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Vojtěch Kurfirsta,b,*, AlešMokrác ̌eka,b, Alan Bulavab,c, Júlia Čanádyováa, Jirí̌ Hanišc and Ladislav Pešlc
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Tel: +420-777237299; fax: +420-387874202; e-mail: vojtech.kurfirst@post.cz (V. Kurfirst).

Received 10 September 2013; received in revised form 27 November 2013; accepted 4 December 2013

Abstract

OBJECTIVES: The treatment of persistent and long-standing persistent atrial fibrillation (AF) has unsatisfactory results using both medical
therapy and/or catheter ablation, where incomplete ablation lines remain a significant problem. This study evaluates the feasibility, efficacy
and safety of the sequential, two-staged hybrid treatment combining thoracoscopic surgical and transvenous catheter AF ablation.

METHODS: Thirty patients with persistent and long-standing persistent AF underwent surgical thoracoscopic radiofrequency (RF) ablation
procedure using a predefined protocol (pulmonary veins isolation, box lesion, isthmus line lesion, dissection of the ligament of Marshall,
left atrial appendage exclusion with an epicardial clip and ganglionated plexi ablation) followed by diagnostic catheterization and RF abla-
tion 3 months later. In this session, electrical mapping of the left atrium was performed and any incomplete isolation lines were com-
pleted. Mitral and cavotricuspid isthmus ablation lines were performed during this session as well.

RESULTS: The preoperative mean duration time of AF was 33 ± 27 months with 17% patients with persistent and 83% patients with long-
standing persistent AF. The mean size of the left atrium was 48 ± 5 mm. The complete surgical ablation protocol was achieved in 97% of
patients, with no death, and no early stroke or pacemaker implantation in the early postoperative period. In 63% of patients, the left atrial
appendage was excluded with an epicardial clip. An endocardial touch-up for achievement of bidirectional block of pulmonary veins was
necessary in 10 patients (33%) and on the box, (roof and floor) lesions in 20 patients (67%). Freedom from atrial fibrillation was 77% after
surgical ablation and 93% after the completed hybrid procedure.

CONCLUSIONS: The sequential, two-staged hybrid strategy (surgical thoracoscopic followed by catheter ablation) is feasible and safe with
a high post-procedural success and seems to represent the optimal treatment with low risk load and potentially long-term benefit for
patients with a persistent and long-standing persistent form atrial fibrillation.
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INTRODUCTION

Atrial fibrillation (AF) represents the most common arrhythmia
with higher incidence in aging population [1] and it is associated
with increased mortality, risk of stroke and exacerbation of heart
failure [2]. The pharmacological treatment of AF remains challen-
ging with a long-term failure rate reaching 85% [3]. Catheter abla-
tion as a first-line treatment for patients with drug-refractory AF
has variable results with single-procedure success rates ranging
from 16 to 84% [4]. Success rate decreases with the necessity for
repeat procedures and higher economic costs in persistent forms
of AF [5–8]. In these patients, the left atrium is often enlarged with
fibrotic remodelling and the transvenous endocardial approach
and creation of linear lesions is sometimes challenging. The other
important point, mainly in the treatment of persistent AF, is

exclusion of the left atrial appendage (LAA), which is not routinely
closed during the catheter ablation procedure.
Surgical treatment of AF has shifted in the last decade towards

minimally invasive procedures using endoscopic instruments to
isolate pulmonary veins (PVs), create linear lesions and occlude
the LAA on the beating heart. Although this approach achieves a
higher arrhythmia-free event rate after a single procedure than
catheter ablation [9], contiguous and transmural lesions cannot be
always guaranteed and the mitral isthmus line as well as the tricus-
pid isthmus line also cannot be created from the epicardium [10].
The hybrid procedure combines the surgical and the catheter

ablation to overcome the shortcomings of these two approaches
and as an increased success rate could be expected, it can poten-
tially lower the hospital costs.
This study evaluates the feasibility and safety of a two-staged

hybrid treatment for persistent AF combining endoscopic surgical
radiofrequency (RF) ablation of the left atrium with the occlusion
of LAA, followed by an electrophysiologist (EP) diagnostic study
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and RF catheter ablation of the left and right atria after a 3-month
period of healing. The short-term follow-up data are presented as
well.

MATERIALS ANDMETHODS

Thirty consecutive patients with symptomatic drug-refractory
persistent and long-standing persistent AF underwent hybrid
treatment of AF, while following a standardized protocol from
July 2012 to January 2013. The study was approved by the institu-
tion’s ethics committee. The definition of paroxysmal, persistent
and long-standing persistent was based on recent guidelines [4].
The selection criteria were: AF refractory to at least one class I or
class III antiarrhythmic therapy, absence of coronary artery
disease, absence of moderate or severe heart valve disease,
absence of stroke, absence of catheter ablation and thoracic
surgery within the last 6 months, absence of thrombus in the LAA
during transoesophageal examination and written informed
consent to participation in the study. All patients were informed
of alternative treatment options, including single thoracoscopic
or catheter ablation. Patients were examined by transoesopha-
geal echocardiography, cardiac computed tomography with con-
trast; pulmonary function tests and patients older than 50 years
or patients with symptoms of angina pectoris underwent coron-
ary angiography. Transoesophageal echocardiography as well as
cardiac computed tomography with contrast was repeated
before catheter ablation. Oral anticoagulation therapy was dis-
continued 7 days before surgery/catheter ablation and low-
molecular-weight heparin was administered twice a day until the
evening before the procedure.

Surgical technique

Surgery was performed under general anaesthesia with a double-
lumen endotracheal tube for selective lung ventilation and exter-
nal defibrillation pads were placed on intended positions. The
procedure started on the right side with placement of endoscop-
ic tools: a 10-mm camera port in the right fifth intercostal space
mid-axillary line, a 5-mm working port placed in the third inter-
costal space anterior axillary line and a 10-mm working port
placed in the seventh intercostal space mid-axillary line. Using
single-lung ventilation, the pericardium was opened anterior to
the phrenic nerve from the superior vena cava to the diaphragm
and gently pulled with three stitches. The interatrial groove was
dissected with endoscopic scissors as well as the access to the
oblique sinus between the inferior vena cava and the right lower
PV. An articulating and illuminating dissector (LumiTip Dissector,
AtriCure, OH, USA) was used to surround the right PVs with a
rubber tourniquet which is subsequently utilized as a guide for
the insertion of the ablation clamp (Isolator Synergy, AtriCure,
OH, USA). A series of ablations (minimally five times) of the right
PVs was performed for electrical isolation, and entry block was
verified. A roof line (connecting superior right-sided and left-
sided PVs) and bottom (or floor) line (connecting inferior right-
sided and left-sided PVs) were made using a linear pen device
(Bipolar Linear Pen, AtriCure, OH, USA). In our series, an add-
itional line on the roof of the left atrium ranging from the left su-
perior PV to the non-coronary sinus of the aortic valve was
made. This line was subsequently finished during catheter abla-
tion, when the mitral isthmus line was created epicardially. After

that, ganglionated plexi were located using high-frequency
stimulation and observing a vagal response inducing bradycardia.
ganglionated plexi were then ablated until the vagal response
vanished. The procedure on the right side was finished by
putting one approximating stich on the pericardium and placing
a drain in the right pleural space.
The approach on the left side was similar to that on the right

side, but ports were placed more posteriorly and also the pericar-
dium was opened posterior to the phrenic nerve. The ligament of
Marshall was dissected by scissors and both ends were burnt with
the linear pen. The Lumitip with the rubber tourniquet was used
to place the bipolar clamp and a series of ablations were made
until entry block was documented. At this time, if the patient was
in AF, electric cardioversion was performed and epicardial bidir-
ectional block was confirmed for the PVs and for the box lesion.
The LAA was excluded after measuring the size and using the
AtriClip (Atricure, OH, USA). The drain was introduced in the right
pleural space and the patient was transferred to the intensive care
unit. Low-molecular-weight heparin was started 6 h after surgery
and warfarin was administered after removal of pleural drains.

Catheter-based technique

All procedures were performed using the CARTO3 mapping
system. If normal sinus rhythm was present at the beginning of
the procedure, RF ablation of the cavotricuspid isthmus was
performed before moving to the left atrium. Achievement of
bidirectional block of conduction across the isthmus was ascer-
tained by standard criteria. Then, after double trans-septal punctu-
res, two steerable trans-septal sheaths (8F, Channel, BARD
Electrophysiology, Lowell, MA, USA) were introduced into the left
atrial (LA) and virtual reconstruction of the anatomy and a bipolar
voltage map was conducted acquiring at least 300 points with the
aim of detailed mapping of the whole LA. A circular mapping
catheter (LASSO®, Biosense Webster, Inc., Diamond Bar, CA, USA)
was used in all veins to confirm isolation or electrical reconnection.
RF energy was applied using a 3.5 mm irrigated-tip

ThermoCool® Smart Touch™ catheter (Biosense Webster, Inc.) and
a software module that enables contact force sensing with a tem-
perature limitation of 44°C and RF energy up to 35 W. If electrical
reconnection of the PVs was suspected, detailed mapping of the
PV antra was performed to find the earliest PV potential inside the
presumed epicardial ablation line. Such regions were targeted for
ablation first. The presence of a single spot of electrical reconnec-
tion (from now on referred to as a ‘gap’) corresponded to the
complete abolition of the PV potentials after a single RF applica-
tion at the spot with the earliest activation recorded on the abla-
tion catheter. Similarly, multiple gaps were deemed to be present
if either the conduction time to the PV prolonged (in such cases
the abolition of the PV potentials was achieved usually in the
adjoining segments) or the PV potentials suddenly showed a dif-
ferent activation pattern following RF application assuming that
the electrical activity in the ablation catheter was recorded earlier
than any of the PV potentials.
After achieving PV isolation of all veins (in case they were

reconnected), posterior LA wall was mapped to confirm electrical
isolation. For such purposes, the Lasso catheter was placed in such
a way that it touched the posterior wall perpendicularly. If no
potentials were recorded, the box lesion was deemed to be
present (Fig. 1). If any potential was recorded, both superior and
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inferior connecting lines were mapped to look for a gap. All gaps
were subsequently ablated.

Following this step, the anterior mitral isthmus line was ablated
starting close to the mitral annulus and extending the line towards
the superior connecting line made by the surgeon. Conduction
block of the mitral isthmus line was confirmed by standard criteria
using pacing from the area of LAA lateral to the ablation line and
proving clock-wise activation pattern around the mitral annulus
towards the ablation line.

Furthermore, incremental atrial pacing up to 300 bpm was per-
formed at the end of the procedure. In case any atrial tachycardia
(AT) was induced, detailed activation remap of the left or right
atrium was performed, mechanism of the arrhythmia was estab-
lished and tachycardia was abolished by RF ablation. This step was
done at first if sustained AT was recorded at the very beginning of
the procedure.

Postoperative care and follow-up

Patients underwent telemetric monitoring after the operation
which lasted until discharge from the hospital. No antiarrhythmic
drugs were administered in patients with sinus rhythm. If AF was
documented, 900 mg of amiodarone was administered intraven-
ously over 12 h followed by 200 mg dose once daily until the cath-
eter procedure. Patients were followed up by 7-day Holter
monitoring 3, 6, 9 and 12 months after the completion of the
hybrid procedure. Success was defined as absence of AF and/or
any other supraventricular arrhythmia lasting >30 s on the 7-day
Holter monitor.

Clinical characteristics and perioperative and postoperative
variables were collected prospectively. Patients were followed up
according to the current guidelines [4]. Seven-day Holter was per-
formed at 3-month intervals after completion of both procedures.

RESULTS

Preoperative characteristics of the 30 patients (20 males, 10
females) are summarized in Table 1. There were 17% of patients
with persistent and 83% of patients with long-standing persistent
AF, and 80% of patients had previous electric cardioversion. The
mean size of LAwas 48 ± 5 mm (long axis parasternal view).
Perioperative data are given in Table 2. The mean procedural

time was 210 ± 30 min and the ablation protocol was achieved in
97%. In 1 patient with undiscovered diaphragmatic hernia, the
right-sided lesions were not performed. Two patients underwent
unplanned median sternotomy due to intraoperative bleeding
from the left pulmonary artery. These two complications occurred
early in our series just after the start-up of our thoracoscopic abla-
tion program. Postoperative variables are presented in Table 3.
There were no operative or postoperative deaths in the group as
well as no in-hospital stroke or pacemaker dependency. Two
phrenic nerve palsies with immobility of the right-sided dia-
phragm were diagnosed after completion of the surgical part of
the procedure on skiascopy at the beginning of catheter RF abla-
tion. Both of them continued to be present 12 months following
the index surgical procedure. One patient was readmitted to the
hospital with signs of cardiac tamponade with an international nor-
malized ratio of 7.1 on Day 24 after surgery and he was successfully
treated by pericardial drainage using the Seldinger method.
There were 2 obese female patients (body mass index 43.2 and

34.4) with an infection of the unilateral wound who were treated
with intravenous antibiotics. Seven patients underwent cardiover-
sion during the hospital stay and 9 patients were dismissed with

Table 1: Preoperative variables

Variables n = 30

Male 20 (67%)
Age (years) 61 ± 8
AF duration (months) 33 ± 27
Persistent AF 4 (13%)
Long-standing persistent AF 26 (87%)
Left atrium size (mm) (Plax) 48 ± 5
Left ventricular ejection fraction 62 ± 8%
Body mass index (kg/m2) 30.2 ± 4.8
Hypertension 20 (67%)
COPD 6 (20%)
Previous failed electrical cardioversion 24 (80%)

Table 2: Surgical procedure variables

Variables n = 30

Procedure time (min) 201 ± 30
Conversion to sternotomy 2 (7%)
Operative mortality 0
Complete box lesion 29 (97%)
Dissection of the ligament of Marshall 29 (97%)
Mitral isthmus line 26 (87%)
Occlusion of LAAwith AtriClip 19 (63%)

Figure 1: Box lesion with bidirectional block evaluated during catheter ablation.
Colour-coded bipolar voltage map of the left atrium is showing complete aboli-
tion of the electrical signals from all four PVs and posterior wall (depicted by
red colour with recorded voltage <0.1 mV), while inferior and lateral parts of
the atrium remain electrically active (violet colour). The border zones of abla-
tion lines are clearly depicted as yellow areas.
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antiarrhythmic therapy. The average length of stay was 4.5 ± 3 days.
One month after surgery, 77% of patients were in normal sinus
rhythm.

Successful RF catheter ablation was achieved in 100% of
patients with no complications and no in-hospital mortality or
morbidity. During the electrophysiological evaluation, complete
isolation of right PVs after the surgical ablation was found in 87%
and complete isolation of left PVs in 77% of patients. Complete
roof line after surgical procedure was found in 33% of patients and
complete inferior line in 60% of patients. In patients with incom-
plete lines, the endocardial touch-up was performed to achieve
bidirectional block with 100% success.

The mean follow-up was 208 ± 29 days. No patient was lost
during follow-up. None of the patients died or experienced a late
stroke. After completion of the hybrid procedure, freedom from
AF was 90% without antiarrhythmic medication and 93% on
drugs. Two patients had AT despite medication and completed
hybrid procedure. One of the patients was successfully reablated
and the other remains in right AT despite a reablation catheter
procedure (rate control with permanent anticoagulation was
finally chosen as a treatment strategy).

DISCUSSION

Patients with persistent or even long-standing persistent AF repre-
sent the most difficult patient subgroup to treat due to high recur-
rent rates of arrhythmia. According to the latest guidelines,
catheter ablation has become the first-line treatment method in
patients with paroxysmal AF and no structural heart disease taking
into account also the patient’s wish and level of experience of the
operator/centre [4]. The success rate of catheter ablation in
patients with persistent or long-lasting persistent AF, where fibrot-
ic alteration of the atrial wall and enlargement of the LA is usually
present, is reported to be as low as 45% after a single procedure.
Even after redo ablation the success rate does not exceed 60%
after 1 year and decreases quickly with time [5–8].

Surgical alternatives to catheter-based treatment have arisen
due to a strenuous effort to lower the invasiveness of surgery and
several types of modified Cox maze procedures have been intro-
duced [11]. This evolution during the last decade has brought the
shift of ablation therapy from unipolar to bipolar RF energy [12,
13] and from isolated PV ablation [14–16] to an expanded set of
lesions involving both the left and the right atrium [17]. The other
ambition of the surgical procedure was the ablation of ganglion-
ated plexi which, as a part of autonomic system, seem to play an
important role in AF initiation and maintenance [4]. The systematic
ablation of ganglionated plexi is easily performed during the

endoscopic procedure [18], but still there is no evidence whether
it improves the long-term outcomes of the procedure [19] and
surgeons tend to skip this part of the protocol [20].
The hybrid procedure is usually described as a simultaneous

procedure in the hybrid operating theatre [21]. We have decided
to adopt the method as a two-stage procedure for several reasons.
Currently, our centre is not equipped with a hybrid operating
theatre, which would allow us to work simultaneously with the
electrophysiologists. Secondly, we expect an advantage of a
3-month healing period between the two procedures—the scars
created by the RF ablation tools in the LA become a mature with
no residual oedema, which is always presented after the surgical
ablation and which can affect the sensitivity of endocardial
mapping. There is also a clear evidence of an increased complica-
tion rate of simultaneous procedures due to extremely long
general anaesthesia time, risk of bleeding due to prolonged hep-
arinization and infection risk.
LAA exclusion was planned as an integral part of our operation

protocol wherever deemed feasible and safe by the surgeon. LAA
occlusion may play an important role in stroke reduction [4]. It is
mostly performed either by stapler excision or by the LAA clip as
described by our group. We find the clip a safe and feasible
method for exclusion and electrical isolation of the LAA. In our
study, only 63% of patients had LAA exclusion with the AtriClip.
This issue is applied to the learning curve and to the type of instru-
ments available to us. In the beginning of the study, we used the
first generation AtriClip device, which did not include distal
device articulation as part of deployment. With this first gener-
ation, our implantation rate was only �50%. In the last 10 patients,
we started utilizing the second generation of AtriClip (AtriClip
Pro), which we found preferable for thoracoscopic surgery and
which has raised our exclusion rate to >90%.
In our group, there were 2 cases of phrenic nerve injury with

absent movement on the skiascopy recorded at the beginning of
the RF catheter ablation. This is a very unpleasant complication,
which can be caused by two surgical mistakes. The first is mechan-
ical injury made during opening of the pericardium very close to
the phrenic nerve. After placing pericardial stitches and pulling
the pericardium towards the surgeon to improve the view, hand-
ling with endoscopic tools, mainly clamps or linear pen when per-
forming the inferior line, the pericardium can be easily stretched
or torn, and with it the nerve. The second potential cause is a heat
injury during the ablation. There is evidence, that if the phrenic
nerve is not completely damaged, the possibility of its healing is
�70% after 1 year and �90% after 2 years [22]. The first patient
from our group was highly symptomatic and underwent a plica-
tion of diaphragm 6 months after surgical ablation. The second
patient was completely asymptomatic with preserved lung func-
tion on the spirometry. There is a lack of available information
about this complication from the literature. One-side injury of the
phrenic nerve with limited/no movement of the diaphragm does
not necessarily lead to sensation of dyspnoea. Thus, such a com-
plication is most likely underestimated in the surgical literature as
consistent follow-up examination aimed at detection of dia-
phragm movement on skiascopy is usually missing.
Approximately one-third of our patients had a partial recovery of

at least one PV identified during the electrophysiological evalu-
ation. There was a higher number of linear lesion failures after the
surgical procedure: 40% of patients had gap in the inferior line and
67% in the roof line of the box lesion leading to incomplete box
lesion in two-thirds of patients. The possible explanation of failure
could be a lack of transmurality mainly in patients with enlarged

Table 3: Postoperative variables

Variables n = 30

Haemothorax 0
Pneumothorax 0
Injury of phrenic nerve 2 (7%)
Pacemaker dependency 0
Infection of wounds 2 (7%)
In-hospital stroke 0
Hospital/30-day mortality 0
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and fibrotic LA or in patients with fatty heart, where a higher
number of ablation is needed to reach the entry/exit block. Gaps
that were found during the electrophysiology part of the procedure
were small gaps that needed only a single or double endocardial
ablation to complete for exit/entry block. The completeness of all
lesions (pulmonary vein isolation, box lesion) is always checked
during surgery by entry/exit block testing. The completeness of the
lesions during surgery does not always mean completeness of the
lesion after the follow-up period, where a recovery of atrial tissue
can be found. The critical importance of this information is that a
small gap in a lesion does not always mean the recurrence of AF
postoperatively and that ablation by surgeons from the epicardial
site can facilitate the achievement of permanent transmurality that
is easily completed from the endocardial site.

CONCLUSIONS

Hybrid treatment of AF has encouraging short-term results and
could be an alternative to a single surgical procedure or RF cath-
eter therapy in patients with persistent or long-standing persistent
AF. A staged hybrid approach may have several advantages over a
single-step hybrid procedure. After overcoming of the learning
curve of endoscopic surgery for AF, the hybrid approach offers
low morbidity and mortality rate comparable with repeated RF
catheter ablations. However, a randomized trial with an emphasis
on safety, success rates and economic implications in a long-term
follow-up period of 2–5 years, comparing the hybrid approach
with the catheter ablation as a first-line treatment of AF is neces-
sary to support this statement.
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APPENDIX. CONFERENCE DISCUSSION

Dr S. Salzberg (Zurich, Switzerland): The heart team approach also needs to be
applied to the problem of atrial fibrillation, because we can learn from the EPs,
and the EPs can learn from us. And therefore, I think that your two-stage hybrid
treatment approach is really the way to go. Whether this is done in one proced-
ure or in two procedures, I think further data will show. I have two comments in
regard to your data, because I am pretty astonished by your paper.
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Intraoperatively, you confirmed entrance and exit block of the PVs; however,
three months after, when patients got touched up, only 66% had isolated pul-
monary veins. What is your explanation for that?

Dr Kurfirst: Yes. I think that during our surgical procedure, when you are
testing the transmurality of the lesion, you are testing it by the decline of im-
pedance of the clamps. And also, it has been shown that clamping of pulmon-
ary veins alone, without any energy, has the potential for provoking some
kind of exit or entry block for a while, maybe for some hours. So I think that
especially in dilated left atria with fibrous tissue, we need more lesions.
So these are our results from the beginning of this programme, and I hope
that with adding more lesions, we can also increase the success rate of PV
isolation.

Dr Salzberg: We do a single hybrid approach in Amsterdam, and we clamp
the PVs until the impedance drops within 5 seconds, and then we do epicardial
entrance and exit block testing. And I was just wondering why these lesions
weren’t complete over time.

My second question, more importantly, concerns the left atrial appendage.
You were able to exclude 66% of left atrial appendages, which in my opinion is
not enough. Because when the patient comes to surgery, we are not sure if we
are going to be able to treat the rhythm properly, but we can at least get rid of
that appendage. Why only 66% success rate for this?

Dr Kurfirst: Yes you are completely right; this has something to do with the
learning curve of our procedure. So in the beginning, in the first 10 patients, it
was maybe about 40 or 50% of patients. And at this time, it is more than 90%.
So I think that with the learning curve, we will also be more successful in this.

Dr Salzberg: I think the previous speaker, with the talk on the stapler,
showed the importance that we surgeons learn that we have different tools to
be able to deal with different types of anatomy. I don’t think that one size fits
all, and that’s why having more options available (as do the cardiologists in
Europe with the Watchman and the Amplatzer and the LARIAT) I think will
help us.

Dr S. Benussi (Milan, Italy): I have only one more question. Sasha talked
about the 60%, nearly 70% success rate on isolation of the pulmonary veins. I
really don’t understand why you would pursue a trigone line which in your ex-
perience has achieved a successful ablation in only one case. So why do that at
all? The EP cardiologists like to do that line in totally another place, not where
you suggest they do so. You’re probably just creating some scars, which are
quite likely the cause of post-ablation tachycardia, like the one you experienced
in your series.

Dr Kurfirst: You are totally right. The issue is that in our protocol, we only
had the partial isthmus line, because it was as a favour by our EPs that they
wanted to help with this mitral isthmus line. So it was in a protocol that we go
to only part of it, and they will do the rest. So they don’t have to do a 7 cm
lesion, but only a 3 or a 2.

Dr T. Hanke (Lübeck, Germany): As I understand it from an anatomical stand-
point, the trigone line is different than the EP’s mitral isthmus line, right?

Dr Kurfirst: Yes.
Dr Hanke: It goes from the left pulmonary vein down through the mitral, and

it is P1, and the trigone line goes to A1. So do you call this finalization?
Dr Kurfirst: We call it finalization.
Dr Benussi: You are actually right about the second mitral line.
Dr Kurfirst: So that’s my mistake. Sorry.
Dr N. Ad (Falls Church, VA, USA): I have two comments. One is that we have

to remember that ablation lines that are being applied across the Bachmann
bundle as a part of the Dallas lesion set are very hard to establish as the atria
are very thick there. It is basically a very similar line to the maze I which was
abandoned because it created a block and a significant delay between the
activation of the right and left atrium. So you may end up with an 180 to 280
millisecond delay between the right and left atrium. I don’t understand this line
at all.

Secondly, we all have to go back to the original mapping of human atria and
remember that the isthmus line across the coronary sinus is necessary not only
to abolish atypical atrial fibrillation, but also because AF can originate around
the coronary sinus. But I believe that the main issue here is not the heart team
concept and the collaboration; it is about the fact that we surgeons don’t have
reliable tools to ablate epicardially on a beating heart and create reliable trans-
mural lesions.

So in our institute, the biggest opponents of the hybrid procedures are the
EPs. And we have a hybrid EP suite, an operating room that is equipped like an
EP Lab where we can do everything. Why is that? Because we see time after

time that all those lines that look okay during the operation are not okay and
create a lot of arrhythmias, both new and recurrent.
So as a stage to a good hybrid procedure that makes sense; it is not about

the lesion, it is about the devices. And currently, except for the bipolar clamp to
the pulmonary veins, nothing really works, and Stefano can say more about it
than I can say; we have no device that can transmit reliable transmural lesions
epicardially.
So we can do a fancy minimally invasive procedure and basically throw away

all our essential work that is actually good for the patients. The procedure
shouldn’t be done so the patient can drink coffee in the afternoon; the proced-
ure should be done so the patient can drink coffee ten years from now, A Fib
free. This is our challenge as surgeons.

eComment. Genuine hybrid or convergent treatment of atrial fibrillation. What
should we choose?
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Treatment for persistent atrial fibrillation (AF) includes different strategies for surgi-
cal and interventional procedures; nevertheless there are still no unified guidelines.
The subject is associated with many controversies from anamnesis to follow-up.
Thus, every clinic selects its own way. In this article the authors describe their experi-
ence with a “two-stage” hybrid treatment of AF. The results are very optimistic, statis-
tics are provided, but the report still leaves more questions than answers [1]. First of
all there is the selected strategy: two steps in treatment can be precluded by lack of
funding, major complications or the absence of a hybrid OR. Although every patient
requires an individual approach, there are more advantages in a one-step technique
such as exact confirmation of transmurality of ablation lines and absence of endo-
epicardial gaps. In addition, it reduces time of fluoroscopy and total procedure time.
The second question is follow-up. It is recognized that even 7-day Holter monitoring

cannot provide objective information about sinus rhythm maintenance over the entire
post-procedural period. Despite the popularity of this diagnostic method, continuous
monitoring with an implanted loop recorder is preferred [2]. It is associated with a large
number of asymptomatic paroxysmal events, especially in patients with non-paroxysmal
AF. This condition may lead to inappropriate cancellation of anti-arrhythmic therapy
and oral anticoagulant therapy and the return of AF or stroke as a consequence.
As previously mentioned, the results are optimistic. The data provided by the

authors is in line with earlier reports on these methods with a mean total percentage
of 90% of patients in sinus rhythm at 1-year follow-up [3]. The main problem is that
the proper treatment of all forms of AF gives approximately 90-95% of success in the
first year which progressively declines in subsequent years in patients with non-
paroxysmal AF. Unfortunately there are still no big trials on the efficacy of hybrid
treatment in long-term follow-up in order to confirm or refute this experience. Yet
the two-step strategy brings one undeniable advantage. Inflammatory processes in
ablation points become less with time. It allows the definition of boundaries of non-
isolated substrate and target points. In conclusion, we recognize some benefits of
a two-stage hybrid approach as one of the treatment modalities, but a definitive
solution should take into account data from multicentre randomized trials.
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