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Abstract

BACKGROUND: Former studies showed possible interrelationship between altered ventricular
filling patterns and atrial fibrillation (AF).

HYPOTHESIS: Long term persistent AF has a negative impact on left ventricular filling in patients
with preserved ejection fraction of left ventricle.

METHODS: Our study was designed as a prospective case control study. We included 40 patients
with persistent AF and preserved ejection fraction after successful electrical cardioversion and 43
control patients. Persistent AF was defined as AF lasting more than 4 weeks. Cardiac ultrasound
was performed in all patients 24 hours after the procedure. Appropriate mitral flow and tissue
Doppler velocities as well as standard echocardiographic measurements were obtained.

RESULTS: There were no significant differences between both groups’ parameters regarding age,
sex, commorbidities or drug therapy. Analysis of mitral flow velocities showed significant increase
of E value in AF group (0.96+0.27 vs.0.70£0.14; p = 0.001). Tissue Doppler measurements didn’t
reveal any differences in early diastolic movement, however there was a statistically significant
difference in E/Em values of both groups, respectively (12.0+4.0 vs. 9.0£2.1; p= 0.001).

CONCLUSION: Our study shows that in patients with preserved systolic function and persistent
AF shortly after cardioversion diastolic ventricular filling patterns are altered mainly due to in-
creased left atrial pressure and not due to impaired diastolic relaxation of left ventricle. Further
studies are needed in order to define the interplay between diminished atrial function and impaired
ventricular filling.

Key words: atrial fibrillation, ventricular filling, diastolic relaxation, echocardiography, electrical
cardioversion.

Introduction

Atrial fibrillation (AF) is the most common
rhythm disorder (1,2). It is a risk factor for increased
morbidity and mortality, however data showing in-
terrelationship between AF and heart failure are still
conflicting (3-6). Changes in left ventricular filling
pattern are connected to left atrial remodeling, which
plays an important role in development as well as in
perpetuation of AF (7). It was proven in previous
studies, that presence of impaired left ventricular
filling increases the risk of recurrent AF after suc-
cessful electrical cardioversion (EC) as well as after

successful ablation of AF (8,9). On the other hand it
was recently shown that rapid atrial rhythm induces
changes in endothelial parameters which could to
some extent impair ventricular contractility and re-
laxation (10). However, data showing the possible
adittional role of diminished atrial function on ven-
tricular diastolic function are still scarce. In this study
we tried to evaluate left ventricular filling patterns
shortly after cardioversion in patients with persistent
AF and preserved systolic function and establish pos-
sible connection between AF and impaired diastolic
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filling.
Methods

Our study was designed as a prospective case
control study. We included 40 patients with persistent
AF after successful EC and 43 control patients with
long lasting sinus rhythm. We decided to include pa-
tients after successful EC primarily to avoid difficul-
ties and possible bias that occurs when trying to
measure echocardiographic parameters in presence of
arrhythmia. Persistent AF was defined as AF lasting
more than 4 weeks. Exclusion criteria were significant
valvular disease, known symptoms of heart failure,
implanted valve or device, diagnosed cardiomyopa-
thy, ejection fraction < 50%, uncontrolled arterial hy-
pertension (systolic > 180 mmHg and diastolic > 100
mmHg), left bundle brunch block and age > 80 years.
For patients in control group additional exclusion
criteria was positive history of AF. All patients
scheduled for EC were treated with oral anticoagulant
therapy with international normalized ratio between 2
and 3 for at least 4 weeks. Informed consent was ob-
tained in all patients. Study was conducted according
to declaration of Helsinki.

EC was performed under sedation with propofol
or lorazepam, respectively. Electrodes were placed in
standard right parasternal and apical positions or left
parasternal and left paravertebral position when
needed. Energies up to 360 ] were used in order to
perform successful cardioversion. After procedure
ECG was recorded. Patients were afterwards moni-
tored for 24 hours.

Before discharge and at least 24 hours after EC
transthoracic echocardiography was performed in all
patients. Examination was performed with Philips IE
33. Dedicated cardiac probe was positioned in stand-
ard parasternal and apical position and appropriate
long and short axis parasternal as well as 4 and 2
chamber apical views were obtained. Mitral flow ve-
locity was measured with a pulse wave doppler and
sample volume positioned at the tip of mitral leaflets.
Peak early (E) transmitral flow velocities were then
obtained.

Tissue doppler measurements were recorded
from apical 4 chamber view. Pulsed wave Doppler
was measured with 5 mm sample volume positioned
at junction of mitral annulus and adjacent septal my-
ocardium. Myocardial early (Em) diastolic velocities
were measured and appropriate ratios (E/Em) were
immediately calculated. Due to absent or only mod-
erate atrial contractile function late myocardial tissue
velocities (Am) were not measured. Median of 5 con-
secutive complexes was calculated for all obtained
measurements.

Patients were divided in AF group and control

group. Continuous data are presented as meantSD
and categorical as percentages. Differences between
both groups’ parameters were calculated using Stu-
dent’s t-test or chi-square test. One way ANOVA test
was also used to asses differences between continuous
parameters, where appropriate. A p value <0.05 was
considered as statistically significant. Statistical anal-
ysis was performed using the IBM SPSS statistical
package.

Results

After inclusion criteria were met, 40 patients
with persistent AF after successful EC and 43 controls
were included. Data regarding both groups are de-
picted in Table 1. There were no major differences
between both groups in terms of sex, age, or drug
therapy. AF patients have got slightly more diabetes,
however there was no difference regarding the pres-
ence of arterial hypertension in both groups. When
comparing echocardiographic measurements between
both groups we found statistically significant en-
largement of left atrium (LA) in AF group (Figure 1).
Analysis of mitral flow velocities showed significant
increase of E value as well as decrease of A value in
AF group. Tissue Doppler measurements didn’t re-
veal any significant differences, however there was a
statistically highly significant difference between
E/Em values of both groups. Results are presented in
Table 2.

Table I. Main patients’ characteristics.

Patients with  Control group P

AF (n=40) (n=43) value

Sex (male) 27 (67.5%) 20 (46.5%) 0.08
Age (years) 64.6£8.8 63.6+12.9 0.60
Arterial hypertension 25 (62.5%) 32 (74.4%) 0.34
Diabetes Mellitus 6 (15.0%) 1(2.3%) 0.05
Medications

ACE inhibitors or ARBs 27 (67.5%) 25 (58.1%) 0.5
Beta blockers 18 (45.0%) 12 (40.0%) 0.12

Table 2. Echocardiographic measurements of both patients'
groups.

Patients with  Control group P

AF (n=40) (n=43) value
Left atrium (mm) 44.3+6.5 37.6%6.3 <0.001
Intraventricular septum 10.5£1.1 10.7+1.0 0.30
(mm)
Left ventricular diastolic =~ 48.6+6.3 46.2+5.2 0.07
diameter (mm)
E value (m/sec) 0.96+0.27 0.70+0.14 <0.001
A value (m/sec) 0.43+0.23 0.81+0.18 <0.001
Em (m/sec) 0.084+0.022 0.081+0.025 0.48
E/Em 12.044.0 9+2.1 <0.001
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Fig |. The relationship between atrial fibrillation and LA diameter ob-
tained from left parasternal long axis view; box plots represent median
levels with 25" and 75% percentiles and whiskers the 5% and 95% percen-
tiles of LA diameters (ANOVA test; P<0.05) .

Discussion

Our results show that there is a clear relationship
between AF and changed ventricular filling patterns
in patients with recent long-lasting arrhythmia. When
compared to control group, it was shown that E value
as well as E/Em ratio were markedly increased in
patients with AF. On the other hand, A value was
significantly reduced, showing diminished or absent
atrial function early after cardioversion. We also
found statistically significant enlargement of left
atrium (LA) in AF group clearly confirming the
presence of long AF duration. Interestingly, major
changes occurred in early mitral flow velocity values
(E). E value represents velocity of blood stream into
the ventricle and is largely dependent upon relaxation
of left ventricle as well as atrial pressure. The slower
the relaxation of LV or the higher the atrial pressure
the higher the peak E velocity (11). Diminished atrial
function and consequent elevation of atrial pressure
probably altered ventricular filling pattern in our AF
patients, however changes in LV relaxation due to
tachyarrhythmia could also inflict the E velocity.

The role of Em and E/Em ratio in patients with
AF has been validated and described in detail in lit-
erature (12, 13). Em proves to be excellent marker of
lef ventricular relaxation (diastolic function), while
E/Em ratio reflects left ventricular filling pressure
(atrial pressure). We were able to prove that in our
patients with AF left atrial pressure is elevated com-
pared to controls; however, we were not able to es-
tablish to which extent changes in E/Em ratio were
due to diminished ventricular relaxation and to which
extent due to loss of atrial contractility. Moreover, we
didn't find any changes in mitral annular movement,

which would further imply alterations of diastolic
relaxation in patients with AF.

Only few previous studies have tried to assess
connection between AF and ventricular diastolic fill-
ing patterns. Melek et al (14) investigated effects of
ECV on conventional Doppler and TDI parameters in
patients with persistent AF. Echocardiographic
measurements were obtained before, 24 hours and
one month after successful ECV. They didn’t find any
significant changes that would imply improvement of
diastolic function parameters after restoration of sinus
rhythm except the restoration of atrial contraction;
however the observation period was relatively short.
On the other hand, in a study conducted by Caputo
and colleagues the E/Em ratio was the only signifi-
cant predictor of recurrent AF in following year after
ECV (9). Ejima et al. tried to evaluate the impact of DD
on AF recurrence after successful catheter pulmonary
vein isolation (8). They also discovered that impaired
diastolic filling was the only independent predictor of
AF recurrence after single AF ablation.

All of the above-mentioned studies suggest that
patients with more pronounced ventricular filling
impairment are in greater risk for AF recurrence.
What remains unresolved is whether AF per se can
worsen diastolic function of left ventricle. Known
patophysiological mechanisms explaining the wors-
ening effect of AF on ventricular function include loss
of atrial contractions, irregular ventricular filling, ir-
regular and/or high ventricular rate, however most of
these usually take place in acute onset of atrial tach-
yarrhythmia. On the other hand data showing or ex-
plaining possible negative effect of long term persis-
tent AF on ventricular function is still scarce. Recently
Goette et al. showed on mixed human/animal model
that persistent AF as well as rapid atrial pacing
downregulate endothelial nitric oxide synthase
(eNOS) and elevate levels of inhibitor asymmetric
dimethylarginine (ADMA), which are known risk
factors for oxidative stress, vascular dysfunction, and
congestive heart failure (10). In another study per-
formed by Goette et al. levels of serume aldosterone
were measured in patients with chronic persistent AF
before and after successful EC. Restoration of sinus
rhythm resulted in significant reduction of aldoste-
rone levels, irrespective of other possible confounders
(15). Regarding the clinical data only few studies have
been conducted for this purpose. Reant et al. meas-
ured parameters of systolic and diastolic function in
patients after successful ablation in patients with lone
AF (16). They proved the presence of impaired dias-
tolic filling in patients with AF compared with
healthy controls. Moreover they were also able to
confirm the improvement after 12 months since the
procedure. They suggested that AF could at least in
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part be the cause rather than consequence of impaired
diastolic function. The similar study conducted by the
same group showed also the improvement of left
ventricular systolic function parameters in patients
with paroxysmal AF after successful ablation (17).
They demonstrated the existence of early left ventric-
ular abnormalities before the procedure and regres-
sion of these abnormalities afterwards. Tops et al.
tried to assess the long term effects of catheter abla-
tion for AF on LV strain and strain rate in patients
with preserved systolic function. Patients were di-
vided in two groups according to maintenance of si-
nus rhythm during follow up. They observed signifi-
cant improvement of LV strain and strain rate in pa-
tients with preserved sinus rhythm and deterioration
of observed parameters in patients with recurrent AF
(18).

Moreover, in regard to obtained measures in our
patients one could speculate that it is AF per se and
consequently loss of atrial contractility that leads to
elevated left atrial pressure and induces structural
changes such as left atrial enlargement and fibrosis. In
a recent study performed by Linhart et al. it was
shown that left atrial pressure directly measured after
transseptal puncture prior to AF ablation correlates
with AF recurrence rate in same group of patients
(19). Unfortunately we weren't able to perform addi-
tional measurements that would give us further in-
sight in arrhythmia induced left atrial tissue de-
rangement.

Our study has several limitations. The studied
group was small; however, there was a highly signif-
icant statistical difference between both groups re-
garding E and A value, as well as E/Em ratio. Un-
fortunately we weren’t able to repeat measurements
after certain time period, which would give us addi-
tional insight into possible connection between AF,
cardioversion and diastolic filling patterns. All pa-
tients in AF group had recent EC, which could to cer-
tain level interfere with relaxation of the ventricle.
Nevertheless, all measurements were done at least 24
hours after the EC, consequently reducing the bias of
possible temporary cardiac stunning. It was also
shown in previous studies that values of diastolic
function don’t change significantly after EC when
compared to values obtained before the procedure
(13). Our patients also had concomitant diseases,
which could to some extent influence left ventricular
relaxation. However, the presence of arterial hyper-
tension and adjoining drug therapy, which were
mainly present in both groups, didn’t differ signifi-
cantly in comparative analysis. One could also argue
that established atrial function after EC could interfere
with obtained measurements. However, since all pa-
tients in the AF group had persistent AF, atrial func-

tion early after EC (as reflected in A value), was sig-
nificantly reduced in comparison to control group,
therefore minimizing the possible effect on changes in
early ventricular diastolic relaxation.

Conclusions

In conclusion, our study shows that in patients
with preserved systolic function presence of persis-
tent AF negatively affects left ventricular filling pat-
terns. Further studies are needed in order to define
the interplay between diminished atrial function and
impaired ventricular filling.
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