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Echocardiographic Biatrial
Remodelling and Diastolic Function
Assessment in Long-Term Follow-Up
after Typical Atrial Flutter Ablation
Abstract
Background: A reverse left atrial (LA) remodelling after atrial fibrillation (AF) ablation
has been reported and a relationship between diastolic function and AF is well known.
However, there is little information about atrial remodelling and diastolic function after
cavotricuspid isthmus (CTI) ablation. We aimed to evaluate long-term biatrial remodelling
and diastolic function in patients undergoing CTI ablation.
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Methods: A transthoracic echocardiography was performed at baseline and at longterm follow-up (6.3 ± 0.5 years) in a total of 39 patients who underwent AFl ablation. Right
atrial end diastolic areas (RAEDA) and end systolic areas (RAESA), right atrial contraction
fraction (RACF), mitral A wave velocity, E/A rate and LA diameter were measured. They
were compared using the Wilcoxon rank sum test.
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Results: Mean (SD) age was 64 (10) years, 82% male, 49% hypertension and 44%
prior AF episodes. Basal RAEDA and RAESA were higher than at follow-up: median (IQR)
of 24.6 cm² (19.8-28.2) vs. 20.0 cm² (16.0-25.0), p = 0.017 and 17.4 cm² (13.0-19.3) vs.
12.0 cm² (9.8-17.0), p = 0.001, respectively. RACF was higher at follow-up: 0.41 (0.350.45) vs. 0.31 (0.19-0.37), p = 0.001. Basal mitral A wave velocity was lower than at
follow-up: 0.51 (0.4-0.6) vs. 0.78 (0.7-0.9), p =0.001 and E/A rate was higher 1.9 (1.2-3.1)
vs. 0.9 (0.7-1.1), p = 0.001. LA diameter at baseline was 44.8 mm (39.3-50.7) vs. 46 mm
(41.5-51.5) at follow-up, p <0.001.
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Conclusion: AFl ablation led to reverse remodelling of the right atrium and improved
diastolic dysfunction parameters in the long-term follow-up.

Abbreviations
AAD: Antiarrhythmic Drugs; AF: Atrial Fibrillation; AFl: Atrial
Flutter; COPD: Chronic Obstructive Pulmonary Disease; CTI:
Cavotricuspid Isthmus; DTE: Deceleration Time of the E Wave;
IVRT: Isovolumetric Relaxation Time; LA: Left Atrium; LVEDD: Left
Ventricular End Diastolic Diameter; LVEF: Left Ventricular Ejection
Fraction; LVESD: Left Ventricular End Systolic Diameter; OAC:
Oral Anticoagulation; RA: Right Atrium; RAEDA: Right Atrium
End Diastolic Area; RAESA: Right Atrium End Systolic Area; RACF:
Right Atrium Contraction Fraction

Introduction
Atrial fibrillation (AF) is the most common arrhythmia seen
in clinical practice and it is well-known that there is a relationship
between AF and diastolic function [1]. It is also known that LA
function is recovered after cardioversion to sinus rhythm as well as
after AF ablation, and a reverse LA remodelling after AF ablation has
also been reported [2-5].
AF and atrial flutter (AFl) are inter-related [6]. It may be that the
relationship between diastolic function and AFl is as with AF, and

limited studies suggest that AFl ablation also favours LA function
recovery, as occurs after AF ablation [7]. However, there is no
information about right atrial (RA) and LA anatomical remodelling
in the long term follow-up after AFl ablation. Our objective was to
investigate echocardiographic biatrial remodelling and diastolic
function in the long-term follow-up after cavotricuspid isthmus
(CTI) ablation.

Methods
Study population
We included 39 patients who had undergone typical AFl
ablation between January 2003 and May 2005 in which a complete
echocardiographic study was performed at baseline (first 6 hours after
ablation procedure) and at follow-up (mean ± SD of 6.3 ± 0.5 years)
to assess echocardiographic remodelling.
All patients included were over 18 years, with at least one episode
of documented AFl in the previous 6 months, and demonstrated
a CTI-dependent AFl during electrophysiological study, or CTI
permeability with an electrocardiogram suggestive of typical AFl, in
cases where the procedure was performed in sinus rhythm.
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Ablation procedure
Oral anticoagulation was discontinued 2 days before the
electrophysiology study and treatment with low-molecular-weight
heparin was initiated if the international normalized ratio was <1.5.
A standard quadripolar catheter (Usci-Bard Inc.) was used to map
the His bundle region, a decapolar catheter (Usci-Bard Inc.) to map
the coronary sinus, and a duodecapolar Halo XP catheter (CordisWebster Inc.) to map the activation of the anterolateral wall of the
RA. Radiofrequency energy was applied for a period of 60 seconds
at each point. CTI dependency was confirmed by entrainment when
the rhythm at the beginning of the electrophysiology study was AFl
or when this was induced in the laboratory. If the patient was in
sinus rhythm, bidirectional CTI permeability was confirmed prior
to ablation. The aim of the procedure was to achieve bidirectional
CTI conduction block. Bidirectional block was defined through the
activation sequence of the electrograms in the RA, the bundle of
His, and the coronary sinus stimulating at a cycle length of 600 ms
from the coronary sinus and from the lower lateral wall of the RA.
The persistence of bidirectional block was confirmed 20 min after
completion of the procedure.
Echocardiographic study
Echocardiographic studies were performed using a Sequoia C 256
(Siemens®) and a Vivid 7 Dimension (General Electric®), during the
first six hours after the ablation procedure and at long-term followup. All studies were analyzed by two experienced cardiologists.
A complete study protocol was performed to evaluate all cardiac
chambers and to assess atrial remodeling.
Cardiac chamber dimensions were evaluated in parasternal and
apical views according to recommendations of the European and
American Society of Echocardiography [8,9].
LA anteroposterior diameter was assessed using M-mode in the
parasternal short axis (level of large vessels) and its area was assessed
using atrial planimetry in the apical four-chamber view during
ventricular systole (maximum LA area).
RA was studied in the apical four-chamber view, measuring the
end diastolic area (RAEDA) (maximum area that occurs at the end
of ventricular systole) and the end systolic area (RAESA) (minimum
area that occurs at ventricular diastole). RA contraction fraction
(RACF) was calculated with the formula: RAEDA - RAESA / RAEDA.
The mitral A wave velocity (m/s), the mitral E wave velocity
(m/s), and the E/A ratio were obtained with pulsed Doppler, to
assess the LA contribution to the left ventricular filling [10], and to
study the left ventricular diastolic function the mitral filling pattern
was also used. A normal mitral filling pattern was defined as when
E/A ratio was around 1.2, a deceleration time of the E wave (DTE)
was between 160 and 200 ms and an isovolumetric relaxation time
(IVRT) between 70-100 ms. A mitral filling pattern type I or type
I diastolic dysfunction was defined as when the E/A <0.8, DTE >
200 ms and IVRT > 100 ms. Mitral filling pattern type II or type II
diastolic dysfunction (pseudonormal pattern) was defined when E/A
was 1-1.5 (with Valsalva maneuvers <1), DTE 160-200 ms and IVRT
< 90 ms. Mitral filling pattern type III or type III diastolic dysfunction

012

(restrictive pattern) was defined if the E/A ratio was >1.5, mostly was
> 2, DTE <160 ms and IVRT <60 ms. Tissue Doppler was used on
the posterolateral mitral annulus to distinguish filling pattern type II
(E ‘/ A’ <1, E ‘<8.5 cm/s) from normal filling pattern. The pattern in
which there was only mitral E wave, due to AF, was defined as lone
mitral E wave.
Statistical analysis
Quantitative variables were expressed as mean and standard
deviation (SD) or median and interquartile range (IQR) according to
normality assumption or not. Qualitative variables were expressed as
frequencies and percentages.
The Wilcoxon rank sum test was used to compare the values of
echocardiographic parameters at baseline and at follow-up.
All analyses were performed using SPSS Statistics 17.0 (SPSS Inc.,
Chicago, IL, USA).
Ethical considerations
All patients were informed and gave their informed consent. Our
community ethical committee approved the development of this
study.

Results
Baseline characteristics
Baseline characteristics are summarized in table 1. Mean age was
64 ± 10 years. History of AF was present in 17 (44%) patients, 46% of
patients were on antiarrhythmic drugs (AAD) and 22 (56%) on oral
anticoagulation (OAC). A pacemaker has previously been implanted
in 1 (3%) patient, 19 (49%) patients suffered from hypertension, 15%
from chronic obstructive pulmonary disease (COPD) and 7 (18%)
patients had valvular heart disease (5 moderate mitral regurgitation,
1 moderate tricuspid regurgitation and 1 moderate aortic stenosis).
A component of tachymyocardiopathy was documented in 8 (21%)
patients.
Follow-up characteristics
During follow-up, 18 (46%) patients developed AF and in 12
of them AF was chronic. AFl recurrence was documented in 6
(15.4%) patients and all of them underwent a new successful ablation
procedure. Mean (SD) time from ablation procedure to recurrence
was 2.2 (1.8) years and mean (SD) time from first ablation procedure
to redo was 2.7 (1.8) years. At the end of follow up 25 (64%) patients
were in sinus rhythm, 12 (31%) in AF and 2 (5%) had pacemaker
stimulation due to high-grade AV block.
A total of 7 patients had baseline valvular heart disease and 3
of them developed a high grade of valvular disease: severe mitral
regurgitation (one), severe tricuspid regurgitation (one), and one
severe aortic stenosis that underwent valvular replacement; while
4 patients with moderate mitral regurgitation developed mild
regurgitation (functional mitral regurgitation due to reversible
dilated cardiomiopathy).
Echocardiographic study
Table 2 summarizes echocardiographic parameters at baseline
and at follow-up.
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Table 1: Baseline characteristics.
Age, mean (SD)

63,8 (9,5)

Men, n (%)

37 (82,1)

Smokers, n (%)

16 (41,0)

Alcohol, n (%)

5 (12,8)

Obesity, n (%)

9 (23,1)

Hypertension, n (%)

19 (48,7)

Diabetes Mellitus, n (%)

7 (17,9)

Hyperlipidemia, n (%)

18 (46,2)

Renal failure, n (%)

3 (7,7)

Ischemic heart disease, n (%)

6 (15,4)

Myocardial infarction, n (%)

3 (7,7)

CABG, n (%)

2 (5,1)

Heart failure, n (%)

4 (10,3)

Dilated cardiomiopathy, n (%)

7 (17,9)

Tachycardiomiopathy, n (%)

8 (20,5)

Valvular heart disease, n (%)
AFl type, n (%)
Paroxysmal
Persistent

7 (17,9)

Pacemaker, n (%)

1 (2,6)

23 (59)
16 (41)

Echocardiographic atrial remodelling and diastolic
function: differences between baseline and follow-up
There were differences between mitral A wave velocities and
between E/A rates, with a significant increase in the mitral A wave
velocity at follow-up with regard to baseline (Table 2). Significant
differences were also found between RAEDA and RAESA, with lower
dimensions at follow-up (Figure 2A), and there were also significant
differences in the RACF with higher values at follow-up. No
significant differences were detected in LA area, while LA diameter
was significant larger at follow-up than baseline (Figure 2B).
LA area and diastolic function in patients with AF during
follow-up
Patients who developed AF trended to have a large LA than
patients without AF, at baseline: 24 (20-25) cm² vs. 21 (20-26) cm²,
respectively, p= 0.403 and at follow-up: 26 (21-32) cm² vs. 22 (20-27)
cm², respectively, p= 0.406.
Regarding to diastolic function, 15 of 18 patients (83%) who
developed AF had baseline diastolic dysfunction and the most
common type was type 3: 8 (44%) type 3, 4 (22%) type 2 and 3 (17%)
type 1 (p= NS). Baseline diastolic dysfunction was also common in
patients without AF during follow-up (79%), without differences
between types of dysfunction.

AF, n (%)

17 (43,6)

Discussion

COPD, n (%)

6 (15,4)

Asthma, n (%)

3 (7,7)

Steinert, n (%)

2 (5,1)

Arthrosis, n (%)

13 (33,3)

Oral anticoagulation, n (%)

22 (56,4)

The main finding of our study was a RA reverse remodelling
after typical AFl ablation. We observed a significant reduction in
RAEDA and RAESA with an increase in the RACF. To the best of
our knowledge, this is the first study that evaluates echocardiographic
RA remodelling in a long-term follow-up (more over five years) in
patients who underwent typical AFl ablation.

Antiarrhytmic drugs, n (%)

18 (46,2)

Betablockers, n (%)

8 (20,5)

Table 2: Differences between baseline and follow-up echocardiography study.

Verapamil/diltiazem, n (%)

8 (20,5)

Parameter

Digoxin, n (%)

5 (12,8)

Baseline, n= 39

Follow-up, n= 39

median (P25-P75)

median (P25-P75)

RAEDA (cm²)

24.6 (19.8-28.2)

20.0 (16.0-25.0)

0.017

RAESA (cm²)

17.4 (13.0-19.3)

12.0 (9.8-17.0)

0.001

RACF

0.31 (0.20-0.37)

0.41 (0.35-0.45)

0.001

LA area (cm²)

22.7 (20.7-25.3)

25.5 (20.0-29.0)

0.137

Baseline study

LA diameter (mm)

44.8 (39.3-50.4)

46.0 (41.5-51.5)

<0.001

Median left ventricular ejection fraction (LVEF) was 58%. In 82%
of patients, diastolic dysfunction was observed and the most common
diastolic dysfunction pattern was the type 3 (restrictive mitral filling
pattern) (Figure 1). Median RACF was 0.30 and median RAEDA and
RAESA were 23 cm² and 17 cm², respectively. LA median diameter
was 44.8 mm and median area was 22.4 cm². Median mitral A wave
velocity was 0.5 m/s and mitral E wave velocity 0.9 m/s.

E wave velocity E (m/s)

0.82 (0.7-1.0)

0.76 (0.7-0.9)

0.292

A wave velocity (m/s)

0.51 (0.4-0.6)

0.78 (0.7-0.9)

0.001

E/A rate

1.9 (1.2-3.1)

0.9 (0.7-1.1)

0.001

DTE (ms)

166 (150-194)

163 (140-191)

0.701

IVRT (ms)

90 (75-105)

102 (89-119)

0.077

LVEF (%)

58.8 (42.8-67.3)

62.5 (56.5-68.0)

0.016

LVEDD (mm)

53.7 (50.9-58.1)

53.0 (49.8-53.0)

0.206

LEESD (mm)

35.4 (32.9-43.1)

34.0 (31.3-37.0)

0.029

IVS (mm)

10.7 (9.6-12.2)

10.0 (9.0-11.0)

0.137

PW (mm)

10.0 (11.6-9.6)

9.0 (8.0-10.0)

0.130

CABG: Coronary Arteries Bypass Graft; AFl: Atrial Flutter; AF: Atrial Fibrillation;
COPD: Chronic Pulmonary Obstructive Disease

Follow-up study
Median LVEF was 62%. The most common mitral filling pattern
was the type I (Figure 1). Median RACF was 0.40 and median RAEDA
and RAESA were 21 cm² and 13 cm², respectively. LA median
diameter was 46 mm and median area was 25 cm². Median mitral A
wave velocity was 0.76 m/s and mitral E wave velocity 0.78 m/s.
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p

RAEDA: Right Atrium End Diastolic Area; RAESA: Right Atrium End Systolic
Área; RACF: Right Atrium Contraction Fraction; LA: Left Atrium; DTE:
Deceleration Time of E Wave; IVRT: Isovolumetric Time Relaxation Time;
LVEF: Left Ventricular Eyection Fraction: LVEDD: Left Ventricular End Diastolic
Diameter; LVESD: Left Ventricular End Systolic Diameter; IVS: Interventricular
Septum; PW: Posterior Wall
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Figure 1: Baseline and follow-up mitral filling pattern.

Figure 2: A: Differences between baseline and follow-up right atrial end-diastolic and end-systolic areas (cm²). B: Differences between right atrium contraction
fraction at baseline and at follow-up. RAEDA: Right Atrium End-Diastolic Area. RAESA: Right Atrium End-Systolic Area. RACF: Right Atrium Contraction Fraction.

Several studies described structural reverse remodelling of the LA
after pulmonary vein isolation as treatment of AF [3,4,11-15]. Muller
et al. [16] documented a reverse remodelling in both atria after AF
ablation.
In our study, we observed a reverse remodelling of the RA
after typical AFl ablation, similar to the LA remodelling that has
been previously described in patients who underwent pulmonary
vein isolation. After typical AFl ablation the RA becomes smaller
and improves its contractility suggesting a component of atrial
tachymyocardiopathy after cardioversion of atrial tachyarrhythmia
[17]. It is possible that these structural and functional changes after
arrhythmia ablation and sinus rhythm restoration occur due to a
component of tachymyocardiopathy, as occur in the left ventricle.
It is well-established that a component of tachymyocardiopathy
is reversible after an effective treatment [18-20], and we also
observed this finding in our study, with a reduction of LVEDD
and LVESD, and an increase in LVEF. The exact mechanisms that
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lead to the reversibility of myocardial dysfunction in patients with
tachyarrhythmia are unknown. In experimental models [21,22] the
dilated cardiomyopathy is induced with chronic high-frequency
stimulation, and after cessation of the tachycardia, restoration of LVEF
in the first weeks is observed, whereas diastolic volumes remain high
for a period of up to three months or more and contractile dysfunction
of myocytes may remain. These findings suggest the hypothesis of
possible energy substrate repletion in myocytes as a mechanism of
ventricular dysfunction. The cardiomyopathy induced by tachycardia
is reversible in most cases. However, in patients with more left
ventricular dilation and dysfunction and worse functional class,
tachymyocardiopathy component may be irreversible. This could be
explained by an alteration in the appearance of the architecture of
myocardial fibrosis resulting in irreversible myocardial damage. It
is probable that the same hypothesis of energy substrate repletion
could be applied in the atrial myocardium, which would justify the
reduction of RA dimensions and contractility recovery.
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Moreover, the performance of one or more ablation lines at
CTI may favour the development of a myocardial scar, which could
facilitate RA retraction and hence reduction in its dimension.
Other studies [23,24] have demonstrated that patients with
AFl shows advanced electrical RA remodelling and abnormal atrial
substrate with reduction in regional voltage, an increase in lowvoltage areas, slowed conduction and an increase in complex signals.
It may be that in a long-term follow-up this electrical remodelling can
manifest as structural reverse remodelling after ablation.
Another important finding was the slight enlargement of LA and
the change in mitral pattern filling showing that diastolic function
progressed from severe dysfunction at baseline to mild dysfunction
in the long-term follow-up.
We observed LA dilation with respect to baseline and a significant
increase in mitral A wave velocity. Possibly, the presence of left
ventricular diastolic dysfunction can justify these findings, because
of the relation between left ventricular diastolic pressure and LA
pressure. At follow-up, may-be as a consequence of hypertension,
more than half the patients had diastolic dysfunction, and the most
common pattern was type I. Diastolic dysfunction causes an increase
of left ventricle diastolic filling pressure, which leads to an increase
in LA pressure that produces structural changes, atrial dilation and,
initially, an increase of LA contractility to maintain left ventricular
filling and cardiac output. Furthermore, diastolic dysfunction is
related to the occurrence of AF [25]. We found 46% of patients had
at least one episode of AF during follow-up, and in 31% AF become
chronic. In our group of patients who developed AF, diastolic
dysfunction was common (83%), and the most common pattern of
dysfunction was type 3 (44%). In addition, these patients had larger
LA than those without AF, at baseline and at follow-up. When LA
enlargement occurs pulmonary veins also suffer distension and both
changes favour the development of fibrosis and structural remodelling.
This creates an ideal substrate that contributes to alter conduction
properties, and makes the atrial myocardium more vulnerable to
develop AF. On the other hand, it has also been documented that
atrial enlargement may result from AF itself [26].

Limitations
This is a single centre study which included a small number of
patients. More studies are necessary to assess RA remodelling after
typical AFl ablation.
Structural
remodelling
was
evaluated
using
2D
echocardiography. The availability of new imaging techniques,
such as 3D echocardiography and cardiac magnetic resonance
allow more accurate remodelling assessment and may be their
measurements are less dependent of the operator. In addition,
the echocardiography operators knew the purpose of this study.
Diastolic function was evaluated using the mitral A wave velocity,
the E wave velocity, the E/A ratio, the deceleration time of the E
wave (DTE) and the isovolumetric relaxation time (IVRT) that are
well established parameters to assess diastolic function and the E’
was only used to distinguish filling pattern type II (E ‘/ A’ <1, E ‘<8.5
cm/s) from normal filling pattern. The measurement of changes of
E/E’ is useful for diastolic function classification, and there are other
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parameters useful to assess diastolic function as the proBNP that were
not included in this study.

Conclusion
AFl ablation favours a reverse remodelling of the right atrium and
improves diastolic dysfunction parameters in the long-term followup.
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