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Abstract

Catheter ablation for atrial fibrillation (AF) has been increasingly performed over the past decade. Re-
gardless of technological advances and technique improvement, catheter ablation for AF remains a high-
ly complex procedure and the risk of procedural complications is not negligible. This article discusses the
management and the approach to avoid the serious complications of catheter AF ablation including pul-
monary vein stenosis, atrioesophageal fistula, cardiac tamponade, stroke and collateral nervous damage.
The management of periprocedural anticoagulation and the complications associated with epicardial AF

ablation are also described.

Introduction

Atrial fibrillation (AF) is the most common sustained
arrhythmia, contributing to a significant morbidity
and mortality. Catheter ablation of the pulmonary
veins (PVs) and left atrium (LA) has been shown to
be an effective strategy for the treatment of symp-
tomatic AF. Regardless of technological advances
and technique improvement, catheter ablation for
AF remains a highly complex procedure and the
risk of procedural complications is not negligible.
The major complications have been reported to oc-
cur in up to 5.2% of procedures."® A systematic
investigation among 32,569 patients undergoing
catheter ablation for AF has demonstrated that
mortality is around 0.1%.* Nevertheless, the true
prevalence of complications is possibly underesti-
mated in retrospective surveys because of recollec-

tion bias and other factors. This article will focus
on the management of serious complications of
catheter AF ablation and the approaches to avoid
those complications.

PV Stenosis

The PVs have been demonstrated to be an impor-
tant source of the initiation of AF5,° and also to
have a role in the maintenance of AF.” Isolating
all accessible PVs has become the primary goal of
most ablation approaches. At the early stage of
AF ablation as the clinical experience with abla-
tion had just grown, radiofrequency lesions were
applied within the PVs or at the venoatrial junc-
tion to isolate PVs. As a result, PV stenosis had
emerged as a major concern after PV ablation.
Early reports demonstrated the incidence of PV
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stenosis as high as 8 to 15%.%"° The predictive fac-
tors for the development of PV stenosis were the
application of energy inside the veins and inap-
propriate energy delivery.” '® The mechanism by
which PV stenosis may develop after ablation is
unclear. It could be attributable to the response to
thermal injury within the PVs which included the
intimal proliferation with organizing thrombus,
necrotic myocardium in various stages of collagen
replacement, endovascular contraction, and pro-
liferation of elastic lamina.

Most patients with severe PV stenosis presented
with dyspnea on exertion. Other symptoms in-
cluded dyspnea at rest, recurrent cough, pleuritic
chest pain, flu-like symptoms and hemoptysis.'
Due to the non-specific symptoms, the patients
with PV stenosis had frequently been misdiag-
nosed as bronchitis and delaying establishment of
PV stenosis.”” Awareness of this condition is fun-
damental for proper and prompt management.
Computed tomography (CT) evaluation was the
most helpful way in identifying the location and
extent of the stenosis. Lung perfusion scan was
also beneficial in determining the pathophysiol-
ogy of the stenosis and its progression. Previous
study showed that the patients with PV stenosis
did not develop symptoms unless the perfusion of
the affected lobe falls below 20% or the perfusion
of the entire lung on the affected side falls below
25%.'*

The preferred therapy for patients with symp-
tomatic severe PV stenosis is PV angioplasty.
However, the incidence of restenosis was high as
70% with angioplasty alone but was lower with
PV stenting with an incidence of 33%.” ™ In the
patients with asymptomatic severe PV stenosis,
the decision to proceed intervention is challeng-
ing. The risk of PV intervention including stroke
(0.7%), tamponade (0.5%) and groin complica-
tions (0.5%) should be weighed carefully with the
potential benefits of the procedure.” Routine CT
scanning at 3 months postablation can be used as
a screening tool to identify patients with PV steno-
sis following ablation based on the evidence that
no patient had progression of PV stenosis after
normal CT scan at 3 months after AF ablation.’

How to Avoid PV Stenosis?

Currently, the incidence of ablation-related PV

stenosis has been decreasing. Recent reports have
shown the incidence of PV stenosis after AF abla-
tion ranging from 0.3 to 1.5%.>'*"” One of the rea-
sons is the innovation of the AF ablation technique
and strategy, which avoids energy applications
within the vein and limits the ablation outside the
orifice of the PV. Theoretically, electrical isolation
of the PVs from the LA by radiofrequency energy
delivery outside the PV ostia should reduce the
risk of developing significant PV stenosis. How-
ever, the development of PV stenosis remains pos-
sible due to the fact that this approach requires ap-
plying lesion close to anterior part of left PV ostia
along the LA appendage (LAA) ridge. In addition,
the inadvertent ablation of tissue distal to the PV
ostium can be caused by the shifts in the electro-
anatomic map, respiratory motion, and poor cath-
eter stability.

Apart from the acquired PV stenosis, we reported
the incidence of preexisting stenosis of PVs before
AF ablation of 2.8%."® This condition may be a
consequence of congenital focal stenosis or exter-
nal compression by adjacent structures. Detection
of this condition by imaging modalities before the
catheter ablation can provide information for plan-
ning the ablation strategy and prevent a misdiag-
nosis of ablation-related PV stenosis.

Atrioesophageal Fistula

Atrioesophageal fistula is a rare complication after
AF ablation with an incidence reported less than
0.1%.” However, it is associated with very high
morbidity and mortality. Atrioesophageal fistula
typically presents 1 to 5 weeks post AF ablation.
Presenting manifestations include septic shock,
neurological deficits from air emboli and gastroin-
testinal bleeding. Thoracic CT scan is the recom-
mended first line investigation. With a very high
mortality rate exceeding 50%, prompt diagnosis
necessitates emergent cardiac and esophageal
surgery to prevent rapid deterioration and death.
Temporary esophageal stenting to stabilize the
esophagus at the injury site has been reported as
the alternative approach.”

The energy applications within LA near the esoph-
ageal course can cause thermal injury of the esoph-
agus. As a result, this thermal injury may lead to
inflammation and potential fistula formation. Oth-
er predisposing factors that have been suggested
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include the close anatomic relationship between
the esophagus and the LA, a thin posterior LA
wall in slim patients, reduced soft tissue between
the esophagus and the LA, the distribution of
the fat pad at the posterior LA wall,» and me-
chanical trauma induced by echocardiographic
probes.*

How to Avoid Atrioesophageal Fistula?

To prevent esophageal damage, several meth-
ods have been suggested. The simple approach
is to reduce power or temperature settings dur-
ing ablation and to avoid applications of energy
over the esophagus. The esophagus in more than
90% of the patients was located on the left poste-
rior LA wall.?! Previous study showed that ad-
ditional LA lines performed increase the risk of
developing esophageal ulcerations.”® Therefore,
the drawing of additional LA lines should only
be performed if there is sufficient evidence for an
arrhythmic substrate outside the PVs. If so, rec-
ommendations have been made to move lesions
from the mid posterior wall to the anterior roof,
where LA tends to be thicker and is not adjacent
to esophagus. Because the esophagus is a mobile
structure and it can migrate during the AF abla-
tion, static images might have limited values. In
our laboratory, we routinely ask the patient to
swallow a thick barium paste which facilitates vi-
sualization of the esophagus on fluoroscopy. This
approach is also effective to monitor for esopha-
geal migration during the procedure which has
been recognized to occur in up to 50% of the pa-
tients.*

Continuous monitoring of the esophagus temper-
ature has been proposed as a method to monitor
for esophageal injury.* The limitation of this ap-
proach is the difficulty of achieving good tissue
contact with the temperature probe and the need
to position the probe in the direct proximity of the
ablation catheter. Nevertheless, one case of atrio-
esophageal fistula has been reported despite <1°C
rise recorded from an esophageal temperature
probe.”  Furthermore, esophageal cooling bal-
loon has been reported to reduce the esophageal
temperature, but this approach may be limited by
the fact that the inflated balloon would press on
the esophageal wall against the LA and increase
the contact force with the ablation catheter.?* Oth-
er approaches include the placement of balloons

in the oblique sinus to separate the esophagus
from the LA* and mechanical displacement of the
esophagus.®

Pericardial Effusion and Cardiac
Tamponade

Cardiac tamponade is a serious complication of AF
catheter ablation. The incidence of cardiac tam-
ponade with PV isolation procedures is 1% 30 but
higher with extensive LA linear ablation.*® Previ-
ous survey reported that 25% of periprocedural
deaths are caused by cardiac tamponade. * There-
fore, prompt recognition and management of
cardiac tamponade during LA ablation is critical.
Intracardiac echocardiography can be helpful for
the early detection of pericardial effusions before
the emergence of tamponade physiology. The use
of an arterial line that provides continuous blood
pressure monitoring also serves as a potential
means to detect early hemodynamic compromise.
The majority of patients with cardiac tamponade
can be managed conservatively by percutaneous
drainage, but some may require a surgical closure.
It has been described that the LA roof is suscep-
tible to perforation that may not be responsive
to conservative therapy. This area may be more
vulnerable to persistent bleeding since the pericar-
dium in not closely adherent to the LA and a tight
seal of these structures is difficult to achieve by ap-
plying negative pressure through the pigtail cath-
eter.”” The transcardiac access to the pericardium
using percutaneous technique and the supportive
autologous transfusion using a Cellsaver device
for the treatment of cardiac tamponade have been
reported to avoid the need of open chest surgery.*

How to Avoid Pericardial Effusion and
Cardiac Tamponade?

The risk factors of cardiac perforation include the
occurrence of “popping” due to tissue boiling re-
lated with the delivery of high energy and me-
chanical trauma. The significant decrease in the
incidence of cardiac tamponade has been reported
after the limiting of energy delivered.* Based on
individual operators’ preferences, alternative im-
aging such as intracardiac echocardiography may
help lower the risk of cardiac perforation by pro-
viding a better visualization of cardiac anatomy
and facilitate catheter tracking, manipulation, and
stabilization.
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Stroke and Thromboembolic Complications

The incidence of postablation thromboembolisms
has been reported to be 0.5-1.2%,% 3 with the pe-
riod of highest risk being the first 2 weeks after
ablation, usually before achieving of a therapeu-
tic level of anticoagulation after resumption. The
thromboembolisms observed early after ablation
were not associated with the rhythm or to clinical
variables.*® With this regard, the cause of throm-
boembolisms was most likely to be char and/or
thrombus formation at sites of LA endocardial
ablation. This reinforces the importance of prop-
er periprocedural anticoagulation management.
Recently, the study from postprocedural cerebral
magnetic resonance imaging discovered a substan-
tial risk (14%) of silent cerebral ischemia following
ablation. The level of activated clotting time dur-
ing the procedure and procedural cardioversion
to sinus rhythm are important predictors for the
silent cerebral thromboembolism.36 Nevertheless,
the current study did not found the impact of those
silent cerebral infarctions to the cognitive function
after the ablation.”

Periprocedural Management with
Anticoagulants

The common practice is to discontinuation war-
farin 3 to 5 days before ablation, with periproce-
dural bridging with low-molecular weight hepa-
rin. However, such an approach is not supported
by adequate evidence and has been derived from
methodologically limited uncontrolled studies
and expert consensus opinions..>*® Several recent
studies have shown that AF catheter ablation can
be safely performed without warfarin interrup-
tion.¥* Recent meta-analysis has demonstrated
that this approach reduces the risk of thromboem-
bolic complications without increasing the risk of
bleeding as compared to the strategy of warfarin
discontinuation with heparin bridging.* There-
fore, current guideline recommends performing
catheter ablation of AF on continuous anticoagula-
tion in patients taking warfarin and maintaining at
low therapeutic levels (such as an INR of 2 to 2.5)
throughout ablation is suggested.*

Periprocedural Management with New Oral
Anticoagulants

Recently, new oral anticoagulants have been used

as an alternative to warfarin for stroke preven-
tion in many patients with AF. A previous study
showed that uninterrupted dabigatran with a
dose of 150 mg twice daily significantly increased
the risk of bleeding or thromboembolic compli-
cations compared with uninterrupted warfarin
therapy.”® In contrast, the other study demon-
strated that periprocedural dabigatran use at a
dose of 110 mg twice daily was safe for AF ab-
lation in patients with a relatively low risk of
thromboemboli.** The different results could be
due to the different patient selection, dabigatran
dose and ablation techniques. The reason for the
increased bleeding is unclear but may partly be
explained by the interaction between unfraction-
ated heparin and dabigatran at the time of the
procedure.” Based on this pharmacokinetic con-
sideration, it may not be appropriate to use unin-
terrupted dabigatran, particularly, at a dose of 150
mg twice daily. However, this does not diminish
dabigatran’s utility when used in an interrupted
manner. Previous study reported the safety of
interrupted dabigatran in more than 500 patients
(40% of whom were on dabigitran pre-ablation)
after AF ablation.*** With this regard, in patients
taken off oral anticoagulants before the ablation
procedure with heparin bridging, initiation of an-
ticoagulation with new oral anticoagulant shortly
after the ablation can be the alternative approach
to avoid any bridging with heparin after proce-
dure.”

Management of Anticoagulant After AF
Ablation

The decision whether to discontinue oral antico-
agulant after successful catheter ablation of AF
is challenging. AF ablation may not be able to
completely eliminate the risk of thromboembo-
lisms due to the fact that patients carrying other
risk factors of stroke may still be at risk of throm-
boembolisms even in the setting of sinus rhythm
and patients with successful ablation procedure
could have asymptomatic episodes of AF during
a long-term follow-up. In addition, AF ablation
may reduce LA transport function predisposing to
thromboembolisms even when in sinus rhythm.*
A prior study suggested that anticoagulation
can be discontinued safely after radiofrequency
ablation in patients <65 years old.* However, it
is still unclear whether anticoagulation also can
be stopped safely in patients with higher risk of
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stroke.”” Currently, it has been suggested that the
risk of late thromboembolisms after AF ablation
and the decision to continue long-term anticoag-
ulation should be considered with respect to the
baseline risk of thromboembolisms, regardless of
apparent procedural success.*

Collateral Nervous Damage

Ganglionated Plexi Ablation

It has been described that vagal reflexes from clus-
ters of autonomic ganglia, so-called ganglionated
plexi (GP), at sites around the circumference of
the LA-PV junction, may induce and perpetuate
AF through spatial heterogeneity of refractori-
ness.”” Recent meta-analysis has shown that GP
ablation in addition to PV isolation increased the
rate of sinus rhythm maintenance in both parox-
ysmal and nonparoxymal AF patients.*! Howev-
er, GP ablation alone yielded a lower success rate
when compared with PV isolation. The long-term
significance of vagal denervation after ablation is
unclear. Recovery of the vagal system has been
described in the canine heart and after heart trans-
plantation and could be explained by incomplete
ablation, reinnervation of the neural network or
increased end-organ sensitivity due to muscarinic
receptor remodeling.*

It is not infrequent to find that locations of GP
are in close proximity to esophagus and phrenic
nerve. As a result, the potential complications as-
sociated with GP ablation are esophageal injury,
phrenic nerve injury and cardiac perforation.®
Some investigators located GP by applying high-
frequency stimulation to both the endocardial and
epicardial atrial regions. With this regard, the
potential complications related to percutaneous
pericardial puncture should also be concerned.
Also, anatomic GP modification appears to carry
a higher risk of iatrogenic creation of macroreen-
trant atrial tachycardia than PV isolation.*

Vagal Denervation

Gastric hypomotility has been reported as an
extracardiac adverse effect after vagal denerva-
tion.* * The vagal fibers innervating the pyloric
sphincter and the gastric antrum play an impor-
tant role of gastric emptying. The damage of

this periesophageal vagal plexus which usually
locates on the anterior portion of the esophagus
may result in gastric hypomotility.46 The clinical
presentation is characterized by abdominal bloat-
ing and discomfort occurring within a few hours
to few days after the procedure. An earlier onset
of symptoms has been shown to correlate with
significant residual gastric motor dysfunction.45
The gastrointestinal evaluation of vagus nerve
injury includes an endoscopic study, a barium
swallow study and real-time magnetic resonance
imaging. The vagus nerve integrity can also be
evaluated with the assessment of pancreatic poly-
peptide secretion with sham feeding or induced
hypoglycemia.” Although most of the patients
eventually recover completely after supportive
treatment, some patients with persistent symp-
toms may require more aggressive options, such
as local injection of Botulinum toxin on pylorus,
pylorus endoscopical dilatation or surgery.* *

Real-time esophageal position and temperature
monitoring during AF ablation with decreased RF
power if there is a temperature rise are considered
important strategies to reduce the risk of both atri-
al-esophageal fistula and gastric hypomotility.

The other concern after vagal denervation is the
possibility of inappropriate sinus tachycardia.
Previous studies have reported inappropriate si-
nus tachycardia as a complication that occurs after
ablation of AF for which a change of autonomic
tone from vagus nerve injury is the postulated ex-
planation.” * The treatment options include beta-
blocker, ivabradine and sinus node modification
in medically refractory cases.

Phrenic Nerve Injury

Phrenic nerve injury is a rare complication that
may occur as a result of AF ablation with a report-
ed incidence of 0.5%.* The right and left phrenic
nerves can be damaged during ablation because
the nerves are located in close proximity to the
right atrium (RA), right superior PV (RSPV), su-
perior vena cava (SVC), LAA. Phrenic nerve inju-
ry secondary to catheter ablation appears to have
a benign prognosis and most cases showed full
clinical recovery of phrenic nerve function over
time. The majority of the patients is asymptom-
atic or has mild symptoms. Nevertheless, some
patients may develop respiratory insufficiency or
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pneumonia secondary to phrenic nerve injury.* >

In order to prevent phrenic nerve injury, high-out-
put pacing prior to ablation, fluoroscopy monitor-
ing of diaphragmatic motility during ablation, and
energy delivering away from the phrenic nerve
should be considered. In situations where the crit-
ical area of ablation has phrenic nerve capture with
pacing, protecting the phrenic nerve by placing a
balloon placement in the epicardial space has been
previously reported.™

Epicardial AF Ablation

Percutaneous epicardial catheter ablation has been
used for treating epicardial ventricular tachycardia
and accessory pathways.”> Due to the fact that the
atrium is a relatively thin structure and transmural
lesion could be generally generated by endocar-
dial ablation, the percutaneous epicardial catheter
has infrequently been performed in AF patients.
However, the endocardial ablation may not be suf-
ficient to target some arrhythmogenic epicardial
structures such as the ligament of Marshall or thick
ridges between the LAA and left-sided PVs or GP.
Previous study has demonstrated that the hybrid
percutaneous epicardial catheter ablation and en-
docardial ablation for AF is an effective strategy
in patients who are resistant to endocardial abla-
tion.” It has been suggested that the percutaneous
epicardial catheter ablation may be favorable in AF
patients who need redo-ablation procedures with
a high risk for left-sided PV stenosis, those patients
with a history of a failed endocardial ablation, and
difficult transseptal puncture during redo-proce-
dure.”

The postprocedure pericarditis is one of the com-
mon complications after percutaneous epicardial
catheter ablation. This condition can be reduced
or prevented by empirical instillation of intraperi-
cardial corticosteroids at the completion of the
procedure.”* The other common complication is
inadvertent right ventricular (RV) puncture. The
incidence of RV puncture has been reported to be
17% of cases in which percutaneous access is at-
tempted.” Most cases of RV puncture are self-lim-
iting, but some may require surgical repair. Other
less common complications related to percutane-
ous epicardial access include RV pseudoaneurysm,
hepatic injury, epicardial vascular laceration, RV-
abdominal fistula formation, and coronary arterial

vasospasm.”
Predictors of Procedural Complications

Many studies have examined the predictors for
procedural complications with AF ablation in or-
der to reduce and potentially avoid the overall
complication rate in AF ablation.*” * 57 Several
investigators have identified subgroups at high-
er risk for complications including female gen-
der, older age, the presence of heart failure and
CHADS2>2 %55 It has been observed that com-
plication rates at high-volume centers are lower
than at centers performing fewer procedures.
Previous study by Hoyt and colleagues demon-
strated that the complication rate decreased sig-
nificantly from 11.1% in 2002 to1.6% in 2010 as the
annual procedure volume and the number of AF
ablationists increased.” Accordingly, published
guideline suggests that a minimum of 50 proce-
dures during clinical training and several ablation
procedures per month during practice are needed
to gain and maintain proficiency.® In addition,
the change of practice pattern overtime such as
the ablation outside PV ostium, uninterrupted
warfarin, the use of irrigated catheters may have
a major impact on complication rate. Neverthe-
less, the changes in AF ablation technology may
not be able to completely eliminate procedure-
related complications. Therefore, those predic-
tors for procedural complications should be taken
into consideration to determine a tailored benefit/
risk ratio in each individual patient referred for
AF ablation.

Conclusions

Despite the advance in AF ablation technology
and the improvement of AF ablation techniques,
several serious complications still have occurred
in patients undergoing AF ablation. Improving
the safety remains therefore an important chal-
lenge. The prompt recognition and proper man-
agement of critical procedural complications is
crucial. The possible preventive methods should
also be seriously undertaken to avoid the poten-
tial dangers of the AF ablation procedure.
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