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Abstract

Catheter a'ation 'A) has become standard of care in patients with symptomatic atrial fibrillation

(AF). Altho have been significant advances in our understanding and technology, a

substantial of patients have ongoing AF requiring repeat procedures. Pulmonary vein
I I

isolation ( is the cornerstone of AF ablation; however, it is less effective in patients with

persistent 48 oppO8ed to paroxysmal atrial fibrillation (PAF). Left atrial posterior wall isolation (PWI)

G

is commonly performed as an adjunct to PVI in patients with persistent AF with non-randomized

studies sh roved outcomes. Anatomical considerations and detailed outline of the various

S

approaches and teghniques to performing PWI are detailed, and advantages and pitfalls to assist the

Ul

clinical elec iologist successfully and safely complete PWI are described.

Keywords: igr wall isolation, ablation techniques, atrial fibrillation, catheter ablation
Introduc

A) has become standard of care in patients with symptomatic atrial fibrillation

A

(AF). Although have been significant advances in our understanding and technology, a

isolation (PVI) is the cornerstone of AF ablation however it is less effective in patients with persistent
as opposed to paroxysmal atrial fibrillation (PAF) *. Substrate modification beyond the pulmonary

veins (PVs) wn promise in non-randomized studies. However, the landmark STAR AF Il trial®

demonstrated.that linear ablation or targeting of complex fractionated electrogram (CFE) did not

improve o Sbeyond PVI alone. In an attempt to improve outcomes for patients undergoing
(PsAF), electrophysiologists continue to investigate strategies beyond PVI. This

pulse and rotor modulation (FIRM) ablation®, isolation of regions of low
eting parasympathetic ganglia, the step-wise approach® or left atrial (LA) posterior wall
isolation

The LA posteri Il (PW) and the PVs share a common embryonic origin’. The LA posterior wall
(PW) and the PVs Share a common embryonic origin. Embryologically, the pulmonary vein
incorporat e smooth walled left atrium and as such shares common histology®. There are

extensive pa pathetic neural plexi involving the posterior wall extending to the PV antrum,

which pl&y portant role in the initiation and maintenance of AF°.
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Posterior wall isolation was not assessed during the STAR AF Il trial in PsAF.? Proposed benefits of
the addition of PWI to PVI include reinforcement of posterior PV ablation lines or a “belt and braces”

approach to PVI: modification of autonomic ganglia, inclusion of proximal triggers or rotors and
anatomwoof the atrium. Non-randomized studies have suggested improved outcomes in

patients wikg#eRjstent atrial fibrillation'®. PWI may also be considered in patients with documented
recurrent @ m llation despite enduring pulmonary veins isolation.
Left atFialpase@Fior wall: Anatomy

Boundarihleft atrial posterior wall:

e Supgriorly! the PW is bound by the LA roof defined as a cranial line connecting the
most superior aspect of the superior pulmonary veins.

. Inm‘[he most caudal line connecting the most inferior aspect of the inferior
pu: veins.

e La d medial borders are bounded by the posterior left and right veno-atrial

Jug
The LA P mplex structure with significant variation in thickness of the

septopul ndle (SBP) (figure 1A), which contributes to majority of the PW. The PW
becomes thi ay from the veno-atrial junction. Depending on the vein, thickness ranges
betwee m and decreases by about 1.5mm at 1cm from the junction.'' The SBP
originate ior to the interatrial groove behind the anterior interatrial band (Bachmann’s
bundle) an over the roof. The superior margin at the roof is the thickest part of the
left atr ing up to 6.5mm'" "2, The SBP then descends posteriorly and then

inferoseptally between the right and left pulmonary veins.'? This explains the relative

increase iggatrial wall thickness at the right posterior antrum compared with left posterior
%P descends inferiorly, the thickness decreases considerably to 2.3+/-0.9

uperior pulmonary veins and decreases further between the inferior

igure 1A)". The esophagus and the posterior left atrial wall are adjacent to

one another ical anatomical relationship is shown in figure 1B.

antrum. Al
mm betwe

posterior wall isolation

Electricw of the PW has an unequivocal electrophysiological endpoint although on
occasion ng to obtain'*. PWI been shown to be a useful strategy in patients with
PsAF compared With PVI alone. A recent meta-analysis that included 594 patients

uction in recurrent AF with PWI '*°2°_ In addition, a recent randomized
tients with PSAF demonstrated a 20% reduction in recurrent AF with PW1.'®
tudy was confounded by additional linear ablation involving left anterior, peri-
mitral and cavotrttuspid isthmus ablation'®. Mohanty et al showed improved outcomes with
the addition of PWI to PVI. However, this was a three-way randomization targeted at

demonstrated a
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assessing focal impulse and rotor modulation (FIRM) ablation.?’ One hundred and thirteen
patients were assessed in a 1:1:1 fashion comparing FIRM only (group 1), FIRM + PVI
(group 2) and PV1 + PWI and non-PV triggers (group 3). Freedom from AF/AT was highest
in grou% group 1 vs 52% in group 2 vs 76% in group 3, p-value <0.0001). McLellan
et al publi largest series to date of patients with PSAF undergoing posterior wall
isolation i&o PV1.° The multi-procedure freedom from atrial arrhythmias was 85%
at a megn Wp of 19£8 months. The CAMERA-MRI study demonstrated marked
recovery gleft ventricular function in patients with persistent AF and dilated

ndomized to catheter ablation, which included PVI plus PWI compared
12!

cardiomy
with mediéal rat@contro

Techniques Tor electrical exclusion of the posterior left atrium and pulmonary veins

The first i@¥ wall isolation procedures were performed as part of the Cox Maze
procedure fagaliisswas an adaptation of the incisions used during heart transplantation. Early
attempts to reproduce these lesions percutaneously were limited by the available equipment.
After imp nts in mapping systems and ablation, three effective percutaneous
technique scribed. These are wide circumferential pulmonary vein isolation and
posterior =_single ring or box isolation of veins and posterior wall together > and
exclusion sterior wall by segmental isolation using the circular mapping catheter'™
26

Posteri ig@lation may be achieved with a variety of techniques: Wide antral PVI plus
posterior ingle ring, “Touching rings” and debulking / extensive posterior wall ablation
(figure 2 to provide some “tips and tricks” to achieve electrical isolation and avoid
compli Wl detailed outline of the various approaches including advantages and pitfalls

to assist the clinical electrophysiologist successfully and safely complete PWI is described.

PWI apprh\/ ide antral pulmonary vein isolation (PVI) plus posterior box.
This appro, olves wide antral PVI followed by inferior and roof lines to achieve
posterior y @ ation (figure 2). Contact force enabled irrigated ablation catheters are
generally us€d™A steerable sheath may be used if contact force cannot be adequately
achieved. & schematic of the steps involved in this approach is shown in figure 3.

6,27

Step 1: Circumferential Pulmonary Vein Isolation (CPVI) involving posterior wall: Pulmonary vein
isolatioM have been described in great detail previously.” “* Generally, for right and left-
sided veinﬂ, e contiguous ablation of the anterior segments at 30W is completed before
targeting the post@rior wall. Ablation is limited between 15 and 30seconds and 25W on the posterior
may be further limited by oesophageal temperature changes. If electrical

wall at each site
i ved before completion of the posterior antral lines then the ablation ring is not
S guidelines provide a class 2A recommendation for the use of an esophageal

temperature proB&r. In our practice, power delivery is interrupted if the temperature increases by

more than one degree from baseline. In addition to the actual change or rise in temperature,
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rapidity of change is a marker to immediately terminate ablation at that site and provides sufficient
reason to alter the course of the ablation line. It is important to note that ablation over the posterior
wall is performed with caution even in the absence of temperature changes as temperature probes
vary in € mber and provide intraluminal rather than adventitial temperature readings®.

Anteriorly, ps will be performed up to 60seconds to complete the lesion set in the absence of

good local gfam. Technique of lesion creation is left to the discretion of the operator. In

general, we perform lesions as point by point or utilize dragging technique aiming to maintain high

placed in all four veins upon completion of the circumferential ablation with pacing from
\ atheter to demonstrate entrance block. Exit block can also be performed at this
time depend¥gI®N operators preference / practice.

Step 2: Ianoor line (figure 3):

If AF has sistent following PVI then direct current cardioversion is performed to
restore sinus rh . A STAR AF II sub study demonstrated improved outcomes in patients

continuEy

The lasso is
the corona

who underwent ablation in sinus rhythm even if this was restored by electrical cardioversion
carly in th€ procedure®. The procedural endpoint is PVI and PW isolation rather than AF
terminati islmablation.

The floor fin rformed first during pacing from the coronary sinus as conduction block is
generally cléa en the close proximity of the CS to the inferior line. The floor line is

ering a contiguous ablation line joining the most inferior margin of the
inferior PVs W with the circular mapping catheter positioned at all times on the

locally unfil there is electrogram separation or up to 30 seconds moving progressively
towards the right inferior pulmonary vein (RIPV) preferring contiguity during the ablation.
With gents clockwise torque on the catheter and the sheath, the catheter sweeps towards the

e activation detour from superior to inferior direction on the posterior wall

(figure 3). ical to achieve inferior line block before embarking on the roof line. Post
wall isolatj become most challenging if the roof line is commenced before block is
achieved dgthe floor line as multiple conduction breaks at roof and floor lines makes

breakthrough difficult.

Step 3: RooflineaRIght From LEft (RIFLE)’ ablation technique:

Ablation a line is delivered at 25W (direct approach) to 30W (RIFLE technique) at the most
superior posterieg@spect of the LA away from the oesophagus as visualized on preop CT or MRI. The
or Rlght From LEft (RIFLE)" approach is an alternative to the direct approach and
provides e stability. Contact can be titrated generally aiming for a contact force of 15-30g at

30W for up to 60seconds or until there is local electrogram separation or attenuation. Retracting the
5
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catheter into the sheath or retroflexion with a bidirectional catheter increases contact force. Care
must be taken to monitor impedance and contact force as a sudden straightening of the catheter
can perforate the LA roof.

RIFLE technigugain SL1 sheath is advanced into the left atrium with the ablation catheter about 4-5

and fully D flexed pointing inferiorly. The sheath and catheter is then advanced
UP&Fior pulmonary vein (LSPV) under fluoroscopy (figure 4). The left atrial
append@glisiaudigied as the roof line is more posterior directed and the appendage is vulnerable to
perforationgThe sheath is then clocked 180degrees pointing the ablation catheter to the right-sided
veins. The D curye can be released to bring the catheter tip in contact with the local tissue near the
RSPV. It is iportafit to confirm on fluoroscopy that the catheter remains coaxial to the sheath on

fluoroscopy: e movement of the sheath will provide stable catheter control. Clocking and anti-
clocking th will move the catheter more anteriorly / cranially and posteriorly / caudally,
respective shillg the entire assembly towards the LSPV will bring the catheter tip away from the

vein into t idm. (See Table 1). If the catheter falls into the RSPV, it is important to carefully
maneuver the catheter out of the vein before withdrawing the assembly under fluoroscopic vision as
the cathet edge deeper into the vein. A fluoroscopic video of the initial steps involved in

RIFLE tech cluded in the supplementary section.

Bidirection ith linear ablation maybe difficult to achieve ** particularly at the roof that is the
thickest re e septopulmonary bundle. If electrical connection persists to the posterior wall
after com i roof and inferior lines then, firstly, both lines are mapped with the ablation

catheter for fractionated or closely spaced double potentials and ablated. Secondly, if catheter
manipu contact force has been difficult to achieve, a steerable sheath is taken and a direct
approach tot f line adopted. Thirdly, pacing from the ablation catheter positioned

immedi ior to the roof line is performed with the circular mapping catheter on the
posterior wall to assess the integrity of this line. The same approach is then taken to the floor line

with pacingjmmediately posterior, as conduction may recover at the floor line during ablation at the
roof. If the electrograms along the original lines at the site of earliest activation, then

ablation meormed within the posterior ‘box’ immediately adjacent to the earliest site.

Finally, if a ablation adjacent to the original lines is unsuccessful, the earliest activation is
directly abl ing the circular mapping catheter akin to the approach taken for PW debulking.
PWI ap

Single rli approach.” ¥

A single ring of gblation is performed starting at the anterolateral margin of the ridge
separating the left-sided veins and the left atrial appendage (figure 2). A deflectable sheath
Intain consistent contact force during ablation. Ablation is generally

the inferior margin of the ridge and continues below the left inferior
pulmonary veinS¥h a line toward the inferior margin of the right inferior pulmonary vein.

Ablation for this line on the posterior left atrial wall is limited to 30W with a maximum
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ablation duration of 30s. Ablation duration is shortened depending on esophageal temperature
rises, large impedance falls or rapid attenuation of signals. As noted above, pacing from the
coronary sinus can be used to identify progressive bipolar signal splitting during ablation.
DelayeM may also be seen in a circular mapping catheter placed in the left veins.
Ablation erformed at up to 40W for a maximum of 30s on the anterolateral side of
the appen&in ridge. However, if this approach is chosen it is frequently necessary
to placgaw lesions inside the ridge at the level of the left carina at lower power. After
passing argund the superior margin of the left superior vein, a roof line is placed from the
superior | o the superior margin of the right superior vein. It is difficult to complete
this line w(®,\rving posteriorly between the veins where the muscle is thinner. If this

path is ch recommend monitoring esophageal temperature opposite the ablation site.
The most cha ing section of the roof line is at the site of the septopulmonary bundle. In
some casef, ifis @ecessary to ablate below the roof line to interrupt conduction passing onto

the back wall through fibers deep to the roof line lesions. Passing around the margins of the
right veins the scptal line can be completed after identification and avoidance of the phrenic
nerve cou

Upon completion of the PWI, if there is persisting connection, the lasso is placed in the veins

to determi st activation. Once earliest vein is identified, circular or other multipolar
mapping ignals within the vein are used to determine if break through is anterior or
posterior. Wi se signals as a reference, the earliest breakthrough is identified with the

mapping catheter for targeted ablation to achieve PWI. This may be done in sinus rhythm or
atrial on 1f activation within the ring is sufficiently organized. PWI is confirmed with
demonstratio xit and entrance block in SR and pacing from coronary sinus.

The advantage of this technique is that it limits ablation over the posterior wall and
potentially reduces risk of atrio-esophageal fistula (AEF). Ablation and fluoroscopy times
may be ¢ rable to other techniques.

Disadvant ith a single ablation line, a single reconnection leads to reconnection in
both set o ary veins and posterior wall. Liner ablation over the roof and inferior LA
may lead tg causing left atrial flutter. This approach is associated with longer

procedurefRF and fluoroscopy times compared with box isolation®”.

PWI approih 3. '

PVI with v posterior antral lines adjoining at the mid posterior wall

This appr modified PVI with the posterior lines extending to the mid portion of the
posterior 1 m (figure 3). After completing ablation over the anterior aspect of the
pulmo s, ablation is extended from the superior aspect of the pulmonary veins
towards the int on the posterior wall between the superior pulmonary veins (SPV). A

single vertical linear ablation is then performed over the mid posterior wall down to the
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midpoint of the inferior pulmonary veins (IPV). The ablation then continues towards the
inferior most aspect of the respective veins and connects to the anterior ablation points to

complete $tral Pi/ isolation.

Advantage dAmsingcle mid posterior line is shared by both the left and right circumferential
lesion set @ potential to reduce ablation time on the posterior wall. This may be the
preferred ICSTO hen the esophagus lies closer to the PVs adjacent to the usual posterior
antral 1ffie ed by the operator.

Disadvant . 1his approach isolates a smaller area of the posterior wall compared with the
other appr@aches@Unlike the other techniques, there is little published on the success and
safety of t oach.

PWI approm

Posterioralation: debulking
This refer approach pioneered by Natale and co-workers. Upon completion of the

pulmonamlaﬁon, the LASSO is placed on the posterior wall. The earliest

electrografas are targeted with focal ablations until there is no electrical activity on the
posterior wall (figure 2). This technique is performed in combination with further extensive
ablation 1o coronary sinus and the septal aspects of the right pulmonary veins.

is technique does not rely on achieving block through linear ablation, but
local ablation.

: This approach is associated with longer procedure, RF and fluoroscopy times
compared with box isolation'®. Although there may be theoretical concerns regarding greater

risk of oeso;hageal injury this has not been published to date.

Achieving durable posterior LA isolation

@

electrical silefiCe or spontaneous posterior wall potentials (PWPs) (figure 5). PWI is confirmed

Posterior ion is confirmed using the circular mapping catheter for the presence of

through th@fidentification of entrance and exit block. Exit block is confirmed utilizing the ablator to

pace th bsence of dissociated PWPs. Adenosine is administered to assess for dormant

conductioa. Bqu's of intravenous adenosine (12-18mg) is administered through a large bore
entral

(preferabl ) intravenous access immediately followed by a 20-30ml N/saline push to assess

|6, 34,35

for acute reconnegtion of the pulmonary veins and the posterior wal . At least one non-

conducted r a 3-second pause needs to be documented as adequate adenosine response®.

Any transient Q
at the sj
no longer p

sistent electrical reconnection in response to adenosine is followed by ablation
liest activity on the original lesion set and adenosine repeated until reconnection is
Finally, a 30-minute waiting period is employed from the time of successful

isolation.
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DISCUSSION:

Atrio-esophageal fistula (AEF) is a serious risk associated with any ablation involving the
posteriM risk is present with standard PV circumferential ablation with no evidence
to suggest thatgposterior wall isolation increases this risk. In accordance with the 2017 HRS

guidelines{an es¢

bhageal temperature probe is recommended, although recent evidence

tion is 3.7% - 5.8%'"*". However, a recent meta-analysis did not show any
signiﬁcanmce in the occurrence of flutter after PWI compared with PVI alone (RR
1.16 P=0.084)"°

To date, multiccger randomized studies comparing PVI vs PVI plus posterior wall isolation
are yet to leted. Nor are there randomized comparisons of the various strategies to
achieve po all isolation. As such, it is at the discretion of the operator as to whether

this is inc@tporated into the AF ablation lesion set with the strategy determined by procedural

expertise and patient /anatomic factors.

Posteri tion is a common adjunct to standard PVI for catheter ablation for atrial
fibrillation. are a variety of techniques that may be employed depending on operator
and patj siderations. Randomized studies are underway to determine the role of
posteri tion in catheter ablation for atrial fibrillation.
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Legend igures;

Figure 1: ijt atrium anatomy.
(A) Post m ecimen of left atrium (LA) that has been everted. An abrupt change in fiber

at the lateral margin (broken line) of the septopulmonary bundle (SPB). The figure

orientation oc
average thickness of the posterior wall (1cm away from the veno-atrial junction) and
LA roof. (Adap om Markides et al Circulation 2003)

(B) CT reconstruction in the left lateral view with caudal tilt demonstrating the typical relationship
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between the esophagus and left atrium. The esophagus is in close proximity to the lower half of the
posterior wall. The esophagus tends to separate off the posterior wall above the level of the mid
posterior wall (*).

RS = Rig pulmonary vein. Rl = Right inferior pulmonary vein. LS = Left superior pulmonary
vein. Ll = Le 8hior pulmonary vein. LAA = Left atrial appendage.

4.5+0.6 mm Esophagus \
|

LS
2.3%

0.4 mm

1.2+
0.3
mm

Inferior

Figure 2: Posterior wall isolation techniques — PA view.

(A) Wide aRtra onary vein isolation plus posterior box isolation. (B) Single ring approach. (C)
Touching rings approach & (D) Targeting earliest activation with debulking technique involving

erior wall ablation.

rior pulmonary vein. Rl = Right inferior pulmonary vein. LS = Left superior pulmonary
ior pulmonary vein.

Box isolation b . . L

-
@31(
’ 3

Single ring

B Touching rings ! Debulking

Figure 3: Wide aft&al pulmonary vein isolation plus posterior box isolation. Step 1: Wide antral

circumferential ablation (WACA) isolating the right and left pulmonary veins. Step 2: Inferior / Floor
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line. Step 3: Roof line. RS = Right superior pulmonary vein. Rl = Right inferior pulmonary vein. LS =
Left superior pulmonary vein. LI = Left inferior pulmonary vein.

Sequential approach to posterior wall box isolation

EE!II'.E WACA
¢ ‘1

Floor line

Roof line

=

Figure 4. LA e. (A) Demonstrating a CT image integration displaying PA view with left caudal
tilt of the | i . The mapping catheter (blue), ablation catheter (grey with green tip) and
completed¥€PVI around right and left-sided veins are seen. Ablation catheter is positioned near the
LIPV at the he inferior line. (B) Position of ablation catheter to test for bidirectional block

(100bpm) conduction time to posterior wall (78ms) in the first beat with earliest

over the inmi. (C) EGM demonstrating floor line block. Distal CS is being paced at 600ms
activatign on pole 9,10. The second and third beats demonstrate change in activation with

PV 1112
PU1L14

PV 15,16
Pvazaa
prig20 T

ABLp =T
ABLd

Figure 5: LA
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(A — C) Sequential fluoroscopic view (PA) of the cardiac chambers demonstrating catheter positions
demonstrating RIFLE technique. Decapolar catheter in the coronary sinus. Quadripolar catheter in
the HIS position. Mapping Lasso catheter in the posterior wall. The LSPV positioned is outlined with
the whiEHmonstrate the relationship of the sheath and catheter to the LSPV. (A) Step 1:
SL1 sheath a@"&agheter advanced towards LSPV with the ablation catheter about 4-5 cm out of the
the ablation catheter to the right- sided veins. (C) Step 3: D curve can be released to bring the

sheath ana pointing inferiorly. (B) Step 2: The sheath is then clocked 180degrees pointing

catheter.ti n con!act with the local tissue near the RSPV. (D) Demonstrating a CT image integration
displaying h\/ith cranial tilt of the left atrium. The mapping catheter (blue), ablation catheter

(grey with gggenlip) and completed PVI around right- and left-sided veins are seen. Ablation
catheter is\gositioged near the roof of RSPV with RIFLE technique. (E) Completion of the roof line.

RSPV =rig ‘ pr pulmonary vein. LSPV = left superior pulmonary vein.

Figure 6: Piterior wall isolation. Spontaneous potential.

(A) PA view, trating completed roof and inferior line in relation to the CPVI lines. (B)
Electricall @ left atrial posterior wall with spontaneous posterior wall potential (*) and exit

block.
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TABLES:

Table 1: RIE

ique. Correlation between sheath and catheter tip movement.

Sheath movement

Anticipated catheter tip movement

Clocking the {heath

Moves anteriorly / cranially

Anti-clockin

eath

Moves posteriorly / caudally

Advanc

IV

h into LSPV

Moves towards from right antrum to mid roof

Withdrawing sheath and ablator

Moves towards roof and right pulmonary vein

Withdrawi

er into sheath

Straightens the catheter and increases contact with roof

Autho%*
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