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Abstract
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Atrial fibrillation (AF) is a common condition, increasing in prevalence with age. Symptoms can
be severe and quality of life is affected in patients suffering from AF. Treatment regimes aim to
alleviate symptoms through rate or rhythm control. Rhythm control can be achieved effectively
in early stages of AF with catheter ablation aiming for pulmonary vein isolation (PVI) however,
in more advanced stages of the disease a surgical ablation is warranted if rhythm control is the
goal.

The aim of this thesis was to evaluate the thoracoscopic epicardial left atrial surgical
procedure for AF (TELA-AF) in patients suffering from highly symptomatic, mainly
longstanding persistent AF (LPAF). The hypothesis was that TELA-AF would be effective in
treating LPAF and that quality of life (QoL) would increase accordingly.

This thesis second hypothesis was that restoration of sinus rhythm would improve QoL in
patients with permanent AF undergoing concomitant mitral valve surgery (MVS) and left atrial
cryoablation compared to MVS alone.

The TELA-AF surgical technique included pulmonary vein isolation, left atrial "box-lesion"
and partial vagal denervation. Patients were followed with clinical evaluation, seven-day Holter
electrocardiogram, symptom severity questionnaire (SSQ)and a short form QoL questionnaire
(SF-36), six and 12 months after surgery and again after ten years.

The concomitant MVS study was a sub-study of the randomized double-blinded SWEDMAF
trial. Patients in permanent AF, accepted for MVS were randomized to MVS or MVS and cryo-
ablation of the left atria. Patients self-reported QoL before and one year after surgery in the
SF-36 questionnaire.

Twelve months after the TELA-AF procedure freedom from AF was 83 % although 12
% suffered from an iatrogenic atrial tachycardia post-surgery. The SSQ scores improved
significantly from baseline. The SF-36 scores were similar to patients suffering from severe
chronic disease at baseline but were not significantly different from an age-matched normal
population at follow-up.

Ten years after surgery freedom from AF was 22 %, a significant reduction. Quality of life
scores were however significantly better than baseline.

Patients randomized to concomitant surgery experienced a significant increase in QoL one
year after surgery, but there was no difference in QoL scores compared to the MVS-alone group.

In conclusion, severe symptoms in AF patients translate to QoL scores as low as those
observed in patients with severe chronic diseases. The TELA-AF procedure can alleviate AF
related symptoms and improve QoL to the same level as a normal population in the short term.
In the long term QoL can be maintained at a high level although displaying AF recurrence
according to guidelines, challenging the concept of 30 seconds arrhythmia as a valid endpoint.

We could not show any benefit in a concomitant surgery for patients in permanent AF
accepted for MVS. It is therefore important to balance the benefits and side effects in both short-
and long-term perspective in order to justify the addition of a surgical AF ablation during MVS.
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Introduction 

Atrial fibrillation (AF) is the most common arrhythmia affecting 2-3% of the 
population of the world1-4, AF has developed into a major public health bur-
den worldwide whilst population ageing has increased its prevalence.5,6 The 
arrhythmia is associated with reduced quality of life (QoL) and is associated 
with multiple co-morbidities, including an increased risk for ischemic stroke 
and two-fold excess mortality.5,7,8  

Except for anticoagulation9,10, treatment for AF has failed to show survival 
benefits in a general AF population11. The main objective in treating AF has 
therefore been concentrated, apart from managing stroke prevention, towards 
alleviating symptoms and increasing QoL either by rate or rhythm control. 

Rhythm control or maintenance of sinus rhythm is achieved by cardiover-
sion, pharmacological treatment for prevention using antiarrhythmic drugs 
(AAD´s) and non-pharmacological approaches by catheter or surgical abla-
tion.  

Rate control has been successful in elderly patients with none or mild AF 
derived symptoms but not in active patients with moderate to severe symp-
toms.12 Rhythm control using AAD´s is only moderately successful in pre-
serving sinus rhythm over time.13  

Percutaneous catheter ablation either with radio frequency (RF) or cryo en-
ergy is a well-established treatment option for primarily paroxysmal and to 
some extent persistent AF.14,15 However, in patients suffering from LPAF 
catheter ablation has had little success.16,17 The Cox MAZE III surgical “cut 
and sew” procedure has been successful in curing LPAF 18 but the invasive 
nature of the procedure has prompted alternate surgical techniques to achieve 
similar results. 

When performing mitral valve surgery (MVS),  a concomitant ablation of 
the left atria (LA) has developed to a common procedure in patients also af-
flicted by AF. Although a higher degree of maintenance of sinus rhythm can 
be achieved, the foremost indication of treatment, symptom alleviation and 
QoL increase, has not been inequivalently proven.19-22 

This work investigates a minimally invasive thoracoscopic epicardial left 
atrial ablation procedure for AF (TELA-AF) and the use of concomitant cry-
oablation during MVS in AF patients. 
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Background 

Historical perspective 
The first recorded account of possible AF is generally attributed to Qi Bai, 
Chinese imperial physician minister to Huang Di “The yellow emperor” ca 
2600 B.C. ”When the pulse is irregular and tremulous and the beats occur at 
irregular intervals, then the impulse of life fades”23 quite possibly describing 
ventricular fibrillation and recognizing the documentation as almost mythical 
from this time period. However, physicians in most humanistic ancient civili-
zations recognized a completely irregular heartbeat in patients.24 

The Scotsman James Mackenzie (1853–1925) was one of the first to study 
the mechanics seen during heart arrhythmia. He described the phenomenon 
“pulsus irregularis perpetua” as the “most puzzling of all forms of irregularity 
of the heart, where the heart is never regular in its action, where seldom or 
never two beats of the same character follow one another”.25 The first record-
ing of atrial fibrillation on an electrocardiogram (ECG) tracing was accom-
plished by a Welshman, Sir Thomas Lewis (1881–1945) circa 1909, establish-
ing AF as a clinical entity.26 

More recently, in 1995 Professor Allessie of the Maastricht University con-
ceptualized that progression of atrial fibrillation followed the progression of 
the underlying structural heart disease and introduced the now universally ac-
cepted dogma that “atrial fibrillation begets atrial fibrillation” through long-
time stimulus of goat hearts. 27 Finally Haïssaguerre et al. showed that AF is 
triggered by rapid atrial activity originating from the pulmonary veins (PV´s) 
in a ground-breaking study from 1998.28 

Diagnosis 
AF diagnosis requires an ECG tracing showing irregular ventricular activation 
and absence of a regular p-wave. Today, by convention, any tracing supersed-
ing 30 second is considered diagnostic.29 AF is further separated diagnosti-
cally into five groups according to duration and disease behavior. Apart from 
first diagnosed AF, paroxysmal AF is defined as recurrent self-terminating 
episodes with a duration shorter than seven days. Persistent AF is diagnosed 
when the duration exceeds seven days or requires cardioversion, LPAF de-
scribes a patient with continuous AF more than one year, and permanent AF 
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is the result of an active decision by the patient and physician to only control 
the rate and not the rhythm (Table 1).29   

 
Table 1. Patterns of atrial fibrillation according to the European Society of Cardiol-
ogy guidelines for the management of atrial fibrillation 201 

AF pattern  Definition  

First diagnosed AF  AF that has not been diagnosed before, irrespective of the duration of 
the arrhythmia or the presence and severity of AF-related symptoms.  

Paroxysmal AF  
Self-terminating, in most cases within 48 hours. Some AF paroxysms 
may continue for up to 7 days. AF episodes that are cardioverted within 
7 days should be considered paroxysmal. 

Persistent AF  

AF that lasts longer than 7 days, including episodes that are terminated 
by cardioversion, either with drugs or by direct current cardioversion, 
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  

AF that is accepted by the patient (and physician). Hence, rhythm con-
trol interventions are, by definition, not pursued in patients with perma-
nent AF. Should a rhythm control strategy be adopted, the arrhythmia 
would be re-classified as ‘long-standing persistent AF’.  

Epidemiology 
Based on the Global Burden of Disease study 2017 the prevalence of AF was 
approximately 37 million cases globally with an incidence of 3 million yearly 
and a varied but steady increase from 1990.30 Prevalence is higher in the de-
veloped world with an estimate of 8.8 million patients in the European Union 
alone in 2010.31 Data from Africa, Asia and south America is scarce30 and 
coupled to many asymptomatic, undiagnosed cases32 there is a great probabil-
ity of a much higher world-wide prevalence. The prevalence is higher in men, 
confounded with age, resulting in 24.2 %  prevalence in the >85 years stratum 
compared to 16.1 % in women.31 

The irregular, chaotic, fibrillating rhythm promotes thromboembolism in 
the left LA and to a large degree in the left atrial appendix (LAA) through 
impaired circulation33 and possibly by atrial myocardial damage leading to an 
expression of pro-thrombotic factors on the endothelial surface with activation 
of platelets and inflammatory cells34,35. Subsequently AF-patients suffer a 
five-fold increased risk of stroke.36,37 Also, compared to healthy controls, there 
is a two-fold increased risk of all-cause mortality in women and 1½-fold in-
creased risk in men.1,8,38  
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AF is also an independent risk-factor for heart-failure and hospitalization 
for heart-failure is more common in AF-patients.39 A high rate of hospitaliza-
tion burdens AF-patients generally, primarily because of AF management but 
also because of treatment related complications.40  

Clinical manifestations 
The spectrum of symptoms deriving from AF is wide and diverse, they may 
include palpitations, lack of energy and physical capacity during exertion, 
anxiety, dyspnea, vertigo and in some cases chest pain.41,42 A large proportion, 
almost a third, of AF-patients are unaware of the affliction since they have no 
or only mild symptoms.43  Still patients suffering from AF have generally a 
poorer QoL than healthy matched controls, QoL in AF has been shown to be 
similar or worse than patients suffering from coronary artery disease or heart 
failure.44 

Pathophysiology 
AF is a supraventricular arrhythmia with an uncoordinated, more or less, cha-
otic electrical activity within the atrium. Diagnosed by ECG it is characterized 
by an irregular or isoelectric baseline with a disorganized ventricular rhythm. 
The atrial electrical cycle length is highly variable and often less than 200 
milliseconds. The rate of the responding ventricular contractions depends on 
the degree of filtering by the atrioventricular node junction.  

Originating from the PV´s, the underlying mechanism is still not fully un-
derstood but is presumed to include a substrate of fibrotic and inflammatory 
changes in the atrium and possibly also amyloid deposits.28,45-47 It is generally 
accepted that AF is both dependent of the substrate while also creating new 
substrate through remodeling of the atrial myocardium, "AF begets AF" 27 .  

Haïssaguerre et al. described  atrial myocardium extending in “sleeves” 
into the PV´s and that ectopic activity within this area was the main trigger for 
AF.28 Isolation of the PV´s suppressed recurrent AF.48 The ectopic activity 
may involve triggered focal activity and local reentry patterns.49,50 The PV 
structure in itself has also been proposed to perpetuate AF.51 

During the rapid irregular atrial muscle contractions the myocardium reacts 
by shortening the action potential duration and the atrial refractoriness.52 This 
process is referred to as electrical remodeling during AF and makes the atria 
more susceptible to recurrent AF. 

The “multiple wavelet theory”, first proposed by Moe et al., predates 
Haissaguerre, is a model for AF perpetuation.53 It put forth the existence of 
multiple chaotic waves independently propagating through the atria, the fibril-
lation continued as long as a minimum number of wavelets prevails. 
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A more recent theory describes rotors of electrical activity, sustaining AF, 
located throughout the atria. These rotors were found mainly in the left atria 
but sites were also mapped in the right atria during the CONFIRM trial.54 
When identified rotors were ablated in  conjunction with pulmonary vein iso-
lation (PVI) freedom from AF was 82 % compared to 45 % in a control group  
where only PVI was performed.54 

A structural remodeling of the atria can be observed in AF patients. In-
creased collagen depositions and extracellular matrix volume indicate an in-
creased interstitial fibrosis.55,56 In models atrial fibrosis causes conduction 
slowing and increased conduction heterogeneity.57 Slowing conduction and 
interstitial fibrosis causing electrical isolation of myocytes is a breeding 
ground for re-entry circuits and contributes to AF perpetuation.58 

The autonomic nervous system plays an important role in the electrophys-
iology of the heart. A complex network of sympathetic and parasympathetic 
fibers interact directly with the myocytes via extrinsic and intrinsic ganglia.59 
These ganglionated plexi (GP) are situated in epicardial fat pads around the 
LA, along great vessels and PV´s. Ablation of GP´s eliminated the shortening 
of the effective refractory period and AF inducibility in dogs.60 Ablation of 
GP´s, in humans, has successfully reduced AF recurrence.61,62 GP ablation has 
been questioned and many prominent centers do not ablate GP´s since there 
are indications that there is a rapid regeneration of nervous tissue in ablated 
areas.63 

The Ligament of Marshal is a structure of fibrous tissue covered with atrial 
myocardium and is a location for GP´s. Located between the LAA and the left 
PV-pair the structure can serve as a trigger initiating AF.64,65  

Not only is the LAA the main source of thromboembolism in AF, but also 
a known trigger-site for AF, isolation of the LAA results in lower AF recur-
rence.66 

Anticoagulation 
AF is associated with an elevated risk of cerebral ischemic stroke.36 The risk 
of suffering a stroke is dependent of a number of risk factors. The individual 
risk is calculated using a clinical probability assessment  called CHADS2 
(Congestive heart-failure, Hypertension, Age ≥ 65 yrs, Diabetes mellitus, 
prior Stroke) one point is assigned to every factor. An increased risk (≥  2 
points) warrants oral anticoagulants (OAC).67,68 This tool is now superseded 
by a more sensitive score (CHA2DS2-VASc)29 but used in the context of this 
work. When initializing OAC treatment, a risk score for potential bleeding  
HAS-BLED (Hypertension, Abnormal renal/liver function, prior Stroke, pre-
disposition or history of Bleeding, Labile INR, Elderly (> 65 yrs.), Drug/alco-
hol use) must be considered.69 
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Among OAC, Warfarin, initially offered as a rat poison in 1948 but ap-
proved for human use in 1954, has the longest clinical use and reduces stroke 
by 65 % compared to no treatment or Aspirin.70,71 With the development of 
non-vitamin K antagonist OAC (NOAC) Warfarin use has decreased signifi-
cantly in later years. NOAC is the drug of choice presently with lower reported 
risk of bleeding, particularly lower risk of intra cranial hemorrhaging com-
pared to Warfarin and non-inferior risk of ischemic cerebral lesions.72-74  As-
pirin has no place in preventing ischemic stroke in AF patients.29 
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Management 

The main goal in treating AF is to alleviate symptoms, improve QoL and re-
duce the risk for thrombo-embolic complications.  

Although AF is associated with an excess morbidity and mortality8,75 many 
endeavors to find a reduction in these hard endpoints through rhythm control 
has been disappointing.11 Only recently there is a report of patients with con-
comitant heart failure with reduced left ventricular ejection fraction where 
there is a prospect of combined morbidity and mortality benefits in active AF 
management.76 

Rate control 
Rate control aims to regulate the corresponding ventricular rate and not the 
atrial arrhythmia mainly through pharmacological effects on the AV-node. 
Substances used are not cardioverting in nature and include beta-blockers, di-
goxin and calcium channel blockers or a combination thereof. Target heart 
rate is normal frequency (50 – 100 bpm) up to 110 bpm at rest.29 

This regime has proven efficacy and is non-inferior to AAD treatment in 
elderly patients with mild AF-derived symptoms.12,77 

Rhythm control 
Cardioversion 
Cardioversion can be achieved electrically using synchronized direct current. 
It is the most effective way to convert new onset AF .78,79 Using a biphasic 
defibrillator in an anterior – posterior positioning on the torso cardioversion 
can be performed effectively during sedation.80,81 Electrical cardioversion is 
reported to be successful in 78 – 98 % of cases.78,82 

Sinus rhythm restoration can also be achieved by pharmacological cardio-
version. Using AAD´s up to 50 % of new onset AF patients can be converted 
successfully,78,79 a less effective treatment but independent of sedation. 
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Antiarrhythmic drug treatment 
Traditionally AAD´s are used for rhythm control. Commonly used AAD´s in-
clude (Vaughan Williams classification)83 Class IA; Disopyramide, Class IC; 
Flecainide, propfenone, Class III; Amiodarone, Sotalol and Dronedarone. Pre-
vious studies have, however, shown that anti- arrhythmic drugs are effective 
in preventing AF in only 30-50% of patients during one year of follow up after 
cardioversion of persistent AF.13,84. Long-term efficacy is minimal in all clas-
ses and high rates of adverse events have been reported. 

Non-pharmacological antiarrhythmic treatment 

Surgical ablation 
Williams et al., with James Cox as a co-author, described a first “left atrial 
isolation” procedure in 1980. A left-sided complete atriotomy performed on 
dogs isolated the supraventricular arrhythmia in the LA. The dogs remained 
in sinus rhythm, the left atria however persisted in arrhythmia.85 

In 1985 a ”corridor” technique was presented by Guiraudon et al., during 
which the atrial septum was partly isolated but connecting the sinoatrial and 
atrioventricular nodes through a “corridor” in order to promote sinus rhythm 
despite AF in surrounding structures.86 The lesion set was constructed to elim-
inate macro-reentrant circuits. 

Neither techniques accomplished preservation of the atrial contraction, aid-
ing ventricular filling, nor the continuing risk of thromboembolism originating 
in the fibrillating LA. 

The Cox maze “cut and sew” AF surgery, an open-heart procedure involv-
ing cardio-pulmonary bypass, has evolved through four discernable stages un-
der the supervision of James Cox. The first iteration presented in 199187 in-
volved extensive incisions starting in the right atrium, across the fossa ovalis, 
encircling the PV´s with lesions extending to the mitral valve fibrous annulus 
and a cryo-ablation was performed in the coronary sinus. The lesion set was 
constructed to diminish macro-reentrant circuits and interrupt the refractory 
cycle promoting wavelets while creating a pathway for the sino-atrial node 
impulse to reach the atrio-ventricular node. Contrary to earlier surgical abla-
tion techniques the Cox maze surgery preserved, to a large degree, the atrial 
contraction.88  

The extensive lesion set caused a significant amount of chronotropic in-
competence and atrio-ventricular dys-synchrony. A revised lesion pattern, ad-
dressing these issues, amongst other changes excluding incisions near the si-
nus node evolved to the Maze II procedure. 

Further modifications led to the Cox–Maze III, the PV´s were isolated in 
pairs and an excision of the LAA was added.89 The Cox Maze III procedure 
was, for a long time, the gold standard of surgical ablation with reported long 
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term freedom from AF > 95 %.90,91  Also there was a significant reduction of 
cerebrovascular lesions possibly related to high success-rates and the exclu-
sion of the LAA.92 

Related to its complexity and challenging technique, a widespread use has 
not been adopted. 93-95 The fourth and latest adaptation, Cox-Maze IV has 
earned a more wide-spread use. All lesions are now  created by RF or cryo-
energy and a “box lesion” has been added.96,97 

Catheter ablation of atrial fibrillation 
For patients with symptomatic paroxsysmal AF, who have failed AAD´s, 
transvenous endocardial catheter ablation aiming for PVI is the standard treat-
ment option. 

By encircling the PV´s the triggered activity is electrically blocked from 
conducting into the left atrium, thereby eliminating the trigger for AF epi-
sodes. Pulmonary vein isolation, which can be done either in pairs or sepa-
rately for each vein, has resulted in variable long-term efficacy rates, ranging 
from 47 to 80%, partly depending on the patient-selection and the AF-type 
studied with higher rates of preserved sinus rhythm in patients with paroxys-
mal AF than in those with persistent AF.98-101 In LPAF-patients conventional 
PVI report a disappointing mere 27 and 38 % maintenance of sinus rhythm 
after 12 months 102,103  

The rate of complications is fairly low, 5.2 % supra-ventricular tachycar-
dias and 6 % ventricular tachycardias is reported from one high volume center. 
104 

More advanced techniques with more extensive lesion sets have been de-
veloped to deal with more extensive electrical and structural remodeling in 
more advanced stages of AF. Fractionated atrial electrograms (CFAE) have 
been targeted.105,106 Additional linear lesions have been added to the left atrial 
posterior wall.107 Rotors have been mapped and ablated.108 Even a combina-
tion of techniques in a stepwise approach have been explored.109 Unfortu-
nately results are highly variable and unrepeatable. So far only PVI is consid-
ered standard treatment for AF according to guidelines.29 

Minimal invasive, thoracoscopic and hybrid procedures 
In an effort to address the shortcomings of PVI achieved by percutaneous cath-
eter ablation and minimize adverse events and risks of a more effective but 
invasive surgical ablation, minimal invasive procedures have been devel-
oped.110 The development of new and effective ablation tools with potential to 
create transmural lesions on the beating heart has been paramount to this de-
velopment.111 Initially the intention was to mimic the bi-atrial Cox Maze III 
pattern however, left atrial lesion sets were similarly successful.112 With the 
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addition of a completely isolated posterior wall connecting the PV´s a “box 
lesion” a significant improvement in effectiveness was achieved.96  

A hybrid procedure has also evolved with endocardial catheter ablation 
combined with minimal invasive epicardial ablation in the same seance.113 Re-
sults for non-paroxysmal AF in a small cohort was 19 % freedom from AF 
after three years.114 
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Hypotheses and aims 

The purpose was to evaluate short and long-term efficacy in maintaining sinus 
rhythm and safety of the thoracoscopic epicardial left atrial ablation surgical 
procedure for AF (TELA-AF) in a cohort of patients mainly suffering from 
LPAF. (paper 1 and 3). The aim was further to investigate if TELA-AF has an 
impact on symptoms and QoL in a population of highly symptomatic patients. 
The hypothesis was that freedom from AF would increase perceived QoL (pa-
per 2 and 3).  

Another hypothesis was that restoration and maintenance of sinus rhythm 
in patients with permanent AF undergoing MVS combined with left atrial cry-
oablation would result in improved QoL compared to patients where MVS 
was performed alone.  
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Methods 

Patients  

Thoracoscopic Epicardial Left Atrial Ablation in Symptomatic Patients 
with Atrial Fibrillation (paper 1, 2 and 3) 
Sixty-three consecutive patients with persistent AF, LPAF and/or failed at-
tempts of conventional catheter ablation for pulmonary vein isolation, eligible 
for TELA-AF, were included in the study that forms the basis for paper 1-3. 
Patient demographics are listed in table 2.  

Patients had symptomatic AF and had either failed or were intolerant to at 
least one Class I or III AAD. Three patients with a long history of paroxysmal 
AF explicitly chose the TELA-AF procedure as first option over catheter ab-
lation.  

The inclusion criteria were severely symptomatic AF in accordance with 
definitions provided by HRS/EHRA/ECAS expert Consensus Statement on 
catheter and surgical ablation of atrial fibrillation 115.  

Exclusion criteria were prior cardiac surgery (including minimal invasive 
ablation), cardiac surgery for conditions other than AF, cerebral-vascular in-
jury within 6 months of surgery or carotid artery stenosis greater than 80% 
(excluding potential risks for embolic strokes unrelated to the procedure). 
Other exclusion criteria were inability to undergo transesophageal echocardi-
ogram (TEE) or take anticoagulants, AAD treatment for ventricular arrhyth-
mia, thrombus in the LAA, any condition posing undue risk of general anes-
thesia or cardiac surgery, left ventricular ejection fraction ≤ 30 %, NYHA 
function class > III unless due to uncontrolled AF, left atrial transverse diam-
eter > 6.0 cm, previous thoracic radiation or perimyocarditis, and significant 
pulmonary disease. All patients gave written informed consent and the study 
was approved by the regional ethics committee. 
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Table 2. Patient Characteristics TELA-AF (N=60) 

Age, y 
Male, n (%) 
AF history, n (%) 
           Paroxysmal 
           Persistent 
           Longstanding persistent 
AF Duration, years 
AAD´s at inclusion, n (%) 
          Disopyramide 
          Flecainide 
          Sotalol 
          Amiodarone 
Comorbidities, n (%) 
          Atrial flutter 
          Hypertension  
          History of heart failure 
          Coronary artery disease† 
          History of stroke/TIA 
          Chronic pulmonary disease 
          Diabetes mellitus   
CHA2DS2-VASc Score, n (%)  
          0 
          1 
          2 
         ≥3 
LVEF, n (%) 
         Normal (≥50%) 
         Mildly reduced (45-49%) 
         Moderately reduced (35-44%) 
LA-diameter, parasternal, long axis  
         Mean ± SD (mm) ‡ 
BMI, mean ± SD (kg/m2) 

61 (42-75) 
48 (80) 
 
  9 (15) 
13 (22) 
38 (63) 
  7.8(1-31) 
  
  1 (2) 
  3 (5) 
  1 (2) 
  8 (13) 
 
  6 (10) 
28 (47) 
  8 (13) 
  7 (12) 
  8 (13) 
  4 (7) 
  1 (2) 
 
11 (18) 
19 (32) 
21 (35) 
  3 (15) 
  
52 (87) 
  5 (8) 
  3 (5) 
 
49±5 
29±4 
 

†Defined in study protocol as: 
 History of MI, angina pectoris, CABG   and or PCI. 
‡ N=56 
 
Abbreviations: AAD, antiarrhythmic drug; AF, atrial fi-
brillation; BMI, body mass index; CABG, coronary ar-
tery bypass surgery  LA, left atrium; LVEF, left ventricu-
lar ejection fraction; y, years; MI, myocardial infarction; 
N(n), number; PCI, percutaneous coronary intervention; 
SD, standard deviation; TIA, transient ischemic attack  
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Concomitant surgical ablation (paper 4) 
Patients aged 18 to 80 years with permanent AF and mitral valve disease re-
quiring MVS were randomly assigned double-blind to MVS combined with 
epicardial left atrial cryoablation or to MVS alone (controls). Patient de-
mographics listed in table 3. 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 patient’s surgical 
notes. 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 New 
York Heart Association function class IV, previous cardiac surgery except for 
coronary artery bypass graft (CABG) surgery, planned concomitant surgery 
except CABG, conditions that would impose an increased risk for prolonged 
surgical procedure, and permanent pacemaker secondary to AV block. 
 

Table 3 Patient characteristics in the SWEDMAF trial 

Characteristics 
Cryoablation + MVS 

(n=30) 
MVS (n=35) 

Males, n(%) 25 (83.3) 26 (74.3) 

Age (years) 69.5±7.9 65.6±8.8 

AF duration (ECG veri-

fied)(months) 

26±33 (3-120) 33±54 (3-240) 

History of embolic stroke/TIA, 

n(%) 

1 (3.3) 3 (8.6) 

Left atrial diameter (cm) 6.1±1.1 (4.1-9.4) 5.8±0.7(4.3-7.5) 

LVEF (%) 53.6±9.1 (29-67) 57±12 (20-77) 

LVEF ≤40%, n(%) 5 (16.7) 2 (5.7) 

Preoperative heart failure, n(%) 8 (26.7) 3 (8.6) 

NYHA function class, n(%)   

I 2 (6.7) 1 (2.9) 

II 8 (26.7) 10 (28.6) 

III 20 (66.7) 24 (68.6) 

Coronary artery disease, n(%) 6 (20.0) 9 (25.7) 

Hypertension, n(%) 9 (30.0) 11 (31.4) 

Diabetes Mellitus, n(%) 2 (6.7) 6 (17.1) 
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Lung disease, n(%) 2 (6.7) 6 (17.1) 

Medication, n(%)   

Rhythm control therapy 0 3 (8.6) 

Rate control therapy 29 (96.7) 32 (91.4) 

ACEI or ARB 20 (66.7)) 25 (71.4) 

Diuretics 21 (70.0) 19 (54.3) 

Waran 30 30 (85.7) 

Aspirin or other anticoagulants 2 (6.7) 5(14.3) 

Figures denotes mean±SD with ranges in brackets, unless otherwise stated. MVS, 
mitral valve surgery; AF, atrial fibrillation; TIA, transient ischemic attack; LVEF, 
Left ventricle ejection fraction; NYHA, New York Heart Association; ACEI, angi-
otensin converting enzyme inhibitor; ARB, angiotensin receptor blockers. 

Study design and investigations 
Thoracoscopic epicardial left atrial ablation (paper 1,2 and 3) 
The primary endpoint was freedom from AF episodes superseding 30 seconds 
during any ECG, telemetry or Holter-recording after surgery without AAD´s. 

Secondary endpoints were freedom from AF with AAD´s, atrial tachycar-
dia (AT), quality of life, symptoms, left atrial dimension, function, and safety. 

All patients referred for TELA-AF, underwent a 12-lead ECG, chest x-ray, 
pulmonary function test, carotid artery ultrasound (if prior stroke), 2D trans-
thoracic echocardiogram (TTE), coronary angiogram (if age ≥ 50 years, or 
signs of ischemic heart disease), 24-hours Holter recording, ECG-triggered 
computed tomography coronary angiogram (3D-CT) and laboratory blood 
tests before inclusion. All patients were on warfarin before surgery with an 
International Normalized Ratio (INR) >2.0 at least three weeks prior to the 
procedure until 72 hours before surgery when warfarin was withdrawn and 
replaced by low molecular weight heparin at a daily dosage of 200 Units/kg 
body weight. Warfarin treatment was reinstituted approximately 12 hours be-
fore surgery. The procedure was performed when INR was < 2. A TEE was 
performed 24 hours before surgery to exclude thrombus in the LAA.  

Rhythm outcome (paper 1) 
The outcome of the procedure was evaluated by assessing atrial fibrillation 
recurrences from repeated 7-days Holter ECG at 6 and 12 months, from 12 –
lead ECG at visit 6 and 12 month, and form any available rhythm strip. Long-
term rhythm evaluation was performed by 7-day Holter or by pacemaker in-
terrogation and also by any rhythm-strip, more than 30 seconds in duration, 
during mean 114 months of follow-up.  



 26 

Quality of Life outcome (paper 2) 
All patients completed a symptom severity questionnaire (SSQ) and a short 
form QoL questionnaire before, 12 and 114. months after a TELA-AF proce-
dure including PVI, left atrial box lesion and vagal denervation (paper 2). 
Baseline QoL was compared with an age-matched normal Swedish population 
and four other patient populations with unrelated chronic diseases. The Med-
ical Outcome Study Short Form 36-item (SF-36) health survey comprises 36 
questions that are scored to provide 8 subscale measurements including phys-
ical functioning, role physical, bodily pain, general health, vitality, social 
functioning, role emotional and mental health. Scores range from 0 to 100, 
with the lower scores indicating a poorer QoL. The questionnaire is a general 
health survey extensively used in all fields of medicine 116,117 has proven reli-
ability and validity in the Swedish language 118 and Swedish normative data 
for the general population has been published 119.  In the SSQ patients were 
asked to grade five specified symptoms: palpitations, fatigue, vertigo, lack of 
energy and dyspnea in scores from 1 = none to 5 = most severe 120.  

Four other patient populations with chronic diseases were obtained for 
comparison: A cohort (n = 205) with stable congestive heart failure including 
all three New York Heart Association function classes. Patients in hemodial-
ysis (n = 120) Patients suffering from Hepatitis C without cirrhosis (n = 70) 
and 502 patients with major depression. 

Concomitant surgery (paper 4) 
This is a sub-study of the randomized, double blinded, SWEDMAF trial.121 
The primary endpoint of the study was regained sinus rhythm at 6 months after 
surgery. The secondary endpoints were sinus rhythm after 12 months, QoL, 
morbidity, and the incidence of adverse events.  

Patients included in the randomized study comparing combined epicardial 
AF ablation and mitral valve surgery versus mitral valve surgery alone (paper 
4) were evaluated at one, two, three, six and twelve months after surgery by 
medical history, clinical examination, 12-lead ECG, medications, previous 
cardioversions and adverse events, all of which were compared with baseline 
values. The patient’s heart rhythm status and type of AF was defined 6, 12 and 
114 months after surgery. The type of AF was defined as paroxysmal, persis-
tent or permanent depending on subjective symptoms, ECG recordings and 
cardioversions performed in between or at follow-up visits.  

QoL was assessed using the SF-36 health survey at enrolment and at the 6, 
12 and 114-month follow-up visit. 
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Surgical procedure 
Thoracoscopic epicardial left atrial ablation (paper 1, 2 and 3) 
With the patient in a supine position, intubated with a double-lumen endotra-
cheal tube, the procedure was initiated on the right side with the left lung ven-
tilated selectively. A camera port was placed in the mid-axillary fourth inter-
costal space with additional four working-ports placed in the mid-axillary line 
and in the anterior thoracic wall, adding-up to five ports. A pericardiotomy 
was performed anterior to the phrenic nerve, and extended from the superior 
vena cava to the diaphragm, followed by a dissection in the transverse and 
oblique sinuses.  

A pathway was bluntly dissected with an articulating and illuminating dis-
sector (LumiTip Dissector System; AtriCure, Inc., Cincinnati, OH) holding a 
guiding sheath introduced around the right upper and lower PVs. The gangli-
onated plexi were identified by stimulation and parasympathetic response us-
ing an Isolator® Multifunctional pen, and ablated with the same technique 
described by Bagge et al, 2009122. Cardioversion was performed if sinus 
rhythm was not present. A bipolar RF-clamp (Isolator Synergy series; 
AtriCure Inc.) was positioned on the atrial tissue side and ablation was re-
peated at least three times until bidirectional block was confirmed for the right 
PV pair. The duration of each application was governed by the tissue conduct-
ance profile.  

A box lesion in the posterior left atrial wall was created by a 30 mm long 
irrigated CoolRail Linear Pen (AtriCure, Inc.). The first part of the roof line 
and the bottom line were created from the top and bottom of the right PV pair 
lesion, extending to the contralateral side and subsequently completed from 
the left side. A trigonal line, with at least three RF applications constantly 
guided by transesophageal echocardiogram, connected the mid roof line and 
the non-coronary sinus of the aortic valve to prevent reentrant tachycardia 
around the box lesion.  

The left sided approach was similar to the right with the same number of 
ports, but positioned more posteriorly, with the pericardiotomy posterior to 
the phrenic nerve dividing the ligament of Marshall. The LAA was excluded 
by a 45 mm endostapler roticulator (Endo GIA™ AutoSuture™) if deemed 
safe. The decision regarding the LAA exclusion was based on the patient’s 
thromboembolic risk and the safety (accessible and narrow based LAA anat-
omy on the preoperative CT-scan). A cranial lesion extended from the supe-
rior part of the left PV pair isolation to the suture line of the LAA-exclusion 
in patients subject to such removal. The result of the LAA excision was as-
sessed by transesophageal echocardiography. 

Electrophysiological measurements including pacing thresholds were as-
sessed prior to PVI. The PV’s were tested for conduction block before surgery 
in all patients who had previously failed endocardial PVI. All lesions were 
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tested for conduction block after surgical ablation using the EP-WorkMate™ 
system (St. Jude Medical, Inc.). Electrograms were recorded epicardially from 
the ostial atrial myocardium surrounding the PV´s while pacing from a refer-
ence-electrode, positioned superior and to the right of the roof and trigonal 
line, to confirm PV entrance block. An exploring electrode for pacing was 
positioned at the upper, mid and inferior areas at the ostium of the PV´s to 
confirm exit block. If conduction was still present, the lesion set was repeated 
until isolation was achieved.  

Sensing and pacing maneuvers were performed using a reference electrode 
and an exploring electrode to confirm conduction block of the roof, bottom 
line, the trigonal line, and the box lesions set (figure 1). Additional applica-
tions were administered until total isolation was achieved. The trigonal line 
was tested by pacing from the reference electrode while recording from an 
exploring probe on the opposite side of the line.  
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Figure 1. Superior view of the left atrium and epicardiogram during conduction-
block testing of the auxiliary lines on the right side. Ablation lines in red, discontin-
ued lines not yet ablated. The pacing electrode (A) is sensed earlier by the exploring 
electrode in position B2 compared to position B1, indicating isolation across the 
closest electrical pathway. 

PV, pulmonary vein; LAA, left atrial appendage 

Concomitant surgery (paper 4) 
All cryoablation lines were applied epicardially during cardiopulmonary bypass 
on the beating heart before the aortic cross-clamp and cardioplegic arrest. The 
cryoablation lesion were applied by a cryosurgical probe with an argon-based 
cooling system (SurgiFrostTM CryoAblation System, CryoCath Technologies 
Inc., Quebec, Canada) as semicircular lines around the pericardial surface of 
each PV pairs and included three extra linear lesions resulting in a left atrial 
posterior box lesion and a lesion to the left atrial appendage (Figure 2).  



30 

After cold cardioplegic arrest, the left atrium was opened. The valve pro-
cedures were performed according to routine and were identical for patients 
allocated to MVS only. The left atrial appendage was excluded after the mitral 
valve had been repaired or removed. After completion of the surgery and 
weaning from bypass epicardial electrical cardioversion was performed in pa-
tients if AF was present.  

Figure 2. A schematic drawing of the left atrium, in a postero-anterior view, visual-
izing both the cryoablation lesions (hatched lines) and the suture lines. LAA, left 
atrium appendage; SVC, superior vena cava; IVC, inferior vena cava; MV, mitral 
valve. 



31 

Results 

Thoracoscopic epicardial left atrial ablation. Outcomes 
(paper 1 and 2) 
Sixty patients, of whom 38 (63%) suffered from LPAF, underwent TELA-AF 
between November 2008 and December 2010. One patient with LPAF was 
lost to follow-up.  

At 12-month follow-up, 49/59 (83%) patients reached the primary endpoint, 
freedom from AF off AAD´s, while 7/59 patients (12%) suffered from recurrent 
left atrial tachycardia. The number of LPAF patients reaching the primary end-
point was 30/37 (81%). Survival-curves presented in figure 3. Adverse events 
included four perioperative bleedings requiring conversion to sternotomy in 
three cases, two ischemic strokes and one transient ischemic attack. 

Figure 3. Kaplan-Meier curves showing percentages of patients free from AF after 
one year and freedom from any AT.  

AF, atrial fibrillation; AAD, antiarrhythmic drugs; LPAF, longstanding persistent 
AF; AT, atrial tachycardia; incl., including  
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Fifty patients, 39 (78 %) males, mean age 61±7.8 years, with 29 (58 %) were 
included in QoL follow-up. Baseline QoL was comparable to levels found in 
patient populations with severe chronic diseases (figure 4).  
 

 
Figure 4 . Quality of life according to the SF-36 eight scale scores before TELA-AF 
compared to 12 months follow-up and Swedish normative data 

Footnote: ( ) = before surgery, ( ) = after 12-month follow-up in 50 patients, ( ) 
Swedish 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).  
Abbreviations; TELA-AF, thoracoscopic epicardial left atrial ablation; CI, confi-
dence interval; 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. 

At follow-up the SSQ scores improved significantly from baseline; 16.3 ±1.2 
to 5.6 ±1.1 p<0.001. The SF-36 physical component increased (improved) 
from 37.9 ± 9.2 to 46.8 ± 9.5 (p < 0.001) and the mental component from 
39.8 ± 13.5 to 49.1 ± 11.3 (p < 0.001). The QoL scores at follow-up were not 
significantly different from an age-matched normal population in all but one 
subscale (figure 5). 
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Figure 5. Quality of life at baseline for the TELA-AF patients compared to four un-
related chronic diseases and population standard. 

Footnote: ( ) Population standard; ( ) Congestive heart failure; ( ) Major depres-
sion; ( ) Hemodialysis; ( ) Hepatitis C; ( ) TELA-AF baseline. P-values, are 
given in brackets for each subscale comparison of the TELA-AF cohort versus CHF; 
hemodialysis; hepatitis C; major depression. PF (0.018/0.127/<0.001/<0.001); RP 
(0.233/0.525/0.003/0.051); BP (0.156/0.173/0.609/0.005); GH 
(<0.001/0.002/0.867/0.881); VT (0.104/0.003/0.010/0.354; SF 
(0.205/0.984/0.627/0.161); RE (0.564/0.917/0.436/0.016); and MH 
(0.411/0.863/0.261/<0.001). Abbreviations are identical to figure 1. 

Thoracoscopic epicardial left atrial ablation 
long-term follow-up (Paper 3) 
Of the original 60 patients included in the study, six were lost to follow-up, 
leaving 54 patients for complete evaluation. Mean follow-up time after sur-
gery was 114 months (range 101 - 132 months). At long-term follow-up 12 / 
54 patients (22 %) were free from any AF/AT. Freedom from AF off AAD´s 
was 14 (26 %). Mean time to first relapse was 45 months (range 6 - 96 months)  

In patients, who at baseline suffered from LPAF, 10 / 34 (29 %) progressed 
from sinus rhythm after surgery to permanent AF in 10 years, 10 (29 %) pro-
gressed to persistent AF and 6 (17.5 %) to paroxysmal AF.  

Quality of life 
The long-term SF-36 QoL scores were significantly higher than those rec-
orded preoperatively at baseline in six of eight sub-scores (Figure 6).  
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The physical sub-score (PCS) increased from 37.9 ± 8.6 to 42.2 ± 12.2 (p 
= 0.04) and mental sub-score (MCS) increased from 40.6 ± 12.9 to 50 ± 10.9 
(p < 0.001). Compared to an age matched normative group there was a statis-
tical difference, MCS was 8.9 p (< 0,001) and PCS was 10.1 points lower (p 
< 0,001) in the TELA-AF group after 10 years compared to normative data. 
 

 
Figure 6. Quality of life according to the SF-36 eight scale scores before TELA-AF 
surgery compared to 10 years follow-up. 

Footnote: ( ) = before surgery, ( ) = 10 year follow-up.  

Error bars represent mean values with 95 % CI. PF increased from 57.3 ± 19,4 to 
69.1 ± 24,5 (p = 0,02); RP from 34.9 ± 42,0 to 67.1 ± 43,0 (p < 0,001); BP 70.5 ± 
27,0 to 72.9 ±  27,0 (p = 0,5);  GH 54.2 ± 17,4 to 59,1 ± 24,8 (p = 0,17); VT from 
37.4 ± 20,8 to 57.7 ± 26,5 (p <  0,001); SF from 65.1 ± 29,5 to 85.9 ± 21,6 (p < 
0,001); RE 57.0 ± 44,5 to 76.1 ± 38,5 (p = 0,02) and MH from 63.7 ± to 78.2 ± 19,3 
(p < 0,001) 

Concomitant surgery (paper 4) 
In the group of patients with mitral valve disease, quality-of-life scores at 12 
month follow-up did not differ significantly between patients undergoing 
mitral valve surgery with cryoablation vs those undergoing mitral valve 
surgery alone (Physical Component Summary, mean CI 95% 42.8 (38.3-47.3) 
vs 44.0-40.1-47.7), p=0.700 and Mental Component Summary, mean CI 95% 
53.1 (49.7-56.4) vs 48.4 (44.6-52.2), p=0.075 (figure 7). All patients, 
irrespective of procedure, reached the same quality-of-life scores as the 
Swedish general population. There was no significant difference in quality-
of-life after 12 months between patients in sinus rhythm (n=37) and those in 
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AF (n=24), (Physical Component Summary, mean CI 95% 45.4(42.0-48.7) vs 
40.5(35.5-45.6), P=0. 0096, Mental Component Summary, mean CI 95% 
51.0(48.0-54.1) vs 49.6(44.6-54.5), P=0.581). 

 

 
Figure 7. Differences in improvements of quality of life (QoL) by SF 36 question-
naire from baseline to 12 months follow-up for patients undergoing mitral valve sur-
gery (MVS) with cryoablation  (n = 26)  compared to MVS alone (n = 34). Error 
bars show 95% confidence limits of the mean. PF, physical functioning P = 0.058; 
RP, role limitations due to physical problems P = 0.524; BP, bodily pain P = 0.144; 
GH, general health P = 0.915; VT, vitality P = 0.146; SF, social functioning P = 
0.537; RE, role limitations due to emotional problems P = 0.723; MH, mental health 
P = 0.189.  
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Discussion 

Today catheter ablation, specifically endocardial PVI using RF or cryo-en-
ergy, is an effective treatment for paroxsysmal AF.101 Recurrences can be 
treated by a second intervention and is most often caused by PV re-conduc-
tion.123,124 In cases where recurrence is evident in spite of PVI and in patients 
with more advanced AF-history i.e. LPAF endocardial ablation is not an ef-
fective treatment.102,103 The TELA-AF technique was developed to offer these 
patients more treatment options.  

The approach with an isolated box in conjuncture with PVI was expected 
to result in durable lesions while using clamps and more powerful RF tools. 
A box lesion has been shown to have additional benefits in catheter ablation 
with 75 % freedom from AF after 12 months in a cohort mainly consisting of 
persistent AF 125. The addition of complementary lines in the posterior left 
atrial wall is considered crucial in curing LPAF targeting extrapulmonary trig-
gers and rotors and reports have been positive. 126 
 
Catheter ablation has shown a survival benefit in a subgroup suffering from 
concomitant heart-failure with reduced ejection fraction76 and should be con-
sidered in this subset of patients. However, multiple trials have failed to  sig-
nificantly improve hard endpoints after active rhythm control in a general AF-
population127,128 and guideline indication is still symptom-oriented.129 The in-
creasing prevalence of AF and perhaps the increasing expectations of physical 
performance at more advanced age in the western hemisphere forces us to ad-
dress viable indications for AF interventions.1,2,44 Since reduced mortality and 
morbidity are not valid indications for a majority of AF patients, alleviation 
of symptoms and increased QoL should play a greater role not only as indica-
tions but also as primary endpoints of the regime. This development also urges 
us to explore new techniques and tools to treat AF effectively. 

For many years concomitant MVS and LA ablation has been practiced in 
AF patients without data supporting any added benefits for the patient.20,21 The 
sub-study, of the SWEDMAF randomized double-blinded trial, reported here 
was designed to clarify if concomitant treatment and subsequent relative free-
dom from AF was beneficial for the patients. 
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Thoracoscopic epicardial left atrial ablation (Paper I) 
The high rates, 83 %, of freedom from AF off AAD´s one year after TELA-
AF in patients with mainly persistent AF and similarly 81% freedom from AF 
in those with LPAF, are contrasted by the lower rates, 27 % and 38 %, reported 
for catheter-based AF ablation procedures in the same subset of patients 102,103. 
The reported outcomes regarding AF freedom in earlier thoracoscopic, off-
pump, surgical studies have ranged from 51 % to 86 %, with similar tech-
niques in various patient subsets after one year (table 4). 130-133   

 

Table 4. Study comparisons. Minimal invasive surgery for AF. 
Author Year Patients 

No 
Mean 
Age 
(years) 

AF- 
duration 
(years) 

LPAF 
% 

Ablation le-
sions 

LA 
diam. 
(mm) 

Suc-
cess-
rate† 

Rhythm 
monitor-
ing 

McClelland 
et al132 

2007 20 59   1.4 20 PVI 44 75 % 30-day 
HM 

Bagge et 
al122 

2009 42 58   7 No PVI 45 51 % 24-48 h 
HM 

Han et al133 2009 45 64   6.2 No PVI 43  65 % 30-day 
ER 

Edgerton et 
al130 

2010 60 60 >1 No PVI 48 73 % 24 h HM 
/ 14-21 
days ER 
/ PM in-
terroga-
tion 

Krul et al131 2011 27 57   0.6   4 PVI, Box‡, 
trigonum 
line in 39 % 

47 86 % 24 h HM 

TELA-AF 2014 60 61   7.8 63 PVI, Box, 
trigonum 
lines in all 
patients. 

49 85 % 7 days 
HM 

Study selection based on similar surgical methods and primary endpoints according to guidelines. 
 

†Primary endpoint defined as freedom from AF after 1 year off AAD´s. 
‡ The Box lesion consists of a roof and a bottom ablation-line connecting the PVI-lesions forming a “box”. 
 
Abbreviations: AAD, antiarrhythmic drug; AF, atrial fibrillation; diam, diameter; ER, event recorder; h, hour; HM, Holter 
monitor; LA; left atrium No, number; LPAF, long standing atrial fibrillation; mm, millimeter; No, number; PM, pacemaker; 
PVI, pulmonary vein isolation;  
 

 
The unusual high frequency of iatrogenic left atrial tachycardia (33 %) war-
rants further development of surgical tools that can facilitate contiguous trans-
mural lesions. The bipolar clamp seems reliable to isolate the PV´s. In an an-
imal study 20 lesions were performed in five sheep with a clamp producing 
immediate and chronic isolation, transmurality was  determined with Masson 
Trichrome stain. 134-136 The CoolRail linear pen however, resulted in only 76 
% transmurality after a single application in a swine model and only one out 
of 12 linear lesions were intact.137 The result may be related to the cooling 
blood-flow on the opposing side 138, leaving a breeding ground for iatrogenic 
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arrhythmias. All PV´s and ablation lines were isolated according to our exten-
sive protocol and an even more meticulous electrophysiological approach 
would have increased the operating-time even more with the risk of increased 
adverse events.  

Quality of life 
Quality of life and symptoms are important factors in all medical fields but 
multifactorial and complex entities difficult to assess. The use of the SF-36 
questionnaire was premeditated due to the generalizability and well docu-
mented validity.116,117 The SF-36 questionnaire has been utilized in both cath-
eter ablation studies and surgical ablation trials.139,140  

A comparison demonstrates that QoL is severely affected in patients with 
highly symptomatic AF, not unlike patients suffering from other chronic dis-
ease states.  

The SF-36 scores increased from a very low level to a level comparable to 
the standard Swedish population, and symptom severity scores also improved 
significantly one year after the TELA-AF procedure. These results are con-
sistent with other reports on QoL and AF. Several studies have reported in-
creased QoL both after catheter ablation and Surgical ablation.141-143 In a ran-
domized trial, comparing catheter ablation to AAD´s, QoL improved signifi-
cantly more in the ablation group according to SF-36 results after 12 months140  

Ten-year follow-up 
This is the first ten-year follow-up study of thoracoscopic epicardial surgical 
ablation amongst patients mainly suffering from LPAF.  
The observation that after 10 years, only 12 (22 %) patients were free from 
any AF/AT, based on 7-day Holter recordings and pacemaker interrogations 
but also on any rhythm strip was an expected finding since the guideline def-
inition of recurrence is any recording superseding 30 seconds. We could show 
indications of improved AF burden compared to baseline. Only 10 patients 
(29 %)  of the 34 with baseline LPAF progressed to permanent AF. 

Catheter ablation using the “step-wise approach” (PVI, extensive mapping 
and ablation of fractionated electrograms) have reported results ranging from 
20 % to 56 % in PAF-patients after five years, often requiring multiple proce-
dures.109 The STAR-AF II catheter ablation-trial showed no extra benefit in 
ablating fractionated electrograms or complementary lines 15, the failure of 
which is unclear,  possibly related to incomplete linear lesions with gaps or if 
complete, to deficient lesion sets.  
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Long term endocardial surgical ablation studies are scarce. A series of 68 
patients reported five years after Cox-MAZE III/IV, technically a mini-thora-
cotomy combining RF and cryo energy to perform PVI and a box-lesion dur-
ing cardioplegia, included 78 % LPAF and sinus rhythm was confirmed in 73 
%.144  

Recently published long-term results from a large cohort with mixed AF-
types, 40 % paroxsysmal and 60 % non-paroxysmal AF, report 61 % freedom 
from AF off AAD´s 10 years after Cox-Maze IV.145So far only 87 of 853 pa-
tients have been followed for 10 years. Providing significantly better results 
than TELA-AF but the Cox-Maze IV procedure is an invasive cardiac surgery. 
A median sternotomy and cardioplegia is performed, lesions are performed by 
an RF-clamp encompassing the atrial wall in an empty atria. 

In a three-year follow-up after hybrid ablation Pison, La Meir et al reported 
79 % freedom from AF off AAD´s in non-paroxysmal AF patients and.114 

After 10 years the QoL, according to SF-36, was still significantly higher 
than baseline in six out of eight scores and both PCS and MCS summary 
scores. There was no significant change in BP or GH. Differences in the im-
proved scores varied from 4.3 in PCS to 32 in RP. Five score points has been 
validated as the minimal clinically important difference (MCID) in SF-36 
scores, a moderate change 10 points, and the difference between minor and 
serious medical conditions is validated to 20 points 119,146. All scores except 
PCS are clinically important and RP, VT, and SF reached a 20-point differ-
ence, although this is a small cohort and standard deviations were 42, 21 and 
29 respectively.  

The obvious conclusion drawn from the long-term report is that there is a 
discrepancy between rhythm outcome and QoL scores. There is a possibility 
that the QoL reflected the change in AF burden rather than the AF recurrence 
rate (being only a 30 seconds AF episode), i.e. the observation that patients in 
this study reversed to a less severe AF type or a lower AF burden compared 
to baseline. Only 29 % of the LPAF patients progressed to permanent AF. The 
rhythm outcome endpoint, 30 seconds AF-episode, does thus not encompass 
all facets of the disease. Perhaps a measurement of arrhythmia burden in rela-
tion to QoL should be given greater consideration. 

Quality of life after mitral valve surgery (paper 4) 
The observation that in this prospective, randomized, double-blind, multicen-
ter study of patients with permanent AF and mitral valve disease (paper 4), the 
addition of cryoablation on top of MVS does not result in a better QoL at 12 
months follow-up compared to MVS alone despite a higher rate of sinus 
rhythm maintenance was to some extent expected. In this trial, as opposed to 
other studies including evaluation of QoL, patients and physicians were 
blinded to allocated treatment.  
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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 months, and that it reached that of the general population94. Since pa-
tients included were rather healthy without significant valve disease or need 
for valve surgery, these results are difficult to translate to the situation with 
conditions requiring MVS on top of AF specific surgery.  

There are two randomized trials evaluating quality of life in patients receiv-
ing MVS and concomitant AF ablation compared to MVS alone, all of which 
has reported no difference between the groups20,21. Von Oppell et al, who ran-
domly assigned 59 patients to MVS surgery with or without biatrial modified 
radiofrequency maze procedure20 reported that in the ablation group the sinus 
restoration was higher (75%) than in the non-ablation group (39%) but there 
was no difference in QoL, operative mortality or postoperative cerebrovascu-
lar events at 12 months follow-up. The patients were blinded (single blinded) 
to the allocated treatment. Gillinov et al21, included 260 patients with persis-
tent or longstanding persistent AF who required MVS, and randomised pa-
tients to either MVS alone or further to pulmonary vein isolation or a biatrial 
maze procedure. The study was non-blinded and freedom from AF was more 
frequent in the ablation group than in the control group at 12 months (63.2% 
vs. 29.4%) but no differences were seen in QoL, mortality, or major cardiac 
or cerebrovascular adverse events. There was a significantly higher rate of 
permanent pacemaker implantation in the ablation group than in the control 
group. 

Hence, our results are in accordance with the previous two studies, showing 
no difference in QoL by combined MVS and surgical AF ablation, but as op-
posed to previous studies, the double-blind design of our study ensures iden-
tical treatment for AF during follow-up and excludes the possibility of a pla-
cebo effect.  All patients improved their QoL at 12 months follow-up com-
pared to baseline but, in addition, no difference in quality of life was seen 
between patients in sinus rhythm and AF at follow-up, irrespective of the al-
located procedure, indicating that their symptoms preoperatively could be 
mainly related to their significant valve disease. Both patients submitted to 
MVS and MVS with cryoablation reached the quality of life for the age-
matched Swedish general population at follow-up. 

Improved quality of life is the main reason for rhythm control in patients 
with AF, since up to date there is no scientific evidence that rhythm control is 
associated with any other improved clinical outcome or survival. It is therefore 
important to balance the benefits and side effects in both short- and long-term 
perspective in order to justify the addition of a surgical AF ablation during 
MVS.  
 



 41 

Limitations 
The TELA-AF study is a non-randomized observational study with a rela-
tively small number of patients included. There were no controls and it was 
designed to evaluate safety and efficacy of the technique. We consider the 
study to be a hypothesis generating, exploratory, study and that conclusions 
should be restrained. 

We included only highly symptomatic and consequently highly motivated 
patients where, at least early, QoL results could be influenced by expectancy 
bias. 

Rhythm monitoring was conducted, in a majority of cases, by 7-day Holter 
recordings three times over a period of 10 years. It is possible that paroxysms 
of AF were overlooked. However, after surveying clinically motivated ECG-
tracing from local health providers only 12 patients remained in sinus rhythm 
after 10 years, we believe there were no false positive data. 

There is a real possibility that the inherit grave symptoms of the valvular 
disease influenced the outcome and diminished the experienced AF-derived 
symptoms.  

Only patients suffering from “permanent” AF were included, making it im-
possible to determine any benefits in patients with paroxysmal AF or persis-
tent AF.  
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General conclusions 

Based on the results after the Thoracoscopic left atrial epicardial ablation it 
can be concluded that patients with severely symptomatic AF display poor 
quality of life, similar to other chronic diseases. The TELA-AF intervention 
seems to be inadequate in preserving sinus rhythm over time. However, qual-
ity of life is affected in a positive way giving cause to question normative 
endpoints such as freedom from AF superseding 30 seconds, giving way for 
arrhythmia burden and QoL measurements. 

In order to prevent iatrogenic atrial tachycardia, and to increase success 
rate, tools that can create contiguous, transmural and reproducible compli-
menting linear lesions are warranted. 

Although the use of ablation devices has simplified the surgical Maze pro-
cedures, the results are variable and there is no consensus as to the standard 
lesion sets or ablation technology. It seems that adding intraoperative ablation 
to MVS does improve the rate of freedom from AF but not quality of life. 
Although it does not seem to translate into an increased risk of complications 
in terms of 30-day mortality, all-cause mortality, pacemaker implantation, 
stroke, thrombo-embolism, cardiac tamponade, reoperation for bleeding and 
myocardial infarction, the present study was probably underpowered to detect 
such important differences. Further research with larger studies is however 
needed to evaluate the benefit risk ratio at long-term follow-up. Epicardial left 
atrial cryoablation may therefore not be justified at present during MVS in 
patients with permanent AF to increase the rate of freedom from AF as such.  
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Clinical implications and future perspective 

We have a clinical reality where AF already is a major health-issue and pro-
jections indicate a world-wide increase.6 Add uncertain statistics in large pop-
ulations outside Europe and north America and we might expect a surge of AF 
over the next decade.30  

Effective and readily available treatment strategies are of the utmost im-
portance in order to meet future needs. 

Although mortality and morbidity benefits have been shown in a very select 
group after catheter ablation76 the main indication for rhythm control will con-
tinue to be symptom alleviation and increased QoL.147  

The TELA-AF study was designed as an exploratory hypothesis-generating 
study. The first one-year results were promising but freedom from AF dwin-
dled during ten years of follow-up. The procedure was also burdened by an 
unproportionate amount of serious adverse events including several idiopathic 
AT´s. 

Measured in hard endpoints the study might be labeled disappointing. 
However, when measuring QoL with a generic, well validated instrument118 
we could show a significant increase from baseline to one year and even after 
ten years QoL was significantly improved. 

The success in the secondary endpoint, QoL warrants a discussion whether 
freedom from AF or improved QoL, in patients with very low QoL to begin 
with, should be the primary measure of success when exploring rhythm con-
trolling strategies. We also challenge the consensual, arbitrary 30-second AF 
episode147 as an appropriate cut-off in favor of more insightful qualities like 
AF burden or indeed QoL. 

There is a distinctive difference between stand-alone thoracoscopic abla-
tion for AF and concomitant MVS and AF surgery. Patients referred for 
TELA-AF were highly symptomatic AF-patients while very little was known 
about AF-derived symptoms in patients suffering from AF who simultane-
ously were accepted for valve-surgery.  

When there are no indications of patient benefits in concomitant surgery20,21 
it seems unnecessary to extend time in surgery and the risk of adverse events. 
Although the SWEDMAF study was not formatted to show any adverse events 
it was the first randomized double-blinded study on concomitant MVS and AF 
surgery. The results further question the soundness of this combination treat-
ment when there was no difference in QoL between methods and both groups 
reached similar QoL as normative age-matched controls. 
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Both of these studies were comparatively small and repeatability in a larger 
format is desirable. However, I strongly believe that until new developments 
in these areas are presented new study protocols should focus on QoL and AF-
burden instead of complete freedom from AF in the highly symptomatic pa-
tient category described in TELA-AF and that concomitant MVS and AF ab-
lation ought to be an alternative in selected patients where AF symptoms are 
concrete. 
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Summary in Swedish  

(sammanfattning på svenska) 
Förmaksflimmer är den vanligaste arytmin i världen, 2 - 3 % av befolkningen 
beräknas vara drabbade och förekomsten ökar med åldern. vilket medför ett 
ett ökande behov av behandling då medelåldern ökar dramatiskt i världens 
befolkning. Arytmin har visat sig utgå från lungvenernas koppling till vänster 
förmak och orsakas av en stor mängd osynkroniserade elektriska signaler som 
tar över förmakens normala signalsystem. Detta orsakar en oregelbunden 
snabb signalering och påföljande muskelsammandragningar som regleras 
först i övergången mellan förmak och kammare.  

Sjukdomen delas in i diagnosgrupper främst beroende på typ: paroxysmalt 
– attackvis förekommande; persisterande – ihållande mer än sju dygn; långtids 
persisterande – ihållande mer än ett år; och permanent – en situation där pati-
enten och läkaren kommer överens om att inte försöka återfå normal sinusrytm 
utan behandlar symptomen som kan uppstå från arytmin, oftast genom att re-
glera hjärtfrekvensen medicinskt. 

Symptom orsakade av förmaksflimmer kan se mycket olika ut. Ofta känner 
man hjärtklappning, andfåddhet, yrsel, trötthet och oro, undantagsvis bröst-
smärta men en stor del, ca 30 %, av patienterna har inga symptom alls och 
sjukdomen upptäcks en-passent eller aldrig. Vid attackvis förekommande för-
maksflimmer uppvisar sjukdomen dessutom både symptomatiska och asymp-
tomatiska attacker. Förmaksflimmer sänker generellt livskvaliteten hos pati-
enterna, kräver omfattande sjukhusvård samt ökar risken för stroke, hjärtsvikt 
och plötslig död. 

Den oregelbundna förmakskontraktionen vid förmaksflimmer och sjukdo-
mens position som en del i en kardiovaskulär riskprofil ökar risken för trom-
boembolier markant och förmaksflimmerpatienter har en fem gånger ökad risk 
för stroke. 

Behandlingen inriktar sig i första hand på att reducera strokerisken med 
antikoagulation, behandla underliggande sjukdomar för att minska risken för 
återfall samt lindra symptomen. Rytmbehandling av förmaksflimmer har fram 
tills relativt nyligen inte kunnat visa förbättra överlevnad eller sjuklighet, där-
emot ökad livskvalitet. Frekvensreglering har en god effekt på symptomen hos 
en stor andel av patienterna men ofta krävs rytmreglerande behandling, åter-
ställande av sinusrytm. 
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Traditionellt har antiarytmiska läkemedel använts för rytmreglering men 
effekten är begränsad och omfattande biverkningar kan ofta försämra patien-
tens livskvalitet och till och med öka dödlighet på grund av proarytmier. Ki-
rurgiska arytmiingrepp, främst Cox Maze III, har däremot god effekt och kan 
uppvisa förmaksflimmerfrihet i över 90 % av behandlade patienter på lång 
sikt. Ingreppet är dock komplicerat, kräver lång tid i hjärt-lungmaskin och är 
kopplad till en överdödlighet på 1 – 3 % vilket förhindrat att ingreppet blivit 
universellt accepterat då ingen ökad överlevnad kunnat bevisas. 

Kateterablation med isolering av lungvenerna med radiofrekvensenergi är 
en teknik som blivit allt mer tillgänglig med goda resultat i patientgrupper som 
lider av den lindrigare formen, paroxysmalt förmaksflimmer. Dock är resulta-
ten för långt stående persisterande förmaksflimmer nedslående. En nyligen 
presenterad studie har kunnat visa att kateterablation ökar överlevnaden hos 
patienter med förmaksflimmer som samtidigt lider av hjärtsvikt, tyvärr har 
detta ännu inte visats i ytterligare studier. 

För att möta behovet av en effektiv behandling av patienter med långt 
gången sjukdom och svåra symptom med mildare trauma och lägre dödlighet 
än öppen hjärtkirurgi har titthålskirurgi, så kallad thorakoskopisk teknik ut-
vecklats för att möjliggöra effektiv ablation av förmaksflimmer.  

Vid Uppsalas universitetssjukhus har vi som första svenska center behand-
lat högsymptomatiska patienter med långtstående förmaksflimmer eller tidi-
gare misslyckade kateterablationer med ett thorakoskopiskt ingrepp där man 
via små incisioner på höger och vänster sida av bröstkorgen kan utföra video-
assisterade ablationslesioner på förmakets yta, under normal cirkulation, med 
hjälp av radiofrekvensenergi. Ingreppet döptes till TELA-AF. Lungvensparen 
isoleras, en i taget, med en klämma över kopplingen mellan lungvenerna och 
förmaket. Ablationslinjer läggs till med en radiofrekvensenergispatel eller 
”rail” vilket bildar ett isolerande kvadratiskt mönster eller ”box”. Tilläggslin-
jer abladeras ner till mitralisklaffen och upp mot vänster förmaksöra som am-
puteras med ett specialiserat thorakoskopiskt instrument. Vidare abladeras 
nervcentra i förmaket som visats kunna underhålla förmaksflimmer. Under 
hela processen kontrolleras ablationslinjernas elektriska isolering kontinuerlig 
med hjälp av elektroder som placeras på ömse sidor av ärren. 

I den här avhandlingen undersöks framförallt framgången och säkerheten 
vid TELA-AF på kort och lång sikt. Vidare redovisas förändringar i livskva-
litet hos patienterna vilket bedöms vara en av de viktigaste parametrarna då 
främsta indikationen för ingreppet är symptomlindring. 

Vid klaffkirurgi på patienter som samtidigt lider av förmaksflimmer har det 
utvecklats en tradition av att i möjligaste mån, kombinerat med klaffingreppet, 
utföra en begränsad förmaksflimmerablation på vänster förmak. Även här är 
främsta indikation symptomlindring. I avhandlingen presenteras resultaten av 
den första randomiserade dubbelblinda studien på denna metod med avseende 
på livskvalitet hos patienter med mitralisinsufficiens och förmaksflimmer.  
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Artikel I 
I första artikeln redovisas det primära resultatet, frihet från förmaksflimmer, 
ett år efter genomgången TELA-AF. Rytmbedömningen utgick huvudsakli-
gen från sju dygns bärbar EKG-registrering efter sex månader och ett år. 

Av de 60 första patienterna som genomgick ingreppet kunde 59 följas upp 
efter ett år och 49/59 patienter (83 %) var flimmerfria utan antiarytmisk me-
dicinsk behandling. I sju fall (12 %) drabbades patienterna av en nytillkom-
men snabb vänstersidig förmakstackykardi som inte registrerats före operat-
ion, troligen orsakad av ”gaps” i ablationslinjer i vänster förmak.  

Det kirurgiska ingreppet med uppföljning var associerad med relativt 
många komplikationer (12 %) bestående av blödningskomplikationer som 
krävde akut thorakotomi i fyra fall samt stroke i tre fall. 

Artikel II 
Här rapporteras de sekundära resultaten symptomlindring och livskvalitet ett 
år efter TELA-AF. Symptom rapporterades av patienterna i ett symptomfor-
mulär med fem vanliga besvär kopplade till förmaksflimmer. Livskvalitet be-
dömdes utifrån ett validerat instrument med 36 frågor kring livskvalitet (SF-
36).  

Upplevelsen av symptom minskade signifikant liksom livskvaliteten ökade 
signifikant i sju av åtta delresultat. Det visade sig också att patienterna hade 
mycket låg livskvalitet före operationen, så låg att den kunde jämföras med 
allvarliga kroniska sjukdomar såsom hjärtsvikt, dialysbehandling och måttlig 
depression. 

Artikel III 
I den tredje artikeln har vi följt patienterna i tio år och beskriver hur fram-
gångsrik metoden är i ett långt perspektiv och hur livskvaliteten förändrats. 
Återigen utrustades patienterna med sju dagars EKG, pacemakrar lästes av 
och vilo-EKG som gjorts på kliniska indikationer under åren kontrollerades. 
Livskvaliteten bedömdes utifrån samma SF-36 instrument, 54 av de ursprung-
liga 60 patienterna kunde följas upp i tio år. 

Det primära resultatet visade att 12 patienter (22 %) var fria från förmaks-
flimmer. Däremot rankades livskvaliteten signifikant högre jämfört före oper-
ation i alla dimensioner utom kroppssmärta, vilken var hög redan från början. 
Livskvaliteten var trots det en aning, men statistiskt säkerställt, lägre än en 
åldersmatchad svensk normgrupp. 

Artikel IV 
Trots bristande information om livskvalitetsförbättringar eller minskad mor-
talitet utförs regelmässigt ett kombinerat ingrepp på patienter som är accepte-
rade för mitralisklaffkirurgi och samtidigt lider av förmaksflimmer. Här rap-
porteras livskvalitetsresultaten efter den första randomiserade dubbelblinda 
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studien som utvärderar mitralisklaffskirurgi och förmaksflimmerablation med 
kryoenergi, en procedur där kraftig nedkylning av vävnaden används för att 
skapa elektriskt isolerande ärr i vänster förmak. Vi randomiserade 65 patienter 
med långtstående persisterande förmaksflimmer till mitralisklaffkirurgi med 
eller utan kryoablation, av vänster förmak. Patienterna redogjorde för sin livs-
kvalitet i SF-36 formuläret före samt sex månader och ett år efter ingreppet. 

Ingen statistiskt säkerställd skillnad i livskvalitet kunde ses mellan grup-
perna och båda uppnådde samma livskvalitet som en åldersmatchad svensk 
normgrupp. 

Slutsatser 
Förmaksflimmerpatienter lider av mycket låg livskvalitet, jämförbart med all-
varliga kroniska sjukdomar. 

På kort sikt var TELA-AF framgångsrik i att behandla förmaksflimmer. 
Efter tio års uppföljning var resultaten mycket mer blygsamma. Dock hade 
patienterna en klart förbättrad livskvalitet jämfört med före operationen.  

Låg livskvalitet och symptomatologi var den ursprungliga indikationen för 
ingreppet varför man kan diskutera om frihet från förmaksflimmer eller ökad 
livskvalitet borde vara den primära måttstocken. 

Om ingen överlevnadsvinst och nu inte heller någon ökad livskvalitet kan 
visas vid kombinerad mitralisklaffkirurgi och förmaksflimmerablation bör 
man ifrågasätta nyttan av ett kombinerat ingrepp, större randomiserade studier 
borde ge ytterligare insikter.  
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