg/kg/min £ 0.01in G1 and 0.08 pg/kg/min + 0.01
in G2. The level of sedation by the Ramsay scale was
keptin ‘5" and ‘6" in G1, evaluated at moments M2 and
M3.
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Table 1 - Patient characteristics: age, weight, height, BMI, procedure time and permanence of the catheters in the left
atrium.
Variable G1 G2 p value
mean = SD median mean = SD median
Age (years) 53.7 + 8.6 56.5 55.1 =+ 9.0 58.5 0.66
Weight (kg) 759 + 104 77 716 + 83 72 0.21
Height (cm) 1709 = 8.7 170 1726 = 8.7 174.5 0.58
BMI (kg/m?) 257 = 29 26 242 = 23 24 0.12
Time of procedure (min) 147.2 + 34.2 150 165.1 + 33.2 172.5 0.14
TCP (min) 91.3 + 25.2 85.0 1250 = 33.2 115.0 0.002

G1: deep sedation; G2: general anesthesia, min: minute, BMI: body mass index; TCP: time of catheter permanence in the left atrium (p = 0.002,

significant), SD: standard deviation, Student’s t or Mann-Whitney tests.

Table 2 - Gender, ASA, diagnosis, associated conditions and medication use.
Variable G1 G2 p value 2
N % n %

Gender
Male 10 62.5 10 62.5 1.0
Female 6 37.5 6 37.5
ASA
21 7 43.8 7 43.8 1.0
3 9 56.3 9 56.3
AF
Paroxystic 9 56.3 11 68.8 0.46
Persistent 7 43.8 5 31.3
Arterial hipertension 1M 68.8 9 56.3 0.46
Diabetes mellitus 1 6.3 4 25.0 0.16
Anti-hipertensive 10 62.5 10 62.5 1.0
Antiarrhythmic 16 100.0 16 100.0 NSA
Diuretics 1M 68.8 9 56.3 0.46
Hypoglycaemic agents 1 6.3 4 25.0 0.16
Anticoagulant 16 100.0 15 93.8 pc
Beta-blocker 0 0.0 0 0.0 NSA

G1: deep sedation; G2: general anesthesia, NSA: not applicable; fc: few cases (less than five patients without use of anti coagulant); n = number;

a: Fisher exact test.

There were significant differences in pH
between moments studied in G1 (p =0.0001) and G2 (p
=0.0001) and also in the behavior of the two groups (p =
0.0001). In G1 there was significant decrease in the pH of
M1 (7.372 £0.033) from M2 (7.281 £ 0.071) to M3 (7.286
+ 0.050) and increase from M2 and M3 to M4 (7.343 +
0.032), showing a U-type evolution. In G2 there was
significant increase from M2 (7.384 + 0.043) to M3 (7.419
+ 0.052) and significant decrease from M2 and M3 to M4
(7.347 £ 0.036). The evolution in G2 was comparatively
more stable, with a significant increase from M2 to M3
and final decrease (p = 0.0001). It was concluded that
the groups have evolved differently, with a significant
increase of pH in G1, which was recovered at the final
moment, M4 (Figure 1).

There were significant differences in the behavior
of measurements of blood pressure and carbon dioxide
(PaCO,) within groups (p = 0.0001) and between the two
groups (p =0.0001) throughout the experiment. In G1 there
was significant increase in PaCO2 from M1 (41.9 £ 5.6
mmHg) to M2 (53.0 £ 6.0 mmHg) and M3 (55.1 = 8.9
mmHg), and significant decrease from M2 and M3 to M4
(45.2 £ 4.1 mmHg). G2 measures of PaCO2 showed a
significant decrease from M1 (41.0 £ 2.6 mmHg) to M2
(39.6 £ 5.6 mmHg) and M3 (35.0 + 5.0 mmHg), and
significant increase from M1, M2 and M3 to M4 (46.0
1.7 mmHg). The groups have evolved in different ways,
with G1 presenting the highest values of PaCO2 and G2
the smallest, especially when comparing M2 with M3. Both
groups, G1 and G2, presented values close to the initial
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moment (M1) at the end of the experiment (M4) (Figure
2).

We found a significant decrease in the values
of arterial oxygen pressure (PaO,) at time M4 (G1=90.0 +
9.4 mmHg; G2 = 96.4 + 3.0 mmHg) when compared to
M2 (G1=253.5+£91.1 mmHg; G2 =284.9 + 84.2 mmHg)
and M3 (G1 = 250.5 + 99.6 mmHg; G2 = 284.9 + 84.2
mmHg). There were significant differences in the values
of PAO, within the two groups (p = 0.0001). However, no
significant difference was observed in the evolution of PaO,
throughout the experiment between the two groups (p =
0.64) (Figure 3).

There was significant variation in arterial oxygen
saturation (SpO,) within G1 and G2 (p = 0.0001). We
identified a significant reduction of the mean values of
SpO,in M4 (G1=96.3+1.64; G2=96.8 + 1.31%) when
these values were compared to the moments M2 (G1 =
99.4 +0.44%, G2 =99.6 £ 0.28%) and M3 (G1=98.7 +
2.50; G2 =99.6 + 0.28). This behavior was the same during
the experiment for both groups G1 and G2 (p = 0.64).

We observed a significant variation in the mean
arterial pressure (MAP) only in G2 (p = 0.0001). There
was also a significant reduction in MAP from M1 to M2
and M3 and increased values from M2 and M3 to M4 (p
=0.0001).

The values of heart rate (HR) in G1 showed no
significant variations between the four moments. Only the
G2 group had a significant decrease in HR when M3 (55.5
+ 12.33 bpm) was compared to M1 (65.9 + 8.22 bpm) and
there was also an increase in HR at M4 (72.1 £ 9.14 bpm)
when compared to M2 (60.3 + 9.44 bpm) and M3 (55.5 +
12.33 bpm), denoting a return to values close to the time
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Figure 1 - Serial measurements of pH. G1: Deep sedation, G2:
general anesthesia. Data as mean + SD (standard
deviation). M1 = before anesthesia, M2 = 10 min of
anesthesia, M3 = 60 min of anesthesia and M4 = 20
min after anesthesia; G1 versus G2 (p = 0.0001); [% p
=0.0001, M2, M3 versus M1 (G1); t p = 0.0001, M4
versus M1, M2, M3 (G1);, ¥ p = 0.0001, M3 versus M2
(G2); 1% p = 0.0001, M1, M2, M3 versus M4 (G2).
ANOVA test to intra-group and between-groups
comparison. Adjusted Bonferroni test Performed, 5%
significance level.

of the procedure beggining (M1). The difference occurred
between groups was significant (p =0.011).

Concerning the complications, cough (mobility)
had a higher incidence in five patients from G1(31%) and
two from G2 (12.5%, p <0.001). Only one patient in G1
presented with apnea and received manual ventilation by
face mask, and therefore was excluded from the study. In
five patients in G1 and in four in G2 a transthoracic
cardioversion of AF was required. One patient from
G1developed pericardial effusion, diagnosed and monitored
by transesophageal echocardiography, though without
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Figure 2 -  Serial measurements of PaCO2. G1: Deep sedation,

G2: general anesthesia. Data as mean + SD (standard
deviation). M1 = before anesthesia, M2 = 10 min of
anesthesia, M3 = 60 min of anesthesia and M4 = 20
min after anesthesia; G1 versus G2 p = 0.0001, G1
versus G2; [%p = 0.0001, M2, M3 versus M1 (G1); tp
= 0.0001, M4 versus M2 and M3 (G1); ¥p = 0.0001,
M3 versus M1 and M2 (G2); [%p = 0.0001, M4 versus
M1, M2 and M3 (G2). ANOVA test to intra-group and
between-groups comparison. Adjusted Bonferroni test
Performed, 5% significance level.
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Figure 3 - Serial measurements of PaO,. G1: Deep sedation, G2:

general anesthesia. Data as mean + SD (standard
deviation). M1 = before anesthesia, M2 = 10 min of
anesthesia, M3 = 60 min of anesthesia and M4 = 20
min after anesthesia; G1 versus G2: p= 0,67; [%p=
0.0001, M4 versus M1, M2 and M3 (G1 and G2).
ANOVA test to intra-group and between-groups
comparison. Adjusted Bonferroni test Performed, 5%
significance level.
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drainage. Only two patients from G2 had nausea and
vomiting after the procedure. The recurrence (outcome) at
three months showed no significant difference between
the two groups (Table 3).

DISCUSSION

The use of ablation for the curative treatment of
AF has increased significantly due to its safeness and
effectiveness. It has also been the therapeutic solution of
choice when compared to antiarrhythmic drugs because it
offers the chance of permanent cure with significant
improvement in patients’ quality of life'" 2.

The literature is still scarce® as regards the choice
of the best anesthetic technique to be employed. Although
different sedation techniques have been proposed by the
North American Society of Pacing and Electrophisiology /
NASPE™4, the choice has been based on the patient’s
clinical condition, on institutional protocols and on the
anesthesiologist’s preference.

Tang et al.’> compared conscious sedation using
midazolam/fentanyl with unconscious sedation with propofol
and showed that the latter had a higher incidence of
respiratory complications such as hypoventilation, hypoxia,
cough and upper respiratory obstruction. In this research,
we chose to use midazolam, propofol and remifentanil in
both groups. Nevertheless, the same results of Tang et al '
were found in the group with deep sedation.

Zaballos et al.® concluded that the hemodynamic
effects of remifentanil are associated with decreased vagal
tone, being able to produce marked decrease in heart rate.

It was found that the patients in G2 at time M3
showed lower heart rate (55.5 + 12.33 bpm) than G1 (69.5
+ 12.78 bpm). The higher doses of remifentanil in the latter
group justify this effect. Leite et al."” used low doses of
remifentanil in 16 patients undergoing electrophysiologic
study and concluded that this drug would not be ideal for
this type of procedure because it produced a delay in cardiac
conduction and refractoriness. The results obtained in this

study, corroborating Leite et al., demonstrated that
remifentanil used in low doses (0.025 to 0.075) may have
altered atrial electrical properties. Thus, this drug may have
prolonged the time of atrial electrical activity mapping and
then produced an increase in the time of catheters
permanence in the left atrium (LA). However, this fact did
not cause changes in the outcome of ablation, since the
total time of the procedure and the incidence of recurrence
(outcome) after three months were similar for both
techniques (G1 and G2).

The breathing and patient movement during the
procedure can interfere both with the stability of the RF
application catheter tip and with the positioning of the AE
position sensor (patch) placed in the dorsal region of the
patient. This fact raises an improper contact between the
catheter tip and myocardial tissue, the immobility of the
atrial wall being essential to the quality and success of
ablation’®.

The RF ablation is a prolonged procedure, causing
intense pain and chest discomfort to patients. Di Biase et
al.*® demonstrated that both conscious sedation as general
anesthesia were effective for AF ablation. However, AF
cure rates without recurrence were higher in patients
undergoing general anesthesia, which was attributed to
greater immobility of the patient, allowing regular and better
controlled thoracic expansions. Furthermore, the AE position
sensor remained better fixed and the procedure sustained
fewer interruptions to its repositioning. They concluded that
RF applications were more effective due to the more
intimate and durable contact of the catheter tip with the
myocardial tissue rendered possible by greater immobility
of the patient. They considered the stability of the RF
application catheter tip extremely important to the success
of the ablation procedure. The results of our study showed
recurrence similar in both groups (G1 =25%, G2 = 18.7%),
differing from the work of Di Biase et al."®, who also used a
larger number of patients, which may have influenced their
results.

Concerning the complications, cough during
ablation may result from obstruction of the upper airways

Table 3 - Recurrence and complications.
Complications G1 (n=16) G2 (n=16) p value?
N % n %

Recurrence (3 months) 4 25.0 3 18.7 0.50
Cough (causing mobility) 5 31% 3 12.5% 0.001
Cardioverted AF 5 31.3 4 25.0 0.50
Haemopericardium 0 0 1 6.3 0.50
Agitation or AF cardioversion or hemopericardium 5 31.3 5 31.3 0.64
Others 10 62.5 8 50.0 0.36

G1: deep sedation;, G2: general anesthesia, n. number of patients, %. percentage; Others: intraoperative complications (awareness, use of
antiarrhythmic drugs, pacemaker implantation, ablation of other arrhythmias, agitation and asystole), postoperative complications (nausea and
vomiting, pulmonary vein stenosis, arteriovenous fistula, thromboembolism, femoral thrombosis, atrial-esophageal fistula), Cough (causing

movement): (p = 0.001, significant); °: Fisher exact test.
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or stem bronchi stimulation adjacent to the posterior wall
of the left atrium, and may contribute to the destabilization
of catheters, cause disruptions in the procedure ablation,
providing a greater chance of cardiac perforation™. In this
study, we observed a lower incidence of cough and
immobility in the group with adequate general anesthesia
(12.5%) when compared to the group under deep sedation
(31%).

Patients with deep sedation (G1) showed
increased values of PaCO,, justifying the decrease in pH.
The G2 patients showed no such changes, though.
Hypoventilation may have occurred due to the central action
of intravenous anesthetics, since the occurrence of upper
respiratory obstruction was immediately treated with nasal
and oropharyngeal cannulas. Trentman et al.', in a study
of 208 patients undergoing various types of
electrophysiological procedures under sedation, found that
40% of patients required some form of intervention in the
upper airways, corroborating the results of this work. The
arterial oxygen pressure and arterial oxygen saturation
remained at normal levels and displayed the same behavior
throughout the procedure for both groups, due to the greater
provision of oxygen (O,) supplied by the two techniques. In
the recovery phase (M4) groups showed a return to normal
levels of PaO, after withdrawal of additional oxygen. The
airway management with laryngeal mask (G2) allowed
assisted ventilation and was more effective in maintaining
the levels of PaCO,.

Di Biase et al.”® obtained shorter procedure and
fluoroscopy times in patients undergoing general anesthesia.
In contrast, the present study found a similar procedure
total time for both groups.

RESUMDPO

Bradycardia and hypotension caused by
remifentanil, even at doses of 0.1 ig/kg/min, are related to
a central effect of inhibition of sympathetic tone and vagal
exacerbation. They tend to be accentuated when combined
to the hemodynamic effects of propofol (cardiovascular
depression with decreased systemic vascular resistance and
myocardial contractility). However, these changes were not
important for the procedure outcome (success rate without
relapse)?©-22.

Based on studies that evaluated the risk of
esophageal injury during AF ablation-28, we opted to use
laryngeal mask with tube drainage, for it causes no
interference in esophageal movement and provides easy
access to the diagnostic catheter inserted into the
esophagus, thus reducing the risk of atrial esophageal fistula,
a rare and serious complication. Laryngeal mask also
enables the assisted or controlled ventilation during the
procedure and allows better control of respiratory function
and greater immobility.

The complication rates in this study were simi-
lar to those observed by other authors'3'62930 and were
similar for both groups. The incidence of recurrence
(outcome) of AF in three months was equal in both G1
and G2.

This study had the limitation of not being covered,
with potential for bias. Due to technical problems, we
included 32 patients and not 34, as described in the study
power of analysis.

We conclude that both techniques can be used
for curative ablation of atrial fibrillation. General anesthesia
had lower respiratory changes and provided greater
immobility of patients.

Objetivo: Comparar sedacdo profunda com anestesia geral para ablacdo curativa de fibrilagao atrial. Métodos: Estudo prospectivo,
aleatério, com 32 pacientes, idades entre 18 e 65 anos, ASA 2 e 3, IMC d” 30kg/m?, distribuidos em dois grupos: sedacao profunda
(G1) e anestesia geral (G2). Todos receberam midazolan (0,5mg/kg) venoso. O G1 recebeu propofol (1mg/kg) e mdscara facial de O,,
seguido da infusdo continua de propofol (25-50mg/kg/min) e remifentanil (0,01-0,05ug/kg/min). O G2 recebeu propofol (2mg/kg) e
maéscara laringea com tubo de drenagem, seguido da infusdo continua de propofol (60-100mg/kg/min) e remifentanil (0,06-0, 1ug/
kg/min). Foram comparados. frequéncia cardiaca, pressdo arterial invasiva, complicacées, recidiva (desfecho) em trés meses e
gasometrias. Resultados: Os pacientes do G1 apresentaram gasometrias arteriais com niveis de PaCO, maiores e pH menores
(p=0,001) e maior incidéncia de tosse. Ocorreu diminuicdo da PAM e FC no G2. Exceto a tosse, as complicacoes e recidivas foram
semelhantes em ambos os grupos. Conclusdo: Ambas as técnicas podem ser utilizadas para a ablacdo curativa da fibrilacao atrial.
A anestesia geral proporcionou menores alteracées respiratdrias e maior imobilidade do paciente.

Descritores: Sedacdo profunda. Anestesia geral. Fibrilacdo atrial. Técnicas de ablacdo. Ablacdo por cateterO02E.
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