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Prevalence and Types of Pitfall in the Assessment
of Mitral Isthmus Linear Conduction Block

Ashok J. Shah, MD; Patrizio Pascale, MD; Shinsuke Miyazaki, MD; Xingpeng Liu, MD;
Laurent Roten, MD; Nicolas Derval, MD; Amir S. Jadidi, MD; Daniel Scherr, MD;
Stephen B. Wilton, MD, PhD; Michala Pedersen, MD, PhD; Sebastien Knecht, MD, PhD;
Fr$d$ric Sacher, MD; Pierre Ja's, MD; Michel Ha'ssaguerre, MD; M$I*ze Hocini, MD

Background To identify and understand clinically encountered pitfalls in the assessment of transmitral conduction block
using differential coronary sinus and left atrial appendage pacing techniques in patients with left mitral isthmus linear
ablation.

Methods and Results All the available assessments of mitral isthmus block were thoroughly reviewed in 271 mitral
isthmus ablation procedures undertaken among 236 patients from October 2008 to April 2011. Bidirectional block was
established in 186 of 271 (69%) procedures. Careful evaluation of electrograms recorded on the multipolar coronary
sinus and ablation catheters was undertaken to identify and understand the characteristics of pitfall, if any. Pitfall was
encountered in 55 of 271 (20%) procedures among 51 patients and categorized into 6 types (types 1, 3, 4, and 5 le
to spurious diagnosis of block; types 2 and 6 led to erroneous diagnosis of absence of block). There were 14, 10, 17
2, 15, and 3 (total=61) cases of pitfall types 1 through 6, respectively. Operator recognized 42 of 61 (69%) pitfalls
intraprocedurally. Recognition of types 1 and 5 was dif®cult because of indiscernible electrograms at usual ampli®el
settings or presence of slow conduction mimicking block.

Conclusions Every ®fth assessment of bidirectional block across mitral isthmus linear lesion using differential coronary
sinus and left atrial appendage pacing techniques encounters a pitfall, which can lead to erroneous clinical diagnosis o
block or absence of block. Recognition of pitfall during the procedure is feasible and necessitates careful distinction of
far-®eld left atrium from the local coronary sinus electrograms besides appropriate adjustments in catheter position anc
pacing outputs. Girc Arrhythm Electrophysiol 2012;5:957-967.
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he Heart Rhythm Society/European Heart Rhythm mutually vary in amplitude and duration. Sometinties,signal
Association/European Cardiac Arrhythmia Societyeeikp  can be fractionated and multicomponent. Although diaalu-
consensus statement recommends transmural anectimfial ation technique is reliable in principle, carefignal analysis
(complete) block across the linear lesion as the moint of and discrimination of the local CS from the fareReA elec-
left mitral isthmus (MI) ablatiod Differential pacing from the  trograms are necesséie evaluated the assessments of linear
coronary sinus (CS) is a commonly used methochfoassess- ~ block across the Ml linear lesions performed usimgventional
ment of completeness of Ml linear lesictin the seminal paper ~ Pacing techniques to understand and charactegzehtiilenges
describing differential pacing technique, the argh@ported encountered during this process.
100% sensitivity and 75% speci®city toward theszsaent of Clinical Perspective on p 967
completeness of cavotricuspid isthmus linear blosikg this
technique. The differential pacing technique is also used for

. : o . Methods
the evaluation of conduction across the Ml linemidn using . . . . .
. . . . This retrospective observational study included patients who
2 catheters in a ®xed position, one in the CS efidly and underwent left Ml linear ablation and assessmerbidirectional

another across the ablation line endocardiallyinAsther elec- block using differential CS and LA appendage (LAgscing tech-
trophysiological procedures, epicardial CS electaots can niques at our institute from OCtObeI’ 2008 to AgflLl. The assess-
be used as a surrogate for endocardial left dtr#) signals. ment of MI block performed during and at the endiaf ablation
L . i was reviewed in the procedures included in theysafter blinding
However, CS activation can differ from the contigsid A the reviewers (A.J.S. and P.P.) to the ®nal didgrafgresence or

activation. In addition, their respective electangs can also  absence of Ml block. Pitfall in the assessmentidireéctional Mi
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block, if any, was identi®ed and categorized igpes 1 through 6.
The de®nition of each type is provided below. Tiexgence of pit-
fall and its recognition during the procedure welso determined

exclude inadvertent displacement especially higtthenline where
the catheter could drop into the left inferior polmary vein or the
body of the LAA. The electrograms were continuouslynitored on

for each type. the proximal bipole of the ablation catheter tokdéor increments in
conduction delay from the pacing artifact duringgoimg RF appli-
Electrophysiological Study cation. Splitting of the local potentials, resudtim an increase in the
Antiarrhythmic medications were discontinug8 half-lives before delay from the pacing artifact, was suggestiveroktective local
ablation, with the exception of amiodarone. For at least 1 month be-lesion. After initial ablation, endocardial mappialgng the line was
fore the procedure, patients took oral anticoagulants and achievedperformed to identify and ablate the gaps de®nesites showing
target international normalized ratio of 2 to 3. Transesophageal echo-the shortest delay between the pacing artifactthadocal electro-
cardiography was performed within 5 days to exclude atrial throm- gram, which could be minimally delayed single, nardouble, or
bus. Oral anticoagulation was stopped 48 hours before the procedurgractionated potential. Endocardial ablation wasfgrened with a
and resumed on the day after the ablation. After transseptal access, atyy rate of 17 to 60 mL/min and a target temperataf 4RC (Usu-

intravenous bolus of heparin (0.5 mg/kg of body weight) was admin-
istered and repeated after 3 to 4 hours if the activated clotting time
was <250 seconds.

Femoral venous access was established under local anesthesia al
conscious sedation. A steerable decapolar more often than quadrip
lar catheter (5-mm electrode spacing, Xtrem, ELA Medical) was
placed within the CS. Surface and bipolar endocardial ECGs were
continuously monitored at a sweep speed of 100 mm/s and record
ed (Labsystem Pro; Bard, Tewksbury, MA). ECG and intracardiac
electrograms were ®Iltered from 0.05 to 100 Hz and 30 to 500 Hz,
respectively.

MI Ablation

MI ablation was performed during CS pacing by dregt linear
lesion joining the posterior lateral mitral annutespreferably the
left inferior pulmonary vein or more laterally tbet base of the
LAA.“4 The distal tip of the CS catheter was located &$dock
on the mitral annulus, and pacing was undertakem fthe bipole
(mostly CS®R) located immediately septal to the line. Ablation
was performed using a 3.5-mm externally irrigatgd datheter
(Thermocool, Biosense-Webster, Diamond Bar, CA) &blation
catheter was introduced through the long sheatbaio stability
during ablation. The catheter was curve@& @9 18, and ablation
commenced at around 3 to 4kMck near the ventricular edge of
the mitral annulus. The catheter was dragged gthdback into
the sheath while maintaining clockwise torque om sheath cath-
eter assembly, and the lesion was extended alagsthmus in a
linear fashion up to the left inferior pulmonaryirvestium. If this
was not successful or technically dif®cult, a hmes drawn later-
ally up to the base of the LAA. Radiofrequency (Rfergy was
delivered for 90 to 120 seconds at each site, witltelivery end
point of #90% reduction in the amplitude of local electrograme
stability of the catheter was monitored by inteterit "uoroscopy to

ally <428C) with power up to 35 W. Epicardial ablation waslar-
taken after prolonged energy delivery on the endbgen failed to
bstantially impact the conduction delay or attadotk across the

Orﬁéljear lesion. Epicardial ablation was performethia distal CS with

power up to 20 to 25 W.

Differential Pacing Technique and

Bidirectional Block

Pacing was undertaken usually from the distal CS (@3 kipole

lying on the septal side of and immediately below the MI ablation
line. The delay from the pacing artifact was recorded on the cath-
eter lying across the line or in the LAA. This delay was compared
with the one recorded subsequently by pacing from a more proximal
site below the line (usually bipole CS@. If the latter was shorter
than the former, a linear block was established. This method is called
unidirectional block assessment using differential CS pacing. Next,
the block was evaluated in the opposite direction by pacing from the
ablation catheter placed lateral to the line (or in the LAA), endocardi-
ally. Proximal-to-distal activation sequence was observed along the
CS catheter lying septal to the line in the presence of bidirectional
conduction block. Differential pacing was not undertaken for assess-
ment of block in this direction.

Pacing from sites not close to the line of bloctilates the prin-
ciple of differential pacing. Slow conduction alotige linear le-
sion could be masked in such circumstances (owlitg-Data
Supplement Figure). Although such a situation wasded carefully
as far as possible, it was necessary to pace aoddréarther from
the lesion because of various reasons includingilibato capture
at the pacing site and indiscernible signal atrém®rding site close
to the lesion.

Table. De®nition of Types of Pitfall and TheiraCteaistic Features
Linear Block
Parameter Normal Pitfall 1 Pitfall 2 Pitfall 3 Pitfall 4 Pitfall 5 Pitfall 6
De®nition
Differential CS pacing: @&ta LAA >CS+ + ="+
3% to LAA
LAA pacing: proximalo distal CS activation = Endo+epi Epi Endo+epi Epi Endo In the most part endo+epi  Endo+
Features
Characteristic feature ' Lack of Capture on Conduction Conduction Slow Conduction persistRecording
endocardial both sides acrossthe acrossthe atleast unidirectionally on the same
capture of the line linear lesion linear lesion allowing fusion of side of the
during CS during CS persists persists activation in distal CS line as CS
pacing pacing endocardially epicardially during LAA pacing pacing
Complete block (actual) Yes No Yes No No No Yes
Conduction gap None Endo None Endo Epi Endo+Epi None
Requirement of furtherablation in the gap  None Yes None Yes Yes Yes None

CS indicates coronary sinus; LAA, left atrial appendage; endo, endocardial; epi, epicardial.

+ symbolizes presence and " symbolizes absence.
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262 patients. At the end of the procedure, bidirectional block

Careful inspection of electrograms recorded on the decapolar (lesswas established in 186 of 271 (69%) procedures.

frequently, quadripolar) catheter inside the CS during the differential

CS and LAA pacing maneuvers for the assessment of transmitral con- L
duction was undertaken. The Table provides the de®nition and othelClinical Characteristics

features of pitfall types 1 through 6.

Brie'y, the de®ning feature of each type of pitfall is mentioned

below:

Type 1: Capture of local CS (epicardial) but nobtéguous LA
(endocardial) simultaneously during differential @&cing results
in spurious diagnosis of complete (endocardial+agii@l) block
(Figure 1A and 1B). Endocardial gap is revealedrdut AA pac-
ing (Figure 1C) and reascertained by differentt® pacing at

The clinical characteristics of 236 patients (ddddinto
2 groups: pitfall present and pitfall absent) arevigled in
online-only Data Supplement Table Sl. There wastatis-
tically signi®cant difference in the patient pro@heluding
the clinical type of atrial ®brillation and the echrdio-
graphic dimensions between the patients with aridout an
observed pitfall.

higher output to ensure the simultaneous captumofiguous LA
(Figure 1D).
Type 2: Pacing from CS%& results in shorter (or equal) delay Procedural Parameters
to the recording site than pacing from C% 3Figure 2A and 2B). In online-only Data Supplement Table SllI, the pichoml
On the other hand, pacing from the LAA or the site lying across the parameters have been compared between the abedk-cit

linear lesion results in proximal-to-distal pattern of CS activation ; i ;

(Figure 2C), suggestive of block. Simultaneous capture on both sides2 group; of the study population, Slmllar propmn'oof
of the line during distal CS pacing results in spurious conclusion of patients in both the group§ were su.bjected to At
absence of complete block. Differential CS pacing at a lower output Procedure. There was no difference in the totaation of
to avoid capture across the linear lesion ascertains complete blockRF energy delivery, procedural duration, and uigsc

(Figure 2D). exposure among the patients in the 2 groups. When t

b TylfeD_Bf; E”d.oclac“gal Cc.’”dl.‘cg.o” gaphandbepicardi?ll_Condtt;i:tiokn duration of RF ablation for each region (pulmonagin
ock. Differential CS pacing indicates the absence of linear block,
whereas pacing from LAA (across the line) reveals that the transmi- antrum, roof, MI, CS, and the rest of the LA corpuss

tral conduction is blocked epicardially with a gap located endocardi- cOmpared individually between the 2 groups, theas wo
ally (Figure 3). evidence of signi®cant selective ablation in angcspc

Type 4: Epicardial conduction gap and endocardodaction region.
block. Differential CS pacing indicates the abseaténear block
(Figure 4), whereas pacing from LAA (across the)ireveals that
the transmitral conduction is blocked endocardialith a gap lo-
cated epicardially (Figure 5A and 5B). The endoidrblock is
con®rmed by differentially pacing from the LA ireteof the CS
(Figure 5C).

Type 5: The delay to the recording site acrosslésen (usu-
ally LAA) from CS 192 pacing may be equal to, shorter, or lon-
ger than from the CS% pacing (Figure 6A and 6B). Pacing
from LAA (across the line) reveals that C®lactivation occurs
earlier than or simultaneously with C343 The remainders of
the CS bipoles are activated in the proximal-taaliglirection
(Figure 6C).

Type 6: Measurement of delay at the recording site on the same
side of the line during CS pacing spuriously leads to the diagnosis-|-ypes of Pitfall
of conduction gap. This usually happens on the top of the line in a
transmurally blocked isthmus (Figure 7).

In summary, pitfall in the assessment of transritsthmus
linear block could be responsible for spurious dizgjs of block
(types 1, 3, 4, and 5) or false diagnosis of abseidlock (types
2 and 6).

Prevalence of Pitfall

Among 271 procedures with assessment of bidireation
block, 61 pitfalls were encountered in 55 (20%) q&-0
dures undertaken in 51 patients. Of the 61 pitfallg
were encountered during the procedure and 34 atfide
of the procedure. In 6 patients, 2 different typépitfall
were encountered in the same procedure (types Band
2, types 2 and 3 in another 2, and types 2 andanather

2 procedures).

The prevalence of any type of pitfall encountered during the
assessment of transmural, bidirectional block across the Ml
is 55 of 271 (20%) assessments. Based on the types of pitfall,
there were 14, 10, 17, 2, 15, and 3 cases of pitfall types 1, 2,
3, 4, 5, and 6 respectively. The prevalence of type 3 was high-
est (17/271; 6%) and that of types 4 and 6 was lowest (5/271;

Statistical Analysis ) 2% combined).

Continuous variables are expressed as mean>SD, rihaio
ly distributed, or median with interquartile rangehen not.
Statistical signi®cance was assessed using tha&redpStudent
test or Wilcoxon 2-sample test. Categorical variabkexpressed
as numbers or percentages, were analyzed using?thest or
Fisher exact test. All tests were 2-tailed, d&.05 was consid-
ered statistically signi®cant. SAS software waduer statistical
analyses.

Recognition of Pitfall During the Procedure
Among 61 pitfalls encountered during and at the end of the
procedure, 42 (69%) were recognized by the operator (online-
only Data Supplement Table SllI). Pitfall type 4 was encoun-
tered twice and recognized both the times. Pitfall type 3 was
recognized in 16 of 17 procedural assessments where it was
Results encountered. Pitfall types 2 and 6 were encountered in 13
From October 2008 to April 2011, 318 left Ml ablation proce- assessments, of which 12 were recognized. Type 6 was not
dures (among 262 patients) were undertaken as a part of indexecognized in 1 assessment. Pitfall type 5 was encountered
or repeat ablation of atrial ®brillation. Bidirectional assess- 15Q and recognized 8Q. Pitfall type 1 was encountered 14Q
ment of transmitral conduction was recorded and available forand recognized 4Q, making it the least recognized pitfall
review in 271 of 318 MI ablation procedures among 236 of during the procedure.

Downloaded fronhttp://circep.ahajournals.orgt Universite de Lausanne - CODUL on June 12, 2014



960 Circ Arrhythm Electrophysiol ~ October 2012

Jes2H
" ——
05 5.8 [ - csse Lo .
cs 78 —\r—-—\’v—— cs7 u_.“ﬂ—.—v—
65910 ”y;} v s ——

Figure 1. Pitfall 1. Intracardiac electrograms show the asse ssment of mitral isthmus linear block during the di fferential coronary sinus (CS)
and left atrial appendage (LAA) pacing techniques. They are shown along with the “uroscopic image and the schema of the mitral annulus
of the left atrium (anterior and posterior rings), coronary sinus, left atrial appendage, and left pul monary veins. Red stars represent the linear
lesion drawn posterolaterally. The halo around the pacing bipole  represents the size of the virtual electrode comme nsurate with the pac-
ing output. The direction of activation of the left atrium and the coronary sinus is represented by arrows (broken arrows represent posterior
conduction). A and B, Differential CS pacing with local CS capture but not the LA capture is consistent with linear block because delay from
CS 192 pacing is longer (166 ms) than that from CS 3% pacing (150 ms). C, LAA pacing reveals pseudoblock pattern with proxi mal-to-distal
activation epicardially but distal-to-proximal acti vation endocardially. D, Comparison of delay during CS capture vs CS and L A capture
reveals the underlying endocardial gap conduction. LPV indicates left pulmonary veins; BB, Bachman $ bundle; RF, radiofrequency catheter.

Downloaded fronhttp://circep.ahajournals.orgt Universite de Lausanne - CODUL on June 12, 2014
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Figure 2. Pitfall 2. A and B,
Coronary sinus (CS) pacing
with capture across the line of
block mimics incomplete block
across the line because the
delay from CS 19 pacing is
shorter (118 ms) than that
from CS 3% pacing (146 ms).
C, Pacing from left atrial
appendage (LAA) con®rms
block across the linear lesion
based on the proximal-to-
distal CS activation pattern.
D, Reducing the output (or
repositioning the catheter)

for the same patient con®rms
complete linear block. LPV
indicates left pulmonary veins;
BB, Bachman$ bundle; RF,
radiofrequency catheter.

Discussion By virtue of the anatomic location of CS along fhes-
terior mitral annulus and an easy accessibilitynfrthe

Main Findings o _right atrium, CS catheterization allows recordinig L&\
The prevalence of pitfall in the assessment of Ml block using activity without the need for transseptal punctufaus,

differential CS pacing technique is 1 per 5 (20%) assessmentsy ot only that the epicardial CS electrograms canubed
There are 6 possible types of pitfall, which can be encounteredys 3 surrogate for endocardial LA signals but éhea the
dUring such an assessment, whose recognition during the Proecs catheter can be used to stimulate the Contigm_@us
cedure is important to plan further ablation. It could be rec- myocardium during pacing maneuvers. Based on tbeab
ognized intraprocedurally in 70%, but in 30% of assessmentsfindings, we propose that a reliable differentia® @ac-
wherein it was present, it was overlooked primarily becauseing maneuver for the assessment of Ml linear bloclst
of substantial diminution of local electrograms disallowing have 3 necessary features: (1) proximity of theimmac
discernibleness at usual ampli®er settings. and recording catheters to the opposite sides efittear
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SUPPLEMENTAL MATERIAL




Supplementary Table 1: Baseline Characteristics

Parameter Pitfall Pitfall P-value
Present Absent
Age (y) 57 9 59 10 | 0.19
Male (%) 48 (92) 162 (87) | 0.22
Paroxysmal AF (%) 14 (27) 52 (28) 1.0
Hypertension (%) 11 (22) 62 (33) 0.12
Diabetes Mellitus (%) 1(2) 6 (3) 1.0
Previous Stroke (%) 4 (8) 10 (5) 0.5
Idiopathic Cardiomyopathy (%) 5 (10) 10 (5) 0.3
Valvular heart Disease (%) 6 (12) 19 (10) 0.79
Left Ventricular EDD (mm) 55 6 54 7 0.35
Left Ventricular ESD (mm) 37 7 37 8 1
Left Ventricular EF (%) 55 14 58 13 0.15
Left Atrial size (mm) 49 7 47 8 0.1

AF D Atrial Fibrillation, EDD B End-diastolic dimension, ESD b End-systolic dimension,

EF D Ejection Fraction




Supplementary Table 2: Procedural Parameters

Parameter Pitfall Present Pitfall Absent P-value
Patients with second or 33 (60) 130 (60) 1
subsequent procedure(s) (%)

Duration of RF Delivery (min)

Pulmonary vein Isolation 27 (9, 39) 23 (8,41) 0.7
Left atrial defragmentation 12 (2, 24) 10 (1, 21) 0.54
Coronary sinus 4 (0,7.5) 3 (0, 6) 0.41
Roof lesion 5 (0, 10) 5 (0, 10) 0.85
Mitral Isthmus lesion 16 (6, 25) 14 (6, 22) 0.56
TOTAL 81.5 (39, 109) 70.5 (43, 97) 0.49
Duration of Procedure (min) 240 (190, 290) 240 (180, 305) 0.84
Fluroscopic Exposure (DAP, 41964 (26394, 59126) 44223 (26628, 76144) 0.44
mGycmz2)

RF - RadioFrequency energy, DAP - Dose Area Product



Supplementary Table 3: Pitfalls and their recognition during the procedure
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Supplementary Figure Legend

Pacing and Recording not close to the linear lesion can lead to difficulty in differentiating
slowly conducting linear lesion from a completely blocked linear lesion. A: LAA pacing
reveals proximal to distal activation of the CS suggestive of blocked Ml line (red star).

B: Pacing from the distal CS and recording from a site closer to the line than LAA
reveals slow conduction and absence of block.

On distal CS pacing, the activation of the site closer to the linear lesion (212ms) occurs
by the wavefront traversing the ablation line while the LAA is activated (194ms) by a
wavefront travelling from the septum over the roof of the left atrium.

(Abbreviations: LAA D Left atrial Appendage, CS B Coronary sinus)



Supplementary Figure
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