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Summary: Purpose: The aim was to characterize the coronary sinus (CS)-related tachycardia that occurred as the last residual arrhythmia
and required ablation within the CS or great cardiac vein to restore sinus rhythm (SR) in patients with primary longstanding persistent
AF. Methods: The study included 23 patients in whom stable SR was restored by ablation inside the vein during the first or repeat ablation.
Results: The 23 subjects represented 23% of the 99 patients in whom SR was restored by ablation. A reentry tachycardia confined to the
CS musculature was suggested in 8 (35%) patients, and a peri-mitral reentry circuit was present in 14 (61%) patients. Twenty (87%) pa-
tients have remained free from arrhythmia and class | or Ill antiarrhythmic drugs for 33 + 10 (12-53) months. Conclusion: A majority of the
residual CS-related tachycardias exhibit properties of reentry, one third utilizing the CS musculature as a reentry substrate independent
of the atrial myocardium.

Key words: atrial fibrillation - persistent - ablation - coronary sinus - tachycardia

Charakteristika rezidualnich tachykardii spojenych s koronarnim sinem béhem ablace dlouhodobé perzistentni fibrilace sini

Souhrn: Cil: Cilem prace je charakteristika tachykardii spojenych s korondrnim sinem (CS), které se u pacientl s primarni dlouhodobou
perzistentni fibrilaci sini (FS) objevily jako posledni rezidudlni arytmie a které k obnoveni sinusového rytmu (SR) vyzadovaly ablaci v CS
nebo ve velké srde¢ni Zile. Metodika: Prace zahrnula 23 pacientd, keeti predstavovali 23 % z 99 pacientd, u nichz byl sinusovy rytmus ob-
noven vlastni ablaci. Lokalizovana reentry tachykardie omezena na muskulaturu CS byla pozorovana u 8 (35%) pacient(, zatimco peri-
mitralni reentry tachykardie byla zaznamendna u 14 (61%) pacientdl. Dvacet (87%) pacient( zlistavalo bez recidiv arytmie bez antirytmik
I. nebo Il t¥idy po dobu 33 + 10 (12-53) mésicl sledovéni. Zdvér: Vétsina rezidudlnich tachykardii souvisejicich s CS jevi vlastnosti reentry,

pFi¢emz jedna tietina vyuZivd myokard CS jako substrat pro reentry nezavisly na sifiovém myokardu.

Kli¢ova slova: fibrilace sinf - perzistentni - ablace - koronarni sinus - tachykardie

Introduction

Restoration of sinus rhythm (SR) by
ablation of longstanding persistent
atrial fibrillation (AF) appears to be
an important predictor of better clini-
cal outcome [1,2]. Employing a staged
left atrial (LA) ablation strategy, SR re-
storation is preceded by AF conversion
into a residual monomorphic LA ta-
chycardia in a majority of the patients
[1,2]. Having commenced ablation at
the LA posterior wall around the pul-
monary veins (PVs), successful abla-
tion sites are mainly clustered at the
LA anterior wall around the LA appen-
dage (LAA), Bachmann’s bundle re-
gion (BB), and the inter-atrial septum
[1,2]. In some instances, this residual
tachycardia requires ablation within
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the coronary sinus (CS) or great car-
diac vein (GCV) [1-5].

The purpose of this study is to chara-
cterize tachycardias related to the CS
musculature that occurred during the
first or repeat ablation as a residual
arrhythmia resistant to LA endocardial
ablation in patients who were referred
for catheter ablation of primary long-
standing persistent AF.

Methods

Study population

The study population consisted of
23 patients (representing 16% of
140 consecutive patients referred to
catheter ablation of primary longstan-
ding persistent AF between January
2005 and June 2008) in whom SR was

restored by ablation of the residual ta-
chycardia within the CS or GCV (base-
line characteristics prior to the first ab-
lation are listed in Tab. 1). The patients
did not have major structural cardiac
disease, except for two cases of proved
arrhythmia-induced cardiomyopathy. If
the tachycardia was affected by abla-
tion within the CS-GCV, however, and
the final radiofrequency (RF) energy ap-
plication restoring SR permanently was
deployed endocardially, the patient was
excluded. The patients were informed
in detail about all aspects of the proce-
dure and gave written consent.

Longstanding persistent AF

Longstanding persistent AF included
AF lasting for > 12 months without in-
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Tab. 1. Baseline characteristics.

Patients (females)

Age (years)

Persistent AF duration (months)
Major primary structural heart disease
Arrhythmia-induced cardiomyopathy
Arterial hypertension

Antiarrhythmic drugs before ablation
Amiodarone
Sotalol
Propafenone
Rate control only

Left atrial transverse diameter (mm)

Left ventricular ejection fraction (%)

Amiodarone taken any time before ablation

Data are shown as mean + SD or percentage

23 (4)

53 + 13 (24-74)
25+ 14 (13-72)
0
2 (9%)

12 (52%)

7 (30%)

6 (26%)

3 (14%)

7 (30%)

17 (74%)
45 + 3 (39-54)
57 + 8 (30-65)

tervening SR, resistant to maximum an-
tiarrhythmic therapy including amio-
darone, unless it was contraindicated,
and resistant to or recurring within
7 days after electric cardioversion.

Definition of CS or GCV ablation
Angiography of the CS-GCV was not
routinely performed. Ablation within
the GCV was considered if applied be-
yond the usual position of the valve of
Vieussens. In practice, in the left ante-
rior oblique fluoroscopy projection, it
was beyond the 4 o’clock position on
an imaginary clock face.

Anticoagulation protocol

Warfarin was stopped five days prior to
the ablation and low-molecular-weight
(LMW) heparin was given until the
procedure. Transesophageal echocar-
diography (TEE) was performed the
morning before the ablation proce-
dure to exclude intracardiac throm-
bus. Following transseptal puncture,
a bolus of heparin followed by conti-
nuous heparin infusion was adminis-
tered to maintain activated clotting
time (ACT) ideally between 300-400 s.
Heparin was stopped at the end of
the procedure and LMW heparin was
started immediately and continued
until warfarin, re-administered one
day after the procedure, reached the-

34

rapeutic levels. Treatment with warfa-
rin was maintained individually for at
least 3-6 months and then disconti-
nued in cases of stable SR and satis-
factory LAA flow velocity at the con-
trol TEE.

Electrophysiological study

Antiarrhythmic drugs were discon-
tinued for five half-life periods be-
fore the procedure with the excep-
tion of amiodarone. For the ablation
procedure, a 10-pole electrode ca-
theter (Daig, St. Jude Medical, Min-
netonka, MN, USA) was positioned
in the CS, and a 10-pole electrode
ring catheter (LASSO, Biosense Web-
ster, Diamond Bar, CA, USA) and
a 3.5-mm irrigated-tip (NaviStar Ther-
moCool, Biosense Webster, Diamond
Bar, CA, USA) mapping/ablation ca-
theter were inserted in the LA and PVs.
Surface ECG and bipolar endocar-
dial electrograms filtered from 30 to
500 Hz were monitored and stored on
the Cardiolab System (Prucka Engine-
ering, Sugar Land, TX, USA). Bipolar
atrial pacing was performed using the
UHS 20 stimulator (Biotronik GmbH
& Co, Berlin, Germany). RF energy
was applied with a Stockert generator
(Biosense Webster, Diamond Bar, CA,
USA). Three-dimensional mapping
was performed using the CARTO sys-

tem (Biosense Webster, Diamond Bar,
CA, USA). For irrigated power-con-
trolled ablation in the LA, irrigation
of 17-30 ml/min and temperature and
power limits of 42 °C and 35 W, re-
spectively, were used. Irrigation and
power were limited to 20 ml/min and
15-20 W within the GCV and the CS.

First ablation strategy

The ablation strategy employed du-
ring the first ablation procedure has
been described in detail previously [2].
Briefly, the ablation strategy consisted
of PV antra encircling, LA linear lesions,
possible additional focal LA lesions,
and CS-GCV ablation aimed at succes-
sive elimination of PV and extra-venous
focal sources or reentry circuits. LA li-
near lesions were performed following
full PV antra isolation in the following
order: (postero)lateral mitral isthmus,
roof, and posteroseptal mitral isthmus.
Then focal RF applications targeting
the posterior endocardial aspect of the
CS and/or the inter-atrial septum were
deployed. Subsequently, a linear lesion
was drawn from the anterior aspect of
the mitral annulus (MA) towards the LA
roof along the septal rim of the LAA. This
last linear lesion was intentionally left in-
complete when crossing BB to prevent
significant LAA conduction delay during
SR. Ablation within the LAA and aggres-
sive ablation along the BB was avoided.
Regions exhibiting complex fractiona-
ted atrial electrograms (CFAEs) seen du-
ring the mapping were not specifically
targeted by primary focal ablation but
were crossed by the linear lesions and,
if CFAEs and short cycles were still pre-
sent elsewhere after linear ablation, they
could be targeted for subsequent focal
RF applications.

Converting residual LA tachycardias
were not re-mapped electroanatomi-
cally for reasons such as alternating
multiple LA tachycardia forms, edema
along the ablation lines, and conduc-
tion block into the freshly dissociated
LA segments [2]. Therefore, ablation
of the residual LA tachycardia was ma-
inly guided by entrainment.
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The procedure endpoints were, suc-
cessively, full PV isolation and SR res-
toration by ablation together with an
effort to preserve early LAA activa-
tion. If the arrhythmia could not be
terminated by ablation, electric car-
dioversion was performed. In addi-
tion to local electric silence along the
ablation lesions as mapped endocar-
dially, the functional lesion continuity
was ascertained as follows: Full con-
duction block across the circumferen-
tial lesions was validated by the ring
catheter within the PV antra. Full con-
duction block across the LA roof lesion
and mitral isthmus was tested by acti-
vation change during LAA pacing and
differential pacing if capture of the ad-
jacent regions by pacing was possible.
Full CS-GCV (and simultaneous mitral
isthmus) conduction block proved by
differential pacing was an additional
endpoint in case of converting peri-mi-
tral reentry tachycardia resistant to
endocardial ablation. Full or partial
(equal to slow CS activity dissociated
from the faster LAA rates) CS isolation
was also completed in case of conti-
nuing AF that could not be converted
into tachycardia or SR. CS ablation
and conduction block were not pur-
sued when the converting tachycardia
from which SR was restored was not
related to the CS.

Repeat ablation strategy

Recurrent persistent AF or multiple al-
ternating LA tachycardias were targe-
ted by repeating the aforementioned
ablation strategy. Stable persistent LA
tachycardia was mapped and abla-
ted selectively using a combination of
3-D mapping and entrainment. SR re-
storation and noninducibility of any
arrhythmia as assessed by incremen-
tal atrial pacing up to a minimum of
300 bpm and repeated in long sequen-
ces 5 times were the procedure end-
points. In cases of PV-LA conduction
recovery, PV antra re-isolation was the
integral endpoint of the repeat abla-
tion. Additional endpoints related to
the linear and CS ablation were iden-
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tical to the first ablation; therefore if
SR was restored from AF or tachycar-
dia not related to the mitral isthmus or
CS, and noninducibility of any arrhy-
thmia was accomplished, epicardial
CS-GCV ablation was not pursued to
achieve full local block.

CS-related tachycardia mapping
and ablation

Once participation of the CS muscu-
lature in the tachycardia mechanism
was suggested, peri-mitral reentry was
confirmed or ruled out by pacing for
entrainment. CS-GCV ablation was
started after endocardial ablation
had failed to affect the tachycardia. In
cases of peri-mitral reentry tachycar-
dia, ablation was usually started within
the distal CS or GCV and could be gra-
dually extended towards the proximal
CS. In cases of tachycardia circumscri-
bed to the CS musculature, ablation
was started at the site of matching po-
st-pacing interval (PPI) corresponding
usually to the site of multi-component
fractionated potential. Full CS-GCV
conduction block, presenting during
SR as a split of the nearby CS poten-
tials and reversal of the CS-GCV activa-
tion sequence behind the ablation site,
was confirmed by the LAA pacing and
differential pacing.

Follow-up

History and standard 12-lead ECGs
were taken, and 24-hour Holter ECG
recordings, health records, and mul-
tiple ECG recordings obtained from
the local cardiologist were reviewed at
outpatient visits after 6 weeks and at
3, 6, 9 and 12 months during the first
year and then every 6 months, and
also in the meantime, whenever requi-
red because of symptoms. Three-week
transtelephonic ECG monitoring was
employed after 6 months and when
needed because of unclear symptoms.
Arrhythmia recurrence was diagnosed
in the presence of ECG documentation
or history of irregular palpitations sug-
gestive of an arrhythmia lasting more
than 30 s.

Statistical analysis

Continuous variables were expressed
as mean * standard deviation (SD).
Categorical variables were expressed
as proportions.

Results

Prevalence of CS-related
tachycardia

Including one and two repeat abla-
tions in 58 and 16 patients, SR was re-
stored during at least one of the ab-
lation procedures in 99 (71%) out of
the 140 patients undergoing ablation
of primary longstanding persistent AF.
The 23 subjects with successful abla-
tion within the CS-GCV represented
23% of the 99 patients in whom SR
was restored by ablation. CS-GCV ab-
lation was required to restore SR in
7 (12%), 12 (25%) (1 repeat ablation
for identical CS-related tachycardia in
patient #1), and 5 (31%) patients out
of 59, 48, and 16 patients, respectively,
in whom SR was restored by the first,
second, or third ablation procedure.

Results of previous ablation

Of the patients with CS-related tachy-
cardia present during their second ab-
lation, SR was restored during their
first ablation via LA tachycardia in
6 patients (#1, 5, 12, 14, 16, 19), and
directly from AF in 1 patient (#17). Of
the patients with CS-related tachycar-
dia present during their third ablation,
SR was restored by the first ablation
in only 1 patient (#8). During their se-
cond ablation, SR was restored by ab-
lation of recurrent LA tachycardia in
2 patients (#8, 21), and from recurrent
persistent AF via converting LA tachy-
cardia in 2 patients (#7, 20). In these
4 patients, atrial pacing up 300 bpm
did not induce any arrhythmia at the
end of the second ablation (details in
Tab. 2).

Procedure, fluoroscopy, and RF
energy application time

The mean procedure time of the 24 abla-
tion procedures was 287 + 66 (180-400)
minutes, the mean fluoroscopy time
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Tab. 2. Mapping and ablation results.

Previous ablation Arrhy Index ablation

Pt/G Age ite— ite — ite — ite —

! : AT cilrt:/erted SR il:setored AT ciI::/erted N.of AT CSATpair  CSATCL SR fclet;iored
Reentry Confined to CS Musculature
First ablation
™ 52 NA NA AF LAAs 2 yes 230 CS pr
2/M 72 NA NA AF Postm 2 no 330 CS pr
3/F 51 NA NA AF Postl| 3 no 390 CS pr
4/M 52 NA NA AF LMI 0 no 250 CS pr
Second ablation
1/M 52 LAAs CSpr AT NA 0 yes 240 CS pr
5/M 50 LAAs LAAr AT NA 1 no 280 CS pr
6/M 24 0 0 AF LAAs 0 no 240 CS pr
Third ablation
7/F 66 LAAs Sept AT NA 2 no 230 CS pr
8/M 62 RoofNA PSMIBB AT NA 0 yes 195 CSpl
Peri-mitral Reentry
First ablation
9/F 74 NA NA AF Roof 3 yes 280 GCv
10/M 66 NA NA AF LAAs 2 yes 295 cs pl
11/M 59 NA NA AF Postl 1 no 270 Gev
Second ablation
12/F 67 LAAs LAAr AF Sept 2 yes 300 Gev
13/M 55 0 0 AF LAAs 0 yes 250 Gev
14/M 54 RPV RPV AF Roof 2 yes 250 GCV
15/M 67 BB 0 AT NA 3 yes 295 CS pr
16/M 53 PSMI PSMI AF PSMI 2 no 245 GCvV
17/M 47 NA LAAs AT NA 1 no 300 CSpl
18/F 5% BB 0 AF Roof post 3 yes 400 CSpl
19/M 30 Roof PSMI AT NA 1 no 300 GCV
Third ablation
20/M 50 Roof BB AT NA 1 yes 255 CS pr
21/M 39 NA LPV AT NA 1 no 270 GCV
22/M 36 LAAs 0 AT NA 1 no 265 CSpl
Ectopic (LOM?) Activity
Second ablation
23/M 38 0 0 AF NA 0 NA NA CSpl

AF - atrial fibrillation, Age - age in years, Arrhy - clinical arrhythmia before index ablation procedure, AT - atrial tachycardia, BB -
Bachmann’s bundle region, CS pl - posterolateral CS, CS pr - proximal CS, CSAT CL - CS-related tachycardia cycle length (ms), CSAT
Pair - presence of CS-related tachycardia pairs F - female, GCV - great cardiac vein, N. of AT - number of left arial tachycardia forms
seen before conversion into CS-related tachycardia, LAAr - roof of the LAA appendage mouth, LAAs - septal rim of the left atrial ap-
pendage mouth, LOM - ligament of Marshall, LPV - left-sided PV encircling, M - male, NA - not applicable, NI - noninducibility of
any atrial tachyarrhythmia, Post| - posterior low LA wall, PSMI - posteroseptal mitral isthmus, Pt/G - number of patient/gender,
Roof - LA roof, RPV - right-sided PV encircling, Sept - left atrial septum around fossa ovalis, Site-AT converted - site of AF conver-
sion into AT by ablation, Site-SR restored - site of SR restoration by ablation
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was 23 + 7 (13-37) minutes, and the
mean RF energy application time was
93 + 45 (31-191) minutes.

Complications

There was one femoral bleeding cured
surgically, followed by subsequent femo-
ral venous thrombosis that was comple-
tely dissolved by heparin without con-
sequences. CS angiography was not
routinely performed; however, no cli-
nical signs of cardiac ischemia or sym-
ptoms related to CS occlusion occurred.
Temporary chest discomfort after abla-
tion that could suggest pericarditis was
observed in 2 patients, and routine po-
stablation transthoracic echocardiogra-
phy revealed transient pericardial effu-
sion not exceeding 4mm in 3 patients.

Characteristics of the tachycardia
confined to CS musculature
In 8 patients, a peri-mitral reentry was
excluded by endocardial and GCV en-
trainment mapping. A single regu-
lar CS-related tachycardia, exhibiting
septal-to-lateral (S-L) CS activation se-
quence, was found in 6 patients. This
tachycardia resulted directly from AF
ablation (#4, 6) or appeared after eli-
mination of other converting LA ta-
chycardias (#2, 3, 5, 7). None of the
tachycardias was specified electroana-
tomically. Ablation within the proximal
CS was guided by entrainment with
matching post-pacing interval (PPI),
and the ablation site typically displa-
yed local multi-component potential.
In another 2 patients, a pair of tachy-
cardias was observed. In patient#1, the
first ablation resulted in a pair of alter-
nating tachycardias sharing a complex
fractionated potential within the pro-
ximal CS irrespective of the tachycardia
activation sequence. Ablation at this
site with matching PPl terminated the
tachycardia (Fig. 1). The same tachy-
cardia recurred and full proximal CS
conduction block was required to eli-
minate the tachycardia permanently at
repeat ablation (Fig. 2). In patient #8,
CS-related tachycardia form exhibi-
ted a double activation wave-front wi-
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Fig. 1. Pair of CS-related tachycardias (#1). Tachycardia with the S-L (A) and L-S
(B) activation sequences (gray arrows) alternated at the end of the first ablation
procedure. Irrespective of the activation sequence, both the tachycardia forms ex-
hibited a complex fractionated potential recorded within the proximal CS. Proxi-
mal CS ablation during the L-S tachycardia (C) restored SR (D).

Abbreviations: ABL d - recording from the distal bipole of the ablation catheter,
CS 1,2 - CS 9,10 - bipolar recordings from the distal to proximal bipoles of the
CS catheter. Speed of ECG recording - 100 mm/sec.

thin one tachycardia CL as recorded by
the 10-pole CS catheter. Matching or
near-matching PPls were found along
the CS. Posterolateral CS ablation at
the site of complex multi-component
potential eliminated the tachycardia
(Fig. 3) (Tab. 2). Noninducibility of
any tachyarrhythmia was achieved in

all patients undergoing repeat ablation
and full CS conduction block was fi-
nally evident in all 8 patients.

Characteristics of the peri-mitral
reentry tachycardia

Peri-mitral reentry tachycardia was
proved in 14 patients. In 6 patients,
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Fig. 2. Full proximal CS conduction block to eliminate recurrent CS-related tachycardia (#1).

(A) Recurrent pair of CS-related tachycardias remained inducible as long as normal S-L CS activation during SR was
present. (B) The arrhythmia noninducibility was achieved after full proximal CS conduction block proved by complete
CS activation reversal (gray arrows) had been accomplished. Abbreviations as in figure 1. Speed of ECG recording =

=100 mm/sec.

tachycardia with a single CS acti-
vation sequence was present. Late-
ral-to-septal (L-S) activation sequence
was observed in patients #11, 16, 21,
22; and S-L activation sequence in pa-
tients #17, 19. In patients #11, 16, this
tachycardia occurred after AF conver-
sion and was not mapped electroana-
tomically. In patients #17, 19, 21, 22,
a recurrent peri-mitral reentry tachy-
cardia was proved by combination
of electroanatomic and entrainment
mapping.

In 8 patients (#9, 10, 12, 13, 14, 15,
18, 20) a pair of tachycardias exhibi-
ting S-L and L-S activation sequences
was observed (Fig. 4). Epicardial ab-
lation within the venous system resto-
red SR after endocardial ablation at
both the mitral isthmuses and along
the posterior CS failed to affect the
tachycardia. Full CS-GCV conduction
block (or isolation) was achieved in all
patients except patients #9 and 20, in
whom advanced partial block was ac-
cepted on account of the tachycardia
noninducibility. Noninducibility of any
atrial tachyarrhythmia was achieved
in all 11 patients undergoing repeat
ablation.
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Characteristics of the focal
CS-related tachycardia

In 1 patient (#23), an irregular tachy-
cardia was terminated by posterolate-
ral CS ablation at the presumed con-
nection of the ligament of Marshall
(LOM); ectopic activity from the LOM
was its likely mechanism.

Long-term results

During the follow-up of 33 + 10 (12-53)
months since the last ablation proce-
dure, 19 (83%) patients remained free
from any documented arrhythmia and
class I or Il antiarrhythmic drugs. In an
additional patient #4, atrial tachycar-
dia recurred within the first 3 months
but than disappeared spontaneously
without need to reinstate class | or Il
antiarrhythmic drug. Another 3 pa-
tients (#9, 20, 21), including the two
in whom partial CS conduction block
was tolerated, experienced AT recur-
rences that required intervention.
In patients #9 and 21, a presumably
recurrent peri-mitral reentry tachycar-
dia was suppressed by restoring pre-
viously ineffective amiodarone; patient
#20 underwent additional successful
ablation of a right atrial ectopic focus.

Discussion

Main findings

We describe a spectrum of tachycar-

dias related to CS musculature that

occurred during the first or repeat ab-

lation procedure in patients with pri-

mary longstanding persistent AF who

required ablation within the CS or

GCV to restore SR permanently. These

tachycardias resulted from a complex

staged LA ablation strategy as the last

residual arrhythmias, which allowed

proper characterization of the arrhy-

thmia mechanisms and the ablation

endpoints.
The major findings are the following:

1) CS-related tachycardia as the last
arrhythmia preceding restoration
of stable SR is found in at least 16%
of the patients undergoing ablation
for longstanding persistent AF, and
it occurs in increasing proportions
with a growing number of repeat
ablations;

2) the majority of these tachycardias
exhibit properties of reentry;

3) two thirds of these tachycardias re-
present a peri-mitral reentry;

4) one third of these tachycardias
seem to be confined to the CS mu-
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Fig. 3. CS-related tachycardia with double activation wave-front within one tachycardia beat (#16). Initial L-S tachycar-
dia (A) was converted into another tachycardia form (B) exhibiting double activation wave-front within one tachycardia
CL (gray arrows). Matching PPl was demonstrated in the CS (D) unlike within the LA and GCV. Ablation at the posterola-
teral CS (white arrow in the LAO fluoroscopy projection in the picture C) terminated and eliminated the tachycardia. The
finding of a double activation wave-front within one tachycardia CL (similar, e.g., to bidirectional propagation around the
atriotomy scar) along with failure to prove matching PPl and to affect the tachycardia by spatially corresponding endocar-

dial ablation provided best evidence of reentry limited to the CS musculature. Abbreviations as in previous figures. Speed of
ECG recording = 100 mm/sec (A, B, D) and 50 mm/sec (E).

sculature independent of the atrial
myocardium;

5) full local CS conduction block ap-
pears to be necessary to prevent
recurrences of the tachycardia.

Incidence of CS-related tachycardia

In this cohort of patients, SR was per-
manently restored by the CS-GCV ab-

Vnit¥ Lék 2011; 57(1): 33-42

lation in 16% of patients referred for
primary longstanding persistent AF.
However, a higher prevalence of this re-
sidual tachycardia can be expected, as
it reached 23% of the patients in whom
ablation successfully restored SR. This
tachycardia was increasingly found du-
ring repeat ablations, possibly also due
to higher probability of its unmasking.

Previously, Chugh et al demonstra-
ted atrial tachycardia arising within
the CS in 9 (27%) of 33 patients who
developed this arrhythmia after pre-
vious AF ablation, and also in an ad-
ditional 5 patients in whom a macro-
reentry tachycardia involving the CS
developed during the first AF ablation
procedure. Unlike in our study, more
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Fig. 4. A pair of perimitral reentry tachycardias with S-L and L-S activation se-
quences (gray arrows) alternated spontaneously (#16) (A). The tachycardia with
L-S activation sequence was terminated, and both the tachycardia forms were eli-
minated, by ablation within the GCV (D) (the site is marked by white arrow in the
LAO fluoroscopy projection in picture B, and by a yellow floating point at the la-
teral mitral isthmus on the LA electroanatomic map in picture C) despite pre-
vious ineffective endocardial mitral isthmus ablation at the spatially correspon-
ding site. ABL p = recording from the proximal bipole of the ablation catheter;
other abbreviations as in previous figures. Speed of ECG recording = 50 mm/sec

(A) and 100 mm/sec (D).

than half of these patients presented
with primary paroxysmal AF, and the
incidence of CS-related tachycardia
among patients with longstanding per-
sistent AF ablation was not stated [4].
In 60 patients with long-lasting persis-
tent AF, Haissaguerre et al reported SR
restoration by ablation of the conver-
ting tachycardia at the mid or ostial CS
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in 8 patients, which accounted for 13%
of all patients, and for 18% of the pa-
tients with converting AT [1]. Recently,
Haissaguerre et al reported the impact
of the CS ablation in 30 patients with
persistent AF. Following full PV isola-
tion, they included CS ablation at va-
rious stages of their ablation proto-
col and terminated AF (i.e., converted

into SR or into a monomorphic tachy-
cardia) by the CS ablation in 9 (30%)
patients [5]. However, the exact pro-
portion of conversions into SR by epi-
cardial CS ablation was not speci-
fied, as the term CS ablation was used
for epicardial as well as endocardial
approach.

Mechanism of CS-related
tachycardia

CS musculature and LOM have been
described as a harbor of ectopic foci
initiating and maintaining atrial tachy-
cardia or AF [3,6-11]. CS myocardium
has been also implicated as a source
of primary left atrial flutter [12] or the
source of sustained macroreentry ta-
chycardia after ablation of paroxysmal
or persistent AF [4].

In this study, reentry mechanism was
present in 22 (96%) of the 23 patients
with CS-related tachycardia. It was
supported by stable tachycardia CL,
tachycardia entrainment, occurrence
of the tachycardia in pairs with reverse
activation sequences, ability to elimi-
nate the tachycardia pair by ablation
at a single site, and the need for local
conduction block to eliminate the
arrhythmia permanently. This finding
is in agreement with the experience of
Chugh et al, who designated the ta-
chycardia as macroreentry in 14 (88%)
of 16 patients [4]. On the other hand,
Haissaguerre et al found a substantial
proportion of the tachycardias arising
from the CS as being of focal origin
[1,5]. Among our patients, only one
irregular tachycardia was found and
terminated in the posterolateral CS,
which implicated possible interrup-
tion of the LOM-CS connection. Simi-
lar findings were described by Chugh
et al, who ablated two foci in the mid-
dle and distal CS position and suspec-
ted the LOM as the possible arrhyth-
mia source [4].

Most of the CS-related tachycardias
were peri-mitral in which a substan-
tial portion of the circuit constituted
by the venous musculature was inac-
cessible for effective endocardial abla-
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tion. Ablation of the peri-mitral circuit
at other LA sites may be effective; how-
ever, complete anterior lesions and ag-
gressive ablation along the BB and the
high septum were restrained in order
to avoid the LAA conduction delay. Fi-
nally, septal ablation close to the MA
may carry a risk of inadvertent AV con-
duction damage.

On the other hand, one third of ta-
chycardias implied existence of reen-
try confined to the CS musculature
without participation of the LA myocar-
dium. First, extensive endocardial ab-
lation failed to affect the tachycardia.
Second, the tachycardia promptly re-
sponded to the epicardial CS ablation
that spatially corresponded to the site
of previous ineffective endocardial ab-
lation. Third, pacing for entrainment
along the MA and within the GCV fai-
led to evoke matching PPI. Finally,
a double-wave activation pattern re-
corded along the 10-pole CS cathe-
ter within one tachycardia CL (patient
#16) most convincingly demonstrated
propagation along the CS muscula-
ture in both directions (such as, e.g.,
propagation around the scar) inde-
pendent of LA myocardium (Fig. 3).
Prevalence of this phenomenon is not
known, but it might have been mis-
sed in some other patients with single
S-L tachycardia, in whom we have ob-
served similar double activation limi-
ted to a shorter segment of the CS or
disparity in timing between potentials
recorded by the ablation catheter at
the contra-lateral wall within shorter
CS segment as compared to the cor-
responding bipole of the CS catheter.
No specific maneuvers were performed
to systematically assess double activa-
tion wave-fronts within the CS.

Clinical implications

In patients with longstanding persis-
tent AF, the complex CS-GCV structure
[13,14] can constitute substrate for ta-
chycardias that directly result from AF
conversion without intervening SR, or
that evolve as a persistent recurrent ta-
chycardia. Some of these tachycardias

seem to represent one of the possi-
ble primary sources that initiate and
maintain AF; others, usually peri-mi-
tral reentry tachycardias, may survive
ablation as one of the residual reentry
circuits or may newly evolve from po-
stablation atrial remodeling. The lat-
ter is supported by the tachycardia
occurrence despite previous achieve-
ment of noninducibility of any ta-
chyarrhythmia; however, recurrence of
the tachycardia may also be explained
by temporary suppression of pre-exi-
sting epicardial arrhythmogenic sub-
strate by previous adjacent endocar-
dial ablation.

Peri-mitral reentry can possibly be
interrupted at different LA sites; how-
ever, aggressive ablation at the anterior
LA wall, BB, and the septum may be
associated with significant LAA con-
duction delay and its potential adverse
hemodynamic consequences [15].
This study corroborates the neces-
sity for a relatively aggressive CS-GCV
ablation that must result in full local
conduction block within the venous
musculature in order to achieve full
(postero)lateral mitral isthmus condu-
ction block [16]. Recurrences of pre-
sumably peri-mitral reentry tachycar-
dia in three patients, in two of whom
partial CS conduction block was tole-
rated, further support the need for full
local CS conduction block to eliminate
such a tachycardia with certainty.

A substantial proportion of the
CS-related reentry tachycardias appear
to be confined to the CS musculature
independent of the LA myocardium.
Opposite walls of the vein or different
layers of the venous wall seem to con-
stitute separate arms of the local re-
entry circuit. Ablation within the vein,
ideally associated with full local con-
duction block, represents the only way
to eliminate the arrhythmia substrate.

Prophylactic full CS isolation or
block may be considered to rule out
CS-related tachycardias as observed
in this study; however, several factors
are involved. First, pure CS ostial abla-
tion may not eliminate the tachycardia

utilizing a reentry substrate confined
to the CS myocardium and spreading
over a deeper segment of the vein. Se-
cond, prophylactic CS ablation is fu-
tile (let alone free from potential se-
rious complications) in a substantial
subset of patients, as many residual
or recurrent tachycardias occur inde-
pendently of the presence or absence
of CS isolation or mitral isthmus block
[17,18]. Third, relatively aggressive CS
ablation may be required, while limi-
ted CS ablation that does not lead
to full CS conduction block would be
ineffective. Therefore, it remains a di-
lemma whether aggressive prophylac-
tic CS-GCV ablation should be perfor-
med routinely, which will prevent the
CS-related tachycardia in a very limi-
ted proportion of patients, or whether
it should not be considered until par-
ticipation of the venous musculature
in the tachycardia mechanism is invol-
ved and venous ablation becomes ine-
vitable. Whatever approach is correct,
the possibility of subsequent tissue re-
covery (despite acute demonstration
of full local CS conduction block) will
make the CS-related tachycardia a cli-
nical reality, posing a challenge to the
electrophysiologists dealing with long-
standing persistent AF.

Limitations

Without direct visualization, the
CS-GCV definition may seem loose.
On the other hand, successful RF ap-
plications delivered at the 3 o’clock
position and beyond on an imaginary
clock face strongly suggest ablation wi-
thin the GCV portion.

The lack of systematically obtaining
CS angiograms, routine coronary an-
giography or of other objective eva-
luation of potential detrimental effects
of ablation on the CS-GCV, coronary
arteries or esophagus is another li-
mitation to this report [19,20]. On
the other hand, no serious complica-
tions such as pericardial effusion re-
quiring intervention, acute coronary
syndrome, or esophageal wall damage
were observed. These findings are in
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agreement with previous experience
of other authors, who also did not
routinely perform CS or coronary an-
giography and other examinations to
detect any potential complications of
CS-GCV ablation [4,5].
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