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1. INTRODUCTION

Atrial fibrillation (AF) is the most common susteith cardiac
arrhythmia, with an estimated prevalence of 1-3rfdreasing with age to 8% in
those older than 80 years. Approximately 40% ofp&fients have paroxysmal
AF (PAF). AF is associated with increased risktodlee, other thromboembolic

events, heart failure, all-cause mortality and iimgzhquality of life.

Left atrial and ventricular remodeling

Left atrial (LA) structural remodelling (LA dilati@n) is one of the
long-term consequences of atrial fibrillation; Ad=an independent predictor of
left atrial size. Dilated left atrium (increasedt latrial volume index; LAVI) is a
strong prognostic marker of later cardiovasculagnes, such as heart failure
and stroke. The severely dilated left atrium (LAYG>ml/nT) is associated with
an increased risk of mortality in patients with ggeved left ventricular (LV)

ejection fraction.
Interstitial fibrosis -related to left atrial difion- contributes to

deterioration of left atrial function (functionalemodeling). Impaired LA
function also confers a poorer long-term prognosis.

It has been reported that the consequences af firiillation include

Not only left ventricular systolic dysfunction but alk¥ diastolic dysfunction.

Left atrial size, function and left atrial appendage function in patients with
paroxysmal atrial fibrillation

In PAF patients left atrial size was reported torbidly dilated in
several studies by LA antero-posterior diametdt,d#xial area and also by the
most recommended LA volume index, although in ottedies LA size was
described as moderately-severely enlarged in gatigith lone PAF.

Very little information is available about LA funch in PAF patients,

since complex echocardiographic examination wasopaed only in a few,
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small-scale studies. As opposed to assessn@ntLA size there is no

recommendation for the evaluation of LA functiomit Inainly different kinds
of echocardiographic methods are used. Severalupitional parameters such
as left atrial total emptying fraction, LA fillinffaction, late diastolic velocities
of mitral annulus by pulsed-wave tissue Doppleroeahdiography (TDE) were
reported to be impaired in patients with paroxysrmatlal fibrillation. It is
unknown how often left atrial structural remodeling associated with
functional remodelling in patients with PAF, or heemmonly LA functionis
impaired when the LA is dilated.

Thrombus has a predilection to form in the leftightmappendage
(LAA) in AF. LAA function can be assessed by traesophageal
echocardiography (TOE). It has been reported tnagrely reduced (<20 cm/s)
peak left atrial appendage emptying flow velociBLAAEFV) increases the
risk of LAA thrombus and ischaemic stroke compat@digher velocities. In
PAF patients we have practically no information @bbAA function, and the
relation between LAA and LA function. TOE is rouwlg performed before AF
ablation in PAF patients who are undergoing cathaldation, to exclude LA
and LAA thrombus, so LA function can be comparethviiAA function. The
LAA and main LA cavity are derived embryologicaftpm different sources. It
is controversial in the literature if LAA functiors suitable to characterize
global LA function or if any LA functional parametean be used to evaluate
LAA function.

Diastolic function in patients with paroxysmal atrial fibrillation

Elevated left ventricular end-diastolic pressurey bnvasive
hemodynamic studies and reduced early diastoliccargbal velocities (Ea) by
TDE were reported in lone PAF patients. Left veniiar filling pressure
evaluated by E/Ea was increased in PAF patientpaczd to controls. There is

little known about the distribution of differentagtes of diastolic dysfunction in
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patients with atrial fibrillation. Moderate and se& diastolic dysfunction (DD)
with elevated LV filling pressure have prognostmplications as they are
associated with higher risk of cardiovascular niitytaand hospitalization
related to heart failure. In PAF patients the ommce of DD with elevated
filling pressure was reporteid a few previous studies to be between 16-68%;
although grading of DD has never been studied enbtisis of the ASE/EAE
(American  Society of Echocardiography/European Asgmn  of
Echocardiography) recommendations.

Catheter ablation

None of the pharmacological rate versus rhythm rotlet trials
demonstrated any difference on mortality betweeselstrategies. Although, a
post-hoc on-treatment analysis of the AFFIRM sttelealed that the presence
of sinus rhythm was associated with a significaeduction in mortality,
whereas the use of antiarrhythmic drugs increasedafity. So rhythm control
therapy may be preferred if the hemodynamicallyotaeable sinus rhythm
could be restored without the proarrhythmic effeantsl non-cardial toxicity of
antiarrhythmic drugs; that is the rational for etér ablation treatment.

The purpose of ablation treatment is to eliminaig that trigger and
maintain AF and to alter the substrate that sustaiR. The most frequently
used energy source is radiofrequency (RF) energghaichieves myocardial
ablation by the conduction of alternating electricarrent through myocardial
tissue as a resistive medium and results in irs#vier coagulation necrosis.

The effect of radiofrequency catheter ablation (RFCA) on left atrial size,
function and left ventricular diastolic function

Catheter ablation of AF can affect left atrialesiZunction and LV
diastolic function either from the scar caused loy &blation or from reverse
atrial remodeling following conversion to normahss rhythm or reduction of

frequency of AF episodes. In previous studies aftercessful RFCA of atrial
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fibrillation, LA size has been found to decreasd &A function to improve; in
contrast, after an unsuccessful catheter ablatmpposite changes were
observed. The results of many studies are diffituinterpret, as the effect of
ablation was not evaluated separately after sufidesd unsuccessful
treatment.

In PAF patients limited data are available abbet¢hange of LA size
and function after ablation because the resul{zatients with paroxysmal and
persistent AF were not reported separately in W dgroups. After successful
RFCA the LA size decreased in some studies whiknisther studies it did not
change or decreased after both successful and eessfol RFCA. The results
are similarly controversial with regard to leftiatppump and reservoir function.

The effect of RFCA on diastolic function was oimlyestigated in few
studies. In PAF patients a few studies after sitsfueRFCA reported improved
relaxation, decreased LV filling pressure and redudegree of DD, however, it

was not confirmed by other studies.

Cryoballoon ablation

Cryothermal ablation, as an alternative energy @ouras several
advantages compared to RF ablation: increased teathsability, less
endothelial disruption with lower thromboembolicskj less generation of
inhomogeneous lesions, minimal tissue contractigh healing. Balloon-based
cryo-technology potentially offers a simpler andtéa means of isolating the
pulmonary veins; 3D mapping system is not neces®eirthe procedure, and it

relies less on the dexterity of the operator antes less scar in the left atrium.

A meta-analysis suggests this is a safe and feasibproach with a similar

success rate in patients with paroxysmal AF toafaeguency catheter ablation.

The effects of cryoballoon ablation on left atristfuctural and functional
remodelling and on LV diastolic function have neeh examined previously in

patients with paroxysmal atrial fibrillation.

2. OBJECTIVES

2.1. Echocardiographic assessment of left atrial =z, left atrial and

appendage function and left ventricular diastolic finction in patients with

paroxysmal atrial fibrillation

I. Questions to be answered:

A) How common is the severely dilated left atrium (@¥his associated with
an increased risk of mortality) in patients with PA

B) How often is the left atrial structural remodeliegsociated with LA
functional remodelling in patients with PAF?

C) How common is the severely impaired left atrial eqgage function
(which increases the risk of embolic stroke) inigras with PAF?

D) Is there any correlation between left atrial anét krial appendage
function in patients with PAF?

E) How are the different grades of diastolic dysfuortidistributed in
patients with atrial fibrillation? How common isettmoderate and severe
diastolic dysfunction (DD) -which are associatethwiorse prognosis- on

the basis of the ASE/EAE recommendations?

2.2. Left atrial size, function and left ventricula diastolic function after

cryoballoon catheter ablation during a one-year fdbw-up in patients with

paroxysmal atrial fibrillation

Il. Questions to be answered:

A) Is there reverse left atrial structural remodell{reduction in LA volume)
after successful cryoballoon ablation and furthArdilation (progressing
LA remodelling) after unsuccessful ablation?

B) What is the effect of cryoballoon ablation on lafitial function in patients

with paroxysmal atrial fibrillation?



C) Do LV diastolic function and the grade of diastatigsfunction change

after cryoballoon ablation in patients with paraxyd atrial fibrillation?

3. METHODS

3.1. Echocardiographic assessment of left atrial z, left atrial and
appendage function and left ventricular diastolic finction in patients with
paroxysmal atrial fibrillation

Patients

46 consecutive patients with recurrent, symptomation-valvular
PAF -all of whom had failed to respond to antiathmyic or beta blocker
therapy and underwent radiofrequency or cryoballaolation- were enrolled in
the study between June 2008 and July 2009.

Transthoracic echocardiography

| performed the transthoracic echocardiography éxations before
ablation, in sinus rhythm in all patients with teeme General Electric Vivid S6
machine.

Left ventricular (LV) global systolic function wassessed by ejection
fraction (EF) evaluated by the modified biplane @on’'s rule. LV
longitudinal systolic function was assessed by aepihd lateral systolic
velocities of the mitral annulus (8@ Sa.) using pulsed-wave TDE. Left
ventricular mass index (LVMI) was calculated.

Maximal LA volume (LAV,..) was obtained at left ventricular end-
systole, minimal LA volume (LAY, at left ventricular end-diastole. LA
volumes were calculated by two-dimensional echaogrephy by the biplane
area—length method. LA areas ;(AA;) and superoinferior longitudinal
diameters were measured from apical 4- and 2-chawiba/s. LA volumes
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were calculated : 0.85*AA /L, where L is the shorter superoinferior diameter
of the LA. LA volume index (LAVI) was calculated ldividing maximal LA
volume by the body surface area (Dubois formula).

In the present study four TTE methods were usetdrassessment of
LA function. LA booster pump (contractile) functieras assessed by:
a) the LA filling fraction (LAFF) which is the ratiof the velocity time integral
(VTI) of the late diastolic A wave velocity of miétr inflow to the VTI of the
early and late diastolic velocities of mitral INILAFF=VTIA/VTIg.a)
b) septal and lateral velocities of the mitral dosuduring atrial contraction
(Aasepy Aa), measured by pulsed-wave TDE.

LA reservoir function was assessed by:
a) LA total emptying fraction: LAEF=(LAVa LAV min)/LAV 1max
b) the systolic fraction of pulmonary venous flowieh is the ratio of VTI of
systolic S wave velocity of pulmonary venous flowthe VTI of the systolic
and diastolic velocities of pulmonary venous floRNVSF=VTK/VTls.p.
Pulmonary venous flow was measured within rightargmlmonary vein.

In the detailed evaluation of left ventricular d@g function early (E)
and late diastolic (A) velocities of mitral inflovand deceleration time (DT)
were measured by pulsed wave Doppler echocardibgramd E/A ratio was
calculated. Septal and lateral early diastolic eiéles of the mitral annulus
(Eaem Eaw) were measured by TDE, which characterize lefttrieudar
relaxation. In the assessment of mean left ver#idilling pressure E/Ea ratios
were calculated, using both the lateral, septalamtage Ea velocity. Systolic
(S) and diastolic (D) velocities of pulmonary vesdiow were measured and
S/D ratio was also calculated.

Diastolic dysfunction was graded on the basis &f ¥SE/EAE
recommendations. Definitions of grade | (mild) D& Eg.,<8, Eq:<10, and
E/Ea,8, E/A<0.8, DT>200 ms, S>D. The following attribsitewere

considered characteristic of grade Il (moderate) BR.,<8, Eq,<10, the left
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atrium is at least moderately dilated (LAA84 ml/nf) and 8<E/Ea <13, and
0.8<E/A<1.5, DT: 160-200 ms, S<D. Criteria of grade Illl\(ee) DD were:
Eae,<8, Eq,<10, LAVI>34 ml/nfand E/Eq,4>13, E/A>2, DT<160 ms, S<D.
LV filling pressure was considered elevated whenwds grade Il or Ill.

Transoesophageal echocardiography

Transoesophageal echocardiography was routinelforpeed in all
patients to exclude LA and LAA thrombus with a RigliE33 machine, all in
sinus rhythm. Peak LAA emptying flow velocity wased to assess LAA
function; it was obtained by pulsed-wave Doppleteirogation from 1 cm
within the orifice of the left atrial appendage.€Tpresence of spontaneous echo
contrast (SEC) was assessed on the 2D grey-scageBnTOE and TTE were

performed on the same day, within a short time.

3.2. Left atrial size, function and left ventricula diastolic function after
cryoballoon catheter ablation during a one-year fdbw-up in patients with

paroxysmal atrial fibrillation

Patients

36 consecutive patients with recurrent, symptomatavalvular PAF
were enrolled in the study between June 2008 alyd2D®9. All had failed to
respond to antiarrhythmic or beta-blocker theraplyey underwent their first

catheter ablation by the cryoballoon technique.

Cryoballoon ablation

Cryoballoon ablations were performed in the Elgatysiology
Laboratory of Gydrgy Gottsegen Hungarian InstitafeCardiology as part of
the clinical treatment of the patients. All patentere treated with a double
lumen cryoballoon (28 mm; Arctic front, Cryocathjter local anaesthesia and
under conscious sedation. Transseptal puncturegwiaed by an intracardiac

echocardiography catheter. At least two 5-minutg aipplications per vein
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were given to each pulmonary vein (PV). After ablata circular mapping
catheter (Lasso) was positioned in the antrum ol & to record the presence
of pulmonary vein potentials. In case of incomplB¥ isolation further cryo
applications were delivered by the previously usegbballoon or by a focal

cryo-catheter to complete the lesion.

Study protocol, follow-up
Echocardiography

Comprehensive transthoracic echocardiographic exations were
performed in all patients during sinus rhythm befaand 3, 6 and 12 months
after cryoballoon catheter ablation. Transoesopilagehocardiography was
performed in all patients before catheter ablatimnexclude LA and LAA
thrombus. Transthoracic and transoesophageal echiogephy were
performed within a short time, on the same day. Huhocardiography
machines and the examination protocols were the serdescribed in detail in
the methods of the other study (3.1).

Arrhythmia monitoring

Heart rhythm was recorded during all follow-up echaliography
examinations. Post-ablation follow-up clinical exaations at 1, 3, 6 and 12
months included clinical and arrhythmia historyygical examination and 12-
lead ECG. In order to improve arrhythmia monitoringfore the 3-month, 6-
month and 12-month follow-up visits a 24-hour HolECG and / or a 10-day
transtelephonic ECG was planned (completed in 8fLteopatients).

Definition of success

Based on the definition of the Expert ConsensuteBiant on Catheter
and Surgical Ablation of Atrial Fibrillation, cryalloon catheter ablation was
considered to be clinically successful, if aftee tmitial 3-month blanking

period recurrent atrial arrhythmia (>30 s, registeatrial fibrillation or flutter
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or tachycardia) was not recognized on clinical, E8G or Holter ECG, or
transtelephonic ECG examinations.

We aimed to evaluate the effect of all episodeoiirrent arrhythmia
on the left atrium and left ventricular diastolienttion, so recurrences in the
first 3 months blanking period were also taken imiwcount for the final
analysis. Therefore, two groups of patients wefendd: in the arrhythmia-free
(AF-free) group there was no recurrence duringpf@ilip. The recurrent group
was defined as patients with recurrent atrial ghimya at any time during the

follow-up.

4. RESULTS

4.1. Echocardiographic assessment of left atrial =, left atrial and
appendage function and left ventricular diastolic finction in patients with

paroxysmal atrial fibrillation

Baseline characteristics

33 out of 46 patients were male; the mean age Wa&t9.6 (23-77;
median: 57) years. The average time period fronfiteerecognition of the AF
was 6.91£7.3 (0.5-34; median 5.0) years. 32 patibats hypertension, also 32
had hyperlipidemia. Ischaemic heart disease ihygotd disease in 7 and type 2
diabetes in 5 patients were present. There weretimer etiological factors of
AF present such as congenital heart disease, isigmif valvular disease,
chronic obstructive pulmonary disease, sleep aprsyasarome and chronic

kidney disease.

Left ventricular size and systolic function

The LV end-diastolic diameter in 4, the end-didsteolume in 8
patients were above normal values suggesting milditated LV. Left
ventricular hypertrophy (septum or posterior walll mm) was present in 28

patients; there was no severe hypertroptlyy (mm). LVMI was elevated in 16
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patients £:>96, 3:>116 g/m2). Left ventricular EF was 62+6%, morarttb5%
in every patient. LV long-axis systolic functionaand Sa,,) was preserved

in all subjects (>mean value from literature-2 d&nd deviation).

Left atrial volumein patientswith paroxysmal atrial fibrillation

The mean LAVI was 35+10 ml/mLA was dilated in 70% of patients,
and was above published normal values (29 Mlim32 cases. It was mildly
elevated (29 ml/fXLAVI<34 ml/m® in 11, moderately elevated (34
mli/m’<LAVI<40 ml/m?) in 8 and severely elevated (LA¥40 ml/nf) in 13

cases.

Left atrial and left atrial appendage function in patients with paroxysmal
atrial fibrillation

Among the variables of LA pump function the leftriat filling
fraction in 5, Ag in two, Aa.yin four patients were impaired compared to
normal values from literature. Left atrial reservfiinction was reduced by
pulmonary vein systolic fraction in four, by lefirial total emptying fraction in
9 cases. Overall LA dysfunction was observed irpaBents. Left atrial pump
function in 8, and LA reservoir function in 10 patts were impaired (in 5
subjects both the LA pump and reservoir functiomenreduced).

Among the 32 patients with dilated LA we found bgsfunction in 11
cases; impaired LA pump function in 7, and impairedervoir function in 9
patients (in 5 subjects both LA pump and reserfoiction were reduced).

The mean PLAAEFV was 66+21 cm/s. LA appendage tfancby
PLAAEFV was reduced (<50 cm/s) in 10 cases; ambege 10 patients, 8 had
enlarged left atrium and 6 had impaired LA functi@here was no patient with

severely reduced (<20 cm/s) PLAAEFV, and there m@aSEC in any patient.
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Correlations of left atrial and left atrial appendage function in patients with
paroxysmal atrial fibrillation

Peak left atrial appendage emptying flow velocibyrelated positively
with LA pump function (A@: r=0.58; p<0.001; Ag.,; r=0.45; p<0.01) and
with reservoir function (LAEF: r=0.49; p<0.001). Aaand A&y velocity
correlated positively with left atrial filling fraion (Aa,: r=0.53; p<0.001;
Al 1=0.43; p<0.05), with left atrial total emptyirfgaction (Agy: r=0.51;
p<0.001; Agy r=0.63; p<0.001) and with pulmonary vein systdiiaction
(Aay,: 1=0.49; p<0.001; A, r=0.46; p<0.005).

Left ventricular diastolic function in patients with paroxysmal atrial
fibrillation

Ea.y in 21, Eg, in 18 patients were impaired compared to normal
values from recommendations (decreased if<B#® cm/s, Eq,<8 cm/s ).
E/Ea,, was normal £8) in 27 patients, and in the intermediate zone
(8<E/Eg<13) in 19 patients, and it was rkit3 in any patient. E/Ea correlated
with age; the highest correlation was with El5&=0.55; p<0.001).

There was normal diastolic function in 17, mildgde I.) diastolic
dysfunction in 10, and moderate (grade Il.) diastdysfunction in 19 patients.
There was no severe (grade IIl.) DD.

4.2. Left atrial size, function and left ventricula diastolic function after
cryoballoon catheter ablation during a one-year fdbw-up in patients with

paroxysmal atrial fibrillation

Outcome of cryoballoon ablation

The clinical success rate was 64%, and there waewere procedure-
related complication. Repeat ablation had not geformed during the first
year follow-up. There was no significant AF-relateaimplication during the

one-year follow-up.
13

15 patients (42%) were totally free of arrhythmiaoughout the first
12 months of follow-up (the AF-free group). The @th21l patients (the
recurrent group) experienced some recurrence iad atrhythmias (90% AF, 5-
5% atrial tachycardia or flutter) during follow-uRecurrence only early (within
3 months after treatment) in 8, recurrence onlybeh 3 and 12 months after
treatment in 4, and both early and 3 to 12 morghamrences in 9 patients, were

detected.

Baseline clinical and echocardiographic characteristics

36 consecutive patients were enrolled in the stubgre were 26
males and the mean age was 57.4+8.9 years. Lefticidar EF was 63+5%
(55-72%). 27 patients (75%) had hypertension. Higidemia in 26, ischaemic
heart disease in 4, thyroid disease in 6 and typ@Betes in 4 patients were
present. At baseline, patients’ age, gender, peecal of concomitant diseases
such as hypertension, diabetes mellitus, hypedipid and obesity were not
significantly different between the recurrent anié-#ee groups

The patients who later developed a recurrence feciugroup), had a
longer duration of atrial fibrillation (8.8+8.7 \&8+3.3 years, p<0.05) before
cryoballoon catheter ablation.

The longitudinal systolic function by the latera 8elocity (8+1.6 vs
9.5£3 cm/s, p<0.05) and the left atrial reservaindtion by left atrial total
emptying fraction (558 vs 48+11 %, p<0.05) wergndicantly lower in the
recurrent group at baseline. The peak left atrigpemdage emptying flow
velocity was borderline lower in the recurrent grofb8+21 vs 73+23 cm/s,
p=0.05). The other TTE echocardiographic variablese not different between
the groups.

Left atrial size during follow-up
In the recurrent group, at 12 months after ablattbe minimal left
atrial volume (38£19 to 44 +20 ml; p<0.05), the mnaai left atrial volume
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(73423 to 81124 ml; p<0.05), the left atrial volurmaex (35+10 to 39+11
ml/m2; p=0.01) and the maximal left atrial supemnéerior diameter (555 to
5946 mm; p<0.01) had all increased. In contradgrasuccessful cryoballoon
ablation, LA size had not increased in the AF-fyeaup.

Left atrial function during follow-up

In the recurrent group, at 12 months after ablatitwe left atrial
reservoir function as assessed by the systolitidraof pulmonary venous flow
(5849 to 50+10 %; p=0.01) and LA pump function asessed by left atrial
filling fraction (36+7 to 33+8 %; p=0.03) had deased. In contrast, after
successful cryoballoon ablation, LA function had declined.

Left atrial total emptying fraction, which is a pameter of LA
reservoir function, did not change significantlyridg the follow-up; however,
it was significantly lower at all follow-up visits the recurrent group. Ag:
was significantly lower at 3 and 6 months afteraéibh in the recurrent group
(3. month: 8.3+2.1 vs 10.3+3.1, p<0.05; 6. montb+&.8 vs 10.4+1.7, p<0.05).

Left ventricular diastolic function during follow-up

Lateral and septal early diastolic velocities did change significantly
during the follow-up. Whereas, E/E&.q Which was used to assess the mean
LV filling pressure, was increased at one yeannftezaseline values (7.2+1.8 to
8.512.3; p=0.005).

In the recurrent group, at 12 months after ablatibe “mean grade of
diastolic dysfunction” increased compared to base{D.67+0.91 vs 0.95+1.01;
p=0.01), while in the AF-free group it decreasedd320.96 vs 0.53+0.83;
p=0.03).

The prevalence of diastolic dysfunction with eledatLV filling
pressure (grade Il or Ill) did not change signifit in either group, but at 12

months after ablation it tended to decrease inAlRdree group and to increase
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in the recurrent group. In the recurrent group griiDD was found at the 6

and 12 month follow-up visit.

Left ventricular systolic function during follow-up

Left ventricular global systolic function (EF) dishot change
significantly during the follow-up in either group.ateral Sa velocity, a
parameter of longitudinal systolic function, wagnsficantly higher in the AF-
free group at baseline (9.5+3 vs 8+1.6 cm/s, p<PaE at 12 months after
ablation (10.7£2.4 vs 8.9+1.3 cm/s, p<0.05).
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5. CONCLUSIONS

I. In patients with paroxysmal atrial fibrillation:

A) The severely dilated left atrium (which is assaailatvith an increased risk
of mortality) is not common — even in a mostly hgpasive sample.

B) Left atrial structural remodeling is not always @asated with LA
functional remodelling.

C) Left atrial appendage function is preserved in moftthe patients;
severely impaired left atrial appendage functiohiflv increases the risk
of embolic stroke) is not common in patients withFP

D) Peak left atrial appendage emptying flow velocityrelates with left
atrial pump function by late diastolic Aa veloc#ti@and with left atrial
reservoir function by left atrial total emptyingétion.

E) Left ventricular diastolic dysfunction is commonarmostly hypertensive
sample; diastolic dysfunction with elevated fillingressure is more
common than relaxation abnormality.

Il. In patients whose nonvalvular paroxysmal atfibfillation recurred within

one year after cryoballoon catheter ablation:

A) Left atrial size increases, while successful cryloba catheter ablation
prevents progressive left atrial structural remtaig!

B) Left atrial pump and reservoir function decline, ih successful
cryoballoon catheter ablation prevents progressée atrial functional
remodeling.

C) Left ventricular filling pressure and the severitfdiastolic dysfunction
by the “mean grade of diastolic dysfunction” ingeawhereas after
successful ablation they decrease.
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