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ABSTRACT

Introduction: Electrical cardioversion is an effective therapeutic procedure to restore
sinus rhythm in atrial fibrillation, and its success has been related to different va-
riables.

Obijective: To relate clinical, electrical and echocardiographic variables to the success
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of electrical cardioversion for atrial fibrillation and to the amount of energy used to
restore sinus rhythm.

Method: A prospective longitudinal study was conducted in 82 patients with atrial fi-
brillation who were treated with elective electrical cardioversion.

Results: Electrical cardioversion was successful in 81.7% of patients. Heart failure
(p=0.000), mitral valve disease (p=0.001), previous arrhythmic events (p=0.005),
increased time to progression (p=0.019), increased left ventricular telediastolic dia-
meter (p=0.000), and increased diameter, area and pressure of the left atrium
(p=0.000, p=0.008, p=0.000, respectively), were associated with a decrease in the
success of the shock. Left ventricular ejection fraction was the only independent pre-
dictor of success (OR 2.1; 95% Cl, p=0.048). The use of a higher amount of energy was
related to previous arrhythmic events (p=0.000), decreased left ventricular ejection
fraction (p=0.000), older age (p=0.037), increased time to progression (p=0.02), in-
creased left ventricular diameter (p=0.000), increased diameter, area and pressure of
the left atrium (p=0.000, p=0.000 and p=0.000, respectively) and increased area of
the right atrium (p=0.016).

Conclusions: The left ventricular ejection fraction is an independent predictor of the
success of electrical cardioversion for atrial fibrillation. The presence of biatrial remo-
deling, left ventricular dysfunction, previous arrhythmic events and a long progression
require higher amounts of energy to restore sinus rhythm.

Key words: Atrial fibrillation, Electrical cardioversion, Left ventricular dysfunction

Factores predictores de éxito de la cardioversion eléctrica en la
fibrilacion auricular

RESUMEN

Introduccion: La cardioversidn eléctrica es una terapeutica efectiva para restaurar el
ritmo sinusal en la fibrilacidn auricular y su éxito se ha relacionado con diferentes va-
riables.
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Objetivo: Relacionar variables clinicas, eléctricas y ecocardiograficas con el éxito de la
cardioversion eléctrica en la fibrilacidn auricular y con la energia Gtil empleada para
restaurar el ritmo sinusal.

Método: Se realizé un estudio longitudinal y prospectivo en 82 pacientes con fibrila-
cién auricular tratados con cardioversion eléctrica electiva.

Resultados: La cardioversion eléctrica fue exitosa en el 81,7 % de los pacientes. La
insuficiencia cardiaca (p=0.000), la valvulopatia mitral (p=0.001), los episodios arritmi-
cos previos (p=0.005), el incremento del tiempo de evolucidon (p=0.019), del didmetro
telediastdlico del ventriculo izquierdo (p=0.000), y del didmetro, el area y la presion
de la auricula izquierda (p=0.000, p=0.008, p=0.000, respectivamente), se asociaron
con una disminucion del éxito del choque. La fraccién de eyeccidn del ventriculo iz-
quierdo es el Unico predictor independiente de éxito (OR 2,1; IC 95 %, p=0.048). Con
una mayor energia Util se relacionaron los episodios previos (p=0.000), la disminucién
de la fraccion de eyeccion del ventriculo izquierdo (p=0.000), la mayor edad (p=0.037),
los incrementos del tiempo de evolucidn (p=0.02), del diametro ventricular izquierdo
(p=0.000), del diametro, el dreay la presidn de la auricula izquierda (p=0.000, p=0.000
y p=0.000, respectivamente) y del area de la auricula derecha (p=0.016).
Conclusiones: La fraccién de eyeccién del ventriculo izquierdo es un predictor inde-
pendiente del éxito de la cardioversidn eléctrica en la fibrilacion auricular. La pre-
sencia de remodelado biauricular, de disfuncion ventricular izquierda, de episodios
arritmicos previos y de una larga evolucion, requieren niveles superiores de energia
para restaurar el ritmo sinusal.

Palabras clave: Fibrilacion auricular, Cardioversion eléctrica, Disfuncidon ventricular

izquierda

INTRODUCTION

Atrial fibrillation (AF) is the most common tachy-
arrhythmia, and is considered an independent pre-
dictor of mortality and ischemic cerebrovascular dis-
ease. Approximately 1% of the adult population
suffers from it with ratios that vary from 0.1% in those
under 55 and 9% in those over 80 years. Its true inci-
dence is underestimated because of the high percent-
age that is asymptomatic and whose diagnosis is a
finding™. It accounts for 5% of total cardiovascular
admissions and for the third part of admissions due to
an arrhythmic cause, so it is now regarded as a macro-
social problem?®.

AF has a cumulative effect and the electrical, con-
tractile and structural atrial remodeling self-perpe-
tuates it. Each new episode increases the frequency
and duration of the paroxysms, and decreases the
effectiveness of antiarrhythmic drugs and electrical
cardioversion (ECV).

The immediate success rate of ECV in AF ranges
from 50-90%, according to the different series, and it
has been associated with different variables such as
age, body mass index, underlying heart disease, dura-
tion, previous episodes, use of antiarrhythmic drugs,
atrial remodeling, ventricular function, and energy and

type of shock wave™®. Despite being a safe procedure,
serious proarrhythmic, thromboembolic and anesthe-
tic complications have been reported7; for this reason,
success probabilities of the procedure must be judi-
ciously and individually assessed.

This research was conducted with the aim of rela-
ting clinical, electrical and echocardiographic variables
to the success of ECV in AF and to the useful energy
required to restore sinus rhythm.

METHOD

A descriptive, longitudinal and prospective study was
conducted at the Cardiology office of Hermanos Amei-
jeiras Clinical-Surgical Hospital, from April 2008 to
April 2010. The sample comprised 82 patients with AF
who underwent elective ECV, so emergency ECV was
excluded.

In a medical encounter previous to the elective
ECV, an interview, physical examination, electrocardio-
gram and echocardiogram were conducted, in which
clinical and echocardiographic variables of interest
such as sex, age, color of skin, underlying heart dis-
ease, duration of AF episodes, use of antiarrhythmic
drugs, ventricular response, left ventricular ejection
fraction (LVEF), left ventricular end-diastolic diameter
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(LVEDD), interventricular septal thickness (IST), and
diameter, area and pressure of the right and left atria
were obtained.

ECV was performed under anesthesia with propofol
at doses of 1-2 mg/kg, the vanes in the standard po-
sition and with biphasic waveform type. The energy
levels were increasing, with values between 100 and
360 Joules, with a maximum of 3 shocks.

Successful ECV was considered as the presence of
post-procedure sinus rhythm and its permanence du-
ring the first 30 minutes. Useful energy was classified
as the energy used in the successful shock.

LVEF was determined by the method of Teichholz,
and in cases with ventricular asynergy the area-length
method was used. LVEDD, IST and diameter of the left
atrium were obtained in parasternal long axis. The
diameter of the right atrium and the area of both atria
were obtained in the four-chamber view. Atrial pres-
sures were calculated by the formulas:

e Right atrium pressure =E/E’ * 1.76 - 3.7
e Left atrial pressure =E/E’ * 1.24 + 1.91

E wave velocity was obtained by pulsed Doppler in
mitral and tricuspid flows, as appropriate. The E’ wave
velocity was acquired by tissue Doppler of the lateral
annulus of the mitral and tricuspid valves, as appro-
priate.

Patients with AF of more than 48 hours or doubtful
duration were anticoagulated with warfarin sodium, 3
weeks before and 4 weeks after the ECV (INR between
2.0 - 3.0); antiarrhythmic drugs were also used for a
time longer than 3 months after the shock. In patients
with AF of less than 48 hours duration only heparin
sodium (50 mg) was used during the procedure, and
the use of antiarrhythmic drugs was optional.

The Student t test for comparison of means was
used to determine the association between quantita-
tive variables and the success of ECV and the x*test for
qualitative variables. In the univariate analysis the
most significant variables were taken and a multiva-
riate analysis of logistic regression was made. ANOVA
procedure was used to compare the means of the
useful energy with the qualitative variables and the
Pearson correlation coefficient to determine the asso-
ciation between useful energy and quantitative va-
riables. A p less than 0.05 was considered significant.

RESULTS
ECV was successful in 81.7% of patients (67/82). The

existence of a previous arrhythmic episode was asso-
ciated with a decrease in ECV success (p = 0.005); un-
like sex, skin color, use of antiarrhythmic drugs and
ventricular response which did not have any influence
(Table 1).

The presence of heart failure and mitral valve
disease was significantly associated (p = 0.000 and p =
0.001, respectively) with a lower success of shock;

Table 1. Distribution of patients, according to clinical
variables and ECV success.

ECV

Variables Success No success

(67/82) (15/82)

Ne % N2 %
Sex
Male 48 82,8 10 17,2
Female 19 792 5 208 o7
Skin color
White 33 80,5 8 19,5
Black 9 81,8 2 18,2 0.95
Mixed-race 25 83,3 5 16,7
Previous event
Yes 31 70,5 13 29,5

0.005
No 36 94,7 2 5,3
AD use
Yes 5 16,7 25 83,3
0.89

No 1 14,3 6 85,7
Ventricular response
High 9 20,0 36 80,0
Low 15 21,4 55 78,6 0.076
Normal 0 0 12 100
Associated diseases
IHD 22 32,8 5 33,3 0.970
HF 2 3,0 6 40,0 0.000
HBP 33 49,3 5 33,3 0.391
MVD 8 12,0 8 53,3 0.001
DM 14 21,0 3 20,0 0.938
Age (mean) 55,28 61,33 0.078

Caption. IHD: Ischemic heart disease, DM: diabetes
mellitus, AD: Antiarrhythmic drugs, HBP: high blood
pressure, HF: heart failure, MVD: mitral valve disease.
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however, a history of ischemic heart disease, hyper-
tension or diabetes mellitus had no influence. The
mean age of patients with successful ECV was lower,
but without significant differences, although with a
trend (p =0.078).

Table 2 shows that as duration of arrhythmia in-
creases, ECV success decreases (p = 0.019).

Table 2. Distribution of patients, according to progression
time and ECV success (n=82).

Progression ECV
Timge Success No success

N2 % N2 %
<48 h 6 7,32 0 0 6 7,32
48h—-1m 16 19,51 3 3,66 19 23,17
2m—-6m 28 34,15 3 3,66 31 37,8
7m—-12m 17 20,73 7 8,54 24 29,27
>12m 0 0 2 2,44 2 2,44
Total 67 81,71 15 18,29 82 100
Caption. h: hour, m: month
p=0.019

Table 3. Relation among echocardiographic variables and
ECV success.

Variables (means) W of supccess
RA diameter (mm) 30,94 35,33 0.116
RA area (cm”) 12,59 15,53 0.058
RA pressure (mmHg) 5,29 6,73 0.141
LA diameter (mm) 35,88 42,66 0.000
LA area (sz) 17,91 22,67 0.008
LA pressure (mmHg) 8,28 12,60 0.000
LVEF (%) 61,03 48,47 0.000
LVEDD (mm) 45,87 54,87 0.000
IST (mm) 11,49 11,47 0.986

Caption. RA: right atrium, LA: left atrium

The mean of diameter, area and pressure of both
atria was higher in patients with failed ECV (Table 3);
but only at the level of the left atrium these measure-
ments showed statistical significance (p = 0.000, p =
0.008 and p = 0.000, respectively). Mean LVEF was sta-

tistically higher in individuals with successful ECV (p =
0.000), whereas LVEDD was statistically higher in those
without success (p = 0.000). IST showed no differences
between both subgroups.

Considering that the sample was limited due to the
number of variables under study, those with more
significance in the univariate analysis were taken and a
logistic regression model was applied, which showed
that LVEF was the only independent predictor of ECV
success (p = 0.048). For every 1% of LVEF increase, the
probability of restoring sinus rhythm increased by 2.1
(Table 4).

Table 4. Variables associated to ECV success. Multivariate

analysis.

Variables Coefficient B P

Age 0,003 0.929
LA area -0,053 0.665
LA pressure -0,294 0.113
LVEF 2,10 0.048
LVEDD -0,027 0.824
Previous events -2,2395 0.139
Progression time -14,941 0921

48h-1mand2m-6m
Caption. LA: left atrium, h: hours, m: months

The mean of useful energy for achieving a success-
ful ECV was significantly higher in patients with a
history of a previous arrhythmic episode (p = 0.000);
while skin color, sex, antiarrhythmic drugs and ventri-
cular response showed no influence (Table 5). As the
duration of arrhythmia increases the mean of useful
energy for successful ECV also increases (p = 0.02).
Between age and useful energy for effective ECV a
positive correlation coefficient with statistical signifi-
cance (p = 0.037) is established; which shows that the
older a patient is, the more energy is needed to res-
tore sinus rhythm.

The area of the right atrium (p = 0.016) as well as
the diameter (p = 0.000), the area (p = 0.000) and left
atrial pressure (p = 0.000), and LVEDD (p = 0.000), es-
tablish a positive correlation coefficient with the use-
ful energy (Table 6); conversely, a negative coefficient
of correlation with LVEF is established, so that the
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lower the LVEF, the more energy is required (p =
0.000). The diameter and the pressure of the right
atrium and IST did not correlate with the variable un-
der analysis.

Table 5. Correlation of the mean values of useful energy
with clinical variables.

Variables Median ECV sD
Sex
Female 197,91 58,00
0.436
Male 199,13 51,71
Skin color
White 203,65 52,90
Black 200,00 54,77 0.719
Mixed-race 191,66 54,27
Previous events
Yes 222,72 53,32
0.000
No 171,05 37,90
AD use
Yes 179,16 25,746
0.349
No 202,14 56,102
Ventricular response
High 195,00 53,093
Low 200,00 50,000 0.569
Normal 201,11 54,864
Progression Time
<48 h 175 27,05
48h—-1m 189,47 54,20
2m-6m 193,54 42,3 0.02
7m-12m 210,41 62,5
>12m 300 0
Age Correlation Coefficient: 0.037

0.231

Caption. SD: standard deviation, AD: Antiarrhythmic
drugs, h: hours, m: months

DISCUSSION
Anatomical and functional changes in the atrial myo-
cardium during aging, coupled with greater comor-

bidity in the elderly, justify the high incidence, preva-
lence and recurrence of AF in that subpopulation, as
well as the less effectiveness of therapies used to
restore sinus rhythm®.

Table 6. Correlation of the mean values of useful energy
with echocardiographic variables.

Useful
Variables Sl i)

Correlation Coefficient P
RA diameter 0,210 0.059
RA area 0,266 0.016
RA pressure 0,216 0.050
LA diameter 0,50 0.000
LA area 0,0394 0.000
LA pressure 0,532 0.000
LVEF -0,581 0.000
LVEDD 0,487 0.000
IST 0,232 0.36

Caption. RA: right atrium, LA: left atrium

In our study the mean age of patients with un-
successful ECV was higher and with a trend to statis-
tical significance; it was also shown that with
increasing age the useful energy to restore the rhythm
increases. In the literature reviewed, a cutoff age of 65
years is associated with decreased ECV success,
although the significance is lost when applying a lo-
gistic regression model’. Other authors set the limit at
75 years1°.

Atrial remodeling in heart failure favors the origin
and perpetuation of AF. The prevalence of AF in pa-
tients with functional class | is 4%, and rises to 50% in
patients in functional class IV'%. In our research the
history of heart failure was associated with a decrease
in the success of ECV, a result consistent with other
authors®,

Mitral valve disease produces anatomical and elec-
trophysiological changes in the left atrium that favor
reentry and abnormal automaticity with fibrillatory
conduction; therefore they are the justification for a
lesser success of ECV in this subgroup. The latest re-
search assessing the influence of mitral valve disease
in ECV success are different>*!* and these differences
are justifiable by the disparity among the samples and
by the lack of assessment regarding the severity of the
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valve disease.

AF has a cumulative effect and perpetuates itself.
An atrium is more vulnerable to fibrillation if it has had
a previous episode. In turn, the future episode will be
more durable, more difficult to treat with cardiover-
sion techniques, and more vulnerable to recurrence
and chronicity. A vicious circle is established: AF
triggers AF™. In our series, a history of a previous epi-
sode of AF was associated with a lower success of CVE
and with a more useful energy to restore sinus
rhythm, which is consistent with other authors™*2,

Antiarrhythmic drugs modify the electrophysiolo-
gical properties of myocardial cells and annihilate the
mechanisms for the genesis of AF. Its use prior to ECV
(especially in arrhythmias with more than 48 hours of
progression, with remodeled atria and prior arrhyth-
mic events), increases the shock effectiveness in the
short and long terms. Several studies have identified
the use of antiarrhythmic drugs as an independent
predictor of successful ECV**Y. The lack of significance
in our study could be related to the small sample
volume and the non-uniformity in the type of drug,
dose and time of use prior to the shock.

The electrical remodeling is established after 48
hours of AF onset, then after the arrhythmia has per-
petuated, the contractile and structural remodeling is
successively established. Therefore, the longer the
duration of AF, the greater the electrical and histolo-
gical disorder which favors its perpetuation and the
reversion techniques become less effective®™*®. Se-
veral studies have associated long-standing AF with
less success in ECV*®°. Kuppahally et al.”® found that a
short duration of AF (within 3 days), is a determining
factor in the success of the procedure (OR: 1.361, p =
0.003). In our research, with increasing duration of
arrhythmia the success of CVE decreases and the
mean of the useful energy required to restore sinus
rhythm increases.

According to results of the Framingham study, the
incidence of heart failure among subjects with AF was
33 per 1000 person-years, and the incidence of AF
among those suffering from heart failure was 54 per
1000 person-years. Individuals with AF or heart failure
who secondarily develop the other disease have a
worse prognosis, with increased mortality™. A vicious
circle is established between the two conditions®. For
this reason, LVEF is a useful tool to assess the potential
risk of arrhythmia and the feasibility to revert it to
sinus rhythm.

In our research, the mean LVEF was statistically
higher in individuals with successful ECV and was the
only independent predictor of procedural success. For
every 1% of LVEF increase the probability of restoring
sinus rhythm increased by 2.1. Similarly, the decrease
in LVEF was associated with an increase of the useful
energy for the procedure to be considered successful.

Many authors relate the short and long term ECV
failure with a decrease in LVEF, and consider this
variable as one of the most relevant indicators in the
assessment of cases for this type of treatment®. For
Elhendy et al®, the decrease in LVEF, within the re-
maining echocardiographic variables, was the only
independent predictor of procedural success (OR 1.15,
p = 0.04). Others have shown no relationship, and jus-
tify it with the absence, in their series, of severely
depressed ventricular function (LVEF <20%)>*2.

The increase in LVEDD will express a further dete-
rioration of left ventricular systolic function and it ex-
plains, in our series, that with its increase the success
of ECV decreases and that a higher useful energy will
be required to restore sinus rhythm. Certain research
share similar results®®*; others are different® and they
explain it by the absence of patients with large left
ventricular dilatation.

The remodeled atrial expands and its pressure in-
creases, the lateral and longitudinal diameter increa-
ses, and consequently its area and volume. Quanti-
fying these variables by echocardiography is a useful
tool to assess the extent of atrial remodeling and the
feasibility of reverting to sinus rhythm. Although
changes are potentially reversible after restoration of
sinus rhythm, once important anatomical alterations
have been established, a point of no return has been
reached, where restoring the sinus rhythm and keep-
ing it is practically a chimera®®%.

The mean diameter, area and left atrial pressure in
patients with failed ECV was statistically higher, a
significance that is lost in multivariate analysis. Among
these variables and the mean of useful energy a
positive correlation coefficient was established. As the
left atrium dilates and increases its pressure, more
energy is required to achieve an effective ECV.

Other authors®?* report similar results; however,
recent studies show discrepancies and suggest not to
defer ECV by relying only on left atrial dilatation™"".
Other studies with similar findings have as bias that
only in a small proportion of the sample there is a
marked growth of the left atrium*>%.
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The diameter, area, and right atrial pressure were
not related to the success of ECV. Only an increase in
the area of the right atrium was significantly asso-
ciated with a higher useful energy. The specific mole-
cular, cellular and electrophysiological properties of
the left atrium explain its more crucial relationship in
the genesis of AF, while the right atrium is more in-
volved in the atrial flutter®.

CONCLUSIONS

ECV is an effective method to restore sinus rhythm in
AF. Heart failure, mitral valve disease, previous
arrhythmic events, left ventricular dysfunction, biatrial
remodeling and longstanding progression of AF is
associated with a less successful ECV and higher useful
energy. In these conditions it is advisable to start with
higher energy levels to decrease the number of shocks
and the total energy stored. LVEF was the only inde-
pendent predictor of success.
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