
Mitral Isthmus Ablation with and Without Temporary Spot

Occlusion of the Coronary Sinus:
A Randomized Clinical Comparison of Acute Outcomes

MÉLÈZE HOCINI, M.D.*,†, ASHOK J. SHAH, M.D.*,†, ISABELLE NAULT, M.D.*,†, LENA
RIVARD, M.D.*,†, NICK LINTON, M.D.*,†, SANJIV NARAYAN, M.D. F.A.C.C.*,†, SHINSUKE
MIYAZAKI, M.D.*,†, AMIR S. JADIDI, M.D.*,†, SÉBASTIEN KNECHT, M.D.*,†, DANIEL
SCHERR, M.D.*,†, STEPHEN B. WILTON, M.D.*,†, LAURENT ROTEN, M.D.*,†, PATRIZIO
PASCALE, M.D.*,†, MICHALA PEDERSEN, M.D.*,†, NICOLAS DERVAL, M.D.*,†, FRÉDÉRIC
SACHER, M.D.*,†, PIERRE JAÏS, M.D.*,†, JACQUES CLÉMENTY, M.D.*,†, and MICHEL
HAÏSSAGUERRE, M.D.*,†

*Hopital Cardiologique du Haut Lévêque, Bordeaux, Pessac, France

†Université Victor Segalen Bordeaux II, Bordeaux, Pessac, France

Abstract

Objective—To evaluate the safety and outcomes of mitral isthmus (MI) linear ablation with

temporary spot occlusion of the coronary sinus (CS).

Background—CS blood flow cools local tissue precluding transmurality and bidirectional block

across MI lesion.

Methods—In a randomized, controlled trial (CS-occlusion = 20, Control = 22), MI ablation was

performed during continuous CS pacing to monitor the moment of block. CS was occluded at the

ablation site using 1 cm spherical balloon, Swan–Ganz catheter with angiographic confirmation.

Ablation was started at posterior mitral annulus and continued up to left inferior pulmonary vein

(LIPV) ostium using an irrigated-tip catheter. If block was achieved, balloon was deflated and

linear block confirmed. If not, additional ablation was performed epicardially (power ≤25 W).

Ablation was abandoned after ~30 minutes, if block was not achieved.

Results—CS occlusion (mean duration –27 ± 9 minutes) was achieved in all cases. Complete MI

block was achieved in 13/20 (65%) and 15/22 (68%) patients in the CS-occlusion and control

arms, respectively, P = 0.76. Block was achieved with significantly small number (0.5 ± 0.8 vs 1.9

± 1.1, P = 0.0008) and duration (1.2 ± 1.7 vs 4.2 ± 3.5 minutes, P = 0.009) of epicardial

radiofrequency (RF) applications and significantly lower amount of epicardial energy (1.3 ± 2.4 vs

6.3 ± 5.7 kJ, P = 0.006) in the CS-occlusion versus control arm, respectively. There was no

difference in total RF (22 ± 9 vs 23 ± 11 minutes, P = 0.76), procedural (36 ± 16 vs 39 ± 20

minutes, P = 0.57), and fluoroscopic (13 ± 7 vs 15 ± 10 minutes, P = 0.46) durations for MI

ablation between the 2 arms. Clinically uneventful CS dissection occurred in 1 patient

Conclusions—Temporary spot occlusion of CS is safe and significantly reduces the requirement

of epicardial ablation to achieve MI block. It does not improve overall procedural success rate and

procedural duration. Tissue cooling by CS blood flow is just one of the several challenges in MI

ablation.
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Introduction

In addition to pulmonary vein isolation (PVI), left atrial (LA) linear lesions are performed to

modify the substrate for atrial fibrillation (AF) and they have been recommended to improve

the clinical outcome.1-6 However, discontinuities within linear lesion can be pro-arrhythmic

and should be avoided.1,7 Achievement of bidirectional block at mitral isthmus (MI)

continues to remain a major challenge. Variable success rates ranging from 65% to 92%

have been reported after a combination of endocardial- and epicardial-coronary sinus (CS)

radiofrequency (RF) ablation.2-10 Combined endo-epicardial approach has been reported in

50–75% cases of MI linear ablation. The difficulty in obtaining bidirectional block is

multifactorial and results from poor electrode tissue contact, anatomic irregularities, heat

sink effect from coronary vascular flow, and variable thickness of the local tissue.11-13

Besides, the potential “heat-sink” effect of the venous blood flow in the CS overlying the

site of RF delivery is hypothesized to cool the local tissue by convective heat loss and limit

the lesion size.14,15 Therefore, we performed a randomized controlled trial to evaluate the

feasibility, safety, acute success rate, and other procedural parameters of MI linear ablation

using a 1-cm spherical balloon for temporary spot occlusion of the CS.

Methods

Study Population

This study was performed according to the institutional guidelines. We studied 42 patients

(age 57 ± 11 years) referred for the index ablation of symptomatic, drug refractory,

paroxysmal (n = 16) or persistent (n = 26) AF, who provided written informed consent for

participation in the study.

Electrophysiological Study

Antiarrhythmic medications were discontinued ≥5 half-lives prior to ablation with the

exception of amiodarone. For at least 1 month prior to the procedure, patients took oral

anticoagulants and achieved target INR of 2–3. Transesophageal echocardiography was

performed within 5 days to exclude atrial thrombus. Oral anticoagulation was stopped 48

hours before the procedure and resumed on the day following the ablation. After transseptal

access, an intravenous bolus of heparin (0.5 mg/kg of body weight) was administered and

repeated later, if the activated clotting time (ACT) was <250 seconds.

Femoral venous access was established under local anesthesia and conscious sedation. A

steerable quadripolar or decapolar catheter (5 mm electrode spacing, Xtrem, ELA Medical,

Montrouge, France) was placed within the CS. Surface and bipolar endocardial

electrocardiograms (ECGs) were continuously monitored at a sweep speed of 100 mm/s and

recorded (Labsystem Pro, Bard, Tewksbury, MA, USA). ECG and intracardiac electrograms

were filtered from 0.05 to 100 Hz and 30 to 500 Hz, respectively.

Study Protocol

PVI was performed at the start of the procedure in all patients. For MI ablation, the patients

were randomized to CS-occlusion (n = 20) or no CS-occlusion (control) (n = 22) arms. MI

ablation was performed in sinus rhythm (CS pacing) to monitor the occurrence of block. In
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addition, most patients underwent cavotricuspid isthmus ablation with an endpoint of

bidirectional isthmus block based on conventional assessment technique.

Ablation Procedure

PVI—PVI was performed as previously described in sinus rhythm (n = 7) or in AF (n =

35).16 Ablation was performed using a 3.5 mm externally irrigated-tip catheter (Thermocool,

Biosense Webster, Diamond Bar, CA, USA). Ablation energy was delivered to PV-LA

junction with a power of 30–35 W using irrigation rates of 5–60 mL/min (0.9% normal

saline via a Cool Flow® pump, Biosense Webster) to achieve the desired power. The

endpoint was complete electrical isolation of all PVs.1 Following PVI, cardioversion was

required in 15 patients before starting MI ablation in sinus rhythm (CS pacing).

Coronary sinus occlusion—A 7F Swan-Ganz balloon catheter (Edwards Lifesciences,

Irvine, CA, USA) was used for temporarily occluding the CS. CS cannulation was facilitated

by the use of a long sheath (Preface, Biosense Webster or SL0 St. Jude Medical Inc., St.

Paul, MN, USA). The distal tip of the catheter was positioned at 2–3 o'clock on the annulus.

A spherical balloon (1 cm diameter) located just proximal to the catheter tip, was inflated

with 1 cc air and complete obstruction of blood flow across the inflated balloon in the CS

confirmed with contrast injection (Fig. 1). There is a thermocouple on the distal end of the

catheter that was used to measure the epicardial temperature data throughout the endocardial

MI ablation.

Mitral Isthmus Ablation

Control arm—MI ablation was performed during distal CS pacing by creating a linear

lesion joining the infero-lateral mitral annulus to the left inferior PV as previously

described.17 Briefly, the ablation catheter was introduced through the long sheath that would

impact stability during ablation. The catheter was curved 90–180° and ablation commenced

at around 3–4 o'clock on the ventricular edge of the lateral mitral annulus. The catheter was

dragged gradually back into the sheath to extend the lesion along the isthmus in a linear

fashion up to the left inferior PV ostium lying at 2–3 o'clock position at the upper end of the

line. After initial ablation, endocardial and epicardial mapping was performed to identify

and ablate the gaps. Endocardial ablation was performed with a flow rate of 17–60 mL/min,

and target temperature of 45°C (usually below 42°C) with power up to 35 W. Epicardial

ablation was performed in the CS with a power limited to 20–25 W.

CS occlusion arm—The balloon was inflated with approximately 1 mL of air and

occlusion of the CS-great cardiac vein junction confirmed by contrast injection through

distal tip of the balloon catheter. Ablation was started with the catheter positioned at the

annular (ventricular) end of the isthmus at the site facing the occlusive CS balloon (Fig. 1).

If linear block was achieved, the balloon was deflated and linear block confirmed. If not,

additional ablation was performed epicardially in the CS after deflating and removing the

balloon.

Ablation Endpoint

The endpoint of ablation was the achievement of bidirectional MI conduction block

demonstrated using previously described technique and criteria.17,18 In CS occlusion and

control arms, ablation was abandoned after about 30 minutes of RF application, if the block

was not achieved.
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Ablation and Procedural Parameters

The ablation parameters (average power, temperature [endo ± epi] and impedance, duration

of RF application) and the conduction delay were recorded continuously on the

electrophysiology recording system during each RF application. The periprocedural

parameters (total duration of RF application, procedural time, fluoroscopic time, preand

postprocedural delay across the line) were also noted separately.

Electrogram Amplitude

During sinus rhythm, the amplitude of bipolar electrograms was measured at 3 different sites

along the MI line before local ablation: at the level of the mitral annulus, in the middle of the

MI, and at the top of the MI line. A possible relationship between the preablation local

electrogram amplitude and the acute success rate of MI linear ablation was investigated

parallelly.

Monitoring Complications

Acute periprocedural complications related to temporary CS balloon occlusion and MI

ablation were systematically noted. Acute onset of ischemic symptoms and ECG changes as

markers of acute procedure-related ischemia were also monitored

Study Endpoints

The primary endpoint of the study was the feasibility and safety of spot balloon occlusion of

CS and acute procedural success demonstrated by achievement of bidirectional and

complete (transmural) MI block. The secondary endpoints were the RF duration, number of

endocardial and epicardial lesions, amount of RF energy and procedural and fluroscopic

durations for MI ablation.

Follow-Up

All patients were monitored in hospital for at least 5 days postprocedure. Following ablation,

all antiarrhythmic drugs were ceased unless otherwise indicated. Patients were reevaluated

at 1, 3, 6, 9, and 12 months, and in the absence of AF or symptoms, followed up with their

referring physician. At each visit, exercise testing and ambulatory 48 hours monitoring were

performed to detect asymptomatic arrhythmias and provocable ischemia. In the event of

symptomatic or asymptomatic arrhythmia recurrence, patients were offered additional

ablation after a trial of drug therapy. Cessation of anticoagulant therapy was considered 6–9

months after the last procedure in the absence of recurrence.

The follow-up pattern described is general and was not different for the patients enrolled in

the study. The study was not aimed at evaluating the parameters beyond the acute procedural

outcomes.

Statistical Analysis

Continuous variables are expressed as mean ± SD except where stated as median and

interquartile (IQ) range. Statistical significance was assessed using the unpaired Student's t-

test or Mann–Whitney test, if necessary. Categorical variables, expressed as numbers or

percentages, were analyzed with the 2 test or Fisher's exact test. All tests were 2-tailed and

a P-value <0.05 was considered statistically significant.
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Results

Clinical Characteristics

Among 42 patients involved in the study, 20 patients were randomized to CS occlusion arm

and the remaining 22 formed the control arm. The comparison of all the baseline clinical

characteristics among the 2 arms is provided in Table 1. There was no significant difference

in the age, gender, type of AF, presence of structural heart disease, duration of uninterrupted

persistent AF, use of antiarrhythmic drugs prior to ablation, and echocardiographic left heart

dimensions between the 2 arms.

PV Isolation

PVI was achieved in all patients after 50 ± 22 minutes versus 45 ± 20 minutes of RF

delivery in the case versus control groups (P = 0.49). Sinus rhythm was achieved during

ablation in 27 patients and the remaining 15 patients required cardioversion for MI ablation.

MI Ablation Parameters

Primary endpoints

Feasibility and safety of spot balloon occlusion of CS: The spherical balloon could be

inflated and steadied in the CS in all the 20 cases. Angiographically confirmed CS occlusion

was also achieved in all of them. Mean CS occlusion time was 27 ± 9 minutes. One patient

developed dissection from balloon occlusion of the CS. There was no clinical event ensuing

from this complication during postprocedural hospital stay and at >1 year of follow-up

despite continued anticoagulation during the initial period of follow-up. There was no

tamponade, stroke, acute ischemia or other embolic event in the periprocedural period.

Acute procedural success—At the end of the procedure, 13 (65%) patients in the CS

occlusion arm and 15 (68%) in the control arm attained complete, bidirectional MI block (P

= 0.76). In the CS occlusion arm, balloon occlusion time was not significantly different (25

± 11 minutes vs 30 ± 5 minutes, respectively; P = 0.27) between the patients with and

without MI block.

Secondary endpoints

CS occlusion arm versus control arm: all patients: The comparison of the secondary

endpoints between the patients in 2 study-arms is provided in Table 2. Total (endocardial +

epicardial) RF application time at the MI (22 ± 9 minutes vs 23 ± 11 minutes, P = 0.75), the

amount of RF energy applied on the MI (39.6 ± 19.9 kJ vs 47.2 ± 28.1 kJ, P = 0.32), the MI

ablation procedural (36 ± 16 minutes vs 39 ± 20 minutes, P = 0.57), and the MI ablation

fluoroscopic (13 ± 7 minutes vs. 15 ± 10 minutes) durations did not differ between the

occlusion and control arms. The RF application, procedural, and fluoroscopic durations for

the entire AF ablation procedure were also similar between the 2 arms (Table 2).

When the RF application parameters were analyzed separately for endocardial and epicardial

applications on MI line (Table 2), the number of epicardial lesions (0.9 ± 0.9 vs 2.1 ± 1.2, P

= 0.001), duration of RF (2 ± 2 minutes vs 5 ± 4 minutes, P = 0.004), and amount of RF

energy applied epicardially on MI line (2.5 ± 2.7 kJ vs 7.8 ± 6.3 kJ, P = 0.001) were

significantly fewer in the CS occlusion arm in comparison with the control arm. However,

there were no significant differences among these parameters for endocardial RF

applications on MI line (Table 2).

CS occlusion arm versus control arm: MI block patients only: As stated earlier, MI

block could be achieved in statistically similar number of patients (65% vs 68%, P = 0.76)
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without significant difference in time to acute block from the onset of RF application (18 ± 8

minutes vs 18 ± 11 minutes, respectively; P = 1.0) in the 2 arms. Also, the perimitral

conduction time from distal CS to the site across the line of block was not different (160 ±

30 milliseconds vs 174 ± 36 milliseconds, respectively; P = 0.27) between the CS occlusion

and control arms. Nevertheless, in the occlusion arm, 7/13 (54%) patients with MI block

developed rapid-onset conduction delay across the lesion after mean 3.6 ± 0.8 minutes of

endocardial RF application including 1 patient with epicardial conduction block (Figs. 2 and

3). Such rapid-onset delay in conduction across the linear lesion was observed in 1/15 (7%)

patients of the control arm (54% vs 7%; P = 0.01).

The comparison of the secondary endpoints between the patients with bidirectional MI block

in the 2 arms is provided in Table 3. The combined (endocardial + epicardial) MI RF

application time (18 ± 8 minutes vs 19 ± 10 minutes, P = 0.77), amount of RF energy

applied on MI line (29.6 ± 17.3 kJ vs 40.5 ± 30.7, P = 0.26), the MI ablation procedural (30

± 14 minutes vs 33 ± 19 minutes, P = 0.64), and fluoroscopic 12 ± 8 minutes vs 13 ± 9

minutes, P = 0.76) durations were similar between the 2 arms.

On analyzing the secondary parameters separately between the epicardial and endocardial

RF applications (Table 3), 5/13 (38%) patients required epicardial ablation in the CS

occlusion arm versus 14/15 (93%) in the control arm (P = 0.004) to achieve MI block. Block

was achieved with significantly small number (0.9 ± 0.9 vs 2.1 ± 1.2, P = 0.001) and

duration 2 ± 2 minutes vs 5 ± 4 minutes, P = 0.004) of epicardial RF applications and

significantly lower amount of epicardial RF energy (1.3 ± 2.4 kJ vs 6.3 ± 5.7 kJ, P = 0.006)

in the occlusion arm as against the control arm, respectively. No such difference was found

when the endocardial RF applications were compared between the 2 arms (Table 3).

Electrogram Amplitude

Table 4A and B shows the electrogram amplitude at high, mid, and low points on the MI

line during sinus rhythm. There was no significant difference in the amplitude of local

electrograms anywhere on MI line between the 2 arms (Table 4A).

Among the patients in the CS occlusion arm, the amplitude of electrograms recorded on the

top of the MI line was significantly higher (1.7 ± 0.3 mV vs 1.2 ± 0.4 mV, respectively; P =

0.009) in patients who did not achieve MI block when compared with those who achieved

block. The electrogram amplitudes elsewhere on the MI line were not significantly different

(Table 4B). Similarly, among the patients in the control arm, the amplitude of electrograms

recorded in the middle of the MI line was significantly higher (1.9 ± 0.1 mV vs 1.4 ± 0.6

mV, respectively; P = 0.04) in the patients who failed to achieve MI block than those who

succeeded. Elsewhere on the mitral line, electrogram amplitudes were similar (Table 4B).

Discussion

Main Findings

The main findings of this study are as follows: (i) temporary balloon occlusion of CS during

MI line ablation is feasible and safe; (ii) it obviates or curtails epicardial ablation to achieve

MI block without altering the total amount of RF energy and the procedural and

fluoroscopic durations for MI ablation; and (iii) it does not improve acute success rate of MI

ablation.

Clinical Safety versus Clinical Benefit of the Novel Technique

Linear lesions improve the outcome of AF ablation procedures but their major drawback is

proarrhythmia from incomplete block or recovery of conduction across the line of previous
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block.1,7 Using current ablation tools, it is not only difficult to achieve permanent block

across the MI, but attaining 100% acute success rate as for PVI is not possible without

compromising the patient safety.

In general, tamponade is the most commonly reported complication of AF ablation

procedure with an incidence of 1.31%.19 High target temperatures (>45°C) and power

delivery (>40 W) facilitated by higher irrigation rates, which led to acute success rates above

90% in a previous study, were associated with more than 3 times higher rate (4%) of cardiac

tamponade than that observed in general.8 Consequently, the temperature and power were

limited to <45°C (usually <42°C) and 35 W, respectively, for MI ablation protocol in the

current study. These explain lower acute procedural success rates of 65–70%; however,

notably, there were no adverse events. One patient who developed CS dissection was 1 of

the first few cases enrolled in the study.

Collateral injury to left circumflex circulation has been reported during endo-epicardial MI

ablation, independent of balloon occlusion of CS due to its proximity to the MI.8,20,21,22

High power (>40 W) and high target temperature have been held responsible for the

damage.8,20 When low power and temperature targets were used as in the current study, no

angiographic (with or without clinical) evidence of injury to the left circumflex circulation

was observed.8 Stress tests undertaken at each follow-up visit were also negative for

provocable ischemia.

Epicardial Ablation in MI Linear Lesion vis-à-vis CS Occlusion

During MI ablation, epicardial ablation from the CS is undertaken in 50–75% of cases to

achieve transmural lesion.2-9 With CS overlying the lower (annular) end of the MI line,

blood flow acts as a “heat-sink” for the endocardially delivered lesions in this area

necessitating ablation from within the CS in the majority of cases. This hypothesis has been

revalidated in the current study wherein CS occlusion curtailed the need for epicardial

ablation. Besides, rapid onset of transmitral conduction delay during endocardial RF

application was observed in the majority of the patients in the CS occlusion arm, but in only

1 patient in the control arm of the current study. Reduction in the need for epicardial

ablation (48% vs. 83%, P = 0.01) was also the major finding in the CS occlusion arm of a

recent report.20

Histologically, CS and inferior LA myocardium have multiple connections that play a vital

role in sustaining mitral-isthmus-dependent arrhythmias.23,24 Thus, complete block across

MI line is not possible without successful ablation of these epicardial connections. Due to

variable anatomy and thickness of the myocardium in the region and frequently suboptimal

tissue contact from the endocardium, ablating the epicardial component of MI line is a

formidable task from the endocardium in up to 75% cases.2-9 All these factors and the “heat-

sink” effect of CS blood flow are obviated by ablating directly from within the CS. Due to

spot occlusion of CS by the inflated balloon facing the MI line, the “heat-sink” was voided

regionally, thereby allowing endocardially deployed lesion attain a transmural depth in a

large number of patients in this study. Only a minority of patients required additional

ablation from the CS to achieve MI block and, of note, its duration was substantially

reduced.

Lack of Improvement in Overall Outcome of MI Ablation with CS Occlusion

MI ablation is a challenging procedure due to multiple factors. Routine epicardial ablation

necessarily resolves one but not all of these factors. Using CS occlusion obviated the need

for epicardial ablation of the lower end of the MI line but could not improve the rates of
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acute MI block. Similar results were reported from another group of single-center

investigators.20

MI is a long structure of variable length.25 The “heat-sink” effect of CS blood flow is

limited to its lower end. The thickness of the tissue is not uniform all along its length.11-13

MI is located most distally in the left atrium when the latter is accessed via the transseptal

route. Also, the catheter gets oriented parallel to the tissue and not perpendicular lowering

the ablation–current density at the site of lesion. Although LA access via foramen ovale or

transseptal hole does not influence the outcome of linear ablation at MI,10 it certainly does

not provide good leverage for the application of uniform contact force all along the MI line.

Also, the catheter stability in the region where the ablation should be uniformly undertaken

over a long length of tissue is difficult. Not surprisingly, overall success rate, procedural

duration, fluoroscopic time, and the amount of energy deposited endocardially and

combined endo-epicardially were not significantly influenced by CS occlusion.

Role of Balloon Size and Shape in Temporary CS Occlusion for MI Ablation

Experimental14 and clinical20 studies undertaken hitherto have used long rectangular

balloons (2–4 cm) to occlude CS along its entire length. Importantly, in humans, CS does

not run all along the length of MI but only abuts its lower end. Inflating 1 cm spherical

balloon in the distal CS against the lower spot on MI line could sufficiently replace the

flowing blood and also occlude blood flow into its proximal portion. MI line runs

perpendicular to the long axis of rectangular balloons positioned in the CS. Using long

balloons may not extend the advantage higher up on the MI line where there is no epicardial

“heat-sink.”

If balloon length could have impacted MI line ablation, Wong et al. should have observed

higher rates of MI block in the occlusion arm than the control.20 But, there was no

significant difference in the overall MI block rates (85% vs 93%, P = 0.43)20 between the 2

arms, which concurs with the outcome of the current study. Although direct comparison

between 2 types of balloons would be ideal, similar observations made by 2 separate groups

of investigators using different balloons indicate toward absence of any larger influence of

long and big balloons on MI ablation than that currently observed with spherical balloon.

Local Electrogram Amplitude and MI Block

Local electrogram amplitude prior to any ablation (i.e., without local edema) in the region

could represent the MI tissue mass (transmural thickness) and may impact its ablation.

Although many factors like the propagation of wavefront, the orientation of bipole, and the

degree of proximity to the tissue (contact) determine the amplitude of a bipolar electrogram,

the amplitudes were uniformly measured in all the patients in sinus rhythm before

undertaking MI ablation. We did not find significant difference in the amplitude of local

electrograms between the 2 arms in the study. However, lower amplitude of electrograms

was observed either on the top or middle of MI line in patients with MI block when

compared with those without MI block. A possible influence of tissue mass in determining

the acute success rates of MI ablation cannot be ruled out. Prospective evaluation of the

impact of amplitude in patients matched for their ablation strategies could appropriately

address their role in MI ablation.

Study Limitations

Specially designed balloons conforming to the shape of CS are not available. “One size

balloon fits all” concept may not accurately reflect the influence of CS occlusion on MI

ablation. The use of steerable sheath could have facilitated the procedure by improving the
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catheter–tissue contact force during MI ablation.26 However, we have uniformly used non-

steerable sheaths in both the arms of the study.

Conclusions

Temporary spot occlusion of CS is feasible and safe using a 1 cm spherical balloon. It

significantly reduces the requirement of epicardial ablation that is necessarily undertaken

when the endocardial approach fails to achieve MI block. However, the overall success rate,

the amount of RF energy applied endo-epicardially and the total fluoroscopic and procedural

durations for MI ablation do not improve. CS blood flow cools the local MI tissue

epicardially but it is not the only challenge in MI ablation. The others include the tissue

thickness and length, the catheter orientation, and its contact with the tissue and the coronary

arterial blood flow.
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Figure 1.

Venogram shows complete distal occlusion of the coronary sinus using 1 cc balloon

catheter. Ablation catheter is located on the endocardial mitral isthmus and decapolar

catheter is positioned inside the coronary sinus.
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Figure 2.

A: Ablation with balloon occluded coronary sinus (shown in the fluoroscopic image) results

in rapid-onset conduction delay (on RFp: from 72 milliseconds to 146 milliseconds) at the

mitral isthmus after 4 minutes and 25 seconds of endocardial RF application. The arrow

denotes the moment of split in the potential, which was followed by sudden prolongation of

delay. B: Schema and electrograms demonstrating bidirectional block across the mitral

isthmus during differential CS pacing, and pacing from the LAA at the end of the procedure.

CS = coronary sinus; LAA = left atrial appendage; LPV = left pulmonary veins = RF =

radiofrequency.
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Figure 3.

A: Endocardial ablation with balloon occluded coronary sinus results in acute onset (marked

by red star) of epicardial block (compare the arrows) at the mistral isthmus after 3 minutes

of application. There is no influence on endocardial conduction across the mitral isthmus at

this stage as evident by the absence of alteration in the activation of the contiguous left

atrium determined from the low-amplitude, slushy, far-field left atrial potentials recorded on

CS bipoles. B: Demonstration of bidirectional block across the mitral isthmus during

differential CS pacing, and pacing from the LAA at the end of the procedure. CS = coronary

sinus; LAA = left atrial appendage; RF = radiofrequency.
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TABLE 1

Baseline Characteristics

Clinical Characteristic Cases (n = 20) Controls (n = 22) P-Value

Age (years) 57 ± 10 57 ± 11 1.0

Male 15 (75%) 17 (77%) 1.0

Hypertension 10 (50%) 8 (36%) 0.53

Structural heart disease 5 (25%) 8 (36%) 0.51

Persistent AF 11 (55%) 16 (73%) 0.33

Uninterrupted persistent AF (months) 18 ± 13 (n = 9) 31 ± 23 (n = 14) 0.14

Antiarrhythmic drugs 2 ± 0.9 1.7 ± 0.7 0.23

Amiodarone usage 12 (60%) 12 (55%) 0.57

LVEDD (mm) 54 ± 8 55 ± 9 0.71

LVESD (mm) 36 ± 8 36 ± 7 1.0

LVEF(%) 59 ± 13 55 ± 16 0.38

LA diameter (mm) 43 ± 7 47 ± 9 0.12

AF = atrial fibrillation; EDD = end diastolic dimension; EF = ejection fraction; ESD = end systolic dimension; LA = left atrium; LV = left

ventricular.
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TABLE 2

Procedural Parameters

Procedural Parameter Cases (n = 20) Controls (n = 22) P-Value

MI RF duration—total (minutes) 22 ± 9 23 ± 11 0.75

MI RF energy—total (kJ) 39.6 ± 19.9 47.2 ± 28.1 0.32

MI RF lesions—endo (N) 7 ± 4 7 ± 4 1.0

MI RF duration—endo (minutes) 20 ± 8 19 ± 8 0.69

MI RF energy—endo (kJ) 37.1 ± 18 39.4 ± 23.5 0.72

MI RF lesions—epi (N) 0.9 ± 0.9 2.1 ± 1.2 0.001

MI RF duration—epi (minutes) 2 ± 2 5 ± 4 0.004

MI RF energy—epi (kJ) 2.5 ± 2.7 7.8 ± 6.3 0.001

MI fluoroscopy time (minutes) 13 ± 7 15 ± 10 0.46

MI procedure time (minutes) 36 ± 16 39 ± 20 0.57

PV isolation rf duration (minutes) 50 ± 22 45 ± 20(n = 16) 0.49

Total RF duration (minutes) 84 ± 26 81 ± 32 0.74

Total fluoroscopy time (minutes) 67 ± 20 65 ± 26 0.78

Total procedure time (minutes) 262 ± 67 239 ± 86 0.34

endo = endocardial; epi = epicardial; kJ = kilo Joules; MI = mitral isthmus; PV = pulmonary vein; RF = radiofrequency.
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TABLE 3

Blocked Mitral Isthmus Parameters

MI Block Parameters Cases (n = 13) Controls (n = 15) P-Value

MI blocked (%) 13/20 (65) 15/22 (68) 0.76

Time to block (minutes) 18 ± 8 18 ± 11 1.0

Delay on MI during distal CS pacing (milliseconds) 160 ± 30 174 ± 36 0.27

MI ablation time (minutes) 30 ± 14 33 ± 19 0.64

Fluoroscopy for MI (minutes) 12 ± 8 13 ± 9 0.76

MI RF duration—total (minutes) 18 ± 8 19 ± 10 0.77

MI RF energy—total (kJ) 29.6 ± 17.3 40.5 ± 30.7 0.26

MI RF lesions—endo (N) 6 ± 4 6 ± 3 1.0

MI RF duration—endo (minutes) 16 ± 8 15 ± 7 0.72

MI RF energy—endo (kJ) 28.3 ± 16.1 34.2 ± 25.8 0.48

Patients with epicardial ablation (%) 5113 (38) 14115 (93) 0.004

MI RF lesions–epi (N) 0.5 ± 0.8 1.9 ± 1.1 0.0008

MI RF duration—epi (minutes) 1.2 ± 1.7 (0,0–1.5) 4.2 ± 3.5 0.009

MI RF energy—epi (kJ) 1.3 ± 2.4 6.3 ± 5.7 0.006

Rapid-onset conduction delay—N (%) 7 (54) 1 (7) 0.01

CS = coronary sinus; endo = endocardial; epi = epicardial; kJ = kilo Joules; MI = mitral isthmus; RF = radiofrequency.
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TABLE 4A

Amplitude of Electrograms

Amplitude Cases Controls P-Value

MI block + (13:15)

    Mitral annulus 1.2 ± 0.7 mV 1.3 ± 0.7 mV 0.71

    Mid mitral line 1.4 ± 0.2 mV 1.4 ± 0.6 mV 1.0

    High mitral line 1.2 ± 0.4 mV 1.2 ± 0.6 mV 1.0

    CS distal 1.5±0.6mV 1.1 ± 0.8 mV 0.15

MI block – (7:7)

    Mitral annulus 1.3 ± 0.9 mV 0.9 ± 0.7 mV 0.37

    Mid mitral line 1.6 ± 0.4 mV 1.9 ± 0.1 mV 0.08

    High mitral line 1.7 ± 0.3 mV 1.4 ± 0.8 mV 0.37

    CS distal 1.9 ± 0.9 mV 1.8 ± 1.6 mV 0.89

CS = coronary sinus; mV = millivolt.
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TABLE 4B

Amplitude of Electrograms

Amplitude MI block + MI block – P-Value

Cases (13:7)

    Mitral annulus 1.2 ± 0.7 mV 1.3 ± 0.9 mV 0.78

    Mid mitral line 1.4 ± 0.2 mV 1.6 ± 0.4 mV 0.14

    High mitral line 1.2 ± 0.4 mV 1.7 ± 0.3 mV 0.009

    CS distal 1.5 ± 0.6 mV 1.9 ± 0.9 mV 0.24

Controls (15:7)

    Mitral annulus 1.3 ± 0.7 mV 0.9 ± 0.7 mV 0.22

    Mid mitral line 1.4 ± 0.6 mV 1.9 ± 0.1 mV 0.04

    High mitral line 1.2 ± 0.6 mV 1.4 ± 0.8 mV 0.52

    CS distal 1.1 ± 0.8 mV 1.8 ± 1.6 mV 0.18

CS = coronary sinus; mV = millivolt.

J Cardiovasc Electrophysiol. Author manuscript; available in PMC 2013 May 01.


