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Abstract
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and safety. Digital Comprehensive Summaries of Uppsala Dissertations from the Faculty of
Medicine 1418. 111 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-0207-2.

Patients with atrial fibrillation (AF) have markedly reduced quality of life (QoL) and catheter
ablation has become a useful tool in the rhythm control therapy. However, because of the poor
outcome for patients with persistent AF, new surgical ablation strategies for rhythm control are
emerging.

The aims of this thesis were to evaluate QoL, the main indication for rhythm control,
after three different types of surgical ablation for AF, two stand-alone epicardial AF ablation
procedures and one concomitant procedure during mitral valve surgery (MVS), and to perform a
long-term follow-up of one of the techniques with regard to rhythm outcome, left atrial function,
exercise capacity and safety.

As the first center in the Nordic countries to adopt the video-assisted epicardial pulmonary
vein isolation and ganglionated plexi ablation combined with left atrial appendage excision
(LAA), the  freedom from AF at one year follow-up was found to be 71% and associated with
improved exercise capacity, QoL and symptoms as well as preserved left atrial function and
size. The most common complication was bleeding events (14%). After 10 years, the improved
symptoms and QoL remained, reaching comparable levels of the general Swedish population,
despite a marked decline in the rate of freedom from AF (36%). 4 strokes appeared during
follow-up despite LAA excision in 3 of these patients.

In order to improve the rhythm outcome for patients with longstanding persistent AF a box-
lesion was added to the procedure. At one year follow-up, both symptoms and QoL improved
and was indistinguishable from those in the Swedish general population.

Finally, concomitant AF ablation during MVS did not improve QoL compared to MVS alone
in a double blinded randomized controlled trial. Moreover, no difference was seen between
patients in AF or sinus rhythm at one year follow-up, irrespective of the allocated therapy,
indicating that their preoperative symptoms were mainly related to their valve disease.

In conclusion, the stand-alone procedures using surgical ablation was found to be effective
but at the expense of procedural complications. In contrast, the concomitant surgical AF ablation
did not improve QoL, a finding that raises concerns regarding current recommendations for this
procedure.
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Introduction 

The prevalence of atrial fibrillation (AF) in the developed world is approxi-
mately 1-2% of the general population and is likely to increase 1-3. At diagno-
sis the patient may present with palpitations, chest pain, dyspnea, and anxiety 
or be entirely asymptomatic. Apart from symptoms related to the rapid and 
irregular rhythm, with markedly reduced exercise capacity4 and degraded 
quality of life (QoL)5, AF may in some people be fatal due to development of 
heart failure, stroke and sudden death6.  

In the management of AF, apart from anticoagulation, rate control and 
treatment of underlying conditions to prevent complications, the primary goal 
is to reduce symptoms and thereby ameliorate QoL. The main indication for 
rhythm control is AF-related symptoms, despite adequate rate control therapy, 
since no rhythm control strategy including antiarrhythmic drugs (AADs), 
transvenous catheter ablation (CA) and surgical ablation (SA), has yet been 
able to prevent cardiovascular outcomes or withdrawal of anticoagulation7, 8.   

Antiarrhytmic drugs only have a moderate effect on maintenance of sinus 
rhythm (SR) over time and are associated with adverse side effects that may 
negate the inherent advantage of SR9. Transvenous CA eliminates AF in a 
high proportion of cases with paroxysmal AF, 70%10, 11, but pulmonary vein 
(PV) reconduction is still a recognized problem 12-14 and the result of such 
intervention is less successful in patients with non-paroxysmal AF 11, 15, 16. 

Hence, alternative approaches using SA either as a stand-alone or concom-
itant procedure during mitral valve surgery has emerged for the treatment of 
AF. One of the stand-alone procedures is the video-assisted epicardial pulmo-
nary vein isolation (PVI)17, 18. A further development of the technique with a 
totally thoracoscopic left atrial ablation including a left box lesion has also 
been introduced19. There is, however, limited information available about the 
long-term outcome and QoL of such procedures.  

Concomitant SA procedures, for the treatment of AF during mitral valve 
surgery (MVS), have demonstrated a higher rate of freedom from AF com-
pared with MVS alone20, 21 but no significant improvement in terms of all-
cause mortality or stroke22.  The reduction in symptoms and improvement in 
QoL is, however, the main indication for rhythm control in patients with AF 
but the effect of combined MVS and SA on the QoL has not yet been estab-
lished in adequately designed RCTs.  
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Background 

Atrial fibrillation 
Definition and diagnosis 
In the heart the sinus node, consisting of a group or cells in the right atrium of 
the heart, initiate the normal heart rhythm called SR. In AF, other foci initiate 
an uncoordinated fibrillation of the atrium. Atrial fibrillation is defined as a 
supraventricular arrhythmia characterized by this chaotic electric activity 
within the atrium causing the atriums to fibrillate i.e. to contract very rapidly 
and uncoordinated23. Since the atrioventricular junction serves as a filter, the 
ventricular heart rate is slower but still irregular. The diagnosis of AF is based 
on the findings on the electrocardiogram (ECG) showing an irregular ventric-
ular rhythm with no distinct p-waves and a variable atrial cycle length of less 
than 200 ms23. An episode lasting at least 30 s is diagnostic23. 

Prevalence and epidemiology 
Atrial fibrillation is the most common sustained heart arrhythmia and the prev-
alence is likely to increase in the European union24 and in the United States1. 
In 2010 the estimated numbers of adults over 55 years who had AF were 8.8 
millions in the European Union24. The data on prevalence of AF in Africa, 
Asia and South-America is, however, scarce25. Moreover, since the AF can be 
asymptomatic and therefore might remain undiagnosed in the general popula-
tion26, the prevalence is probably higher worldwide. There is a higher preva-
lence of AF among men but also in the aged population1, 2, 25, in the age stratum 
of 55-59 years, the prevalence of AF was 1.3% in men and 1.7% in women 
but increased to 24.2% in men and 16.1% in women  for those >85 years of 
age24. The ageing population is probably the main reason for the increasing 
prevalence in the population1 but better detection of silent AF27, 28 and condi-
tions predisposing to AF3 might contribute.  

Atrial fibrillation is associated with a more than fivefold increased risk for 
stroke29, 30 due to the inadequate contraction of the atria resulting in the for-
mations of blood clots, mainly in the left atrial appendage (LAA)31. Even short 
episodes of AF can also underprop a generalized prothrombotic state because 
of atrial myocardial damage and the expression of prothrombotic factors on 
the atrial endothelial surface and activation of platelets and inflammatory 
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cells32, 33. Moreover, AF is independently associated with a 2 fold increased 
risk for all-cause mortality in women and a 1.5 fold increased risk in men6, 34, 

35 and a risk for heart failure6, 36. Death due to stroke can largely be alleviated 
by anticoagulation, while other cardiovascular deaths, due to heart failure and 
sudden death for example, remain frequent even in AF patients treated accord-
ing to the current guidelines37. The rhythm and rate control improve AF related 
symptoms and may preserve cardiac function, but have not demonstrated a 
reduction in long-term morbidity and mortality38, 39. Moreover, AF results in 
a high rate of hospitalization, mainly due to the management of AF, but also 
due to heart failure, myocardial infarction and treatment related complica-
tions40, 41. 

Symptomatology, quality of life and classification 
Patients with AF may experience palpitations, lack of energy during exercise, 
chest pain, dyspnea, anxiety, dizziness and fatigue during AF episodes and 
have a poorer QoL than healthy controls5, 42 and reduced exercise capacity4. 
The QoL in patients with AF is worse or comparable to patients with coronary 
heart disease and congestive heart failure42. However, it is estimated that at 
least one third of the patients are asymptomatic and have silent AF43.  

Clinically, five types of AF can be distinguished, based on the clinical 
presentation, duration of the arrhythmia and therapeutic goals: first diagnosed, 
paroxysmal, persistent, long-standing persistent and permanent AF, see Table 
1. When the arrhythmia is first diagnosed it may belong to any of the four 
latter groups. In one individual the pattern can vary but during time the AF 
tends to progress towards more sustained forms.   
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Table 1.  Classification of AF according to European Society of Cardiology guide-
lines for the management of AF 201623 

Classification Definition 

 
First diagnosed AF 

 
AF that has not been detected before, irre-
spective of the duration of AF or the presence 
and severity of AF-related symptoms. 
 

Paroxysmal AF Self-terminating AF episodes within 7 days. 
AF episodes that are cardioverted within 7 
days should be considered paroxysmal. 
 

Persistent AF AF episodes that lasts longer than 7 days, in-
cluding episodes that are terminated by cardi-
oversion after 7 days or more. 
 

Long-standing persistent AF Continuous AF lasting for ≥1 year when it is 
decided to adopt a rhythm control strategy. 
 

Permanent AF Continuous AF that is accepted by the patient 
(and physician). Rhythm control interventions 
are not applied in patients with permanent AF. 
If a rhythm control strategy is adopted, the ar-
rhythmia should be re-classified as long-
standing persistent AF.  
 

Patophysiology 
The pathophysiology of AF is complex and multifactorial with different mech-
anisms for its initiation and/or its maintenance. The triggers are responsible 
for AF initiation, the substrate is necessary for AF maintenance and perpetu-
ators underlie the progression of the arrhythmia from paroxysmal to the per-
sistent forms. The pathophysiological changes that promote the different 
forms of re-entry in the atria that contribute to the perpetuation of AF are also 
complex and include electrical and structural remodeling of the atrium44. 
Atrial remodeling implies any persistent change in atrial structure or function. 
It is believed that some degree of structural remodeling must precede electrical 
remodeling.  

Atrial fibrillation can be maintained by sustained rapid ectopic activity or 
by re-entry, see Figure 1. Reentry requires a suitable substrate and a trigger 
(eg ectopic beat) that acts on the substrate to initiate reentry. Ectopic firing 
contributes to reentry by providing triggers for reentry induction. Atrial re-
modeling has the potential to increase the likelihood of ectopic or reentrant 
activity through several potential mechanisms.  
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Figure 1. Key mechanisms in AF. 

Electrophysiologic mechanisms of atrial fibrillation and electrical 
remodeling 
Sleeves of myocardium extends from the left atrium (LA) into the PV and 
focal ectopic activity originating from the PVs has been described as a trigger 
for AF and the isolation of the PVs may suppress recurrent AF45. Moreover, 
multiple sites inside one PV or multiple PVs can harbor the ectopic activity 
resulting in AF initiation in an individual46. The focal activity might involve 
both triggered activity and localized reentry promoting AF.47, 48 The PVs have 
also been proposed to contribute to the perpetuation of AF49. 

During AF, the atrial myocardium responds to the high atrial rate by short-
ening of atrial refractoriness and atrial action potential duration50. The short-
ening of the action potential not only preserves viability during AF, but also 
makes the atria prone to recurrent AF 51. This process is described as electrical 
remodeling.  

In 1959 Moe et al proposed a mechanism for the perpetuation of AF by 
continuous conduction of several independent propagating through the atrium 
in a chaotic matter “the multiple wavelet hypothesis”52. The arrhythmia is sus-
tained as long as the number of wavefronts does not decline below a critical 
level. Localized sources of AF, such as ectopic foci, rotors53 or stable re-entry 
circuits all cause fibrillatory conduction distant from the source, which is hard 
to distinguish from propagation sustaining AF by multiple wavelets. The func-
tional re-entry resulting from rotors has been described and ablation of the 
rotors may result in termination of the arrhythmia54.  

Substrate Trigger 

Reentry 

Remodeling 

Atrial Fibrillation 

Ectopic activity 
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Subsequently, there may be several other triggers than the PVs for AF. Ex-
perimental studies have also demonstrated that chemical stimulation55 of GP 
or electric stimulation56 of the nerves within the PVs could induce PV firing 
and AF.  

Structural remodeling 
The structural remodeling consists of AF induced increased expression of ex-
tracellular matrix proteins and increased atrial fibrosis57. The fibrosis results 
in slowed atrial conduction and electrical isolation of atrial cardiomyocytes 
disturbing the continuous cable-like arrangement of cardiomyocytes58, favor-
ing re-entry and perpetuation of the arrhythmia, and is an important contribu-
tor to the AF substrate59.  

Moreover, AF reduces atrial contractile function and increases atrial size60 
which is a known risk factor for progressing to more sustained AF patterns61.  

Atrial enlargement is also associated with heart failure related remodeling62 
and heart failure itself further promote atrial tissue fibrosis63, 64. Hence, after 
full hemodynamic recovery from heart failure, the fibrosis remains and sus-
tained AF is still inducible, despite the absence of atrial dilatation64.   

In patients, without concomitant conditions, the most likely cause of the 
first AF episode is focal sources of electrical activity (usually in the PVs). 
Some of the patients never develop sustained AF 65 while others present with 
sustained AF from the start. The number of predisposing conditions (e.g. dia-
betes66, hypertension, obesity or heart failure67) is related to the probability of 
sustained forms of AF in a majority of patients with AF. Many of these con-
ditions are present already at the diagnosis of AF. 

Atrial fibrillation and the autonomic nervous system 
The heart rate is normally determined by the rate of depolarization of the car-
diac pacemaker tissue, normally the sinus node, and is modulated by the au-
tonomic nervous system. The autonomic nervous system is successively mod-
ulated by mechanical stress receptors, baro- and chemoreceptors located in the 
heart and great vessels of the heart and can be divided into the extrinsic and 
intrinsic cardiac nervous system68.  

The extrinsic cardiac nervous system consists of both sympathetic and par-
asympathetic components, including neurons in the brain and spinal cord and 
nerves directed to the heart. The intrinsic nervous system, however, includes 
autonomic neurons and nerves located in the GP in the epicardial fat pads out-
side the heart and along the great vessels69. Some of the GPs are located in the 
epicardial fat pads around the LA and the PVs69. The GPs modulate the inter-
actions between the extrinsic and intrinsic nervous system70 and contain, pre-
dominantly, parasympathetic neurons but also sympathetic neurons69. 
It has been demonstrated that the GPs may play a role in triggering PV firing56, 

71-73. Moreover, the ablation of GP has been reported to reduce recurrence of 
or eliminate AF 74-76. 
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Ligament of Marshall and left atrial appendage 
The ligament of Marshall is an embryologic remnant of the left superior vena 
cava located between the LAA and the left PVs. In the adult, the Ligament of 
Marshall contains fibrous tissues, a myocardial sleeve and GPs. The muscle 
structure can serve as a trigger for AF77 and the autonomic innervation may 
contribute to the initiation of AF78. Ablation of the ligament of Marshall has 
resulted in a reduction of AF episodes79.  

The LAA has also been identified as a trigger site for AF80, 81 and ablation 
of the LAA resulted in a high degree of freedom from AF81. 

Management of atrial fibrillation 
The primary goals with the treatment of AF is to reduce symptoms and to 
prevent complications associated with AF. The strategies to prevent compli-
cations involve anticoagulation to prevent thromboembolic events, rate con-
trol to prevent tachycardia-induced cardiomyopathy and treatment of under-
lying conditions to prevent the progression of AF and reduce morbidity and 
all-cause mortality. These treatments may alleviate the symptoms per se, but 
other strategies might also be required, such as rhythm control by cardiover-
sion, AADs, transvenous CA or SA.  

Anticoagulation 
AF is associated with an increased risk for stroke29, 30 but the risk varies across 
patients dependent on the prevalence of several risk factors. The recom-
mended predictive risk stratification score according to guidelines is CHADS-
VASc (congestive heart failure, hypertension, age ≥75 years, diabetes melli-
tus, prior stroke, transient ischemic attack or thromboembolism, vascular dis-
ease, age 65-74 years, female sex) for evaluation prior to initiation of treat-
ment23, 82. Patients with an increased risk are recommended anticoagulation in 
absence of contraindications23. The use of a bleeding risk score, eg. HAS-
BLED (hypertension, abnormal renal/liver function, stroke, bleeding history 
or predisposition, labile INR, elderly (>65 years), drugs/alcohol concomi-
tantly) should also be considered to identify modifiable risk factors for major 
bleeding23, 83.   

Rate control 
Rate control regulate the ventricular rate with drugs and results in an improved 
cardiac efficiency and prevention of tachycardia-induced heart failure84, 85, 
subsequently, and may be sufficient to reduce AF related symptoms. To 
achieve acute or long-term rate control beta-blockers, digoxin, the calcium 
channel blockers diltiazem and verapamil, or combination therapy may be re-
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quired23. Urgent cardioversion is considered if the patient is unstable. How-
ever, today a lenient rate control is acceptable, unless symptoms call for a 
stricter rate control23.  

Treatments of underlying conditions 
Several concomitant cardiovascular and non-cardiovascular conditions ampli-
fies the risk of developing AF, the progression of AF and AF-associated com-
plications. Thus, to prevent AF and its disease burden, it is of major im-
portance to identify, prevent and treat such conditions. The conditions in-
cludes blood pressure control3, 86, heart failure treatment3, 86, treatment of val-
vular heart disease87, 88, treatment of diabetes mellitus3, 89, weight reduction3, 

90, increasing cardiorespiratory fitness91, 92, and other measures.  

Rhythm control  
The aim for rhythm control is to restore and maintain SR with electrical car-
dioversion, AADs and/or transvenous CA and SA. The first line antiarrhyth-
mic therapy is pharmacological agents for the prevention of recurrent episodes 
of AF in symptomatic patients with AF23. Unfortunately, the majority of the 
AADs are only moderately effective in maintaining SR over time and those 
that are more effective cause significant morbidity and side effects themselves 
that may negate the inherent advantage of SR9. Catheter ablation or combina-
tion therapy is often effective when AADs fail93. Until now, the comparison 
of rhythm control versus rate control have resulted in neutral outcomes regard-
ing cardiovascular events7, 8 but whether the modern strategy with CA, com-
bination therapy and early therapy leads to a reduction in cardiovascular 
events and/or improved survival remains to be seen in ongoing trials such as 
EAST AFNET 4 (ClinicalTrials.gov identifier NCT01288352) and CABANA 
(ClinicalTrials.gov identifier NCT00911508).  At the moment, rhythm control 
is indicated to improve symptoms in AF patients who remain symptomatic on 
adequate rate control therapy23. 

Antiarrhythmic drugs 
Antiarrhythmic drugs approximately doubles SR maintenance compared with 
no therapy94. The choice of AAD needs to be carefully evaluated, taking into 
account the presence of comorbidities, cardiovascular risk and serious side 
effects, patient preferences, and symptom burden and safety rather than effi-
cacy considerations should primarily guide the choice of AADs23. The major 
AADs available to prevent AF in Europe are: amiodarone, dronedarone, 
flecainide, propafenone and sotalol23.  
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Non-pharmocological treatment of atrial fibrillation 
The moderate effect of AADs and the finding of triggers of AF in the PVs45 
led to the development of CA though PVI as a treatment to prevent recurrent 
AF95. However, the first invasive treatment of AF was performed before the 
introduction of CA. 

Historical perspective 
The first surgical intervention for AF was the creation of an atrioventricular 
nodal block with concomitant pacemaker insertion96. When the atrioventricu-
lar node is destroyed, the ventricle is no longer dependent on the atrium for 
rate and instead is controlled by the pacemaker. This procedure was invasive 
and irreversible and still left the atrium fibrillating, so it did not alter the risk 
for thromboembolic disease and required anticoagulant therapy in addition to 
a permanent pacemaker. It is no longer in use but a less invasive catheter based 
ablation of the atrioventricular node, preceded by pacemaker insertion, is con-
sidered nowadays for patients when the rate cannot be controlled by pharma-
cological agents and when AF cannot be prevented by antiarrhythmic therapy.  

The Maze procedure was introduced  by James Cox for the treatment of AF 
approximately 30 years ago97. It evolved into the Cox-Maze III technique 
which involves making multiple incisions in the atrium to create scars that can 
eliminate abnormal electrical conduction since scar tissue does not conduct 
electrical impulses, hence, eliminate every potential area of re-entry98. Alt-
hough the procedure is effective 99, 100, it has failed to achieve widespread 
adoption because of its complexity and highly invasive nature. However, the 
Cox-Maze procedure and other simpler variants of AF surgery have mainly 
been used concomitant to other open heart surgery procedures101.  

Less invasive procedures have been developed owing to increased 
knowledge about the pathophysiology of AF. In 1998, Haissaguerre et al re-
ported spontaneous initiation of AF by ectopic beats originating in the PVs 45. 
This resulted in the development of transvenous catheter based treatment strat-
egies to electrically isolate the PVs 102. Thenceforth the PVs is a cornerstone 
of most existing catheter and SA techniques. Although, fortuitously, it had 
already been a part of the original Cox-Maze lesions 10 years earlier. 

In patients with persistent AF, non-PV triggers for AF are increased as 
compared to paroxysmal AF103. This finding, the poor outcome for patients 
with persistent AF after PV isolation104 and also the presence of patients who 
had failed previous attempts of transvenous CA for PV isolation has led to the 
development of alternative approaches. One of those is the stand-alone off-
pump epicardial PVI first introduced in 2003105, 106 and the hypothesis was that 
a radiofrequency (RF) clamp applied epicardially at the confluence of the 
veins, without intervening blood, was believed to create more durable and 
transmural lesions as compared to endocardial RF applications. Moreover, 
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non-PV triggers could be targeted, eg. GP56, 71, 73 and ligament of Marshall77 
and finally an excision of LAA could be performed to prevent strokes107. The 
stand-alone epicardial PV procedure has also evolved to include box lesion 
and lines towards the mitral annulus19, 108-114. 

Recently in 2012, the epicardial and endocardial strategies have also been 
combined in a hybrid procedure to treat AF115.  

Moreover, new strategies to target organized atrial rotors and other ex-
tended ablation procedures (beyond PVI) during transvenous CA has been de-
veloped for the treatment of persistent AF but does not seem justified in the 
first procedure16, 23, 116, 117. However, the additional ablation on top of complete 
PVI may be considered in patients failing the initial ablation procedure23 but 
there exists no consensus about what should be included in the additional ab-
lation. 

Cox-Maze procedure 
The cut-and-saw technique introduced 30 years ago, involved isolation of the 
posterior LA, a cavotricuspid connection, a cavocaval connection, a connec-
tion to the posterior mitral annulus and exclusion of the LAA118. Thus, an 
electrical labyrinth (maze) of pathways is designed through which the impulse 
from the sinoatrial node finds a route to the atrioventricular node while pre-
venting fibrillatory conduction.  

The Cox-Maze III procedure still presents the most effective method in SR 
restoration even in long-term100. Although, as previously mentioned, the Cox-
Maze procedure has failed to gain widespread application due to its complex-
ity, technical difficulty and morbidity. During the last decade, the most recent 
modification, Cox-Maze IV procedure, is performed with bipolar and unipolar 
RF, cryo-energy or combination of energies for most lesions, making the pro-
cedure more easy and safe. The overall freedom from AF at 5 years follow-up 
is 78% with no difference between stand-alone or concomitant proce-
dure119.The effect of Cox-Maze IV has also been similar to those achieved 
with earlier Cox-Maze III in a propensity analysis120. Currently, the attempt to 
deploy the devices through minimal access incisions place constrains on the 
locations and number of ablation lesions that can be performed during a stand-
alone procedure. The ESC guidelines although recommend that maze surgery, 
possibly via minimally invasive approach, should be considered by an AF 
Heart Team as a treatment option for patients with symptomatic refractory 
persistent or post-ablation AF to improve symptoms23. 

Concomitant surgical ablation 
This refers to patients undergoing cardiac surgery, commonly MVS, aorta 
valve surgery and/or coronary artery bypass grafting (CABG), along with sur-
gical AF ablation. The concomitant SA can be divided into open concomitant 
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cardiac surgical operations, in which a left atriotomy is performed for the pri-
mary procedure (MVS), and closed concomitant SA, in which a left atriotomy 
is not otherwise performed (aorta valve replacement and/or CABG).  

In approximately 50% of the patients presenting for MVS AF is found pre-
operatively121, but in only 6% of patients undergoing isolated CABG122, and 
in 14% of the patients at the time of aorta valve surgery123. Since AF will 
persist in a majority of patients after such surgery it has led to a more wide-
spread use of concomitant Cox-Maze III surgery or modifications of that pro-
cedure including SA.  

Conventional Cox-Maze procedure and simplified SA procedures confined 
to the LA have in previous RCTs and meta-analyses demonstrated an approx-
imately doubled risk of freedom from AF, diagnosed preoperatively, as com-
pared with cardiac surgery alone20, 21, 124-134. Importantly, the meta-analysis in-
cluding 22 RCTs did not demonstrate any significant improvement of con-
comitant AF surgery versus. cardiac surgery alone in terms of 30-day mortal-
ity, all-cause mortality, stroke or thrombo-embolism but found an increased 
risk for permanent pacemaker implantation and hence up to date there is no 
scientific evidence of improved clinical outcome after such combined proce-
dures133. However, the reduction in symptoms and improvement in QoL is the 
most important indication for rhythm control in patients with AF but the effect 
of combined MVS and epicardial left atrial cryoablation on the QoL has not 
yet been established in adequately designed RCTs.  

Up to date, two non-randomized trials comparing QoL after MVS with ver-
sus without concomitant AF SA in patients with persistent AF reported im-
proved QoL135, 136 and two RCTs found no significant differences between the 
treatment groups21, 132. Neither trial was double-blinded though. Hence, the ef-
fect of concomitant AF SA during MVS on QoL remains to be seen in double-
blinded RCTs. Currently, the ESC guidelines recommend that AF surgery, 
preferable biatrial, should be considered in AF patients undergoing cardiac 
surgery to improve symptoms attributable to AF, balancing the added risk of 
the procedure and the benefit of rhythm control therapy23. Considering AF 
type, in PAF, PVI seems to be effective137 and in persistent and long-standing 
persistent AF biatrial lesion patterns may be more effective138-140. Concomi-
tant biatrial maze or PVI may even be considered in asymptomatic AF patients 
undergoing cardiac surgery according to guidelines23. One of the problems, 
though, is to evaluate if the patients have symptoms of AF or if the symptoms 
can be attributed to their valvular disorder. Therefore, RCTs to evaluate QoL 
after the concomitant AF SA during MVS for these patients is of major im-
portance.  
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Cather ablation for atrial fibrillation 
The identification by Haissaguerre of triggers that initiate AF within the 
PVs45, resulted in an ablation at the site of origin of the trigger141. This proce-
dure was later abandoned due to the infrequency with which AF initiation 
could be reproducibly triggered. Instead, an ablation approach was introduced 
to electrically isolate the PVs46. However, the recognition of PV stenosis as a 
complication of RF within a PV as well as the identification of sites of AF 
initiation and/or maintenance were commonly located within the PV antrum, 
resulted in a shift towards ablation of the atrial tissue located in the antrum 
rather than in the PV itself142, 143.  

Complete PVI on an atrial level is the target and can be achievable by either 
RF or cryoablation with similar outcomes144, 145. The rhythm outcome after 
CA of AF is difficult to predict depending on patient selection, AF type, time 
for follow-up and different methods used.  
In patients with paroxysmal AF, a single PVI procedure is successful in 
achieving SR without severely symptomatic recurrences of AF in approxi-
mately 70% of the patients and in patients with persistent AF the success rate 
after PV isolation alone is 50%10, 11, 16. In many patients multiple CAs for AF 
are necessary146 possibly due to PV reconduction, reflecting difficulties in 
achieving transmural lesions12, 13. The addition of a second procedure in-
creases the success rate to 80%11.  

According to ESC guidelines CA of AF in patients with PAF, persistent 
and probably long-standing persistent, is a second-line treatment after failure 
of or intolerance to AADs23. In these patients CA is more effective than AADs 
in maintaining SR10, 147-149.  Although, as a first-line treatment in patients with 
paroxysmal AF, there are only moderate improved rhythm outcome with CA 
compared to AADs150, 151. There are three trials comparing CA as first line 
therapy for AF demonstrating that QoL improved with both AAD treatment 
and CA and significantly more with CA150, 152, 153. Since the complication rates 
were similar, CA can be justified as first-line treatment in selected patients 
with PAF who prefer interventional therapy.  

Reliable data are lacking for patients with persistent or longstanding AF 
but all point to improved rhythm outcome for CA compared to AADs147, 149. 
As previously mentioned, additional ablation beyond complete PVI154 for pa-
tients with persistent AF may be considered after failing the initial ablation 
procedure but there are insufficient data to guide the use of these at present16, 

23. The complications related to CA of AF includes asymptomatic cerebral 
embolism, vascular complications, cardiac tamponade, persistent phrenic 
nerve palsy, PV stenosis, periprocedural stroke, esophageal injury and 
periprocedural death (<0.2%)23.  

At the moment there is no indication for CA to prevent cardiovascular out-
comes or withdrawal of anticoagulation or to reduce hospitalization38 but there 
are trials underway such as Catheter Ablation versus Anti-arrhythmic Drug 
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Therapy for Atrial Fibrillation Trial (CABANA) (ClinicalTrials.gov identifier 
NCT00911508) which is a prospective RCT of ablation versus medical man-
agement of AF. Several studies have demonstrated improved QoL after AF 
ablation in patients with symptomatic AF or compared to AADs as a second 
line treatment 155-157 but more RCTs comparing CA versus AADs are ongoing 
(CABANA) or have reported preliminary data (CAPTAF, ClinicalTrials.gov 
identifier NCT02294955), with QoL as a primary endpoint, supporting the ab-
lation therapy for patients who had failed one drug either for rate or rhythm 
control.  

Stand-alone epicardial pulmonary vein isolation with or without 
left atrial ablation 
In 2005, Wolf et al performed bilateral epicardial PV isolation with bipolar 
RF energy on a beating heart and also added exclusion of the LAA through 
bilateral mini thoracotomies with video assistance17. The addition of the ex-
clusion of the LAA was included to reduce the risk for future thromboembolic 
events. The epicardial approach for isolation of the PVs with a RF clamp ap-
plied at the confluence of the veins, without intervening blood, is believed to 
create more durable and transmural lesions as compared to transvenous RF 
ablation catheters applied endocardially.    

Several groups have also incorporated GP mapping and ablation into the 
procedure 18, 158-160 since GPs have been demonstrated to play a role in AF 
induction56, 71-73 and the ablation of them may reduce AF recurrences74-76. 
Since AF also has been shown to originate from the ligament of Marshall77, 78, 
a division of the ligament has been added to the procedure158-160.  

One of the most common energy sources during SA is using RF energy 
during these procedures to perform PVI which may potentially cause scar tis-
sue in the LA161 which in turn can deteriorate the mechanical function and 
result in an enlargement of the atrium. This is important since a decrease in 
function may promote thromboembolic events because of the inadequate con-
traction of the atria resulting in the formations of blood clots even in the ab-
sence of AF and an increase in left atrial size may promote AF recurrence162, 

163. There is limited information about the effect on left atrial function and size 
after SA for AF. 

The technologies used to perform lesions, the lesion sets and the patient 
selection vary between operators and there is an absence of a comparator 
group in most studies which makes the rhythm outcomes difficult to compare. 

Since it is believed that persistent and long-standing persistent AF require 
a more extensive lesion set and therefore divergent linear lesions and left atrial 
box lesion set and lines towards the mitral annulus has been introduced19, 108-

114, 164. The number of patients subject to these procedures in studies are still 
small and the data are insufficient to draw any conclusions from. 
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Recently there has been at least three RCTs conducted comparing SA and 
CA. Surgical AF ablation in patients with mainly paroxysmal AF reported 66-
89 % freedom from AF after epicardial PVI with/or without additional lines, 
GP ablation and LAA excision, at one year follow-up, as compared to 36-75 
% in patients after endocardial CA of AF 165-167. A meta-analysis concluded 
that SA was more effective than CA in achieving freedom from atrial arrhyth-
mia in mixed AF populations but had a higher rate of immediate post-proce-
dural complications168. Long-term follow-ups after SA are limited to 5 years 
reporting freedom from AF in 38-69% of the patients162, 163, 169-171, while ef-
fects on QoL are lacking. Despite the limited knowledge of long-term effi-
cacy, the technique has slowly but steadily increased in use.  
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Aims 

The overall aim of this thesis was to evaluate the clinical outcome of three 
types of surgical ablation for AF in different patient populations.  
 
Specifically, focusing on the following questions: 

 
I What are the long-term results of video-assisted epicardial PVI 

combined with GP ablation for the treatment of AF with regard 
to QoL, symptoms, exercise capacity, safety and freedom from 
AF? 
 

II Does the video-assisted epicardial PV isolation combined with 
GP ablation for the treatment of AF affect the left atrial size and 
function at 6 months follow-up? 
 

III Does concomitant SA for AF during MVS improve QoL in pa-
tients with longstanding persistent AF compared to MVS 
alone?  

IV What is the 10-year outcome of video-assisted epicardial PV 
isolation combined and GP ablation for the treatment of AF with 
regard to QoL, symptoms, safety and freedom from AF? 
 

V Does the QoL improve after thoracoscopic left atrial ablation 
for AF in patients with mainly long-standing persistent AF? Is 
the QoL comparable to the levels in the Swedish general popu-
lation in the same age range after surgery? 
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Methods 

Patient selection 
The patients included in these studies all had AF documented and verified on 
12-lead ECG prior to inclusion, but the AF type and presence of symptoms 
related to AF varied between the studies. 

Video-assisted epicardial pulmonary vein isolation trial 
This trial resulted in three papers (Paper I, II and IV). In Paper I, 43 patients with 
symptomatic paroxysmal, persistent or permanent AF who either had failed CA or 
had chosen SA as first alternative undergoing video-assisted epicardial PVI com-
bined with GP ablation from November 2005 until March 2008 were included. All 
patients had failed at least one Class I or III AADs. At the time for long-term follow-
up (Paper IV), two patients had been excluded, one because of premature termina-
tion of the procedure and one was lost to follow-up. On the other hand, two other 
patients had been referred a few months later for the procedure and were also in-
cluded in Paper IV for long-term follow-up, in total 43 patients (Figure 10). The 
AF types at baseline were reclassified according to the new 2016 ESC guidelines23 
in Paper IV. 

The study population in Paper II (27 patients) consisted of a subgroup of 
the patients included in Paper I, all of which had SR at baseline and 6 months 
following the video-assisted epicardial PV isolation combined with GP abla-
tion and were available for appropriate echocardiographic examination (Fig-
ure 9)  

SWEDMAF trial 
The data, design of the study, rhythm outcome and safety have been detailed 
elsewhere20. Paper III is a substudy of this trial evaluating the quality of life 
after the procedure.  

In brief, patients aged 18–80 years with permanent AF and mitral valve 
disease requiring MVS were randomly assigned double-blind to MVS com-
bined with epicardial left atrial cryoablation or to MVS alone (controls) during 
2003 to 2005. Patients were eligible irrespective of symptoms from AF since 
it was too difficult to distinguish symptoms related to AF versus those related 
to the mitral valve condition. The main exclusion criteria were heart failure in 
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New York Heart Association function class IV, previous cardiac surgery ex-
cept for CABG surgery, planned concomitant surgery except CABG, condi-
tions that would impose an increased risk for prolonged surgical procedure, 
and permanent pacemaker secondary to AV block. After hospital discharge 
the patients were evaluated with regards to clinical events, medical history, 
patient diary (date for AF recurrence, cardioversions, change in medication), 
rhythm, clinical examination, medications, 12-lead ECG, and complications 
at 1, 2, 3, 6 and 12 months after surgery, all of which were compared with 
baseline values. Electrocardiogram recordings and cardioversions performed 
in between or at follow-up visits, whenever such recordings were done and 
when patients had symptoms, were also documented. The type of AF was de-
fined according to generally accepted criteria as paroxysmal, persistent, or 
permanent AF. The primary end-point was regained SR. At 12 months follow-
up there was a higher rate of regained SR in the patients who had underwent 
concomitant AF cryoablation (73.3%) compared with patients, who under-
went MVS alone (42.9%).  

In Paper III, the study population consisted of the 65 patients with permanent 
AF randomized in the SWEDMAF trial and who had reached the primary end-
point in the main study, rhythm outcome at 12 months follow-up, and replied 
to QoL questionnaires at baseline, 6 months and 12 months.  

TELA-AF trial 
The rhythm outcome and safety of TELA-AF procedure has been reported 
previously109. Paper V is a substudy of this trial evaluating the quality of life 
after the procedure.  

Sixty patients with severely symptomatic AF were referred for the proce-
dure. The patients had either failed conventional CA for PVI or had chosen 
the procedure as first alternative. All patients had failed or been intolerant to 
at least one Class I or III AADs. The TELA-AF procedure consisted of a com-
bined thoracoscopic, epicardial PVI, left atrial roof- and bottom ablation lines 
(“box-lesion”) as well as partial vagal denervation. The major exclusion cri-
teria were prior cardiac surgery (including minimal invasive ablation), left 
ventricular ejection fraction ≤ 30 %, thrombus in the LAA, significant pulmo-
nary disease and left atrial transverse diameter > 6.0 cm. The patients were 
followed with clinical evaluations and 12-lead electrocardiograms at 3, 6, and 
12 months after the surgical intervention and a 7-day Holter monitoring after 
6 and 12 months.  

At 12 month follow-up, 93% of the patients were free from AF, while 12% 
suffered from recurrent LA tachycardia.   

In Paper V, the 50 patients with symptomatic AF undergoing thoracoscopic 
epicardial left atrial ablation (TELA-AF) from 2008 to 2010 who replied to 
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QoL and symptom questionnaires at baseline and 12 months were included in 
a substudy of the TELA-AF procedure.  

Study design 
Four papers (I, II, IV and V) are descriptive studies of our initial experience 
of new surgical techniques for the treatment of AF, video-assisted epicardial 
PVI combined with GP ablation (Paper I, II and IV) and thoracoscopic epi-
cardial left atrial ablation (Paper V).  
Paper III is a substudy of the double blinded multicenter SWEDMAF trial, 
where patients were randomized in a 1:1 manner to MVS with concomitant 
left atrial cryoablation or MVS alone. Patients, personnel, and all physicians 
(excluding the operating team) involved in the study and follow-ups were 
blinded to the allocated surgery, which was recorded separately from the pa-
tient’s surgical notes.  

 
The time for follow-up and main outcome measures are listed in Table 2. 

Table 2. Overview of designs and methods in Paper I-V  

 Paper I Paper II Paper III Paper IV Paper V 

Design Descriptive Descriptive, 
substudy 

Double-
blinded, ran-
domized, sub-
study 

Descriptive, 
substudy 

Descriptive, 
substudy 

 
Procedure 
 
 
 

 
Stand-alone 
epicardial PVI 
and GP abla-
tion 
 

 
Stand-alone 
epicardial PVI 
and GP abla-
tion 
 

 
Concomitant 
epicardial left 
atrial cryo-
ablation 

 
Stand-alone 
epicardial  
PVI and GP 
ablation 

 
Stand-alone 
epicardial left 
atrial ablation 

Follow-up  
 

1 year 
 

6 months 
 

1 year 
 

10 years 
 

1 year 
 

Main outcome 
measures 
 

Rhythm out-
come, QoL, 
symptoms, 
exercise 
capacity, 
safety. 
 

Left atrial size 
and mechani-
cal function. 

QoL 
 

Rhythm out-
come, QoL, 
symptoms, 
safety. 
 

QoL and 
symptoms. 
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Clinical evaluation prior procedure 
Investigations (Paper I, II and IV) 
The clinical evaluation at baseline prior video-assisted epicardial PVI and GP 
ablation included medical history, physical examination, 12-lead ECG, 2-di-
mensional echocardiography, coronary angiography (if age above 50 years or 
if symptoms suggested ischemic heart disease), spirometry (if symptoms of 
lung disease), 24-hour Holter recording, and contrast tomography (CT) for PV 
anatomy. Coronary artery disease was defined as previous myocardial infarc-
tion, coronary artery revascularization, or documented significant coronary 
artery stenosis on angiography.  

In Paper I and IV, symptoms were also evaluated by symptom severity 
questionnaire (SSQ) and QoL by Short Form 36-item (SF-36) questionnaire 
at baseline. To evaluate physical capacity in Paper I, an exercise bicycle test 
was also included at baseline. In Paper II, the echocardiographic examination 
at baseline included measurements of the left atrial size and mechanical func-
tion, apart from the measurements according to clinical routine, which is dis-
cussed further in the section. Evaluations of the left atrial size and function 
was also related to the extensiveness of the procedure. The procedure was 
considered extensive if there were either six or more PV applications and/or 
more than ten GP ablations. 

Anticoagulation and antiarrhythmic drugs (Paper I, II and IV)  
In Paper I, II and IV, all patients were treated with warfarin with the inter-
national normalized ratio level for at least 1 month prior to the procedure. 
Thrombus formation in the LAA was excluded by transesophageal echocardi-
ography (TEE) the day before the operation. Warfarin was replaced by low-
molecular-weight heparin for bridging during the surgery. It was then with-
drawn 3 months after the operation except for patients with a history of stroke 
or transient ischemic attack or with CHADS2 score above 2. Heparin (5000 
IU) was administrated intravenously during surgery.  

After discharge, AADs were continued for at least 3 months after surgery, 
at which time they were withdrawn in patients who remained in SR. Amioda-
rone was prescribed if AF recurred more than once during the first 3 months 
postoperatively.   

Echocardiographic examination (Paper II) 
The echocardiographic examinations and measurements were made by an ex-
perienced technician supervised by a cardiologist (S.L). The LVEF was meas-
ured by Simpson's method in the 4 chamber view. The LA anterior posterior 
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diameter was measured by M-mode in the parasternal long-axis view and 
valve function was evaluated by Doppler flows.  

Maximal LA cavity areas were obtained by planimetry in the apical 4-
chamber view at the end of ventricular systole, defined as the last frame before 
mitral valve opening. Minimal LA cavity areas were obtained at end diastole 
at the time of the R-wave on the ECG. The mean values were calculated from 
2-3 consecutive beats. The atrial fractional area change (FAC) of the LA was 
calculated using the formula below. 

 

ܥܣܨ ൌ
ܽ݁ݎܽ	݉ݑ݉݅ݔܽܯ െ ܽ݁ݎܽ݉ݑ݉݅݊݅ܯ

ܽ݁ݎܽ	݉ݑ݉݅ݔܽܯ
		ܺ	100 

Pulsed Doppler echocardiography was used to assess the transmitral flow ve-
locities from an apical 4-chamber view with a sample volume for the tip of the 
mitral leaflets during diastole. Peak velocities of the early filling deceleration 
time of the E-wave, were measured and averaged over two beats and the E/A 
ratios were calculated.  

Evaluation of Quality of life and symptoms (Paper I, III-V) 
The QoL in Paper I, III-V was evaluated using SF-36 which is a validated 
questionnaire172, 173 and has been widely used in a number of disease states and 
health conditions42, including in a number of studies of AF156, 157. There is also 
an opportunity to compare improvements in QoL with other medical interven-
tions. It has also been translated in to Swedish. The results of the 36 questions 
(items) are converted in to 8 subscales (Table 3) and also two component 
scores (physical and mental) with a score ranging from 0-100, with at higher 
score representing better QoL. The questionnaire takes 5-10 minutes to an-
swer. There are standard rules to record the items and handle missing data 
which was applied in the studies. 

There is comparative data for the general Swedish population by different 
age groups available172. 

The symptoms in Paper I, IV and V were assessed by five variables in 
SSQ, which also has been used in AF studies and was developed by Pappone 
et al174, and were each scored with regard to severity on a 5-point scale with a 
higher value representing more pronounced symptoms. The 5 variables in the 
SSQ includes palpitations, fatigue, dizziness, lack of energy and dyspnea all 
representing AF related symptoms. 

Investigations (Paper III and Paper V) 
In Paper III and V, the details of the clinical evaluation at baseline of the 
main studies SWEDMAF study (Paper III) and TELA-AF study (Paper V) 
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has already been mentioned. In the substudies the QoL at baseline was evalu-
ated by SF-36 (Paper III and V) and symptoms by SSQ (Paper V). 
 

Table 3. Summary of information about SF-36.  

  Number of 
 

  

Scale 
 
 

Label Items Levels  Definition of lowest 
possible score 

Definition of high-
est possible score 

Physical Functioning PF 10 21 Limited a lot in per-
forming all physical 
activities including 
bathing or dressing 
due to health 

Performs all types 
of physical activities 
including the most 
vigorous without 
limitations due to 
health 
 

Role-Physical RP 4 5 Problems with work or 
other daily activities 
as a result of physical 
health 

No problems with 
work of other daily 
activities as a result 
of physical health 

 
Bodily Pain 

 
BP 

 
2 

 
11 

 
Very severe and ex-
tremely limiting pain 

 
No pain or limita-
tions due to pain 

 
General Health 

 
GH 

 
5 

 
21 

 
Evaluates personal 
health as poor and 
believes it is likely to 
get worse 

 
Evaluates personal 
health as excellent 

Vitality VT 4 21 Feels tired and worn 
out all of the time 

Feels full of pep and 
energy all of the 
time 

 
Social Functioning 

 
SF 

 
2 

 
9 

 
Extreme and frequent 
interference with nor-
mal social activities 
due to physical or 
emotional problems 

 
Performs normal 
social activities 
without interference 
due to physical or 
emotional problems 

 
Role-Emotional 

 
RE 

 
3 

 
4 

 
Problems with work or 
other daily activities 
as a result of emo-
tional problems 

 
No problems with 
work or other daily 
activities as a result 
of emotional prob-
lems 

 
Mental Health 

 
MH 

 
5 
 

 
26 

 
Feelings of nervous-
ness and depression 
all of the time 

 
Feels peaceful, 
happy, and calm all 
of the time 
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Procedures 
Video-assisted epicardial pulmonary vein isolation (Paper I, II 
and IV) 
The video-assisted off-pump procedure through mini-thoracotomies, included 
epicardial PVI using a bipolar RF clamp, left atrial GP identification using 
high-frequency electrical simulation and ablation, division of the ligament of 
Marshall, and left atrial excision using a stapler.  

The general anesthesia was administered with a double-lumen endotracheal 
tube to be able to deflate one lung at a time. To ensure that electrical isolation 
could be completed for all veins, in case the excision of the LAA would result 
in any complication, the procedure started on the right side. 

The procedure was initiated, with the patient in a left lateral recumbent po-
sition and the right lung deflated, by inserting the thoracoscope at the level of 
the xiphoid process. In the third intercostal space, a small thoracic incision 
was made to approach the right PVs. Through the incision, the pericardium 
was opened parallel and anterior to the phrenicus nerve from the superior vena 
cava down to the inferior vena cava. A lighted dissector was used for blunt 
dissection around the PVs entering into the oblique sinus and passing out 
above the superior PV. The dissector was then replaced by rubber band. 

The predominantly vagal GP were identified by high-frequency electrical 
simulation (800 pulses per minute, pulse-width 9.9 ms) applied at 10 sites ac-
cording to a map (Figure 2) adapted from Warren Jackman, University of Ok-
lahoma.  

 
Figure 2. Sites of high-frequency stimulation of ganglionated plexi (GP). In every 
patient 10 sites on the right side (R1–R10) and 10 on the left side (L1–L10) of the 
left atrium were mapped. RSPV, Right superior pulmonary vein; RIPV, right infe-
rior pulmonary vein; LSPV, left superior pulmonary vein; LIPV, left inferior pulmo-
nary vein; LA, left atrium; LAA, left atrium appendage; AV, atrioventricular; R, 
right; L, left. 
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A bradycardia with a doubling of the R-R interval was defined as a positive 
response. To introduce the bipolar RF ablation clamp around the PV pair the 
rubber band was used. Prior to ablation, PV conduction was assessed for each 
PV pair. The clamp was closed proximal to the confluence of the veins and 
ablation was performed according to an algorithm that automatically stopped 
the ablation when the impedance change indicated that a transmural lesion 
was achieved between the jaws. Conduction block was then confirmed by pac-
ing or, if AF was present, by the absence of fibrillation potentials on the distal 
or PV side of the ablation line. In case conduction block was not achieved 
after the first 3 consecutive applications, 1 or 2 additional RF applications 
were given until PV conduction block occurred. The high-frequency stimula-
tion scheme (Figure 2) was then repeated, and if GP activity was still present, 
it was abolished by electrocautery or by an RF ablation pen, until no vagal 
response could be provoked. A thoracic drain was inserted, the lung inflated, 
and the incisions closed. 

To approach the left PVs for isolation and GP ablation, the patient was then 
repositioned in a right lateral recumbent position and the procedure repeated 
as described above. If a ligament of Marshall could be identified, it was di-
vided. Finally, the LAA was excised using a stapler (Autosuture, United States 
Surgical, Norwalk, Conn), if judged feasible and safe (absence of a wide base 
or thin wall). Intercostal analgetic blockade was given on both the right and 
left sides. 

Concomitant surgical ablation (Paper III) 
The SA included cryoablation lines that were applied by a cryosurgical probe 
epicardially resulting in left atrial posterior linear lesions and a lesion to the 
LAA (Figure 3). After cold cardioplegic arrest, the LA was opened and the 
valve procedures were performed according to routine. Epicardial electrical 
cardioversion was performed after surgery in patients with ongoing AF. 
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Figure 3. A schematic drawing of the left atrium, in a postero-anterior view, visual-
izing the cryoablation lesions (hatched lines) and the suture lines. LAA, left atrium 
appendage; SVC, superior vena cava; IVC, inferior vena cava; MV, mitral valve. 

Thoracoscopic left atrial ablation (Paper V) 
The totally thoracoscopic off-pump procedure included epicardial PVI using 
a RF clamp, partial vagal denervation using the same technique for identifica-
tion of GPs by high-frequency electrical simulation as described previously 
for Paper I, II and IV, left atrial box lesion set by a 30 mm long irrigated 
CoolRail Linear Pen, division the ligament of Marshall and exclusion of the 
LAA using a stapler (Figure 4). 
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Figure 4. Schematic drawing in a superior view of the left atrium showing ablation 
lines (hatched lines). PV, pulmonary vein; LAA, left atrial appendage. 

Follow-up 
Video-assisted epicardial pulmonary vein isolation (Paper I, II 
and IV) 
The patients were followed with regard to symptoms of AF and 12-lead ECG 
at 3, and 6 months after surgery in Paper I, II and IV. In Paper II, the echo-
cardiographic examination and measurements were repeated and the follow-
up completed to evaluate left atrial size and mechanical function. 
In Paper I and IV, the patients were followed with regard to symptoms of AF 
at least another 6 months. An exercise bicycle test to assess physical capacity, 
echocardiography, CT (to exclude PV stenosis), 24-hour Holter recording, an 
evaluation of symptoms by SSQ and QoL by SF-36 were performed after 6 
months, and the latter three (24-hour Holter recording, SSQ, and Short Form-
36) and 12 lead ECG were repeated at 12-month follow-up in Paper I. A suc-
cessful outcome in Paper I was defined as no documented symptomatic AF 
episodes or left atrial tachycardias after 12 months of follow-up, excluding the 
initial 3 months postoperatively, according to 12-lead ECG, 24-hour Holter 
recording, and spot ECG recorded when symptoms dictated. The periopera-
tive and late complications up to 12 months after hospitalization were docu-
mented in Paper I. A comparison in QoL was also performed between the 
patients at 12 months follow-up and the general Swedish population.  
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In Paper IV the follow-up was extended to 10 years follow-up and in-
cluded medical history, the SSQ, SF-36, 12–lead ECG and 24-h Holter ECG. 
AF/AT recurrences were searched for by interviewing patients, reviewing 
medical records and 12-lead ECG’s during the 10 years follow-up, by spot 
ECG recorded when symptoms and by a 24-hour Holter recording at 10 years. 
The original follow-up data was updated regarding outcome, since more pa-
tients had completed a 12 months follow-up. Late complications, including 
strokes were recorded during 10 years follow-up. 

The primary endpoint was freedom from AF episodes or left atrial tachy-
cardias (AT) of >30 seconds duration, excluding cavotricuspid isthmus (CTI) 
dependent atrial flutter, during 10 years. A 3 months postoperative blanking 
period was used.  

The secondary endpoints were symptoms and QoL using the SSQ and SF-
36 at 10-years follow-up. The QoL values were adjusted according to age for 
the normal population during the 10 years follow-up and a comparison with 
the Swedish general population in the same age range was performed. 

Concomitant surgical ablation (Paper III) 
The present analysis focused on the patients who reached the primary end-
points at 6 and 12-months follow-up. Quality of life was assessed using the 
SF-36 at 6 and 12-months follow-up and the result compared between baseline 
and 6 and 12-month follow-up. Moreover, a comparison was made between 
patients undergoing combined MVS with cryoablation as compared with those 
undergoing MVS alone at 6 and 12-month follow-up. A corresponding com-
parison was also conducted between patients in SR and those in AF at the 6 
and 12-month follow-up visits, regardless of whether cryoablation had been 
performed or not. Finally, the patients undergoing combined MVS with cryo-
ablation and those undergoing MVS alone were compared with the Swedish 
general population in the same age range at baseline and 12 months. Patients 
in SR and AF at 12 months, irrespective of the allocated therapy, was also 
compared with the general Swedish population.   

Thoracoscopic left atrial ablation (Paper V) 
All patients were asked to fill out the SF-36 and SSQ at 12 months after the 
procedure and the results were compared between baseline and 12 months. 
Comparisons in QoL were also made between the patients at baseline and 12 
months follow-up with the Swedish general population. Finally at baseline, 
the QoL of the patients were compared to patients with congestive heart fail-
ure, hepatitis, major depression and patients in hemodialysis.   
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Statistics 
Descriptive statistics are presented as means and standard deviations for con-
tinuous variables and as counts and percentages for categorical variables un-
less otherwise stated. All p-values were two-sided and differences were con-
sidered statistically significant at a p-value less than 0.05. 

Paper I 
Continuous variables, when appropriate, were compared with the use of Stu-
dent t test or otherwise Mann–Whitney U test. Tukey HSD test was used for 
the comparison of QoL. Wilcoxon matched-paired test or, when appropriate, 
the analysis of variance test was used for the evaluation of symptom scores.  

Paper II 
Continuous variables for each patient at different time periods were compared 
with the use of Wilcoxon matched-paired test. To analyze differences in LA 
function between patients with enlarged LA and those with normal-sized LA, 
the ANOVA test was used. The ANOVA test was also used to analyze differ-
ences in LA function between patients with extensive PV and/or GP ablations 
(either six or more PV applications and/or more than ten GP ablations) com-
pared with patients with less extensive PV and GP ablations. Statistica was 
used for the analyses. 

Paper III 
Continuous variables are reported as 95% confidence interval (95% CI) and 
were compared with the use of Student’s t-test. The power calculation is de-
scribed elsewhere. 

Paper IV 
Continuous variables such as the QoL and SSQ score were compared with the 
use of paired or independent two-sample t-test. A Kaplan-Meier analysis was 
performed. 

Paper V 
Effect sizes were considered medium or large according to Cohen 175. Proba-
bility of score changes before and after intervention was tested by paired 
Student´s t-tests for SF-36 scores. SSQ scores were pooled and the null-hy-
potheses was tested using unpaired t-tests.  
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Main results 

Video-assisted epicardial pulmonary vein isolation 
(Paper I, II, IV)  
The patient demographics at baseline are listed in Table 4. 

Table 4. The patient demographics in Paper I, II and IV. 

Characteristics 
Paper I 
 n = 43 

Paper II 
 n = 27 

Paper IV 
n = 43 

Age (years) mean±SD 57.1±8.6 57.7±8.5 57±8.5 
Sex (male) 29 (67) 17 (63) 29 (67) 
History of AF (years) mean±SD 8.1±5.5 8.1±4.9 8.4±5.5 
 
AF classification    
   Paroxysmal AF 28 (65) 22 (81) 33 (77) 
   Persist AF 6 (14) 5 (19) 9 (21) 
   Long-standing persistent AF  0 1 (2) 
   Permanent AF 9 (21) 0 0 
 
Comorbidities    
   Hypertension 13 (30) 9 (33) 13 (30) 
   History of stroke/TIA 8 (19) 8 (30) 8 (19) 
   Diabetes Mellitus 1 (2) 1 (0) 1 (2) 
   Coronary artery disease 3 (7) 1 (4) 4 (9) 
   Heart failure 6 (14) 2 (7) 6 (14) 
   Valvular heart disease  4 (9) 3 (11) 4 (9) 
   Sleep apnea syndrome 2 (5) 1 (4) 2 (5) 
   Asthma 4 (9) 4 (15) 4 (9) 
 
Left atrial diameter (cm) mean±SD 4.5±0.7 4.4±0.72 4.5±0.7 
LVEF <0.50 6 (14) 2 (7) 6 (14) 
    
CHADS-VASc   17 (40) 

Figures denote numbers and percentages in parenthesis unless otherwise stated. AF, atrial 
fibrillation; LVEF, Left ventricular ejection fraction; SD, standard deviation, TIA, transient is-
chemic attack. 
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Paper I 

Procedural results 
The results are based on the 42 patients in whom PV isolation could be per-
formed. One patient was excluded because of premature termination of the 
procedure before PV isolation due to bleeding from the PV during dissection. 
The flowchart is depicted in Figure 5. The procedural results are presented in 
Table 5. 

 
Figure 5. Flowchart of outcome after video-assisted epicardial pulmonary vein isola-
tion in Paper I. 
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Table 5. Procedural result n=42. 

 n (%)  

Vagal activity prior PVI 40 (95) 
PVI 37 (88) 
Uncomplete elimination of active GPs 16 (38) 
Division of the ligament of Marshall 40 (95) 
Excison of LAA 32 (76) 
Surgical procedure time, min, median (range) 227.5 (185-410) 
Hospital stay, days, median (range) 11 (6-34) 
Intensive care unit length of stay 4 (2-17) 

PVI, pulmonary vein isolarion; GP, ganglionated plexi; LAA, left atrial appendage; min, 
minutes. 

Active GP at baseline were identified on both the left and right side in 23 of 
42 (55%) patients but on the right side only in 17 of 42 (40%) patients. There 
were significantly more active GP sites on the right than on the left side 
(4.0±2.4 versus 1.4±1.7, p<.001), and the greatest concentrations of vagal GP  
activity were found around the Waterton’s groove on the right side and the 
ligament of Marshall on the left side (Figure 6). Patients who previously had 
transvenous catheter-based AF ablation had significantly fewer active vagal 
GP sites (mean 4.0±2.2) at baseline than those who had not (mean 6.4±3.5, 
p=.01). The number of active vagal GP sites in patients with paroxysmal AF 
was not significantly different from those in patients with persistent or perma-
nent AF (mean 4.9±3.1 v s 6.2±2.0, p =.23).  

 
Figure 6. Results of epicardial GP mapping. High-frequency stimulation map show-
ing distribution of active GP sites displayed as percentages as well as by grayscale. 
RSPV, Right superior pulmonary vein; RIPV, right inferior pulmonary vein; LSPV, 
left superior pulmonary vein; LIPV, left inferior pulmonary vein; LA, left atrium; 
LAA, left atrium appendage; AV, atrioventricular; R, right; L, left. 
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Rhythm outcome 
Forty one of the 42 patients who completed the procedure were followed after 
surgery. One patient living abroad was excluded from follow-up. The 
flowchart of outcome is depicted in Figure 5. 

Twenty-five of the 33 patients (76%) who had completed the 12-month 
follow-up schedule were free from AF episodes. When success rate was re-
lated to the type of AF, the corresponding figures were 79% (19 of 24) for 
patients with paroxysmal AF, 100% (2 of 2) for those with persistent AF, and 
57% (4 of 7) for patients with permanent AF, although the differences did not 
reach statistical significance.  

The rate of freedom from AF was 69% in patients who had a previous cath-
eter-AF ablation compared with 81% in those who had not (p=.46). The num-
ber of active GP sites at baseline did not differ between patients who remained 
free from AF (5.1±3.3) and those with AF recurrence at last follow-up 
(5.2±1.9, p=.864). 

No patient suffered from left atrial tachycardias. Two patients had tricuspid 
isthmus ablation for atrial flutter. Another 2 patients required pacemaker im-
plantation for chronotropic incompetence and bradycardia. 

Among the 25 patients clinically free from AF at 12-months follow-up, 8 
(32%) were still on AADs and 6 were still on warfarin related to earlier 
stroke/transient ischemic attack/thromboembolic event in 4 patients and for 
unknown reason in 2 patients.  

Of the remaining 7 patients who had not reached 12-months follow-up, 3 
of 4 patients followed for 6 months and 2 out of 3 patients who completed 3 
months of follow-up had no documented episodes of AF. 

Quality of life, symptoms and exercise capacity 
Health-related QoL was significantly improved at 6 and 12 months on all 
scales except for bodily pain, as compared with baseline before surgery (Fig-
ure 7A).  
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Figure 7. Comparison of quality of life assessed by the Short Form-36 questionnaire 
for QoL. A, Baseline (n = 42) versus 12 months following surgery (n = 33). Error 
bars show 95% confidence limits of the mean. ▴, Baseline; ■, 12-month follow-
up; PF, physical functioning; RP, role limitation due to physical problems; BP, bod-
ily pain; GH, general health; VT, vitality; SF, social functioning; RE, role limitation 
due to emotional problems; MH, mental health. PF: P = .0019; RP: P = .0078; 
BP: P = .39; GH: P = .0070; VT: P = .00014; SF: P = .00014; RE: P = .00059; 
MH: P = .00036.  
B, Twelve months after surgery (n = 33) versus the general Swedish population. ■, 
12-month follow-up; ○, Swedish general population. PF: P = .038; RP: P = .0023; 
BP: P = .78; GH: P = .0065; VT: P = .046; SF: P = .096; RE: P = .080; MH: P = 
0.53. 

At 12-months follow-up, QoL reached the values of a general Swedish popu-
lation for 4 of the scales (Figure 7B). The QoL prior to surgery was signifi-
cantly lower than for the Swedish general population, with the exception of 
bodily pain.  

Overall, SSQ improved significantly at 12 months after surgery (10.7±4.8 
points) compared with baseline (15.2±4.0 points, p=.02). All symptoms ex-
cept for dizziness and palpitations improved at 12-month follow-up as com-
pared with baseline (Table 6).  

Patients who remained in SR had significantly lower SSQ score at 12-
month follow-up (mean 10.2±5.0 points) compared with baseline (mean 
15.8±4.7 points, p=.036), but only dyspnea (p=.018) and fatigue (p=.015) im-
proved significantly. In patients with recurrences of AF, the SSQ score did not 
differ between 12-month follow-up and baseline (mean 13.4±3.2 points versus 
15.0±1.6 points, p=.42), and nor did the separate symptoms. 

The physical capacity on exercise test was significantly improved at 6 
months compared with baseline (165.2±64.8 Watt versus 155.9±56.7 Watt, 
P=.02). 
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Table 6. Symptoms at baseline and 12 months after video-assisted epicardial pulmo-
nary vein isolation.  

SSQ 
Baseline (n = 37), 
mean (95% CL) 

12 months (n = 37), 
mean (95% CL) 

P-value 

Palpitations 2.6 (2.1–3.1) 2.2 (1.7–2.6) .28 
Fatigue 3.6 (3.2–4.1) 2.2 (1.7–2.7) .004 
Dizziness 2.1 (1.7–2.5) 1.8 (1.4–2.3) .67 
Lack of energy 3.9 (3.5–4.3) 2.5 (2.0–3.0) .006 
Dyspnea 2.9 (2.5–3.4) 2.0 (1.5–2.4) <.001 

SSQ, symptom severity questionnaire; CL, confidence limits 

 

 
Figure 8. Learning curve with procedure time averaged per group of 10 consecutive 
patients. ∗The time at which major bleeding occurred. 

Safety 
The first 40 procedures were divided into groups of 10 to analyse the learning 
curve with regard to procedure time and bleeding events (Figure 8).  

The procedure time was significantly reduced from 274±42 minutes for the 
first 10 procedures to 224±26 minutes for the last 10 procedures (p=.0070).  
There were no perioperative or late deaths after surgery. Major bleeding, de-
fined as bleeding requiring transfusion or surgical intervention and/or leading 
to treatment cessation, occurred in 6 patients (Table 7).  
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Table 7. Complications after surgery.  

 n (%) 

Perioperative* (n=43)  
   Haemorrhage 6 (14) 
   Pleural effusion/haemothorax 2 (5) 
   Ventricular tachycardia 1 (2) 
   Transient confusion 1 (2) 
   Rib fracture 1 (2) 
   Infections 4 (9) 
   Ischemic stroke 1 (2) 
   Postcardiotomy syndrome 1 (2) 
Late ±  (n = 42)  
   Postpericardiotomy syndrome 1 (2) 
   Infections 2 (5) 
   Esophagitis and gastritis 1 (2) 
   Incisional hernia 1 (2) 

*During hospitalization; ± Up to 12 months after hospitalization 

The reasons for bleeding were rupture of the staple line when the LAA was 
extirpated (1), rift of a right PV (2), rift of the tissue around the right inferior 
PV and the inferior vena cava (1), rift of the pulmonary artery during dissec-
tion (1), and bleeding from an intercostal artery (1), which required reopera-
tion twice.  In 4 of these cases, an extension of the incision was made, and in 
2, the heart-lung machine was required. In the first patient requiring heart-lung 
machine, the femoral nerve was damaged during the acute dissection for can-
nulation in the groin, and in the other, the operation could not be completed. 
The time, at which bleeding events occurred, is depicted in the learning curve 
(Figure 8). One patient with permanent AF suffered from a stroke 2 days after 
the operation. Warfarin had been discontinued 4 days before surgery but by 
mistake was not replaced by low-molecular-weight heparin until the day be-
fore operation. No patient developed PV stenosis according to CT performed 
5 to 12 months after surgery in 31 patients. 

Paper II 
The 27 patients included in Paper II consisted of a subgroup of the patients 
derived from Paper I, all of which had SR at baseline and 6 months following 
the procedure and were available for appropriate echocardiographic examina-
tion (Figure 9). The patient demographics is listed in Table 4.  
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Figure 9. Flowchart for Paper II. 

 
 

Left atrial dimension 
At baseline, median LA diameter was of 4.3 cm (2.6-5.9 cm), and 5 out of 27 
patients had enlarged LA, as defined by an equation for predicting normal 
echocardiographic measurements from body weight and age by Henry et al.176 
At six months follow-up after surgery, the LA diameter decreased or normal-
ized in 3 of the 5 patients with enlarged LA at baseline and became enlarged 
in 2 of the 22 other patients, with normal LA diameter prior to surgery.  

The LA max and min areas recorded by echocardiography at 6 months fol-
low-up did not differ significantly from those obtained at baseline (Table 8). 

Table 8. Left atrial areas, fractional area change, and transmitral pulsed-Doppler ve-
locities in patients with sinus rhythm at baseline and 6 months after the procedure.  

 Baseline 6 months p-value 

Max area cm2* 18.7 ± 5.3 17.1 ± 4.6 0.110 
Min area cm2* 13.4 ± 4.7 12.5 ± 3.8 0.248 
FAC* 28.7 ± 10.6 27.4 ± 8.2 0.670 
E-wave± 54.3 ± 13.5 53.5 ± 13.7 0.869 
A-wave* 39.4 ± 11.5 37.3 ± 10.1 0.584 
E/A ratio* 1.54 ± 0.67 1.49 ± 0.47 0.855 

*n =23; ±n=26. FAC, fractional area change 

A significant decrease in LA maximal area was, however, observed after sur-
gery for patients with enlarged LA at baseline as opposed to patients with nor-
mal sized LA (Table 9).  
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Table 9. Effects of surgery on left atrial areas, fractional area change, and E/A ratio 
from baseline to 6 months follow-up in patients with enlarged left atrium compared 
with patients with normal-sized atrium at baseline.  

 
Normal preop LAd (n =18) 
 

Enlarged preop LAd (n=5) 
 

 
Baseline 6 months Δ Baseline 6 months Δ p-

value 

Max area 
cm2 

17.0±2.8 16.4±3.9 −0.55±3.0 25.0±7.8 19.8±6.4 -5.15±6.4 .029 

Min area  
cm2 

12.1±3.3 11.8±3.2 −0.25±3.7 18.4±6.1 14.8±5.1 -3.6±3.5 .082 

FAC 
 

29.4±11.6 28.1±8.1 −1.31±12.9 26.4±6.2 24.7±8.7 −1.69±11.5 .952 

E/A ratio* 1.49±0.7* 1.44± 0.5* −0.04±0.8* 1.90±0.7± 1.82±0.5± −0.08±0.8± .931 

The p-value is tested whether the differences from baseline to 6 months differ significantly be-
tween those with normal preop LAd versus those with enlarged Lad. FAC, fractional area 
change; LAd, left atrial diameter; preop, preoperatively;  *n=20; ±n=3 

The LA maximal and minimal area change in patients with extensive PV 
and/or GP ablation lesions did not differ from those in patients with less ex-
tensive PV and/or GP ablations (Table 10). 

Table 10. Left atrial areas and fractional area changes, at baseline and 6 months fol-
low-up, in patients with non-extensive pulmonary vein isolation and ganglionated 
plexi ablation as compared with those with extensive pulmonary vein isolation and 
ganglionated plexi ablation after surgery 

 Non-extensive ablation (n=12) Extensive ablation (n=7)  

 Baseline 6 months Δ Baseline 6 months Δ 
p-va-
lue 

 
Max area 
cm2 

 
18.8±3.1 

 
18.9± 3.6 

 
0.07±3.5 

 
19.2±8.7 

 
16.4±5.7 

 
−2.79±3.4 

 
.097 

Min area 
cm2 

13.3±4.0 13.7±3.4 0.34±4.2 14.8±6.5 11.9±4.8 −2.89±1.9 .073 

 
FAC 
 

 
30.5±11.5 

 
28.3±8.6 

 
−2.14±13.9 

 
22.7±6.5 

 
27.8±8.2 

 
5.09±7.9 

 
.227 

The p value is tested whether the differences from baseline to 6 months differ significantly be-
tween those with normal non-extensive ablation versus those with extensive ablation. FAC, 
fractional area change. 

Left atrial mechanical function 
Overall, the measurements of FAC, E-wave and A-wave velocities, and E/A 
ratio recorded at 6-month follow-up were not significantly different from 
those at baseline (Table 8). The FAC and E/A ratio changes in patients with 
enlarged LA at baseline and 6 months did not differ from those in patients 
with normal-sized LA at baseline and 6 months (Table 9). The FAC change 
after surgery did not differ in patients with extensive PV and/or GP ablations 
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as compared with those in patients with less extensive PV and GP ablation 
(Table 10).  

Paper IV 
Rhythm outcome 

Of the 43 patients entering long-term follow-up (Table 4), 2 patients 
were excluded at 6 months because of lack of consent and 2 died, 
leaving 39 patients for complete evaluations at 10 years follow-up 
(Figure 10).The comorbidities appearing during follow-up include 
pacemaker implantation in 8 patients (18.6%) and biventricular pacing 
in one of those (Table 11).  
 

 
Figure 10. Flowchart for the long-term follow-up after video-assisted epicardial pul-
monary vein isolation in Paper IV.  
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Table 11. Patient demographics at follow-up (n=43). 

Characteristics Results 

 During Follow-up At follow-up 

Age (years), mean±SD 
 

67±8.4 

Sex, male  29 (67) 
AF classification   
   Paroxysmal AF  13 (30) 
   Persistent AF  1 (2) 
   Longstanding persistent AF  0 (0) 
   Permanent  11 (26) 
Failed class I AADs   
Failed class III AADs   
LAd, cm, mean±SD   
Pulmonary vein isolation 15 29 (67) 
CTI-dependent atrial flutter ablation 10 20 (47) 
Permanent pacemaker  8 14 (33) 
 
Comobridities  

 

   Hypertension 5 18 (42) 
   Stroke/TIA 4 11 (26) 
   Diabetes 2 3 (7) 
   Coronary artery disease  3 7 (16) 
   Heart failure  7 10 (23) 
      HFpEF 4 4 
      HFmrEF or HFrEF 3 6 
   Valvular heart disease 2 5 (12) 
   Sleep apnea syndrome 1 3 (7) 
   Asthma 1 5 (12) 
 
CHADS-VASc ≥2 

 
10 

 
27 (63) 

 
Medications  

 

   Anticoagulants  28 (65) 
   AADs  10 (23) 
      AADs class I  5 
      AADs class III  5 
   ACEIs/ARBs  16 (37) 
   Diuretics  12 (28) 
Figures denote numbers and percentages in parenthesis unless otherwise stated. AAD, anti-
arrhythmic drugs; ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, 
Angiotensin receptor blocker; CTI, Cavotricuspid isthmus; HFmrEF, heart failure with mid-
range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart fail-
ure with reduced ejection fraction; LAd, left atrial diameter; LVEF, left ventricular ejection frac-
tion; SD, standard deviation. 

The AF/AT free survival during follow-up in the 43 patients is depicted in the 
Kaplan Meier curve (Figure 11). At long-term follow-up (mean±1SD) 
10.8±0.7 years, 36% (14/39) of the patients were free from AF/AT episodes 
compared to 71% (29/41) at 12 months follow-up (Figure 12). The freedom 
from AF/AT was 45.2% (14 out of 31) for patients with paroxysmal AF, which 
was significantly higher than 0% (0 out of 8) for those with persistent or 
longstanding persistent AF (p = 0.034) at 10 years follow up. The freedom 
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from AF/AT was 47.1% (8/17) in patients who had undergone a previous CA 
compared with 27.3% (6/22) in those who had not (p= 0.314).  

Patients without AF/AT recurrences 
None of the 14 patients who were free from clinical recurrent AF/AT episodes 
according to medical record had any episodes of AF/AT on Holter recordings, 
but 69% (9/12) of the patients had supraventricular extrasystoles or non-sus-
tained regular supraventricular tachycardia on the recording. In two of these 
14 patients, only the right PVs or the left PVs, respectively, had been com-
pletely isolated during surgery. One of the 14 patients had CTI-dependent 
atrial flutter, later subject to ablation. Three of these 14 patients (21%) were 
on AADs which had been continued since surgery for unknown reason or re-
lated to extra systoles in 2 patients, and in another patient initiated last month 
because of palpitations.  

 
AF free  43 23 21 19 19 14 
AF/AT free  43 21 19 17 17 13 
 
Figure 11. Kaplan-Meier curve of atrial fibrillation and atrial tachycardia free sur-
vival during follow-up. Number of patients free from atrial fibrillation and free from 
atrial fibrillation /atrial tachycardia after 0, 2, 4, 6, 8 and 10 years. AF, atrial fibrilla-
tion; AT, atrial tachycardia. 
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Patients with AF/AT recurrences 
There were 25 patients with recurrences; AF in 23 and AT in 2, and 10 of 
these patients had both AF/AT. Five were still on AADs during follow-up. 
The AF was paroxysmal in 12/23 (52%) patients, persistent in 1/23 (4%) and 
permanent in 10/23 (43%) patients, while the ATs were paroxysmal in one 
and permanent in the other patient (Figure 12). In two of these patients only 
the left PVs and in one only the right PVs had been completely isolated during 
surgery. Nine of 25 patients underwent CTI-dependent atrial flutter ablation 
during follow-up. 

 
Figure 12. Heart rhythm and type of atrial fibrillation/atrial tachycardia at baseline 
and follow-up. Figure in brackets denote number of patients. AF, atrial fibrillation; 
AT, atrial tachycardia; FU, follow-up. 

 

Fifteen of the 25 (60%) patients with recurrences underwent CA for AF at 
mean 4.1±2.8 years after the surgical procedure.  

Pulmonary vein gaps were present in 12/15 (80%) patients while complete 
PVI was found in the other 3 patients (20%). The PV re-conductions were 
located to the left inferior PV in 83% (10/12) of the patients, left superior PV 
in 67% (8/12), right superior PV in 36% (4/11, excluding a failed right supe-
rior PVI by SA) and right inferior PV in 27% (3/12) of the patients. A second 
CA for AF was performed in 4/25 patients and a third in one patient. In two 
other patients left ATs were not inducible for ablation during a separate inter-
vention.  

AV node ablation was required in 3/25 patients with AF recurrences; de-
spite repeated CA for AF in 2 patients or because of failed PVI during epicar-
dial PVI in one patient.  

Another patient underwent Cox-Maze III cut-and-saw procedure after fail-
ing CA for AF after SA. 
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Quality of life 
Three out of 8 subscales were still improved compared to baseline; role limi-
tation due to physical problems (RP), vitality (VT) and role limitation due to 
emotional problems (RE) at 10 years follow-up (Figure 13). The Mental Com-
ponent Score (MCS) was still improved at 10 years as compared to baseline 
(48.19±12.22 versus 40.44±12.32, n = 31, p = 0.011), while the Physical Com-
ponent Score (PCS) almost reached statistical significance (43.44±12.31 ver-
sus 39.41±9.40, p = 0.053). 

Quality of life did not differ between the 13 patients free from AT/AF and 
the 22 patients with AF/AT, at 10 years follow-up, in any of the subscales 
(Figure 14), nor in the MCS (51.71±11.35 versus 46.43±12.55 p = 0.223) or  

 
Figure 13. Comparison of quality of life by SF-36 questionnaire at baseline and 10 
years follow-up (adjusted for age according to the Swedish general population) after 
surgery (n= 34). Error bars show mean ± standard deviation and p-values are typed 
at each subscale. PF, physical functioning, RP, role limitations due to physical prob-
lems, BP, bodily pain, GH, general health, VT, vitality, SF, social functioning, RE, 
role limitations due to emotional problems, MH, mental health.  

in the PCS (37.50±13.52 versus 39.78±11.79, p = 0.604). Likewise, there were 
no significant differences in the changes from baseline to 10 years follow-up 
between the AF/AT free patients (n=11) and patients with AF/AT (n=20) in 
the MCS (9.78±10.70 versus 4.45±13.45, p = 0.268) or in the PCS 
(0.71±15.12 versus -0.50±10.76, p= 0.798) or in any of the subscales.  
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The QoL at baseline prior to surgery for the patients was significantly lower 
than for the Swedish general population in the same age range, with the ex-
ception of bodily pain (Figure 15). 

The QoL levels at 10 years follow-up, were comparable with a Swedish 
general population in the same age range for a majority of the subscales (5 out 
of 8) (Figure 16), and also for the MCS (48.39±12.22 versus 50.90±11.20, 
p=0.196) and the PCS (38.94±12.31 versus 42.30±12.00, p=0.105). 

 
Figure 14. Comparison of quality of life by SF-36 questionnaire at 10 years follow-
up after surgery for atrial fibrillation/atrial tachycardia free patients and patients with 
atrial fibrillation/atrial tachycardia recurrences. Error bars show mean ± standard de-
viation and p-values are typed at each subscale. PF, physical functioning, RP, role 
limitations due to physical problems, BP, bodily pain, GH, general health, VT, vital-
ity, SF, social functioning, RE, role limitations due to emotional problems, MH, 
mental health. AF, atrial fibrillation, AT, atrial tachycardia. 

Symptoms 
The SSQ scores were still significantly improved 10 years after surgery com-
pared to baseline (12.89±4.27 versus 15.19±4.01, n = 31, p= 0.036). All sep-
arate symptoms except for palpitations and dizziness were still significantly 
improved (Figure 17). There was no difference in the total SSQ score between 
the 13 AF/AT free patients and the 22 patients with AF/AT at 10 years follow-
up (11.69±4.15 versus 13.59±4.27, p = 0.208), nor were there any differences 
in individual symptoms (Figure 18). Likewise, the changes in total SSQ score 
from baseline to 10 years follow-up did not differ significantly between 
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AF/AT free patients (n=10) and patients with AF/AT (n=21) (-3.70±6.25 ver-
sus -1.05±4.94, p= 0.261) and only palpitations improved significantly in 
AF/AT free patients (-1.40±1.07 versus 0.75±1.80, p= <0.001). 

Safety 
Four strokes occurred at 18 months, 5, 7 and 9 years after the procedure (Table 
11). Three of these patients had their LAA excised during surgery of whom 
two were on aspirin (CHA2DS2-VASc 3 and 5, respectively) while the other 
had no anticoagulant/antiplatelet therapy (CHA2DS2-VASc 1). The fourth pa-
tient did not have the LAA excised due to TEE diagnosed thrombus during 
surgery, was on continuous warfarin and had CHA2DS2-VASc score 2. At 
long-term follow-up, one patient died of cancer at 3 years and another died 10 
years after surgery due to cardiac arrest for unknown reason.  

 
Figure 15. Comparison of quality of life by SF-36 questionnaire between the pa-
tients at baseline (n = 34) and a subgroup of the Swedish general population in the 
same age range (n= 941, aged 65-74 years). Error bars show mean ± standard devia-
tion and p-values are typed at each subscale. PF, physical functioning, RP, role limi-
tations due to physical problems, BP, bodily pain, GH, general health, VT, vitality, 
SF, social functioning, RE, role limitations due to emotional problems, MH, mental 
health. 
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Figure 16. Comparison of quality of life by SF-36 questionnaire between the pa-
tients at 10 years follow-up after surgery (n = 35) and a subgroup of the Swedish 
general population in the same age range (n= 941, aged 65-74 years). Error bars 
show mean ± standard deviation and p-values are typed at each subscale. PF, physi-
cal functioning, RP, role limitations due to physical problems, BP, bodily pain, GH, 
general health, VT, vitality, SF, social functioning, RE, role limitations due to emo-
tional problems, MH, mental health.  
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Figure 17. Comparison of symptoms by Symptom Severity Questionnaire at base-
line and 10 years follow-up after surgery. Error bars show mean ± standard devia-
tion and p-values are typed at each symptom. 
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Figure 18. Comparison of symptoms by Symptom Severity Questionnaire between 
atrial fibrillation/atrial tachycardia free patients and patients with atrial fibrilla-
tion/atrial tachycardia recurrences at 10 years follow-up after the procedure. Error 
bars show mean ± standard deviation and p-values are typed at each symptom. AF, 
atrial fibrillation; AT, atrial tachycardia. 
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Concomitant surgical ablation (Paper III) 
Combined left atrial cryoablation and MVS was performed in 30 patients and 
MVS alone in 35 patients. Patient demographics is listed in Table 12. 

Table 12. Patient demographics at baseline in Paper III. Figures denote numbers and 
percentages in parenthesis unless otherwise stated. 

 Paper III (n=65) 

Characteristics Cryoablation + MVS (n=30) MVS (n=35) 

Sex (male) 25 (83.3) 26 (74.3) 
Age (years), mean±SD 69.5±7.9 65.6±8.8 
AF duration, ECG verified (months), mean±SD 26±33 33±54 
History of stroke/TIA 1 (3.3) 3 (8.6) 
Left atrial diameter (cm), mean±SD 6.1±1.1 5.8±0.7 
LVEF (%) 53.6±9.1 57±12 
LVEF ≤ 40% 5 (16.7) 2 (5.7) 
 
Comorbidities   
   Preoperative heart failure 8 (26.7) 3 (8.6) 
      NYHA function class   
         I 2 (6.7) 1 (2.9) 
         II 8 (26.7) 10 (28.6) 
         III 20 (66.7) 24 (68.6) 
   Coronary artery disease 6 (20.0) 9 (25.7) 
   Hypertension 9 (30.0) 11 (31.4) 
   Diabetes 2 (6.7) 6 (17.1) 
   Lung disease 2 (6.7) 6 (17.1) 
 
CHADS-VASc 18 (60.0) 18 (51.4) 
 
Medication   
   Rhythm control therapy 0 3 (8.6) 
   Rate control therapy 29 (96.7) 32 (91.4) 

Figures denote numbers and percentages in parenthesis unless otherwise stated. ECG, elec-
trocardiogram; LVEF, left ventricular ejection fraction; MVS, mitral valve surgery; NYHA, New 
York heart association functional classification;  SD, standard deviation; TIA; transient is-
chemic attack 

Quality of life 
Concomitant AF cryoablation versus MVS alone 
For patients undergoing the combined MVS (n = 26), the baseline physical 
component score (PCS) and the mental component score (MCS) improved 
significantly after surgery from mean 36.9 (95% CI 32.9–40.9) and mean 41.8 
(95% CI 35.9–47.7), respectively, to mean 43.3 (95% CI 38.7–47.9) (P= 
0.0046) and mean 52.7 (95% CI 49.3– 56.1) (P= 0.0017), respectively, at 12 
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months follow-up. In patients undergoing MVS alone (n = 34), the baseline 
PCS and MCS also improved significantly after surgery from mean 35.5 (95% 
CI 32.4– 38.6) and mean (43.1 (95% CI 39.6–46.7), respectively, to mean 44.0 
(95% CI 40.2–47.7) (P= 0.000532) and mean 48.4 (95% CI 44.6– 52.2) (P = 
0.0492), respectively, at 12 months follow-up.  

 
Figure 19. Comparison of QOL by SF-36 questionnaire at 12 months in patients un-
dergoing combined mitral valve surgery (MVS) and cryoablation (n = 27) versus 
MVS alone (n = 34). Figure dots are mean values with error bars showing 95% confi-
dence limits of the mean. P-values for each comparison of subscale are given in brack-
ets. PF, physical functioning (0.929); RP, role limitations due to physical problems 
(0.844); BP, bodily pain (0.768); GH, general health (0.647); VT, vitality (0.207); SF, 
social functioning (0.209); RE, role limitations due to emotional problems (0.285); 
MH, mental health (0.264).  

The QoL did not differ in any of the subscales at 12 months follow-up, respec-
tively, between patients undergoing combined MVS with cryoablation as 
compared with those undergoing MVS alone (Figure 19). Furthermore, there 
were no significant differences in improvements of QoL from baseline to 12 
months follow-up for patients undergoing MVS with cryoablation compared 
with MVS alone (Figure 20).  

Sinus rhythm versus atrial fibrillation 
A significantly higher proportion of patients (73.3%) who underwent MVS 
with cryoablation, maintained SR as compared with patients treated with MVS 
only at 6 months (45.7%, P= 0.024) and at 12 months follow-up (42.9%, P= 
0.013). Of the patients in SR, 72.7% of patients in the cryoablation group and 
53.3% of patients in the MVS group were without AAD therapy at 12 months. 
When comparing QoL in patients irrespective of the allocated procedure but 
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according to their heart rhythm at 12-month follow-up versus baseline, both 
the MCS and PCS significantly improved for patients achieving SR but only 
the MCS for patients with AF. The SR group (n = 37) improved their baseline 
PCS from mean 35.3 (95% CI 32.1–38.5) to mean 45.4 (95% CI 42.0–48.7) 
(P= 0.000003) at 12 months and their baseline MCS from mean 44.1(95% CI 
39.9–48.2) to mean 51.0 (95% CI 48.0–54.1) (P = 0.0094) at 12-months fol-
low-up. In the AF group (n = 23), PCS at baseline mean 37.4 (95% CI 33.4–
41.3) did not differ from mean 40.9 (95% CI 35.7– 46.1) at 12 months (P = 
0.171), but MCS improved from mean 40.1 (95% CI 35.1–45.2) at baseline to 
mean 49.0 (95% CI 44.0–54.1) (P= 0.0134) at 12-months follow-up. There 
were no significant differences in PCS or MCS when comparing patients in 
SR with those in AF at 12 months (Table 13). The subscales of the SF-36 at 
12 months did not differ either, except for PF that was worse in patients with 
AF compared with patients in SR (Table 13).  
 

 
Figure 20. Differences in improvements of QoL by SF 36 questionnaire from base-
line to 12 months follow-up for patients undergoing mitral valve surgery (MVS) 
with cryoablation (n = 26) compared with MVS alone (n = 34). Error bars show 95% 
confidence limits of the mean. The following P-values for each comparison of sub-
scale are given in brackets; PF, physical functioning (0.058); RP, role limitations 
due to physical problems (0.524); BP, bodily pain (0.144); GH, general health 
(0.915); VT, vitality (0.146); SF, social functioning (0.537); RE, role limitations due 
to emotional problems (0.723); MH, mental health (0.189). 

 
When comparing the changes from baseline to 12 months in the Physical and 
Mental Component Summary between patients in SR (n= 37) and those in AF 
(n= 23), the PCS change was greater for patients in SR, mean 10.1 (95% CI 
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6.3–13.8) than those in AF, mean 3.5 (95% CI -1.7 to 8.7) (P = 0.037). The 
corresponding changes for MCS did not differ between patients in SR, mean 
7.0 (95% CI 1.8–12.1) and those in AF, mean 8.9 (95% CI 2.9–15.8), (P=  

Table 13. Comparison of QoL by short-form 36 questionnaire in patients with sinus 
rhythm versus those with atrial fibrillation, at 12-month follow-up.  
Scale 

SR 95% CI n=37 AF 95% CI n=24 p-value 

PF 73.6 (65.4-81.9) 59.6(48.3-70.8) 0.038 

RP 58.1(43.8-72.4) 53.1(33.6-72.6) 0.669 

BP 84.8(77.7-91.8) 75.6(62.7-88.5) 0.172 

GH 70.6 (63.6-77.7) 62.0(54.8-69.2) 0.096 

VT 67.7(60.3.7-75.1) 56.9(47.4-66.3) 0.069 

SF 90.2(84.2-96.2) 87.0(77.1-96.9) 0.546 

RE 70.3(56.7-83.8) 66.7(48.1-85.2) 0.744 

MH 84.5(79.6-89.5) 78.2(70.2-86.2) 0.148 

PCS 45.4(42.0-48.7) 40.5(35.5-45.6) 0.096 

MCS 51.0(48.0-54.1) 49.6(44.6-54.5) 0.581 

SR, sinus rhythm; AF, atrial fibrillation; 95% CI, 95% confidence limits of the mean, PF, physi-
cal functioning; RP, role limitation due to physical problems; BP, bodily pain; GH, general 
health; VT, vitality; SF, social functioning; RE, role limitation due to emotional problems; MH, 
mental health.  

0.641), respectively. Furthermore, there were no differences in the changes in 
subscales of the SF-36 between patients in SR and AF except for bodily pain, 
which improved more in patients in SR mean 11.2 (95% CI 2.0–20.4) than in 
those with AF, in whom there was a worsening, -5.2 (95% CI -18–8.2), (P = 
0.037), respectively.  

Study population versus the Swedish general population 
The QoL at baseline prior to surgery was significantly lower for our patients 
than for an age-matched Swedish general population except for general health 
which did not differ and for bodily pain which was less (higher) in patients 
undergoing MVS alone (Figure 21). At 12- month, the subscales of the SF-36 
questionnaire showed comparable values to a general Swedish population ex-
cept for a worse vitality (lower) in patients undergoing MVS alone and less 
bodily pain (higher) in patients undergoing MVS alone (Figure 22). Both the 
SR group and the AF group reached the same health related QoL at 12 months 
as the general population for a majority of the scales. The SR group had less 
bodily pain while the AF group ranked lower on physical function and vitality 
at 12 months follow-up than the general population (Figure 23). 
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Figure 21. Comparison of quality-of-life by SF-36 questionnaire preoperatively at 
baseline in patients planned for combined mitral valve surgery (MVS) and cryoabla-
tion (n=29) or MVS alone (n=35) with the Swedish general population.  
Error bars show 95% confidence limits of the mean. P values for each comparison of 
subscale are given in brackets in patients planned for combined MVS and cryoabla-
tion and in those planned for MVS alone, respectively, compared with the general 
population. PF, physical functioning (0.000012/0.000000); RP, role limitations due 
to physical problems (0.000001/0.000008); BP, bodily pain (0.517/0.00588); GH, 
general health (0.0764/0.0678); VT, vitality (0.000001/0.000000); SF, social func-
tioning (0.000099/0.000015); RE, role limitations due to emotional problems 
(0.000462/0.000025); MH, mental health (0.00324/0.0017).   
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Figure 22. Comparison of quality-of-life by SF-36 questionnaire at 12 months fol-
low-up in patients undergoing mitral valve surgery (MVS) and cryoablation (n=26) 
or MVS alone (n=34) with the Swedish general population.  
Error bars show 95% confidence limits of the mean. P values for each comparison of 
subscale are given in brackets in patients who underwent combined MVS and cryo-
ablation and in those who underwent MVS alone, respectively compared with the 
general population. PF, physical functioning (0.436/0.377); RP, role limitations due 
to physical problems (0.513/0.190); BP, bodily pain (0.0565/0.00613); GH, general 
health (0.512/0.962); VT, vitality (0.951/0.0335); SF, social functioning 
(0.0600/0.907); RE, role limitations due to emotional problems (0.704/0.0722); MH, 
mental health (0.335/0.650).   
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Figure 23. Comparison of quality-of-life by SF-36 questionnaire at 12 months fol-
low-up in patients with sinus rhythm (SR) (n = 37) or atrial fibrillation (AF) (n= 23), 
with the Swedish general population. Error bars show 95% confidence limits of the 
mean. P values for each comparison of subscale are given in brackets in patients 
with SR versus the general population and in patients with AF versus the Swedish 
general population. PF, physical functioning (P = 0.778/0.0373); RP, role limita-
tions due to physical problems (P =0.315/0.313); BP, bodily pain 
(P=0.000070/0.412); GH, general health (P = 0.189/0.228); VT, vitality 
(P=0.705/0.0242); SF, social functioning (P = 0.218/0.986); RE, role limitations due 
to emotional problems (P = 0.293/0.201); MH, mental health (P = 0.195/0.307). 
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Thoracoscopic left atrial ablation (Paper V) 
Fifty of the 60 patients in the TELA-AF study replied to the SF-36 at baseline 
and at 12 months follow-up. One patient was lost to follow-up and in seven 
patients evaluation of SF-36 was missing at baseline and in another 2 patients 
data regarding SF-36 was missing at 12 months follow-up. The patient de-
mographics is listed in Table 14. 

Table 14. Patient demographics at baseline in Paper V. Figures denote numbers and 
percentages in parenthesis unless otherwise stated. 

Characteristics Paper V (n = 50) 

Age (years), mean±SD 61±7.8 
 
Sex (male) 39 (78) 
 
AF Classification  
   Paroxysmal 6 (12) 
   Persistent 13 (26) 
   Longstanding persistent 31 (62) 
 
AF duration (years), min-max 7.8 (1-31) 
 
Comorbidities  
   Atrial flutter 4 (8) 
   Hypertension 24 (48) 
   History of heart failure 6 (12) 
   Coronary heart disease 3 (6) 
   History of stroke/TIA 7 (14) 
   Chronic pulmonary disease 5 (8) 
   Diabetes Mellitus 1 (2) 
 
CHADS-VASc ≥2 19 (38) 
 
LVEF<0.50 6 (12) 
Left atrial diameter (cm),  mean±SD 4.8±0.5 
 
BMI (kg/m2), mean±SD 

 
28±4 

Figures denote numbers and percentages in parenthesis unless otherwise stated. AF, atrial 
fibrillation; BMI, body mass index;  LVEF, left ventricular ejection fraction; SD, standard devia-
tion; TIA, transient ischemic attack. 

Quality of life  
At baseline the SF-36 scores were considerably and significantly lower than a 
normative national cohort in the same age range, in all subscales except for 
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BP (Figure 24). The PCS at baseline was significantly lower, 37.9 ± 9.2, com-
pared to Swedish normal population 46.8 ± 10.6 (p < 0.001); as was the MCS, 
39.8 ± 13.5 versus 50.7 ± 10.6, p < 0.001. 

All SF-36 subscales except BP demonstrated a significant increase at 12-
months follow up after the procedure compared to baseline (Figure 24). The 
PCS improved from baseline to 12-months follow-up (37.9 ± 9.2 versus 46.8 
± 9.5, p < 0.001), and the MCS increased from 39.8 ± 13.5 to 49.1 ± 11.3 p < 
0.001). All subscales except for bodily pain and general health improved more 
than 20 points from baseline to 12 months. 

After 12 months, all subscales except for BP, had improved significantly 
and were now statistically indistinguishable from Swedish normative data 
(Figure 24).  

 
Figure 24. Quality of life according to the SF-36 eight scale scores before thoraco-
scopic epicardial ablation compared to 12 months follow-up and compared to Swe-
dish normative data. () = before surgery, () = after 12-month follow-up in 50 pa-
tients, () Population standards.  Error bars represent mean values with 95 % CI. P-
values, are < 0.001 when comparing baseline to follow-up and population standard 
scale scores, except for BP (p = 0.002 versus follow-up and 0.512 versus population 
standards). Differences between follow-up and population standard were non-signif-
icant in all scores except for BP: PF (p = 0.9875); RP (p = 0.243); BP (p= < 0.001); 
GH (p = 0.936); VT (p = 0.352); SF (p = 0.202); RE (p = 0.425); MH (p=0.803).Ab-
breviations; PF, physical functioning; RP, role limitation owing to physical prob-
lems; BP, bodily pain; GH, general health; VT, vitality; SF, social functioning; RE, 
role limitation owing to emotional problems; and MH, mental health. 
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Figure 25. Quality of life according to the SF-36 eight scale scores before surgery 
for patients with LPAF compared to 12 months follow-up and Swedish normative 
scores. () Before surgery for patients with LPAF, n=29 () 12-month follow-up 
for patients with LPAF () Population standards. Error bars represent mean values 
with 95 % CI. P-values, are < 0.001 when comparing baseline to follow-up, except 
for BP p = 0.361. LPAF, longstanding persistent atrial fibrillation. All other abbrevi-
ations are identical to figure 1. 
 

In the LPAF-group (29 patients) the scale scores were not significantly differ-
ent from our main findings (Figure 25). The PCS improved from baseline to 
12 months follow-up (38.3 ±10.1 versus 46.9±8.7, p = 0.001) and so did the 
MCS (40.6 ±13.5 versus 47.9 ±12.0, p = <0.001). 

The QoL at baseline was comparable to the quality of life in a subset 
of patients with congestive heart failure in 6 of 8 subscales177, hemodi-
alysis in 6 of 8 subscales178, hepatitis C in 5 of 8 subscales179 and major 
depression in 4 of 8 subscales180, 181  (Figure 26). 
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Figure 26. Quality of life at baseline for the TELA-AF patients compared to four un-
related chronic diseases and population standard.  Swedish general population;  
Congestive heart failure;  Hemodialysis;  Hepatitis C;  Major depression;  
TELA-AF baseline. P values for each comparison of subscale are given in brackets 
for comparison of the TELA-AF cohort versus CHF; hemolysis; hepatitis C; major 
depression. PF, physical functioning (0.018/0.127/<0.001/<0.001); RP, role limita-
tion owing to physical problems (0.233/0.525/0.003/0.051); BP, bodily pain 
(0.156/0.173/0.609/0.005); GH, general health (<0.001/0.002/0.867/0.881); VT, vi-
tality (0.104/0.003/0.010/0.354; SF, social functioning (0.205/0.984/0.627/0.161); 
RE, role limitation owing to emotional problems (0.564/0.917/0.436/0.016); and 
MH, mental health (0.411/0.863/0.261/<0.001). 
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Figure 27. Comparison of symptoms by Symptom Severity questionnaires before 
surgery versus 12 months after surgery. () Baseline, n=50; () 12 months after 
surgery n=57. Error bars show mean values with 95% CI. P < 0.001 in all symptoms 
except for Lack of energy (p = 0.002). 

Symptoms 

The pooled data from the SSQ showed a significant improvement from base-
line, 16.3 ±1.2 to 5.6 ±1.1 (p<0.001) at 12 months, an improvement that was 
statistically significant in all five symptoms (Figure 27). 
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Discussion 

Patients with AF have markedly reduced exercise capacity4 and degraded 
QoL5 and may develop heart failure, stroke and sudden death6. The strategies 
to prevent complications involve anticoagulation, rate control and treatment 
of underlying conditions to prevent the progression of AF and reduce morbid-
ity and all-cause mortality. These treatments may relieve the symptoms per 
se, but other strategies might also be required to increase the QoL, such as 
rhythm control by cardioversion, antiarrythmic drugs, transvenous CA or SA. 
The rhythm control strategies, however, have no indication yet to prevent car-
diovascular outcomes or withdrawal of anticoagulation or to reduce hospital-
ization since all studies have resulted in neural outcomes7, 8. But whether the 
modern strategy with CA, combination therapy and early therapy leads to a 
reduction in cardiovascular events remains to be seen in ongoing trials such 
as EAST AFNET 4 and CABANA.  

At present, rhythm control is indicated to improve symptoms in AF patients 
who remain symptomatic on adequate rate control therapy23. The long-term 
rhythm control may involve AADs, CA for AF or SA. Unfortunately, a ma-
jority of the AADs are only moderately effective in maintaining SR over time 
and those that are more effective cause significant morbidity and side effects 
themselves that may negate the inherent advantage of SR9. Transvenous CA 
eliminates AF in a high proportion of cases 70%10, 11 and improves QoL150-152, 

156, 157 although PV reconduction is still a recognized problem 12, 13 and the 
result of such intervention is less successful in patients with non-paroxysmal 
AF 11, 15. The Cox-Maze procedure97, introduced 30 years ago, is effective 99, 

100, but has failed to achieve widespread adoption because of its complexity 
and highly invasive nature. In patients with persistent AF, non-PV triggers for 
AF are increased as compared to paroxysmal AF103. This finding, the poor 
outcome for patients with persistent AF after PV isolation104 and also the pres-
ence of patients who had failed previous attempts of transvenous CA for PV 
isolation has led to the development of alternative approaches such as tech-
niques involving SA either as a stand-alone procedure or as a concomitant 
procedure. There is limited information about the effect of these procedures 
on rhythm outcome, QoL, left atrial function and safety. 

This thesis focuses on the evaluation of QoL using three different tech-
niques, video-assisted epicardial PVI, concomitant left atrial cryo ablation and 
thoracoscopic left atrial ablation, for SA but also rhythm outcome on long-
term, left atrial function and safety for one of the stand-alone procedures, the 
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video-assisted epicardial PVI. It is indeed important to improve QoL for 
symptomatic patients with AF but to accomplish this, the AF burden must be 
reduced and the side-effects tolerable. 

Stand-alone epicardial pulmonary vein ablation with or 
without left atrial ablation (Paper I, II and IV-V) 
Rhythm outcome (Paper I, IV) 
In Paper I, we report the one-year follow-up of the video-assisted epicardial 
PVI as the first center in the Nordic countries to adopt this technique. At one-
year follow-up, 75.8% were clinically free from AF and the results were up-
dated regarding outcome to 71% during long-term follow-up (Paper IV), 
since more patients had completed a 12 months follow. When success rate was 
related to the type of AF in Paper I, the corresponding figures were 79% (19 
of 24) for patients with paroxysmal AF, 100% (2 of 2) for those with persistent 
AF, and 57% (4 of 7) for patients with permanent AF, although the differences 
did not reach statistical significance. There exists today a range of studies, 
including both epicardial PVI, GP ablation, division of the ligament of Mar-
shall and LAA excision, with success rates in eliminating AF ranging between 
65% and 87% at approximately 12 month follow -up158, 163, 182-185. For patients 
with paroxysmal AF the success rate is between 73% and 93% at 12 months 
158, 163, 183-185 and for persistent AF 64.7-96%158, 163, 183, 184. There is, however, a 
divergence in the results explained by various patient selections, different sur-
geons, definitions for success and various methods for rhythm monitoring.  

At 12-month follow-up, Han et al reported 182 a lower success rate of 65% 
in a mixed AF population, compared to our 71%, which may be explained by 
their 30-day continuous event monitor potentially able to detect a higher fre-
quency of failures than our 24 h or 48 h Holter recording. Although, the event 
monitor has the disadvantage of precluding the possibility to spot asympto-
matic episodes. Patients-reported symptoms of AF has been found to have 
poor correlation with actual rhythm, underscoring the importance of continu-
ous home monitoring186. The patient selection by Han et al., also consisted of 
a higher proportion of patients with diabetes and hypertension, 6.7% and 
75.6%, respectively compared to our Paper I where the corresponding figures 
were 2% and 30% respectively. Both diabetes and hypertension are known 
predisposing clinical conditions 66, 67 for AF that may explain the lower suc-
cess rate among their patients.  

A higher proportion of patients clinically free from AF (87%) was reported 
by Beyer et al in a mixed AF population at 12 months than in our study. How-
ever, the patients included had had a much shorter AF duration of 4.9±3.8 
years compared to our 8.1±5.5 years and a longer AF duration is predictor for 
AF recurrences after this procedure162, 163.  
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Our results in Paper I are more in accordance with three other studies 158, 

163, 184 with a success rate of 71.7% to 77%, all with 12 months follow-up and 
a systematic review including 23 studies of minimally invasive surgery in the 
treatment of AF resulting in a single procedure success rate of 69% without 
AADs187. Unfortunately, because of the revised classification of AF types and 
the successive application of it, the success rate according to AF type in the 
previous studies is not reliable. To circumvent this problem, the AF types at 
baseline were reclassified according to the new 2016 ESC guidelines23 in the 
10 years follow-up in Paper IV,  to be able to rely on the patient selection 
related to outcome results.  
   The 10-year follow-up after the video-assisted epicardial PVI in Paper IV 
is, as a matter of fact, the longest follow-up reported. The observation that 
there were still 36% freedom from AF/AT on long term demonstrates a clear 
decline in efficacy as compared with the 71% observed at 12 months, which 
reminds us that AF is progressive and difficult to treat. Previous studies have 
reported that the success rate in eliminating AF recurrences is maintained at a 
high level (69-91%) at least until 18 months following the procedure113, 160, 188, 

189.   
At 10 years (Paper IV), a higher, 45.2%, rate of freedom from AF/AT, was 

observed in patients with paroxysmal AF than the 0% in those with persistent 
or longstanding AF which was expected190, although the number of patients 
with persistent AF was small. A higher rate of freedom from AF, 92%, 85% 
and 75% for paroxysmal, persistent and long-standing persistent AF, respec-
tively, was reported after 1-9 years follow-up of 157 patients undergoing epi-
cardial PVI by Wolf et al191. However, the patient’s demographics, AAD med-
ications, follow-up duration, and extent of rhythm monitoring were unclear.  

There are also reports after 5 years follow-up after similar procedures with 
a 38% freedom from AF in a mixed AF population169, 52-69 % for paroxysmal 
AF patients162, 163, 170 and 28-41% for persistent AF patients162, 163. Our 10 years 
follow-up translates to 46.2% AF/AT freedom after 5 years follow-up (58% 
for paroxysmal and 0% for persistent AF, Paper IV). The higher rate of AF 
freedom, 69%, was reported in a study170 including patients with a much 
shorter AF duration, in average 24 months, as compared to our 100 months 
AF duration. Moreover, the mean left atrial diameter in our study was 45±0.7 
mm, which exceeds the reported cut off level for an increased AF recurrence 
rate.162, 163 An AF duration longer than 24 months, as mentioned earlier, and a 
left atrial diameter ≥40 mm are well known independent predictors of long-
term AF recurrences after SA.162, 163  

The outcomes after the procedures are also affected by the use of different 
tools and techniques. Studies reporting outcomes at 5 years follow-up have all 
included epicardial PV antrum isolation, division of ligament of Marshall and 
excision of LAA162, 163, 169, 170, but some as in ours, also made GP ablation.163, 

169 Two studies169, 170 switched techniques during the time of their studies and 
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one169 used different lesions sets, which  makes it difficult to compare out-
comes in these different trials. 

Role of GP ablation on rhythm outcome 
The addition of GP ablation during the procedure was made since GPs have 

been suggested to play an important role in triggering PV firing56, 71-73 for the 
induction of AF and that vagal denervation have improved the outcome after 
CA reported previously74. In Paper I, we found that the vagal GP activity was 
far more prevalent on the right than on the left side as well as around the lig-
ament of Marshall and Waterston's groove which also has been reported by 
others18, 158, 192. The patients who previously had transvenous catheter-based 
AF ablation were found to have significantly fewer active vagal GP sites at 
baseline than those who had not. Since the GPs are located around the circum-
ference of the LA PV junction, this was expected69. Moreover, the number of 
active GP sites at baseline did not differ between patients who remained free 
from AF and those with AF recurrence at one-year follow-up in Paper I.  

At the moment, it is difficult to determine whether the addition of GP ab-
lation improves the result. Zheng et al193 found that the number of active GPs 
is a predictor for AF recurrences after surgery but neither of the studies with 
at least 5 years follow-up, including Paper IV, which made the addition of 
GP ablation, demonstrated a higher success rate (36-47%)163, 169 than the stud-
ies without GP ablation (55-69%)162, 170.  

A meta-analysis194 reported inferiority of GP ablation by an endocardial 
approach as a stand-alone procedure compared to CA of AF. However, a com-
bined ablation procedure (CA of AF plus GP ablation or SA plus GP ablation) 
produces a better outcome compared to PVI or SA without GP ablation during 
at least 12-month follow-up period194, 195.  

In another meta-analysis195, patients with paroxysmal AF, GP on top of CA 
of AF was linked to significantly higher freedom of AT/AT than CA of AF 
alone. In patients with persistent AF, GP ablation on top of CA of AF com-
pared to CA of AF or GP ablation on top of SA compared to SA of AF was 
associated with a non-significant trend towards higher rates of AT/AF. One of 
the included studies randomized patients with persistent AF between SA and 
GP ablation or SA alone and demonstrated no detectable effect on AF recur-
rences by adding GP ablation and instead noted more adverse events by GP 
ablation196.  

There are no results on long-term follow-up and, as a matter of fact, the 
persistent effect of GP ablation is controversial since reinnervation may ex-
ist197. Furthermore, since the GPs are located around the LA-PV junction, they 
can also be ablated during PV isolation so therefore it is difficult to compare 
with absolute PVI alone. 
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Role of the ligament of Marshall and excision of left atrial appendage on 
rhythm outcome 
Since the ligament of Marshall, consisting of both a muscle structure and   au-
tonomic innervation, has been found to trigger AF77 and contribute to the ini-
tiation of AF78 and the ablation of the ligament has resulted in a reduction of 
AF episodes79, it was believed that the addition of the division of the ligament 
would improve the success rate after the procedure in Paper I and IV. All 
studies with at least five years follow-up162, 163, 169, 170 after the procedure have 
also made the addition of division of the ligament of Marshall, but to the best 
of our knowledge, there exists no RCTs appropriately designed, including di-
vision of the ligament, to draw any firm conclusion from.  

Even the LAA excision may play a role in reducing AF recurrences after 
the procedure. The LAA seems to play an important role in triggering AF80, 81 
and CA strategies aiming at electrical LAA isolation demonstrated a reduction 
of AF recurrences and AF burden81. However, in an RCT the addition of LAA 
excision with a stapler compared to epicardial PVI and box lesion alone did 
not improve the outcome in terms of AF recurrences198. 

Rhythm outcome after surgical ablation in comparison to catheter 
ablation  
The decline in efficacy, 36% freedom from AF/AT at 10 years follow-up in 
Paper IV, may reflect late PV re-conductions but it may also be a sign of 
disease progression related to aging and emerging comorbidities (diabetes66, 
hypertension, obesity and heart failure67) resulting in non-PV triggers such as 
structural remodelling. Most of the AF recurrences subject to re-ablation in 
Paper IV were, however, related to PV re-conduction and in only a minority 
of patients were the PVs still isolated. Others reported PV reconnections after 
surgical isolation in only 62% after the procedure, which however was based 
on a small population as only 34% of their patients with AF recurrences un-
derwent CA169.  

Pulmonary vein reconduction is by far the most common reason for AF 
recurrences after transvenous CA14, 199. The importance of complete PVI has 
been demonstrated in the GAP-AF trial154. Since the RF clamp applied at the 
confluence of the veins enables ablation without intervening blood, it is be-
lieved that an epicardial PVI results in more durable and transmural lesions as 
compared to endocardial RF applications. The observation that PV re-conduc-
tions appeared later, mean 4 years after SA, and were less frequent (80%) in 
our patients with AF recurrences in Paper IV, than reported after endocardial 
CA procedures, present in over 90 % of cases200, may indicate that more du-
rable lesions are achieved with SA. The most frequent location of gaps ob-
served in Paper IV was left inferior and left superior PV, which is consistent 
with others mainly reporting re-conductions in left PVs200 after endocardial 
CA procedures for AF ablation, possibly due to the anatomy of that region201.  
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There are three RCTs165-167 and two meta-analyses22, 168 reporting markedly 
higher rate of freedom from AF/arrhythmias after SA compared to CA at 12 
months follow-up (78% versus 53%) with superior outcomes for both parox-
ysmal (82% versus 63%) and persistent AF subgroups (74% versus 51%), alt-
hough major complications were more common after SA, driven by pleural 
effusions and pneumothorax22. Although, the RCTs were not powered to de-
termine any differences in mortality or stroke rate and the follow-up was only 
12 months in most of the studies.  

In one of the RCTs, Boersma et al165 included 124 patients with paroxysmal 
or persistent AF who had failed at least one AAD and were considered less 
amenable to CA for AF on the basis of left atrial dilatation and hypertension 
or failure of prior CA for AF to repeat CA for AF or SA for AF. The SA 
included epicardial PVI using RF, GP ablation and LAA excision but some 
additional lines were also made at the discretion of the operator and the abla-
tion of the GP was not made according to a scheme. Additional lines were also 
added at the discretion of the operator in the CA (RF) group. Overall the free-
dom from AF was significantly higher 66% for the SA group versus 37% for 
the CA group at 12 months follow-up. The corresponding figures for patients 
with paroxysmal AF were 69% in the SA group versus 35% in the CA group, 
and for patients with persistent AF 56% in the SA group versus 36% in the 
CA group. However, there were also a significantly higher rate of adverse 
event in the SA group than for the CA group. The different lesion sets applied 
makes it difficult to draw any firm conclusions. 

The other RCT, Pokushalov et al166 randomized 64 patients with paroxys-
mal or persistent AF who had failed prior CA for AF to SA for AF or a redo 
CA for AF. The SA consisted of video-assisted epicardial PVI (RF), GP abla-
tion, additional lines to create a posterior box lesion and finally exclusion of 
the LAA. In the CA group (RF), all patients with persistent AF received addi-
tional lines connecting the left inferior PV to the mitral annulus and a roofline 
between the two superior PVs. Overall the freedom from AF was significantly 
higher, 81% in the SA group versus 47% in the CA group at 12 months follow-
up (paroxysmal AF 85% versus 56% and persistent AF 75% versus 36%, re-
spectively).  There number of serious adverse events in the SA group was 
significantly higher in this study too. 

Finally, the third RCT by Wang et al167 randomly assigned 138 patients 
with paroxysmal AF to either video-assisted thoracoscopic surgery ablation 
for AF or CA for AF. The SA procedure included epicardial PVI, GP ablation, 
resection of the ligament of Marshall and LAA excision and was similar to the 
technique used in Paper I and IV and the CA for AF did not include any 
additional lines. The freedom from AF overall with AADs was higher in the 
SA group, 89%, than in the CA group 75%. However, the RCT did not include 
adverse events in the analysis.  

The heterogeneity of patients selected in these RCTs and the variation in 
lesion sets makes all comparisons difficult unless RCTs including patients on 
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identical indications are conducted in order to select patients suitable for the 
procedure. The meta-analysis also included observational studies all favoring 
SA202, 203 for freedom from AF except one (Rong et al 2014) but also at the 
price of a higher complication rate203. Comparisons after longer follow-ups 
are also lacking.   

Apart from achieving more durable PVI with the SA, the targeting of non-
PV triggers potentially attained by dividing the ligament of Marshall79, adding 
the GP ablation195 and the LAA excision81, are all believed to contribute to an 
improved outcome but whether this is true remains to be seen in larger RCTs 
as mentioned previously.  

There are plenty of techniques for SA of AF and the additional value of 
more lines is still unclear. Patients with persistent AF have poorer outcome 
after CA for AF and are usually subject to more extensive ablation both re-
garding SA and CA for AF. After Paper I, there was a switch to a totally 
thoracoscopic procedure109 including epicardial PVI, a left atrial box lesion, 
partial vagal denervation and LAA exclusion and a majority of the patients 
included had longstanding persistent AF resulting in an overall freedom from 
AF in 83% (free from AF/AT 76%). In Paper V, the QoL after this procedure 
is evaluated and will be discussed further on. However, the occurrence of iat-
rogenic LA re-entry tachycardia with procedures involving several ablation 
lines is a recognized problem and warrants further improvement of the tech-
nique204. There are at least two observational studies, one retrospective com-
parative analysis202 and one prospective observational study205, both including 
only longstanding persistent AF patients who had not been subject to CA for 
AF and the patients were treated with either video-assisted minimally invasive 
ablation or CA. Freedom from AF was obtained in 73-75 % and 32-59.0% 
during follow-up in the SA group and the CA group respectively. The video-
assisted minimally invasive ablation included epicardial PV isolation, division 
of the ligament of Marshall, GP ablation and LAA excision202 or epicardial 
PVI, box lesion and LAA excision205 but the CA included some additional 
lines in the posterior wall202, 205 or even ablation of left atrial complex fraction-
ated electrograms205. This further supports the need for larger RCTs including 
patients with solely persistent or longstanding persistent AF. 

Rhythm outcome after surgical ablation compared with hybrid 
procedures and Cox-Maze IV 
There is a non-randomized study with a small sample size comparing the re-
sults after hybrid (n=35) versus minimally invasive surgery (n=63) at 12 
months follow-up for patients with mainly paroxysmal AF yielding better re-
sults in the hybrid group (91.4% versus 82.1)206. In a recent meta-analysis 
(Pearman et al 2017 Arrhythmia and electrophysiology review  
2017;6(4):202-9) also comparing SA for AF and hybrid ablation for AF in-
cluding only observation studies (n=41), the AF free survival without AADs 
were similar between the groups at 12 months follow-up (71.5% versus 
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63.2%) and 24 months (69.5% versus 57.0) and major complications occurred 
more often with hybrid ablation. This data should be verified in RCTs. 

Finally, in a systematic review207 hybrid procedure, Cox-Maze IV and min-
imally invasive SA, including observational studies, were compared favoring 
a Cox-Maze procedure but no statistical analyses were done, because of the 
heterogeneity in methodology and data reporting. Consequently, there is no 
reliable data yet comparing these techniques to confirm if one of the tech-
niques is superior.  

Quality of life and symptoms (Paper I, IV-V) 
In the management of AF, symptom relief and improvement of QoL are the 
primary goal, apart from prevention of thromboembolic complications in pa-
tients with risk factors for stroke. Commonly, elimination of AF ameliorates 
QoL, but the overall AF burden may also influence. Previous adapted rhythm 
control strategies such as CA208 and Cox-Maze209 have been proven to allevi-
ate the symptoms and improve QoL according to several trials. It is therefore 
important to demonstrate an improvement in QoL along with freedom from 
AF when introducing new rhythm control strategies. The generic tool used to 
measure QoL in Paper I, III-V, the SF-36 health survey, is applicable to a 
broad range of disease states and health conditions and have been most widely 
employed and has been extensively validated210. It has been used in several 
AF studies156, 157 and can therefore be compared between studies and it has 
been demonstrated that patients with AF have substantially impaired QoL, re-
flected by SF365. There is also an opportunity to compare with population 
norms172 as in Paper I, III-V and other disease states42 as in Paper V. How-
ever, the generic scales lack the sensitivity to changes with reductions in AF 
burden. On the other hand, AF specific scales, such as SSQ, may improve 
sensitivity and discriminate more effectively between patients with successful 
and failed rhythm outcome but lack validation. The recommendation is to use 
both a general and an AF specific measurement scale95 as was the case in Pa-
per I, IV and V. Both evaluation of QoL and symptoms is limited by treat-
ment expectancy bias but sham procedures would be extremely challenging.  

Paper I, IV and V demonstrates that the symptomatic AF patients included, 
prior to the procedures, have poorer QoL than the general Swedish population 
in the same age range. The low scores observed in these studies is not a trifling 
matter, since a difference of 20 or more points was considered a cut off be-
tween minor and serious medical conditions in the SF-36 form validity test210. 
In Paper V, the QoL at baseline was also comparable to patients suffering 
from other chronic disease states such as congestive heart failure, hemodialy-
sis, major depression and hepatitis C. The freedom from AF after the video-
assisted epicardial PVI at 12 months was 76% (Paper I) and in the updated 
follow-up (Paper IV) 71% and both symptoms and QoL improved 12 months 
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after the procedure and QoL reached the values of the general Swedish popu-
lation in 4 out of 8 subscales. The epicardial PVI and LA ablation (Paper V) 
also proved to be effective in restoring SR in the majority of AF patients 
(83%) but also had a number of adverse events as well as a significant number 
of iatrogenic left atrial flutters after surgery. Still the QoL and symptoms in-
creased from a poor level to a level comparable to that of a standard Swedish 
population in all subscales except bodily pain. A majority of the patients in 
Paper V had longstanding persistent AF, but similar results were seen within 
this group with improvements of QoL. In Paper I, there was also an improved 
physical capacity following the procedure further indicating that there was not 
only a subjective but also an objective improvement after surgery.  

There are today some reports of QoL after similar procedures but none of 
the RCTs comparing SA and CA for AF included QoL as an endpoint. In one 
retrospective study203 comparing SA (epicardial PVI and GP ablation) and CA 
for a second line treatment of AF, 5 of the SF-36 subscales were different 
between the groups with favour of the SA group. The SA strategy was more 
effective in preventing AF recurrences than CA for AF in the study as well. 
At 12 months, SA demonstrated an improvement in 6 out of 8 SF-36 subscales 
but the CA group did not improve significantly except for SF. There was a lot 
of missing data in the study, in the SA group and CA group, only 58% and 
45%, respectively, replied to the SF-36 questionnaire. It was surprising that 
the QoL did not improve in the CA group since several other studies have 
shown an improvement156, 157. SA had significantly more procedural adverse 
events than CA, but it does not seem to affect the QoL at 12 months follow-
up. To the best of our knowledge, all observational studies also supports our 
findings. Kasirajan et al113 also reported improved QoL in AF patients, with 
80% of patients free of AF, at around 18 months following a procedure in-
cluding epicardial PVI, GP ablation and linear lesions, by reporting number 
of unhealthy day summary index. Although, the evaluation of QoL by number 
of unhealthy days is not recommended according to guidelines and is not a 
validated instrument for QoL. Two other observational studies211, 212 report 
improvements in QoL by using the same instrument as in Paper I, IV and IV, 
SF-36. Nasso et al211 performed an epicardial PVI in patients with paroxysmal 
or persistent AF resulting in an overall freedom from AF in 89% of the patients 
and improvements in all subscales except vitality. Driessen et al212 reported 
improvements in QoL in 7 of the 8 subscales of the SF-36 after epicardial PVI 
with or without GP ablation and with Dallas lesion set for patients with per-
sistent AF. The patients with AF recurrences at 12 months had lower scores 
on 6 of 8 subscales than those without AF recurrences. Moreover, patients 
with complications of the procedure had no increase in the SF-36 subscales, 
but in patients in whom procedural complications appeared reversible, the lack 
of QoL increase was temporary, because these patients had a similar QoL as 
patients without complications at 12 months.    
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Paper IV is the first study to report QoL at 10 years after epicardial PVI, 
GP ablation and LAA excision. At follow-up, the QoL and symptoms re-
mained improved compared to baseline when adjusting for age in Paper IV 
and the QoL reached the values of the Swedish general population in the same 
age-range even though only a minority (36%) of the patients were free from 
AF/AT recurrences. Moreover, there were no differences in QoL or symptoms 
by SSQ between patients with or without AT/AF recurrences at 10 years fol-
low-up which may be related to a higher rate of asymptomatic AF episodes 
after SA but also to a reduction in AF burden as a majority of patients with 
AF/AT recurrences underwent CA and/or AAD treatment after failed SA. 
Asymptomatic episodes of AF are known to be more common after CA for 
AF than before213. Driessen et al also reported212 after a similar SA procedure 
for SA, that patients with only one AF recurrence improved on the SF-36 sub-
scales similar to the group with no AF recurrences, whereas patients with mul-
tiple AF recurrences did not improve after the procedure212. The currently used 
definition of failed intervention, a 30 second AF episode, is thus not rational 
since many patients with such short episodes may be completely asympto-
matic without clinical recurrences requiring treatment. The long-term follow-
up is also limited by the influence of comorbidities which might be higher in 
this subset of AF patients than the general Swedish population and other pos-
sible medical interventions during follow-up, emphasizing the need for a com-
parator group. Furthermore, as mentioned earlier the treatment expectancy 
bias might also influence. Larger RCTs comparing SA and CA for AF, includ-
ing both QoL and AF burden as endpoints are warranted. 

Left atrial function and size (Paper II) 
According to our Paper II the epicardial PV isolation and GP ablation does 
not seem to affect left atrial function or size when assessed 6 months after the 
procedure. Although, a significant decrease in LA size was seen in patients 
with the largest LA at baseline. This can be related to the effect of remodeling 
after maintenance of SR or as a result of the scar tissue shrinkage, the latter of 
which is contradicted by the lack of effect on contractility. Since enlarged LA 
is a riskfactor for AF recurrences after the procedure162, 163 and AF progression 
without exception61, it is important to note that the procedure itself does not 
counteract its purpose.  A reduced atrial function, related to extensive scarring 
of the LA, may promote thromboembolic events because of insufficient con-
traction of the atria resulting in the formations of blood clots even if AF is 
successfully eliminated. Buber et al214 concluded that absence of LA contrac-
tion resulted in a fivefold increase and a LA volume index ≥33 ml/m2 in a 
threefold increase in the risk for thromboembolic stroke after the concomitant 
RF and cryoablation, even when accounting for CHADS-VASc, in patients in 
SR at 2 years follow-up.  
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After the more complex and extensive Cox-Maze III procedure, a sustained 
reduction of the atrial mechanical function was reported for patients with par-
oxysmal lone AF 215, 216. A meta-analysis recently concluded that successful 
RF CA in patients with AF significantly decreased LA size and volumes but 
does not seem to adversely affect LA function 217.  

The left atrial function after minimally invasive surgery for AF have been 
studied and compared to left atrial function after a hybrid procedure for AF in 
an observational study although the SA was more extensive including epicar-
dial PVI, GP ablation, box lesion and some additional lines206. The number of 
patients receiving SA alone was also small (n=28). Left atrial emptying frac-
tion increased significantly at 12 months follow-up in both groups and there 
were no differences between the groups. At 3 months the LA diameters de-
creased significantly from baseline with no comparison between the groups 
and the same pattern was seen at 12 months but without reaching statistical 
significance.  

In a retrospective study, comparing SA with a similar procedure and CA 
for AF, no differences in LA volumes or left atrial diameter at 12 months fol-
low-up were seen but no measurements were done at baseline to be able to 
observe any changes203.   

However, the limited time for follow-up, the small number of patient and 
the missing data may have affected the result in Paper II and it warrants con-
firmation in larger trials. Also, today the guidelines recommend the measure-
ment of LA volume by 3D echocardiography to evaluate LA size. Since the 
echocardiographic examinations in Paper II were done long before LA vol-
ume by 3D echocardiography was routine there were no possibilities do repeat 
the examinations. However, the same method was used at baseline and at 6 
months follow-up so a change in area could be detected. Normal values for 
LA area were recently presented218 but comparisons are not recommended 
since the literature is scarce219.   

Safety (Paper I, IV) 
The most common complication 
Major bleeding was the most common complication in Paper I periopera-
tively and during 12 months follow-up. The most vulnerable moment was 
the dissection around the PVs, accounting for 4 of the 6 bleeding events. In 
two bleeding events the CPB had to be used, which also have been described 
by others169. Only one bleeding event in Paper I was related to the exclusion 
of the LAA, but a significant portion of patients (23.8%) were judged to be 
at too high risk for such procedure, indicating that this must also be a critical 
moment. De Maat et al170 also reported one case where bleeding from the 
LAA required conversion to median sternotomy and this is further supported 
by the report of one death due to tearing of the base of the LAA192. In the 
learning curve in Paper I, most of the bleeding events are depicted in the 
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last two groups of ten undergoing the procedure, which might be a coinci-
dence because of the small sample size. Although, there is always a learning 
curve when a new type of surgery is introduced. 

Strokes 
The LAA exclusion was believed to be an advantage with the SA for an an-
ticipated reduced risk of future thromboembolic events. It has been found to 
be the dominant location of thrombus in AF and led to the development of 
LAA occlusion as a therapeutic modality to reduce stroke risk107, 220.  How-
ever, in Paper I there was one stroke within 2 days after surgery, although 
related to a mistake in the prescription of low-molecular weight heparin, and 
remarkably 4 strokes at long-term follow-up (Paper IV). In two previous stud-
ies162, 163 reporting their data at 5 years follow-up after the procedure, both 
used the stapler technique (Endostapler) and recorded 1-5 strokes during fol-
low-up, respectively. Saini et al169 used a stapler in a majority of their patients 
and confirmed the absence of flow by intraoperative TEE. In the last 16% of 
the patients they switched to an Atriclip device. In total they observed 5 
strokes or TIAs during follow-up but in one of those patients, the LAA had 
not been excluded and in three of the patients no residual flow was noted with 
TEE or MRT and the last patient had a small residual LAA with no leak. Fi-
nally, De Maat et al170 also used two different techiques, stapler or AtriClip 
device and observed no stroke during follow-up.  It has been demonstrated in 
several studies, both observational and randomized controlled that the stapler 
excision is not successful in a majority of the patients when assessed by 
TEE221, 222. Residual LAA flow or incomplete LAA exclusion is associated 
with an increasing stroke risk223. Today, surgical occlusion or exclusion of the 
LAA may be considered for stroke prevention in patients undergoing thoraco-
scopic AF surgery according to guidelines23. The only technique that is ap-
proved by the FDA for closure of the LAA during cardiac surgery is the Atri-
clip. There is a large RCT underway to sort out the benefit of LAA exclusion 
for stroke prevention in the subgroup undergoing concomitant AF surgery224. 
In Paper II, the LA function and size was found to be preserved 6 months 
after the procedure, which may have implications on the risk of thromboem-
bolic events. Even though several strokes were noted in Paper IV on long-
term follow-up of the procedure, it is important to note that the procedure itself 
does not impair left atrial function, and the strokes are most probably related 
to the inherent risk for stroke with AF30 and the patients CHADS-VASc pro-
file. Although, it is disappointing that the LAA excision was not enough to 
prevent strokes. This is an area of development and by using other instruments 
to excise the LAA and TEE to confirm the result in future studies, it might be 
possible to prevent strokes. There are already devices using transvenous tech-
niques with LAA occlusion to reduce the stroke risk in patients at high risk 
and contraindications for anticoagulants.  
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Other complications and comparison with catheter ablation 
The second most common complication in Paper I was infection which has 
not been reported by others. In the two meta-analyses22, 168, comparing SA and 
CA for AF, major complications in the periprocedural period were more com-
mon in the SA than in the CA group, largely driven by pleural effusions and 
pneumothoraxes. During the follow-up period of 12 months, serious adverse 
events showed no significant difference between groups168. Bleeding events, 
necessitating conversion to sternotomy and CPB are serious and in order to be 
able to apply this technique, the surgeons must be skilled and it must be shown 
that it is very unusual. The two of the RCTs comparing SA and CA for AF 
report 1.7- 3.1% conversion to sternotomy in the SA group and none in the 
CA group. The risk benefit ratio is important to consider in every patient. 

Concomitant AF surgical ablation (Paper III) 
Quality of life 
The new concomitant SA technologies have proven effective in maintaining 
SR in patients with AF diagnosed preoperatively, but the number of studies 
evaluating the effects on QoL is very limited. An improvement in symptoms 
is, however, the main indication for rhythm control in patients with AF, which 
is the reason why Paper III is important. It is the first prospective, double-
blinded randomized, multicentre study and demonstrates no significant im-
provements in QoL after combined MVS and cryoablation compared with 
MVS alone at 12 months follow-up in patients with permanent AF. The pri-
mary end-point for the main study (SWEDMAF) was freedom from AF at 12 
months and significantly more patients who underwent MVS and cryoablation 
(73.3%) regained SR compared with patients, who underwent MVS alone 
(42.9%)20. This is supported by a recent meta-analysis which concluded that 
concomitant AF surgery approximately doubles the risk for freedom from 
AF133.   

It is previously demonstrated that the stand alone ‘cut and sew’ Maze pro-
cedure for AF significantly improved QoL in patients with lone AF evaluated 
at 12 months209. Moreover, a meta-analysis of RCTs of transvenous CA pro-
cedures showed improved QoL compared with AADs at long-term follow-
ups208. In Paper I and IV the QoL was also improved after stand-alone video-
assisted epicardial PVI at both 12-month and 10-years follow-up. Finally, the 
QoL was improved in Paper V in patients with mainly longstanding-persistent 
AF subject to thoracoscopic left atrial ablation. Concomitant surgical AF ab-
lation during MVS differs distinctly from both the stand-alone Maze surgery, 
transvenous AF ablation and stand-alone video-assisted or thoracoscopic epi-
cardial PVI in terms of patient’s characteristics, morbidity and AF related 
symptoms. Patients referred for stand-alone Maze surgery209, CA208 and stand-
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alone video-assisted or thoracoscopic epicardial PVI in Paper I, IV or V, 
were younger and most had symptomatic paroxysmal or persistent or 
longstanding persistent AF without significant cardiovascular comorbidities. 
In contrast, the patients referred for concomitant MVS and AF ablation are 
generally older with concomitant cardiovascular diseases and larger LA, and 
most often have long lasting or permanent AF. Accordingly, it is therefore 
difficult to evaluate whether the patient’s symptoms are related to the AF or 
the valve disease itself. 

There are two non-randomized trials reporting improved QoL by SF-36 in 
patients undergoing MVS combined with surgical AF ablation as compared 
with MVS alone135, 136.  In the first study of 91 patients with permanent AF, 
only those patients with SR at follow-up had a better QoL in 5 of 8 subscales 
according to stepwise logistic regression analysis136. In the second study of 
147 patients with persistent or longstanding-persistent AF, the QoL improved 
after combined MVS and RF SA as compared with MVS alone135. Since both 
trials were non-randomized and un-blinded the risk for bias and placebo ef-
fects increases. 

To the best of our knowledge, there are only two prior RCTs comparing 
combined MVS and AF ablation with MVS alone, both of which reported no 
difference in QoL between the patient groups21, 132 which further supports our 
findings. The first trial was single blinded and randomly assigned 49 patients 
to MVS surgery with or without biatrial modified RF Maze procedure and re-
ported no difference in QoL despite a higher (75%) sinus restoration in the 
combined MVS group than in the MVS alone group (39%) at 12 months fol-
low-up132. In the second trial, 260 patients (non-blinded) with persistent or 
longstanding persistent AF were randomized to either MVS alone or further 
to PVI or a biatrial Maze procedure. There were no differences in QoL alt-
hough freedom from AF was more frequent in the combined MVS group than 
in the control group at 12 months (63.2% versus. 29.4%).13 Furthermore, the 
permanent pacemaker implantation rate was significantly higher in the abla-
tion group than in the control group. 

An important difference in our trial presented in Paper III and the two 
previous RCTs is however that the double-blind design in our trial ensures 
identical treatment for AF during follow-up and excludes the possibility of a 
placebo effect. Although the QoL improved at 12 months after surgery com-
pared with baseline, the improvement did not differ between patients in SR 
and those in AF at follow-up, irrespective of the allocated procedure, indicat-
ing that their preoperative symptoms were mainly related to their valve dis-
ease. Both patient groups referred for combined MVS with cryoablation and 
MVS alone reached the QoL for the age-matched Swedish general population 
at follow-up as shown in Paper III. None of these RCTs, including the 
SWEDMAF trial20, reported any differences in complication rates between the 
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treatment groups except for an increased risk for permanent pacemaker im-
plantation in the ablation group13. However, neither of the studies was statis-
tically powered to demonstrate differences in complication rates. 

Apart from reduction in symptoms and improvement in QoL, which at pre-
sent is the most important indication for rhythm control in patients with AF, 
reduction in mortality or stroke rate could also be tentative goals for an inter-
vention such as combined MVS and left atrial ablation. Systematic review and 
meta-analysis, including nine RCTs of concomitant surgical AF ablation dur-
ing MVS showed, however, no difference between combined MVS and SA 
vs. MVS alone in terms of 30 day-mortality, all-cause mortality, pacemaker 
implantation, stroke and thrombo-embolism despite a significantly higher rate 
of SR in the combined MVS group134. A larger systematic review and meta-
analysis,133 including 22 RCTs of AF patients scheduled for cardiac surgery 
and concomitant AF surgery failed to demonstrate with certainty any effects 
of the concomitant AF surgery on cardiovascular mortality, rate of other ad-
verse events, fatal or non-fatal cardiovascular events, neurological or 
thrombo-embolic events and health-related QoL, also despite a greater free-
dom from AF. Again there was an increased risk for permanent pacemaker 
implantation in the concomitant AF surgical group, although since both SA 
and Maze cut-and-sew technique were included the result should be inter-
preted with caution. Apart from these observations, signs of atrial dysfunction 
have also been reported in patients undergoing combined MVS as compared 
with MVS alone225.  

There is one registry trial226 analyzing the risk of concomitant SA by pro-
pensity matching 28 739 patients with or without SA, by AF type, primary 
operation and comorbid risk variables using greedy 1:1 matching algorithms. 
They found a reduction in relative risk of 30-day mortality and stroke but an 
increase in renal failure and pacemaker implantation. There is a possibility of 
bias because the apparent difference in outcome between these two groups of 
patients may depend on characteristics not observed that affected whether or 
not the patient received SA instead of due to the effect of the SA per se. RCTs 
and especially, meta-analyses including several RCTs, are the most accurate 
study designs.  

Moreover, since a combined MVS procedure most likely increases the 
health care expenditures by the procedure itself and the increased pacemaker 
dependency post-operatively, a clear clinical benefit must be demonstrated 
such as reduced morbidity or mortality before it can be recommended for 
widespread use. Howbeit, the current recommendation according to guide-
lines23, 95 is that AF surgery should be considered in patients with symptomatic 
AF to improve AF related symptoms, considering patients choice informed by 
an AF Heart Team.   
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Limitations 
Paper I, II and IV-V 
These are observational studies (Paper I, II, IV and V), with a limited number 
of patients and with no comparator group. Since the procedures were new at 
the time, this study design was used to report the initial experience of these 
techniques. Before larger RCTs can be performed, the procedures must be 
considered safe and efficient regarding rhythm outcome to be able to include 
more patients.  
Considering this, it is also impossible to draw any conclusions if the GP abla-
tions or division of the ligament of Marshall or exclusion/isolation of the LAA 
improve the outcome. There was no continuous rhythm monitoring so we can-
not exclude the possibility of patients categorized as being in SR having par-
oxysmal AF. Although, we believe that clinical relevant AF episodes would 
be documented during the 10-year follow-up (Paper IV). Continuous rhythm 
monitoring is also expensive and associated with a low patient compliance 
(depending on the method). Nevertheless, Holter recording is considered a 
standard method for rhythm monitoring. Moreover, there was no documenta-
tion on obesity during follow-up, which might account for a progression of 
AF.  

Since Paper I, IV and V are non-randomized trials, including patients who 
were highly motivated by their severe AF-derived symptoms, the evaluation 
of QoL and symptoms is limited by treatment expectancy bias but sham pro-
cedures would be extremely challenging as mentioned before. 

There was no TEE used during surgery to confirm that the LAA was com-
pletely excised before end of surgery in Paper I and IV. In Paper II, the left 
atrial area was measured, and today the recommended measurement of the LA 
is the LA volume as already mentioned in the discussion. The results in the 
trials must be confirmed in larger RCTs.   

Paper III 
The lack of continuous rhythm monitoring means that we cannot exclude 
that patients categorized as being in SR at follow-up might have had asymp-
tomatic paroxysmal AF. Since we only included patients with permanent 
AF, one cannot exclude that patients with paroxysmal episodes of AF may 
have benefit from a combined procedure. Moreover, if we were able to dif-
ferentiate between AF related symptoms and symptoms related to the valvu-
lar disease,  
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Conclusions 

Video-assisted epicardial PV isolation combined with GP ablation for the 
treatment of AF 

 
 The procedure was found to be a relatively safe and efficacious 

treatment, improving the QoL, symptoms and exercise capacity at 
one-year follow-up for patients with symptomatic AF. (Paper I). 

 At 6 months follow-up, the procedure resulted in no significant al-
teration of the atrial contractility, mechanical function or size of the 
LA. Although, this procedure with elimination of AF recurrences 
and preserved atrial function may decrease the risk for thromboem-
bolic events and may have implications for the risk evaluation of 
thromboembolic complications after this surgery further studies are 
warranted to confirm these results. (Paper II). 

 On long-term, symptoms and QoL were still improved 10 years af-
ter the procedure, and were comparable to the levels of the Swedish 
general population, despite a significant decline in AF freedom. 
The procedure may therefore be an alternative for highly sympto-
matic AF patients failing other interventions, although larger RCTs 
are warranted to assess its risks and benefits and the optimal target 
population. Stroke seems not to be prevented by LAA excision us-
ing this stapler. (Paper IV).  

 
Concomitant AF surgical ablation during mitral valve surgery for the treat-
ment of AF 

 
 The addition of surgical AF ablation to MVS did not improve QoL 

compared to MVS alone in patients with permanent AF. Improved 
QoL remains the main indication for rhythm control, also including 
AF patients scheduled for MVS, since no treatment strategy for 
rhythm control has up to date been associated with any other im-
proved clinical outcomes, such as a reduction in all-cause mortality, 
morbidity or thrombo-embolism. The strategy of adding surgical 
AF ablation during MVS can therefore, based on the present and 
previous data, not yet be justified until scientific evidence demon-
strates more benefits than side effects in both a short- and long-term 
perspective. Further research with larger randomized double-
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blinded studies are warranted to evaluate the benefit risk ratio at 
long-term follow-up (Paper III). 

Thoracoscopic left atrial ablation for the treatment of AF 
 

 Patients with severely symptomatic AF display poor QoL, similar 
to other chronic diseases. With an active rhythm control strategy, 
QoL can be normalized to the level of a standard population. Large 
RCTs are needed to express certainty in this regard (Paper V). 
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Clinical implications and future perspective 

The prevalence of AF is increasing in the population and causing degraded 
QoL5 among a lot of these patients. AF related symptoms, despite rate control, 
is an indication to adopt a rhythm control strategy23. New SA techniques such 
as stand-alone procedures or concomitant during cardiac surgery have been 
developed to eliminate AF or reduce AF burden but information about the 
effect on QoL is lacking. Moreover, there is limited information about the 
rhythm outcome, atrial function and safety after the stand-alone procedures.  

There is a large difference between concomitant SA and stand-alone SA. 
Patients referred for concomitant AF ablation have an indication for cardiac 
surgery such as MVS, which makes it very hard to distinguish if their symp-
toms are related to AF or the significant valve disease per se. On the other 
hand, in patients referred for stand-alone procedures the main indication is AF 
related symptoms. A large meta-analysis, including 22 RCTs comparing con-
comitant AF surgery with heart surgery alone, which specifically evaluated 
the risk for bias, concluded that concomitant AF surgery approximately dou-
bles the risk of freedom from AF while increasing the risk of permanent pace-
maker implantation101. The effects on mortality were uncertain and likewise 
the effect on QoL.  

In our study Paper III, which is the first double-blinded RCT, thus reducing 
the risk for the expectancy bias, comparing MVS with cryoablation and MVS 
alone there was no difference between the groups in QoL using a generic val-
idated instrument, SF-36210. This is supported by the finding in the meta-anal-
ysis101, although QoL could not be meta-analyzed because sample size at base-
line and follow-up was not presented and therefore it was uncertainty about 
the effect on QoL. Since a combined MVS procedure most likely increases 
the health care expenditures by the procedure itself and the increased pace-
maker dependency post-operatively and no difference in QoL can be ob-
served, which is the main indication for rhythm control, a clear clinical benefit 
must be demonstrated such as reduced morbidity or mortality before it can be 
recommended for widespread use. The strategy of adding surgical AF ablation 
during MVS can therefore, based on the present and previous data, not yet be 
justified until scientific evidence demonstrates more benefits than side effects 
in both a short- and long-term perspective. Further research with larger RCTs 
are warranted to evaluate the benefit risk ratio at long-term follow-up.  

There are multiple techniques for stand-alone SA for AF and in this thesis 
we have evaluated the rhythm outcome, atrial function and safety after video-
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assisted epicardial PVI combined with GP ablation, division of the ligament 
of Marshall and LAA excision (Paper I, II, IV). It is the first study to evaluate 
this procedure at 10 years follow-up. At 12 months 71% of the patients were 
free from AF recurrences but it was a steady decline to 36% at 10 years follow-
up. However, both symptoms and QoL improved at one and 10 years follow-
up and reached the level of the general Swedish population on several of the 
SF-36 subscales. The physical capacity also improved at one year. Neverthe-
less, there was a high rate of adverse events, although it did not seem to affect 
QoL in long-term, the frequency of potentially fatal bleeding events cannot be 
ignored. The left atrial function and size was preserved but the LAA excision 
was not able to completely prevent strokes. Moreover, in Paper IV, the QoL 
was improved in patients with mainly longstanding-persistent AF subject to 
epicardial PVI, partial vagal denervation, left atrial ablation and LAA exci-
sion.  

To be able to predict the benefit risk ratio, patient selection, lesion set for 
ablation, RCTs comparing CA and SA for AF, including patients on identical 
indications and longer follow-up are warranted. In the RCTs165-167 and meta-
analyses22, 168 available there is a heterogeneity of patients selected and varia-
tions of lesion sets used. The SA for AF resulted in a significantly higher por-
tion of patients free of AF at 12 months compared to CA for AF but had a 
higher rate of immediate post-procedural complications. The SA has also been 
associated with left atrial tachycardias in the TELA-AF trial109 and in Paper 
IV but extensive ablation during CA for left atrial substrate modification 
seems to have the same result.  
It seems reasonable that SA for AF could be of benefit in patients with persis-
tent, longstanding persistent or patients with paroxysmal/persistent AF with 
prior failed CA for AF since this patient selection has poorer outcomes after 
CA for AF but further trials are needed. Since there is a progressive research 
and development of more extensive ablation during CA for AF it is hard to 
tell if it will improve the outcome but probably at a higher cost of radiation. 
Although, it seems that the hybrid procedure combing SA and CA for AF 
might be limited by both adverse events from the CA procedure and the SA 
procedure (Pearman et al 2017 Arrhythmia and electrophysiology review  
2017;6(4):202-9).  

For patients with AF it is of major importance to increase their QoL and in 
the future also be able to reduce the morbidity and mortality associated with 
AF.  

This thesis is a significant contribution to our understanding of surgical 
ablation for the treatment of atrial fibrillation but further research will tell 
which technique should be used in which AF population.  
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Summary in Swedish (Sammanfattning på 
svenska) 

Förmaksflimmer är den vanligast förekommande arytmin i befolkningen och 
patienter med denna rytmrubbning kan känna av hjärtklappning, andfåddhet, 
bröstsmärta, oro eller vara helt asymptomatiska. Förutom symptom pga den 
snabba och oregelbundna rytmen med minskad fysisk arbetsförmåga och livs-
kvalitet kan förmaksflimmer också bli fatalt pga utveckling av hjärtsvikt, 
stroke eller plötslig död.  

Behandlingen av förmaksflimmer består av ställningstagande till eventuell 
antikoagulantia, frekvensreglering och behandling av underliggande predis-
ponerande sjukdomar och riskfaktorer för att förhindra komplikationer pga 
förmaksflimmer. Dessa behandlingar kan i sig minska symptomen och där-
med öka livskvalitén som är ett av de primära målen men det kan också behö-
vas rytmreglerande behandling för detta. Hittills har rytmreglerande behand-
ling inte kunnat visa sig minska dödligheten eller sjukligheten vid förmaks-
flimmer utan den huvudsakliga indikationen är symptomlindring. Rytmregle-
ringen kan bestå i antiarytmika, transvenös kateterablation eller kirurgisk 
ablation. Det har dock visat sig att antiarytmika bara har måttlig effekt och 
biverkningarna väger upp nyttan av att patienten går i sinus rytm. Transvenös 
kateterablation där man isolerar lungvenerna, som har visat sig kunna inducera 
förmaksflimmer, kan eliminera flimret hos en hög andel patienterna (70%) 
men rekonduktion i lungvenerna är vanligt och ingreppet är inte lika fram-
gångsrikt för patienter med flimmer som är ihållande (persisterande) jämfört 
för patienter som har det intermittent (paroxysmalt).     

Således har det utvecklats alternativa metoder så som video-assisterad 
epikardiell lungvensisolering där man isolerar lungvenerna från utsidan på 
hjärtat genom små incisioner i bröstkorgen och använder videokamera och  
thorakoskopiska instrument för att uppnå isolering. Behandlingen kan också 
kombineras med denervering av nervplexa (som har visat sig också kunna ini-
tiera förmaksflimmer) och exklusion av förmaksörat (där proppar kan bildas 
som leder till stroke). Primärt görs detta för patienter där vanlig transvenös 
kateterablation ej lyckats eller där flimret är ihållande mer än 7 dagar och 
måste brytas med konvertering. En vidareutveckling av tekniken har skett till 
en total thorakoskopisk procedur med tillägg av ytterligare linjer som isolerar 
delar av vänsterförmak för att ytterligare förhindra induktion av förmaksflim-
mer. I vissa fall kan man också göra kirurgisk ablation av förmaksflimmer 
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samtidigt som man opererar en mitralisklaff. Det finns dock begränsad med 
information om livskvalitén efter dessa kirurgiska ablationer mot förmaks-
flimmer, både som enskilda ingrepp eller kombinerat med mitralisklaffkirurgi. 
Hos patienter remitterade för mitralisklaffkirurgi är det ju också svårare att 
veta om de har symptom från förmaksflimret eller om det är symptom från 
den läckande klaffen. En rytmreglerande behandling ska ju styras av symptom 
relaterade till förmaksflimret och i sådant fall är det viktigt att visa att patien-
terna som genomgår kirurgisk ablation förbättras mer än de som bara genom-
går klaffkirurgi. Vidare är det också okänt hur långtidsresultaten ser ut efter 
epikardiell lungvensisolering mot förmaksflimmer. I denna avhandling under-
söks livskvalitén vid olika typer av kirurgisk ablation men även graden av 
flimmerfrihet, vänsterförmaks funktion och risken för komplikationer efter 
epikardiell isolering av lungvenerna som ett enskilt ingrepp utan övrig indi-
kation för hjärtkirurgi. Det är viktigt att minska symptomen vid förmaksflim-
mer men detta måste uppnås genom att man kan påvisa flimmerfrihet eller 
reduktion av flimmerbördan men komplikationerna måste också vara tole-
rabla.  

Studie I 
Då vi var ett av de första centrumen i norden att tillämpa denna nya teknik för 
kirurgisk isolering av lungvenerna för behandling av förmaksflimmer, ville vi 
beskriva de initiala resultaten med avseende på flimmerfrihet, påverkan på 
vänsterförmaks funktion och storlek, fysisk arbetsförmåga, livskvalitet samt 
grad av komplikationer. 43 patienter med paroxysmalt, persisterande eller per-
manent förmaksflimmer som alla fallerat antiarytmika av klass I eller III samt 
i vissa fall även transvenös kateterablation inkluderades och fick genomgå in-
greppet och följdes upp i ett år.  

Studien visade att 76% av patienterna var flimmerfria vid uppföljningen, 
den fysiska arbetsförmågan, symptom och livskvalitet hade alla förbättrats ut-
värderat med cykelprov  och enkäter före och efter operation. Livskvaliteten  
nådde nu upp till samma nivå som en genomsnittlig svensk befolkning i 
samma åldersspann. Slutligen kunde vi konstatera att operationstiden mellan 
de första tio operationerna och de sista tio minskade signifikant men det före-
kom en del procedurrelaterade komplikationer så som pneumothorax, pleurala 
utgjutningar men även 14% blödningar som i två fall krävde hjärtlungmaskin.  

Studie II 
I denna studie ville vi gå vidare och titta på om denna ovanstående operations-
teknik där man isolerar lungvener epikardiellt och denerverar nervplexa på-
verkar vänster förmaksfunktion och storlek. Detta är viktigt eftersom en för-
sämrad förmaksfunktion kan leda till att proppar bildas även i frånvaro av för-
maksflimmer och en förstoring av vänster förmak kan också gynna progress 
av förmaksflimmer. 27 av de 43 ovanstående patienter som ingick i studie I 
och hade sinus rytm före operation och vid 6 månaders uppföljning och hade 
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genomgått rätt typ av ultraljudundersökning av tillräcklig kvalitet för att kunna 
värdera vänster förmaks area och funktion inkluderades. Vid uppföljningen 
vid 6 månader var både förmaksfunktionen och storleken på förmaket oför-
ändrat, vilket tyder på att operationen i sig vad gäller förmaksfunktion och 
storlek inte påverkar vänster förmaks storlek eller funktion för de som blir 
flimmerfria. Studien är dock liten och resultatet behöver bekräftas i större stu-
dier.  

Studie III 
Kombinerad kirurgisk ablation av förmaksflimmer hos patienter som genom-
går mitralisklaffkirurgi har nästan blivit rutin trots bristande information om 
förbättrad livskvalitet eller andra vinster i form minskad mortalitet. Syftet med 
denna studie var att utvärdera livskvaliteten efter mitralisklaffkirurgi med eller 
utan epikardiell vänster förmaks ablation. 65 patienter med permanent för-
maksflimmer som randomiserats till mitralisklaffkirurgi med eller utan väns-
terförmaksablation i den dubbel-blindade multicenter studien SWEDMAF 
och svarade på en livskvalitetenkät före och 6 samt 12 månader efter operat-
ionen inkluderades i denna substudie. Vid uppföljningen kunde man inte se 
någon skillnad i livskvalitet hos de patienter som genomgått mitralisklaffki-
rurgi kombinerat med kryoablation jämfört med de som genomgått enbart 
mitralisklaffkirurgi och alla uppnådde samma livskvalitet som en genomsnitt-
lig svensk befolkning i samma åldersspann. Det var heller ingen skillnad i 
livskvalitet för patienter med normal hjärtrytm efteråt eller de mot fortsatt 
flimmer. Detta väcker frågor kring nuvarande guidelines där detta rekommen-
deras trots att inga kliniska vinster kan visas.   

Studie IV 
Detta är en långtidsuppföljning av studie I där de 43 patienterna som genom-
gått video-assisterad epikardiell lungvensisolering, vagal denervering och ex-
cision av förmaksörat  samt ytterligare 2 patienter som tillkommit följdes upp 
i 10 år med avseende på flimmerfrihet, livskvalitet, symptom, komorbiditet 
och komplikationer. 2 patienter föll bort pga att de ej ville vara med i långs-
tidsuppföljningen och 2 dog (3 resp 9 år efter op). Det har tidigare inte gjorts 
en så lång uppföljning av denna operationsteknik tidigare. Flimmerfriheten 
minskade gradvis till 36% av patienterna efter 10 år men trots detta sågs ändå 
en fortsatt förbättring av livskvaliteten och symptomen jämfört före procedu-
ren. Livskvaliteten nådde också upp på en majoritet av skalorna i enkäten till 
samma nivå som en genomsnittlig svensk befolkning i samma åldersspann. 
Under långtidsuppföljningen drabbades 4 personer av stroke talade för att ex-
isionen av vänsterförmaksöra inte varit komplett och att det inte räcker för att 
helt förebygga stroke.  
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Studie V 
Denna studie är en substudie av en utvärdering av den totalt thorakoskopiska  
epikardiella lungvensisoleringen och vagala denerveringen med tillägg av yt-
terligare linjer som isolerar delar av vänsterförmak med fokus på livskvali-
teten efter operationen utvärderat med enkäter före och vid 12 månaders upp-
följning. Även efter denna operation hos patienter med mer ihållande förmaks-
flimmer förbättrades livskvalitén och symptomen. Patienterna hade före oper-
ationen betydligt sämre livskvalitet än en genomsnittlig svensk befolkning i 
samma åldersspann och låg i paritet med den livskvalitet som ses hos patienter 
med hemodialys, hepatit, hjärtsvikt och depression. Efter operationen nådde 
de upp till samma nivå som en genomsnittlig svensk befolkning i samma ål-
dersspann.  
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