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Abstract 
Hereby we describe a case of LAF developed after a surgical Maze procedure 
that demonstrates the importance of a systematic approach to mapping and 
ablating atypical atrial flutter to prevent a recurrence of symptomatic arr-
hythmia. In patients with previous cardiac surgery procedures, and in partic-
ular after a surgical maze, there are many different potential LA reentry cir-
cuits that involve various pathways. Both activation mapping and entrainment 
mapping were performed in order to identify the critical isthmus of the circuit 
and to effectively terminate the arrhythmia. 
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1. Introduction 

Atypical atrial flutter is a regular arrhythmia characterized by a non-cavotricuspid 
isthmus dependent macro-reentry. Considering that atypical atrial flutter reen-
try circuit may involve various locations in both atria, activation mapping of the 
flutter circuit is important to confirm that catheter ablation is being performed 
at an isthmus involved in the circuit. Left atrial flutter (LAF) most commonly 
involves reentry around a scar from prior cardiovascular surgery, catheter abla-
tion, or congenital heart disease. One aspect that derives from the widespread 
diffusion of ablation procedures for atrial fibrillation, both percutaneous and 
surgical, is the onset of LAF linked to the presence of a gap at the pulmonary 
vein (PV) ostia or antra.  

2. Case Report 

A 72-year-old man presented at our Centre for an elective atrial flutter ablation 
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procedure. Previous cardiac history includes myxomatous mitral valve, severe 
prolapse with flail of the mitral posterior leaflet with severe mitral valve regurgi-
tation requiring mitral valve repair at age 69. He also had history of paroxysmal 
atrial fibrillation. At the time of his valve surgery, the left atrial appendage was 
removed and a simplified Cox-MazeIII procedure (PV encircling and connecting 
lines) was also performed. Three years after surgery, he developed symptomatic 
rapid atrial flutter. The patient complained for mild swelling of his ankles and 
worsening shortness of breath on exertion. He received oral anticoagulation 
therapy and rate control treatment with metoprolol was started waiting for ca-
theter ablation. He was scheduled for atrial flutter ablation after transesophageal 
echocardiogram. Procedure was performed in fasting state and under conscious 
sedation. The patient was brought to the electrophysiology lab in atrial flutter. 
12-lead ECG showed flutter waves morphology positive in V1, flat in lead I, and 
negative in lead II, III, Avf (Figure 1). Venous access was obtained twice 
through the right femoral vein. A 6 Fr decapolar deflectable catheter was ad-
vanced into the right atrium and placed into the coronary sinus (CS). The CS ac-
tivation sequence was distal to proximal, compatible with an atypical LAF and 
the cycle length was 260 msec (Figure 2). Transseptal access to the left atrium 
(LA) was then established from the right femoral vein under fluoroscopic guid-
ance using contrast injection to visualize the fossa ovalis and the left atrial cavity. 
Systemic anticoagulation with heparin was given in order to maintain an acti-
vated clotting time >300 seconds. A 3.5 mm tip Thermo Cool Surround Flow bi-
directional F-J curve catheter (Biosense Webster Inc., Diamond Bar, CA, USA) 
was placed into the LA. 

The ablation catheter was sequentially moved into the LA to map the PVostia 
and antra. All the PV antra, the posterior wall and the roof were silent. Interes-
tingly, a dissociated potential was recorded on the posterior wall (Figure 3). We 
found LA potentials only in the mitral isthmus region. Entrainment of the ta-
chycardia was performed from the mitral isthmus region pacing at 230 msec. 
The difference of the post-pacing interval (PPI) and the tachycardia cycle length 
(TCL) after the entrainment pacing indicates the proximity of the entrainment 
catheter to the reentry circuit, and the PPI–TCL at the mitral isthmus was 10 
msec with concealed entrainment (Figure 4). This was indicative that the mitral 
isthmus was part of the critical zone of the reentry circuit. A mitral isthmus line 
from the left inferior PV to the mitral isthmus was performed. During ablation, 
the atrial flutter terminated (Figure 5), and the ablation line was completed 
from the left inferior PV to the mitral valve annulus. After ablation, we demon-
strated failure to capture at maximum output (20 V @ 3 ms) on the line, and 
significant conduction delay was recorded while pacing the LA across the line. 
Repeated atrial stimulations, on and off isoproterenol infusion up to 4 mcg/min, 
with atrial programmed stimulation and burst down to the atrial refractory pe-
riod demonstrated no inducible atrial arrhythmia. Post-procedure, the patient 
recovered well with no complications. His dyspnea on exertion resolved, and he 
remains in stable sinus rhythm after 9 months of follow-up. 
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Figure 1. 12-lead ECG shows atrial flutter with flutter waves morphology positive in V1, flat in lead I, and negative in lead II, III, 
aVF. 
 

 
Figure 2. Coronary sinus (CS) activation sequence is distal (CS 1-2) to proximal (CS 9-10), compatible with an atypical LAF. The 
cycle length of the flutter is 260 msec. 
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Figure 3. A dissociated potential is recorded from the ablation catheter (ABL d) on the posterior wall of the left atrium. 
 

 
Figure 4. Entrainment of the tachycardia (CL 260 msec) is performed from the mitral isthmus region pacing at 230 msec. The 
difference of the post-pacing interval (PPI) and the tachycardia cycle length (TCL) after the entrainment pacing indicates the 
proximity of the entrainment catheter to the reentry circuit, and the PPI–TCL at the mitral isthmus is 10 msec with concealed 
entrainment. 
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Figure 5. During ablation on the mitral isthmus, the atrial flutter prolonged (270 msec) and then terminated. 

3. Discussion 

Cardiac surgeons were the pioneers of curative ablation of atrial fibrillation 
(AF). Since the 80’s, when Cox and colleagues introduced the LA isolation pro-
cedure to restore regular rhythm and containing AF to the LA in dogs, several 
techniques have been developed. The “cut-and-sew” surgeries performed under 
direct visualization (Cox-Maze I to III procedures), for AF have a success rate 
ranging from 75% - 95% at preventing recurrent arrhythmia [1] [2] [3] [4] [5]. 
The atrial incisions of the procedure are designed to block potential macroreen-
trant pathways and narrow the atrial tissue to block propagation of microreen-
trant wavelets. Moreover, focal activation from PVs is blocked by the isolation of 
left atrial posterior wall, including all of the PVs. 

The most common arrhythmias following a Cox-Maze III procedure include 
LAF from reentry around the surgical incisions, AF from PV reconnection, and 
focal atrial tachycardia. Scar-related atypical LAF are difficult to manage medi-
cally and frequently recur after electrical cardioversion [6] [7] [8]. Ishii et al. re-
ported that an atrial arrhythmia of some form occurred in 43% of patients after 
the Maze procedure and that most of these arrhythmias were AF [9]. Wazni et 
al. found in their cohort of 23 patients with atrial arrhythmias after surgical 
maze that 48% had atypical atrial flutter, with more patients having LAF than 
right atrial flutter, implying that the surgery itself creates a substrate that can 
lead to another arrhythmia. They also found that AF recurrence was secondary 
to recovery of conduction around the lines encircling the PVs [10]. Bai et al. 
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found that in patients with a prior history of cardiac surgery or AF ablation, the 
open-irrigated-tip catheter was superior to the 8-mm solid-tip catheter for radi-
ofrequency ablation of scar-related atypical LAF. Patients ablated with the 
open-irrigated-tip catheter had higher acute success rate and more favorable 
long-term outcome with more patients maintaining sinus rhythm without anti-
arrhythmic drugs therapy [11]. Recently, Coffey and colleagues published a mul-
ticenter retrospective review of 91 patients with atypical atrial flutter. The au-
thors found that patients with a history of a surgical Cox Maze procedure had 
the highest long-term success rate, at 88% over 16 ± 12 months [12]. 

In addition to the activation map performed with a non-fluoroscopic 3D 
mapping system, successful use of entrainment mapping was crucial to identify 
the isthmus and to effectively terminate the arrhythmia. Indeed, there are many 
different potential LA reentry circuits that involve various pathways particularly 
after a surgical maze procedure (i.e. PV, septum, mitral valve annulus). En-
trainment maneuver refers to the concept that pacing at a slightly shorter cycle 
length than a reentrant tachycardia will accelerate the tachycardia without in-
terrupting it. Concealed entrainment accelerates the tachycardia without fusion 
on the ECG or intracardiac recordings. If concealed entrainment occurs and the 
PPI is equal to the TCL, the pacing electrode is likely at an isthmus of slow con-
duction within the reentry circuit. In atypical LAF, confirming that the ablation 
catheter is within the reentry circuit by demonstrating concealed entrainment 
and a PPI–TCL of ≤20 ms is important for the success of the procedure [13] 
[14]. The most significant limitation of entrainment mapping in patients with 
atypical flutter is the frequent conversion of the clinical arrhythmia into a dif-
ferent circuit and/or morphology or into AF during pacing. 

4. Conclusion 

Atypical atrial flutter is a challenging arrhythmia that can occur in the presence 
of atrial scar, often related to either previous cardiac surgery or catheter ablation 
of AF. Catheter-based mapping and ablation of atypical atrial flutter is feasible 
and effective, although technically challenging. The combination of activation 
mapping using a non-fluoroscopic 3D mapping system and entrainment map-
ping is crucial to achieve satisfying acute success and long-term outcomes. 
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