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• Tetiklenmiş aktivite
• PV ilişkili
• PV dışı odaklar

• Atriyal dokuda değişiklikler
• ECM’de değişiklikler
• Atriyal fibrozis
• “Gap jxn’da azalma
• İyon kanal içeriği ve sayısında değişim
• ….

Persistan AF; Patofizyoloji-mekanizma



Sol Atriyumun Embriyolojik Kökeni ve AF

• Primordiyal pulmoner ven – LA birleşmesi
• Pulmoner venlerin ayrı ostiumlara ayrılması
• LA – LAA bileşkesi ile sinus venozus arasındaki benzerlik



LAA Gerçekten AF İçin Öncülük Edebilir mi?

%27 LAA 
Firing



LAA Gerçekten AF İçin Öncülük Edebilir mi?

Gerçek LAA firing çok nadirdir: 21/7.129 (%0,3)
LAA firinge eşlik eden ek non-pv odaklar da mevcuttur.



Hangi Yöntem ile 
İzole Edebiliriz?



RF Enerjisi ile LAA İzolasyonu

HR for recurrence with standard ablation: 1.92; 95%
CI: 1.3 to 2.9; log-rank p ¼ 0.001). Cumulative
freedom from recurrence of AADs after the first pro-
cedure is presented in Figure 3. Seven of the 8 pa-
tients in group 2 who underwent empirical electrical
left atrial appendage isolation and 7 of 11 patients in
group 1 whose LAA could not be isolated were
recurrence free during follow-up. After adjusting for
age, sex, and LA size (Cox multivariable model), the
standard ablation approach was predictive of recur-
rence (HR: 2.22; 95% CI: 1.29 to 3.81; p ¼ 0.004).

Of the patients with a failed first procedure, 27 of
37 (73%) in group 1 and 35 of 63 (56%) in group 2
underwent repeat ablation. During this procedure, PV
reconnection was detected in 3 (11.1%) patients in
group 1 and in 4 (11.4%) in group 2 (p ¼ 1.0). LAA
reconnection was detected in 10 of 27 (37%) group 1
patients. EEI-LAA was performed in patients from
both groups during redo procedures, and the LAA was
reisolated in cases of reconnection.

At 24-month follow-up and an average of 1.3 pro-
cedures, the cumulative success rate was 65 (76%) in
group 1 and 49 (56%) in group 2 (unadjusted HR: 2.24;
95% CI: 1.3 to 3.8; log-rank p ¼ 0.003) (Figure 4).

Patients undergoing empirical electrical left atrial
appendage isolation with sinus rhythm at 6-month
follow-up (n ¼ 62; 55 from group 1 and 7 from group
2) underwent TEE. Irrespective of their underlying
rhythm, LAA function was assessed in all; 1 LAA
thrombus (patient was receiving oral anticoagulation
with subtherapeutic INR) and 1 case of LAA sponta-
neous echocardiographic contrast (INR 2.24 on
warfarin) were detected in the empirical electrical left
atrial appendage isolation group. Among the 62 pa-
tients who had TEE, preserved LAA function was re-
ported in 27 (43.5%) patients. Conversely, an impaired
contractile pattern was observed in 35 (56.5%) pa-
tients; 28 (80%) had low peak filling and emptying
velocities (<0.4 m/s), 4 (11.4%) had an inconsistent A
wave, and 3 (8.6%) patients showed both low flow ve-
locity and an inconsistent A wave (Figure 5).

No stroke or transient ischemic attack was reported
with empirical electrical left atrial appendage isola-
tion (group 1), whereas 4 (4.5%) patients had stroke
after standard ablation (group 2) (p ¼ 0.12). No deaths
occurred during the study period.

Hospitalization rates were similar: a total of 21
(25%) patients in the empirical electrical left atrial
appendage isolation group and 19 (22%) patients in
the standard ablation group required rehospitaliza-
tion for arrhythmia-related causes (p ¼ 0.72). There
were 2 (2.4%) heart failure–related hospitalizations in
the empirical electrical left atrial appendage isolation
group and none in the other group (p ¼ 0.24).

One pericardial effusion occurred in each group
(p ¼ 1.00). One case of gastrointestinal bleeding was
reported in group 2 (p ¼ 0.49).

DISCUSSION

This randomized study showed that empirical isola-
tion of the LAA improved freedom from AF/AT
in patients with LSPAF (Central Illustration).

FIGURE 3 Cumulative Freedom From Recurrence Off AADs After First Procedure
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At 12-month follow-up, 48 (56%) patients in group 1 and 25 (28%) in group 2 were
recurrence free after a single procedure (unadjusted hazard ratio [HR] for recurrence with
standard ablation: 1.92; 95% confidence interval [CI]: 1.3 to 2.9; log-rank p ¼ 0.001).
AADs ¼ antiarrhythmic drugs; other abbreviation as in Figure 1.

FIGURE 4 Ablation Success After Multiple Procedures
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Repeat ablation occurred in 27 of 37 (73%) patients in group 1 and in 35 of 63 (56%) in
group 2 with a failed first procedure. The cumulative success after multiple procedures was
65 (76%) in group 1 and 49 (56%) in group 2 (unadjusted HR: 2.24; 95% CI: 1.3 to 3.8; log-
rank p ¼ 0.003). Abbreviations as in Figures 1 and 3.
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HR for recurrence with standard ablation: 1.92; 95%
CI: 1.3 to 2.9; log-rank p ¼ 0.001). Cumulative
freedom from recurrence of AADs after the first pro-
cedure is presented in Figure 3. Seven of the 8 pa-
tients in group 2 who underwent empirical electrical
left atrial appendage isolation and 7 of 11 patients in
group 1 whose LAA could not be isolated were
recurrence free during follow-up. After adjusting for
age, sex, and LA size (Cox multivariable model), the
standard ablation approach was predictive of recur-
rence (HR: 2.22; 95% CI: 1.29 to 3.81; p ¼ 0.004).

Of the patients with a failed first procedure, 27 of
37 (73%) in group 1 and 35 of 63 (56%) in group 2
underwent repeat ablation. During this procedure, PV
reconnection was detected in 3 (11.1%) patients in
group 1 and in 4 (11.4%) in group 2 (p ¼ 1.0). LAA
reconnection was detected in 10 of 27 (37%) group 1
patients. EEI-LAA was performed in patients from
both groups during redo procedures, and the LAA was
reisolated in cases of reconnection.

At 24-month follow-up and an average of 1.3 pro-
cedures, the cumulative success rate was 65 (76%) in
group 1 and 49 (56%) in group 2 (unadjusted HR: 2.24;
95% CI: 1.3 to 3.8; log-rank p ¼ 0.003) (Figure 4).

Patients undergoing empirical electrical left atrial
appendage isolation with sinus rhythm at 6-month
follow-up (n ¼ 62; 55 from group 1 and 7 from group
2) underwent TEE. Irrespective of their underlying
rhythm, LAA function was assessed in all; 1 LAA
thrombus (patient was receiving oral anticoagulation
with subtherapeutic INR) and 1 case of LAA sponta-
neous echocardiographic contrast (INR 2.24 on
warfarin) were detected in the empirical electrical left
atrial appendage isolation group. Among the 62 pa-
tients who had TEE, preserved LAA function was re-
ported in 27 (43.5%) patients. Conversely, an impaired
contractile pattern was observed in 35 (56.5%) pa-
tients; 28 (80%) had low peak filling and emptying
velocities (<0.4 m/s), 4 (11.4%) had an inconsistent A
wave, and 3 (8.6%) patients showed both low flow ve-
locity and an inconsistent A wave (Figure 5).

No stroke or transient ischemic attack was reported
with empirical electrical left atrial appendage isola-
tion (group 1), whereas 4 (4.5%) patients had stroke
after standard ablation (group 2) (p ¼ 0.12). No deaths
occurred during the study period.

Hospitalization rates were similar: a total of 21
(25%) patients in the empirical electrical left atrial
appendage isolation group and 19 (22%) patients in
the standard ablation group required rehospitaliza-
tion for arrhythmia-related causes (p ¼ 0.72). There
were 2 (2.4%) heart failure–related hospitalizations in
the empirical electrical left atrial appendage isolation
group and none in the other group (p ¼ 0.24).

One pericardial effusion occurred in each group
(p ¼ 1.00). One case of gastrointestinal bleeding was
reported in group 2 (p ¼ 0.49).

DISCUSSION

This randomized study showed that empirical isola-
tion of the LAA improved freedom from AF/AT
in patients with LSPAF (Central Illustration).
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Aims In this study, we sought to evaluate the safety and efficacy of cryoballoon (CB) based empirical left atrial appendage
(LAA) isolation as an adjunct to pulmonary vein isolation (PVI) compared to the PVI-only strategy in patients with
persistent AF.

...................................................................................................................................................................................................
Objectives Clinical outcomes of catheter ablation were less beneficial for persistent atrial fibrillation (AF) than paroxysmal AF.

...................................................................................................................................................................................................
Methods
and results

A total of 100 consecutive patients with persistent AF underwent both PVI and additional LAA isolation using CB
(Group II). As a control group (Group I), among persistent AF patients, we conducted a retrospective, propensity-
score matched cohort, in whom only PVI was performed using CB. Recurrence of atrial tachyarrhythmia (Ata) at
the 12th month follow-up was the primary endpoint. Baseline demographic and clinical characteristics were similar
between two groups. At the 12th month follow-up, 67 (67%) patients in Group I and 86 (86%) patients in Group II
were free of ATa after the index procedure (P < 0.001). As a unique complication of LAA isolation, left circumflex
artery spasm was observed in 4% of the Group II. After adjusting for several baseline variables, PVI-only strategy
was found as a significant predictor for recurrence (HR: 3.37; 95% CI: 1.73–6.56; P < 0.001). Transoesophageal
echocardiography examination during the follow-up revealed no thrombus in the LAA.

...................................................................................................................................................................................................
Conclusion Our findings indicated that LAA isolation as an adjunct to PVI improved 1-year outcomes in persistent AF com-

pared with the PVI-only strategy using CB without an increase in thromboembolic complications.
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Keywords Atrial fibrillation • Cryoballoon • Left atrial appendage isolation

Introduction

Catheter ablation is an established therapeutic option especially in
symptomatic patients with drug refractory atrial fibrillation (AF).1

Pulmonary vein isolation (PVI) is still the cornerstone of ablation
technique in AF, which aims the elimination of pulmonary vein trig-
gers.1,2 Although the clinical evidence is robust and clear for PVI in
paroxysmal AF, the success of PVI-only strategy is limited in

persistent AF, mainly due to the role of atrial substrate in the main-
tenance of AF.1,2 To improve the clinical outcomes, additional abla-
tion strategies including linear lesions or complex fractionated atrial
electrogram ablation have been implemented; however, the benefit
of such approach in persistent AF is inconsistent between studies.3,4

Currently, cryoenergy and radiofrequency (RF) energy are the two
most common types of ablative methods in the catheter-based treat-
ment of AF.1,2 While point-by-point ablation by focal RF energy
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mapping catheter throughout the freezing cycle with 2000 ms cycle
length and a 12-mA output (Supplementary material online, Video S2).
Phrenic nerve capture was assessed by intermittent fluoroscopy and tact-
ile feedback obtained from the patient’s abdomen. Left coronary angiog-
raphy was performed simultaneously or after the LAA isolation to
exclude the left circumflex (Cx) artery vasospasm in all subjects who
underwent LAA isolation. All the sheaths were removed at the end of
the procedure. Figure-of-eight suture technique was used for 15 Fr ven-
ous sheath as described before.19

Successful electrical isolation of LAA was defined as (i) disappearance
of the LAA potentials recorded from the circular mapping catheter (en-
trance block) and (ii) dissociated electrical activity from LA while pacing
from LAA using circular mapping catheter (exit block) (Figure 2B and C).
Time to isolation, temperature at isolation, nadir temperature, and total
freezing time were recorded for all LAA isolation procedures. For the de-
tection of early reconnection, a waiting period of minimum 15 min was
considered and re-ablation with CB was performed in case of early
reconnection.

Post-procedural management and follow-up
TTE was performed immediately after the ablation in order to evaluate
possible complications like pericardial effusion. Oral anticoagulation ei-
ther with warfarin or novel oral anticoagulants was initiated 6 h after the
procedure. Routine follow-up visits were performed at 3, 6, and 12
months and every 6 months thereafter or earlier if patients had symp-
toms consistent with recurrent ATa or procedure-related complications.
Physical examination was done at each follow-up visit with the evaluation
of arrhythmia-related complaints as well as 12-lead ECG and TTE. A 24-h
Holter ECG was recorded at the third month after the procedure, usually
on AADs. In the absence of arrhythmia, all AADs were discontinued.
Additional 24-h Holter ECG was scheduled at the sixth month and every
6 months thereafter or earlier in case of arrhythmic symptoms. In patients

with LAA isolation, TEE was performed at post-ablation 3rd and 12th
month visits to assess LAA flow velocity, degree of smoke, or thrombus
formation.

Patients remained on the AAD regimen that was prescribed before
the ablation in the first 3 months after ablation. Thereafter, the decision
for continuation of AADs was given according to the physician’s decision
depending on the recurrence of atrial arrhythmias during the follow-up.
The need for life-long oral anticoagulation was assessed based on the TEE
findings and CHA2DS2VASc score at the third month visit. Patients with
CHA2DS2VASc score of >_ 2 strictly recommended to use life-long oral
anticoagulation. In the LAA isolation group, patients with poor LAA flow
velocity (<0.4 m/s) and severe smoke (Grades III and IV) at the third
month follow-up maintained on long-term oral anticoagulation.

Study endpoints
Acute procedural success was defined as electrical isolation of all PVs (in
both groups) and LAA (in Group II). A blanking period of first 3 months
after the AF ablation was defined for the study. ATa recurrence was
defined as detection of AF, atrial flutter, or atrial tachycardia (>_30 s) as-
sessed with ECG. Any recurrence within the first 3 months of ablation
was defined as early recurrence, whereas recurrence >3 months follow-
ing AF ablation was defined as late recurrence. Freedom from ATa recur-
rence at the 12th month follow-up was the primary endpoint of the
study. Safety measures such as complications during index hospitalization,
bleeding events, transient ischaemic attack, stroke, and death were also
recorded throughout the study period.

Statistical analysis
To estimate the propensity score, we used logistic regression including
the following co-variates: age, gender, body mass index, history of coron-
ary artery disease, diabetes mellitus, dyslipidaemia, previous history of
transient ischaemic attack/cerebrovascular event, hypertension, heart

Figure 2 (A) Illustration of the LAA isolation using CB in the RAO 30! Cranial 20! angiographic projection. After the placement of circular mapping
catheter into the LAA, CB was inflated and pushed against the LAA ostium. Contrast injection thereafter revealed complete LAA occlusion. (B, C)
Complete disappearance and dissociation of LAA signals during CB ablation of LAA recorded by inner lumen circular mapping catheter.
CB, cryoballoon; LAA, left atrial appendage; RAO, right oblique anterior.
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CB ile LAA İzolasyonu

mapping catheter throughout the freezing cycle with 2000 ms cycle
length and a 12-mA output (Supplementary material online, Video S2).
Phrenic nerve capture was assessed by intermittent fluoroscopy and tact-
ile feedback obtained from the patient’s abdomen. Left coronary angiog-
raphy was performed simultaneously or after the LAA isolation to
exclude the left circumflex (Cx) artery vasospasm in all subjects who
underwent LAA isolation. All the sheaths were removed at the end of
the procedure. Figure-of-eight suture technique was used for 15 Fr ven-
ous sheath as described before.19

Successful electrical isolation of LAA was defined as (i) disappearance
of the LAA potentials recorded from the circular mapping catheter (en-
trance block) and (ii) dissociated electrical activity from LA while pacing
from LAA using circular mapping catheter (exit block) (Figure 2B and C).
Time to isolation, temperature at isolation, nadir temperature, and total
freezing time were recorded for all LAA isolation procedures. For the de-
tection of early reconnection, a waiting period of minimum 15 min was
considered and re-ablation with CB was performed in case of early
reconnection.

Post-procedural management and follow-up
TTE was performed immediately after the ablation in order to evaluate
possible complications like pericardial effusion. Oral anticoagulation ei-
ther with warfarin or novel oral anticoagulants was initiated 6 h after the
procedure. Routine follow-up visits were performed at 3, 6, and 12
months and every 6 months thereafter or earlier if patients had symp-
toms consistent with recurrent ATa or procedure-related complications.
Physical examination was done at each follow-up visit with the evaluation
of arrhythmia-related complaints as well as 12-lead ECG and TTE. A 24-h
Holter ECG was recorded at the third month after the procedure, usually
on AADs. In the absence of arrhythmia, all AADs were discontinued.
Additional 24-h Holter ECG was scheduled at the sixth month and every
6 months thereafter or earlier in case of arrhythmic symptoms. In patients

with LAA isolation, TEE was performed at post-ablation 3rd and 12th
month visits to assess LAA flow velocity, degree of smoke, or thrombus
formation.

Patients remained on the AAD regimen that was prescribed before
the ablation in the first 3 months after ablation. Thereafter, the decision
for continuation of AADs was given according to the physician’s decision
depending on the recurrence of atrial arrhythmias during the follow-up.
The need for life-long oral anticoagulation was assessed based on the TEE
findings and CHA2DS2VASc score at the third month visit. Patients with
CHA2DS2VASc score of >_ 2 strictly recommended to use life-long oral
anticoagulation. In the LAA isolation group, patients with poor LAA flow
velocity (<0.4 m/s) and severe smoke (Grades III and IV) at the third
month follow-up maintained on long-term oral anticoagulation.

Study endpoints
Acute procedural success was defined as electrical isolation of all PVs (in
both groups) and LAA (in Group II). A blanking period of first 3 months
after the AF ablation was defined for the study. ATa recurrence was
defined as detection of AF, atrial flutter, or atrial tachycardia (>_30 s) as-
sessed with ECG. Any recurrence within the first 3 months of ablation
was defined as early recurrence, whereas recurrence >3 months follow-
ing AF ablation was defined as late recurrence. Freedom from ATa recur-
rence at the 12th month follow-up was the primary endpoint of the
study. Safety measures such as complications during index hospitalization,
bleeding events, transient ischaemic attack, stroke, and death were also
recorded throughout the study period.

Statistical analysis
To estimate the propensity score, we used logistic regression including
the following co-variates: age, gender, body mass index, history of coron-
ary artery disease, diabetes mellitus, dyslipidaemia, previous history of
transient ischaemic attack/cerebrovascular event, hypertension, heart

Figure 2 (A) Illustration of the LAA isolation using CB in the RAO 30! Cranial 20! angiographic projection. After the placement of circular mapping
catheter into the LAA, CB was inflated and pushed against the LAA ostium. Contrast injection thereafter revealed complete LAA occlusion. (B, C)
Complete disappearance and dissociation of LAA signals during CB ablation of LAA recorded by inner lumen circular mapping catheter.
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CB ile LAA İzolasyonu

1 yılık izlemde AF’siz sağ kalım: Yalnızca PVI: 67%
PVI + LAA izolasyonu: 86%



CB ile LAA İzolasyonu

Time to stroke 16 (11–25)           13 (6–23)
(Months)
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Cerrahi 

10 Hasta
Atriclip

68 Hasta - LARIAT Cihazı



LAA İzolasyonu Yalnızca LAA İzolasyonu mu?

-LAA
-Ridge bölgesi
-Marshall ligament
-Anterior LA

pericardium. One layer of the serous pericardium is
fused to the fibrous pericardium while the other
layer lines the outer surface of the heart and con-
tinues over the surfaces of the vessels as the visceral
pericardium. Over the great vessels, the junctions
between the two layers are the pericardial reflec-
tions. The pericardial cavity is the space between
the layers of the serous pericardium.
There is a small area behind the lower left half

of the body of the sternum and the sternal ends of
the left fourth and fifth costal cartilages where the
fibrous pericardium is in direct contact with the

Figure 10 (A) Three dimensional reconstruction of the
left atrium (LA) and pulmonary veins using the NavX
system from data obtained with a 32 slice multidetector
CT scanner to show conjoined ostia, a common variant
seen in up to 25% of cases, on the left side, and a
separate right middle pulmonary vein (PV), which drains
the middle lobe of the lung. (B) Human necropsy
specimen showing the superior and posterior walls of the
LA were anchored by the entrance of one PV at each of
the four corners. (C, D) Endocardial left atrial wall in two
postmortem heart specimens showing prominent left
lateral ridges, extending in panel C (transillumination) to
the inferior margin of the left inferior pulmonary vein
and in panel D (asterisk) to the inferior margin of the left
superior pulmonary vein. Note in panels C and D the
extra-appendicular posterior pectinate muscles extending
inferiorly from the left appendage toward the vestibule of
the mitral valve (red arrows), and note the thinnest
muscular wall in between the muscular trabeculae. CS,
coronary sinus; LAA, left atrial appendage; LIPV, left
inferior pulmonary vein; LSPV, left superior pulmonary
vein; RIPV, right inferior pulmonary vein; RSPV, right
superior pulmonary vein.

Box 3 Atrial fibrillation and left atrial
flutter. Ventricular tachycardias

Dimensions and non-uniform myocardial thickness
of the LA
▸ Variant anatomy of the PVs: length of the

common pulmonary trunk
▸ Inter-PVs myocardial connections (some

epicardially located)
▸ Endocardial ridges: the left atrial ridge and the

interpulmonary isthmus (PV carina)
▸ Extra-appendicular pectinate muscles (mitral

isthmus and vestibule)
▸ Cooling effect by the intramyocardial atrial

arteries
▸ Autonomic nervous system on the epicardial

surface of the LA wall
▸ Fibrous tissue around the mitral annulus
▸ Proximity with phrenic nerves, oesophagus,

vagus nerve and left circumflex artery
▸ The true atrial septum: transseptal punctures to

access the LA
– Spatial orientation of the interatrial groove

and plane of the atrial septum
– Thickness of the flap valve: fibrous/muscular

rim (septum primun)
– Patent foramen oval/aneurysmal oval fossa
– Relation with the aortic root and transverse

pericardial sinus

Ventricular outflow tract tachycardias
▸ Myocardial extension above the anatomic

ventriculo-arterial junctions
▸ Proximity of the AV conduction: aortic–mitral

valve continuity (LVOT)
▸ Extension of the supraventricular crest (RVOT)
▸ Variable septo-marginal and septo-parietal

trabeculations (RVOT)

Epicardial ablation
▸ Overlying epicardial fat: varying presence of

epicardial adipose tissue
▸ Proximity to epicardial coronary vessels,

pericardiophrenic vessels and phrenic nerve
▸ Local variation of pericardial reflections
AV, atrioventricular; LA, left atrium; LVOT, left ventricular
outflow tract; PV, pulmonary vein; RVOT, right ventricular
outflow tract.

Cabrera JA, et al. Heart 2013;00:1–15. doi:10.1136/heartjnl-2011-301154 11
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interventricular septum. On the septal aspect, this
crest inserts between the limbs of the septomarginal
trabeculation (SMT), or septal band.15 This muscu-
lar strap reinforces the septal surface of the RV,
breaking up at the apex to form the moderator band
and the anterior papillary muscle. The moderator
band incorporates the right bundle branch, as con-
duction tissue fibres move towards the apex of the
ventricle before entering the anterior papillary
muscle.16 The septo-parietal trabeculations take
their origin from the anterior margin of the SMT
and run round the parietal ventricular wall of the
infundibulum.15 These trabeculations show a vari-
able extension (between five and 22 trabeculations)
and thickness (range 2–10 mm) along the right and
left septo-parietal wall of the RVOT.
All these structures are absent from the LV, where

the outlet (LVOT) is much more reduced in size
because of the fibrous continuity between two of
the leaflets of the aortic valve and the aortic leaflet
of the MV. Therefore, in the LV there is no muscu-
lar separation between inflow and outflow tracts.16

Although the two ventricular outlets have
important differences in their structure, they also
have one feature in common, namely the semilunar

attachment of their leaflets. Because of the semi-
lunar shape of the pulmonary leaflets this valve
does not have a ring-like annulus.15 16 The semi-
lunar hinges of the arterial valve leaflets extend
proximally beyond the anatomic ventriculo-arterial
junction, such that crescents of myocardium are
incorporated into the bases of all three valvar
sinuses of the pulmonary valve, and into two of the
three aortic sinuses of Valsalva (figure 11). We
observed in histological sections the existence of
myocardial extensions or myocardial remnants on
the epicardial aspect above the sinotubular junction
in 20% of human specimens, showing continuity
with the myocardium of the RVOT (figure 11).
These extensions could justify the existence of idio-
pathic supravalvular tachycardia.

PERICARDIAL SPACE AND NEIGHBOURING
STRUCTURES OF THE HEART
The heart and its adjoining great vessels are
enclosed in a sac, the parietal (fibrous) pericar-
dium.w17 Superiorly, the fibrous pericardium is con-
tinuous with the adventitia of the great vessels.
Within the fibrous pericardium there is a delicate
double layered membrane known as the serous

Figure 9 (A–C) In these specimens the epicardium has been removed to show the arrangement of the myocardial strands in the superficial parts
of the walls. In panel A an interatrial muscle bundle or Bachmann bundle is present in this heart. Panel B is a view of the roof and posterior wall of
the left atrium (LA) showing the myocardial strands (septopulmonary bundle) in the region between the left and right pulmonary veins (PVs). Panel
C is a view of the posterior wall of the LA with transillumination to demonstrate the non-uniform myocardial thickness of the LA wall. (D) Cross
histological section stained with elastic van Gieson of the LA, PVs and the superior vena cava. Also note the variable myocardial content of the
walls of the LA and the epicardial location of vegetative nerves and ganglia. (E) Cross histological section of the left PVs stained with Masson
trichrome. Note the inter-PV myocardial connections (arrow) between the superior and inferior veins. Ao, aorta; Epi, epicardium; ICV, inferior caval
vein; LAA, left atrial appendage; LIPV, left inferior pulmonary vein; LPA, left pulmonary artery; LSPV, left superior pulmonary vein; LV, left ventricle;
RAA, right atrial appendage; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein; SCV, superior caval vein.

10 Cabrera JA, et al. Heart 2013;00:1–15. doi:10.1136/heartjnl-2011-301154
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Nasıl İzole Edelim?

LAA izolasyonu intrakardiyak ekokardiyografi
ve 3D haritalama sistemleri yardımları ile
yapılmış.

• RF enerji ayarları
• 40 W’a kadar
• kateter uç ısısı 420C olacak şekilde
• max 20 sn süre ile

Elektriksel izolasyon sonrası isoprotenol ile test



Nasıl İzole Edelim? – RF ile

Osteal Lezyonlar ile Lineer Lezyonlar ile



Nasıl İzole Edelim? – CB ile
• RAO 300 – Cranial 200

• Achieve kateter LAA içerisine ilerletilir
• Sinyaller kontrol edilmeli

• Balon şişilir
• Osteal oklüzyon sağlanınca kontrast

• Dondurma süresi: 300 sn
• İlk 150 sn’de izolasyon olmazsa bonus

• Frenik sinir hasarı için monitorizasyon

• İzolasyon sonrası veya izolasyon sırasında Cx 
vazospazmı için koroner anjiyografi



Nasıl İzole Edelim? - CB ile



İzolasyonu Nasıl Takip Ediyoruz? İntrakardiyak Kayıtlar



İzolasyonu Nasıl Takip Ediyoruz? - Blok
CS pacing LAA pacing

Disosiye LAA Aktivestesi Disosiye LA Aktivitesi



İzolasyonu Nasıl Takip Ediyoruz? 
LAA’da Otomatisite



CB ve RF ile LAA İzolasyonu Arasında Fark Var mı?

Andrade JG, et al. CIRCEP. 2013;6:218-227

Daha homojen lezyonlar
Daha düz ve keskin bir demarkasyon hattı

Heterojen lezyonlar
Sınırlarda daha az belirgin
Lezyon hattında trombüs oluşumu



LAA İzolasyonu Durabilitesi

Çalışma LAA İzolasyon 
Tekniği

Remap zamanı (Median) LAAi Durabilitesi

2019, Bordignon S, et al. RF (wide area) Median 70 gün 58%

…. Reissmann, et al. RF (wide area) Median 105 gün 73%

2019, Bordignon S, et al. CB 43 gün (33-398) 73%

2019, Chen S,et al. 10 pts CB 6 hafta 100%
2019, Zender N, et al. RF (78%)

CB (22%)
48 gün (42-70) 80%



Olası Komplikasyonlar 

Teorik olarak

• Rüptür

• Perikardiyal tamponad

• Sol atriyum disseksiyonu

• Tromboembolik olay

• Frenik sinir paralizisi

• Koroner hasar

Çalışma PVI + LAAI PVI
Di Biase (2010) 4 (%1,8) 

perikardiyosentez 

gereken perikardiyal 

effüzyon

-

Di Biase (2016) 1 perikardiyal 

effüzyon

4 iskemik inme

1 perikardiyal effüzyon

1 GİS kanama

Lakkireddy (2015) - 3 TİA

Panikker (2016) - -

Yorgun (2017) 1 iskemik inme 2 iskemik inme

ÇALIŞMALARDA



Frenik Sinir Paralizisi

Heart Rhythm. 2009 Jun;6(6):764-8.

Achive aracılığı ile pace Sol subclavien ven üzerinden pace

İstemli derin inspirasyon



LAA İzolasyonu Esnasında Koroner VazospazmIMAGES IN ELECTROPHYSIOLOGY

Coronary Vasospasm After Isolation of
Left Atrial Appendage Using a
Second-Generation Cryoballoon
U!gur Canpolat, MD,a Ahmet Kivrak, MD,a Tuncay Hazirolan, MD,b Kudret Aytemir, MDa

A 68-year-old woman with symptomatic
persistent atrial fibrillation (AF) despite the
use of antiarrhythmic agents was hospital-

ized for catheter-based AF ablation. In our clinic, we
empirically perform an additional left atrial
appendage (LAA) isolation besides standard pulmo-
nary vein isolation in all patients with persistent
and long-standing persistent AF. After a single trans-
septal puncture, the 28-mm, novel, third-generation
cryoballoon (CB-Advance Short Tip, Medtronic, Min-
neapolis, Minnesota) and the inner lumen circular
mapping catheter (Achieve 15 mm, Medtronic) was
advanced into the LA. After isolation of all the pulmo-
nary vein potentials appropriately, the inner lumen
circular mapping catheter was advanced into the
LAA and then the CB3 was inflated and positioned
at the LAA ostium aiming for complete occlusion
(Figure 1A). During cryoballoon ablation, progressive
LAA spike delay resulted in LAA isolation (time to
block, 90 s; cryoballoon temperature, !47"C)
(Figures 1B and 1C). Cryoballoon freeze was limited
to 240 s, reaching a minimum temperature of !53"C.
The left phrenic nerve, because of its proximity to
the LAA, was monitored by fluoroscopy during spon-
taneous breathing. The ablation procedure was
completed with no symptoms. Control coronary
sine-angiogram after cryoablation revealed a vaso-
spasm at the proximal segment of the circumflex
artery (LCX) (Figure 1D). After administration of

intracoronary nitrate, vasospasm was rapidly relieved
(Figure 1E). Because of the close association between
the LAA and the LCX, we retrospectively analyzed
the pre-ablation computed tomography raw data,
which confirmed the close proximity of the LCX to
the LAA ostium (Figures 1F and 1G).

The LAA was shown to be a frequent non–pulmo-
nary vein source and therapeutic target for left atrial
arrhythmias in previous studies (1,2). However, there
is debate regarding standard or empirical isolation of
the LAA using catheter ablation technologies. In the
recently presented BELIEF trial, Di Biase et al. (3)
reported that empirical isolation of the LAA in addi-
tion to pulmonary vein isolation in long-standing
persistent AF patients has significantly improved
long-term outcome without an increase in complica-
tions (76% in the empirical LAA isolation plus stan-
dard ablation group vs. 56% in the standard ablation
alone group at 24-month follow-up). However, all
previous studies with LAA isolation have been per-
formed by the radiofrequency technique. Recently,
we presented our initial results with empirical isola-
tion of the LAA in addition to pulmonary vein isola-
tion using a cryoballoon technique in patients with
persistent AF (with w65% acute success rate for LAA
isolation) (4). Because of the safety concerns
regarding thin-walled LAA isolation with the radio-
frequency technique, we chose to use cryoballoon
technology in our study. Although the LAA potential

From the aDepartment of Cardiology, Hacettepe University Faculty of Medicine, Ankara, Turkey; and the bDepartment of Radi-
ology, Hacettepe University Faculty of Medicine, Ankara, Turkey. The authors have reported that they have no relationships
relevant to the contents of this paper to disclose.
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FIGURE 1 Cryoballoon Ablation

Complete occlusion of the left atrial appendage (LAA) by using CB3 (A). During cryoablation, a progressive LAA spike (B) delay resulted in LAA isolation (C).
Coronary angiogram after cryoablation revealed a vasospasm at the proximal segment of the circumflex artery (LCX) artery (D), which has been relieved by
administration of intracoronary nitrate (E). Analysis of the pre-ablation computerized tomography raw data showing the close proximity of LCX with LAA
ostium (F, G). CB ¼ cryoballoon.
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LAA İzolasyonu Sonrası Komplikasyonlar; 
LAA Akım Hızlarında Azalma

İşlem öncesi İşlem sonrası



LAA Akım Hızlarında Azalma

Yorgun,H et al. 2019;Europace



LAA İzolasyonu Sonrası Trombüs Oluşumu
3  Rillig et al  Stroke and Thrombus Formation After LAA Isolation 

Statistical Analysis
Continuous data are expressed as mean±standard deviation or median 
(25th and 75th percentiles) as appropriate; 25th and 75th percentiles 
are written as (.;.) and (. -.). Differences of continuous variables be-
tween groups were analyzed using the Student t test or Wilcoxon–
Mann Whitney test, respectively. Comparisons pre and post ablation 
were performed with paired t tests.

Categorical variables are summarized with absolute and relative 
frequencies. Differences between groups were analyzed using Chi-
square analysis or Fisher exact test where appropriate.

A P value <0.05 was considered statistically significant. 
Performing multiple statistical tests, the level of significance was not 
adjusted. Because of the small sample size and limited number of 
events, no multivariable analysis was performed.

Risk factors for the combined end point of LAA thrombus for-
mation or embolic event (transient ischemic attack [TIA] or stroke) 
were analyzed using univariable analysis. Because of the small sam-
ple size and limited number of events, no multivariable analysis was 
performed. The following variables were included in the univariable 

analysis: all baseline characteristics as displayed in Table 1, LAA 
morphologies, number of procedures, the isolated LA area and the 
percentage of isolated LA surface, and the type of anticoagulation, in-
cluding the subgroups in the NOACs or the use of ASA or Fraxiparin.

All analyses were performed using SAS statistical software 
(software-version 9.2: Copyright (c) 2002–2008. SAS Institute Inc, 
Cary, NC).

Results
Patient Characteristics
The baseline characteristics of the overall group (n=100) with 
comparison between patients with LAAI (n=50) and without 
LAAI (n=50) are displayed in Table 1

In patients with LAAI, the initial indication for catheter 
ablation was paroxysmal AF, persistent AF, or longstanding 
persistent AF in 20 (40%), 23 (46%), and 7 (14%) patients, 
respectively. The clinical rhythm at the index procedure with 

Figure 1. Three-dimensional (3D) electroanatomical reconstruction of the left atrium using CARTO after left atrial appendage (LAA) isola-
tion with lines (bipolar voltage map with a voltage setting of 0.5 mV). A, PA view. Pulmonary vein (PV) isolation (PVI) with antral circular 
ablation (red dots) around the left PVs (LPVs) and right PVs (RPVs). B, AP view. PVI with additional ablation of an anterior line (red dots). 
C, PA view. PVI with antral circular ablation (red dots) around the LPVs and RPVs, with additional ablation of a LA isthmus (LAI) line (red 
dots at left posterior LA). D, PA view. PVI with antral circular ablation (red dots) around the LPVs and RPVs, with additional ablation of an 
LAI line (red dots at left posterior LA) and roofline (red dots at top).
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within the LAA. In 21/50 (42%) patients, LAAI was the 
result of achieving bidirectional block of both an anterior 
and mitral isthmus line for the treatment of LA macro-
reentrant tachycardia. In the remaining 5/50 (10%) patients, 
LAA was isolated during ablation of CFAEs, as described 
in the results section.

Ablation Procedure Without LAAI
The median number of ablations for the patients in the control 
group was 1.0 (1.0–2.0), including the index procedure.

Ablation strategies included PVI in 50/50 (100%) patients, 
LA isthmus line ablation in 6/50 (12%), anterior line ablation 
in 12/50 (24%), CFAE ablation in 7/50 (14%), and roofline 
ablation in 3/50 (6%) patients.

Anticoagulation After the Index Procedure
Of the patients with LAAI, 24 (48%) patients were treated 
with phenprocoumon (including one patient with phenprocou-
mon and clopidogrel 75 mg daily), 21 (42%) patients with 
NOACs (Apixaban 10 mg/d in 4 patients, Rivaroxaban 20 
mg/d in 12 patients, Dabigatran 300 mg/d in 2 patients, 220 

mg/d in 3 patients), and 1 patient (2%) with low molecular 
weight heparin (1.5 mg/d). Four patients (8%) refused OAC 
therapy and were treated with only acetylic salicylic acid 100 
mg/d (3 patients, 6%) or clopidogrel 75 mg/d (1 patient, 2%).

In 17/24 (70.8%) patients using phenprocoumon, bridging 
was peformed with nonfractionated heparin after the ablation 
procedure until the INR reached the target range of 2 to 3.

In the control group, patients were treated either with 
phenprocoumon (n=23, 46%) or with NOAC (n=27, 54%). 
No concomittent therapy with ASA or clopidogrel occurred 
in this group. The anticoagulation regimen was comparable 
between the LAAI group and the control group (Table 1).

Echocardiographic Results and Incidence of LAA 
Thrombi
Echocardiographic details of patients with LAA thrombus or 
cerebral event are displayed in Table 2 and Table I in the Data 
Supplement.

After LAAI, TEE was repeated in 47/50 (94%) patients 
after a median follow-up of 3 (2.75–5) months. Three patients 
refused further TEE investigation. Median LAA flow velocity 

Table 2. Comparison of Patients With LAA Thrombus (n=10) or Stroke/TIA (n=3) During Follow-Up With Patients 
Without LAA Thrombus or Cerebral Event (n=37)

Patients With LAA Thrombus  
(n=10) or Thrombembolic Event (n=3)

Patients Without LAA Thrombus  
or Stroke/TIA (n=37) P Value

Overall number of patients 13 37

Male, n (%) 8 (61.5) 14 (37.8) 0.20

Age, y 71 (66–74) 71 (67–73) 0.89

Hypertension, n (%) 8 (61.5) 23 (62.2) 1.0

Diabetes mellitus, n (%) 2 (15.4) 2 (5.4) 0.27

CAD, n (%) 2 (15.4) 7 (18.9) 1.0

LA diameter, mm 48 (46–50) 45 (43–48) 0.16

TIA before LAA isolation, n (%) 1 (7.7) 5* (13.5) 1.0

Stroke before LAA isolation (%) 1 (7.7) 1* (2.7) 0.45

CHA2DS2-VASc score† 3 (2–3) 3 (2–3) 0.63

Anticoagulation with Phenprocoumon, n (%) 4 (30.8) 20 (54.1) 0.2

Anticoagulation with NOAC, n (%) 7 (53.8) 14 (37.8) 0.34

LAA morphology

    Cactus, n (%) 2 (15.4%) 6 (16%) 0.94

    Chicken wing, n (%) 9 (69.2%) 19 (51%) 0.26

    Windsock, n (%) 2 (15.4%) 8 (22%) 0.63

    Cauliflower, n (%) 0 (0) 4 (11%) 0.22

LAA flow velocity after LAA isolation, m/s†‡ 0.18 (0.17–0.20) 0.2 (0.15–0.4) 0.21

Isolated LA area, cm2 33.4±10.5 29.4±6.9 0.16

Percentage of isolated LA area, % 22.5±5.0 20.8±3.8 0.24

Continuous data: summarized as median (25th and 75th percentiles) or mean (standard deviation), group differences examined with Wilcoxon–
Mann Whitney test or 2-sample t test if appropriate. Categorical data: shown with absolute and relative frequencies; group differences examined with 
χ2 test or Fisher exact test in the case of small cell frequencies. CAD indicates coronary artery disease; LA, left atrium; LAA, left atrial appendage; 
NOAC, novel oral anticoagulation; and TIA, transient ischemic attack.

*Including one patient with both TIA and stroke before ablation.
†Median (Q1–Q3).
‡Only patients with TEE postprocedure (n=47).
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Heeger C, et al. Circulation. 2019;139:712–715.

LAA İzolasyonu Sonrası Trombüs Oluşumu



LAA Trombüsü ….CB ile LAA İzolasyonundan 21 ay sonra
01.2018 09.2019

Apixaban 2 x 2.5 mg



LAA İzolasyonu Sonrası Nasıl Takip Edelim ?

PVI + LAA izolasyonu

Antikoagulasyona devam edilmesi
(NOAC)

LAA kapatılması



Kimde Düşünelim?

• Persistan AF
• LAA İçerisinden Firing
• LAA Kapatılması Planlanıyor ise
• Ömür Boyu Antikoagülan Uyumu Olacak ise
• Operatör tecrübeli ise
• ...



Avantaj & Dezavantaj

ATa/AF rekürrensinde
azalmaLAA izolasyonundaki başarısızlık

Uzamış prosedür zamanı
Prosedürde artmış komplikasyon riski

Frenik sinir pralizisi
LAA perforasyonu
CX hasarı
Artmış tromboembolik olay



VAKA

77 Yaşında Kadın
Persistan AF

CHA2DS2-VASc: 7

Terapötik doz OAK 
altında mükerrer 

GİS kanama



VAKA



VAKA



Teşekkürler


