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area >24 cm2, rheumatic valve disease and NYHA class 
were associated with persistence of AF. At Cox regression 
multivariate analysis, increased left atrial area (OR 1.07 per 
unit increase—95 % CI 1.01–1.131) and rheumatic aetiol-
ogy of valve disease (OR 4.52, 95 % CI 1.65–12.4) were 
associated with persistence of AF at hospital discharge. 
Persistence of AF after RF ablation in patients undergoing 
mitral valve surgery is related to aetiology, e.g. rheumatic 
valve disease, and to increasing left atrial diameter. Due to 
low rate of late recovery of sinus rhythm, indication to RF 
ablation associated with MV surgery should be carefully 
considered in patients with large atria and rheumatic mitral 
valve disease.

Keywords Atrial fibrillation · Mitral valve surgery · 
Radiofrequency ablation · Echocardiography · Rheumatic 
valve disease

Introduction

Spontaneous sinus rhythm recovery occurs in not more 
than 10 % of patients with mitral valve disease undergo-
ing mitral valve surgery [1–3]. Persistence of atrial fibril-
lation (AF) after surgery is associated with an increased 
risk of systemic embolization, with a decreased exercise 
tolerance and with an higher long-term mortality [4–6]. 
Modified Cox maze radiofrequency (RF) ablation has 
been demonstrated to be highly effective in the treat-
ment of AF associated with valve diseases [7, 8]. Favour-
able long-term results of RF ablation have been reported 
in several studies; however, few information exists on 
the clinical and echocardiographic variables related to 
the early success of treatment (at hospital discharge) 
in patients undergoing RF ablation of permanent AF 

Abstract Late recovery of sinus rhythm is unusual in 
patients with permanent AF treated by (radiofrequency) RF 
maze procedure during mitral valve surgery. Identification 
of clinical and instrumental preoperative factors predictive 
of early success of RF ablation in patients with permanent 
AF undergoing mitral valve surgery may improve selection 
of subjects to obtain long-term results. Hundred and thirty 
consecutive patients with permanent AF and mitral valve 
disease underwent modified RF maze procedure during 
concomitant mitral valve surgery. Rheumatic valve disease 
(61 pts) and mitral valve prolapse (41 pts) were the more 
common aetiology of valve abnormalities. Mitral valve 
replacement was performed in 54 % of patients and mitral 
valve repair in the remaining 46 %. Four patients died after 
surgery. At discharge, 87 patients (69 %) were in sinus 
rhythm (group 1) and 43 patients in AF persisted (group 2). 
At an average 24-month follow-up, sinus rhythm was pre-
sent in 67 % of patients, and 33 % were in atrial fibrillation. 
In this period, late recovery of sinus rhythm was observed 
only in five patients, while eight discharged in sinus rhythm 
developed again atrial fibrillation. Among preoperative 
parameters at univariate analysis female sex, atrial fibril-
lation >24 months, left atrial diameter >54 mm, left atrial 
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associated with mitral valve surgery. The identification 
of “early responders” may be useful to clarify clinical 
indication to RF ablation procedure and to decrease the 
need and the related costs of re-hospitalization for sinus 
rhythm restoration attempts in patients with early failure 
of ablation procedure. This aspect appears of particular 
relevance considering that the number of “late respond-
ers”, e.g. of patients who recover sinus rhythm in the 
period after hospital discharge, from previous experi-
ences seems to be limited [9] at least in patients treated 
with monopolar RF ablation. Aim of the present study 
was to investigate which factors may be related to sinus 
rhythm restoration at hospital discharge by the RF maze 
procedure in permanent atrial fibrillation patients under-
going concomitant mitral valve surgery.

Materials and methods

Patient population

Between January 2005 and June 2011, 130 patients with 
permanent AF (atrial fibrillation lasting at least 6 months 
after the last attempt of sinus rhythm restoration) and 
mitral valve disease underwent the maze procedure uti-
lizing RF energy, while undergoing concomitant mitral 
valve surgery. Fifty-three were men and 77 women, and 
mean age was 67 (± 9 years). Preoperative duration of AF 
ranged from 6 to 254 months (Table 1). End point of the 
study was to identify clinical factors associated with early 
success of RF maze procedure, defined as persistence 
in sinus rhythm or correct dual-chamber stimulation in 
patients with permanent pacemaker at hospital discharge. 
Before surgery, none of these patients were in amiodar-
one treatment; 82 % were treated with beta-blockers and 
87 % with ACE-inhibitors or AT1 receptor inhibitors. 
All patients were on oral anticoagulation with K vita-
min inhibitors. Rheumatic valve disease (61 pts—47 %) 
and mitral valve prolapse (41pts—30 %) were the more 
common diagnosed valve abnormalities. Detailed etio-
logic distribution is reported in Fig. 1. At hospital admis-
sion, 14 % patients were in NYHA functional class IV, 
61 % patients were in class III, and 22 % patients were in 
NYHA functional class II. Mitral valve replacement was 
performed in 54 % (St Jude bileaflet mechanical valve 
in 52 %, Carpentier–Edwards biologic valve in 48 %), 
and mitral valve repair in 46 %. Tricuspid valve repair 
(25 patients), coronary artery bypass graft surgery (35 
patients) and aortic valve replacement (20 patients) were 
the more frequently associated procedures. Informed con-
sent was obtained from each patient. The study protocol 
was approved by the Institutional Review Committee on 
Human Research in our institution.

Maze procedure

The Medtronic Cardioablate surgical ablation system 
(Medtronic, Minneapolis USA) was used for treatment. 
Access to the inside of the left atrium was gained through 
a standard atriotomy in the interatrial groove. After the 
left atrial appendage (LAA) was excised, an ablation line 
from the LAA to the left superior pulmonary vein was cre-
ated. In addition to the incision in the interatrial groove, 
isolation of the right pulmonary veins was completed by 
a circular ablation line. The left pulmonary veins were 
encircled. Two linear ablations were performed endocardi-
ally. The first connected the two encirclings to the postero-
superior atrial wall. This lesion was kept cranial, opposite 
the transverse sinus, to prevent any possible damage to the 
oesophagus. The last ablation connected the left append-
age to the posterior aspect of the mitral annulus. To pro-
tect the circumflex artery from heat trauma, the lesion 
line reached the mitral posterior annulus far from the 
antero-lateral commissure. Transesophageal echocardio-
graphic probe was removed during the ablation to prevent 
any damage by the transmission of the heat waves to the 
oesophagus. The mitral valve procedure was completed, 

Table 1  Patients characteristics

Patients (n) 126

Male/female 50/76

Mean age (years) 67 ± 9

FA mean duration range (months) 6–254

Mean NYHA class 2.99 ± 0.6

LVEF (%) 51.4 ± 10.1

Systolic pulmonary pressure (mmHg) 45.2 ± 16.5

Left atrium (mm) 53.7 ± 7.1

Left atrium area (square cm) 33.0 ± 8.4

Fig. 1  Aetiology of mitral valve percentage (%). CAD-MR ischaemic 
mitral regurgitation, DCM dilated cardiomyopathy, MVP mitral valve 
prolapse, Rheum MVD rheumatic mitral valve disease, Rheum Mit-Ao 
rheumatic mitral and aortic valve disease
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and the left atriotomy was sutured in the standard fash-
ion. Surgical times and surgery-related complications are 
reported in Table 2.

Postoperative management

Amiodarone was used for postoperative antiarrhythmic 
prophylaxis. An intravenous bolus of 300 mg was followed 
by a continuous infusion of 1,200 mg for the first 24 h. Oral 
administration (200 mg every 8 h) was maintained until 
discharge. Maintenance regimen of 200 mg/d was then pre-
scribed for a period of 3 months.

Weight-adjusted LMWH was administered subcutane-
ously b.i.d. starting 12 h after ICU admission. At drainage, 
tube removal warfarin was started (5 mg daily) and dosage 
was adjusted to reach target anticoagulation regimen. Low 
molecular weight heparin was withdrawn 24 h thereafter.

ECG monitoring

Cardiac rhythm was continuously monitored after surgery. 
Dual-chamber stimulation at 80 beats/minute through 
epicardial temporary pacing wires was used in most of 
patients for the first 48 h postoperatively to avoid severe 
brady arrhythmias. Recurrences of atrial fibrillation after 
surgery were treated by resuming amiodarone infusion and 
correcting, in the case, electrolyte abnormalities. In patients 
in whom AF persisted despite optimal medical therapy, 
at least one attempt of external DC-shock was performed 
before discharge. 12/51 patients recovered sinus rhythm 
after an average of 1.6 shocks.

Echocardiography

Echocardiographic examination was performed in left lat-
eral position using a Sequoia Acuson instrument (Siemens 
Medical Solution, Mountain View, California with 2.5 and 
3.5 MHz probes). Left and right atrial areas were measured 
by planimetry in the four-chamber view, and maximum areas 
were measured (at the end of the T wave on the ECG). Aver-
aged of five beats was considered for statistical analysis. Left 
ventricular ejection fraction was measured by area–length 
method. Mean pulmonary artery pressure was calculated 

by acceleration time. Systolic pulmonary artery pressure 
was estimated measuring transvalvular gradient by maximal 
velocity of CW tricuspid flow plus right atrial pressure.

Follow-up

Patients were followed up for an average of 24 months. A 
telephonic questionnaire was administered to patients who 
were not able to undergo outpatients visit at our institution. 
End point of the study was the evaluation of recurrence of 
atrial fibrillation.

Statistical analysis

Values for continuous variables were given as the 
mean ± SD. Categoric variables were compared using 
the χ2 test or the Fisher exact test (two tailed). Multivari-
ate analysis was performed using stepwise Cox regression 
method. Statistical analysis was performed with the use of 
a statistical software program (SPSS 18.0 software: SPSS 
Inc. Chicago, Illinois). A probability value of <0.05 was 
considered to be statistically significant.

Results

Four patients died during hospitalization (3 %), one due 
to cerebral haemorrhage on third postoperative day, two 
due to unresponsive cardiogenic shock and the last one as 
consequence of multiorgan failure due to sepsis 12 days 
after surgery. Two patients with sick sinus syndrome were 
treated with permanent pacemaker implantation.

The analysis was conducted on 126 patients discharged 
alive from hospital. At discharge, 87 (69 %), including the 
two who underwent successful dual-chamber pace maker 
implantation, were in sinus rhythm, while the remnant 39 
(31 %) were still in atrial fibrillation.

At an average 24-month follow-up, sinus rhythm was 
present in 67 % of patients, and 33 % were in atrial fibril-
lation. In this period, late recovery of sinus rhythm was 
observed only in five patients, while eight discharged in 
sinus rhythm developed again atrial fibrillation.

Table 2  Surgical data

Extracorporeal circulation (min) 102.3 (68–156)

Aortic clampage (min) 83.4 (49–120)

Acute renal failure 1 (0.4 %)

Neurological (TIA) 1 (0.4 %)

Bleeding 6 (2.9 %)

Low output–IABP/inotropes 8 (3.7 %)

Table 3  Results of univariate analysis

AF at discharge P

Female 33 % Male 17 % 0.021

AF >24 months 34 % AF <24 months 18 % 0.013

LA >54 mm 34 % LA <54 mm 18 % 0.021

LA area >24 cm2 35 % LA area <24 cm2 14 % 0.008

Rheum VD 41 % Non-rheum VD 16 % 0.008

NYHA III-IV 30 % NYHA II 7 % 0.015
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Univariate analysis (Table 3) showed an early higher 
rate of RF ablation success in male patients. Restoration of 
sinus rhythm after maze procedure was observed more fre-
quently in patients with a duration of documented AF lower 
than 24 months (p = 0.013). Smaller left atrial diameter 
and area (<52 mm and, respectively, 24 square cm) were 
associated with a significantly higher probability of sinus 
rhythm recovery.

By converse rheumatic aetiology of mitral valve dis-
ease was associated with an highly significant probability 
of procedural failure (84 % of patients with degenerative 
or ischaemic valve regurgitation were discharged in SR in 
comparison with 59 % of patients with rheumatic valve dis-
ease, p = 0.008) (Figs. 2, 3). Only 7 % of patients with pre-
operative NYHA functional class II were discharged in AF 
in comparison with 33 % in III–IV NYHA class patients. 
The type of surgical procedure did not significantly affect 
the rate of sinus rhythm restoration at hospital discharge. 
Finally, use of angiotensin-converting enzyme inhibitors, 
digoxin, ß-blockade, and calcium-channel blockers, the 
presence hypertension, hyperthyroidism, diabetes mellitus, 

preoperative left ventricular diameter and left ventricular 
ejection fraction did not affect the results.

By multiple stepwise logistic regression analysis, only 
preoperative left atrial area (odds ratio, 1.07 per each unit 
increase; 95 % confidence interval, 1.01–1.131; p < 0.005) 
and rheumatic aetiology of mitral valve disease (odds ratio, 
4.52; 95 % confidence interval, 1.65–12.4; p < 0.005) were 
independently related to the risk of persistence of AF at 
discharge after RF maze procedure (Fig. 4). In patients 
with rheumatic mitral valve disease and left atrium area 
>24 cm2, only 20 % were in sinus rhythm at discharge.

Discussion

Radiofrequency ablation is an efficient option to treat 
chronic atrial fibrillation in mitral valve surgery [10]. 
Kosakai et al. [11] reported an higher three-year survival 
rate, a threefold more frequent presence of sinus rhythm 
(75 vs 36 %) and an absolute 25 % decrease in the risk of 
stroke in a group of patients treated with radiofrequency 
ablation in comparison with a clinical comparable histori-
cal group in which only valve surgery was performed. A 
randomized double-blind study showed at 1-year follow-up 
a significantly higher number of patients in sinus rhythm 
(44.4 %) in subjects randomized to radiofrequency abla-
tion procedure in comparison with mitral valve surgery 
alone (4.5 %) despite a similar rate of postoperative com-
plications and deaths [12]. Restoration of sinus rhythm is 
observed in less than 10 % of patients with mitral valve 
disease and chronic atrial fibrillation undergoing isolated 
mitral surgery [13]. Late (after hospital discharge) recov-
ery of SR in patients who underwent RF treatment of AF 
is not frequent [9]. In our investigation, only 5/126 patients 

Fig. 2  Surgical procedures associated with mitral valve surgery (%). 
Tric-valv tricuspid valve disease, CABG coronary artery, by pass 
graft, AVR aortic valve replacement

Fig. 3  Sinus rhythm restoration rate according to aetiology. Rheum 
dis rheumatic valve disease, CAD-MR ischaemic mitral regurgitation, 
DCM dilated cardiomyopathy

Fig. 4  Results of Cox logistic multivariate analysis
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recovered sinus rhythm at an average follow-up period of 
24 months. Close follow-up and further hospital admission 
for attempt of sinus rhythm restoration may be considered 
in non-responders, but add additional economic charges 
and are associated with low success rate. Thus, identifica-
tion of predictive factors related to successful result at hos-
pital discharge may be useful in selection of patients for RF 
maze procedure in association with mitral valve surgery. 
In present investigation, we found that the only independ-
ent factors related to failure of sinus conversion by the RF 
maze procedure in patients with permanent AF and mitral 
valve disease were preoperative left atrial area and rheu-
matic aetiology of mitral valve disease. Male sex, duration 
of AF <24 months, and a lower NYHA functional class 
were associated with an higher percentage of SR restora-
tion after RF ablation, but none had independent predictive 
value at multivariate analysis. Left atrial dimension, AF 
duration and LVEF have been the more frequent independ-
ent factors associated with long-term RF results. Previous 
investigations suggest that in patients with AF and mitral 
valve disease undergoing surgical maze operation, a lower 
sinus conversion rate was associated with a larger left atrial 
diameter [10]. More recently, Williams et al. [14] reported 
that a preoperative left atrial area of 56.25 cm2 or a preop-
erative left atrial diameter of 57.8 mm could discriminate 
between responders and non-responders. Rheumatic mitral 
valve disease has been demonstrated to be an independent 
factor related to a lower success rate after RF ablation of 
AF [15, 16]. Spotted focal areas of micro-reentry-inducing 
AF may be related to fibrotic exits of inflammatory disease 
of atrial muscular fibres. Efficacy of usual RF ablation lines 
in focal AF may be limited, and mapping of atrial electric 
activity during surgery may be useful [17, 18]. Novel cir-
cumferential lines of ablation may improve clinical results 
[19]. In our investigation, only 59 % of patients undergoing 
surgery for rheumatic mitral valve disease were discharged 
in sinus rhythm after RF ablation in comparison with 84 % 
of mitral valve disease related to different aetiologies. An 
higher success rate in rheumatic valve disease has been 
reported by Sternik et al. [20].

Study limitations

The present study was limited by its observational nature, 
by a relative short follow-up period (2 years) and by the 
number of patients investigated. Similar to other studies, 
a related potential bias results from the reliance on self-
reporting for follow-up cardiac rhythm data. The use of 
questionnaires and clinical examination during follow-up 
may not accurately identify paroxysmal episodes of AF 
and may potentially have underestimated the incidence of 
arrhythmia recurrences.

Conclusions

Results from present investigation suggest that in patients 
with permanent atrial fibrillation, rheumatic aetiology and 
enlarged left atrium significantly decrease the success rate 
of RF ablation in patients undergoing mitral valve surgery. 
Moreover, duration of AF significantly affects outcome of 
treatment although we failed to demonstrate an independ-
ent predictive value for this factor. Low rate of sinus rhythm 
recovery at follow-up confirm results of previous investiga-
tions. Thus, identification of clinical factors associated with 
a low success rate of RF ablation at hospital discharge may 
help to improve the selection of patients eligible for treat-
ment. Our data suggest that indication to treatment should 
be carefully weighted in patients with enlarged left atrium 
and rheumatic valve disease in particular when duration 
of AF before surgery is longer than 24 months. The prob-
ability of sinus rhythm recovery at discharge is lower than 
15 %, and AF recurrence is not negligible in these patients.
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