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Endovascular Ablation of Atrial Fibrillation

A

TRIAL fibrillation (AF) is the most common cardiac
arrhythmia encountered in adults. The estimated overall AF prevalence in ambulatory populations is 1%, though
this percentage is much higher in adults older than 65 yr of
age.1 AF risk factors include the male sex, increasing age, and
Caucasian ethnicity (table 1).1–4 The AF incidence is growing, as the prevalence has increased by over 20% in recent
studies.5 AF-associated morbidity is costly and is secondary
to the increased risk of heart failure and stroke.6 We now
review the anesthetic considerations of endovascular ablation for the treatment of AF.

by localized rotors (continuous sequential activation rotating
around a central region) and repetitive focal beats sources
(activation radiating from a source region).10
The atrioventricular node has decremental conduction,
meaning that it conducts slower when it receives signals
faster. This is protective in AF, it impedes the conduction of
rapid atrial signals (300 to 600 beats/min) to the ventricles,
and only a portion of the abnormal impulses reach the ventricles (90 to 170 beats/min).11 Atrial impulses that penetrate
the atrioventricular node, but are not propagated to the ventricles, may prolong conduction of the next atrial impulse,
known as the concealed conduction phenomenon. As such,
the ventricular response is irregularly irregular in AF.12
During AF, rapid and chaotic impulses propagate in
different directions causing disorganized and quick atrial
depolarization, resulting in a hasty quivering rather than
forceful contractions of the upper chambers (fibrillation).13
As a result, the atrial volume is incompletely ejected leading to blood stagnation in the left atrial (LA) appendage.
Thus, thrombus formation is promoted, increasing the risk
of embolic stroke.

Pathophysiology
Atrial fibrillation is characterized by disorganized electrical
and mechanical heart activity that arises in the atria with an
accompanying irregular ventricular response. An electrocardiogram is essential to confirm AF, which reveals irregular
R-R intervals (in the absence of a complete atrioventricular
node blockage), an absence of P waves, and a variable atrial
cycle length that is usually less than 200 ms.7 Electrocardiogram monitoring demonstrates that many episodes of AF are
self-terminating and asymptomatic. However, with time, the
duration of episodes becomes longer, leading to sustained AF.8
Atrial fibrillation development requires both a susceptible
substrate and a triggering episode.7 In the normal electrical conduction pathway, the sinoatrial node is the heart
pacemaker. In AF, the trigger to myocardial depolarization
predominantly develops in the atria and neighboring pulmonary veins (PVs). The PVs are the most common source of
the rapid ectopic beats that trigger AF.9 Recent evidence suggests that once AF is triggered, the arrhythmia is sustained

Treatment
Multiple medical AF management strategies have been proposed. Debate exists on whether conversion to sinus rhythm
with antiarrhythmic medications is more beneficial than
controlling the patient’s heart rate along with adequate anticoagulation. The evidence suggests that using medications
to achieve sinus rhythm has similar mortality as compared
with rate control plus anticoagulation.14 However, it should
be noted that rate control coupled with anticoagulation is
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Table 1. Risk Factors for Atrial Fibrillation1–4

Race (more prevalent
among Caucasians
than African Americans)
Heavy alcohol
consumption

Coronary artery disease/acute
myocardial infarction
Valvular heart disease
Obesity (BMI >30 kg/m2)
Thyroid dysfunction

Cardiac surgery, particularly
after combined procedures
(i.e., bypass grafting + valvular
surgery)
Decreased magnesium levels

Fig. 1. Electrophysiological map of pulmonary vein ablation sites;
red dots are the ablation site. LA = left atrium; LLPV = left lower
pulmonary vein; LUPV = left upper pulmonary vein; RLPV = right
lower pulmonary vein; RUPV = right upper pulmonary vein.

Family history of atrial fibrillation
in a first-degree relative

ASD = atrial septal defect; BMI = body mass index; HbA1c = hemoglobin A1c.

not a treatment plan devoid of side effects. Warfarin, which
has traditionally been the primary oral anticoagulant in
AF patients, requires constant monitoring of international
normalized ratio values, and many patients struggle to achieve
therapeutic levels. New oral anticoagulants have been introduced (e.g., dabigatran etexilate, rivaroxaban, and apixabane
doxaban) which may increase the efficacy of anticoagulation,
but they too are not devoid of complications and currently
have no available reversing agents. In an aging population
that may be prone to falls or other accidents, anticoagulation
may result in devastating bleeding complications.

Catheter Ablation
Radiofrequency catheter ablation (RFCA) has revolutionized
the treatment of drug-refractory AF. The aim of RFCA is to
prevent AF by identifying and ablating the regions of the heart
that are responsible for initiating AF. According to current
guidelines, catheter ablation is a first-line treatment in patients
with paroxysmal AF and who have minimal or no underlying heart disease. RFCA remains a second-line treatment for
symptomatic AF, in which the patient is refractory or intolerant to at least one class 1 or class 3 antiarrhythmic drug.7
Isolation of the PVs is the corner stone of catheter ablation
strategies for AF treatment.9 For paroxysmal AF, circumferential PV isolation alone is the standard therapy (figs. 1
and 2). However, ablation of persistent AF is more difficult
and requires identification of additional ablation sites using
a stepwise approach: (1) Circumferential PV isolation; (2)
Ablation of complex fractionated atrial electrograms identified during electrophysiological mapping; (3) Identification
and ablation of additional linear lesions. These additional
linear lesions may result in ablations along the posterior of
the LA, along the roofline of the LA from the left superior
PV to the right superior PV, and along the mitral isthmus
Anesthesiology 2014; 120:1513-9
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Fig. 2. Ablation sites and pulmonary veins in relation to other
anatomic structures.

line connecting the ostium of the left inferior PV to the
mitral valve annulus; (4) Ablation of non-PV triggers, such
as the coronary sinus, superior vena cava, and crista terminalis.7 Current estimates of the RFCA success rate at 1 yr for
patients with long-standing, persistent AF or paroxysmal AF
range from 47 to 74%, respectively.15,16
Radiofrequency catheter ablation generally begins with
the placement of femoral venous sheaths used to access the
heart. Two 8-French venous sheaths are usually placed in the
right femoral vein, and a 7-French along with an 11-French
venous sheath is placed into the left femoral vein. The two
8-French sheaths are used as conduits for trans-septal catheters, which are inserted into the right atrium and subsequently across the septum into the LA. These catheters serve
Malladi et al.
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Hypertension (most
common underlying
disorder for patients
with atrial fibrillation)
Congestive heart failure
Congenital heart
disease (i.e., ASD)
Diabetes mellitus (risk
for atrial fibrillation
increases with longer
diabetes mellitus
duration and higher
HbA1c levels)
Sex (men > women)
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can decrease the magnitude of cooling achieved in the tissue
because of redistribution of heat. This can lead to difficulty in
achieving a full-thickness lesion, which would subsequently
reduce the likelihood for a successful procedure. As a result,
it is necessary to completely occlude the PVs with the cryoablation balloon to reduce blood flow and allow an adequate
lesion to be created. The placement of balloons within the
PVs can be a source of potential complications.20

Preoperative Considerations
A thorough preoperative evaluation of the patient undergoing RFCA is necessary to ensure patient safety, including a
complete history and physical exam. Pertinent information
to elicit includes the status of the patient’s AF history, such as
whether the patient has paroxysmal or chronic AF. Obtaining a complete cardiac history including any underlying
risk factors for AF is of high importance. A CHADS2 score,
which is a composite number that takes into account the
presence of congestive heart failure, hypertension, increased
age, diabetes mellitus, and previous stroke, should be calculated to further assess stroke risk (table 2).21
All ancillary studies should be reviewed. In particular, any
recent echocardiogram (transthoracic or transesophageal)
should be examined because comorbid valvular pathologies (i.e., mitral stenosis) may have a profound effect on the
anesthetic management of the patient. Obtaining a preoperative transesophageal echocardiogram to rule out intracardiac thrombus is controversial because there seems to be
no consensus among experts in the field as to whether it is
necessary. Several factors should be considered, including
AF duration, the presence of systemic anticoagulation, the
patient’s CHADS2 score, and LA size, because these are all
determinants of the risk of a thromboembolic event.7 The
higher the risk for stroke, the lower the threshold should be
to perform a preoperative transesophageal echocardiogram.
Despite receiving therapeutic anticoagulation, fewer than
2% of patients will still have thrombus in the LA appendage, with increasing thrombus frequencies seen with higher
CHADS2 scores.22

Type of Anesthesia
Atrial ablation has been performed successfully under both
monitored anesthesia care and general anesthesia (GA).
Advantages of proceeding with monitored anesthesia care
Table 2. CHADS2 Scoring System for Predicting the Risk of
Stroke in Patients with Atrial Fibrillation.21,22
CHADS2
(C)
(H)
(A)
(D)
(S2)

Congestive heart failure
Hypertension
Age ≥75
Diabetes mellitus
Stroke/transient ischemic attack/
systemic thromboembolism

Points
1
1
1
1
2

Malladi et al.

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/120/6/1513/264993/20140600_0-00034.pdf by guest on 01 December 2021

the dual purpose of mapping the LA and ablating the desired
regions of the heart. Trans-septal puncture is typically performed under intracardiac echocardiographic and fluoroscopic guidance. The intracardiac echocardiographic catheter
is inserted via an 11-French sheath and is used to confirm the
passage of the needle into the LA. The remaining 7-French
sheath is used for a coronary sinus catheter, through which
additional mapping and pacing can be performed.
After the ablation is completed and the patient is in sinus
rhythm, the patient is given a pharmacological challenge
before removing the venous sheaths. Isoproterenol, which is
known to increase pacemaker activity and abnormal automatism, is typically given at a rate of 2 to 10 μg/min. In addition, adenosine is administered in 6-mg boluses after each
PV is isolated with the goal of shortening the atrial refractory
period and unmasking reentrant activity originating in the
PVs. If either of these medications provokes recurrence of
AF, further ablation is performed to ensure optimal results.
More recently, the use of stereotaxis-guided ablation has
become widespread. Rather than having individuals manually insert and position the catheters in the heart for ablation, this technique involves using magnetic catheters, which
are then steered into position via a magnetic navigational
device. These catheters are more compliant than the usual
stiff RFCA catheters, making them less likely to perforate
the heart. In addition, these magnetic catheters offer greater
stability allowing for otherwise-difficult ablation of regions
with complex anatomy. Finally, less fluoroscopy is required
to complete stereotaxis-guided procedures, leading to less
radiation exposure for the patient and staff. Although data
on success rates have been mixed, some practitioners have
reported up to 80% 1-yr success rates using this method.17
Similarly, robot-assisted atrial ablation has become more
prevalent. With this technology, the operator is able to place
and navigate ablation catheters via a remote-controlled robotic
station. Using the robot, a physician can achieve adequate tissue contact with the catheter using the desired amount of
force, theoretically leading to more effective tissue burning.
Much like stereotaxis-guided ablation, robot-assisted ablation
decreases fluoroscopy time, and overall success rates seem to
be similar to that of manual ablation.18
Although radiofrequency energy remains the most common energy source used for ablation of AF, cryoablation is
now commonly used as an alternative. The success rate of
cryoablation during a 12-month period has been reported as
high as 73%, with significantly more patients free of recurrent AF than those undergoing pharmacologic therapy.19,20
During cryoablation procedures, liquid nitrous oxide is
delivered through a catheter into a balloon and is subsequently converted into a gas. The gaseous form of nitrous
oxide within the balloon acts as a coolant, which ultimately
freezes the desired tissue and disrupts cellular function.
One important factor to consider when performing cryoablation within the heart is the blood flow around the region
of interest. Increased blood flow near the tip of the balloon

Endovascular Ablation of Atrial Fibrillation

Intraoperative Considerations
Standard American Society of Anesthesiology monitors are
mandatory for this procedure; these include 5-lead electrocardiogram leads, a pulse oximeter, and a noninvasive blood
pressure cuff. Measuring end-tidal carbon dioxide concentrations, both qualitatively and quantitatively, remains essential.
Arterial line placement is generally recommended; however,
it depends on the patient’s comorbidities and the likelihood for and duration of arrhythmias during the procedure.
Central venous access is not necessary as long as large-bore
(16 gauge or larger) intravenous access can be obtained. Defibrillator pads should be placed on the patient and checked
to ensure proper positioning before starting the procedure.
Sudden changes in arterial blood pressure should be
anticipated because the cardiologist may induce arrhythmias
while manipulating the heart. Resuscitation with intravenous fluids may be necessary to compensate for poor filling
of the ventricles. However, crystalloids or colloids must be
administered with caution in patients with underlying cardiac dysfunction. This is magnified by the fact that patients
may receive several liters of fluid during the procedure from
the ablation catheters. As a result, overaggressive volume
resuscitation can precipitate heart failure with subsequent
postoperative intubation and intensive care unit admission.

Anticoagulation
Anticoagulation is necessary during AF ablation. Because
of the trans-septal passage of the electrode catheter from
the right atrium into the LA, thrombi can form and are at
risk systemic embolization.25 The frequency of stroke during catheter ablation procedures is reported to be approximately 0.4 to 1%.26,27 However, a literature review does not
identify a preferred method to achieve adequate anticoagulation. One recommended anticoagulant regimen involves
the issuance of a heparin bolus of 100 U/kg (either before or
Anesthesiology 2014; 120:1513-9
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immediately after trans-septal puncture) followed by an infusion of heparin with the goal of an activated clotting time of
300 to 400 s.7 An initial heparin bolus and infusion is used
to achieve a target activated clotting time of 275 to 350 s;
this goal does not change regardless of the patient’s anticoagulation status before the procedure. To further reduce the
risk of thromboembolism, the trans-septal sheath should be
withdrawn into the right atrium once the catheter is positioned, because the sheath is a prominent spot for thrombus
formation. The heparin infusion can be discontinued once
the catheter has been removed from the atrium. Protamine
may be used to reverse the anticoagulation at the end of the
procedure. Alternatively, the activated clotting time can be
allowed to decrease to its baseline level without protamine
reversal before sheath removal.

Esophageal Injury
Injury to the esophagus is a serious RFCA-associated complication, although it less commonly can occur with cryoablation as well. The esophagus is in close proximity to
the posterior wall of the LA, where much of the radiofrequency current is directed (fig. 2). The mechanism of injury
is thought to be because of direct thermal injury stemming
from this current; however, it may be multifactorial. The
most devastating type of injury is an atrial-esophageal fistula.
The frequency of this type of fistula is extremely low, with
a reported incidence rate of 0.2%.28 Atrial-esophageal fistula may lead to air emboli and sepsis; accordingly, it carries
an extremely high mortality rate. If suspected, early surgical
intervention or an esophageal stent can be placed. A more
common esophageal complication is an esophageal ulcer,
which may occur in up to 12% of cases.29 Esophageal ulcers
can generally be managed conservatively without surgical
intervention.
Given the morbidity that can be associated with severe
esophageal damage, it is essential to monitor for signs of
these injuries occurring. One purported advantage of doing
RFCA under monitored anesthesia care is that pain can act
as an indicator of possible esophageal injury. However, pain
during this procedure can reflect several different conditions
and, depending on the patient’s level of sedation, he or she
may not be able to respond to questions regarding pain in an
effective manner. One of the most common ways to reduce
the risk of esophageal injury in a patient under GA is with
the use of an esophageal temperature probe. The esophageal
temperature probe can be positioned under fluoroscopy into
a position close to the ablation catheter. A sudden increase
in temperature requires stopping radiofrequency energy
delivery temporarily, reducing the radiofrequency energy, or
repositioning the ablation catheter.29

Bleeding
Cardiac tamponade complicates atrial ablation procedures in
approximately 1.3% of cases and is thought to be the leading
Malladi et al.
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include the ability to avoid volatile and other intravenous
anesthetics, which may have adverse effects on the patient’s
hemodynamic stability. However, AF ablation may last for
several hours, and patient discomfort from lying on a table
for a long period of time, as well as pain from the procedure itself may preclude choosing this option. This point is
particularly important because any patient movement may
result in the need for remapping of the patient’s arrhythmia
and decrease the procedure efficacy.
The choice of which anesthetic technique to use is often
institutional, and both methods can be effective. In a prospective study of 650 patients, the use of midazolam, fentanyl,
and propofol was used to successfully sedate patients for
atrial ablation procedures, with none of the patients requiring
endotracheal intubation.23 In a separate study comparing GA
versus monitored anesthesia care, the authors concluded that
GA was effective in reducing the incidence of PV reconnection when compared with the use of deep sedation.24

EDUCATION

Phrenic Nerve Injury
Phrenic nerve injury reportedly occurs in 4.4 to 7.5% of
cases.31,32 Similar to esophageal injury, phrenic nerve injury
is thought to result from thermal injury. Phrenic nerve damage results in symptoms ranging from hiccups to dyspnea
and chest pain. These injuries typically occur during cryoablation procedures as opposed to radiofrequency ablation.
Notably, it is thought that smaller balloons, which can be
placed more distally into the PV, have a greater likelihood
of causing phrenic nerve injury than larger balloons.32 The
right phrenic nerve is more likely to be affected than the left
because it is found anatomically near the right superior PV,
a common site for ablation (fig. 2). Accordingly, when the
right superior PV is ablated (particularly if cryoablation is to
be used), strategies to prevent phrenic nerve injury should be
considered. At the Texas Heart Institute, a catheter is inserted
into the superior vena cava via the right atrium to pace the
right phrenic nerve during cryoablation of the right-sided
PVs. Manual and fluoroscopic monitoring of diaphragmatic
movement is performed at this time; if the motion slows or
ceases, ablation is stopped at least temporarily, which generally causes resumption of normal phrenic nerve activity.
These preventative tactics will necessitate avoidance of neuromuscular blockade drugs (or the use of anticholinesterase
inhibitors to reverse existing blockade) to adequately assess
for nerve stimulation.

Postoperative Care
If the case was performed under GA, an attempt to extubate
the patient should be made in the majority of cases at the
conclusion of the case. However, if there are concerns about
a patient’s cardiac stability or bleeding status, the patient can
be kept intubated and taken to the recovery area or intensive
care unit. The presence of excessive bleeding in the postoperative period should be aggressively investigated. If bleeding occurs around the heart, cardiac tamponade may ensue.
However, if a patient appears to be hypovolemic despite a
negative transthoracic or transesophageal echocardiogram,
the patient may be having a retroperitoneal hemorrhage as
a result of trauma to the femoral or iliac artery. Retroperitoneal injury may require administration of blood and possibly surgical repair. Fortunately, significant retroperitoneal
bleeding is rare, occurring in only 0.07% of atrial ablation
patients.35
Further complicating the matter is the need for postoperative anticoagulation. After ablation, the atria can be
stunned, causing the myocardium to become a fertile ground
for thrombi to form. Consequently, anticoagulation should
be resumed 4 to 6 h after femoral sheaths from the procedure have been removed.36 However, this guideline does not
apply in the face of continued postoperative bleeding, and
anticoagulation should not be resumed until the patient’s
bleeding diathesis has subsided.

Long-term Outcomes
One-year success rate after first ablation in patients with
paroxysmal AF, regardless of source of energy or method
of ablation, is approximately 70%.15,16,19,20 The success
rate decreases to less than 50% after 1 yr in patients with
nonparoxysmal AF.15 After a failed first ablation procedure,
redo ablation is superior to antiarrhythmic drug therapy.37
For redo procedures in patients with paroxysmal AF, RFCA
results in better outcomes when compared with cryoablation
with 1-yr success rates of 58 and 43%, respectively.38 Other
options after failed initial catheter ablation are surgical maze,
atrioventricular node ablation, and pacing.

Conclusion

Air Embolism
Air embolism may occur during atrial ablation.33 Air may
be introduced into the trans-septal sheath and subsequently
gain access to the systemic circulation via the LA. However,
an atrio-esophageal fistula can also cause an air embolism
and, given the fistula’s high associated morbidity rate, should
be ruled out if air embolism is encountered.28,34 Treatment
for a presumptive air embolism is mostly supportive, which
Anesthesiology 2014; 120:1513-9

includes maintaining hemodynamic stability with fluids
and vasoactive agents, pacing the heart if conduction blocks
occur, increasing the patient’s inspired oxygen level, and putting the patient in trendelenburg.
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Catheter ablation for AF (RFCA or cryoablation) has
become an increasingly common tool in the management of
refractory AF. Proper management of the patient undergoing AF ablation requires an understanding of the techniques
used and the patient’s comorbid conditions. Knowledge of
the common complications associated with each procedure
and how to monitor for these complications is imperative to
ensure patient safety.
Malladi et al.
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cause of death.26,30 Aspects of the procedure that place patients
at increased risk for this complication include improper
trans-septal punctures, increased catheter manipulation, and
systemic anticoagulation. Any sudden increase in hemodynamic instability (especially if associated with an increase in
central venous pressure) should warrant concern about possible severe bleeding or cardiac tamponade. Intraoperative
echocardiography is the optimal method to confirm or rule
out this diagnosis. If cardiac tamponade is diagnosed, initial
treatment is supportive. Infusion of vasopressors and fluids,
including blood and component therapy, may be necessary.
Additionally, close communication with the cardiology team
is necessary to coordinate any reversal of anticoagulation with
the presence of catheters within the heart. The cardiologist
can place a pericardial drain if the pericardial effusion is large
or resulting in hemodynamic instability. If the bleeding continues unabated despite reversal of anticoagulation, definitive
surgical treatment may be needed.
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