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Objectives
1. Indications and special patient populations in atrial fibrillation 

ablation

2. Mechanisms of atrial fibrillation and evolving techniques and 
technologies in ablation

3. Anesthetic considerations and techniques during ablation
-Improved ablation lesion formation
-EP medications
-Esophageal considerations



NEJM, 1998

In patients with 
paroxysmal AF, the 
vast majority of atrial 
premature beats 
originate in the 
pulmonary veins 
(94% of all triggers).
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Catheter ablation for atrial fibrillation (pulmonary vein isolation)

Santangeli et al. Heart rhythm July 2017. 14;7. 1087

Other AF triggers outside 
the pulmonary veins



2017 HRS expert consensus statement on catheter and surgical ablation of atrial fibrillation. J Interv Card Electrophysiol (2017) 50:1-55

Hypotheses regarding mechanisms of atrial fibrillation

Multiple wavelets Rapidly discharging 
automatic foci

Single reentrant circuit 
with fibrillatory
conduction

Functional reentry from 
rotors or spiral waves

AF maintenance due to 
dissociation between 
epicardium and epicardium



Atrial Fibrosis: AF is a progressive disease

-Electroanatomic mapping allows direct contact with endocardial tissue and can reveal presence 
of scar (low voltage areas), not detectable by any imaging method  
-In contrast to paroxysmal AF, an important proportion of patients with persistent AF have 
regional increase in atrial fibrosis that is associated with greater frequency of AF

Arentz, Circulation Arrhythmia and Electrophysiology. 2016.



Patient Populations: Who is at Risk for AF?

REVEAL-AF study: 385 patients with no history of AF (CHADS2 score of ≥ 3 or 
2 with 1 extra risk factor) underwent LINQ monitor implant

29% detection rate of AF lasting ≥  6 min.
AF would have gone undetected in most 
pts had monitoring been limited to 30 
days. AF incidence was higher in older 
and more obese patients

Reiffel et al. JAMA Cardiol. 2017;2(10):1120-1127



Special Patient Populations Undergoing AF Ablation
CASTLE-AF: 398 heart failure pts 
with ICDs were enrolled
Randomized to medical therapy vs 
ablation

Significant reduction in composite 
outcome of death and 
hospitalization for heart failure 
and in all-cause mortality alone

HR 0.62

HR 0.53



4 Pillars of AF Management
1. Risk Factor Modification

2. Rate control: resting HR < 
100bpm

3. Anticoagulation

4.   Rhythm Control

2016 Focused Update of the Canadian Cardiovascular Society Guidelines for the Management of Atrial Fibrillation. CJC 32 (2016) 1170-1185

-Flecainide/propafenone: class Ic (Na 
channel blockers)
-Sotalol: class III (K+ ch blocker + BB)
-Amiodarone: class III – reserved for pts with 
significant HF/systolic dysf’n EF <35%
-Dronedarone: class III 



Oral anticoagulant therapy is justified when the annual risk of 
stroke exceeds 1.5%
OAC for patients age ≥ 65 (even without other criteria)
ASA for patients with vascular disease (? questions remain)

2016 Focused Update of the Canadian Cardiovascular Society Guidelines for the Management of Atrial Fibrillation. CJC 32 (2016) 1170-1185

Risk of Thromboembolism



Pathak et al. Weight management and AF. JACC Vol. 65, No 20. 2015.

Modifiable Risk Factors: Weight loss



Indications for AF ablation

2017 HRS expert consensus statement on catheter and surgical ablation of atrial fibrillation. J Interv Card Electrophysiol (2017) 50:1-55
Contemporary AF managemenet. Andrade et al. CJC 33 (2017) 965-976

Paroxysmal: 
AF terminates with 
intervention or 
spontaneously within 7 
days of onset

Persistent: 
AF that is sustained beyond 
7 days but < 3 months

Longstanding persistent:
Continuous AF > 12 
months duration

Success rate in maintaining sinus rhythm: 
catheter ablation: 66-89%
antiarrhythmics: 9-58%



AF Ablation Procedure



Site-Specific Transseptal Puncture for Various 
Intracardiac Interventions

AF ablation

LAA closure

MitraClip PFO closure

Perc LVAD

1. Fluoroscopy with 
catheter location
2. Hemodynamics
3. TEE
4. Intracardiac echo (ICE)

Coronary sinus 
catheter

Alkhouli et al. JACC Volume 9, 24 (2016), 2465-2480



RAO LAO

Alkhouli et al. JACC Cardiovascular Interventions. Volume 9, 24 (2016), 2465-2480

Intracardiac echo. FO = fossa ovalis



Intraprocedural Anticoagulation
Typically 5-10,000 units of heparin is bolused before transseptal

ACT during procedure = target 300-350 seconds

Heparin given in boluses or continuously IV

Protamine may be given at termination of procedure

Periprocedural OAC varies between operator.
-coumadin will typically not be stopped
-NOAC held for 1 or 2 doses, and heparin IV or a NOAC will be 
restarted 6 hours post sheath removal



Why is Anticoagulation Given Even 
Prior to Transseptal Puncture?

and restarted so soon post 
procedure?



Jian-Fang Ren et al. JACC 2004;43:1861-1867American College of Cardiology Foundation

Intracardiac echo 

A single linear mobile 
thrombus (8x4mm) 
attached at the sheath of 
the lasso catheter, pulling 
the sheath/lasso with 
thrombus back into the 
right atrium.

In 50%, LA thrombi occurred 
before RF energy 
application. 



Char formation on 
the tip of the 
radiofrequency 
ablation catheter

A. Transthoracic 
echo (apical 4-ch) 
demonstrating 
posterior LA 
thrombus 3 days 
post AF ablation
B. TEE 

Thrombogenic
milieu post abl
with increased D-
dimers and slow 
flow due to 
stunning

European Journal of Echocardiography, Volume 7, Issue 5, 1 October 2006, Pages 383–



AF Ablation Procedure: Mapping
A left atrial electroanatomic map 
is created using a multielectrode 
mapping catheter (lasso or 
pentaray). 

Coronary sinus 
catheter



AF Ablation Procedure: importance of being still

Once the mapping catheters have been 
introduced into the LA after transseptal, 
and the electroanatomic map has been 
started, it is essential that the patient does 
not move. 

The mapping and ablation catheters have 
magnetic sensors that link to patches on 
the patient’s front and back with a 
reference under the table/at torso level.

Mapping is usually started 30 minutes after achieving femoral 
access… typically at times when induction paralytic agent starts to 
wear off. 



Radiofrequency Cryoablation

Contact Sensing RF 
catheters since 
2014 = more 
efficacious lesions 
and safer 
procedure



Radiofrequency Lesion Sets

Anterior/superior view

Different lesion sets are created depending on location of scar, persistent vs 
paroxysmal AF, recurrent atrial tachycardias/flutters (red=scar, purple=healthy)

mitral line

Roof line
Posterior wall 
isolation

Anterior right and left 
pulmonary veins



Right inferior pulmonary vein electrograms: AF 
continues despite sinus rhythm in the atrium

Left atrial 
electrograms

AF Normal sinus



Lesion Creation and Stability
Achieving durable pulmonary vein isolation necessitates the creation of 
transmural, contiguous ablation lesions encircling the veins 

Requires the ablation catheter to maintain adequate contact with the endocardial 
surface to have sufficient contact force and time-duration to create a 
transmural lesion

Hutchinson Heart Rhythm, Vol 10, No 3, March 2013

3 things have been demonstrated to improve AF ablation outcomes:

1.Incorporation of cardiac imaging (CT or MRI)
2.Use of a steerable sheath
3.…



Anesthesia saves the day!



Jet Ventilation



Thumbs up for Jet

-Dr. David Bracco



JET + sheath + 
imaging

sheath + 
imagingControl



Hutchinson Heart Rhythm, Vol 10, No 3, March 2013

sheath + 
imagingcontrol

JET + 
sheath + 
imaging

Freedom 
from AF

300 patients undergoing AF ablation

Despite a sicker population, Jet ventilation added significant 
improvement to 1-year freedom from AF (52% vs 66% vs 74%)

JET ventilation also 
cuts down on 
procedure time 
(45min-1hour in my 
experience)



Apnea
EP may request apnea be performed where difficulty with catheter 
stability is encountered:

-typically left atrial roof, Marshall ridge (anterior to the left 
pulmonary veins), and at the anterior aspect of the right 
superior pulmonary vein

-apnea significantly improves catheter stability and lesion 
formation



During Ablation: Fluctuations in HR and BP

Adenosine is frequently given post pulmonary vein isolation to confirm 
isolation

Adenosine acts to hyperpolarize cells, thereby increasing conduction times and 
uncovering potentially dormant conduction/Afib

A brief period of bradycardia and heart block is observed with resultant brief 
period of hypotension. 

Isoproterenol (non-selective β adrenoreceptor agonist) is given post ablation in 
attempts to induce atrial tachycardias or atrial fibrillation. 

Hypotension may be caused with isoproterenol alone or when atrial pacing is 
performed at the same time



Potential Complications of AF Ablation





PhrenicPhrenic

2017 HRS expert consensus statement on catheter and surgical ablation of atrial fibrillation. J Interv Card Electrophysiol (2017) 50:1-55

Typically resolves but 
may be permanent. 
Occurs during 
radiofrequency
ablation at the right 
superior pulmonary 
vein and during 
cryoablation of the 
right-sided veins.

Diaphragmatic pacing 
is performed with a 
catheter at the SVC/RA

Phrenic nerve paralysis: 

No paralytic agents should be on board 
during cryoablation of the right-sided 
pulmonary veins

Catheter pacing the diaphragm



Esophagus

Esophageal Injury: 

2017 HRS expert consensus statement on catheter and surgical ablation of atrial fibrillation. J Interv Card Electrophysiol (2017) 50:1-55



Not only does the esophagus have a variable position within the 
thoracic cavity, but can also vary temporally and based on patient 
position



Can an esophageal temperature 
probe help to prevent fistulas?

Esophageal heating is a mechanism 
for injury, but fistulas do occur in 
cryoablation as well

Kapur et al. Circulation. 2017;136:1247–1255.





lesions occurred in pts with esophageal temp > 41°C (every 1°C increase in 
esophageal temperature = 1.36 increased odds of esophageal lesion)

Kapur et al. Circulation. 2017;136:1247–1255.

Is there harm associated with temperature probes? 
30% vs 2.5% incidence of esophageal injury in the temperature probe 
group (n=80 patients)

-Some harm has been associated with the type of temperature probe: 
temp probes with noninsulated metal thermistors may function as 
lightning rods, attracting electric current form the ablation catheter 
and potentiating heat transfer to the esophagus.

-Others suggest that use of a temp probe with insulated 
thermocouples was as safe compared with ablations performed 
without a temperature probe



If a patient presents with fever, chest pain, GI or neuro sx within 6 
weeks of AF ablation: NO TEE, NO ENDOSCOPY. DO CT SCAN, 
DIAGNOSE ESOPHAGEAL FISTULA AND SURGERY (NOT 
STENTING)

chest CT oral and iv contrast 
+ cardiac surgery consult
-IV antibiotics. NO 
esophageal manipulation 

Emergent evaluation: NPO, 
bloodwork, TTE: pericardial 
effusion? Endocarditis?

Patient with fever, chest pain, GI 
symptoms, neuro symptoms 
within 6 weeks post AF ablation?

Kapur et al. Circulation. 2017;136:1247–1255.

Treatment of an atrio-
esophageal fistula



Pericarditis
Most patients experience pleuritic chest pain post procedure as a 
result of transmural ablation lesions, lasting up to 48-72 hours

Significant improvement with Ketorolac given at time of 
procedure, prior to leaving the operating room



Conclusions
1. Early atrial fibrillation originates at the muscular sleeves of the pulmonary veins. 

With time, scarring in the left atrium can occur resulting in a more complex 
ablation procedure

2. New techniques in atrial fibrillation, including contact force sensing catheters, 
new-generation cryo-balloons, and mapping software have translated into higher 
success rates with reduced complications. Sicker patients are being ablated

3. Importance of Anesthesia and EP communication during ablation: issues with 
paralysis, patient movement, improved catheter stability (JET ventilation/apnea)

4. Esophageal considerations to reduce complications

5. Specific EP medications used during ablation

6. And…



Big thank you to all our EP anesthesia teams across 
Canada, and our team here at McGill

Dr. Bondi, Dr. Bracco, Dr. 
Predescu, Dr. Owen, Dr. Guzzo, 
Dr. Donatelli, Dr. Ah-kye, and 
Dr. Baldini, and the rest of the 
EP anesthesia team
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