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tory surgical centers and cardiac catheterization, endos-
copy, and radiological suites, and less often in operating 
rooms. An increasing percentage of proceduralists are 
not surgeons and non-operating room nursing and sup-
port staff are often employed, adding another layer of 
separation from conventional practice. In most clinical 
scenarios, anesthesia personnel are still required to be 
present to ensure the safety of sedation, immediate re-
suscitation for unexpected events, and overall patient 
well-being. Anesthesia providers are expected to pro-
vide comprehensive services for complex or critically ill 
patients in these locations, all within the constraints of 
normal working hours.

Atrial fibrillation (AF) is a common medical condi-
tion in the geriatric population and presents unique 
challenges [1]. As the world’s leading cause of atrial ar-
rhythmia, this disease affects an increasing percentage 
of the population and places this group of patients at 
an increased risk of periprocedural complications, main-
ly related to thromboembolic phenomena. In addition 
to presenting with significant comorbidities, this sub-
set of patients uses unique medication therapies that 
can complicate anesthetic planning for surgery. Novel 
procedures for the management and treatment of AF 
require specialized care and can provide a cure in some 
cases. However, rare but serious complications are be-
ing reported as the number of procedures has increased 
over the past decade. Knowledge of these sequelae is 
essential and can prove life-saving as many of these pa-
tients will re-present in extreme circumstances.

Medical Treatment of AF and Conflict with 
Surgery

A disease that primarily affects the elderly, AF is very 
rare below the age of 50 but the incidence increases to 
10% at the age of 80 [2]. Risk factors include alcohol use, 
obstructive sleep apnea, obesity, diabetes mellitus, hy-
pertension, cardiac valvular diseases, and coronary ar-
tery disease. These comorbidities decrease a patient’s 
overall quality of life and, unfortunately, decrease the 
chances of successful treatments for an arrhythmia [3]. 
The disorganized activity of AF is thought to originate 
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Introduction
As the world’s population has aged, a larger number 

of sicker patients with comorbidities are seeking care, 
requiring a multidisciplinary health-care approach. This 
care more frequently comes in the form of innovative 
interventional procedures that are less invasive and 
therefore thought to be more suitable for high-risk or 
traditionally inoperable surgical patients. As they re-
quire newer, more specialized equipment, these novel 
procedures are increasingly being performed in ambula-
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Therapeutic Devices for Treatment of AF
In patients with an excessive bleeding risk or intoler-

ance to the side effects or dosing schedules of anticoag-
ulants, a variety of methods to exclude the LAA can be 
employed. A surgical approach, via open sternotomy or 
thoracotomy (or, more recently, thoracoscopy) is often 
applied in combination with other cardiac procedures 
(e.g., valve replacements/repairs) when concomitant 
AF is present. These involve the excision or suturing of 
the LAA. A novel device, using the AtriClip LAA Exclu-
sion System (AtriCure, Mason, OH, USA), accomplishes 
the same goal more efficiently using an external closure 
device [9]. A similar device, the TigerPaw System (Teru-
mo Cardiovascular Systems, Ann Arbor, MI), is no longer 
available. These procedures are performed under gen-
eral anesthesia and, while transesophageal echocardi-
ography (TEE) may be performed during the operation, 
echo guidance is not necessary during the LAA occlusion 
portion because this relies more on direct visualization 
and surgical technique for successful LAA cavity oblit-
eration. In addition to the morbidity associated with 
undergoing open heart surgery as well as longer oper-
ating room times, retrospective analyses have found 
these techniques to be limited by a high incidence of in-
complete closure of the LAA, subjecting these patients 
to the original adverse risk of thromboembolic events 
[10,11]. This is the subject of ongoing study in surgical 
populations.

Similarly, the involvement of anesthetic personnel is 
expected for percutaneous, catheter-based techniques, 
which are more commonly taking place in non-oper-
ating room settings, such as cardiac catheterization 

as premature atrial contractions from ostia of the pul-
monary veins as they enter the left atrium. Over time, 
fibrotic tissue changes around conduction systems low-
er the success rate of effective treatments and allow 
the disease to persist [4]. Medical therapies attempt to 
control either heart rate or rhythm, but these therapies 
largely aim to treat symptoms and improve quality of 
life rather than provide a cure [5].

Stasis of blood flow in the left atrium and left atri-
al appendage (LAA) has a tendency to form thrombus; 
additional medical therapy is essential to prevent the 
formation of clots and lower the risk of stroke from 
thromboembolic events. Systemic anticoagulation is 
recommended when the CHA2DS2-VASC score is great-
er than 2 [6]; in the outpatient setting, this is most often 
accomplished with oral medications. Anticoagulants put 
patients at risk of gastrointestinal and cerebral bleeds; 
guidelines exist that aim to appropriately stratify pa-
tients and prevent unnecessary risks [7]. Patients on an-
ticoagulants requiring emergency or urgent procedures 
are at increased risk for bleeding complications. Anes-
thesiologists can be limited in their ability to perform 
regional and neuraxial procedures, altering anesthetic 
planning and potentially exposing the patient to more 
risk. The timing to cease these therapies requires ad-
vance planning because the newer classes of anticoag-
ulant medicines do not have readily available antidotes; 
12 hours or more lagging time without specific therapy 
are required to reverse their effects [8]. This withhold-
ing period before surgery may put patients at risk for 
intracardiac thrombus formation.

Table 1: Variable medical devices applied for atrial appendage closure.

Device Approach Requires Transesophageal 
Echocardiography

Intra-cardiac 
Material

FDA Approval 
Status

AtriClip LAA Exclusion System

(AtriCure, Mason, OH)

Surgical, open vs 
thoracoscopic

No No Approved

Watchman LAA Occluder (Boston 
Scientific, Marlborough, MA)

Endovascular via 
transseptal approach

Yes Yes Approved

LARIAT (SentreHEART, 
Redwood City, CA)

Hybrid (endovascular + 
percutaneous epicardial)

No No CE Mark

WaveCrest (BioSense Webster, 
Irvine, CA)

Endovascular via 
transseptal approach

Yes Yes No

Amulet (St. Jude Medical, St. 
Paul, MN)

Endovascular via 
transseptal approach

No Yes CE Mark

Occlutech (Occlutech, 
Helsingborg, Sweden)

Endovascular via 
transse  ptal approach

No Yes No

LAmbre (Lifetech Scientific, 
Shenzhen, China)

Endovascular via 
transseptal approach

No Yes No

  Ultraseal LAA Device (Cardia 
Inc., Eagan, MN)

Endovascular via 
transseptal approach

No Yes No

Sierra Ligation System (Aegis 
Medical Innovations, Vancouver, 
Canada)

Percutaneous epicardial Yes No No
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laboratories, electrophysiology laboratories, or hybrid 
operating rooms, and may or may not involve the pres-
ence of cardiothoracic surgeons (Table 1). Currently, 
only one device is approved by the U.S. Food and Drug 
Administration (FDA) for use in humans. This device, 
the Watchman LAA Occluder (Boston Scientific, Marl-
borough, MA), involves the endovascular delivery of an 
intracardiac device via a transseptal approach. Another 
device, the LARIAT system (SentreHEART Inc., Redwood 
City, CA), has CE Mark status and involves a hybrid ap-
proach where the appendage is ligated epicardially with 
guidance from removable endovascular, intracardiac 
support devices. Other devices without FDA approval 
include the WaveCrest (Biosense Webster, Irvine, CA), 
the Occlutech (Occlutech, Helsingborg, Sweden), and 
the LAmbre (Lifetech Scientific Corp., Shenzhen, China). 
The Amplatzer Cardiac Plug (St. Jude Medical, St. Paul, 
MN) is approved only for atrial septal defect closure but 
not occlusion of the LAA; however, testing of the newer 
Amulet device has begun. Similar to the LARIAT device, 
the Sierra Ligation System (Aegis Medical Innovations, 
Vancouver, Canada) is completely epicardially delivered 
and FDA-approved human trials have recently begun. As 
each device has specific inclusion and exclusion criteria, 
and the anatomy of the LAA is highly variable, it is ad-
vantageous to have a variety of mechanisms with which 
to occlude the LAA.

Providers should pay special attention to renal func-
tion and anticoagulation status through patient history 
and physical exams prior to performing these proce-
dures, as well as ensure there is no clot within the LAA 
via perioperative TEE. Continuous TEE guidance is re-
quired throughout the deployment of both the Watch-
man and LARIAT, necessitating the use of general endo-
tracheal anesthesia versus monitored anesthesia care, 
depending on institutional preference and protocol 
[12]. Pre- and intra-procedural assessment of cardiac 
chamber and valve function can influence this anesthet-
ic management. As with all invasive procedures, appro-
priate selection of anesthetic technique is paramount, 
as patients must be able to tolerate prolonged periods 
of time lying still and flat without respiratory compro-
mise. Patients must tolerate potential discomfort from 
the TEE probe as well as stimulating portions of the pro-
cedure such as the groin and transseptal punctures or, 
in the case of the LARIAT or Sierra, sub-xyphoid access. 
Hemodynamic instability can occur at several points 
during the procedure and the anesthetic practitioner 
should evaluate the need for both invasive, real-time 
arterial blood pressure monitoring as well as adequate 
intravenous access to allow for rapid resuscitation of 
patients who are hypotensive and/or bleeding. De-
fibrillator pads should be applied to prepare to treat 
sustained arrhythmias from guidewire and catheter 
manipulation against the myocardium. With techniques 

using intracardiac devices such as the Watchman, dis-
tal embolization into the left atrium or ventricle, or into 
the aorta itself, is possible, as is perforation from guide-
wire or anchor damage to the relatively thin LAA [13]. 
The LARIAT device, which requires epicardial puncture, 
can result in inadvertent myocardial puncture, and it 
also carries the risk of LAA laceration or avulsion from 
its snare, which can result in significant pericardial ef-
fusion. Although an improved safety profile has been 
demonstrated with both products as more procedures 
are performed and operator experience and expertise 
improves, incomplete closure of the LAA remains a 
significant problem, especially in the LARIAT, where a 
2016 report detailed a 7% rate of this problem [14]. As 
these percutaneous LAA occlusion devices have been 
demonstrated to be noninferior to anticoagulation in 
certain group of AF patients, their use will continue to 
be evaluated. Unfortunately, to achieve success, appli-
cation of these devices may depend on patient selection 
and operator skills. Some complications such as severe 
bradycardia or arrythmias may be inevitable and should 
be treated actively, whereas with asystole or cardiac 
arrest-induced hemodynamic instability, following the 
Advanced Cardiovascular Life Support resuscitation 
protocol is warranted [12]. TEE can evaluate the extent 
of pericardial effusion; placing a pigtail drain can be an 
effective initial step. However, if pericardial effusion 
persists or develops to cardiac tamponade, performing 
surgical exploration may be necessary to assess the de-
gree of myocardial injury and conduct definitive repair 
accordingly [12,15].

Expert-level use of intraprocedural TEE from either 
cardiology or anesthesia providers is crucial to success. 
The ability to supplement standard fluoroscopic views 
with real-time, multiplanar views of the anatomically 
complex LAA allows for a more complete map of ostium 
size, shape, depth, number of lobes, and position and 
correct sizing of devices. Per Möbius-Winkler, et al., the 
four ideal TEE views of the LAA include (a) A midesoph-
ageal (ME) four-chamber view at 0°, (b) A ME mitral 
commissural view at 60°, (c) A ME two-chamber view 
at 90°, and (d) A ME aortic valve long-axis view at 135°. 
A careful examination of each of these views should be 
undertaken to ensure guidewires and catheters are cor-
rectly positioned within the appendage at each step of 
the procedure [16]. X-plane and three-dimensional (3D) 
imaging can be helpful in selecting the appropriate loca-
tion along the interatrial septum for the performance of 
transseptal puncture and guidance of wires for device 
delivery (Figure 1). After deployment, TEE can be used 
to evaluate leaking around seal devices, hemopericardi-
um, pericardial effusion, tamponade, or right ventricu-
lar compression. Surgical treatments of AF continue to 
evolve. Unfortunately, the long-term prospective study 
results on LAA occlusion devices have been somewhat 
disappointing, with heterogeneous outcomes reported. 
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um into the pulmonary veins [21]; this tissue has been 
found to be especially arrhythmogenic [22]. Muscle 
bundles around the coronary sinus and great cardiac 
vein often contain sympathetic nerves and ganglia that 
can initiate or propagate abnormal electrical activity 
[23]. The discussion of the rotation and organization 
of the electrical impulses is beyond the scope of this 
article. In cases where the onset of AF is acute, it may 
be terminated with direct-current cardioversion, usu-
ally necessitating a brief general anesthetic and carry-

The stroke prevention rate was only noninferior to oral 
anticoagulants, and procedures were associated with 
variable types of complications [15,17,18]. The recently 
developed Watchman FLX device has demonstrated en-
couraging short-term efficacy with a high degree of LAA 
sealing and low procedure compilation rates [19,20].

Catheter Ablation Procedures for the Treat-
ment of AF

Sleeves of myocardium extend from the left atri-

         

Figure 1: Schematic illustration of the guidewire punch location and direction under the direction of real-time transesophageal 
echocardiogram 2D/3D images. (a,b) The left atrial appendage as seen at 90° and 0°; (c) A 3D view of the wire coming across the 
interatrial septum; (d) A 3D image showing the wire crossing the left atrium and entering the left atrial appendage; (e) X-plane image-
guidance of transseptal puncture.
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panding complete circumferential contact and improv-
ing procedural success [28]. Although most cases occur 
with radiofrequency ablation, esophageal injury can 
still occur with cryoablation, focused ultrasound, and 
surgical procedures. Excess energy that travels into the 
esophagus may contribute to ulcer formation via two 
mechanisms. First, this energy causes direct mucosal in-
jury and disrupts the epithelial lining of the esophagus. 
Second, vagal plexus injury promotes gastroparesis and 
increases gastroesophageal reflux. Subsequently, these 
acidic gastric juices erode further into the areas of en-
dothelial damage to cause deeper injury and ulceration 
[29]. In one center, post-ablation esophagogastroduo-
denoscopy (EGD) found an incidence of 11.6% of tissue 
lesions in asymptomatic patients [30].

There is considerable interest in preventing esopha-
geal injuries during ablation procedures. Efforts to maxi-
mize the distance between the probe and the esophagus 
are often futile because the esophagus is highly mobile 
(as much as 2 cm) within the posterior mediastinum and 
thus can move within millimeters of the left atrium and 
pulmonary veins [31]. Power can be limited by the op-
erators when performing ablations mapped to locations 
close to the posterior left atrial wall. One area of prom-
ise is the prophylactic post-procedure use of proton 
pump inhibitors to mitigate the expected esophageal 
injury from gastroesophageal reflux and gastroparesis 
[32]. Esophageal temperature probes provide feedback 
on when energy delivery thresholds are approaching 
dangerous levels (generally considered to be anything 
above 41° Celsius) but require general anesthesia. A 
patient who is unconscious cannot voice pain or dis-
comfort, and the rigid esophageal foreign body allows 
for closer proximity with the ablation probe. Indeed, 
placing an esophageal temperature probe increases the 
odds ratio of esophageal injury to 16.7 [33]. For patients 
with temperature probes placed and a measured tem-
perature above 41° Celsius, screening EGD can identify 
patients needing close follow-up.

A chest X-ray may show a widened mediastinum or 
pneumomediastinum; if oral contrast is used as in a 
fluoroscopic swallow study, a leak may be seen during 
the imaging series. Computed tomography scanning 
with intravenous and oral contrast is the best imaging 
study at this point and is usually only positive late in the 
course of the disease, with findings including pneumo-
mediastinum or pneumopericardium (Figure 2) [34]. 
The morbidity and mortality of open surgical opera-
tions for repair are high, but compared to conservative 
medical therapy or endoscopic stenting, early surgical 
intervention provides the best chances of survival [35], 
as earlier studies have shown almost 100% mortality by 
endoscopic stenting of the perforation [36]. Options for 
surgical repair include: 1) Median sternotomy with full 
use of cardiopulmonary bypass, patch repair of atrial 
defect from within the left atrium, followed by endo-

ing high failure and recurrence rates. Anticoagulation 
is indicated even in these patients. As it is performed 
during open cardiac surgery, the Maze procedure, de-
signed to create scars and disrupt conduction via freez-
ing, radio waves, microwave, or ultrasound energy, has 
a morbidity and invasiveness burden greater than that 
of the less-invasive catheter ablation procedures [24]. 
These catheter-based techniques often focus on abla-
tion or isolation of the pulmonary vein ostia, the su-
perior vena cava, and/or the cavotricuspid isthmus via 
endovascular approaches. Incorporating robotic naviga-
tion or 3 D electro-anatomical mapping systems, energy 
is delivered via radiofrequency, cryoablation, laser, or 
microwave modalities. Novel therapies in development 
include electroporation, focused ultrasound, and exter-
nal radiation, with the possible use of computed tomog-
raphy or magnetic resonance imaging guidance to show 
the need for intracardiac access. Finally, atrioventricular 
node ablation with permanent pacemaker implantation 
removes the need for rate or rhythm control but still 
requires anticoagulation and carries the morbidity as-
sociated with pacemaker placement; therefore, it is re-
served for special cases.

Complications Associated with Catheter Ab-
lation Procedures

The most common complications associated with 
catheter ablation procedures for AF include cardiac 
tamponade, hemo- and/or pneumothorax, vascular ac-
cess-related complications, stroke, phrenic nerve injury, 
pulmonary vein stenosis, atrioesophageal fistula (AEF), 
and death. The choice of anesthesia for these proce-
dures should be made in collaboration with procedur-
alists, keeping in mind the length of the procedure and 
the need for minimal patient movement. One center 
found that general anesthesia improved success rates 
and shortened overall procedure duration [25], data are 
beginning to suggest an increased occurrence of AEF in 
patients who have undergone general anesthesia [26].

Atrioesophageal fistula is a life-threatening compli-
cation, further discussion is warranted. Given the prox-
imity of the posterior left atrial wall, where the pulmo-
nary veins reside, and the esophagus, 0.1-0.25% of AF 
ablations are associated with esophageal ulcerations, 
which can lead to AEF, pericardial-esophageal fistula, 
esophageal perforation, stroke, or death if diagnosis 
is delayed [27]. Attempts to limit energy application in 
the proximity of the esophagus often fail because these 
structures are closely related to each other anatomical-
ly. During the procedure itself, Contact Force (a large 
determinant of procedure success) must be balanced 
carefully: Too little will prevent the formation of an ef-
fective lesion, while too much can cause deep tissue 
injury and necrosis beyond the walls of the heart. Mea-
surement sensors on the catheters attempt to limit ex-
cessive Contact Force and have the added benefit of ex-
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scopic stenting of the esophagus; 2) Right thoracotomy 
with femoral-femoral bypass, patch repair of atrial de-
fect from either within or external to the left atrium, fol-
lowed by placement of a pedicled muscle flap between 
the esophagus and atrium [37]; and 3) Median sternot-
omy with full use of cardiopulmonary bypass, patch re-
pair of the atrial defect from within the left atrium, fol-
lowed by left thoracotomy for positioning of the muscle 
flap between the esophagus and left atrium.

Conclusions
The incidence and prevalence of AF continue to in-

crease, and this subset of the population will increasing-
ly come under the care of an anesthesiologist. Antiar-
rhythmics and traditional and novel oral anticoagulants 
must be managed appropriately in the perioperative 
period. Newer procedures to definitively treat AF are in 
use, necessitating a specialized skillset from anesthesia 
personnel (non-operating room anesthesia provision, 
TEE skills) in unfamiliar settings (catheterization lab, hy-
brid suites) with many unfamiliar faces (catheterization 
lab personnel, pharmaceutical representatives, device 
company representatives). Unique and serious compli-
cations can occur during these procedures that require 
rapid interventions and proactive resuscitation, among 
them pericardial effusion/hemorrhage with tampon-
ade, pneumothorax, mediastinitis, and AEF. Complete 
training and a multidisciplinary approach is necessary to 
safely care for these patients.
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