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Improvement of left atrial function and left atrial reverse remodeling

after surgical treatment of atrial fibrillation
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Introduction

Two-dimensional speckle tracking echocardiography
(2D-STE) is an emerging technology for the evaluation
of left atrial (LA) function. This technique is feasible,
overcomes the limitations of tissue Doppler imaging and
has been demonstrated to accurately assess atrial function
during the different phases of the cardiac cycle (1).

Atrial structural and electrical remodeling are the
hallmarks of atrial fibrillation (AF), and left atrial reverse
remodeling (LARR) with recovery of atrial function are
considered important targets of any AF treatment. While
reverse remodeling has been demonstrated to occur after
catheter ablation irrespective of the paroxysmal or persistent
nature of AF (2), little is known about LVRR and atrial
function in response to successful surgical AF ablation.

Therefore, we evaluated LA function and reverse
remodeling after restoration of sinus rhythm following
minimally invasive atrial fibrillation surgery (MIAFS).

Methods

Thirty-three patients with paroxysmal AF undergoing
radiofrequency MIAFS at our Institution (Department of
Cardiothoracic Surgery, University Hospital Maastricht,
Maastricht, The Netherlands) from 2007 to 2011 were
the subject of the present study. Twenty age- and gender-
matched healthy adults were controls. Details of definitions,
inclusion criteria and operative technique have been
described in our previous work (3).

All patients were followed-up according to the Heart
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Rhythm Society/European Heart Rhythm Association/
European Cardiac Arrhythmia Society (HRS/EHRA/ECA)
expert consensus statement on catheter and surgical ablation
of AF. Seven-day Holter Monitoring (HM) was performed
at 3 months, 6 months and 1 year and yearly thereafter. All
patients reached 1-year follow up. Patient characteristics are
listed in Table 1.

Echocardiography

Echocardiography was performed preoperatively and at
12-month follow-up by two experienced echocardiographers
(F.L. and C.M.R.) using a commercially available system
(Philips iE33; Philips Medical Systems, Eindhoven, The
Netherlands). All parameters were analyzed off-line using
Xcelera software (Philips Medical Systems). In the apical
4-chamber view, the LA maximum volume (LA,;,x) and LA
minimum volume (LA,;y) were measured, the former at the
end of left ventricular (LV) systole just before the opening
of the mitral valve and the latter at the end of LV diastole
just after the closure of the mitral valve. The LA emptying
fraction was calculated as follows: [(LAyax — LAyin)/
LA.x] x100. The LA maximum volume was also measured
using the biplane area-length method and indexed to the
body surface area (LA volume index, LAVI). The LARR
was defined as a reduction in the LAVI >15%.
Longitudinal LA strain was computed using speckle-
tracking echocardiography (2-dimensional cardiac
performance analysis; TomTec Imaging Systems, Munich,
Germany). The data from a total of 12 LA segments
(annular, mid and superior segments along the septal,
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Table 1 Patients characteristics (n=33) Table 2 Inraobserver and interobserver variability
mean+SD or n(%) Intraobserver Interobserver
Preoperative characteristics r B r B
Age (yrs) 64.616.9 e (%) 0.90 <0.001 0.77 0.002
M/E 28/5 (84.8/15.2) SR, (s7) 0.89 <0.001 0.80 0.001
BMI 97.043.3 SRe (s7) 0.92 <0.001 0.70 0.01
-1
o 18 (54.5) SR, (s7) 0.88 <0.001 0.75 0.006
DiEBeies 0(0) en, peak systolic strain; SRy, peak systolic strain rate; SR,
Prevalence of AF* 20.8 [16.5-23.6] f:(aek early diastolic strain rate; SR,, peak late diastolic strain
EHRA score 3[3-4] '
Duration of preoperative AF (yrs) 6.3+2.1
Pre?nous catr-weter ablation 25(75.7) reservoir phase). The peak systolic strain rate (SRp) was
SIEEATIE Shugs measured during LV ejection (LA reservoir phase). The
Amiodarone 2 (6.0) peak early diastolic strain rate (SRy) was measured during
Flecainide 20 (60.6) LV early diastole (LA conduit phase) and peak late diastolic
Propafenone 7(21.2) strain rate (SR,) was measured during LV diastole occurring
Ibutilide 1(3.0) after the P wave (active contraction phase).
Electrical cardioversion 17 (51.5)
Sodium warfarin 33 (100) Statistical methods

LVEF 60.1+7.1
Surgical procedures and lesion set

Left atrium
Right PVs isolation 33 (100)
Left PVs isolation 33 (100)
Inferior line 33 (100)
Roof line 33 (100)
Excision of LA appendage 8 (24.2)
Closure of LA appendage with aclip 8 (24.2)
Right atrium
Superior vena cava to 8 (24.2)
inferior vena cava lesion
Superior vena cava 3(9.0)
circumferential isolation
Inferior vena cava 2 (6.0)
circumferential isolation
Ablation of autonomic ganglia 33 (100)

M/F, male/female; BMI, body mass index; AF, atrial fibrillation;
EHRA, European Heart Rhythm Association; LVEF, left
ventricular ejection fraction; PVs, pulmonary veins; LA, left
atrium. *, reported with 68% CI.

lateral, anterior and inferior LA walls using apical 4-chamber
and 2-chamber images) were averaged to determine the
global LA peak systolic strain (gp) during LV ejection (LA
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Statistical analysis was performed using SPSS release 12.0
(SPSS, Chicago, IL, USA). Parametric values were expressed
as the mean + standard deviation, nonparametric values as
the median and interquartile range (IQR), and categorical
variables as percentages. Normally distributed variables were
compared using a paired 7-test and the Fisher and Mc Nemar
tests were used to compare unpaired and paired categorical
data, respectively. Interobserver and intraobserver variability
were examined using Pearson bivariate correlation, the result
of which was satisfactory (Tuble 2).

Results

At baseline (Figure I) there was an increase in LA,y
(P<0.001 vs. controls), LAy (P<0.001 vs. controls) and
biplane LAVI (P=0.02 vs. controls). All these volumes were
significantly reduced at 12-month postoperative control
(LA P=0.03, LA P=0.03, LAVI P=0.04). According to
the cutoff value (>15% decrease in LAVI), LARR occurred
in 72.7% of patients (n=24) at 12-month echocardiographic
control. In addition, LAVI in non-responders decreased by
10% or more in 6 patients (18.2%), <10% in 2 (6.1%) and it
was relatively stable (1%) in 1 (3.0%). Compared with the
control group, the LA emptying fraction was significantly
lower at baseline (38%x14% vs. 65%=+13%, P<0.001). It
increased significantly at 12 months (49%=18%, P=0.02 vs.
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Figure 1 (A) Biplane left atrial volume index (LAVI) in controls and at baseline and 12-month follow-up in patients undergoing

radiofrequency minimally invasive atrial fibrillation ablation; (B) Left atrial reverse remodeling (LARR) following radiofrequency minimally

invasive atrial fibrillation ablation; (C) LA maximum volume (LAy;x) measured at the end of left ventricular systole just before the opening

of the mitral valve in controls, and at baseline and 12-month follow-up in patients undergoing radiofrequency minimally invasive atrial

fibrillation ablation; (D) LA minimum volume (LA,;y) measured at the end of LV diastole just after the closure of the mitral valve in controls,

and at baseline and 12-month follow-up in patients undergoing radiofrequency minimally invasive atrial fibrillation ablation. *P<0.005.

baseline).

Figure 2 shows strain measurements in patients and
controls. The global &, was reduced in patients with AF
compared with that in the controls (P<0.001). It increased
significantly at 12 months (P=0.01). Similarly (Figure 3), the
SR} (P<0.001) was lower in patients with AF but increased
at 12-month echocardiography (P=0.001). Finally, the
SRy (P<0.001) and SR, (P<0.001) were less negative at
baseline compared with controls. Both indexes improved
significantly at 12-month examination (both P=0.01).

Discussion

2D-STE is a no-Doppler, angle-independent technique
which allows the measurement of global as well as regional
atrial strain and strain rate (SR) (1).

The strain and SR curves evaluated by 2D-STE closely
follow changes in atrial function during the different phases
of the cardiac cycle (4). LA global function has three phases:
(I) reservoir phase, during which filling proceeds from
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the pulmonary veins, contemporaneous with ventricular
systole; during this phase (including LV isovolumic
contraction, ejection and isovolumic relaxation), LA strain
increases, achieving a peak at the end of LA filling from
the venous district just before MV opening; (II) conduit
phase, characterized by passive flow from pulmonary veins
down a pressure gradient initiated by LV relaxation; during
this phase LA strain decreases, showing a plateau during
diastasis; (III) active contractile phase (booster pump
function), during which the atrium contracts and expels
blood into the LV in late diastole.

To the best of our knowledge, this is the first study
exploring changes in LA structure and function after AF
minimally invasive surgery using 2D-STE.

In our experience, patients preoperatively showed
a significant impairment in LA compliance (reservoir
function) estimated by the global €, and SR;. Indeed, both
these indices increased significantly after surgery, suggesting
that such an improvement in atrial compliance might have
resulted from still reversible LA functional changes in these
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Figure 2 Left atrial strain and strain rate in controls and at baseline and 12-month follow-up in patients undergoing radiofrequency

minimally invasive atrial fibrillation ablation. (A) Global LA peak systolic strain (gp) measured during LV ejection (LA reservoir phase);

(B) Peak systolic strain rate (SRp) measured during LV ejection (LA reservoir phase); (C) Peak early diastolic strain rate (SRy) measured

during LV early diastole (LA conduit phase); (D) Peak late diastolic strain rate (SR,) measured during LV diastole after the P wave (active

contraction phase). *P<0.005.
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Figure 3 12-month postoperative left atrial (LA) strain rate with schematic ECG computed by two-dimensional speckle tracking

echocardiography (2D-STE) in a subject undergoing radiofrequency minimally invasive atrial fibrillation ablation. AVC, aortic valve closure.
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patients. The improvement in atrial compliance is also
demonstrated by a significant postoperative increase in the
LAgr However, although the exact mechanism remains
unclear, the impairment of atrial compliance has been
demonstrated to play an important role in reversing LA
enlargement and maintaining sinus rhythm during follow-
up (5).

Furthermore, the baseline LA conduit function (during
LV passive filling) was also significantly altered and
postoperatively, we observed a significant improvement in the
conduit phase as demonstrated by the enhanced SRy, values.

In addition, an important finding in our study was the
significant improvement in LA pump function, demonstrated
by an increase, at 12-month echocardiography, of SR, that
was severely affected preoperatively. Finally, the increment
in LA volume is one of the most important structural
pathologic changes in AF, and reverse remodeling of the left
atrium is considered an important target of AF treatment.
In our experience, using the cutoff value >15% decrease in
LAVI, LA reverse remodeling (LARR) occurred in 72.7%
of patients postoperatively. This represents an important
finding of our study, since the LA volume showed a strong
correlation with the extent of fibrosis and it was associated
with greater mortality in patients with AF (2) .

Apart from the small number of patients, the main
limitation of our study is the inclusion of only patients with
paroxysmal AF. As is well known, these patients present
with minor changes in LA tissue and muscle (substrate
modification) and, therefore, a lower extent of LA
remodeling. Unfortunately, to accurately study LA function
with 2D-STE, it is necessary to have echocardiograms
during sinus rhythm. Furthermore, in subjects with
persistent or long-standing persistent AF, it is very difficult
to have periods of sinus rhythm long enough to allow a
sufficient number of good quality images for 2D-STE
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analysis.

In conclusion, even with the afore mentioned limitations,
radiofrequency MIAFS resulted, in our experience, in
significant LA reverse remodeling and improvement of
LA function. Larger studies with a longer follow-up are
necessary to confirm our findings.
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